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FOREWORD

This DATA BOOK has been prepared by the
Raytheon Production Corporation to fur-
nish in compact form the chief technical
data on the complete 1ine 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-
teristio and operating ocurves for each
active tube. The information given by
these curves may well be even more valu=~
able and useful than the ratings and nom-
inal characteristics, This information
has not heretofore been generally avail-
able in convenient and readily acoessi-
ble forme Muchof it has previously been
obtainable only by a limited number of
receiver designengineers, Dataaregiven
on all tubes that have been at all wide-
ly used in the past in receilvers 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 usefulness
an introductory sectionhas been included
which gives brief descriptions of the
various classes of tubes and how they
operate; definitions of the various tube
characteristics and terms and explana-
tions of how these quantities may be de-
termined from the charascteristic ourvesg
simple circuilt diagrams showing the es~
sentlals of the various sections of a
modern radio receiver,including the new=
er features, and convenlent charts for
determining the proper values of certain
tube circuilt constants and operating volt-
ages,

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

This booklet has been designed for the
use of design engineers, radio dealers,
servicemen and members and customers of
the radio industry generally, Ihuch
tlought and labor has been devoted to 1its
preparation. It is 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 radlo tube, or vacuum tunhe, 1s a vacuum device 1n which electrlc 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 radlo recelving tubes are of thls class, A GAS TUBE 1s
one which has a gas fi1lling, usuallyat relatively low pressure,and in which
gas lonization 1s essentlal to the normal operation of the tube. Types 32
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 cathode must
be heated to obtaln sufficlent emlscion of electrons, A FILAMENTARY CATHODE
1s 1n 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
thorlated tungzsten and 1s normally operated ata temperature of approximate-~
1y 1700°C. In more recent types, such as the 26, 45, and 1A4, the cathode
1e a wire or ribbon of nickel or nickel alloy coated with the oxldes of
barium and strontium and 1s 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 oxldes
of barium and strontiu: and 1s operated normally at 600° to 800°C,

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

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

GRID A grid 1s an auxilliary electrode placed between the cathode and tl.e

plate. It usually consists ofa spiral of wire fastened at each turn
to one or more, usually two, longitudinal support wires. In cross-section,
the outline of a grid may be circular, oval or rectangular, The grid spiral
1s usually of wniform pitch, but some tubes employ VARIABLE LU GRIDS in
which the turihs are not uniformly spaced. In a few cases the grid conslsts
merely <f two vertical wires or strips of metal, The grids in & rmulti-grid
tube are commonly referred to by numbers indicatlng their position radially
with respect tc the cathode, number 1 grid belng adjacent to the cathode,
Grids are also referred to by names incicating thelr function, A CONTROL
GRID, or input grid, 1s ome tc which an input siznal voltage 1s arplied and
which mocdulates tie rain 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 partially neutralize the space charge effect causedby the
cloud of electrons surrounding the cathode., A SCREEN GRID is an auxiliary
grid placed between the control grid and the plate and operated at a pocil-
tive d-c voltage with respect to tie caticde, Besldes accelerating the
electrons toward the plate, a screen grid acts as an electrostatio shield
and reduces the caracity betweentre plate andtine control gsrid, A SUPPRESSOR
GRID is a grid vlaced hetween the screen grid ané the rlate and connected
to a point of low d-c potentlial to prevent the passare of low veloclity sec-
ondary electrens oricsinating clther at the plate or at the screen grid, 1In
some tubes 1t I1s connected internally to the cathode and in others 1t 1s
connected to a separate base pin, 1In some pentagrid tubes,such as the type
6A7, the number twc grid,which serves as the anode for the oscillator sec-
tlon, 1s called the ANODE GRID, The term ALIGWED GRIDS referr toa pair of
adjacent grids havi tiie same number of turns per inci. and rced so tiat
each turn of one grid lics In the same horizontal plane with the correspond-
ing turn of the acjacent grid, The grids usually alisned ere tihe control
grid and the screen ¢rid in scue tetrcde and pentode power amplifier tubes,
This arrangement causes tire electrons to flow in flat beams between succes-
sive turne cf the alicned ¢rids, Since the screen grid wires are outcf tie
direct path cf the electrons, fewer electrons reach the screen prid ond the
screen grid current 1s lower than that of similar tubes without alizned grics,

TUBE CLASSIFICATION BY STRUCTURE

Radio tubes may be classifled according to the number of oleuncnts or elec-
trodes they contain.

A DIODE is thie simplest form of tube and contains two elements, a cathode
and a plate. Types 21 and 1223 are exanples of thils class,

A TRIODE or three element tube, contains a cathcde,a grid and a nlate, as
for example, types 27 and 2A3,

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

Trhe name SCREEX GRID TUBE 1s somctliies used for a tetrode, such
as the type 24A, in which the outer ;rid is cperated as a screen grid, One
type of tetrote 1o a BBAL YOWERK TUZ in which tl:e clcctrodec nre so cpaced
tlat thie electron ctresm is conilned to relatlvely narrow paths, or beans,
an¢ suificicrt space chariie 1sbullt up vetween the screen gric and the rlote
to uvrevent any appreclable flow of secondary electrons between them, iue
electron heans are produced by the use of aligned grics and deflector plates
partially rrounding the cereen grid support rods and connocted eloctrical-
1y te %ue catinde., Thie 8LE and SVSG are heam power tubes,

A PELTODE is a Tive eleient tube which containsa cathode, three grids and
a plate, types 77 and 42, for exanmnle.
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A HEXODE 1s a six element tube containinga cathode, a plate and four other
electrodes,

A HEPTODE 1s a seven element tube havinga cathode, a plate and five other
electrodes, usually grids. PENTAGRID 1s another term applied to
this type of tube. Types 6A7 and 6L7 are in this classification.

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

units, 1n the same envelope, 1In some types a single
cathode, common to both unlts, 1s used; in others separate cathodes aré used,
Each unlit can usually be operated as 1f 1t were a separate tube in 1ts own
envelope, A two unit tube 1s often referred to as a DUO-or DUPLEX- TUBE,

A DUO-DIODE 1s a duplex tube contailning two diode units, as a type 80 or
a 6H6.

A DUO-DIODE TRIODE 1s a duplex tube contalning a duo-dlode unit end a trie
ode unit, as a type 75,

A DUO~-DIODE PENTODE 1s a duplex tube containing a duo~dlode unit and a pen=
tode unit, as a type 6BY,

A DIODE-PENTODE 1s a duplex tube contalning a dlode unit and a pentode
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 wunits, types 6A6 and
1E7G, for example,

TUBE CLASSIFICATION BY FUNCTION

Tubes may be further classified according to thelr uses or functions in a
circult,

A RECTIFIER TUBE usually a dlode ora twin dlode, is one used in obtaining
a direct current or voltage fram an alternating current
supply.

A HALF-WAVE RECTIFIER TUBE 1s one used in a half-wave rectifier o¢ircult

and in which current flows only durling alter=-
nate half-oycles of the a-c supply voltage. A half-wave rectifier tube 1s
usually a dlode such as a type 81 or a 12Z3. llowever, 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 dlode

A FULL-WAVE RECTIFIER TUBE 1s a twin dlode used in a full-wave rectifier

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

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

sulated from each other so that the two sectlons
may be connected in seriles in a voltage doubler circuilt, Although a twin
dlode tube 1s usually used in this circult, two separate diodes may be used
to accomplish the same result,

AN AMPLIFIER TUBE is 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 circult, usually the
plate circuit and a portion of this voltage 1s developed across the load
impedance.

A VOLTAGE ANPLIFIER TUBE 1s an amplifier tube used to supply an amplified
voltage to another tube which may be another volte
age amplifier tube, a power amplifier tube or a detector tube,

A POWER AMPLIFIER TUBE 1s an amplifler tube used to develop a relatively
large amount of power, as contrasted to voltage, in
the output circuilt and may be a triode, a tetrode, or a pentode,

A REMOTE CUTOFF ALPLIFIER TUBE 1s one that requiresa relatively high neg~-

ative ©blas on the control grid to reduce
the plate current and transconductance to zeroor to very low values, Rela=
tively larce signal voltages may be appllied to tubes of this class without
producing serlous cross modulation or modulation distortion. Most remote
cutoff tubes are made with a varlable-mu control grid.

A DETECTOR TUBE 1s cne used te separate the low frequency component of a

modulated signal from the high frequency carrier of radio
or intermediate frequency. Varlous types of tubes,dlodes,triodes, tetrodes
and pentodes may be employed as detectors,

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

produce a-c power when supplied with d-c power, Tri-
odes such as types 76 and 6J5G, are commonly used as oscillators in super=
heterodyne recelvers,
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A MIXER TUBE i1s 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 eircuit,

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 tube 1tself, The 6A71s one of the tubes designed speclally for conver=-
ter service but other multl-grid types, such as the type 77, have been used.

AN ELECTRON RAY TUNING INDICATOR TUBE 18 a tube in which an electron beam

causes a luminous area to appear on
a fluorescent screen, or target, The shape and slze of thils luminous area
vary in accordance with the voltage appliedto the control grid of the tube,
glving a visual indicatlion of the changes in the control grid voltage., Usu=-
ally this tube 18 a duo-trlode, one section functioning as a d-c amplifier
and supplying an amplified d-c¢ voltage to the control electrode of the tar-
get section., The 6E5 1s an example of a tuning indilcator tube,

FUNDAMENTAL CHARACTERISTICS OF RADIO TUBES

A radio tube, as a circuit element, exhibits some electrical characteris-
tics, such as resistance and capacitance, whichare similar to those of other
circuit elements and, 1in addition, it has other characteristics vhich are
unique, Since the current-voltage relations of a tube usually are not
linear, the d-c current flowing between two electrodes 1s nct directly pro-
portional to the d-c voltage between them, For this reason, the a-c or varil-
atlional 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 18 necessary to distingulsh between the d-c voltages anrlled to
the varlious electrodes, which 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 1s designatedas 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 originating at the cathode are

attracted to any electrode which 1is at a positive potentlal
with respect to the catl:ode and repelled from any electrode which ic at a
negative potential, Diode rectifier tubes depend on this fact for thelr
operation, as plate current can flow only during the half-cycle when the
plate is positive, The i1mportant characteristic of a rectifier tube is the
STATIC PLATE CHARACTERISTIC, a curve showing the relation hetween the d=-c
plate voltage and current. Typlcal diode plate characteristic curves may
be found in the rating and characteristic data section under any rectiiier
tuve type, for instance, the type 81, At low plate voltages the plate cur-
rent increases approximately as the 3/2 power of the plate voltage, At high-
er plate voltages the plate current approaches the total electron emilssion
of the cathode, which is the maxlimum value of plate current obtalnable at a
certaln cathode temperature, A derlved characteristic 1s the relation be-
tween the d«¢ output current and voltage in a typical rectifier circult,
Typical curves may be found in the rating and characteristic data section
under any rectifier types, such as the type 80. Since the values shcvm by
the curves are dependent on the clrcuit constants, transformer resistance
and reactance and smoothing filter characteristics, they shouldbe used only
to indicate the tube performance under certailn arbltrary, dbut 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 1s the ALPLIFICATION FACTOR, ¢ or mu, vhich
indicates the relative effectiveness of the grid voltage versus the nlate
voltage 1n controlling the plate current, It is equal to the quotient of a
small change in plate voltage divided by the compensating change In ~rid
voltage necessary to maintaln thie plate current censtant, TIHE TRAIISCCIIBUCT=
ANCE or MUTUAL COLDUCTANCE, Gy, of a tube is a factor indicating the magni-
tude of the controlling efiect of the control srid voltaze on the plate cur-
rent, and 1s expressed in microm:~os whichare equivalent to microamperes per
volt, It is equal to the quotient of a small change 1n plate current di-
vided by the changze in rid voltage producing it, wien all other elements
voltages are constant and there is no external 1mpecance 1n the plate cir-
cult. The PLATE RESISTAIICE, Rp, of a tube is the effective internala-c re-
sistance between the plate and cathode. It 1s expressed in chms and 1s e-
qual to the quotient of a small change in plate voltarsc civided by the ace
companyin; chan’e in plate current, wlth censtant voltages cn tiie other el-
ements and no external imvedance 1inthe plate circuilt, Amplification tor,
transconductance and plate resictance are connected by tre relaticn Gy: a/RD,
hence any one of these quantities may be found if tie other two are knovn.,
In multi-grid tubes there may be several values of amplification factor and
transconductance, depending on which element 18 used as the contrel ;rid and
which element as the wlate, as for example,grid #1 to crid#2 transccenduct-
ance or grid #1 to plate transconductance,or grid #3 to plate transconduct-
ance,
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An amplifier tube may be conslidered as an a~oc generator whose generated
e,m,f., or open-circult voltage i1s the product of the amplification factor,
i, &and the a=o grid voltage, Eg, The voltage, uE;, appears in the plate
clrcult 1n series with the plate resistance, Ry, wﬁich corresponds to the
Internal reglstance of the generator, The transconductance 1s the short-cir-
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 wlth 1ts assoclated circult, and 1s equal to the quo-
tient of the a-c voltage, Er, developed across the load resistance, Ry, di-
vided by the a-c grid voltage, Eg. Since the a=-c voltage generated in the
output circult of a tube 1s in serles with the plate resistance, the a-o
voltage developed across the load reslstance depends on the relative values
of Rp and Ry, The voltage amplificationis given by the following formulas:

L AR G 0 R,
VOLTAGE GAIN '_‘_Pp* = = —--&—LPP 75 (1)

TRIODES The statlec plate characterlstic curves of a trlode are similar to

those of a dlode, except that a famlly of curvesls usually glven,
each curve corresponding to some arbitrarily chosen value of grid blas,
Typlcal 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 famlly of curves wunder the types 6F5 and 6Q7 shows the same 1in-
formation in another form, the relatlon between the d-o grid voltage,or blas
and the d-o plate current for several values of d-o plate voltage, The awm~
plificatlion factor may be determined from the plate famlly 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 quotilent
of the change 1n plate voltage divided by the change 1in grid voltage, The
transconductance 1s equal to the slope of the plate current vs, grid voltage
curve at any point where 1ts value 1s desired, The transconductance may
also be determined from the plate famlly of curves by finding the change in
plate current, at constant plate voltage, corresponding to a change in grid
blas, The transconductance, in micromhos, 1s then equal to the change in
plate current 1n microamperes divided by the change in grid voltage, The
plate resistance equals the slope of the plate current ve.plate voltage curwe
at any polnt where 1ts value 1s desired, Thus,the three fundamental char-
acterlstics of a tube may be determined approximately from the static char-
acterlstic curves, In determining amplification factor, transconduoctance
and plate resistance from the static characteristlic curves, greater accura-
cy wlll be obtalned 1f the increments read from the curves are as small as
can be read convenlently,

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

similar to those of a trilode,but the plate current vs.plate volt~
age curves are qulte different, as may be seen by referring to the plate
characterlistic curves of a typlcal 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 reslstance and amplification factor, In this region
the value of plate current depends more on the value of d-o screengrid volt-
age than on the value of d-o plate voltage, At plate voltages lower than
the screen grid voltage the values of plate current are unstable due to the
effects of SECONDARY EMISSION, When the plate, or any other electrode, 1s
more than about 12 volts positive the electrons which strike 1t cause 1t to
emlt secondary electrons, These electrons maybe pulled back to the plate,
or, 1f there 1s another electrode nearby at a higherd-c potential, 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 1s at a low d-c
potential, the secondary electrons are drawn to the screen grid, decreasing
the plate current and 1ncreasing the screen current correspondingly., In the
operating region where the plate 1s at a higher potentlial than the screen
grid, the plate current 1s increased and screen current decreasedby second-

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

under conditlons wiiich rermit tire prate voltage to fall belowthe screen grid
voltage unless the design of the electrodes 1s such that secondary emlssion
1s largely eliminated, In beam power output tubes, which are tetrodes, the
effects of secondary emlssion are largely eliminated and the characteris~
tics resemble those of pentodes,

Because of the electrostatic shlelding effect of the screen grid, the con=-
trol grid to plate capacltance of tetrodes 1s very much lower than that of
triodes, Tetrodes designed for use 1n high frequency stages usually con~
taln addltional shlelds placed outslide cf the electron stream in such a way
that the grld to plate capacltance 1s still further reduced, Thils feature
makes tetrodes more sultable than triodes for use in amplifying r-f or 1-f
frequencles where large grid to plate capacltances would tend to cause os=
cillation cr ifnstabllity, The high amplification factor and plate resis-
tance of tetrodes permit hish galn and selectivity wilth the tuned circults
ordinarily used at high frequenciles, The hich amplification factor also
permlits high galn 1n reslcstance coupled audlo frequency amplifilers,

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

those of a tetrode with the important exceptlion that there 1s no
abrupt dip in the curves at the point where the plate voltage equals the
screen grid voltage. Referto the plate characterlstlc curves of types 6C6,
42, etc.,, In the rating and characteristic data secctlon for typlcal pentode
curves, Thls improvement in characteristics results from the effect of the
suppressor grid, #3 srid,which prevents the paczsage of secondary electruns
between the plate and the screen grid, The plate current curvesare flatter
than In corresponding types of tetrodes, hence the plate resistence and am-
plification factor are correspondingly higher, Pentodes may be used for
the sare service as tetrodes and have the seme advantages of low grid to
plate capacltance and high amplification factor and plate recistance, In
additlon, since the plate current curves are smooth over a :lde rance of
plate voltage, pentoded can be overated as power amplifiers et larpe ampli-
tudes of a-c voltage and current.
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MIXER OR CONVERTER TUBES An important oharacteristic of a mixer or ocon-

verter stage 1s the CONVERSION TRANSCONDUCTANCE
whloh 18 equal to the quotient of the beat frequency, or 1-f, component of
the plate current divided by the r-f signal voltage on the control grid,
with no impedance in the plate ciroult and constant d-c voltageson all the
electrodes. In converter oclrcult calculatlons, conversion transconductance
corresponds to transconductance in single frequency amplifier circults., The
TRANSLATION GAIN of a milxer stage 1s analogous to the voltage galnof an am-
plifier stage, and 1s the ratlo 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 circult constants as well as on the mixer
tube characteristios and operating conditions, The CONVERSION PLATE RESIS-
TANCE of a mixer tube 1s the effecotive plate resistance to thebeat fre-
quenoy, or 1-f, component of the plate current and corresponds to the plate
resistance of an amplifiler tube, A pentagrid converter tube 1s ordinarily
operated as if 1t consisted of two sectlons, each having its own control
grid, both grids simultaneously controlling the plate current in accordance
with the separate grid voltages. The curves in Fig. 1 and Fig., 2sho the
effect of the inner number 1 and the outer number 4 control grid voltages
respeotively on the plate current and on the current to grid number 2 which
serves as the anode of the inner sectlion, The negative relation between the
voltage on the outer control gridand the anode current of the inner section,
shown in Fig, 2, 1s typical of pentagrid tubes, Each seoction has the char-
aoteristlios of amplificatlon factor, plate resistance andtransconductance,
the values depending on the d-o voltages appllied to the electrodes of both
seotions,

TUNING INDICATORS For typlcal tuning indicator characteristic curves re-

fer to the type 6ES 1n 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 arenot exceeded, Rectifiler tubes
are rated for MAXIMUM A-C PLATE VOLTAGE, the maximum RiiS value of a=c volt-
age that should be applied to the plate of the tube and for MAXIiUL{ D-C OUT=-
PUT CURRENT, the highest value of d-c¢ plate current, averaged over one a=o
cycle, at which the tube should be operated, They are also rated for MAXI-
MUM PEAK PLATE CURRENT, the maximum Instantaneous peak value of plate cur=-
rent that should be permitted to flow through the tube and for MAXIMUM I~
VERSE PEAK VOLTAGE which 1s the maximum instantaneous peak value of plate
voltage that should be anplied to the tubc dvrinc the half-cycle when the
plate 1c negative and no current is flowing to the plate, THE VOLTAGE DROP
is the d-c plate voltage corresponcding to some specified value of d-o plate
ourrent, usually equal to the maximum d-c outvut current per rlate,

A typlcal half-wave rectifier cirouit

is shovmtix; Mo, g anftaitygicalf‘ull; TYP/CI?L HRALF WARVE RECTIFIER
wave rectifier circu n Fig. 4.

oondenser input filter is shown 1n each c/irCuUIT
circult., If Cy were omltted the fllter
woulc be a choke 1input filter. With
condenser input the d-c output voltage

will be higher and the regulation over

the working range poorer than with
choke input, Increasing the capaclty

of €1 will increase the d-c¢ output volt-

age, but will also increase the peak v
plate current and the inverse peak volt- //7
age apolied to the tube. Some filter 60V
circults employ two chokes in series,

as shovm 1n Fic, 4, to further reduce

the hun voltage, In some cases the
plate supply for ti.c output stage 1s
taken fromthe first choke anc the rest

of the tubes supplled through both
chokes, This allows a smaller choke F/G. 3
with a lower current rating to be used

for Lp, and improves the regulation of

the output voltage,
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TYPICAL FULL WRVE PRECT/FIER CIRCYIT

+
g 5v TOOUTPUT
L, 1?3 STAGE
v - 5Y36 % ZZ—';”
60w K — L
aT\ % S| ocourpur
>§ 2-8ut VOLTAGE
FlG. &

Fig, 5 shows a voltage doubler circuit
such as 1s sometimes used in recelvers
operating directly from the a-c line
without a power transformer, The d=-o
outprut voltage will be somewhat less
than twice the value which would be ob=-
tained wlth a half-wave rectifier, Its
value depends on the capaclty of con=-
densers, Cj,and on the d-c output cur-
rent, as shown by the curves for the
2525 tube,

ANPLIFIERS Two general types of am=-
plifiers are used in radio
reccivers,hish frequencyamplifiers for
radio and intermecdiate frequencies and
low frequency amplifiers for audio fre-
quencies, Ilizh frequoncy amplifiers
arc usually transformer coupled and may
be used over a rangc of frequencies as
in a tuned r-f receiver,or at a single
frequency as in the i-f amplifier of a
superheterodyne rcececiver, Pentode or

TYPICAL VOLTAGE DOUBLER CIRCUIT

-— 252764

nrY

60~ —_—

-

FIG. 5

tetrode tubes are commonly used in

hizh frequency arplifiers becauseof thelr low grid to plate capacitance and
hirzh values of transconductance and plate resistance. Fig.,6 and Fig.7 show
typical high frequency amplirier circuits suchas are used in a tuned r-f re=
ceiver and in a superheterodyne receiver.

TYPICAL TUNED R-F RMPLIFIER AND DETECTOR CIRCUIT

FlG.

10

78 OR 6K76 78 OR 6KTG 6476
R-F AMP R-F AMP DETECTOR
SEST S d
Yo v §
6.3Y 63" T0A-F
e —1 AMPLIFIER
0 1 1 H O5uE
i M L
b3
GnD # < < :§
Q § 8 32
¥ H
it
AT £
> S
/oooogo,, A Y 20000 i:§
S— 7YY _MAMAAA ]
a2 15000~ 10000% 12507

6
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TYPICAL SUPERHETERODYNE RECEIVER CIRCUIT o8&
&k

78 OR 6K76 6A7 OR 6R8G 78 OR 6K 76 7500 6866 RY¥
R.FRARMPLIFIER CONVERTER I-FAMPLIFIER  DET, RVC, R-F AMR, ‘§
oLt
h :

3

1ot | §

ANT. 3
ra “

B/ % i
62 Lind S =~
2 G
.0 fuf H T§ O 5F 1 B

100000% | /ooaoa} | p

AAAAAA Ay
120008 .y N
0005uf S § 3

N
20000™
, 0.Luf
T ~ 1
N I—— +250"
F1G.7

Low frequency amplifiers may be transformer coupled or resistance coupled,
Transformer coupling 1is usually used with low-mu triodes and resistance
coupling with high-mu triodes,tetrodes or pentodes, Fig, 3 shows a typical
resistance coupled a-f amplifier stage using a triode and Fig, © shows a
pentode resistance coupled a-f stage, The values of resistors and conden-
sers used 1in these circuits may be found by referrinz to the Reslistance
Coupled Amplifier Design Curves on page23.

TYPICAL RESISTANCE COUPLED A-F AMPLIFIER CIRCUITS

TRIODE PENTODE
T0 GRID
OF
> FOLLOWING
TUBE
A Re
e
= ! £p
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 180° out of phase, are
anplied to the two grids by a center~tapped transformer or by a phase in=-
verter circult, The a-c¢c plate currents and voltages 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 secend and other
even order harmonics cancel out, Fig, 10 shows a typical push-pull power
amplifier stage transformer coupled to a driver staze, Transfermer coupling
is used where power 1s supplied to the push-pull grids as in Class AB or
Class B operation, Elther transformer or phase inverter input may be used
where the output stage requires no driving power,

RAYTHEON ENGINEERING SERVICE
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TYPICAL PUSH-PULL POWER AMPLIFIER -CLASS AB2

DRIVER
492 OR6F6G 42's OR 6F6G's
TRIODE ‘ PENTODES
250f
10 e
TRANSFORMER SPERKE
RATIO PRIMARY VA
-F 0 5 SEC=1.67 3490
INPUT N
>
#375Y
Fla./o0 l +250%

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

TWINY TRIODE PHASE 1Y VEPTEI' IP
TRIODE L TRIODE @ Lre

_, : AN —
55y

2 £1 3%

PUSH-PULL
6RIDS

X 5
FIG. I/

Amplifier stages are classified with respect to the tube operating conai-
tions and the relation between the grid bilas 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 durlng the complete a-c cycle, the grid blas wusually belng fixed at
approximately one-half of the cutoff bias (the grid bias necessary to re-
duce the plate current to practically zero). Ordinarily, the maximum normal
peak valuc of the a-c voltage 1s approximately equal o the grid bias and
no ;rid current flows during any portion of the cycle but this 1s not a
necessary condition for Class A operation. The subscript l,as in Class A3,
1s sometimes used to indicate that no grid current flows during any part of
the input cycle,

"C y =

Fig, 12 shows the section of the plate 20 TYPICAL TRIODFE
current vs, plate voltage family of

a triode operated as a CLASSA amplifi- P A, PLATE CHAR
er, The LOAD LINE represents the rela- CL. A OPERARTION
tion between the lnstantaneous values L) R
of grid voltage, plate voltage and
plate current during a cycle at full
reted signal level, Its slope is numer-
ically equal to the reciprooal of the
effective a~c 1mpedance in the external
plate circult, Since this impedance is
chiefly resistive, 1t 1s commonly re-
fe red to as the LOAD RESISTANCE, Rp.
The operating point, O indicates the
static values of pla{:e voltage, Eg, and

current, Ip, with no signal, The load |

line terminatesat plate current curves L4t L
corresponding to the maximum and mini- L

mum instantaneous values of grid volt- 80 60 290 320 400 480
age at full rated signal, the swing in -

gria voltage belng the .fmme in either PLATE VOLTAGE -VOLTS
direction from the operating poilnt, O, Fl6. 12

The difference betweenthe plate voltage at the operating point and at eithor
end of the load line equals approkximately the pesk value of the a-c output
voltage developed across the load resistance. The RMS value of the a-c 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 = —“‘—(EP L. ——0—2[0'7”7[;”""“_5) - L0707(6 )] a7072£ Erunl (2)
4 L

L

g
£
\I

~
N
S

3

PLATE CURRENT- MA.
|
(3

§

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

power oupur = L& 'E'"”g(f Tmin) (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 Imgx, &and Ipin should be expressed in amperes to give the power
output in watts.

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

Topax + I
-Max.? +min "Io

2
2na HARMONIC =———————— X100 (@)
Imax.~Imin
Io is 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,milliamperes or anperes,
Fig,13 shows typical varlations of powe 16 20 ..
er output, plate current anc harmenic 1, _— <
distortiox’l with signal 1input voltage E - 3
fora triode operated as a ClassA ampli- 122 5 'L
fier. The power output varies approxi- | z
mately as the square of the input volt- 'S R Q [
age and the distertion 1s low and 1s Mlloﬂ") 10 8"(
chiefly second harmonic. 'S Q Y S
3% % 3
The PLATE EFFICIENCY 1s the percentage S Wy
ratio of the power output to the prod- 0@!5 ¢ D s E
uct o? the cverace d-c plate voltage 8 § Z/H/W N
an<: d-c¢ plete current at full sigral., 5 ™ pe = 0
[ lo 20 30 40 50
PO SI/GNAL ~ RMS VOLTS

PLATE EFFICIENCY(%) = 71 X100 ) FIG.13

In%a Clasc A triode amplifier the plate efficlency 1s relatively low, 15% to
25%.

The POWER SE SITIVITY is the ratio of the power output to the square of the
irput si-nal volteze, Eq.

PO
POWER SENSITIVITY = —— (6)
G
Tre nower sensitivity of a Class A triode aiplifler is aldc relatively low,
I/
‘I’hg wethod ol ca%culalt%ng:tt]inA'oproxi- 00 S (1935 TYPICAL PENTODE
mate power outpat and <istortlon for a .
rentode  or a tetrode, operated ZI% ysb'/ PLIHTE CHAR
Clasc A arplifier, 1s similar te that 80 3 ’ 1 CLASS A
for tricdes,  Ti~, 14 shows a fa / I 10",
T rlate charecterlistic curves for a @ F ;q_@,’? /’—OPERHTIDN
1 de Class A amplifier, 60 S L—
becalculated auyr i
© te formula: =
§
2_Emax-Lmin, w0 ¥
Tmax~Lmin L 4NI : & \
_ Lax~Tin X .y) TnaxZmin. (7 3 h
PO= max /N =-30"
32 2§ i
N ‘:-;wV
The velucg are road from the curvez at =
B3 1ts Cileated in Pig, 14,  The 4 I .
K of Ty .and Iy are deter{nined.by 0 80 /60 290 320 400
ntercceti ns ol the load line with PLATE VOLTAGE- VOLTS
o nlete current curves corresponding
to grid blases of 0,295 Eyo and 1,707 FlG. 12
Eng resnectively, vhere 20 is the valuc of the grid blas at the operating
p?)}gnt, Ce

1ie geeond haruonic dlstortion,cxpressed 1n percent, mey be calculated from
the Jormulas

Zmax Zimn, — 21,

2me HARMONIC = (o T)

X700 (8)

Tre third rarsonic Z“lstortion, In percent, is siven by thie formulas

o A Tmin =/ 4/ILy~Iy) X 9
3en HARMONIC= & = 7 i1y 100 (9)
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plate current, screen current
»nal input voltage and Flg, 16 shows the variation of
with load resistance for a typical pentode Class A Am=
= A rentode 1s normally operated with a load resistance of approxi-
nmetely tiho vhich the second harmonic is a minimum, In some cases,
1o load recictance 1s adjusted for a lower value of third harmenic and the
seccnd roonic s balanced out by using two tubes in push-pull or by in-
troducing a balancing amount of second harmonic in a preceding stage., Beam
pover 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 hirher plate efficiency, 35% to 45%,and higher pow=
er sonsitivity than a Class A triode, The distortion 1s also generally
hizher and consists mostly of third and higher odd order harmonics,

Y [TVPICAL PENTODE 2 M\l\
oUTPUT CHAR :
2 \cLass A opERATI 0% 208 [/ TYPICAL PENTODE
0 T ’E I'S OUTPUT CHRARACTERISTICS|
ex 4 0y Y8 1 CLASS A OPERATION ~
S / £ s g
iz 208 r2fe — ”§ E
DM Q/ 3 % \J& Lz
0t & ] — 4520'&1!
ea3203 20 ¥ 08 ] L2y
% & NS R
asE 0% oy as X 2 s Y
2 == aValll}
0 o ¥ 0 o 050 ®
/] / 2 3 q 5 [ o5 0 IS5 oo 25 30 35
SIGNAL - RMS VOLTS LORD RESISTANCE -KILOHMS
FlG. 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 blas is fixed at approximately

the cutoff value and plate current flows 1n each plate circuit on alternate
half-cycles of signal voltage vhen 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 60

pagt of thz cycle. tThis griﬁivgltag: TYPICAL TRIODE
and current represent power whioh mus
be suppliedby the precedingtube called gy LImmx. 6‘ PLATE CHAR
the DRIVER TUBE, The power output of S CLASS B OPERARTION
the driver tube is often the limiting N LEFER =%
factor in determining the power output gp ’ks —PM}Z"LWPLHTE
of a Class B stage. Since the average < LOAD RESIS.
value of the plate current of a Class by g
B stage varies considerablywith signal 3p, o "‘,-‘g'
voltage,the plate voltage supply should ’i
have good regulatlion to prevent exces- ] /
sive decrease in d-c plate voltage and & S —
limitation of output as the signal volt- g =% ’/"‘
age 1s raised. Q ﬁ

o o
Flg. 17 shows the section of the plate < I __;0_.
current vs,plate voltage famllyofa tri- ¥ T T L
ode used as a Class B amplifier, In p 1 Ly
Class B operation the plate current of 0 50 100 150 200" 250
one tube 1s practically cutoff during -
each alternate half-cycle and contri- PLATE VOLTAGE ~YOLTS
butes very little to the power output, FIG. 17

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

PO = (5'5171/'/1)2(1'@;‘10) + (Em."fo)z(Io ~Tmin) (10
Since the plate current of one tube 1s g
pr:cticzi]fly gutgff iilrir(xéot))ach alter=- TYPICAL TRIODE
half- ) be re-
giczd :,o acgix’:he?r:ppioximat‘;igz e 4 OUTPUT CHAR.
CLASS B OPEA’/)T/IJ/}
~Eps; 2TUBES
po = {Eo™Emin) Tmax. é") Lmax, (m °

o L)
&
0.
NN

The actual power output 18 somewhat high-
er than that shown by these relations
because of the effects of the third and
other odd harmonics, Fig,18 shows typi-
cal variations of power output, plate
current and distortion with signal in-
put voltage for a Class B Amplifier,
The distortion 1s chiefly third and

N

Y
A
Y )//

/ VT
e

HARMONI(S-%
CURRENT~MA.
lﬁ?b’ NT-MA.

N »
POWER OUTPUT-WATTS
=3

[
Plﬂ%
GRID (i

other odd harmonics, The plate effi- g™ ¢ 0
clency, 50% to 65%, and the power sen- 0 20 0 40 50 5{0
sitivify at full power output are both SIGNAL - RM3 VOLTS (6RID TOGRID)
relatively high. .
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A CLASS AB amplifier stage is one which Tpnx. TYPICAL TRIODE
operates under conditlons intermedilate o c

between Class A and Class B. The grid , N PLATE CHAR
bias 1s fixed at a value between that > N\ CLASS /752
for Class A operatlon and outoff and . . ~

plate current flows in each plate cir- gp b/ §I_u e OPERATION
cuit for less than one complete cycle Is I i s, EFF R, = ]
but for more thanone half-cyole of the ~ N pLaTE T0 PLATE]
signal voltage. If the normal maxinmum wﬁ i I%,Logpffs]s.
peak value of the signal voltage does o ' ;

not exceed the grid bias and no grid g / s l
current flows durin% any part ' of thein- g G

put cycle, the amplifier may be desig-~ w 5 L
nated es Class AB]l. If grid current ~ To < ?/
flows during any portlon of the input zott 77— A 3 A
oyole the amplifier may be designated g / { q 9,{& i
ag Class ABy, Fig, 19 shows the seo-~ g 4
tlonof the plate voltage plate current o / / “‘J)V
iamii.giof a t;lilode used a: atC%aas :Bg 0 00 200 00 00 200
mp! er e power output from two »

tubes may. be computed approximately PLATE YOLIRGE-YOLTS

from the plate famllyof one tube in the FIG. /19

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

Power output pentodes or tetrodes may be used as Class B or Class AB Ampli-
flers, and the approxlmate power output may be computed from the plate cur-
rent vs, plate voltage curves In the same way as 1n the case of triodes,

In a CLASS C amplifier the grild bias 1s fixed at a value greater than the
cutoff value and the plate current flows durling less than one half-cycle,
Class C ampllfiers are not used in radlo 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 1s not used 1n radilo recelvers,

DETECTOR AND AUTOMATIC Detectors are used in radlo recelvers to separate
VOLUME CONTROL CIRCUITS the audlo frequency component of the modulated sig~

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

12 10
CHARACTERISTIC CURVE o | CHARACTERISTIC CURVE
w |TYPICAL DIODE y , | TYPICAL GRID LEAK TRIODE
w| oerecroe w | PETECTOR | Pl
s S|MOD.30% / 7§ MOD..?O%//
9 / €y /
6 % 5 3 L
d &
S / TN /
e . SR L
~
2 / , 32 /
P e w|l ¥
¢ 1 &
0 0
0o 0 20 30 4 S50 60 0o/ 2 3 4 5 6 7 8 9 0
R-F SIGNAL - PERAK VYOLTS R-F SIGNAL - PERK YOLTS
FIG.20 F1G. 2/
S0
& ~
o TYPICAL GRID LEAK DETECTOR
»5 CHARACTERISTIC =
30> CURVE — e
28 /[ rveicar sinsep
™ TRIODE DETECTOR o
/5§ ) mor 30% MPLIFER
03 L
s /
0 0 10 20 30 40 S50 60 —+-
R-F SIGNAL-PEAK VOLTS J#asv

FIG.22 FlG. 23
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In a grid leak detector circult, Fig, 23, the r-f signalils rectified in the
grid-oathode cirocuit which acts as a diode detector, The a-f voltage across
he grid leak and condenser 1s amplified by the tube andthe amplified volt-
age appears in the plate circuit. The r-f signal 1s also amplified by the
tube and an r-f filter should be inserted in the output circuit to prevent
the high frequency from reaching the a-f amplifier. Inoreasing the resis-
tance of the grid leak increases the sensitivity to weak signals, but tends
to introduoce instability and distortion with large signals,

In a blased detector circuit, Fig, 24

a high negative blas 1s applied to th’o TYPICAL BIRSED DETECTOR
grid and the no-signal plate current 1s 76
practically zero, The rectification

takes place in the plate circult due to

the fact that more plate current flows

on the positive half-cyocles of the sig-

nal voltage than on the negative half-

cyocles, Both a=-f and r-f voltages ap-

pear in the plate circuit and an ref

fillter should be used to by-pass the |—"
r-f component, A blased detector nor- &F ?F/If
INPUT §
N

RFC

Luf

]
1

70 A-F
AMPLIFIER

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

Diode detectors are ocommonly used be- R +2650V
cause of their ready adaptation to de- -

tection and control circuits, A diode FlG. 24
detector oirouitif shown in Fig, 25

funotions as a half-wave rectifier an

the a=-f voltage appears acrossthe load TYPICAL DI0DE DHECTDPC/KU/T
resistor, Rj,which 1s by-passed for r-f
by condenser Cj, The by-pass condenser
01 charges up to a voltage approxi-
mately equal to the peak voltage of the
slgnal and maintainsa d-o voltage pro-
portional to the carrier amplibude a=-
cross the load resistor,R].Since dlode
detectora are operated at very small
currents,the operating characteristiocs
of all types are practically the same,

70 A-F
AMPLIFIER
—

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

oreases or decreases as the r-f signal wC
decreases or increases. A typical olr- i W_
ouilt is shown in Fig, 25, The filter FlG. 25 .

Rg - 1s introduced to prevent the
AVC voltage from varying at audio frequencles and to prevent high frequency
voltage from being fed back to the r-f or i1-f amplifier tubes,

In diode detector circuits ocertain precautions should be taken to insure
linearity and low distortionwith high percentage modulation, The r-f signal
voltage applied to the dlode should be approximately 10 volts, and the ratilo
of the a-c impedance to the d-¢ resistance in the dlode circult should be as
high as possible, The a=-0 impedance 1s usually less than the d=-o resistance
in the dilode circuit 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 circuits
of the a-f and r-f amplifier tubes, and the dlode load resistor should not
be too high, The a-o/d-c impedance ratio may be lmprovedby feeding the a-f
amplifier and the AVC network froma tap on the dlode load resistor,as shown
in Fig, 7. Whille thils connectlon reduces the sensltivity, it inoreases the
a-o/d-o impedance ratio appreciably,

The r-f by-pass condenser across the TYPICARL DIODE DETECTOR
dlode load resistor should not be too

large as this willl cause loss of gain CIRCUIT WITH DELRYED Avc
and distortion at the higher audio fre= 200uf
quencies,

In some cases 1t 1s desirable for the
AVC action tobe delayed until the sig-
nal reaches a ocertain predetermined
strength, 1in order that the recelver
may recelve weak signals with maximm
sensitivity. A olrcult which aococom-
plishes this 18 called a delayed AVC,

000000000

or DAVC oircuitand is shown in Fig,26, /Ml::
Diode, s 1s used as a detector to .2
supply &= voltage to the a-f ampli- ::
fler and dilode, DR, 1s used to supply Re M::

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

cathode of DR, For example, 1f the 70 B-F L. 113%6" pove
cathode of Dg 1s returned +o a point AMPUIFIERY VOLTAGE
3 volts above ground, no ocurrent ocan FlG. 26

flowthrough DR until the signal strength

inoreases sufficlently to cause more than 3 volts to be developed across
Rz, and the AVC action 1s delayed until the signal reaches approximately
3 volts peak,
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CONVERTER AND LiIXER 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 other as 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 typical frequency converter circuit usinga pentagrid mixer tube and
a scparate oscillator. A typical pentagrid converter circuit using a single
tube is shown in the circult of Fig, 7.

TYPICAL FREQUENCY CONVERTER CIRCUIT USING SEPRRATE

OSCILLATOR
6L7OR\6L7G 6S50R __ 6S5G
MIXER, ‘0'001/”" asc. i t IF
et 7T ouTPUT
| I  —
R-F Souuf
meur i

50

20000
AV

-
%4

+150Y F/G. 27

In the recording cf phonograph records or in broad=
casting, particularly of music having a large
volume range such as symphony orchestra selections,the volume range is com-
pressed so that the soft passages are louder and the loud passages are soft=-
er than in the original music, This compression is necessary to keep the

+250"|

VOLUME EXPANDER CIRCUIT

soft passages above the
vent the loud passages
modulating the carrier,
tained by the use of a

background noise level of the equipment and to pre-
from overcutting the grooves on the record or over
ifore natural reproduction of such music may be ob-
volume expander amplifier which amplifies the loud

passages more than the
Fig, 28 shows a circuit
6L7G pentagrid tube,

VOLUME EXPANDER CIRCUIT

soft passages and thus increases the volume range,
for a volume expander amplifier using a type 6L7 or

6L7 |_| =
oR 010Y AF OUTPUT
ouf 6.76 (e % . Lt
N I w'a'- S
A-F | &g 3 il -
meur 8% 3 )
LN —
§ M
L r
6C5 0. Juf 616 OR6HEG
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FIG. 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 bias,to the number 3 grid of the 6L7 so that
the zain increases and decreases with the amplitude of the signal., The posi-
tion of tap, P, determines the initial bias 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 it is desired to de=~
lay the expander action wuntil the input signal reaches a certain level, a
negative bilas maybe applied to the plates of the 6H6 or 6H6G reotifier tubes,

AUTOMATIC FREQUENCY
CONTROL CIRCUITS

An automatic frequency control oircuit, as arplied to
a superheterodyne receiver, is one which automatiocally
controls the oscillator frequency in sucha manner that
the intermediate frequency is maintained at the frequency to which the i-f
amplifier is tuned, Thus, a receiver equilpped with AFC automatically cor=-
rects inaccuracies in manual tuning and compensates for oscillator drift, An
AFC circuit consists of a frequency discriminator circuit and a control cir-
cuit, 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 circuit which changes the oscillator fre-
quency and returns the intermediate frequency to the proper value,
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FREQUENCY DISCRIMINATOR CIRCUIT FOR AFC.
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Fig. 2¢ shows a frequency discriminator circuit, The primary,lj,is tuned to
the Intermediate frequency of the receiverand loosely coupled to the seconda~
ries, Ig and Lz, which are tuned to frequencies spaced equally above and be-
low the intermediate frequency, The voltages acrposs Ly and Lz are applied
to a duo-diode rectifier as shown, The d-c output voltage of this rectifier
1s the AFC voltage and 1s equal to the difference between the voltages de-
veloped by each ciode, When the 1-f signal is on the center frequency the
voltaces applied to the diodes are equal, the d-c¢ output voltages are equal
anc¢ no resultant AFC voltage 1is developed, If the 1-f frequency changes
toward the resonant frequency of Lg, more voltage will be applied to diode,
Dy, than tc the other diode, Dr will develop more d-c voltage than Dg, an
the resultant AFC voltage will be negative with respect to ground, In like
rianner, if the i-f frequency changes toward the resonant frequency of Lz,the
resultant AFC voltage will be positive with respect to ground,
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Ciscrim nator circuit which docs not depend on side circults, tuned
i below tie Intermedlate frecuency, for its operation 1s shown in
In tiils circult the primary Ly, and the secondary, Lg are both
‘nter nediate frecuency oi tire recelver and are loosely coupled.
e circuit depcnds on the fact that at the resonant fre-
v veltace, Ep, and the secondary voltage, Eg, are 90° out
md on the fact that thie phase angle varies as the frequency changes,
1e cireult is arranced so that the voltage E1, applied to one diode is the
a iluary voltage and one- half of the secondary voltage,end

voetor mu: of tie §
tie veltaro, Bg, an},lled to tiie otier ciodeis the vector sum of the priiary
tiie ctier all of the seccondary voltage, As in Fig, 29,the re-

re difference between the d-¢ voltages aeveloped by
vector élagrai, A, i1 Fig, 30 shows the phace relations of the
vhen tize anplied voitaze is at the resonant ifrequency. Since
ed indes are equal, no re-
i cltasze changes in fre=-
in vector dia ,ram,B. The velt-
e srecter o the voltare, Ej, arplied
velop more d-c veltage than Dp and the re-
ive vith rcepeet to ground, If the fre-
recticn, Ep will be rreater thian Ep and the
isre itk resnect to ground,
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Fig. 31 shows a control circuit which controls the oscillator frequency in
accordance with the d-¢ 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 coil is ap~-
plied to the grid, In Fig. 31 this out of phase voltage 1s obtained from
condenser, Cl, which 1s 1in serles with resistor, Ry, across the tank coill,
In practice the reslstance of R 1s.made much greater than the reactance of
C1 and the current through Cl 1s practicallyin phase with the voltage across
the tank coill, The voltage across C1 1s therefore practically 90° out of
phase with the tank coll voltage. The plate circult of' the control tube
then acts lilcc an Inductance across the tank coil. The value of this ef-
fective inductance depends on the blas on the grid of the control tube, As
the blas of' the control tube 1s determined by the AFC voltage generated by
the discriminator, the control tube tends to malntain the oscillator at the
proper frequency.

RECOMMENDED OPERATING PRACTICES

FILAMENT AFD HEATER VOLTAGE Radlo recelving tubes are desipgned to operate

satisfactorilywith moderate variations inheat=~
er or filament voltage from the rated values. Illowever,for best performance
and 1life the rated values should be maintained as closely as possible, At
excessively hish values of heater or fillament voltage there 1s danger of
heatlg the first grid to the point where 1t emits a sufficient number of
electrons to interfere with the proper functioning of the tube and in a-c
operated recelvers 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 vsith corresponding reduc=
tion in tube life. At excessively low heater or fllament voltages the
electron emission f'rom the cathode majy be reduced tothe point where the tube
characteristics and the receiver performance are seriously affected, In
the case of tubes 1in whicli a relatively large current is 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
failure,

It 1s now standard practice to-design a-c operated receivers fora line volte
age of 117 volts and the filament and heater transformers should be de-
slgned to supply exactly the rated voltages to the heaters and fllaments
with this line voltage., If this 1s 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 tlhie receiver power transformer supplied with taps so that thre voltages
may be held within 5% of the normal value, When the fllaments or heaters
are operated in series tie total voltage does not divide exactlyequallya-
mong the various tube filaments or heaters due to small variatio: s i heat-
er resistance, In this case the bad effects of large variations in line
voltage are exaggerated., It 1s Important that receivers having the heaters
connected 1n series be designed to supply exactly the rated value of current
to the heaters or rillaments at the standard line voltage of 117 volts,

The tubes used in automobile recelvers are designed to glve satisfactory
life and performance with the heater voltage fluctuating between 5,5 and 8,0
volts as in normal automoblle operation and the connectlons should be ar-
ranged to maintailn the heater voltage at all times within this range,

In home recelvers where the heater or fllament current is suprlied direct=-
1y from two-volt or six-volt storage batteries the varlation in filament
voltage will normally not be excessive. Iowever,precautions should be taken
against excessive voltage dropin the filament supply connections and against
abnormal battery voltages such as might occur during battery charging or
when the battery 1s discharged,

For best results, the fillament voltage applied to two-volt tubes should be
within the range of 1.8to 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 recelvers designed for use with aircells are equippedwith
the proper series resistor for maintaining the fillament voltage within a
sultable range during the 1life of the battery. With many two-volt-tube re=-
celvers for use with three-volt dry batterles or dry packs there are pro-
vided ballast tubes which tend to hold the filament™ current at the proper
value, It 1is essentlal that these ballast tubes be rated for the same val-
ue of current as the total filament current of the recelvers with which they
are used. As the characteristics of the ballast tube are apt to undergo a
permanent change during 1life, 1t 1s advisable to replace 1t whenever the
filament battery 1is replaced.

Some two-volt-tube recelvers now employ a typo of resistor tu‘ge which may
be used with a storage battery, aircell or drycell supply. (SeelB" resistor
tubes at end of’ ratins and characteristic data section).

Some two-volt-tube recelvers are designedto operate with the filament volt-
age supplied directly from a 4.5 volt dry battery or dry pacl:, the two-volt
tubes belng used in pairs with the filaments in serles, The range of fila=-
ment voltage 1s somewhat greater in thils case than in the precedins cases
but better battery economy 1s obtalned.
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TUBE LIOUNTING The common and safest practice 1s to mrunt tubes in a ver

tiocal position. ILowover, it is 2lso senerally nermlssible
to mount them in a herizontal position, Wnen f{ilament type tubes are mounted
rorizontally trey chovld be turned so tiat thic plane oi° tlie filaient 1sver-
tical,to avold the chanoce of the filament cag:ing suificiently tc tcuch the
grid er tie rlate,

Provision should be made for free oirculation of air arcund the tubes, This
applies particularly to the rectifierand power output tubes vhich must dis-
sipote considerable power, Too close confinement 1increases the chance of
grid emlssion or loss of vacuwr: due to electrolysis of the glass between the
sealed in leads at hi:h glass temperatures,

Modern tubes, particularly those of tlie heater type, are capable of with-
standing relatively scvere vibration for short periods without damage. If
they are subjected to scvere vibration continuously a ¢radual wearinz away
of the 1irisulated heater ccatins or of the mica spacer is liable to cccur and
preiiature fallure cf the tube may resvlt, Where the receiver is likely to
be subjected to scvere vibration a cushioned mounting should be provided for
tlie receiver chassis and means should be employed to prevent or damp out
resonant vibrations of the chassis and tubes,

NICROPHONICS liicrophonic howling,vhen due to a tube,ls caused by mechani~

cal feedback from the speaker to tlie tube either throuh the
air cor through thre chassis, Tubes vliich are follcwed by hish audio fre-
quency n are most susceptible, Heater typre tubes are :wuch less micro-
phenic then filament types arnd ordinarily gilve no trouble e:cept under ex-
treme condltions, In fllament types, particularly tie tio=volt t;ypcs, the
filament may be sct intc vlbration at its resonant frequency by cxtrenely
small Impulses of the sare frequensy, In present day tubes improved methods
of filament support are used to reduce tiils tendency and to Camp out osecil-
letions of the filament, but if the audio frequency ~ain in the receiver
1s high,speclal precautions must be taken in tlie receiver to reduce imechan-
ical feedback. The most sernsitive tube should not be mrunted close to the
speaker; the speaker should not be ri;ildly connected to cablnet or chassis;
the chassis should have a cushioned mounting in the cabinet and resonant
vibraticns in the chassis should be avoided or damped out,

erdinary precauticns against tube microphonics are wusually sufficient for
audio frequency gains up to about 100 db. with lheater type tubes and up to
about 50 db, with two-volt tubes, Galns exceeding these valuesusually re=
quire special precautions acainst tube microphonics and hum, iiicrophonic
troubles riay originate in the converter or even in the 1-f amplifier tubes
through audio frequency modulation of the carrier or of the i-f frequency,
even when the galn in the audio frequency stages ,1s not especially highe
Similar precautions should be used to avoid this type of microphonic effect,

HUM In modern a-c operated recelvers fillament type tubes are used only

as plate-supply rectifiers or as output tubes, Fillters are rrovided
to eliminate the hum voltage developed in the rectifier section by the a-c
supply. The voltage gain In the output stage 1s usually low and the hum is
not noticeable if the simple precautions are taken of connecting the grid
and plate return leads to the mid-point of the fillament trancformer second=-
ary and of having this point well by-passed to the chassis, The heater type
tubes used in all the other positions are so designed that, under favorable
circult conditions, only very small hum voltages are introduced into the
audio and radio frequency circuits by the a-c heater voltage and current,
For mini:um hum the ground connection to the heaters shoulc. be made to the
center point of the heater winding, If hum is present,it is usually caused
by improper filtering or is introduced by scme circuit element other than
the tuves,

However, under some conditions, a troublesome amount of hum may origlnate
in the tubes, The second detector tube or the first audioamplifier tube is
most 1likely to give trouble because it i1s followed by the maximum audio gain,
Hum may also orliginate in the mixer or in the 1-f amplifier tubes, due to
60 cycle modulation of the r-f or 1-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
clrcult element, such as the cathode resistor, develops a small voltage
which 1s 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 prooper shieldingof 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 audlo 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 transformer or the filter choke and the chassis should be laid
out to avold this possibility.

GRID CIRCUIT RESISTORS In present day receivers grid circuit resistors of
relatively high values are commonly used, for in=-
stance, 1n reslstance coupled amplifier stages, iIn the diode 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 1n the grid bias due to the voltage drop in these resistors. This
condition may lead to reduced sensitivity, instability or even to serious
overheating and damage to the tubes or other circult elements, Circults in
which a common resistor is inserted 1n the grid return lea¢ 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 during final testins in the
factory and are i:eld t~ a 1imit of not more than one or two microamperes.
lie avera e value is a siall fraction of a micrcan'pere. However,vhen a tube
18 orcrsted in 2 receiver, a i r value of ;rld current nay arcear due to
a ate evoilution ~f zas from. the perts or to a 'i nZunt of erratic
electrical leakage across an  insu to a S“l?ll amovnt of' thermal
elcetren ermission frem the grid,. 3 i current dJue to pas usually
tends tc decrease rapidly asg the receiver ig operated, The current due to
zrid emlscion arpears only after the tube has becorme neated to its mazirmum
opcreting temperature and 1s azrravated by any concltions tending to over-
icat the tube, such ac insufficient prcvision for eir circulation,high line
voltare, excessive rlate voltage or insufficient crid bias.

The hect precaution a2galnst tronble from this source 1s the avoldance of
cilrcuits wi:ielh depend for their operation on extremely high values of grid
resistors, A second precautlion 1s to cetain the »rid biss by vieans i tre
voltage dror in a cathode, or sclf-blas, rccicter ratlier thentousea fixed
bias, With sclf-blas any tendency toward the lozz cof bias due to grid cur~
rent 1is partially compensated for by an increase in the self-bias bectuise
cf’ the resltant 1ncreaszc 1n plate current. A {urther precauticn is the
avoldance of ericessive plate and screen erid voltares and currents by imak=
ing sure that tlie tubes are operated well +itxin tl:eir waxlinum ratings even
at the 1.l hest line voltares. A falr arount of regulation in the screen and
plate v ~lts; ;e supplies 1s also helpful in this respect.

As a zencral rule, tre grid resistor for a single tubne, exclusive of the
output tube, should nct eroeed tiiree mesonms and a maximum of' one r:
worl he preferatle, Uhere a resicter is comwn to tie crid circuit ¢
value of tie resister shoulc not exceed these values di-
er cf tubes waose grid current flows through it, The above
e case of sclf-blas.

rile ap :lies in

In the cace of Tixerd-hias, the maximum value of the grid resistor should
never erceed ore rerchm and this value should be reduced in inverse propor-
tion to tize number of tubes for whose grid current it fcrms a path, In sp=-
plylng these rules 1t should be noted tiwt they refer to tne total resis-
tance iIn the rid circult including tihe sumof all series resistors such as
are used in some control circuits,

In tl.e case of output tuhes, a maximum value for tie grid resistor is com=
monly :iven with the tube rating,. n general,a value cf one megobm 1is  the
maxirnun safe value for tubes of low output ratings up to 3 or 4 watts and
1/10 to 1/4 megokr for tubes cf higher output ratings.

PRECAUTIONS AGAINST BLOCIIIIIG DUE TO SECONDARY EIIISSION  When a sufficlente

ly hizh positive
volta~e 1is acvplied momenterily to a control grid there is an emission of
sec~dar; electrcns from tiiis grid to the screen zrid or to the plate, In~
der so ¢ nditlos tris current may exceed the flow of electrons from thre
catiiode itrcl  grid so that there is a net flow of electrons into
the grid threv tire external grid circuit. If this circult includes a very
hiczh resistarice ti resultant voltare drop may be sufficlent to maintein
tl:e grid et a positive motential In spite of an externally spplied negative
~rid bias, When tlic ~rid bhecomes "locked" positive in this --anrer tlie tube
is bloclked snd 1increrative cnd may be rpermanently damaged by overreating
cdue to the resultant excecsive plste current,

In rmcst tubes tlie sccondary e !ssion characteristic of the control srid is
low enouzl: so that tiils trouble will occur only under abncrmal conditions,
A frequent cause of trovble 1s a defective wave change switch that apnlies
a hirh positive c-c voltare to the grid momentarily during switching. Surges
sufficlently hiph may reach the r-f amplifier tubes or the converter tube
to cause blocking wunder certain circuit conditions,. Sufficient surge is
also sonetires developed in the ouvtput tube, when the set is turned on, to
cause blocking under bad circult conditions,

To avold trouble cf ti:is kindit is advisable to use as low values of resist-
ance as 1s possible in the grid ciresuits of the tubes that may be subject=
ed to surge, particularly the tubes mentioned above, The switches should
be designed an adj-sted to reduce grid current surges to a minimun, Ti.e
circults si.culd be arranged to provide high damping for surges, This can
frequently be accomplished by taking advantage of the damping effect of' the
gric current flow when a ¢rid is thrown slightly positive, This alone will
protect a tube a ainst small surges,

COMVERTER 1.F. AMPLIFIER OETECTOR
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Added dampling for an r-f amplifier or a converter tube may be obtailned by
coupling 1ts grid circult to the grid olrcult of an 1-f amplifier tube, as
shown in Fig, 32, so that a surge reaching the grid of the r-f amplifier or
the converter tube 1s partially dissipated by causing grid current to flow
in the 1-f amplifier tube.

It 18 also possible to connect a dlode to the r-f amplifier or converter
tube grid circult in such a way that a surge willl be dissipated by causing
current to flow through the diode, Fig, 33 shows a dlode conneoted to the
grid circult of a converter tube to prevent blockingdue to secondary emis-
slon,

CONVERTER R.FEAMPLFIER DETECTOR

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

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 1t 1s desired to
operate a pentode power amplifier at a plate and soreen voltage 20% lower
than the published values, The perocent change from the published operati
conditions may be read at the interseotions of the curves with the -22%
ordinate. Thus, for a 20% decrease in plate and screen voltages, the grid
bias should be decreased 20% or the blas resistor inoreased 12%, the load
resistance should be increased 12% the plate and screen current will be
decreased 27% and the power outpu‘e 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 onlythe plate voltage
18 changed and the values are read from the curves 1in the same way as in
Filg. 34.
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Flg. 36 should be used for tetrodes and pentodes where only the screen volt-
age 1s changed and the values are read from the curves as in the previous
figures, Tetrodes and pentodes should notbe operated with the screen volt-
age appreclably higher than the plate voltage.
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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 gilve circult design data for use with the heat-
er type tubes commonly used 1n resistance-coupled amplifiers, The ourves
show the proper value of cathode resistor, Ry, for use with several values
of plate reslstor, R;, at plate supply voitages from 90 to 300 volts, The
values of output voltage, E,, (peak volts) at maximum signal and the volt-
age gain, VG, are also shown by the curves.

Typilcal circult dilagrams for triode and pentode resistance coupled ampli=-
flers may be found on page 1ll.

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
ke
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The curves were plotted using a value of Ry = 2 Ry In all ecases,

Lor the conditien, g = R, the value of Ry from the curves should be de-
creased 159,

For the covdition, Rg = 4 R, the value of Re from the curves should be in-
creased 10%.

‘Tt e value of Rg should nct excaed the maximmm value allowahle in the grid
cireuit of th:e followlng tube.

The p:rover value for the catliode by-pass condenser, Cy,, may be found from
tiie relation:

7000
Ce=—5— Cezuf Re =0OHMS
‘}
Ti.e value of tie cereen ny-pacs oondenser shouldbewt least 0.05 to 0,1 uf,

Ir phose irnverter circuits,such ss the one shown 1n Fig,llon page 12, where
cathoile resistor is used tlie valus of the resistor should f)e one=-
hslf that read from the curves for a single tube and the cathode by-pass

condenser shcw:ld be omitted,

The curves in is, 44, 45 and 46 apply to two-volt tubes and are similar to
trose in the previous fizures, except that values of grid blas instead of
cathode resistor are shown.
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TUBE TESTING

All tubes are put through a mechanlcal and electrlical test in the factory
as one of the last operations, They are individually checked for such {tems
as short circults, open circuilts, grid current, electron emission from the
cathode,tube nolse and certaln operating characterlistlics 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 1s concerned and that i1t conforms to the original design
wlthin standard tolerances,as indlcated by on¢ or more lzey characteristics,
At frequent, regular intervals sample tubes are selected at random from the
production and are tested 1n the laboratory for all lmportant character-
1stics, Random samples of regular production tubes are also 1life teated at
approximately maximum rated voltages and the characteristics are measured
after various periods 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 1s ela=-
borate and expensive andone teast set can readlly accomodate only a few tube
types out of the two hundred that are now on the market. Obviously, 1t is
nelther practical nor necessary, for the tube dealer or evenr for the set
manufacturer tomake as complete a test of tubes as 1s done by thetube manu-
facturer, However, a small percentage of defects develop during shipment
and handling and most dealers find 1t advantageous to check each tube, when
sold, as an insurance that 1t 1s operative and to check the condition 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 characteristicsorof 1ts ability 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 gzive an approximate indication of
the value of some major characteristic.

Since a radio tube cannot perform properly without a coplous supply of elec-
trons from the cathode, a test that wlll measure or at least gilve a compar=-
atlve 1ndication of the electron emlssion can be used as a rough check on
the operating condition of a tube and of 1ts abllity to perform up to the
normal standard for 1ts type. In the common form of emission type tube
cliocker a fixed value of a-c voltage 1s applied between tiie cathode and the
nearest grid (usually with the other elements connected to this grid)through
a flxed reslstor and a d-c current indicating meter. Provisions are, of
course, made for applylng rated heater or fllament 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 circults, open filaments
and often for electrical leakage between the elements,

The Radlo llanufacturer's Assoclation has recormended, in 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 Fllament or Heater Voltage

2. Fixed Emission Voltage of 30 volts
RMS

3, Total effective series impedance of
testing circuits should be varied
as follows:

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

(b) Medium value for battery tubes
of 1imited emission-1000 ohms

(c¢) Low value for remaining types
200 ohms

4, A pointer type of indicating meter
1s recommended as the most rell~
able device for indicating tube
characteristics.

5. The regulation of the system should
not exceed + 5§ with the range of
loads for which the tester 1s de-
slgned.

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

7. The RMA recommended circult is shown
in Fig. 47.
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To establish limits for an emission type tube tester it 1s 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 receiver. In general,
the end of the useful life of power amplifier tubes 1s indicated by a read-
ing 50% below the average for good tubes of the same type, and of voltage
anplifier tubes and rectifier fubes by readings 35% and 20% below average
respectively,

Other types of tube checlters are desisned to give a rough check on some
other tube operating characteristic,such as plate current, transconductance
or power output. Accurate ucasuresaent of these charac{eristics requires
sensitive measuring equipment and accurately measured element voltages for
a large rangc and variety of test conditions and tube connections, All 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
146
1B4/951
1B5/258
1C6
107G
1D5G
1D7G
1E5G
1E7G
1F4
1F5G
1F6
1F7G
1G5G
1H4G
116G
135G
136G
1-V

2A3
2A31
2A5
2A6
2A7
2B7

5T4
5U4G
5V4G
Swa
SW4G
5X4G
S5Y3G
5Y4G
523
5z4

6A3
6A4/LA
6A5G
6A6
6A7
6A8
6A8G
6ABS5
6AC5G
6B4G
6B5
6B6G
687
6B8
6B8G
6C5
6C5G
6C6
6C8G
6D6
6DSG
6E5
6E6
6F5
6F5G
6F6
6F6G
6F7
6F8G
6G5/6115
6G6G
6H6
6H6G
675
6J5G
637
6J7G
6J6G
6K5G
6K6G
6K7
6K7G
6L5G
6L6
6L6G
6L7
6L7G
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RAYTHEON RECEIVING TUBES

STRUCTURE

Triode
Trilode
Twin Dilode
Twin Diode

Tetrode

Ileptode

Pentode
Duo-Diode Triode
Ileptode

Iieptode

Pentode

Ileptode

Pentode

Twin Pentode
Pentode

Pentode

Duo-Diode Pentode
Duo-Diode Pentode
Pentode

Triode

Duo-Diode Triode
Pentode

Twin Trilode
Diode

Triode

Triode

Pentode
Duo-Diode Triode
Iieptode
Duo-Dlode Pentode

Diode
Diode
Diode
Diode
Dilode
Diode
Diode
Diode
Diode
Diode

Twin
Twin
Twin
Twin
Twin
Twin
Twin
Twin
Twin
Twin

Triode

Pentode

Triode

Twin Triode
Ileptode
Heptode
Heptode
Cathode Ray
Tricde

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

Triode

Pentode

Twin Triode
Pentode
lleptode
Cathode Ray
Twin Triode
Triode

Trilode

Pentode
Pentode

Triode Pentode
Twin Triode
Cathode Ray
Pentode

Twin Diode
Twin Diode
Trilode

Triode

Pentode
Pentode

Triode leptode
Triode

Pentode
Pentode
Pentode

Triode

Tetrode
Tetrode
Heptode
Heptode

RAYTHEON

CATIHODE

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

[CYejo)eNoNoReYeoYoYoReYoRoReYoXoReXoXoNeo)

0 T 0 20 DO 1O 00 1O 1O 1O 20 DO DO O 1) 10 1O 0 0 DO

volt
volt
volt
volt
volt
«5 volt

volt
volt
volt
volt
volt
volt
volt
volt
volt
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volt
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volt
volt
volt
volt
volt
volt
volt
volt
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volt
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volt
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volt
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volt
volt
volt
volt
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volt
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volt
volt
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Fllament
Fllament

Fllament
Fllament
Fllament
Fllament
Fllament
Fllament
Fillament
Filament
Fillament
Fllament
Fllament
Fllament
Fllament
Fllament
Fillament
Fillament
Fllament
Fllament
Fllament
Ileater

Fillament
Heater
Ileater
Ileater
Ileater
Heater

Fllament
Fllament
Heater

Fllament
Fllament
Fllament
Fllament
"1lament
Fillament
lieater

Fllament
Fllament
Heater
Ileater
Heater
Heater
Ileater
ileater
lleater
Fllament
Ileater
leater
Ileater
Heater
Heater
Heater
Heater
Ileater
Heater
Heater
Ileater
Heater
Ileater
Heater
Ileater
Ileater
Ileater
Heater
Heater
Ileater
lieater
Ileater
Heater
Ileater
Leater
Heater
Heater
Ileater
Ileater
Heater
lieater
leater
lieater
Heater
Ileater
Ileater
Heater

USE

Detector or
Full Wave
Full Wave

Remote Cutoff
Frequency
Detector or
Detector
Frequency
Frequency
Remote Cutoff
Frequency
Detector or
Power

Power

Power
Detector
Detector
Power
Detector or
Detector
Power

Porer

Ilali’ Wave

Power
Power
Power
Detector
Frequency
Detector

Full
Full
Full
Full
Full
Full
Full
Full
Full
Full

Wave
Wave
Wave
Wave
Wave
Wave
Wave
Wave
Wave
Wave

Powrer

Power
Power
Power
Frequency
Frequency
Frequency
Tuning
Power

Power

Power
Detector
Detector
Detector
Detector
Detector or
Detector or
Detector or

Detector
Amplifier
Rectifiler
Rectifiler

Amplifier
Converter
Amplifier
Amplifier
Converter
Converter
Amplifier
Converter
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
Amplifiier
Amplifier
Amplifier
Rectifier

Amplifier
Amplifier
Amplifier
Amplifier
Converter
Amplifier

Rectifier
Rectifler
Rectifler
Rectifler
Rectifler
Rectifiler
Rectifier
Rectifler
Rectifier
Rectifiler

Amplifier
Ar:rlifier
Amplificr
Amplifier
Converter
Converter
Converter
Indicator
Arcplifier
Amplifier
Amplifier
Amplifier
Amrlifler
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier

Amplifier or Phase Inverter

Remote Cutoff
Frequency
Tuning

Power

Power
Power
Amplifier or

Tuning
Power

Detector or
Detector or
Frequency

Power

Remote Cutoff
Remote Cutoff
Detector or
Power

Power

llixer or
li1xer or
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Amplifier
Converter
Indicator
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
Converter
Amplifier
Indicator
Amplifier

Detector

Detector
Amplifier
Amnlitier
Amnlifier
Amplifier
Converter
Amplifier
Amplifier
Amplifier
Amplifier
Amplifiler
Amplifier
Amplifler
Amplifier
Amplifiler



TYPE NO,

6N5
6N6G
6N6LIG
617
617G
6P7G
6Q7
6Q7G
6R7
6R7G
687G

6T5
6T7G/6Q6G
6U5
6U7G
6V6
6V6G
6V7G
6W5G
6X5
6X5G
6Y6G
6Y7G
627G
62Y5G

STRUCTURE

Cathode Ray
Duo-Triode
Duo-Triode

Twin Triode
Twin Triode
Triode Pentode
Duo-Diode 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

Twin Diode
Twin Diode
Twin Diode

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

CATHODE USE
343 volt Heater Tuning Indicator
6,3 volt Heater Power Amplifier
6,3 volt lieater Power Amplifier
6,3 volt Heater Power Amplifier
6.3 volt Illeater Power Amplifier
6,3 volt lleater Amplifier or Converter
6.3 volt Heater Detector Amplifier
6,3 volt Heater Detector Amplifier
6.3 volt leater Detector Amplifier
6,3 volt lleater Detector Amplifier
6,3 volt Heater Remote Cutoff Amplifier
6.3 volt Heater Tuning Indicator
6,3 volt lleater Detector Amplifier
6,3 volt Heater Tuning Indicator
6,3 volt Heater Remote Cutoff Amplifier
6,3 volt Heater Power Amplifier
6,3 volt lHeater Power Amplifier
6.3 volt Heater Detector Amplifier
6,3 volt Heater Full Wave Rectifier
6.3 volt Heater Full Wae¢ Rectifier
6,3 volt Heater Full Wave Rectifier
6.3 volt Ieater Power Amplifier
6.3 volt Heater Power Amplifier
6.3 volt Ileater Power Amplifier
6.3 volt Heater Full Wave Rectifier
7.5 volt Filament Power Amplifier
5,0 volt Filament Detector or Amplifier
12.6/6.3 v. Heater Power Amplifier
12,6 volt Heater Rectifler Power Amplifier
12,6 volt Heater Ialf Viave Rectifier
2,0 volt Ileater Arplifier
2.0 volt Filament Power Amplifier
3.3 volt Filament Power Amplifier
3.3 volt Filament Amplifier
2.5 volt Heater Detector or Amplifier
25 volt Heater Power Amplifier
25 volt lieater Power Armplifier
25 volt Heater Rectifier Power Amplifier
25 volt Heater Power Amplifier
25 volt lleater Power Amplif'ler
25 volt Hcater Power A-plifier
25 volt ileater Rectifier Voltage Doubler
25 volt ileater Rectifier Voltage Doubler
25 volt leater Rectifier Voltaze Doubler
1.5 volt Filament Amplifier
2.5 volt Ileater Detector or Amplifier
2,0 volt Filanent Detector or Amplifier
2,0 volt Filament Power Amplifier
2,0 volt Filament Detector or Amplifier
2,0 volt Filarent Power Amplifier
2.0 volt Filament Remote Cutoff Amplifier
2,5 volt Heater Remote Cutoff Amplifier
6,3 volt Heater Detector or Amplifier
6,3 volt Heater Detector or Ampl:fier
6,3 volt Heater Power Amplifier
6.3 volt lleater Remote Cutoff Amplifier
5.0 volt Filament Amplifier
6,3 volt Heater Power Amplifier
6,3 volt Heater Power Amplifier
25 volt Heater Power Amplifier
2.5 volt Filament Pcwer Amplifier
2.5 volt Filament Power Amplifier
2.5 volt Filament Power Amplifier
30 volt Illeater Power Amplifier
2.0 volt Filament Power Amplifier
7.5 volt Filament Power Amplifier
6.3 volt Filament Power Amplifier
2,5 volt Illeater Power Amplifier
2,5 volt Heater Detector Amplifier
2.5 volt Heater Detector or Amplifier
2.5 volt Heater Detector or Amplifier
2.5 volt Heater kemote Cutoff amplifier
2,5 volt lieater Triple Grid Power Amplifier
5,0 volt Filament Power Amplifier
6,3 volt Leater Detector Amplifier
6,3 volt Heater Detector or Amplifier
6,3 volt Heater Detector or Am .lifier
6,3 volt Heater Remote Cutoff Amplifier
6.3 volt Heater Povier Amplifier
5.0 volt Filament Full Wave Rectifier
7.5 volt Filament Half Wave Recitifier
2.5 volt Filament Full Wave Rectifiler
5.0 volt Filament Full Wave Rectif'ier
5.0 volt Heater Full Wave Rectifier
6.3 volt Heater Full Wave Hectifler
6.3 volt Heater Detector Amplifier
6.3 volt Heater Triple Grid Power Amplifier

ENGINEERING SERVICE

29



TYPE NO.

950
BA

Bl
BR
WD-11
wX-12
V-99
X~99

STRUCTURE

Pentode
Twin Diode
Twin Diode
Diode
Triode
Triode
Triode
Trlode

CATHODE

2.0 volt Filament
Cold
Cold
Cold
1.1 volt Fllament
1,1 volt Filament
3.3 volt Filament
3.3 volt Filament

USE

Power Amplifier
Full Wave
Full Wave
Half Wave

Detector
Detector
Detector
Detector

or
or
or
or

Rectifler
Rectifier
Rectifler
Amplifier
Amplifier
Amplifier
Amplifier

Individual tube data sheets are arranged in the same numerical order

30

as 1n the above 1listing,
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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

2A7S 2.5 1.0 Same as 2A7 Cathode Pin Same as 2A7

2E8 2.6 0.8 Same as 6E5 No Shield Same as 6ES Exocept

Filament Rating

25/48 2.5 1.35 Seme as 84/6Z4 Cathode Pin Approx.40 ma per plate at
650 volts d-c. Duo=-Diode
Detector,4 3/16"x1 9/16"

2Z2/G84 2,5 1.5 Same as 81 No Shield Similar to 1-V
BATS 6.3 0.3 Same as 6A7T Cathode Pin Same as 6A7
6B7S 2% ] 0.3 Same as 6B7 Cathode Pin Same as 6B7
6C7 6.3 0.3 See Below Separate Pin Same as B85AS
6D7 6,3 0.3 See Below Separate Pin Same as 6C6
6B7 6.3 0.3 See Below Separate Pin Same as 6D6
6F17S 6,3 0.3 Same as 6F7 Cathode Pin Same as 6F7
6Y6 6.3 0.8 See Below Separate Pin Similar to 84/6zZ4
626 1% % See Below No Shield Similar to 84/624
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
36S/51S 2.5 1.75 Same as 35/51 Cathode Pin Same as 35/51
558 2.8 1.0 Same as 55 Cathode Pin Same as 55
568 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 Seme as &7
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 Except
Heater Amps.
758 6,3 0.3 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=20;6m=1250;1p=5.5 maj
Cathode Pin Ep=RE0 V. Eg =<9 V.

182B 5,0 1.25 Same as 45 No Shield Similar to 45 Except

4828 Filament RatingiMu=5;
Gp=16003; I,=18ma;Ep=R50v}
Eg= =35 Ve

183 6.0 1.25 Same as 45 No Shield Similar to 45 Except

483 Filament RatingMu=33
Gp=150031,=20 ma;Ep=2501;
Eg= -58 v,

485 3,0 1.25 Same as 27 No Shield Similar to 27 Except

Heater Rating; Mu=12.8;
Gy=13003Ip= 6,2 ma; Ep=
180 v; Eg= =10 V.

BOTTOM VIEWS OF SICKETS
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INTERCHANGEABLE TUBE TYPES

Raytheon tubes can be used as replacements for tubes of other manufacturers

as follows:

A Tube types having the same RIA type numbers (witha letter,or two letters,
between two numbers, as 6A7 or 6ZY5G) are interchangeable,

B On standard tube types with two or three flgure type numbers,thelast two
flgures form the signiflcant type numbers regardless of letter prefixes,
For exauple, the Raytheon 45 will replace the UX-245, (CX-345, or SX=245
tubes.

C Types differing in numberby the suffix letters man ngw  ®g?", "LG"or ny"
are Interchangeable in general regardless of this letter. For example,
the 12A may replacea 112 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
¢lass bulbs and attached wmetal shields are desiznated by the suffix Gyl
on the type nwiber, as GA8iiG. Tubes with octal bases and metal bulbs
have no suffix on the type number, as 6A8, "'G" type tubes having type
numbers corresponding to metal tube or "MG" type numbers have, in general
the same electrical characteristics excepting capacltances,andare usual-
1y interchangeable withthe corresponding 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 Exceptlions to the above tubes are types, D=1, DE-1, RE=1, S0-1, RE=2,
S0-2, KR=-20, KR=-22, KR-28, 43WG, HZ=50, 59B, G-84, 182B, 183,Kellogg 401,
482A, 4025, 484, 484A, and 25Z5HG which do not correspond with types
1-v, 20, 22, etc. The OlA (201A$ 1s not interchangeable with the 1=V,
or 1, and the WX-12 1s not interchangeable with the 12A (112a),. Types
S7AS, S58AS, 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,

TYEE NORIALLY TYPE NORIMALLY TYPE NORMALLY
10, REPLACEABLE BY NO, REPLACEABLE BY NO. REPLACEABLE BY
RAYTIIEON TYPE RAYTHEON TYPE RAYTHEON TYPE
00 00A 2526G 210 10
01 0la 25266 213 80
O1AA 0la 56 216 81
D-1/2 81 84/624 216B 81
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 224A 24A
RE-1 80 38 226 26
24311 2A3 39/44 227 27
G-2 25/48 39/44 230 30
G=2S 25/4s 25A6G 231 31
RE=2 81 39/44 232 32
50-2 50 1223 233 33
G-4 25/48 35/51 234 34
G-4S 25/4s 355/518 235 35/51
5Y3 5Y3G 76 236 36
5Z4NG 524, 5V4G 57-A8 237 37
KR=5 6A4/1A 58=-A8 238 38
6A8HG 6A8G 36 # 239 39/44
6B6 6B6G 36 240 40
6B6NG GB6G 39/44 245 45
6C5HG 6C5G 39/44 247 47
6F5HG 6F5G 37 250 50
6F61iG 6F6G 37 280 80
6G5 6G5/6H5 38 2801 83V
6H5 6G5/6H5 38 281 81
6H6MG 6116G 83 t 288 83V
6JTHG 6J7G 8l C-299 V=99
6KTHG 6K7G 84/624 X=299 X=-99
6L7:1G 6L7G 272/G84
616 6176G 83 t 4824 1A
61i6LIG 6N6G 245 482B 182B/482B
6P7 6P7G 1-v 482B 183/483 1
6Q7L 6Q7G 84/624 483 183/483
6R71I 6R7G 585 50
6X51iG 6X5G 112 124 586 50
6Y5V 6Y5 1124 124 P-861 624/84
623 1-v 120 20 951 1B4/951
624/84 ©04/624 171 714 986 83 t
625/1225 625 1714 71A
c-11 WwD-11 171AC 714 AD 1-v
c-12 wx-12 171B 71A AF 82
WwD-12 wX-12 182-A 71A AG 83 ¢
1423 1223 182-B 183 t AX 01A
22AC 24A V=199 V=99 B v-99
24 24A X=199 X=99 E 20
25A6L1G  25A6G G 40
2547 25A7G 200 0OA H 00A
2548 25A7G 201 0lA Lp 6A4/LA
258 1B5/25S 201A 01A PZ a
25/258  1B5/25S 202 10 PZH 245

+ When tne filament supply will stand one ampere additional drain.
# In automoblle recelvers only.
1 When 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
KG&5B
K56C
K55D
L55B
L55C
L55D

42A1
4272
42B2
4941
4942
49B2
556A1
55A2
55B2
2LR212

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

RAYTHEON RESISTOR TUBES

No.of No,of Volts

6.3 V 25

Tubes Tubes at

172
@
LSRRGSR GRGREVE R GR SR SRGIE R VR CE SR SR GR SR SR SESESESESE S SESE SRS

WOOOONDANNRN QOGRS RRRRRROGOOOOON

BB PR R ORGEGE R CE GRS RS RSN RSN Nt
O 20 DO 20 20 2O 0 2D D 10 20 DD O DO 20 20 DO 0 0 DO O

Special
2

Speclal

OO0 CA GO

FOR

A=C = D~C RECEIVERS

Ye.of Dial Cir= Base Pin liumbers Inter-
V  Drop Dial Lamp cuit change=-
Lamps Type able
300ma R R 1t 12 witu
(see next page)
SMALL METAL SHELL TYPES
36,0 None A 3 7
36.0 1 #40 B 3 7 8
36.0 2 #40 [ 3 7 3]
36,0 2 #40 D 3 7 3 2
3640 1 #46 B 3 7 8
3640 2 #46 C 3 7 8
36,0 2 #46 D 3 7 c 2
42,3 None A 3 7
42,3 1 #40 B 3 7 8
42.3 2 #40 [ 3 7 8
42.3 2 #40 D 3 7 8 2
42,3 3 #40 E 3 7 8
42,3 1 #46 B 3 7 8
42,3 2 #46 c 3 7 8
42.3 2 #46 D 3 7 3] 2
48,6 None A 3 7
48.6 1 #40 B 3 7 8
48, 2 #40 [} 3 7 8
Data Sheet at end of Characteristlic Data Section
48,6 D 3 7 8 2
48,6 1 #46 B 3 7 8
48,6 2 #46 [ 3 7 8
48.6 2 #46 D 3 7 8 2
54,9  None A 3 7
54,9 1 #40 B 3 7 8
54,9 2 #40 [ 3 7 8
54,9 2 #40 D 3 7 8 2
54,9 1 #46 B 3 7 8
54,9 2 #46 c 3 7 8
54,9 2 #46 D 3 7 8 2
GLASS BULB TYPES
42.3 1 #46 B 1 4 3
42.3 2 #46 [ 1 4 3
42.3 2 #46 D 1 4 3 2
42,3 None A 1 4
42,3 1 #40 B 1 4 3 40B2
42,3 2 #40 C 1 4 3 40A2
42.3 2 #40 D 1 4 3 2
48.6 1 #46 B 1 4 3
48.6 2 #46 C 1 4 3
48.6 2 #46 D 1 4 3 2
48.6 None A 1 4
48.6 1 #40 B 1 4 3 50B2
48,6 2 #40 C 1 4 3 50A2
48,6 2 #40 D 1 4 3 2
54,9 1 #46 B 1 4 3
54,9 2 #46 C 1 4 3
54,9 2 #46 D 1 4 3
54,9 None A 1 4 50X3
54,9 1 #40 B 1 4 3
54,9 2 #40 C 1 4 3 50X3T
54,9 2 #40 D 1 4 3
18.6 1 #40 B 1 4 3
23,6 1 #40 See Special Circuit
46,5 None A 1 4
LARGE PERFORATED METAL SHELL TYPES
42.3 None A 4 8
42,3 1 #40 B 4 8 1
42,3 2 #40 c 4 8 1
40.6 llone A 4 8
48,6 1 #40 B 4 8 1
48.6 2 #40 c 4 8 1
54,9 lone A 4 8
54,9 1 #40 B 4 8 1
54.9 2 #40 C 4 8 1
39 2 #40 D 4 8 1 2
with line

voltage of 117,5 volts.

Continued on next page
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RRAYTHEON RESISTOR TUBE C/IRCUITS

H'TRS OR ALS. HORF HORF
CIRCUIT A CIRCUIT 8 CIRCUIT C
HORF HORF HTRS ORFIL'S
Rc T T, R Re A ° PING PiN {
m W -
c/RCUIT D CIRCUIT E SPECIAL CIRCUIT FOR

TYPE 878 R 48

TUBE OUTLINE DIMENS/IONS

(LX)
® 0o SLASS | SMALL | LARGE
METRL| METAL ® o ®
® ® MAX. DIA. 756" 196" | 19" @ N9 -
VRKHT ROOYESOCKET, 4 76| 2 Y6 | 46 )
BOTTOM VIEW OF BOTTOM VIEW OF
6LASS TUBE STANDARD METAL TUBE 0CTAL
BRSE PIN LOCATION BASE PIN LOCATION

For data an 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-31/4 Min, Screw Brown 29/32 11/8
R40-A 6-8 0,15 0,5 T-31/4 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 T-31/4 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
R50 6-8 0.2 1.0 G-31/2 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-31/4 Min., Bayonet White 23/32 11/8
AUTOMOTIVE TYPES
R51 6-8 0.2 1.0 G=31/2 Min., Bayonet White 1/2 15/16
R55 6-8 0.4 1,5 G-41/2 Min., Bayonet White 1/2 11/16
1" pin.
2 MBX.

Ik
3

R50 R 51

R2928
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RAYTHEON

TRIODE
VAPOR TYPE DETECTOR
Filament Type Glass Bulb

The 00-A 1s a vapor type triode tube
designed for service as a detector in
storage bhattery operated recelvers.

RATINGS

Fllament Voltage
Fllament Current
liax, Plate Voltace

CHARACTERISTICS

Plate Voltage

Grid Blas

Amplification Factor

Plate Reslstance
Transconductance

Plate Current (approximate)

DETECTOR = GRID LEAK TYPE

@3

o N

BOTTOM VIEW OFSOCKET

OOA

%

Return to negative filament

Grid Lealk Reslstance

Grid Condenser

Grid to Plate
Input
Output

O1A RAYTHEON
TRIODE
DETECTOR OR ALIPLIFIER
Fillament Type Glass Bulb
STiq BULS
3
§ The Ol-A 1s a triode type amplifier
;o tube designed for service as a detecw
'S tor or amplifier in storage battery
i operated recelvers.
5
¥
RATINGS
APRONG Fillament Voltage
MED. BRSE Filament Current
Max, Plate Voltage
U U "10 DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate
Input
Output
ANPLIFIER = CLASS A
Plate Voltage 90
Grid Bias -4,5
Amplification Factor 8
Plate Reslstance 11000
Transconductance 725
Plate Current 2.5
DETECTOR = BIASED TYPE
Plate Voltage 90

Grid Bilas (approximate)

Plate Current

Plate voltage
Grid

DIRECT INTERELECTRODE CAPACITAIICES

DETECTOR = GRID LEAK TYPE

~7.5
Ad justed to 0.2

5 d-c volts
0.25 amp
5 volts
45 volts
0 volts
20
30000 ohms
666 wirhos
1.5 ma
45 volts
2 to 3 mesohss
0.00025 uf
8.5 puf
3.2 1uf
2.0 [yiis3

5

O1A

&%

o 5

«13.5

45

BOTTOM VIEW OF SOCKET
5 dec volts
0.25 amp
135 volts
8.1 upf
3.1 upf
2.2 i
135 volts
-9 volts
8

10000 ohms
800 wmhos
3 ma
135 volts

volts

ma with no signal

volts

Returned to positive filament

Grid Leak Resistance

Gric Condenser

250
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RAYTHEON

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

The (Z4 1s a full wave gas filled type
rectifier tube with an ionic heated
cathode requiring no heater supply volt-
age, It is designed particularly for
service where high overall efficlency is
desired,

BOTTOM VIEW 0FSOCKET
0Za5 —#1PIN -NOCOMY
B FULL WAVE RECTIFIER -#2 PIN-OMITTED
77
¥ BuL8 i o HMeater Supply Required
§ Laon |y, Iaximum D-C Output Voltage 300 volts
e Ll N Jiinimum D-C Output Current 30 ma
'\,‘ Maximum D-C Output Current 75 ma
| trrvee Maxinum Peak Plate Current 200 ma
5 PRONG inimum Starting Peak Voltage 300 volts
RRaL T Average Dynamic Voltage Drop 24 volts
gl
|»/g o 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 abllity 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 shilelding and file
tering commonly used to eliminate vibrator noise will usual
1y be sufficient.
The 0Z4 1s 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 dimensions as other
tubes of the metal 1line, However, in this tube the metal
shell serves chlefly as contalner and electrostatic shield
for the glass bulb, which 18 required to insulate the conw
talned gas from the grounded shell,
0FZ4-0F4G
o5 — 1 OPERATING CHRARACTERISTICS IN TYPICAL VIBRATOR ELIMINATOR
|
[t C.ou . £
nid M,\Y V°I’~TH(E £, 279
=82Y
s e @
-~
mu;%
<
- ELIMINATOR
53 &5
H Y 0
! - n « 05'1‘_ 08 |
Yy — " & Wy
g E—— §
225 ) T — ’%“w 024 - 029G
3 <
200 . }v’; /// 00| g
E ‘\?‘)‘c 17 / E
[N A ‘ ¥
75
g L~ /, 35 X rBuuf
g ] s G
1504 - - 3.0 b
> 7 ] 3 Tor
—— xg gv =
125 =1 257
1Y 9 2y
0o 30% 2.0
O T
zs§ [~=~|8YNamic prop _._
§ |
202 Q
20 35 40 45 5 55 60 65 75 A
ac. OUT PUTCURRENT ~M A. (1ap) 3%
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1A4-T

e )
ST 12-0 8ik8 :§<
3
e
R
. by
ABA ™
4 PRONG
SMALL BASE| j
N

d

0l

RAYTHEON 1A4-T
TETRODE
REMOTE CUTOFF AMPLIFIER
Filament Type Glass Bulb 90 @Q

|64
o N eh

BOTTOM VIEW OF SOCKET

The 1A4T 1s a tetrode type amplifier
tube with remote cutoff characteristics
designed for service as a high fre=
quency amplifier in battery operated re-
celvers, The ratings and electrical
characteristics are identicalwith those
of the type 1DSGT. For characteristics

of the pentode type, 1A4P, refer to the /A4-P, Gy CONNECTED TO

type 1DSGP. 22 PIN (-F)

RATINGS
Fillament Voltage 2,0 d=-oc volts
Filament Current 0,060 amp
llaximum Plate Voltage 180 volts
llaximum Screen Voltage 67.5 volts

DIRECT INTERELECTRODE CAPACITANCES

Grid to Plate 0,012 max.st puf

Input 4,6 uuf
Output 11 wuf
AMPLIFIER = CLASS A
Plate Voltage 180 volts
Screen Voltace 67.5 volts
Grid Blas =3 volts
Amplification Factor 720
Plate Resistance 0,96 megohm
Transconductance 750 wmhos
Plate Current 2.3 ma
Screen Current 0,7 ma
Transconductance at -15 volts bilas 15 unmhos
#With tube sirield.
AVERAGE PLATE CHARACTERISTICS IR@T AVERRGE CHARACTERISTICS
£p=2.0V0C 1D5Gr Ep=2.0%0C
50 Egg=67.5" @ Epe/BOY v o
— [~ Egg=67.5 1000
/‘W// bl
as P a5 300
~ vALUES = /
UNST RBLE| / W
40 == 40 a0
/ //
a5 - 25 m
w2 PR B
T AR |
20 / I 20 m%
i el g
@
20 20k o
& N
§ [~ =ca 3 S
L5 % 5, 00 g
¢ o v g
w0 ; =2 g w0 g
4 —r /
05 =7V as 7 100
/
0 0 0
0 @ a0 20 /60 W0 200 280 320 360 M0 45 -1z -9 6 -3 0/ \
PLATE VOLTAGE - VOLTS GRID BIAS -VOLT S 'Q%
¥
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1A6 RAYTHEON 1A6

HEPTODE
20| PENTAGRID CONVERTER
ad s Filament Type Glass Buldb
The 1A6 18 a pentagrid type converter
tube designed for service as a combined
Stiz-bauws mixer and oscillator in battery oper-
§ ated superheterodyne receivers, The ra-
.& tings and electrical characteristiocs are
blf identical with those of the type 1D7G.
b
T
ey ia RATINGS BOTTOM VIEW OF SOCKET
" Filament Voltage 2,0 d-o volts
amen’ urren 0,060 amp
s%vi%gx" Maximum Plate Voltage 180 volta
Maximum Soreen Voltage 67.5 volts
o Maximm Grid #2 Voltage 135 voltas
o Maximum Grid #2 Supply 180t volts
= Minimum Crid #4 Blas -3 volts
Maximum Cathode Current 9 ma
DIRECT INTERELECTRODE CAPACITANCES (approximate)
Grid #4 to Plate 0,26# [iiTh o
Grid #4 to Grid #2 0.2 # wef
Grid #4 to Grid #1 0.1 # upt
Grid #1 to Grid #2 0.8 puf
Grid x4 to all other Elements (r-f input) 10,5 puf
Grid #1 to all other Elements (osc. input) 5 upf
Grid #2 to all other Elements (osc. output) 6 puf
Plate to all other Elements (mixer output) 9 [T7% 4
FREQUENCY CONVERTER - SUPERHETERODYNE CIRCUIT
Plate Voltage 135 180 volts
Sereen (Grids #3 and #5) Voltage €7.5 67.5 volts
Anode Grid (#2) Voltage 135 135 volts
Anode Grid Supply Voltage 180 t volts
Control Grid %§4§ Blas -3 -3 volts
Oseillator Grid (#1) Resistor 50000 50000 obms
Plate Reslstance 0.4 0.5 megohm
Conversion Transconductanoce 276 300 wmhos
Plate Current I. 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 voltas, acreen voltage = 67,5 volts, anode
grid voltage = 1%5 volts (no series resistor), control grid blas = -3 volts
and oscillator grid voltage = O volts, the transconductance of the osclilla=-
tor seotion (not oscillating) 1s 425 umhos and the anode grid current is
2.3 ma.

tApplied through a 20000 ohm series resistor,by-passed by a O.1 uf. conden-

ser,
#With tube shield,

AVERAGE CHARACTERISTICS 1R6 AVERAGE CHARACTERISTICS
Ep=2.0Y0C 107G Ep=2.0"0C
Ep=180" Ep=180"
Egp=135" Egp=135Y
Eg;=67.5Y Eg=67.5Y
OSCILLATOR GRID#! RESISTOR =500002 Egq=-3"
450 05CILLATOR GRID#! RESISTOR=
50000
400 §
3
30 §
3
b
[~
300y,
g N
0 g
/ g ’
s/
J s
<
/ : /
V 150 §
w
/ 100 E /
/ 8
/ 50 ——d
o
_.—4//
o \Y
-4 -22 -20 -8 -6 -4 -2 -0 -8 -6 -4 -2 O o 100 200
CONTROL GRID (#4) BIAS -V OLTS 05C.GRID {#1) CUPRENT-MICEOA:
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1B4-951 RAYTHEON 1B4-951
PENTODE
. AMPLIFIER
ol Filament Type Glass Bulb
The 1B4/951 1s a pentods type amplifier
»% tube designed for service as a high
§ frequency amplifier in battery operated
Emg recelveras, The ratings and electrical
;& charaoteristicsare identical with those TTOM VIEW OF SOCKET
§ of the type 1E5GP. GoTTOM OF SOCkE
B
Ry
RATINGS
£ PRONG
Filament Voltage 2.0 deo  volts
ShaLL Base Filament Current 0.060 amp
Maximum Plate Voltage 180 volts
t«, Maximum Screen Voltage 6745 volts
SR 2 B

DIRECT INTERELECTRODE CAPACITANCES

Grid to Plate 0,007 max,# wuf
Input 5 1115
Output 11 wuf
AMPLIFIER = CLASS A
Plate Voltage 90 180 volts
Screen Voltage 67.5 67,5 volts
Grid Blas -3 -3 volts
Amplification Factor 600 975
Plate Resistance 1 1.5 megohm
Transconductance 600 650 pmhos
Plate Current 1.6 1.7 ma
Screen Current 0.7 0.6 me
Grid Bilas for Plate Current Cutoff -8 -8 volts
#With tube shield.
AVERRGE PLATE CHRRACTERISTICS 184/951 RVERRGE CHARACTERISTICS
Ep=2.0V0C IESG P Ep=2.0YDC
Egg=67.5Y Ep=180¥
[ Eggn67.5Y
20 20 800
s Pﬁﬁ_
36 ]
- as A 00
/ =V ——r]
3z / ———
L1 3.0 600
28 I va 8
=-2¥ —_ 3
| | e 2.5 & - 500 E
249 < & <
< >
N // : I ¥
20 202 $, 200
Z| =-3Y N ) [y}
g § g
6% e 3 &) 5
< / L5z 300 g
w =—gY ] S
[ S
L2 I % 9
8 / 0% 200 §
v &
as =5 u
3
ae [ o [0 o
— v /
-
0 0 P
0 4w 60 20 /60 220 200 280 320 360 W0 8 6 -4 -2 U ‘&
PLATE VOLTAGE - VOLTS GRID BIRS-VOLTS {3’
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1B5-25S RAYTHEON 1B5-25S

DUO~DIODE TRIODE
DETECTOR AMPLIFIER
Filament Type Glass Bulb

S
K3
i; The 1B5/25S is a duo-diode triode type
x% amplifier tube designed for service as
t§ a combined dlode detector,AVC rectifier
o0 and audlo frequency amplifier in battery
L) operated recelvers. The ratings and
eleotrical characteristics are iden-
6 PRONG J tical with those of the type 1II6G, BOTTOM VIEW OF SOCKET
SMALL BASE|
=i RATINGS
ol
Filament Voltage 2.0 d-o volts
Filament Current 0,060 amp
Maximum Plate Voltage 135 volts
DIRECT INTERELECTRODE CAPACITANCES - TRIODE SECTION
Grid to Plate 3.6 et
Input 2.0 upf
Output 3 [1575 o
AMPLIFIER - CLASS A - TRIODE SECTION
Plate Voltage 135 volts
Grid Blas =3 ‘rolts
Amplification Factor 20
Plate Reslstance 35000 ohms
Transconductance 55 umhos
Plate Current 0.8 ma

DIODE SECTION

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

If only one dlode plate is used as an audio rectifier, Dr on pin 4 showuld
be used because DI, 1s near the negatlve end of the filamsnt and ourrent
will flow to this plate with zero signal when returned to the negative end
of the fillament,

AVERAGE PLATE CHARACTERISTICS 1B5/255  AVERAGE CHARACTERISTICS

TRIODE SECTION IH6G TRIODE SECTION
Epm2.0V0C Egp=2.0YDC
Ep=135"
20 22

P

| aMEIFICRTION FACIOR sl 5o g
g
£

: / I} L l 18
. i 80 a0
2l i g\ A
F EENANENNANERK e
TSI\ ol
T T
by 08§ Lhace | aw §
0e / ///// / if Q/ = / e m§
/ "

<L

LA VA

0 o 0 %
[ 25 20 W 00 125 50 /75 200 za6 WO 15 300 [4 4 .8 12 4 Q
PLATE VOLTAGE - VOLTS PLATE CURRENT-MA. <,
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1C6 RAYTHEON

HEPTODE
{360} PENTAGRID CONVERTER
Filament Type Glass Bulb

The 1C6 1s a pentagrid type converter
ST 12-DBUE tube designed for service as a combined
mixer and oscillator in battery oper-

§ ated superheterodyne receivers, The ra-
«x tings and electrical ocharacteristics
Qm are identical with those of thetype 1C7G,
x%
g5 | Rarmvos BOTTOM VIEWOF SOCKET
o)
Y Filament Voltage 2,0 d-o volts
] Filament Current 0.12 amp
& PEONG Maximum Plate Voltage 180 volts
SMALLBASE] Maximum Sereen Voltage 67.5 volts
- Maximum Grid #2 Voltage 135 volts
o Maximum Grid #2 Supply 180t volts
1 Minimum Grid #4 Bilas -3 volts
Maximum Cathode Current 9 ma
DIRECT INTERELECTRODE CAPACITANCES (approximate)
Grid #4 to Plate 0.3 # VAT o

Grid #4 to Grid #2
Grid #4 to Grid #1
Grid #1 to Grid #2 puf

0,3 * Uit

0,15%

1.
Grid #4 to all other Elements (r-f input) ]éO uef

6

1

uut

Grid #1 to all other Elements (o0sc. input) ppf
Grid #2 to all other Elements (osc. output) upf
Plate to all other Elements (mixer output) (¢} 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 ¢t volts
Control Grid (#4) Bias =3 -3 volts
Osoillator Grid (#1) Resistor 50000 50000 ohms
Plate Resistance 0,55 0,75 megohm
Conversion Conductance 300 325 wmhos
Plate Current 1.3 1.5 ma
Screen Current (approximate) 2 2 ma
Anode Grid Current 2.6 33 ma
Oscillator Grid Current 0.2 0.2 ma
Total Cathode Current (approximate) 6.5 7 ma
Control Grid Blas -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 section (not oseillating) i1s 1000 umhos, and the anode grid current 1is
4,9 ma,

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

ser,
#With tube shield.

AVERAGE CHRRACTERISTICS 1C6 AVERAGE CHARACTERISTICS|
Ep=2.0"0C ICTG Ep=2.0"0C
Esge67.5" £p*180"
OSCILLATOR GRID¥| RESISTOR = 500000 Q,-mo'rymus»« 20000%
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RAYTHEON

HEPTODE
PEIITAGRID CONVERTER
Filament Type Glass Bulb

The 1C7G 1s a pentagrid type converter
tube designed for service as a combined
., mixer and oscillator 1n battery oper=
{ ated superheterodyne receivers, The ra-
s« tings and electrical characteristics are
‘qgg identical with those of the type 1C6.

A

Py
§ RATINGS
- BOTTOM VIEW OF SOCKET
iy Filament Voltage 2,0 d-c  volts
™ Filament Current 0.12 amp
llaximum Plate Voltage 180 volts
OCTAL BASE iraximum Screen Voltage 67.5 volts
~ Haximum Grid #2 Voltage 135 volts
Uwﬂﬂ T lNaximum Grid #2 Supply 180 t volts
S——— 1 1dnimum Grid #4 Blas -3 volts
Maximum Cathode Current 9 ma
DIRECT INTERELECTRODE CAPACITANCES+

Grid #4 to Plate 0.3 uuf
Grid #4 to Grid #2 0.3 [1iTh 4
Grid #4 to Grid #1 0.1 upf
Grid #1 to Grid #2 1.5 wuf
Grid #4 to all other Elements (r-f input) 11 uut
Grid #1 to all other Elements (osc. input) 7 unf
Grid #2 to all other Elements (osc. output) 7 [TTh
Plate to all other Elements (mixer output) 14 wut

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 puhos
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 tilas ~-14 -14 volts

(For Conversion Transconductance = 4 umhos)

With plate voltage = 135 to 180 volts, screen voltage = 67,5 volts, anode
grid voltage = 135 volts (no serles resistor), control grid bias = =3 volts
and oscillator grid voltage = O volts, the transconductance of the oscilla=-
tor section (not oscillating) 1is 1000 imhos, and the anode grid current is
4.9 ma.

#With tube shield connected to cathode.
tApplied through a 20000 ohm series resistor,bypassed by a 0,1 uf conden=
ser,

AVERAGE CHARACTERISTICS 1C6 RVERAGE CHRRACTERISTICS|
Epe2.0'0C I1C7G £p=2.0Y0C
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1DSG-P

RAYTHEON

PENTODE
REMOTE CUTOFF AMPLIFIER

Bt 1 Filament Type Glass Bulb
ST 12-D 8RB The 1DSGP 48 a pentode type amplifier
3 tube with remote cutoff characteristics
.Y designed for service as a high fre-
‘o quency amplifier in battery operatedre-
x% celvers, The ratings and electrical
$ characteristics are ldenticalwiththose
//g'oﬁx f;%‘ of the type 1A4P, For characteristics BO7TOM VIEW 0FSOCKET
M J1°e5| of the tetrode type, 1DSGT,refer to the
type 1A4T.
7 PRONG
SMALL
OCTAL BASE
UMU L‘Q RATINGS
S
Filament Voltage 2.0 d-c volts
F1lament Current 0,060 amp
llaximum Plate Voltage 180 volts
liaxivram Screen Voltage 67.5 volts
DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 0,007 max,#* ppf
Input 6,2 wet
Output 12 s
AMPLIFIER - CLASS A
Plate Voltage 90 180 volts
Screen Voltage 67,5 67.5 volts
Grid Blas ~3 -3 volts
Amplification Factor 425 750 megohm
Plate Resistance 0.6 1 megohm
Transconductance 720 750 Luhos
Plate Current 2.2 2¢3 ma
Screen Current 0.9 0.8 ma
Transconductance at =15 volts bias 15 15 umhos
#With tube shileld.
AVERAGE PLATE CHARACTERISTICS 1R%p AVERRGE CHARACTERISTICS
5§ — Egm2 Egq=67.5Y ID5Gp Eg=2d'0C
Ep=180Y
et 1 Egg=6T.5Y
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RAYTHEON

HEPTODE
PEITTAGRID CONVERTER
Filament Type Glass Bulb

The 1D7G 1s a pentagrid type converter
tube designed for service as a combined
x mixer and oscillator in battery operat-
§ ed superheterodyne receivers, The ra=-
e tings and electrical characteristics

*_'i‘j‘, are identical with those of the type 1A6,

3 RATINGS
sy BOTTOM VIEW OFSOCKET
) Filament Voltage 2,0 d=c volts
Filament Current 0,060 amp
Naximum Plate Voltage 180 volts
Maximum Screen Voltage 67.5 volts
maximum Grid #2 Voltage 135 volts
Sho laximum Grid #2 Supply 180¢ volts
Minimum Grid #4 Bilas -3 volts
Naximum Cathode Current 9 ma

DIRECT INTERELECTRODE CAPACITANCES#

Grid #4 to Plate 0.3 ppf
Grid #4 to Grid #2 0.3 puf
Grid #4 to Grid #1 0.1 puf
Grid #1 to Grid #2 1.5 pud
Grid #4 to all other elements (r-f input) 11 puf
Grid #1 to all other elements (oso,input) 7 wuf
Grid #2 to all other elements (osc.output) 7 105 o
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 180¢ volts
Control Grid %;15 Bias =3 =3 volts
Oscillator Grid (#1) Resistor 50000 50000 ohma
Plate Reslstance 0.4 0,5 megohm
Conversion Transconduoctanoe 275 300 Hmhos
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 6.2 642 ma
Control Grid Bias -22.5 -22,5 volts

(For Conversion Transconductanoe = 4 umhos)

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

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

AVERAGE CHARACTERISTICS IR6 RVERAGE CHARACTERISTICS
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1ESGP RAYTHEON

PENTODE
ALPLIFIER
Filament Type Glass Bulb

The 1ESGP 1s a pentode type amplifier

§ tube designed for service as a high
" frequency amplifier in battery operated
*g}‘; recelvers. The ratings and electrical
§ characteristics are 1dentical with those
. b of the type 1B4/951.
o
RATINGS
7 PRONG
o shse
Filament Voltage

U U Fillament Current
PR llaximum Plate Voltage
- Maximum Screen Voltage

7

DIRECT INTERELECTRODE CAPACITAIICES

Grid to Plate
Input
Output

AMPLIFIER - CLASS A

Plate Voltage 90
Screen Voltage 67.5
Grid Bias -3
Amplification Factor 600
Plate Resistance 1
Transconductance 600
Plate Current 1.6
Screen Current 0,7
Grid Bias for Plate Current Cutoff -8

#W1lth tube shield,

BOTTOM VIEW OF SOCKET

2,0 d-c volts

.
0,060 amp
180 volts
67.5 volts

0.007 max,#* uuf

6.2 uuf
12 wpf
180 volts
67.5 volts
=3 volts
975

1.5 megohms
650 pwmhos
1.7 ma
0.6 ma
-8 volts

AVERAGE PLATE CHARACTERISTICS  1B4/95] AVERAGE CHARACTERISTICS
1ES5

Ep~2.0Y0C G P Eg=2.0Y0C
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1E7G

RAYTHEON

TWIN PENTODE

POWER AMPLIFIER
Filament Type Glass Bulb
ST i2-0BUL8
3
*3 The 1E7G 1s a twin pentode type ampli«
x@ fler tube designed for service as a
. § push-pull amplifier in the output stage
g —Hs of battery operated receivers.
e
Bsi’l;?[f RATINGS BOTTOM VIEW OF SOCKET
OCTAL BASE
U U R Filament Voltage 2,0 d-o volts
__e Fllament Current 0.24 amp
— lMaximum Plate Voltage 135 volts
Maximum Soreen Voltage 135 volts

AMPLIFIER ~ CLASS A - EACH PENTODE

Plate Voltage 135 volts
Screen Voltage 135 volts
Grid Blas#* ~4.,5 volts
Amplification Factor 350
Plate Resistance 0.22 megohm
Transconductance 1600 umhos
Plate Current 7.5 ma
Sereen Current 261 ma
AMPLIFIER - CLASS A ~ PUSH-PULL
Plate Voltage 135 volts
Screen Voltage 135 volts
Grid Bilas# =7.5 volts
No-Signal Plate Current (total) 6.5 ma
No-Signal Screen Current (total) 2 ma
Load Resistance 24000 ohma
Total Harmonlc 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 CHARACT ER/STICS
EACH PENTODE UNIT  £p=2.0Y0-C  Esg=/35" £428 ey AMPLIFIER-CLASS A-PUSH PULL
i 1 £pe2.00C Epni35Y Eygai35Y
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1F4

RAYTHEON

PENTODE
POWER AMPLIFIER

are

Filament Type
ST12 BULS
H
¥ the output stage
X
/:'u % ocharacteristios
o ‘§
I
5 PROVG RATINGS
MER BRSE
~ Filament Voltage
“UU”U ‘g Filament Current

Glass Bulb

Meximum Plate Voltage

Maximum Soreen Voltage

AMPLIFIER - CLASS A

Plate Voltage
Soreen Voltage

Grid Bilas

Amplification Factor
Plate Resistance
Tranaconductance

Plate Current

Soreen Current

Load Resistance

Total Harmonic Distortion
Power Output

The 1F4 1s a pentode type power ame~
plifier tube designed for service in
of battery operated
receivers. The ratings and electrical
id¢entical with
those of the type 1F5G.

BOTTOM VIEWOF SOCKET

2,0 d~o volts

0,12 amp

135 volts

135 volts

90 135 volts

90 135 volts

=3 -4.5 volts
340 340

0.24 0.2 megobm

1400 1700 umhos

4 8 ma

1.3 2.6 ma

20000 16000 ohms

5 5 percent

120 340 mw

1 |— AVERAGE PLATE CHARACTERISTICS | IFR AYERAGE CHARACTERISTICS
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1F5G RAYTHEON

PENTODE

POWER AMPLIFIER
Fillament Type Glass Bulb
ST BULS
é The 1F5G 18 a pentode type power ame
+X plifier tube designed for service in
%:’N the output stage of battery operated
o receivers, The ratings and electrical
5 R R characteristics are 1dentical with
;‘? those of the type 1F4,
BOTTOM VIEW OF SOCKET
Z'EFIUM
OCTAL BRSE RATINGS
e Filament Voltage 2,0 d-o volts
L Fillament Current 0.12 amp
— Maximum Plate Voltage 135 volts
Maximum Screen Voltage 135 volts
AMPLIFIER - CLASS A
Plate Voltage 90 135 volts
Screen Voltage 90 135 volts
Grid Blas -3 -4,5 voltas
Amplification Factor 340 340
Plate Resistance 0.24 0.2 megohm
Transconductance 1400 1700 umhos
Plate Current 4 8 ma
Soreen Current 1.3 2.6 ma
Load Resistance 20000 16000 ohms
Total Harmonic Distortion 5 5 percent
Power Output 120 340 mw
1 |— AVERAGE PLATE CHARACTERISTICS +4— IF4 AVERAGE CHAPACTERISTICS)
Ep=2.0"DC Eqx0". bt F5G Ep=2.0VDC
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1F6 RAYTHEON 1F6

DUO-DIODE PENTODE
360 DETECTOR AMPLIFIER
= Fllament Type Glass Bulb

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

STiebsus| | % combined diode detector, AVC rectifier,
.2 and high or audio frequency amplifier
Ny 1n battery operated receivers. The ra-
'8 tings and electrical characteristics
H are identical with those of the type
o ;f 1F7G. BOTTOM VIEW OF SOCKET
¥ marnes
Filament Voltage 2,0 d-o volts
& PEONG Filament Current 0,060 amp
SMALL BRSE| Mex., Plate Voltage 180 volts
Max, Screen Voltage 67.5 volts
x
DU m oo DIRECT INTERELECTRODE CAPACITANCES - PENTODE SECTION
Grid to Plate 0,007 max.# puf
Input 4 (1115
Output 9 uuf
AMPLIFIER - CLASS A - PENTODE SECTION
Plate Voltage 180 volts
Screen Voltage 67.5 volts
Grid Bilas -1.5 volts
Amplification Factor (approximate) 650
Plate Resistance (approximate) 1 megohm
Transconductance 650 pmhos
Plate Current 2 ma
Screen Current 0.6 ma
Transconductance at -12 volts bilas 15 pmhos
AMPLIFIER - CLASS A (Resistance Coupled)-PENTODE SECTION
Plate Supply Voltage 135 135 135 volts
Sereen Supply Voltage 135 135 135 volts
Grid Blast -1.0 ~1l.5 ~2¢0 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 Voltageil 30,8 28 29,4 26,6 28 25,2 volts
Total Harmonic Distortion 5 5 5 5 5 5 percent
Voltage Amplification 48 43 47 42 46 41

DIODE SECTION
The two dlodes 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 rectifler for detection, and the
other diode used as a rectifier to obtain AVC voltage,
#With tube shield.
tIf a grid resistor 1s used, its value should not exceed 1 megohm.
iFor following tube.

AVERAGE PLATE CHARACTERISTICS IF6 AYERAGE CHRARACTERISTICS
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1F7G RAYTHEON

DUO-DIODE PENTODE

~far DETECTOR AMPLIFIER
Filament Type Glass Bulb
The 1F7G 1s a duo-diode pentode type
amplifier tube designed for service as
ST iz-0 8RB s¢ & comblned dilode detector, AVC recti-
§ fler, and high or audio frequency am=
W plifier in battery operated receivers,
Um The ratings and electrical characteris-
;“ tlics are 1dentical with those of the
R type 1F6.,
o0
Al | raTINGS BOTTOM VIEW OF SOCKET
Filament Voltage 2,0 d=-c volts
8 PRONG Filament Current 0, 060 amp
SMALL Maximum Plate Voltage 180 volts
OCTAL BASE Maximum Screen Voltage 67.5 volts
U U e DIRECT INTERELECTRODE CAPACITANCES-PENTODE SECTION
__ Grid to Plate (with tube shield) 0,007 max, uef
Input 4.0 puf
Output 9 gt
AMPLIFIER - CLASS A - PENTODE SECTION
Plate Voltage 180 volts
Screen Voltage 67,5 volts
Grid Blas -1l.5 volts
Amplification Factor (approximate) 650
Plate Resistanoce (approximate) 1 megohm
Transconductance 650 umhos
Plate Current 2 ma
Soreen Current 0.6 e
Transconductance at <12 volts blas 15 pmhos
AMPLIFIER - CLASS A - RESISTANCE COUPLED - PENTODE SECTION
Plate Supply Voltage 135 135 1356 volts
Screen Supply Voltage 135 135 135 volts
Grid Biast -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 volts
No-Signal Plate Current 0.42 0.42 0.42 ma
Max-Signal Plate Current 0,34 0.34 0,34 ma
Grid Resistorl 1.0 0.5 1,0 0.5 1,0 0,5 megohm
Output Peak Voltagel 30,8 28 29.4 26.6 28 25.2 volts
Total Harmonic Distortion 65 5 5 5 5 5 percent
Voltage Amplification 48 43 an 42 46 41

DIODE SECTION

The two diode units are independent of each 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 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 dlode plate 1s used as an audlo rectifier, am pin 5 should be
used because Dy, is near the negative end of the filamen’ and ourrent will
flow to this plate with zero signal when returned to the negative filament.

+If a grid resistor 1s used, 1ts value should not exceed 1 megohm,
i{For following tube.

AVERAGE PLATE CHARACTERISTICS IF6 AVERAGE CHARACTERISTICS |

PENTODE SECTION IF7G PENTODE SECTION
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1G5G RAYTHEON

PENTODE
POWER AMPLIFIER
Filament Type Glass Bulb
5714 B8
The 1G5G 1s a pentode type power amplie
% fler tube designed for service in the
~§ output stage of battery operated receiv-
U, OT 8-
or o
lf sor ﬁw»
RATINGS
‘\i BOTTOM VIEW OF SOCKET
¥°|  Fllament Voltage 2,0 d-o volts
m’: Filament Current 0.12 amp
OCTRL BRSE Maximum Plate Voltage 90 volts
Maximum Screen Voltage 90 volts
e
~ AMPLIFIER - CLASS A
Plate Voltage 90 volts
Soreen Voltage 90 volts
Grid Bias -6 voltse
Amplification Factor 200
Plate Resistanoce 0,133 megohm
Transconductance 1500 pmhos
Plate Current 8.5 ma
Soreen Current 2.7 ma
Load Resistanoce 8000 ohms
Total Harmoniocs 9 percent
Power Output 0,3 watts

AVERAGE PLATE CHARACTERISTICS IG5G AVERAGE CHARACTERISTICS
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1H4G RAYTHEON

TRIODE
DETECTOR ORALPLIFIER
Filament Type Glass Bulb

The 1li4G isa triode type amplifier tube
desizned for service as a detector or
amplifier in battery operated receivers,
The ratings and electrical characteris-
tios are identical with those of the

type 30,
RATINGS
Heater Voltage 2,0 d-o volts  BOTTOM VIEW OF SOCKET
Heater Current 0, 060 amp
Maximum Plate Voltage 180 volts
DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 5 11789
Input 3 1115 o
Output 3 uet
AMPLIFIER - CLASS A
Plate Voltage 90 135 180 volts
Grid Blas =4,5 -9 «1345 volts
Amplification Factor 9e3 9.3 9.3
Plate Reslistance 11000 10300 10300 ohms
Transconductance 850 900 900 wmhos
Plate Current 2,5 3.0 3ol ma
If a orid resistor 1s used, its value should not exceed 2 megohms,
AXMPLIFIER - CLASS B - TWO TUBES
»imum Plate Voltage 180 volts
laximum Peak Plate Current (per tube) 50 ma
Maximum FKo-Signal “late Current (per tube) 1.5 ma
Thpical ®veration:
late Veltage 157,5 volte
] =15 volts
“ntc Current (per tube) 0.5 ma
tance {plate tc rlate) 8000 ohms
satt 2.1 watts
» average power input = 260 mw., grid to grid)
DETECTOR = BIASED TYPE
Plate Vcltage 90 135 180 volts
6rid “lac (a-proximate) -9 13,5 =18 volts
rlete Currenty Adjusted to 0,2 ma, with no signal
DETECTOR - GRID LEAK TYPE
Plate Voltage 45 max, volts
Grid Returned to rositive filament
Grid Lealk Rezistance 1 to 5 megohme
Grid Condenser 0. 00025 15 4

Wit one iy.e 11i4G as driver operatedat plate voltage of 157,5 volts, grid
r2as of -11,3 volts,mlate load of approximately 18000 ohms,and input transe=
former retio,primary to 1/2 secondary, of 1.165,Total distortion is 6% to7®.

IUth normsl maximum si-nal the average d-c plate current should not exceed
2 ma,

For additional curves refer to the type 30.

[ AYERAGE PLATE CHARACTERISTICS 30 AVERAGE CHARARCTERISTICS
Ep=2.0V0C IH3G AMPLIFIER-CLASS B- 2TUBES
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OCTRL BASE

RAYTHEON

DUO-DIODE TRIODE
DETECTOR ANPLIFIER
Fllament Type Glass Bulb

The 1H5G is a duo-diode triode type am-
plifier tube designed for gservice as =&
combined diode detector, AVC rectifler
and audio frequency amplifier in battery
cperated recelvers, The ratings and
electrical characteristics are 1den-
tical with those of the type 1B5/25S.

BOTTOM VIEW OF SOCKET

B
UL O

RATINGS

Filament Voltage .0 d-o volts
Filament Current 0.06C amp
Jaximur Plate Voltage 135 voltse
DIRECT INTERELECTRODE CAPACITAIICES - TRIODE SECTICN
Grid to Flate 3.6 uuf
Input 2.0 wuf
Output 3 upt
Al’PLTFIER - CLASS A - TRIODE SECTION
Plate ‘/oltage 135 volts
Grid Tlas -3 volts
Amplification iactcr 20
Plate Resistance 35000 ohms
Trznsconductance 575 wrhos
Plote Current 0.8 o3

DIODE SECTION

The two dlode units erc independent cf each cthier and cf the triode cectlon
except for the common filament. The diodes may bec 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 oti.er diode used as a rectifiler to obtain delayed AVC
vol:age.

If only one diode plate 1z used as an audlo rectifier, Dr on pin & should
ve used hecavse Dr, is ncar the negative end of the filament and current
vill flew to thilc plate with zero sipnsl when returned to the negative end
of the fillament.

AVERAGE PLATE CHARRCTERISTICS  IB5[255  AVERRGE CHARACTERISTICS

TRIODE SECT/ON IH6G TRIODE SECT/ON
Eg=2.0Y0C Ef=2.0vDC
Ep=i35Y |
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RAYTHEON

PENTODE
POWER AMPLIFIER
Filament Type Glass Bulb

STi¢ BuLs

® The 1J5G 1s a pent ode type power ampli-
fler tube designed for service in the
output stage of battery operated re-
celvers, The ratings and electrical
characteristics are 1dentical with
those of the type 950.

Vi

BOTTOM VIEW OF SOCKET
7 PRONG
PR RATINGS
_i,i Filament Voltage 2,0 d-¢  volts
——1 Filament Current 0.12 amp
——  llaximum Plate Voltage 135 volts
Maximum Screen Voltage 135 volts
AMPLIFIER - CLASS A
Plate Voltage 135 volts
Screen Voltage 135 volts
Grid Blas ~16.5 volts
Amplification Factor 100
Plate Resistance 0.1 megohm
Transconductance 1000 wuhos
Plate Current 7 ma
Screen Current 2 ma
Load Reslstance 13500 ohms
Power Output 450 mw
HMaximum Siznal Voltage (RMS) 11.7 volts
AVERAGE PLATE CHARACTERISTICS 950 AVERAGE CHARACT ERISTICS
% £p=2.0°0C _ Esq=135% M5G  CLASS A OPERATION
E;=2.0Y0C. Ep=i35Y  Eggmi35
y er =-/6.5Y ° =
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28 SIGNAL ADJUSTEDTOX; = ua
z2 S50
- IS L
20 - wi— ]
L Y ¥ <,
[l - 2/ %,
s A5k S
L/ : AN
I3 w§
/ wt0¥_| e~ H
—
" a5
st 1A
2\ /
s 1/
W
0 E / —isY
o o 168"
;‘; o et
s / 5 300
// =20 AT |
« 10 ]

PN

2 A w=25"—| 5

HARMONICS -~ PERCENT

7 v N
| NT =
0 ©
0O @ W & o K0 w0 M0 w80 0 0w oMW 4 & iz Kk 2 /K
PLATE VOLTAGE - vOTS LOAD RESISTANCE-KILONMS

RAYTHEON ENGINEERING SERVICE




1J6G

STI12-D8ULB
b
R
%\
. ;‘@
o0
VAP 1
b
&8 PRONG
SMALL
OCTAL BASE
T+

RAYTHEON

TWIN TRIODE
POWER ALIPLIFIER
"lament Type Glass Bulb

The 1J6G 1s a twin triode type amplifier
tube designed for service as a Class B
power amplifier in the output stage of
battery operated receivers, Tlie ratings
and electrical characteristics, except
filament current, are identlcal with
those of the type 19.

RATINGS
Filament Voltage

BOTTOM VIEW OF SOCKET

2.0 d-c volts

Filament Current 0.24 amp
liaximum Plate Voltage 135 volts
llaximum Peak Plate Current (per plate) 50 ma
AL'PLIFIER - CLASS B
Plate Voltage 135 135 135 volts
Grid Bias -6 -3 0] volts
fo-Sisnal 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 rower Input (grid to grid) 0.095 0.13 0.17 watts
For additional curves refer to the type 19,
AYERAGE CHARACTERISTICS /9 RVERAGE CHARACTERISTICS
AMPLIFIER-CLASS B I/6G  AMPLIFIER -CLASS B

E,=2.0Y0C £p=135Y Egs0 R =10000%

£ 20" E,2135Y Eg=0 R =1000082
IHOG DRIVER: Ep=2.0%0-C Ep<I35 Eg=-9"
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1-Vv RAYTHEON

DIODE
lleater Type Glass Eulb %

ST i2-08UL8

g

7]

: E‘V\ designed for service In power supplies

/I,‘?'ng, i X for storage battery or a-¢ operated re-

w

mercury vapor type 1,

&4 PRONG
SMAL L BRSE]

%

s the 1~V 1s a half wave high vacuum type
o rectifier tube having a low voltage drop 00 %

oo| Ccelvers. It i8 interchangeablewith the BOTTOM VIEW OF SOCKET
~

D D - HALF WAVE RECTIFIER -~ CONDENSER OR CHOKE INPUT FILTER
)
N

Ileater Voltage (z-c cr d-c¢) 643
Iieater Current 0.3
liaximum A-C Plate Voltage (RIS) 350
laxinum Inverse Peak Voltage 1000
raxirmam D-C Output Current 50
l.axirnur D=C Voltage between Heater and 500
Cathode
AVERAGE TUBE VCLTAGE DROP 23

(At 100 ma. Output Current)

volts

amp
volts
volts

volts

volts

AVERRAGE OUTPUT CHARACTERISTICS AVERAGE PLATE
Ep=6.3" =¥ CHARACTERISTIC
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2A3 RAYTHEON 2A3

2A3H 2A3H

TRIODE
I POWER AMPLIFIER
Glass Bulb @ 2
716 suLs Filament Type-2A3 Ileater Type-2A3H
The 2A3 and 2A3I are triode type pow-
» er amplifier tubes designed for ser- zn 9
§ vice in the output stage of a-¢ op- 0 o
%, erated recelvers,
za""“ x"q
MEE
3| Rrarmncs 90 QQ
":’v 2A3
711, Voltage (a-c or d-c)2.5 volts
F1il. Current 2.5 amp
2PRONG 2A311 23 ‘
MED. BRSE ;eater Voltsge( a-c or d-¢)2.5 volts 00 %
- l.eater Current 2.8 ATD oM VIEWS OF SOCKETS
[] [] lg 2A3H-CATHODE CONNECTED
——1 AUPLIFIER - CLASS A INT TO MID-POINTOF HERTER
Plate Voltage 250 max, volts
Grid 3las# =45 volts
Amplification Factor 4,2
Flate Resistance 800 ohms
Transconductance 5250 umhos
rlate Current 60 ma
Load Resistance 2500 ohms
Power Output (5{; second harmonic) 3.5 watts
ATPLIFIER - CLASS AB -~ PUSI=-PULL - TWO TUBES
Fixed-Dias Self-Blas
Plate Voltage 300 max, 300 max, volts
Grid Bilas:t -62 volts
Sclf~-Blas Resistor 780 ohms
iT0=-Signal Plate Currcnt (per tube) 40 40 ma
Load Resistance (plate to plate) 3000 5000 ohms
Total liarmonic Distortion 2.5 5 percent
Power Output 15 10 watts

The self-bilas resistor for a sin-le tube shounld be approxirately 750 ohms,
In ecither single tibe or p-sh-pull operation, the self-blas resistor should

be shunted Iy “a suitanle filter network to minimize grid bhlas changes due
te current svrres tlirovl: tl:e resistor,
Transformer or impedance input systens are recormended, If resistance

coupling is uscd, tie d-c resistarce in the grid circuit should not exceed
0.5 megolyn with self-2ias or 0,05 mejoim v/ith fixed-bias,

#2A% Grid bilas ricasured from mid-point of a-c operated filament,

‘>r ol .arccteristic curves refer to the types 6A3 and 634G, The characteris-
tlc 243 are the same as these of the 6A3 and the 6B4G except for the
-t rating.
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2A5

RAYTHEON

PENTODE
POWER ALPLIFIER
Heater Type Glass Bulb
STié buLs The 2A5 1s a pentode type power ampli-
| fler tube designed for service in the
¥ output stage of a-c_  operated receiv-
h2  ers,
Ry
o b3 RATINGS
6 max 3
2 Heater Voltasel@-c ord-c) 2.5 volts
W Heater Current 1,75 amp BOTTOM VIEWOF SOCKET
Maximum Plate Voltage 315 volts
6 PRONG laximun Screen Voltage 315 volts
MER BASE
ANPLIFIER - CLASS A
~ Pentode Connectlion Triode Connectlont
) Plate Voltage 2 315 250 max, volts
- Screen Voltage 250 315 volts
Grid Blas -16.,5 -22 -20 volts
Amplification Factor 200% 200f 7
Plate Resistance 80000%  '750003 2600 ohms
Transconductance 2500 2650 2700 unthos
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

Triode Connectiont

Fixed-Blas Self-Blas Fixed-Blas Self-Bias
Plate Voltage 375 max. 375 max. 350 max, 350 max. volts
Sereen Voltage 250 max, 250 max, volts
Grid Blas -26 min, -38 volts
Self-Bias Resistor 340 730 min, ohms
Signal Pk.Volt.(G to G) 82 94 123 132 volts
Ho=-Signal Plate Current 34 54 45 50 ma
No-Signal Screen Current & 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 1S4 lagq watts

#With one 2A5 trilode connected as driver operated

volts,grid blas of -20 volts and plate load of approximately 10000 chms,

#Input transformer
AInput transformer
##Input transformer
49Input transformer

at plate voltage of 250

ratio, primary to 1/2 secondary = 3.32
ratio, primary to 1/2 secondary = 2.5
ratio, primary to 1/2 secondary = 1,67
ratio, primary to 1/2 secondary = 1,29

tScreen connected to plate

fApproximate

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

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 1s a duo-diode triode type am-
plifier tube designed for service as a
combined diode dctector, AVC rectifier
and resistance coupled audio frequency
ariplifier 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 0.3 amp
— Naximum Plate Voltage 250 volts
U 0
~ DIRECT I:TERELECTRODE CAPACITANCES
Grid to Plate 1.7 wnf
Input 2,0 uuf
Output 3.5 apf
AIIPLIFIER - CLASS A - TRIODE SECTIOI
Plate Voltage 250 volts
Grid Blas =2 volts
Amplification Factor 100
Plate Resistance 91000 ohms
Transconductance 1100 pmhos
Plate Current 1 ma

DIODE SECTIOU

The two dlodes 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
detectlion and the other diode used as a rectifier to obtaln delayed AVC
voltage.

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

For characteristic curves refer to the type 75. The characteristics of the
75 are the came as those of the 2A6 except for the heater rating,
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2A7 RAYTHEON 2A7

. HEPTODE
360k PENTAGRID CONVERTER
Heater Type Glass' Bulb
The 2A7 1s a pentagrid type converter
ST 12-0 BB tube designed for service as a combined
» osolllator and mixer in a-0 operated
§ superheterodyne receivers,
N
W RATINGS
§§
{5"0& R }I}eager goltag:(a-c or d-o)g.g volts
eater C rren . amp
% Max, Plate Voltage 250 volts BOTTOM VIEW OF SOCK ET
Max, Soreen Voltage 100 volts
m Max, Grid #2 Voltage 200 volts
Max, Grid #2 Supply 250t volts
Min, Grid #4 Blas -3 volts
”l I” th Max, Cathode C rrent 14 ma
S
DIRECT INTERELECTRODE CAPACITANCES
Grid £4 to Plate 0.3 # put
Grid #4 to Grid #2 0,16% Lt
Grid #4 to Grid #1 0,15% put
Grid #1 to Grid #2 1.0 puf
Grid #4 to all other Elements (R-F Input) 8.5 wuf
Grid #1 to all other Elements QOso.Input) 7 unt
Grid # to all other Elements {0Osc,Output) 5,5 175 ¢
Plate to all other Elements (Mixer Output) 9 [FITh o
FREQUENCY CONVERTER - SUPERHETERODYNE CIRCUIT
Plate Voltage 100 250 volts
Soreen (Grids #3 and #5) Voltage 50 100 volts
Anode Grid (#2) Voltage 100 volts
Anode Grid Supply Voltage 250t volts
Control Grid f#:i Bias =15 -3 volts
Oscillator Grid Resistor 50000 50000 ohms
Plate Resistance 0.6 0.3 megohm
Conversion Transconductance 360 550 umhos
Plate C rrent 1.1 3.5 ma
Soreen Current 1.3 2.7 ma
Anode Grid C rrent 2.0 4.0 ma
Osoillator Grid C rrent 0.25 0.4 wa
Control Grid Bias (approximate) -20 -4 volts

(For Conversion Transconduoctance = 2 umhos)

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

tApplied through a 20000 ohm series resistor,by-passedby a O.1uf condenser,

#With tube shield.

For characteristio curves refer to the type 6A7. The characteristiocs 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

< 305|-a2 DETECTOR AMPLIFIER
Heater Type Glass Bulb
ST 12-0 BB The 2B7 1s a duo-dlode pentode type am-
» Pplifier tube designed for service as a
§ combined diode detector, AVC rectifier,
B and high or audio frequency amplifier
i‘f In a-c operated receivers,
%
=
A
?3 RATINGS
7 PRONG Heater Voltage (a-c or d-o) 2.5 volts
SWALL BASE Heater Current 0..8 amp
Maximun Plate Voltage 250 volts
” “ l” T.‘m Maximum Screen Voltage 125 volts
DIRECT INTERELECTRODE CAPACITANCES -~ PENTODE SECTION
Grid to Plate 0,007 max,# nuf
Input 3.5 wuf
Output 9,5 upf
AMPLIFIER - CLASS A = PENTODE SECTION
Plate Voltage 100 180 250 250 volts
Screen Voltage 100 75 100 125 volts
Grid Blas -3 -3 ~3 -3 volts
Amplification Factor 285 840 800 730
Plate Resistance 0.3 1 0.8 0,65 megohm
Transconductance $30 840 1000 1125 umhos
Plate Current 5.8 3.4 6 9 ma
Screen Current 1.7 0.9 1.5 2.3 ma
Grid Blas -17 -13 =17 =21 volts

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

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

DIODE SECTION

The two dlode units are independent of each other and of the pentode section
except for the common cathode. The dlodes may be used as a half wave or as
a full wave rectiflerjor one diode may be used as a half wave rectifler for
detection, and the other dlode used as a rectifler 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 tube shield,

For characteristic curves refer to the type 6B7, The characteristics of the
2B"7 are the same as those of the 6A7 except f'or the heater rating.
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RAYTHEON 5T4

TIWIN DIODE
FULL WAVE HIGH VACUUM RECTIFIER o
Filament Type Metal Bulb o

Q%

N
g

¥ The 5T4 is a full wave high vacuum type

¥ rectifier tuve designed for service in aﬁ

power supplies delivering high output

currents. @ S %

FULL WAVE RECTIFIER - CONDENSER INPUT BOTTOM VIEW OF SOCKET

FILTER
Filament Voltage 5 a=¢ volts
Filament Current 2 amp
liaximum A-C Plate Voltage (RMS) 450 volts
Maximum Inverse Peak Voltage 1250 volts
Jiaximum D=C Output Current 250 ma

FULL WAVE RECTIFIER - CHOKE INPUT FILTER(10 henrys minimum)

Filament Voltage 5 a-c volts
Filament Current 2 amp
Maximum A-C Plate Voltage (RMS) 550 volts
Maximum Inverse Peak Voltage 1550 volts
Maxinmum D-C Output Current 250 ma

RAVERAGE OUTPUT CHRRACTERISTICS 5T4 AVERAGE PLAT E CHARACTERISTIC

Ep=5.0Y (eACH PLATE)
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5U4G RAYTHEON

TWIN DIODE
FULL WAVE HIGH VACUUNM RECTIFIER
Filament Type Glass Bulb

ST 16 8ULB

The 5U4G 1is & high vacuum type full
wave rectifier tube designed for
service in power supplies deliver=
X 1ing high output currents, The ra-
z””“ § tings and electrical characteris-

B MAx Byo tics are identical with those of
:!,Q the types 5X4G and 523. BOTTOM VIEW OF SOCKET
g
X FULL WAVE RECTIFIER
% Condenser or Choke Input Filter
aMEPIIIM 'g‘
Filament Voltage 5 a=c volts
OCTAL BRSE
- 1 Filament Current 3 amp
_x\i, Maximum A=C Voltage per Plate (RiS) 500 volts
| Maximum Inverse Peak Voltage 1400 volts
Maximum D=C Output Current 250 ma
AVERAGE TUBE VOLTAGE DROP 61 volts
(At 250 ma, output current)
AVERAGE OUTPUT CHARACTERISTICS SU4G AVERAGE PLATE
&0 Ep=5.07 " " 5X4G CHARACTERISTIC
—C)= gt tuws'/-ua PERPLATE (Epc) &3 3 (EACH PLATE)
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5v4G RAYTHEON

TWIN DIODE
FULL WAVE HIGH VACUUM RECTIFIER
Heater Type Glass Bulb
ST14 B8ULE
g
M The 5V4G 1sa full wave high vacuum type
";lprectifier tube havinga low voltage drop
. 3 designed for service 1n power supplies
/,? aa .| delivering high output currents, Thera-
faed tings and characteristics are identical
W with those of type 83-V,
BOTTOM VIEW OF SOCKET
-‘L;m: FULL WAVE RECTIFIER - CONDENSER OR CHOKE INPUT FILTER
0CTAL BASE B
lleater Voltage 5 a=c volts
- Heater Current 2 amp
JEE— laximum A-C Voltage per Plate (RMS) 400 volts
Maximum Inverse Peak Voltage 1100 volts
Maximum Peak Plate Current 700 ma
Maxirmum 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.
AVERRGE OUTPUT CHRRACTERISTICS 83Y AVERAGE PLATE
Ep=50¥ S5v4G CHARACTERISTIC
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RAYTHEON

TWIN DIODE
FULL WAVE HIGH VACUUIl RECTIFIER
Filament Type
lletal Bulb=5W4 Glass Bulb=5W4G

The S5W4 1s a full wave high vacuum type
rectifier tube designed for service in
power supplies delivering low 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 volta
(per plate)

lax, Inverse Peak Voltage 1000 volts

llax, D=C Output Current 110 ma

' AVERAGE TUBE VOLTAGE DROP 50 volts

(At 110 ma. output current per plate)

SW4
5wW4G

9

%,

SW4a6
BOTTOM VIEW OF SOCKET

RAVERAGE OUTPUT CHARACTERISTICS Sw4q AVERAGE PLATE CHARACTERIST IC
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5X4G

ST16 BULS

RAYTHEON

TWIN DIOIE
FULL WAVE HIGH VACUUM RECTIFIER
Filament Type Glass Bulb

The 5X4G 1s a high vacuum type full
wave rectifier tube designed for
service in power supplies deliver=
ing high output currents, The rae=
tings and electrical characteris-
tics are 1dentical with those of
the types 5U4G and 523.

FULL WAVE RECTIFIER
Condenser or Choke Input Filter

Fillament Voltage

Filament Current

Naximum A=C Voltage per Plate (RNS)
lMaximum Inverse Peak Voltage
llaximum D=C Output Current

AVERAGE TUBE VCLTAGE DROP
(At 250 ma, output current)

BOTTOM VIEW OF SOCKET
5 a=o0 volts
3 amp
500 volts
1400 volts
250 ma
61 volts

AVERAGE OUTPUT CHRRACTERISTICS

SU4G AVERAGE PLATE

&s0 Ep=5.0" 5X4G CHARACTERISTIC
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5Y3G RAYTHEON

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

a5
Y The 5Y3G 18 a full wave high vacuum
i“ type rectifier tube designed for ser-
%" vice in power supplies for a-c oper-
§ ated receivers. The ratings and elec-
trical characteristios are identlcal
with those of the type 80,

BOTTOM VIEW OF SOCKET

FULL WAVE RECTIFIER - CONDENSER INPUT FILTER

Filament Voltage 5 a-o volts
Fllament 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
Fllament 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 henriles, 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

(74

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

ﬁmThe 5Y4G 1s a full wave high vacuum
A

BOTTOM VIEW OF SKKET

FULL WAVE RECTIFIER - CONDENSER INPUT FILTER

Filament Voltage 5 a=c volts
Fillament Current 2 amp
liaximum A-C Voltage per Plate (RNS) 300 400 volts
Maximum Inverse Peak Voltage 1000 1100 volts
Haximum Pealc Plate Current 400 350 ma
laximum D-C Output Current 125 110 me.

FULL WAVE RECTIFIER - CHOKE INPUT FILTER#*

Filament Voltage 5 a=c volts
Filament Current 2 anp
ilaximum A-C Voltage per Plate (RMS) 550 volts
aximum Inverse Peak Voltage 1500 volts
liaximum Peak Plate Current 300 ma
laximum 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 uf., may be used,

For characteristic curves refer to the type 80,

RAYTHEON ENGINEERING SERVICE



5Z3 RAYTHEON 5Z3

TWIN DIODE

FULL WAVE HIGH VACUUM RECTIFIER 9
Filament Type Glass Bulb 0 QQ
STI8 BULS
The 523 1s a high vacuum type full
. wave rectifier tube designed for
§ service in power supplies deliver=- OQ oo
='h ing high output currents, The ra=
1o ' tings and electrical characteris= SOCK!
28 s »| tlos are identical with those of BOTTOM VIEW OF SOCKET
“i the types 5U4G and 5X4G,
g
by
FULL WAVE RECTIFIER
Condenser or Choke Input Fillter
4PR0NS
MIER. BRSE Filament Voltage 5 a-c volts
Filament Current 3 amp
. Maximum A-C Voltage per Plate (RMS) 500 volts
Lol Maximum Inverse Peak Voltage 1400 volts
Maximum D=C Output Current 250 ma
AVERAGE TUBE VOLTAGE DROP 61 volts
(At 250 ma. output current)

RVERRGE OUTPUT CHRRACTERISTICS SUQG AYERAGE PLATE
~&0Y SX4G CHARACTERISTIC
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RAYTHEON 574

TWIN DIODE
TS r FULL WAVE HIGH VACUUM RECTIFIER
Heater Type Metal Bulb
T35 2UL8| {
| S
-/,§ A‘v’:x" y The 524 1s a full wave high vacuum type
i (") rectifier tube havinga low voltage drop
. R 3 designed for service in power supplies 6
r /,{%"-1? for a-c operated receivers. %
:‘5[9 FULL WAVE RECTIFIER - CONDELSER OR CHOKE BOTTOM VIEW OF SOCKET
INPUT FILTER
SPPONG OCTAL BASE Heater Voltage 5 a=c volts
Feater 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 ocurrent per plate)

The cathode 1s connested to the heater within the tube.
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6A3 RAYTHEON 6A3
TRIODE
POWER ALPLIFIER 9 Q
Filament Type Glass Bulb 0 6
ST 16 BULB
The 6A3 1s a trlode type power am=
»x plifier tube designed for service
§ in the output stage of storage oe oo
f.h battery or a-c operated receivers,
x4 The ratings and electrical char- BOTTOM VIEW OF SOCKET
R acteristics are identical with those
N of the type 6B4G,
U
A
RATINGS
4PRONG leater Voltage (a-c or d-c) 6.3 volts
MEQ BRSE Iieater Current 1:0 amp
“aximum Plate Voltage 325 volts
U U___T:E_
~ DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 15 uuf
Input 7 [ITE o
Output 5 uuf
AMPLIFIER - CLASS A
Plate Voltare 250 max, volts
Grid Bilass -45 volts
Anmplificatior PFactor 4,2
Plate Resistance 800 ohms
Transconductance 5250 pmhos
Plate Current 60 ma
Load Resistance 2500 ohms
Power Output (5% second harmonic) 3.2 watts

AUPLIFIER - CLASS AB - PUSH-PULL - TWO TUBES

Fixed-Bias Self-Blas
Plate Voltage 325 325 volts
Grid Bias -68 volts
Self-Bias Reslstor 750 ohms
170=Signal Plate Current (per tube) 40 40 ma
Load Resistance (plate to plate) 3000 5000 ohms
Power Output 15 10 watts
Total Ilarmonic Distortion 2.5 5 peroent
#Grid blas measured from midpoint of a-c operated filament.
For additional curves refer to the type 6B4G.
RAVERAGE PLATE CHRRACTERISTICS 6A3 RVERAGE CHARACTERISTICS
E=63 VAC 6846 CLASS Q OPERATION
=63 Ypc  Ep=250Y
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6A4-LA RAYTHEON

PENTOIE
r POWER AMPLIFIER
Filament Type Glass Bulb
SYis BuULS
§ The 6A4/LA 1s a pentode type power am-
L2 plifier tube designed for service in
)¢ the output stage of storage battery op-
}'m %% erated recelivens,
8 sz $
v
;N
BOTTOM VIEWOF SOCKET
RATINGS
5 PRONG
MEQ BASE Heater Voltage (a-c or d-o) 6.3 volts
Heater Current 0.3 amp
UUU“U T“Im Maximm Plate Voltage 200 vo}:e
aximwn Screen Voltage 00 volts
| Maximuwn Sc: ltag
AMPLIFIER - GLASS A
Plate Voltage 100 135 180 volts
Soreen Voltage 100 135 180 volts
Grid Blas# =645 -9 =12 volts
Amplification Factor (approximate) 100 100 100
Plate Reslstance 83250 52600 45500 ohms
Transaconductance 1200 1900 2200 pmhos
Plate Current 9 14 22 ma
Soreen Current 1.6 2,5 3,9 ma
Load Resistance 11000 9500 8000 ohms
Power Output 0.31 0.7 1.4 watts
Total Harmonic Distortion 9 9 9 percent

AMPLIFIER - OLASS AB - PUSH~PULL - TWO TUBES ~ SELF-BIAS

Plate and Screen Supply Voltage (Ep + Eg) 230 volts
Self-Blas Resistor 700 ohms
No-Signal Plate Current (per plate) 16 ma
Load Reslstance (plate to plate) 16000 chms
Total Harmonic Distortl on 10 percent
Power Output 4,2 watts

#Grid blas measured from negative end of d-c operated filament,If the fila-
ment 18 a-o operated, the tabulated values of grid bias should be 1lnoreas-
ed by 4 volts and be referred to the mid-point of the filament,

AVERAGE PLATE CHARACTERISTICS 6R43/LA RVERAGE CHARACTERISTICS
Egp» 6.1‘; ac. AMPLIFIER-CLASS A
Esg= 165 =63 E,=/65Y £y 165Y
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6A5G

RAYTHEON

TRIODE
I POWER AMPLIFIER
Heater Type Glass Bulb
ST /6 8ULS
The 6A5G 1s a triode type power am-
plifier tube designed for service in
?{ the output stage of storage battery
‘E or a-c operated recelvers,
1"on i
ZJMI Q"“‘?
3 RATINGS BOTTOM VIEW OF SOCKET
”“*‘ Heater Voltage (a-c or d-c) 6.3 volts
Heater Current 1,25 anp
Maximum Plate Voltage 325 volts
8 PRONG
MEDIUM
OCTRL BRSE
—t DIRECT INTERELECTRODE CAPACITANCES
~
U@DJ Grid to Plate 16 wuf
- Input 7 unf
Output 5 uwnt
AMPLIFIER « CLASS A
Plate Voltage 250 max, volts
Grld 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 harmonic) 3,75 watts
AMPLIFIER « OLASS AB - TWO TUBES
Flxed-Blas Self-Blas
Plate Voltage 325 325 volts
Grid Blas -68 volts
Self-Bias Resistor 860 ohms
No-Signal Plate Current (per tube) 40 40 ma
Load Resistance (plate to plate) 3000 5000 ohms
Total Harmonics 2.5 5 perocent
Power Output 15 10 watts
The cathode 1s connected intermally to the mid-point of the heater and to
pin #8.
AVERAGE PLATE CHARACTERISTICS 6AS5G AVERAGE CHARACTERISTICS
£, =6.3YAC AMPLIFIER -CLASS A
Ep=6.3Y £p=250" Eg=-45"
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6A6 RAYTHEON

TWIN TRIODE
S POWER AMPLIFIER
Heater Type Glass Bulb

S7ie sk The 6A6 1s a 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-

¥ ated receivers, The ratings and elec-

[ § trical characteristics are identlcal
/f'mt X

with those of the types 6N7 and 6N7G,

RATINGS BOTTOM VIEWOF SOCKET

MERBASE Heater Voltage (a-c or d-c) 6.3 volts
c,“’g;’” Heater Current 0.8 amp
Maximum Plate Voltage 300 volts

Maximum Peak Plate Current (per plate) 125 ma

U[]UU Maximum Average Plate Dissipation 10 watts

AMPLIFIER - CLASS B

Plate Voltage 250 300 volts
Grid Bilas o] o] 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 volta
Amplification Factor

Plate Resistance 11300 11000 ohms
Transconductance 5100 3200 umhos

Plate Current 7 ma

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

Power Output (approximate) 400 mw

tThe d-o resistance 1in the grid circuit should not exceed 0.5 megohm with
self-blas or O,1 megohm with fixed-bias,

For additional curves refer to the type 6N7G.

AVERAGE PLATE CHARACTERISTICS 6A6 AVERAGE CHARACTERISTICS
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6A7 RAYTHEON 6A7
HEPTODE
12601 PENTAGRID CONVERTER
T Heater Type Glass Bulb

STIZ-D 8BNS The 6A7 1s a pentagrid type converter

tube designed for service asa combined

é oscillator and mixer in storage battery

R or a-c operated superheterodyne receiva-

::m! ers, The ratings and electrical charac-

x4y’ terlstics are ldentlcal with those of

3on .§ the types 6AE and 6A8G,
MAx %"“4 RATINGS BOTTOM VIEWOF SOCKET
N

7 PRONG Heater Voltage (a=c or d-c)6.3 volts

SMALL BRSE Heater Current 0.3 amp

lax, Plate Voltage 250 volts

x Max, Screen Voltage 100 volts

R vax, Grid #2 Voltage 200 volts

Max, Grid #2 Supply 250t volts

Min. Grid #4 Blas -3 volts

Max, Cathode Current 14 ma

DIRECT INTERELECTRODE CAPACITANCES.

Grid #4 to Plate 043 TR
Grid #4 to Grid #2 0.15% puf
Grid #4 to Grid #1 0,15% U154
Grid #1 to Grid #2 1.0 wr
Grid #4 to all other Elements (R-F Input) 8.5 puf
Grid #1 to all other Elements (Osc. Input) 7 et
Grid #2 to all other Elements (Osc, Output) 5.5 et
Plate to all other Elements (Mixer Output) 9 st

FREQUENCY CONVERTER -~ SUPERHETERODYNE CIRCUIT

Plate Voltage 100 250 volts
Screen (Grids #3 and #5) Voltage 100 volts
Anode Grid (#2) Voltage volts
Anode Grid Supply Voltage 250t volts
Control Grid (#4) Blas -1.5 -3 volts
Osclllator Grid Resistor 50000 50000 ohms
Plate Resistance 0.5 0.3 wegohm
Conversion Transconductance 360 5§60 wumhos
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 na
Control Grid Bias (approximate) -20 ~-45 volts

(For Conversion Transconductance = 2 vhos)

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

as low as possible

tApplied through a 20000 ohm series resistor,bypassedbya 0.l i+f condenser,

#With tube shield.

WVERRGE CHRRACTERISTICS 6A7 AVERAGE CHARACTERISTICS
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RAYTHEON

HETPTODE
PENTAGRID CONVERTER
Heater Type
Metal Bulb-6A8 Glass Bulb=-6A8G

The 6A8 18 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 electrical char=-
aoteristics are identical with those of
the type 6A7. 686 BASING SAME RS
RATINGS 6A8 EXCEPT IO CONNN.
#
Heater Voltage (a-c or d-6)6.,3 volts TO AN
< Heater Current 0.3 amp BOTTOM VIEW OF SOCKET
286 § Max. Plate Voltage 250 volts
ST 120808 % lax, Screen Voltage 100 volts
liax, Grid #2 Voltage 200 volts
™ Max, Grid #2 Supply 250+ volts
Iin, Grid #4 Blas -3 volts
§ liex, Cathode Current 14 ma
’/a"ffﬁx 48 DIRECT INTERELECTRODE C APACITANCES
I
BAB# 6ABGH*
& PRONG Grid #4 to Plate 0,03 o3 [Tiis 4
SMALL Grid #4 to Grid #2 0.1 0.2 puf
OCTAL BASE Grid #4 to Grid #1 0,09 0.2 uuf
L; Grid #1 to Grid #2 0,08 1.3 puf
U@U_t Grid #4 to all other El,(r-f input) 12.5 10 [its
Grid #1 to all other El.(osc.input) 6.5 6 puf
Grid #2 to all other El.(osc,output) 5 5 wied
Plate to all other El, (mix,output) 12,5 10 1115 4
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 Su Voltage 250t volts
Control Grid %;4 Blas -1.5 -3 volts
Oscillator Grid Resistor 50000 50000 ohms
Plate Resistance 0.6 0.3 megohm
Conversion Transconductance 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)

Ihe voltage between heater and
where they are not directly connected,

+With shell connected to cathode,
#With tube shield connected to cathode,

cathode should be kept

as low as possible

tApplied through a 20000 ohm series resistor,bypassed by a O,l Uf condenser.

RVERAGE CHARACTERISTICS 6AR7 AVERAGE CHARACTERISTICS
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6ABS RAYTHEON

J— CATIODE RAY TUINING IJDICATOR
eater Type Glass Bulb

73 BULB

The 6ABS 1s a high vacuum type indica=
tor tube designed for service as a tune
ing indicator in radio receivers requir=

§ ing a low heater current tube,
=§§
RATINGS BOTTOM VIEWOF SOCKET
& PEONG
SMALL BASE|
lleater Voltage (a=c or d-c) 6.3 volts
lleater Current 0.150 amp
ax, Plate Supply Voltage 135 volts
ax., Target Voltage 135 volts

TUNING INDICATOR

Plate Supply Voltage 135 volts
Target Voltage 135 volts
I’late Reslstor 0.25 megohm
Target Current (approximate) 4.5 ma
Plate Current (zero bilas ) 0.5 ma
Grid Bias for Shadow Angle = 0% approx.) =7.5 volts
Grid Llas for Shadow Angle =90°(approx.) 0 volts

The 6ABS ic ~ higii-vocuum tube deslgned to visually indicate the effect of
changing the comirol grid bias, The shaded pattern produced on the fluore-
scent target varicc tiirough an angle from 900 to approximately 0° as the
control voltagze 1s varied. The voltage on the shadow control electrode, the
extension of the triode plate between the cathode and target, controls the
extent of thec shaded area. The voltage of the shadow control electrode 1s
determined by the voltage of the control grid of the triode connected as a
dec 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 1ncreases the
shadow, In practical use the control grid voltage 1s obtained from a suilt=
able point in tire AVC network.

6A8S

AVERAGE CHRRACTERISTICS
Ep=6.3Y  E,*I35Y Ep= 135V THROUGH 0.25 MEGONM
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6ACS5G RAYTHEON

TRIODE
POWER AWPLIFTER
Heater Type Glass Bulb

The 6AC5G 1s a hlgh-mu triode power am-
plifier tube designed for posltive bias
Class Az operatlion particularly in a
direct or dynamic coupled circult using
a type 76 driver tube, Two 6ACSG tubes
are also 4&dapted for use in a Class B
stage.

RATINGS BOTTOM VIEW OFSOCKET
Heater Voltage (a-c or d-c) 643 volts
Heater Current 0.4 amp
Maximum Plate Voltage 250 volts
OCTAL BASE Maximum Peak Plate Current 110 ma
UMU e Maximun Plate Dissipation 10 watts
33
-————1 AMNPLIFIER - CLASS A

Plate Voltage 260 volts
Grid Bilas +13 volts

Amplification Factor 125
Plate Reslstanoce 36700 ohms
Transconductance 3400 wmhos
Plate Current 32 ma
Grid Current 5] ma

AMPLIFIER - CLASS A - DIRECT OR DYWAITIC COUPLED
Single Tube Push-Pull-Two Tubes

1- Type 2-Type 2~Type

76 Driver 76 Drivers 6J5G Drivers
Plate Supply Voltage 250 260 250 volts
Grid Bias * * * volts
Fo-Slg, Plate Current 32 64 48 ma
iax, Sig, Plate Current 76 72 ma
No-Sig. Driver Plate Current 546 10 8 ma
Max, Sig. Driver Plate Current 19 20 ma
Load Resistance 7000 10000(P=P) 10000 (P~P) ohms
Max.Signal Voltage RMS (Driver) 16.5 47  (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 Bilas 0 volts
Signal Peak Voltage (grid to grid) 70 volts
No-Signal Plate Current 3] 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 tlas 1is required as tize direct or dynamic coupled cir~
cult sutomatically supplies the proper blas to both tubes, The total d-c
reslstance in the grid circult of the type 76 driver +tube should not exceed
1, 0 megohm,

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

RAVERAGE PLATE CHRARACTERISTICS 6ACS5G AVERAGE CHARACTERISTICS
Ep=6.3Y DIRECT 0R DYIAMIC (QUPLED

RAMPLIFIER-CLASS A
TYPE 76 DRIVER
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6B4G

ST16 8ULB ‘{
%
§
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Plate Voltage

Grid Bilas#

RAYTHEON

TRIODE
POWER ANPLIFIER
Filament Type Glass Bulb

The 6B4G 1s a triode type power am-
plifier tube designed for service
in the output stage of storage
battery or a-c operated receivers,
The ratings and electrical char-
acteristics are identical with those
of the type 6A3,

RATINGS
Heater Voltage (a-c or d-c)
Heater Current
Maximum Plate Voltage

DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate

Input
Output

AMPLIFIER - CLASS A

Amplification Factor
Plate Resistance
Transconductance
Plate Current

Load Resistance
Power Output (5% second harmonic)

BOTTOM VIEW OF SOCKET
6.3 volts
1.0 amp
325 volts
16 upf
7 uif
5 uut
250 max, volts

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

AMPLIFIER - CLASS AB - PUSH-PULL ~ TWO TUBES

Fixed-Blas

Plate Voltage 325
Grid Bilas# -68
Self-Blas Resistor

No-Signal Plate Current (per tube) 40
Load Resistance (plate to plate) 3000
Power Output 15
Total Harmonic Distortion 2.5

Self-Bilas
325

750

40

5000

10

5 pe

#Grid bilas measured from midpoint of a-c operated filament,

For additional curves refer to the type 6A3,

voltas
volts
ohms
ma
ohms
watts
rcent

AVERAGE CHARACTERISTICS 6A3 RAYERAGE CHARACTERISTICS

PUSH PULL CLASS A8 68496 PUSHPULL CLASS AB
{TWo TUBES) (TWO TUBES)
Ep=6.3Y Ep=325Y Eg=-68Y £76.3V £p325Y Egn-68Y Ry=3000%
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6BS RAYTHEON

DUO-TRIODE
3 DIRECT COUPLED POWER AMPLIFIER
Heater Type Glass Bulb
STI¢ BULE
§ The 6B5 1s a direct coupled power am=
L. plifier tube designed for service in
,2‘;& the output stage of storage battery or
//f'M & a=c operated receivers. The ratings
wax = and electrical characteristics are
& 1dentical with those of the type 6N6G, BOTTOM VIEW OF SOCKET
& PRONG
i ssd8 RATINGS
Heater Voltage (a-c or d-o) 6.3 volts
L Heater Current 0.8 amp
':r Maximum Plate Voltage 325 volts
AMPLIFIER - CLASS A
Output-Plate Voltage 250 300 325 volts
Input-Plate Voltage 250 300 325 volts
Grid Bilas (o] 0 0o volts
Amplification Factor 58
Plate Resistance 24100 ohms
Transconductance 2400 umhos
Output-Plate Current 33 45 51 ma
Input-Plate Current 6.5 8 9 ma
Load Resistance 7000 7000 7000 ohms
Total Harmonlc Diast, 5 5 5 percent
Power Output 2.5 4 6.2 watts
Signal Voltage RMS 13.5 15 17 voltxs
AMPLIFIER - CLASS A - PUSH-PULL - TWO TUBES
Output-Plate Voltage 250 300 325 volts
Input-Plate Voltage 250 300 325 volts
Grid Blas o o (o] volts
Output-Plate Current {per tube) 33 45 51 ma
Input-Plate Current (per tube) 645 8 9 ma
Load Resistance (plate to plate) 10000 10000 10000 ohms
Total Harmonic Distortion 5 5 5 percent
Power Output 8.5 10 13.5 watts
Signal Voltage RMS (grid to grid) 38 38 42 volts

The voltage between heater and cathode should not exceed 50 volts and in no
case should the heater be left floating.

If a grid resistor 1s used its value should not exceed 0,5 megohm.

For additional curves refer to the type 6N6G.

AVERAGE PLATE CHARACTERISTICS 685 AVERAGE CHARACTERISTICS
OUT PUT SECTION 6N6G CLASS A OPERAT ION
Ep=6.3Y 6N6MG £p=63"  £pz300Y
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RAYTHEON

DUO-DIODE TRIODE
DETECTOR AMPLIFIER
Heater Type Glass Bulb

The 6B6G 1s a duo-diode triode type am=
plifier tube designed for service as a
combined dlode detectcr, AVC rectifier
and resistance coupled audio frequency
amplifier in storage battery or a-c op=-
erated recelvers, The ratings and elec-
trical characteristics are identical

wilth those ¢f the type 75, BOTTOM VIEWOF SICKET

RATINGS
Heater Voltage (a-c or d-o) 6e3 volts
Heater Current 0.3 amp
Maximum Plate Voltage 250 volts

DIRECT INTERELECTRODE CAPACITANCES

Grid to Plate 1.3 wpf
Input 2,7 uuf
Output 4,5 wuf
ALPLIFIER - CLASS A - TRIODE SECTION
Plate Voltage 250 volts
Grld Blas -2 volts
Amplification Factor 100
Plate Resista:ce 91000 ohms
Transconductance 1100 umhos
Plate Current 1 ma

DIODE SECTION

The two dlodes are independent of each other and of the triode sestion ex-
cept for the common cathode, The dlodes may be used as a half wave or as a
full wave rectifier; cr one dicde may be used as a half wave rectifler for
detectlon and the other diode used as a rectifler to obtaln delayed AVC
voltage.

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

AVERAGE PLATE CHARACTERISTICS 75 RVERRGE CHARACTERISTICS
TRIODE SECTION 6866 TRIODE SECTION
Ef=6.3 Eg= .3
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RAYTHEON

DUO~DIODE PENTODE

eB7

.1_”,5".@ DETECTOR AMPLIFIER
Heater Type Glass Bulb
The 6B7 1s a duo=-dlode pentode type am=
» plifier tube designed for service as a
§ combined diode detector, AVC rectifier,
i‘N and high or audlo frequency amplifier
‘\v,"’ in storage battery or a-c operated re-
8 ceivers,
B3
i
"lf! RATINGS BOTTOM VIEW OF SOCKET
7 PRONG Ileater Voltage (a-c or é-c) 6.3 volts
SMALL BRSE Tieater Current 0.3 amp
ljaximum Plate Voltage 250 volts
U “ U T‘h ilaximun Screen Voltage 125 volts

DIRECT INTERELECTRODE CAPACITA'CES - PENTODE SECTION

Grild to Plate 0,007 max, wpf
Input 3.5 puf
Output 9.5 unf
ANPLIFIER - CLASS A - PENTODE SECTION
Plate Voltage 100 180 250 250 volts
Screen Veltaze 100 75 100 125 volts
Grid Blas -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 23 ma
Gric Blas =1'7 ~13 =17 =21 volts

(For cathode current cutoff)

AI'PLIFIER - CLASS A -« RESISTANCE COUPLED - PENTODE SECTION

Plate Supply Voltage 250 260 250 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 5.4 na

DIODE SECTION

The two dlode units are independent of each other and of the pentode section
except for the common cathodes The dlodes may be used as a half wave or as
a full wre rectifier; or one dlode maybe used as a half wave rectifier for
detection, and te otier diode used as a rectlfler to obtaln delayed AVC
voltarse,

“he voltage between heater and cathode should be
wihiere they are not directly connected.

#Wlth tube shield,

kept as low as possible

AVERRGE PLATE CHARACTERISTICS 687  AVEPRGE CHARACT ERISTICS
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6B8 RAYTHEON 6B8

DUO~-DIODE PENTODE
DETECTOR AMPLIFIER
Metal Bulb Heater Type

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

RATINGS
Heater Voltage 6,3 volts BOTTOM VIEW OF SOCKET
Heater Current 0,3 amp
1lax. Plate Voltage 250 volts
Hax, Screen Voltage 125 volts

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

Grid to Plate 0,005 max, upf
Input & upf
Output 9 uuf

AUPLIFIER ~ CLASS A -~ PENTODE SECTION

Plate Voltage 250 volts
Screen Voltage 125 volts
Grid Bias -3 volts
Amplification Factor 800 approx,

Plate Reslstance 0.6 approx, megohm
Transconductance 1325 umhos
Plate Current 10 ma
Screen Current 2.3 ma
Grid Bilas for Cathode Current Cutoff «21 approx, volts

DIODE SECTION

The two dlode units are independent of each other and of the pentode sece=
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
rectifier for detection, and the other diode used as a rectifier to obtain
delayed AVC voltage.

RAVERAGE PLATE CHRRACTERISTICS 688 RV ERAGE CHARACTERISTICY
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6B8G RAYTHEON

DUO~DIODE PENTODE
~ifm DETECTOR AMPLIFIER
Heater Type Glass Bulb

§ The 6B8G 1s a duo=diode pentode type ame
= plifier tube designed for service as

STiz0 8l combined diode detector, AVC rectifier
- and r-=f, 1-f, or a=f amplifier,
g
= RATINGS
e
. I Heater Voltage 6.3 volts
VL Heater Curren 023 amp BOTTOM VIEW OFSOCKET
llax. Plate Voltage 250 volts
lax., Screen Voltage 125 volts
8 PRoNG
ok DIRECT INTERELECTRODE CAPACITANCES - PENTODE SECTION
(With close fitting shield connected to cathode)

¥
e
U@D Grid to Plate 0,007 max, ppf

Input 3.5 upt
Output 9.5 puf
AYPLIFIER = R=F or I=F -~ PE!TODE SECTION
Plate Voltage 100 180 250 250 volts
Screen Voltage 100 75 100 125 volts
Grid Blas -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 wmhos
Plate Current 5.8 3.4 6 ma
Screen Current 1.7 0.9 1.5 2,3 ma
Grid Blas =17 =13 =17 =21 volts
(For Cathode Current Cutoff)
ANMPLIFIER - RESISTANCE COUPLED - PENTODE SECTION
Plate Supply Voltage 250 250 250 volts
Screen Voltage 45 50 100 volts
Grid Blas =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 dlode 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 diode may be used as a half wave rece

tifier for detection, and the other dlode used as a rectifier to

delayed AVC voltage.

obtain

RVERRGE PLRTE CHARACTERISTICS

6B7  AVERRGE CHARACTERISTICS
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6C5 RAYTHEON

TRIODE
_‘L DETECTOR OR ANPLIFIER
6C5 Heater Type
TTRG MRS x Metal Bulb-6CS Glass Bulb-6C5G

<

3
”/é’n%r- jqq, The 6C5 1s a triode type amplifier tube
y x| §‘\‘ designed for service as a detector or
14 s55: 11 amplifier in storage battery or a-c op-

®R erated receivers,
=
1Q RATINGS
& PRONG OCTAL 8RSE Heater Voltage (a-c or d-c)6.3 volts S0TTOM VIEWOFSOCKET
Heater Current 0.3 amp 605G-INT SHIELD
Maximum Plate Voltage 250 volts CONNECTEDTO#PIN

DIRECT INTERELECTRODE CAPACITANCES

Grid to Plate Input Output
6C5# 1.8 4,0 13 ppf
6C6GH## 2.5 4,5 9.5 wpf

‘5 AMPLIFIER - CLASS A
XY

g
R Plate Voltage 250 volts
ﬁ]& Grid Bias -8 volts
& PRONG Amplification Factor 20
SMALL Plate Reslstanoce 10000 ohms
OCTAL BASE Transconductance 2000 unhos
Plate Current 8 ma

T

AMPLIFIER -~ CLASS A ~ RESISTANCE COUPLED

Plate Supply Voltage 250 volts
Grid Bilas (approximate) -5 volts
Plate Resistor 50000 to 10000 ohms
Plate Current 1l to2 ma
voltageAmplification 14

Voltage Output (5% second harmonic)RIiS 42 volts

DETECTOR - BIASED TYPE

Plate Voltage 250 volts
Grid Blas (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 0.0005 154

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

#With shell connected to cathode.

#Internal shield connected to cathode,

AVERAGE PLATE CHARACTERISTICS 6C5 RVERRGE CHARACTERISTICS
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6C6 RAYTHEON 6C6

PENTOIE
3600 DETECTOR OR ALPLIFIER
leater Type Glass Bulb

The 6C6 1is a pentode type amplifier tube
designed for service as a detector or
high frequency amplifier instorage bat-
tery or a-c operated reccivers,

RATINGS

Heater Voltage (a-c or d-c) 6.3 volts BOTTOM VIEW OF SOCKET

Heater Current 0.3 amp
iiaximum Plate Voltage 250 volts
liaximum Screen Voltage 100 volts

DIRECT INTERELECTRODE CAPACITANCES

;Aszzzﬁ. Pentode Connection Triode Connectiont

Grid to Plate C.007 max,#* 2,0 wif

=1 Input 5,0 3.0 uf
DD ‘ oy Output 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 Reslstance 1 1.5 min, 0,0105 megohm
Transconductance 1185 1225 1900 unhos
Plate Current 2 2 6.5 na
Screen Current 0.5 0.5 me
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 Blas -1,16 =-1.83 -1.95 -4,3 volts
Cathode Resistor 18000 10000 3000 10000 ohms
Suppressor Connected to Cathode at Socket
Cathode Current (no signal) 0,063 0.183 0,65 0.43 ma
Plate Resistor 1.0 0.25 0.256 0.5 megohm
Blocking Condenser 0.01 0.01 0.03 0.03 ut
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 Pealz 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 Iinternally 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.

RAVERAGE PLATE CHRARACTERISTICS 6C6 AVERRGE CHARACTERISTICS
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6C8G RAYTHEON

TWIN TRIODE

AMPLIFIER
g~ Heater Type Glass Bulb
$ The 6C8G 1s a twin triode type amplifi-
stizosus| & er tube designed for service as voltage
m amplifier or phase inverter. The triode
L units are independent of each other as
the elements of each triode are brought
§ out to separate terminals,
,;3% BOTTOM VIEW OF SOCKET
} Y RATINGS
B8 PRONG Heater Voltage (a-c or d-¢)6.3 volts
SMALL Heater Current 0.3 amp
OCTAL BASE Max. Plate Voltage 250 volts
[\
UMU} DIRACT INTERELECTRODE CAPACITANCES
Triode L Triode R
(Triode R to Cathode) (Triode L to Cathode)
Grid to Plate 2.5 . puf
Input 3.4 2.5 put
Output 3¢5 3.9 upf
Grid to Grid 0.1 wuf
Plate to Plate 1.5 puf
AMPLIFIER - CLASS A - EACH TRIODE
Plate Voltage 250 volts
Grid Bilas -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 volts
Plate Current (per plate) 1.7 1 ma
Plate Resistor ?psr 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
Cathode Resistor 900 1500 ohms

(common to both triodes)

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

should be kept as low as possible

AVERAGE PLATE CHRARACTERISTICS 6C8G

EACH, TRIODE
Er=6.3V

EACH TRIODE
E;=6.3V  Ep=250

R

AVERAGE CHARACTERISTICS
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6D6 RAYTHEON 6D6

PENTODE
s RENMOTE CUTOFF AMPLIFIER
~jssot-m - Heater Type Glass Bulb

The 6D6 1s a pentode type amplifier tube
ST 12-C BULB with remote cutoff characteristics de-
signed for service as a high frequency

§ amplifier or mixer in storage battery or

5‘ a-¢ operated receivers, The ratings

NS and electrical characteristicsare iden-

-3 tical with those of the type 6U7G.
9on R BOTTOM VIEW OF SOCKET
1% v g? RATINGS

Ileater Voltage (a-c or d-c) 6.3 volts
Heater Current 0.3 amp
& PEONG Haxinum Plate Voltage 250 volts
SMALL BRSE| Llaximum Screen Voltage 100 volts

UU D[I T%' DIRECT INTERELECTRODE CAPACITANCES
—tt Grid to Plate 0,007max,# puf
Input 5,0 puf
Output 645 wuf

ALPLIFIER - CLASS A

Plate Voltage 100 250 volts
Screen Voltage 100 100 volts
Grid Blas =3 - volts
Suprressor 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 pmhos =50 -50 volts

LIIXER ~ SUPERHETERODYNE CIRCUIT

Plate Voltage 100 250 volts
Screen Voltage 100 100 volts
Grid Bilas -10 ~10 volts
Suppressor Connected to Cathode at Socket

The grid bilas 1is not critical with an oscillator peak swing 1 volt less than
the grid bilas,

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,

For additional curves refer to the type 6U7G.

AVERAGE PLATE CHRARACTERISTICS 606 RAVERRGE CHARACT ERISTICS
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6D8G RAYTHEON

HEPTODE
Y daiud PENTAGRID CONVERTER
Heater Type Glass Bulb
ST 12088 The 6D8G 1s a pentagrid type cocnverter

tube designed for service asa combined
osclllator and mixer in storage battery
§ or a-o operated recelversrequiringalow
X heater current tube,

,,g'an ;‘ RATINGS

max X BOTTOM VIEW OF SOCKET

&‘4 Heater Voltage (a=c or d-c)6.3 volts

8 PRONG ) Heater Current 0,150 amp

SMALL Max, Plate Voltage 250 volts

OCTAL BASE Max, Sareen Voltage 100 volts

= Max, Grid #2 Voltage 200 volts

Uwu[l Max, Grid #2 Supply 250t volts

———1 Min, Grid #4 Blas -3 volts

Max, Cathode Current 13 ma

DIRECT INTERELECTRODE CAPACITANCES#

Grid #4 to Plate 0.3 TNk o
Grid #4 to Grid #2 0.2 [Tis o
Grid #4 to Grid #1 0.2 uuf
Grid #1 to Grid #2 1.3 wuf
Grid #4 to all other Elements (R<F input) 8.8 upf
Grid #1 to all other Elements (Osc., input) 6 wuf
Grid #2 to all other Elements (0Oso. output) 5 wf
Plate to all other Elements (Mixer output) 11 Lt
FREQUENCY CONVERTER -~ SUPERHETERODYNE CIRCUIT
Plate Voltage 135 250 volts
Screen (Grids #3 and #5) Voltage 67.5 100 volts
fnode Grid (#2) Voltage 135 volts
Anode Grid Supply Voltage 250t volts
Control Grid %£4¥ Blas =3 =3 volts
Oscillator Grid (#1) Resistor 50000 50000 ohms
Plate Resistance 0.4 0,32 megohm
Conversion Transconductance 325 500 pmhos
Plate Current 1.2 3.3 ma
Sereen Current 2 3.2 ma
Anode Grid C rrent 3.4 4 ma
Oscillator Grid Current 0,45 0.5 ma
Control Grid Bias -25 ~38.5 volts
(For Conversion Transconductance = 10 uymhos)
Grid #1 to Grid #2 Transconductance 1150 1000 umhos

{At O volts bias on Grid #1)
tApplied through a 20000 ohm series resistor,bypassed bya 0,1 uf.condenser,

#With tube shield connected to cathode,

AVERAGE CHARACTERISTICS 608G AVERAGE CHARACTERISTICS
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RAYTHEON

CATHODE RAY TUNING INDICATOR
Ileater Type Glass Bulb

6ES

tube designed for service as a tuning
indicator in radilo recelvers,

23 ‘Mar.
4 2

32'max.

RATINGS

6 PEONG
SMALL BRSE]

Heater Voltage (a-c or d-c)
Ileater Current

iaximum Plate Surply Voltage
ximum Target Voltage
Animum Target Voltage

&
8

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 Blas (approx.) ~3.3 =-6.,5 -8 volts
(For shadow angle = 0°)
Grid Bilas (approx.) o o [o] volts

(For shadow angle =90°)

The 6E5 1s a high vacuum tube designed to visually indicate 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 varled. The voltage on the shadow control electrode,the
extenslon of the trlode 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-c amplifier, Thus the control grid voltage determines the extent of the
shadow, An increase of control grid blas 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 1s obtained from a suit=
able point in the AVC network,

RAVERAGE CHARACTERISTICS 6ES5 RAVERAGE CHARACTERISTICS
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RAYTHEON

TWIN TRIODE
POWER AMPLIFIER

6E6

Heater Type Glass Bulb
ST14 BUL8
x
‘§ The 6E61s a twin triode type power am-
EN plifier tube designed for service as
xy- & Class A push-pull amplifier 1in the
\§ output stage of storage batteryor a-o
Je operated receivers,
)
BOTTOM VIEW OF SOCKET
RATINGS
crece _4» Heater Voltage (a-c or d-ec) 6.3 volts
= Heater Current 0.6 amp
‘:E Maximum Plate Voltage 250 volts
AMPLIFIER - CLASS A - EACH TRIODE
Plate Voltage 180 250 volts
Grid Bias -20 -27.5 volts
Amplification Factor 6 6
Plate Resistance 4300 3500 ohms
Transconductance 1400 1700 wmhos
Plate Current 11.5 18 ma
AMPLIFIER - CLASS A - PUSH-PULL
Plate Voltage 180 250 volts
Grid Bias -20 =27.5 volts
Plate Current (per plate) 11.5 18 ma
Load Resistance (plate to plate) 16000 14000 ohms
Power Output 0,75 1.6 watts
AVERAGE PLATE CHARACTERISTICS 6E6 RYERAGE CHARACTERISTICS
ERCH TRIODE AMPLIFIER-CLASS R PUSH-PULL
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RAYTHEON

TRIODE
AMPLIFIER
Heater Type
Metal Bulb-6F5& Glass Bulb-6F5G

The 6F5 1s a triode type amplifier tube
designed for service as a resistance
coupled audlo frequency semplifier in
storage battery or a-c operated receiv-
ers,

BOTTOM VIEW OF SOCKET
RATINGS 6F5G- O CONNECTION
To#/PIN
Heater Voltage (a=-c or d-o) 63 volts
Heater Current 0.3 amp
Maximum Plate Voltage 250 volts
5F5G DIRECT INTERELECTRODE CAPACITANCES
it ) 6rid to Plate Input  Output
& 6F5% 2,0 6 12 unf
X  6F50 2,0 2.5 3.5 unf
iﬁs AMPLTFIER - CLASS A
v 3 Plate Voltage 250 volts
AW Grid Blast -2 volts
Py— " Amplification Factor 100
SMALL Plate Resistance 66000 ohms
OCTAL BASE Transconductance 1500 pmhos
U = Plate Current 0,9 ma
M J AMPLIFIER - CTASS A « RESISTANCE COUPLED
Plate Supply Voltage 250 250 volts
Grid Bias -1.3 o volts
Plate Reslstor 0,25 to 1,0 0,25 to 1,0 megohm
Grid Resistori 0.25 . megobhm
Plate Current 0,2 to 0.4 0,2 to 0,4 ma
Voltage Output (RMS) 1 11 to 20 14,5 to 25,5 volts
(5% second harmonic)
Voltage Amplification 52 to &6 51 to 60

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

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

AVERAGE PLATE CHARACTERISTICS 6F5 AVERAGE CHRRRCTERISTICS
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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
electrical characteristics are identi=
cal with those of the type 42,
RATINGS BOTTOM VIEW OF SOCKET
Heater Voltage (a-c or d-c)6.3 volts 6756‘1”5,50””[6”0”
Heater Current 0,7 amp
Maximum Plate Voltage 315 volts
Maximum Screen Voltage 315 volts
6F6G
ST/14 BULS AMPLIFIER -~ CLASS A
Pentode Connection Triode Connectiont
Plate Voltage 250 315 250 max., volts
3 Screen Voltage 250 315 volts
;i Grid Blas -16,5  -22 -20 volts
& oa Ry Amplification Factor 200} 20031 7
1 ssx 8 Plate Resistance 80000% 75000f 2600 ohms
= Transconductance 2500 2650 2700 wmhos
e Plate Current 34 42 31 me
Screen Current 6.5 8 ma
7 PRONG Load Resistance 7000 7000 4000 ohms
MEPIUM Total Harmonic Dist. 7 7 5 percent
OCTAL BRSE Power Output 3 5 0,85 " watts
=
H@D ™Q| AMPLIFIER - CLASS AB - TWO TUBES
—_—t Pentode Connection Triode Connectiont
Fixed-Bias 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 5 8 ma
Load Resistance(P to P) 10000 10000 6000 10000 ohms
Total Harmonic Dist, 5 7 7 percent
Power Output (approx,)# 19 194 183+ 14w watts

#With one 6F6 or 6F6G triode connected as driver operated at plate voltage
of 250 volts, grid bilas of =20 volts and plate load of approximately 10000
ohms,

#Input transformer ratio, primary to 1/2 secondary
AInput transformer ratlo, primary to 1/2 secondary
##Input transformer ratio, primary to 1/2 secondary
qInput transformer ratio, primary to 1/2 secondary
tSoreen connected to plate.

fApproximate

For additional curves refer to the type 42,

AVERRGE PLATE CHARACTERISTICS 42 AVERRGE CNARACTERISTICS
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6F7 RAYTHEON
TRIODE-PENTODE
2 AMPLIFIER OR CONVERTER
i Heater Type Glass Bulb
The 6F7 1s a duplex tube, combining in
one bulb a triode and a remote cutoff
STiZb8UE pentode, designed for service as an os-
E* clllator and mixer or as a high frequen-
R oy amplifier and second detector, in
2y storage battery or a-c operated receliv-
%Y ers, The ratings and electrical char-
o0 § acteristics are identical with those of
li’ i’vx the type 6P7G. BOTTOM YIEW OF SOCKET
®|  RATINGS
7 PRONG Heater Voltage (a-c or d-o) 6e3 volts
SMRLL BRSE Heater Current 0.3 amp
~ DIRECT INTERELECTRODE CAPACITANCES
oy Grid to Plate Input output
i1 Triode Section ## 2,0 2,5 Be puf
Pentode Section#® 0,008 max,# 2 12 puf
AMPLIFTER - CLASS A
Triode Sectlon Pentode Sectlon
Plate Voltage 100 max, 100 260 max, volts
Soreen Voltage 100 100 max, volts
Grid Bias =3 -3 -3 min, volts
Amplification Faoctor 8 300 900
Plate Reslstance 0,016 0,29 0,85 megohm
Transoonductance 500 1050 1100 umhos
Plate Current 3.5 6.3 6.5 ma
Sereen Current 1.6 1.5 ma
Transconductance (at =35 volts bias) 9 10 ymhoa
FREQUENCY CONVERTER
Trliode Section Pentode Section
Maximum Plate Voltage 100 250 volts
Maximm Screen Voltage 100 volts
Minimum Grid Bias 1 -3 # volts
Maximm Oscillator Plate Current(average) 4 ma
Typlcal Operations
Plate Voltage 100% 250 volts
SereenVoltage 100 volts
Grid Blas 1t =10 A volta
Plate Reslstanoce 2 megohm
Conversion Transconduotance 300 wmhos
Plate Curremt 2.4 2.8 ma
Grid Current 0,15 (0] ma
Soreen Current 0.6 ma
Oscillator Peak Voltage Input 7 volts

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

#With tube shield. ##Other sectlon connected to ground.

1Usually obtained by means of a grid leak,

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

iMay be obteined from 250 volt supply through 60000 ohm serles resistor.
AObtained by means of 1700 ohm cathode resistor,

For additional curves refer to the type 6P7G.

4
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6F8G RAYTHEON

TWIN TRIODE
AVMPLIFIER
Heater Type Glass Bulb

JII

The 6F8G is a twin tricde type amplifi-
er tube designed for service ss a volte
age amplifler. The ratings and elsow
trical characteristics of each triode
unit are identical with those of the
type 6J35G. The triode units are inde-
. pendent of each otheras the elements of
8 Neach triode are brought outto separate BOTTOM VEW OFSOCKET
Y terminals,

ST 12-0 8UB

388 ‘max

MAX.

8 PRONG
SMALL
ocTAL BASE RATINGS
[] l] e Heater Voltage {a-c¢ or d-o) 6.3 volts
¢ ] lleater Current 0.6 amp
llaximum Plate Voltage 260 volts
DIRECT TIITERELECTRODE CAPACITANCES
TRIODE L TRIODE R
(Triode R to Ground)(Triode L to Ground)
Grid to Plate 4.5 4,16 wpt
Input 3.3 3.0 wuf
output 1.5 2.0 puf
Grid to Grid 0.13 unt
Plate to Plate 1.2 unf
Grid R to Plate L 0.2 wuf
ALPLIFIER -CLASSA - EACH TRIODE

Plate Voltage 250 volts
Grid Bias -8 volts

Amplification Factor 20
Plate Resistance (approximate) 7'700 ohms
Transconductance (approximate) 2600 umhos
Plate Current 9 ma

The voltage between heater and cathode should be kept as lowas possible
where they are not directly connected,
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6G5-6H5S RAYTHEON 6G5-6H5

CATHODE RAY TUNING INDICATOR
Lieater Type Glass Bulb

The 6G5/615 1s a high vacuum type indi-
cator tube with remote cutoff character-
istios designed for service asa tuning
indicator in radio receivers, The ra-

. % tings andelectrical characteristics are
1§ o identical with those of the type 6U5,

& PEONG RATINGS BOTTOM VIEW OF SOCKET
SMALL BRSE]
Heater Voltage (a-c or d-¢) 6,3 vol.ts
- Heater Current 0,3 amp
UD m R lLiaximum Plate Supply Voltage 250 vidlts
Liaximum Target Voltage 250 volts
linimum Target Voltage 90 wvolts
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 Bias (approximate) -8 -18.5 -22 volts
(For shadow angle = Q°)
Grid Blas (approximateg o 0 o volts
(For shadow angle =90°)

The 6G5/6H5 1s 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° as 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 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 ané decreases the shadow while a decrease of blas increases the
shadow, In practical use the control grid voltage 1s obtained from a suit-
able point in the AVC network,

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

PENTODE
POWER AMPLIFIER
Heater Type Glass Bulb

The 636G 1s a pentode type power ampli-
57 12-0 8k fier tube designed for service in the
output stage of receivers where maximum
overall efficiency is required,

2%
g
&
Yo
fo S TS BOTTOM VIEW OF SOCKET
N Heater Voltage (a-6 or d-o) 6e3 volts
°..‘§° Heater Current 0,156 amp
7 PRONG Maximum Plate Voltage 180 volts
P . Maximum Soreen Voltage 180 volts

UWL:‘S_ AMPLIFTER - CLASS A

Plate Voltage 135 180 volts
Screen Voltage 135 180 volts
Grid Blas -6 -9 % volts
Self-Bias Resistor 440 510 ohms
Amplification Faotor 360 400

Plate Reaistance 0,170 0,175 megohm
Tranaconductance 2100 2300 umhos
Plate Current 11,5 15 ma
Soreen Current 2 2,5 ma
Load Resistance 12000 10000 ohms
Total Harmonioc Distortion 7.5 10 percent
Power Output 0.6 1.1 watts

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

# Transformer or impedance input systems are recormended, If resistance
coupling is used the d-o resistance in the grid circult should not exceed
0,5 megohm with self-bias, With fixed-blas the d-o grid oircuit resistance
should not exceed 0.5 megohm under the 135 volt operating conditions or 0,05
megohm under the 180 volt conditions,

AVERRGE PLATE CHRRACTERISTICS 6666 RVERRGE CHARARCTERISTICS
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6H6

6HE6G RAYTHEON
TWIN DIODE
6H6 DETECTOR
“on Heater Type
P' HAX Metal Bulb-6H6 Glass Bulb-6H6G

:T-wQ The 6H6 1s a twin diode tube designed
g for service as a dlode detector and AVC
—L rectifier or as a low current rectifier

7 PRPONG OCTRL BASE in storage battery or a-c operated re-
ceivers.
BITTOM VIEW OF SOCKET
6H6G- INT SHIELD
RATINGS CONNECTED TO*1 PIN
Heater Voltage (a-c or d-c) 6.3 volts
Heater Current 0.3 amp
Maximum A-C Voltage per Plate (RMS) 100 volts
Maximum D=C Output Current 4 ma
DIRECT INTERELECTRODE CAPACITANCES
Plate to Plate Plate to Cathode
6H6# 0,02 max, 1.2 upf
UWU 6HEG#3+ 0.4 1.5 775

The voltage between heater and cathode should be kept as low as possible
where they are ot directly connected.

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

RAYTHEON ENGINEERING SERVICE



6JS

6J5G RAYTHEON
TRIODE
) AMPLIFIER
65 A Heater Type
8 "etal Bulb-6J5 Glass Bulb-6J5G
M Ny
- o SR
/lf.um Fed The 6J5 1s a triode type amplifier tube
2436 11 desizned for servioce in storage battery
or a-c operated receivers.
Y
€ PRONG OLTAL BRSE RATINGS

Heater Voltage(a-c or d-c)6.3 volts
Ileater Current 0.3 amp
Maximum Flate Voltage 250 volts

DIRECT INTERELECTRODE CAPACITANCES

Grid to Plate Input
6J5 3.4 3,4
6J5G 3.4 3.8

ANPLIFIER ~ CLASS A

Plate Voltage

Grid Bilas
Amplification Factor
Plate Resistance
Transconductance
?late Current

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

BOTTOM VIEW OF SOCKET
6J56-NOCONNECTION
TO#1PIN

Output

3.6 uuf
3.3 upf
260 volts

-8 volts
20
7700 ohms
2600 pumhos
9 na

cathode should be kept as low as possible

RAYERRGE PLATE CHARACTERISTICS 6./5 RVERAGE CHRRACTERISTICS
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RAYTHEON

PENTODE
DETECTOR OR AMPLIFIER
Heater Type
YMetal Bulb~6J7 Glass Bulb-6J7G

The 6J7 1s 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 6J7G BASING SAME AS
lNax, Plate Voltage 250 volts 6J7 EXCEPT SHIELD
llax. Screen Voltage 125 volts CAGECONNTOPIN#*/

BOTTOM VIEW OF SOCKET

DIRECT INTERELECTRODE CAPACITANCES
GRID TO PLATE INPUT OUTPUT
2

s ) & # 637 0,005 max, 7 1 put
ST 120808 % ##6J7G 0.005 max, 4.5 12 puf
?| AMPLIFIER - CLASS A

Plate Voltage 100 250 volts
¥ Screen Voltage 100 100 volts
3 Grid Bilas -3 -3 volts
19" Suppressor Connected to Cathode at Socket

% MAX. ~ 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
v Grid Bias -7 -7 approx, volts

Uwguj* (For Cathode Current Cutoff)
DETECTOR « GRID BIASED TYPE

Plate Supply Voltage 250 250 250 250 volts
Screen Voltage 50 33 100 100 volts
Grid Bilas -2 =1.7 3,9 -4.3 voltas
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 0.25 0.25 megohm
R-F Signal Voltage (RIIS) 1.18 1,21 1,38 1,37 volta
Output Peak Voltage 17 17 17 17 volts

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

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

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

# With shell conncected to catlicde
##With tube shield and internal shield connected to cathode.

AVERAGE PLATE CHARACTERISTICS 6J7 AVERAGE CHRRACTERISTICS
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6J8G RAYTHEON

TRIODE HEPTODE
FREQUENCY CONVERTER
Heater Type Glass Bulb

The 6J8G 1s a duplex tube contalning a
triode unit anda heptode unit, having a
common cathode,in the same envelope, The
grid of the trlode unit 1s connected 1in-
ternally to the injector grid of the hep-
tode unit, It 1s designed for converter
service in circults similar to those em-

MAX.
2.5
¥ MRAX.

2 29%,
J2

pentagrid mixer,

ploying a separate triode oscillator and BOTTOM VIEW OF SOCKET

RATINGS
I— Heater Voltage (a-c or d-c) 6e3 volts
Heater Current 0¢3 amp
Maximum Plate Voltage (Heptode) 250 volts
Maximum Screen Voltage (Heptode) 100 volts
Maximum Plate Supply Voltage (Triode) 25014 volts
FREQUENCY CONVERTER
Mixer Plate Voltage (Heptode) 250 volts
Mixer Screen Voltage (lleptode) 100 volts
Mixer Control Grid Blas Heptodsg -3 volts
Oscillator Plate Voltage (Triode 250:¢ volts
Oscillator Grid Resistor (Triode) 50000 ohms
Mixer Plate Current (Heptode) 1.2 ma
Mixer Screen Current (Heptode) 2.8 ma
Oscillator Plate Current (Triode) 5,0 ma
Oscillator Grid Current (Triode) 0,4 ma
Mixer Plate Reslstance (Heptode) (approx.) 4 megohm
Conversion Transconductance 290 umhos
Conversion Transconductance 2 umhos
(At mixer control grid blas = =20 volts)
# Applied through a 20000 ohm series resistor by-passed by a 0,1 uf con=
denser,
AVERAGE CHARACTERISTICS 6J86 AVERRGE CHARACTERISTICS
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6K5G

~f -
ST i2-DBULE
»
&
3
oy
% ¥
A2AS
A
At
T PRONG
SMALL
OCTAL BRSE

Utz

Plate Voltage

Grid Bias

Amplification Factor (approximate)

RAYTHEON

TRIODE
AMPLIFIER

Heater Type

Glass Bulb

The 6K5G 1s a triode type amplifier tube

designed for service as
coupled audio frequency

ers,

RATINGS

amplifier

Heater Voltage (a-c or d-o)

Heater Current

Maximun Plate Voltage

DIRECT INTERELECTRODE CAPACITANCES

Grid to Plate
Input
Output

AMPLIFIER ~ CLASS A

Plate Resistance (approximate )
Transconductance
Plate Current

The voltage between heater

where they are not directly connected.

a resistance

in
storage battery or a-c operated recelve

BOTTOM VIEW OF SOCKET
6.3 volts
0.3 amp

50 volts
2.0 unf
2.4 uuf
3.6 unf
250 volts

=3 volts
70

50000 ohms
1400 umhos
1.1 ma

and cathode should be kept as low as possible
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6K6G RAYTHEON

PENTODE
POWER ANPLIFIER
Heater Type Glass Bulb

ST 12-DBULE

4 A

The 6K6G 1is a pentode type power ampli-
A f'ier tube designed for service in the
N output stage of storage battery or a-c
18 Gox 3 operated receivers, The ratings and

) '°,3’¥ electrical characteristicsare identical
with those of the type 41.

7 3;%”20 BOTTOM VIEW OF SOCKET
TAL BASE RATINGS

UWU !\F Heater Voltage (a-c or d-o) 663 volts

R — Heater Current 0,4 amp

llaximum Plate Voltage 250 volts

:laximum Screen Voltage 250 volts

ALPLIFIER - 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 15

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 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 veed, the d-c resistance in the grid circuit should not
exceed 1 megohm with self-bias, or 0.1l megohm with fixed-bias.

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.

RAYERAGE PLATE CHARACTERISTICS RVERAGE CHARACTERISTICS
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80 P £39=250 6K6G :’_,--;.;"v s/gzwwusrzp 0
7 4 ::;-250’
» / Ege-18¥
as TPy “
. / B B p
/ L 20 b w0
© : /
[ A S
> 4 o #g N, *<
r] I‘ e ,_,é / \P"FNP 23
I/ 1 H £
osg & S
/A * *3
w) L -_,5‘6-5 5
as}' ” / l/:/ 1 222~ "E,
,,g I/ P Y
ll 4 =—20% ] 8
25 / sy
I/ _4+ u
20 I// =225 ,5§ QRENT, /zg
& a2 :%’ ¥
“ k30 "IE ——f% / s
L v — L C e %
s |l =3 ,.§ X 54 ¢
! | §1T N\A 3
0 0
0 4 80 /0 160 200 200 280 320 360 40 440 M0 z 4 6 8 0 A\
PLATE VOLTAGE - VOLTS LORD RESISTANCEKILONMS/

RAYTHEON ENGINEERING SERVICE



RAYTHEON

PENTODE
REMOTE CUTOFF ALIPLIFIER
Heater Type
letal Bulb-6K% 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 receilvers. The ratings and
electrical characteristics are identl-
cal with those of the type 78.
P BOTTOM VIEWOF SOCKET
6K7G- NO CONNECTION
7PRONSOCTALBASE RATINGS 70 #1 PIN
Heater Voltage (a-c or d-c) 6.3 volts
Heater Current 0,3 amp
laxinmum Plate Voltage 250 volts
Maximum Screen Voltage 125 volts
~if o _ DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate Input Output
K76 BK'7 0,005 max, 7 12 uuf
STi208H8 EKTGH* 0.005 max, 4.5 12 unf
§ AMPLIFIER -~ CLASS A
‘:,“ Plate Voltage 90 180 250 250 volts
§§:’ Screen Voltage 90 75 100 125 volts
/{m b Grid Bias =3 =3 =3 -3 min.volts
78 s 1% Suppressor Connected to Cathode at Socket
?’% Amplification Factor 400 1100 1160 990
7 PRonG Plate Realstance 0,315 1.0 0.8 0.6 megohm
SMALL Transconductance 1275 1100 1450 1650 pmhos
OCTAL BASE Plate Current 5.4 4 7 10.5 ma
— Screen Current 1,3 1 1.7 2,6 ma
UM”] ~e| orid Btas -38.5 32,5 -43,5 -53,5 volts
(For Transconductance = 2 umhos)
MIXER - SUPERHETERODYNE CIRCUIT
Plate Voltage 250 volts
Screen Voltage 100 volts
Grid Blast =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 internal shield in the 6K7G 1s connected to the cathode within the tube,

# With shell connected to cathode,

##With tube shield connected to cathode,

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

For additional curves refer to the type 78,

PLATE YOLTRGE-VOLTS GRID BIRS-YOLTS

AVERAGE PLATE CHARACTERISTICS 78 RAVERRGE CHRARACTERISTICS
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6L5G RAYTHEON
TRIODE
DETECTOR OR AMPLIFIER
Heater Type Glass Bulb
ST 12-0 8D
5
§ The 6L5G 1s a triode type amplifier tube
L. designed for serviceasa detector or am-
Y %% plifier in storage battery or a-c oper-
 §o § ated receivers requiring a low heater
;‘he current tube,
s | BOTTOM VIEW OF SOCKET
SMALL
PO Ly N RATINGS
D U .N_S Heater Voltage (a-c or d-c) 6.3 volts
h Heater Current 0.15 amp
———  Maximum Plate Voltage 250 volts
DIRECT INTERELECTRODE CAPACITANCES#
Grid to Plate 2.7 uuf
Input 3 Huf
Output 5 pef
AMPLIFIER - CLASS A
Plate Voltage 135 250 volts
Grid Bias -5 -9 volts
Amplification Factor 7 17
Plate Reslstance 11300 8900 ohma
Transconductance 1500 1900 pmhos
Plate Current 3.5 8 ma
Grid Bias for Plate Current Cutoff -11 -20 volts

The voltage between heater and ocathode should be kept as low as possible
where they are not directly connected,
#With tube shield connected to cathode,
RAVERAGE PLATE CHARACTERISTICS 6L5G RAVERAGE CHRIRACTERISTICS
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6L.6
6L6G RAYTHEON

TETRODE
POWER AMPLIFIER
Y Heater Type
Metal Bulb-6L6 Glass Bulb-6L6G
MTI0R BULE §
L!Q The 6L6 1s a tetrode type power amplifi-
% er tube designed for service in the out-
5% on ¥ put stage of storage battery or a-c op-
/6 max~] §| erated receivers.
By BOTTOM VIEW OF SOCKET
. RATINGS 616G~ NO CONNECTION
M /F T To#1 PIN
Heater Voltage (a-c or d-o)# 6.3 volts
Heater Current 0.9 amp
- Max. Plate Voltage 400 volts
‘*‘, Max, Screen Voltage 300 volts
7 m——' Max, Plate & Screen Dissipation (total)t 24 watts
PONG Max, Screen 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
ST16 BULS Amplification Factor 135
Plate Resistance 22500 ohms
Transconductance 6000 umhios
| No-Sig.Plate Current 72 48 24 57 ma
¥ Max,Sig. Plate Current 79 55 26 67 ma
\¥ No.Sig. Screen Current 5 2,5 0.7 2,5 ma
ron "J’S Max, -S1g. Screen Current 7.3 4,7 2 6 ma
mex § Load Resistance 2500 4500 14000 4000 ohms
R Total Harmonics 10 11 9 14.5 percent
"g@ Second Harmonic 9.7 10,7 8 11,5 percent
Third Harmonic 2.5 2.5 4 4,2 percent
Power Output 6,5 6.5 4.2 11.5 watts
7 PRONE
x".ﬁ’%[ AMPLIFIER -~ CLASS A - SELF-BIAS
UUL]U e Plate Voltage 373 300 250 volts
1| Screen Voltage 125 200 250 volts
- Self-Blas Resistor 365 220 170 ohms
Signal Peuk Voltage 8.5 12,5 14 volts
No-Sig. Plate Current 24 51 75 ma
Max,-Sig. Plate Current 24,3 54,5 78 ma
No~Sig. Plate Current 0,7 3 5.4 ma
Max.-Si1g. Screen Current 1.8 4,6 7.2 ma
Load Resistance 14000 4500 2500 ohms
Total Harmonics 9 11 10 percent
Second Ilarmonic 8 10,7 9.7 percent
Third Harmonic 4 2,5 2,5 percent
Power Output 4 6.5 6.5 watts
Continued on next page
RVERRAGE PLATE CHARACTERISTICS 6L6 AVERRGE CHARACTERISTICS
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6L6 6L6
6L6G RAYTHEON 6L6G

AMPLIFIER - OLASS A - PUSH-PULL - TWO TUBES
Fixed-Blas Self-Blas

Plate Voltage 375 max, 250 250 volts
Screen Voltage 250 max, 250 250 volts
Grid Blas =16 volts
Self-Bilas Resistor 125 ohms
Signal Peak Voltage (grid to grid) 32 35, 6 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 Harmonlcs 2 2 percent
Third Harmonic 2 2 percent
Power Output 14,5 13,8 watts
AMPLIFIER - CLASS ABj - PUSH-PULL - TWO TUBES
Fixed-Bias Self-Blas
Plate Voltage 400 400 400 400 400 400 volts
Screen 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 17 12 10,8 16 ma
Load Resistance (p to p) 8500 6000 6600 3800 8500 6600 ohms
Total Harmonlcs 2 1 2 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 ABg - PUSH-PULL - TWO TUBES
Fixed-Blas Fixed-Bias
Plate Voltage 400 400 volts
Screen Voltage 250 300 volts
Grid Bilas =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 maximwn 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,

tThe rated dissipation should not be exceeded with expected 1line voltage
fluctuations, especially in fixed-blas operation, Fixed-blas values up to
10% of each typical screen voltage can beused without increasing distortion,

1with i1deal driver and perfect power supply regulation,

AVERAGE PLATE CHARACTERISTICS 6L6 AVERAGE CHARACTERISTICS
63" 6L6G AMPLIFIER CIASS RS,
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RAYTHEON

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

The 6L71s a pentagrid type tube design-
ed for service as a mixer 1n storage
battery or a-c operated superheterodyne
receivers using a separate oscillaton

RATINGS
Heater Voltage 6.3 volts
Heater Current 0.3 amp
Max. Plate Voltage 250 volts %gg::éﬂ;%;f/ﬂ[ﬁf
DIRECT INTERELECTRODE CAPACITANCES BOTTOM VIEW OF SOCKET
6L7:¢ 6L7G*+
‘ii'i-w Grid #1 to Plate 0,0005 0,003 max. af
Grid #1 to Grid #3 0.12 0.15 mf
Grid #3 to Plate 0,025 0.25 ppf
Grid #1 to all other Elements 8.5 5.8 nuf
SroaC s % Grid #3 to all other Elements 11,5 11.5 g
3 Plate to all other Elements 12.5 9 apf
@vﬂ AMPLIFIER - CLASS A
b3 Plate Voltage 250 volts
= Screen (Grids #2 & #4) Voltage 100 max. volts
o0 " lomy Control Grid (#1) Blas -3 min, volts
% max 1 [ Control Grid (#3) Bias -3 volts
Amplification Factor 880
Plate Reslstance 0.8 megohm
75;‘;‘20 Transconductance 1100 pmhos
OCTAL BASE Plate Current 5.3 ma
-y Screen Current 6.5 ma
Uwﬂu e Transconductence 3] nmhos
AL | (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) Blas -3 -6 min., volts
Oscillator Grid (#3) Bias =10 -15 volts
escillator Peak Voltage (Grid #3) 12 18 volts
Plate Reslstance Greater than 1 megohm
Conversion Conductance 350 350 nmhos
Plate Current 2.4 3.3 ma
Screen Current 7.2 9.2 ma
Signal Grid (#1) Bias =30 -45 volts

(Conversion Cenductance=5 pmhos)

Skell connected to cathode.
» tuhe shield connected to catilode

The D-C resistance 1in the oscillator grid (#3) circult should not exceed
50000 ohms.

The vcltase tetween hester and cathode should be as low as possible where
they are not directly connected.
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6NS RAYTHEON

CATHODE RAY TUNING INDICATOR
Heater Type Glass Bulb
ST 12-0BUL8
X
§ The 61!5 18 a high vacuum type indicator D
Ek‘ tube designed for service as a tuning
x % 1Indicator 1in radio receivers requiring
§ a low heater current tube.
®
S
St s RATINGS
= Heater Voltage (a-c or d-o) 643 volts
ok lieater Current 0,15 amp
—11 Layimum Plate Supply Voltage 135 volts
iiaxlmum 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 Blas for Shadow Angle= o° (approx, =12 volts
Grid 32las fcr Shadow Angle=90° (approx, o] volts

The G6N5 is a high-vacuum tube designed to visually i1ndicate 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 varled. The voltage on the shadow control electrode,the
extenslon 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 voltate 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 1ncreases the
shadow, In practical use the control grid voltage 1s obtained from asult=-
able point in the AVC network,

AVERARGE CNARACTER!ISTICS
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6N6G
6N6MG

RAYTHEON

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

3 The 6N6G 1s a direct ocoupled power am=

«¥ plifier tube designed for service in

“"gn the output stage of storage batteryor

g a=-c operated receivers, The ratings

11 and electrical characterlstics are

< identical with those of the type 6B5.
BOTTOM VIEW OFSOCKET
EN6MG - SHELL CONNECTED

oo RATINGS 1041711y
Heater Voltage (a-c or d-¢) 6,3 volts
U@U e Heater Current 0.8 amp
—1 Maximum Plate Voltage 325 volts
AMPLIFIER -~ CLASS A

Output-Plate. Voltage 250 300 325 volts
SHEMG Input-Plate Voltage 250 300 325 volts
Grid Blas 0 o o volts

(METAL SNELL Amplification Factor 58
s Plate Resistance 24100 ohms
. - Transconductance 2400 pmhos
L g 00, k Output-Plate Current 33 45 51 ma
N Input-Plate Current 6.5 8 9 ma
A Load Resistance 7000 7000 7000 ohms
oame Total Harmonic Dist, 5 5 5 percent
15 apse Power Output 2.5 4 5.2 watts
Signal Voltage RMS 13.5 15 17 volts

T

AMPLIFIER = CLASS A = PUSH-PULL ~ TWO TUBES

Output-Plate Voltage 250 300 325 volts
Input-Plate Voltage 250 300 325 volts
Grid Blas 0 (o] 0 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 ilarmonic Distortion 5 5 5 percent
Power Output 8.5 10 13.5 watts
Signal Voltage RS (grid to grid) 38 38 42 volts

The voltage between heater and
case should the heater be left

cathode should not exceed 50 volts and in no
floating,

If a grid resistcr 1s used its valve should not exceed 0.5 megohm,

For additional curves refer to the type 6BS.
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RAYTHEON

TWIN TRIODE
POWER ALIPLIFIER
Heater Type
lletal Bulb-6N7 Glass Bulb-6l17G

The 6N7 1s 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 1dentical
with those of the type 6A6,
P BOTTOM VIEWOF SOCKET
6N7G-NO CONNECTION
To #/ PIN
RATINGS
Heater Voltage (a-c or d-c) 643 volts
Heater Current 0.8 amp
Maximum Plate Voltage 300 volts
Maximum Peak Plate Current (per plate) 125 ma
Maximum Average Plate Dissipation 10 watts
AMPLIFIER - CLASS B
Plate Voltage 250 300 volts
Grid Bias 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 Bilast =5 -6 volts
Amplification Factor 35 35

Plate Resistance 11300 11000 ohms
Transconductance 3100 3200 umhos

Plate Current

6 7
Load Resistance - Depends on the design of the following Class B amplifier.

Usually between ZOOOO and 40000 ohms,

Power @utput (approximate)

1The d-c resistance
self-bias or 0.1 megohm with fixed-b

ias,

400

For additional curves refer to the type GAG,

me

mw

in the grid circult should not exceed 0.5 megohm with

"
AVERAGE PLRTE' CHRRACTERISTICS 6R6 RVERRGE CHARACTERISTICS
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RAYTHEON

TRIODE-PENTODE

6P7G

~if o AIPLIFIER OR CONVERTER
Heater Type Glass Bulb
The 6P7G 1s a duplex tube, combining in
ST I2-DBULE one bulb a triode and a remote cutoff
pentode, designed for service as an os=-
§ cillator and mixer or as a high frequen=
X cy amplifier and second detector, in
Q;g storage battery or a-c operated receiv-
5{'% ers, The ratings and electrical char-
//5»%1 7&2 :}ci:eé';.;:j.g;vfrs identical with those of BOTTOM VIEW OF SOCKET
o
RATINGS
m’f Heater Voltage (a-c or d-c) 643 volts
OCTAL BASE Heater Current 0.3 amp
K DIRECT INTERELECTRODE CAPACITANCES
UU@D e Grid to Plate Input Output
— Triode Section # 2.0 3.5 3.0 JTITh o
Pentode Section#* 0,008 max, 3.5 12 T o

AMPLIFIER - CLASS A

Triode Section Pentode Section

Plate Voltage 100 max. 100 250 max, volts
Screen Voltage 100 100 max, volts
Grid Bias =3 -3 -3 min. volts
Amplification Factor 8 300 900

Plate Resistance 0,016 0.29 0.85 megohm
Transconductance 500 1050 1100 pmhos
Plate Current 3.5 643 6.5 ma
Sereen Current 1.6 1.5 ma
Transconductance (at =35 volts bias) 9 10 wmhos

FREQUENCY CONVERTER

Triode Section Pentode Section

Maximum Plate Voltage 100 volts
Maximum Screen Voltage 100 volts
idnimum Grid Blas 1 -3 # volts
Maximum Oscillator Plate Current(average) 4 ma
Typical Operations

Plate Voltage 1001 250 volts
Screen Voltage 100 volts
Grid Bilas 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
Screen 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 shileld connected to cathode and other section connected to grownd
Usually obtained by means of a grid leak.

Grid blas should be at least 3 volts greater thanthe peak oscillator volt=
age applied to the pentode grid.
fMay be obtained from 250 volt supply through 60000 ohm

AObtained by means of 1700 ohm cathode resiston

series resistor,

For additional curves refer to the type 6F7,

AVERAGE CHARACTERISTICS 6F7 RAVERAGE CHARACTERISTICS
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RAYTHEON

DUO-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 resistance coupled audio frequenoy
amplifier in storage battery or a-o op=-
erated receivers,

BOTTOM VIEWOFSOCKET
RATINGS 6Q7G-N0 CONNECT Ion
70 #/ PIN
Heater Voltage (a-c or d-c) 6.3 volts
Heater Current 0.3 amp
Maxismm Plate Voltage 250 volts

DIRECT INTERELECTRODE CAPACITANCES - TRIODE SECTION

Grid to Plate Input Output
6QT# 1.5 5.5 5 puf
6Q7G 1.3 2.7 4.5 it

AMPLIFIER - CLASS A - TRIODE SECTION

Plate Voltage 100 250 volts
Grid Blas -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

U
an le AMPLIFIER - CLASS A - RESISTANCE COUPLED -~ TRIODE SECTION

Plate Supply Voltage 100 250 volts
Grid Blas -1.1 -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 diode may be used as a half wave rectifier for
deteotion, and the other diode used as a rectifier to obtailn 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.,
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RAYTHEON

DUO-DIODE TRIODE
DETECTOR AMPLIFIER
Heater Type
Metal Bulb=-6R7 Glass Bulb-6R7G

The 6R7 is a duo-diode
plifier tube designed for service as a
combined diode detector, AVC rectifier
and audio frequency amplifier in storage
battery or a-c operated receivers,

triode type am-

RATINGS

Heater Voltage (a-c or d-eo)
Heater Current
Maxirum Plate Voltage

Grid to Plate Input
6R7# 2.5 5.5
6R7G 3.5 2,5
3
~§ AMPLIFIER - CLASS A = TRIODE SECTION
oy Plate Voltage
§ Grid Bias
; Amplification Factor
13 Plate Resistance

Transconductance

Plate Current

Load Resistance

Power Output (5% second harmonic)

OCTAL BASE

O

DIRECT INTERELECTRODE CAPACITANCES - TRIODE SECTION

BOTTOM VIEW OF SOCKET
6R7G-N0 CONNECT IoN
TO#7PIN
6.3 volts
0.3 amp
250 volts
Output
4.0 upf
4,5 puf
250 volts
-9 volts
16
8500 ohms
1900 Hwmhos
9.5 ma
10000 ohms
280 mw

AWMPLIF1ER - CLASS A - RESISTANCE COUPLED - TRIODE SECTION

Plate Supply Voltage 250 volts
Grid Bias (approximate) -6 volts
Platee Resistor 0,05 to 0,1 megohm
Plate Current 2,4 to 1.3 ma
Grid Resistori 0.5 megohm
Voltage Amplification 12

Voltage Output (RMS)I 51 volts

DIODE SECTION

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

except for the common cathode.
a full weve rectifier;

detection, and the other diode used as a rectifier to

voltare.

The voltage between icater and

where they arc nct directly connected.

#With shell ccnnected to cathode.
JFor followins tube.

The dlode may be used
or one dlode may be used as a half wave rectifier for

cathode should be kept

as a half wave or as

obtain delayed AVC

as low as possible

RVERAGE PLATE CHARACTERISTICS 6R7 RAVERAGE CHARACTERISTICS
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RAYTHEON

PENTODE
RELOTE CUTOFF ALPLIFIER

Heater Type

The 637G 1s a

er current tube,

RATINGS

pentode type
tube with remote cutoff characteristics
desiined for service as a high frequency
amplifier in storage battery or a-c op-
erated receivers requiring a

Glass Bulb

Heater Voltage (a-c or d-c¢)

Ieater Current

ilaximum Plete Voltage
ilaximua Screen Voltage

amplifier

low heat-

BOTTOM VIEW OF SOCKET

DIRECT INTERELECTRODE CAPACITANCES:¢

Grid to Plate
Input
Output

AI’PLIFIER -~ CLASS A

Amplification Factor
Plate Resistance
Transconductance

Plate Current
Screen Current
Grid Bias

(Transconductance = 10 umhos)

-#/ith tube shield,

volts

amp
volts
volts

wp
whf
wpf

volts
volts
volts

umhos
ma
ma

643
0.15
250
100
0,007 max.
4,6
7.8
135 250
67,5 100
-3 -3
Connected to Cathode at Socket
850 min, 1100 min,
0, 68 min, 0.63 min,megohm
1250 1750
3.7 8.5
0,9 2
-25 -38.5

volts

TRANSCONDUCTANCE - MICROMHOS

AVERAGE PLATE CHARACTERISTICS 6576 AVERRGE CHARACTERISTICS
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6TS RAYTHEON

CATHODE RAY TUNING INDICATOR

/_\ Heater Type Glass Bulb
T9-8UL8 g The 6T5 1s a high-vacuum type indicator
’or b3 tube with remote cutoff characteristics
"gaml" '«Q designed for service as a tuning 1indi-
ad cator in radio receivers, The shaded
E pattern on the fluorescent target 1s
= annular in shape.
e
BOTTOM Y/IEW OF SOCKET
6 PRONG RATINGS
SMALL BASE]
T Heater Voltage (a-c or d-c) 6.3 volts
- Heater Current 0,3 amp
[ Max, Plate Supply Voltage 250 volts
Max, Target Voltage 250 volts
TUNING INDICATOR
Plate Supply Voltage 250 volts
Target Voltage 280 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 Blas for llax, Shadow Diameter 0 volts

The 6T5 18 a high vacuum tube designed to visually indicate changes of con-
trol grid bias. With the triode sectlon connected as a d-c amplifier, the
voltage of the shadow control electrode which 1s connected to the triode
plate increases with anincrease of control grid blas and causes a reduction
in shadow dlameter. Similarly, a decrease of control grid blas increases
the shadow dlameter. In tuning indicator service the control grid bilas is
obtained from a suitable tap in the AVC network.

675

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

DUO-DIODE TRIODE

- fron DETECTOR AMPLIFIER
lieater Type Glass Bulb
ST 120 BULE
The 6T7G/686G 1s a duo~dlode triode type
> amplifier tube desligned for service as a
§ combined dlode detector, AVC rectifler,
i and audio frequency amplifier in storage
;§§ battery or a-c operated recelvers requir-
g0 - ing a low heater current tube. The
8 Max” ?5{;]«. 61'7G/6Q6G replaces the type 6Q6G, single- BOTTOM VIEW OFSOCKET
,,;b diode trilode,
7 pRonG RATINGS
OCTAL BASE
< lleater Voltage (a-c or d-¢) 6.3 volts
[] T\ Heater Current 0.15 amp
=1 llaximum Plete Voltage 250 volts
DIRECT INTERELECTRODE CAPACITANCES - TRIODE SECTION
Grid to Plate 1.3 upf
Input 2.7 upt
OQutput 4,5 put
ANMPLIFIER - CLASS A ~ TRIODE SECTION
Plate Voltage 135 250 volts
Grid Bias -1.5 -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 catihode., The dlodes may be used as a half wave or as
a full wave rectifier; or one diode may be used as a half waverectifier for
detectlon, and the other dilode used as a rectifier to obtaln delayed AVC
voltage.

RAVERAGE PLATE CHARACTERISTICS RAVERAGE CHARACTERISTICS
£p=6.3Y 6T 76/e066 £f-6.3Y
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6US RAYTHEON

CATIIODE RAY TUNIXNC INDICATOR

/\ Heater Type Glass Bulb
79-BULB The 6U5 1s a hizh vacuum type indicator
" § tube with remote cutoff characteristics
- /8 et X designed for service as a tuning indi-
~g cator In radio receivers, The ratings
xS and electrical characteristicsare iden=
§ tical with those of the type 6G5/6HS,
5
)
e - BOTTOM VIEW OF SOCKET
6 PEONG RATINGS
SMALL BASE
Heater Voltage (a-c or d-c) 6.3 volts
DU UU R Ileater Current 0.3 amp
gy ximum Plate Suprly Voltage 250 volts
—t 1 ximum Tarcet Voltage 250 volts
¥inimum Target Voltage 90 volts
TUIING 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 Rias) 0,19 0,19 0.24 ma
Gris Blas (appreximate) -8 -18,5 -22 volts
(For Shadow angle = 00 )
Grid ilas (apprcximate) (o} 0o o volts

(For Shadow angle = 909°)

The 6U5 1s a high vacuum tube designed to visually indicate the effect of
chanring the control grid blas, The shaded pattern produced on the fluores=
cent tarcet varies through an angle from 90° to approximately 0° as the
contrnl voltage is varied. The voltage on the shadow control electrode, the
extension of the triode plate between the cathode and target, controls the
cxtent of the shadec area., The voltage of the shadow control electrode is
determined by the voltage of' the control grid of the trliode 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 decreascs the shadow while a decrease of blas 1ncreases the
shadow, In practical use the control grid voltage 1s obtained from a suit-
able point in the AVC network,

AVERAGE CHARACTERISTICS 6G5/6HS AVERAGE CHARACTERISTICS
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6U7G RAYTHEON

PENTODE
Afla REMOTE CUTOFF AMPLIFIER
Heater Type Glass Bulb
§
R The 8UTG is a pentode type amplifier tube
ST 2L BULB| oy with remote cutoff characteristics de-
< signed for service as a high frequenoy
x amplifier or mixer in storage battery or
§ a-c operated receivers, The ratings
iy and electrical characteristicsare iden=
A tical with those of the type 6D6.
o8
/I{ fors RATINGS BOTTOM VIEW OF SOCKET
Heater Voltage {a-c or d-c)6.3 volts
7 PRONG Heater Current o amp
SMALL Mex, Plate Voltage 250 volts
OCTAL BASE Max, Screen Voltage 100 volts
ru
le b DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 0,007max.* puf
Input 4.8 upf
Output 9.0 nuf
AMPLIFIER « CLASS A
Plate Voltage 100 280 volts
Screen Voltage 100 100 volts
Grid Blas =3 -3 volts
Suppressor Connected to Cathode at Socket
Amplification Factor 375 1280
Plate Reslstance 0,25 0.8 megohm
Transconductance 1500 1600 umhos
Plate Current 8 8.2 ma
Soreen Current 2.2 2 ma
Grid Bias for Transconductance = 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 bias.

The shield in the dome of the tube 1s connected 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,

AVERAGE CHRRACTERISTICS 6D6  AVERRGE CHRARACTERISTICS
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RAYTHEON

TETRODE
T POWER AMPLIFIER
2
3

Heater Type
Metal Bulb=6V6 Glass Bulb-6V6G

B 3 The 6V6 1s a tetrode type power ame
plifier tube designed for service in
the output stage of storage battery
or a-c operated recelvers,

2.2,

RATINGS
Heater Volt,(a=-c or d-0)6.3  volts  ROTTOM VIEWOF SOCKET
Heater Current 0.45 amp  6V66 -0 CONNECTION
lMax. Plate Voltage 300 volts 0% PIN
Max, Screen Voltage 300 volts

Max, Plate and Soreen
Dissipation (total) 12,5 watts

EVEG AMPLIFIER - CLASS A

STie burs Plate Voltage 180 250 max, volts
A Screen Voltage 180 250 max, volts
§ Grid Blas# -8.5 =12,5 volts
:'In Signal Peak Voltage 8.5 12.5 volts

< Amplification Faotor 218
,,?‘M 3§ Plate Resistance 52000 ohms
il R Transconductance 4100 ymhos
Sle No=Signal Plate Current 29 45 ma
N liax,-Signal Plate Current 30 47 ma
No-Signal Screen Current 3 4.5 ma
"M;m Max,~Signal Screen Current 4 6.5 ma
OCTAL BASE Load Resistance 5500 5000 obms
Power Output 2 4,25 watts
U U [ Second ilarmonic 5.5 4,5 percent
_:P‘ Third Harmonic 2.5 3.5 percent

AMPLIFIER - PUSH-PULL - CLASS AB - TWO TUBES

Plate Voltage 250 300 volts
Soreen Voltage 250 300 volts
Grid Bilas: =15 ~20 volts
Signal Peak Voltage (grid to grid) 30 40 volts
Nc-Signal Plate Current 70 78 ma
lax,=Signal Plate Current 79 90 ma
T'o-Signal Screen Current S 5 ma
.'aX, =Siznal Screen Current 12 13.5 ma
Load Recistance (plate to plate) 10000 8000 ohms
Powier Jutput 8.5 13 watts
Third Ilarmonic 3.5 3.5 percent
Total Ilarmonics 4 4 percent
#{ransiormer Ar impedance input systems are recommended. If resistance

courling sed, the d-c resistance I1n the grid circuit should not exceed
0.5 megchm k self-hias, or 0,05 megohm with fixed-blas,

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

RAVERAGE Pl/”' [ CHARACT ERISTICS 6V6 AVERAGE CHARACTERISTICS
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RAYTHEON

DUO=DIODE TRIODE
DITECTCR AMT-LIFIER

‘rf i.eater Type Glass Bulb
>
§ The 6V7G i1s a duo-dlode trlode type ~n=
STi208uUB | piifier tube designed for servlce as
Py coribined diode detector, AVC rectifier,
i snd a-f amrlifier 1n storage battery or
| § &-c cperated recelvers, Tie ratings anc
L% electrical characteristics are identl-
i\:,\; cal with those of type 35,
% .
i RATTIGS BOTTOM VIEW OF SOCKET
“eater Voltagze (a=c or d-c)6.,3 volts
75’,::;”"25 eater Current 0.3 amp
”ﬂméﬂsf Jaximur late Voltage 250 volts
‘u:g DIRZCT ITTERELETTRODE CAFPACITAIICES « TRIODE SECTION
|
i .3
— Grid to Flate 1.7 wuf
Ir.put 2,0 upt
sutput 3.5 wef
AUFLIFIER « CLASS A » TRIODE SECTION
Plate Voltage 135 180 250 volts
Grid 2Zlas -10,5 -13.,5 -20 volts
Amplification Factor 8.3 8.3 8.3
Plate Reslstance 11000 8500 '7500 ohms
g;agscgnd;ct:nce 2597 96)'75 glOO pmhos
ate Curren . ma
Load Resistance 25000 20000 20000 ohms
Power Dutput 75 160 350 mw

DIODE SECTIOH

The two dlode units are independent of each other and of the triode sec-
tlon except for the common cathode, The dlodes may be used as a half wave
or as a full wave rectifler; or one dlode may be used as a half wave rec=-
tifler for detection, and the other dlode used as a rectifler 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 85 AVERRGE THARACTERISTICS
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6W5G RAYTHEON

TWIY DIODE
FULL VAVE IIIGH VACUUN RECTIFIER
ileater Type CGlass Bulb
ST 12-0 B8
3
;Q The 6W5G 1s a full wave high vacuum
o type rectifier tube designed for service
. § 1in elther vibrator type or a-c operated
1 .= power supplies.
3 S
<t
6 PRONG BOTTOM VIEW OF SOCKET
SMALL - COVDE : TpT
DCTAL BASE FULL WAVE RECTIFIER COFDEXTSER OR CHOKE I!IPUT FILTER
U U ‘.;Q Heater Voltage (a-c or d-c) 6.3 volts
et lleater Current 0.9 amp
— Maximun A-C Voltage per Plate (RMS) 350 volts
laximum D=C Output Current 100 ma

Maximum D-C Voltage between Heater and Cathode 500 volts

AVERARGE OUC PUT CHARRCTEPRISTICS 6WS6 AVERRGE PLAT E CHARATERISTICS
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RAYTHEON

TWIN DIODE
¥ FULL WAVE HIGH VACUUM RECTIFIER
Heater Type
lhetal Bulb-6X5 Glass Bulb-6X5G

;o The 6X5 is a full wave high vacuum type

rectifier tube designed for service in
power supplies for storage battery or
a~¢ operated reoelvers,

Te
1 V.
] FULL WAVE RECTIFIER

Condenser or Choke Input Filter

Heater Voltage (a-c or d-c)

Heater Current

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

liaximum D-C Voltage between

AVERAGE TUBE VOLTAGE DROP
(At 75 ma. output current per plate)

operated in serles,

Heater and Cathode

BOTTOM VIEWOF SOCKET
6X5G~ NO CONNECTION
TO#1PIN.
643 volts
0,6 amp
350 volts
1250 volts
78 ma
400 volts
22 volts

There gre certain32 volt recelvers designed wlth 6X5G tubes
The filament current value usedin this
design was 0,5 ampere, Type 6X5G tubes marked ‘500 under the
- type designation may be obtalned for this service,

AVERAGE OQUTPUT CHRRACTERISTICS 645 AVERAGE PLATE CHARACTERISTIC |
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6Y6G RAYTHEON

TETRODE

Heater Type

\§ fler tube designed for
N having relatively low pla
ages.

RATINGS

Heater Voltage (a-c or
Heater Current

Maximum Plate Voltage
Maxlomum Screen Voltage

AMPLIFIER - CLASS A

Plate Voltage

Screen Voltage

Grid Bilas

Signal Peak Voltage
Amplification Factor

Plate Resistamoe (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

The voltage between heater and cathode should be

where they are not directly connected.

I POWER AMPLIFIER

Glass Bulb

§ The 6Y6G 1s a tetrode type power ampli-

service in the

‘Sgoutput stage of a-c operated receivers

te supply volt-

d-c)

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 unhos
58 ma
60 ma
3 ma
17 ma
2000 ohms
2.5 percent
9 percent
3.6 watts

kept as low as possible

RAVERRGE PLATE CHARACTERISTICS 6Y66 AVERAGE CHARACTERISTICS
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6Y7G

s

8 mm
DCTﬁL !ﬂSf

O |

1 Glass Bulb
sTizoms .g Heater Type

MY The 6Y7G 1s a twin triode type power am-

$® ers, The ratings and electrical charac-

RAYTHEON

TWIN TRIODE
3 POWER AMPLIFIER

| plifier tube desligned for service as a
§ Class B amplifier in the output stage of
¥ gtorage battery or a-c operated receiv-

teristics are identiecal with those of
the type 79.

RATINGS BOTTOM VIEW OF SOCKET
Heater Voltage (a=-c or d=-6) 6,3 volts
Heater Current 0.6 |mp
Maximum Plate Voltage 250 volts
Max, Peak Plate Current 90 ma

(per plate)
Max., Av, Plate Dissipation 11,5watts

AMPLIFIER = CLASS B

Plate Voltage 180 250 volts
Grid Blas 0 volts
No-Signal Plate Current (per plate) .’5 8 5.3 ma
Load Resistance (plate to plate) 7000 14000 ohms
Power Output 5.5 8 watts

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

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

For additional curves refer to the type 79.
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6Z7G RAYTHEON

TWIN TRIODE
POWER AMPLIFIER
Heater Type

ST 12088 § Lueal Grid Glass Bulb
oy
™| The 627G 1s a twin triode type amplifier
§ tube designed for ser:i;ice as a Class B
g Dpower amplifier in the output stage of
,'é'on [y storage battery or a-c operated receiv-
MAX. ers requiring a low heater current tube.
°5271”f BOTTOM VIEW OF SOCKET
ocTat BRsE RATINGS
U U e Heater Voltage (a-c or d-c)6.3 volts
)t ileater Current 0.3 amp
Maximum Plate Voltage 180 volts
Max, Peak Plate Current 60 ma
(per plate)
Max,Av, TPlate Dissipation 8 watts
AVMPLIFIER « CLASS B
Plate Voltage 135 180 volts
Grid Blas 0o 0 volts
No-Signal Plate Current (per plate) 3 4.2 ma
Load Resistance (plate to plate) 15000 20000 ohms
vower utput 1.5 2.2 watts
(:4th averace power input = 80 mw. grid to grid)
Load Resistance 9000 12000 ohms
Power Output 4,2 watts

2.8
(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.

AVERAGE PLATE CHARACTERISTICS 6E7G AVERAGE CHARACTERISTICS
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6ZYS5G RAYTHEON

TWIN DIODE
FULL WAVE HIGH VACUUII RECTIFIER
Heater Type Glass Bulb
ST 12-DBULB
%
‘§ The 6ZY5G 1s a full wave high vacuum
:N) type rectifier tube designed for service
. x% 1n power supplles for storage battery
/;‘?f,ﬁx § or a~¢c operated recelvers requiring a
) :,Q low heater current tube.
()
ssml:a BOTTOM VIEW OFSOCKET
L
OXTAL BsE FULL WAVE RECTIFIER
T
—
Heater Voltage (a-c or d-e¢) 6.3 volts
Heater Current 0.3 amp
Maximum A-C Voltage per Plate (RUS) 350 volts
llaximum D-C Output Current 35 ma
Maximum Inverse Peak Voltage 1000 volts
Maximum Peak Plate Current per Plate 150 ma
Ilaximum D-C Voltage between
Heater and Cathode 400 volts
AVERAGE TUBE VOLTAGE DROP (approximate) 16,5 volts
(At 35 ma. output current per plate

VERAGE OUTPUT CHRRRCTERISTICS 62ZY5G RVERRGE PLATE
£e63Y CHARACT ERIST IC
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10 RAYTHEON 10
TRIODE
POWER Ai.PLIFIER
Filament Type Glass Bulb eo 09
ST /5 8ULB
5 The 10 1s a triode type amplifier
& tube designed for service in the out- Q o
Ry put stage of power amplifiers, 0 o
g
1*on %' RATINGS BOTTOM VIEW OF SOCKET
2B mai s
:’N Filament Voltage (a-c¢ -r d-o) 7¢5 volte
[ Filament Current 1,25 ap
LNaximum Plate Voltage 425 volts
laximum Plate Dissipation 12 watts
4 PRONG
preiyos DIRECT INTERELECTRODE CAPACITALCES
G6rid to Plate 7 uuf
H Input 4 [Til5 o
't Output 3 wef
AMPLIFIER ~ CLASS A
Plate Voltage 250 3560 425 volts
Grid Bilast -23.5 -32 =40 volts
Signal Peak Voltage 18.5 27 35 volts
Amplification Factor 8 8 8
Plate Reslstance 6000 5150 5000 ohms
Transconductance 1330 1550 1600 umhos
Plate Current 10 1 18 ma
Load Resistance 13000 11000 10200 ohms
Power Output 0.4 0.9 1.6 watts
AMPLIFIER ~ CLASS B -~ TWO TUBES
Maximum Plate Voltage 425 volts
Maximum Plate Current with Signal (per tube) 60 ma
Maximum Plate Input with Signal (ger tube) 25 watts
Maximum Plate Dissipation (per tube)i 12 watts
Typical Operation:
Plate Voltage 250 350 425 volts
Grid Biast (approximate) -28 -40 -50 volts
Signal Peak Voltage (approximate) 110 120 130 volts
No-Signal Plate Current (per tube) 4 4 4 ma
Max,-Signal Plate Current (per tube) 55 55 55 ma
Load Resistance (plate to plate) 4000 6000 8000 ohms
Power Output (approximate) 13 20 25 watts
Driving Power - grid to grid (approx.) 2,1 2,3 2.5 watts
1Grid bias values are given with respect to the mid-point of a-c operated

filament,

d.oc, 1s used the tabulated values of grid bilas should be

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

IAveraged over any audlo frequency cycle,

AVERAGE PLRTE CHARACTERISTICS 10 AVERRGE CHARACTERISTICS
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12A RAYTHEON 12A

TRIODE
DETECTOR OR AUPLIFIER

Fllament type Glass sulb 90 Q
STi4 BuUL8 6
;_e The 12-A isa triode type amplifier tube
X designed for service as a detector or
3o amplifier In storage battery operated oe oo
/.é’.f:z x¥ recelvers,
T
R BOTTOM VIEW OF SOCKET
| marIves
4 PRONG Filament Voltage 5,0 d-o volts
MED. BRSE Fillament Current 0,25 amp
Jlaximum Plate Voltage 180 volts
«
00
S 5 DIRECT INTERELECTROBE CAPACITANCES

Grid tc Plate 7.5 upf
Input 4 uf
Output 3 puf
AMPLIFIER - CLASS A
Plate ‘Joltage 90 135 180 volts
Grid Blas -4.5 -9 -13.5 volts
Amplification Factor 8.5 8.5 8.5
Plate Resistance 5400 5100 4700 ohms
Transconductance 1575 1650 1800 pmhos
Plate Current 5 6,2 7.7 ma
Load Resistance 5000 9000 10650 ohms
Power Output (5% second harmonic) 0,035 0.13 0,285 watts

If a grid resistor is used, its 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 0425 to § megohm
Grid Condenser 0,00025 uf
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12A5

RAYTHEON

PENTODE

3 POWER AMPLIFIER
Heater Type Glass Bulb
ST 12-0 8UL8
§
& The 12A5 is a pentode type power ampli-
w fler tube having two heaters which may
Y xY be connected in series for a heater
18 § voltage of 12,6 volts, or connected in
b parallel for a heater voltage of 6.3 volts,
e BOTTOM VIEW OF SOCKET
P hy 1 RATINGS Series Parallel
Conneetion Connection
%)
Ul II IU ot Heater Voltage (a-c or d-c) 12,6 6.3 volts
{1 Heater Current 0.3 0.6 amp
Maximum Plate Voltage 1380 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 umhos
No-Signal Plate Current 17 45 ma
No-Signal Screen Current 3 8 ma
Load Resistanoce 4500 3300 ohms
Second Harmonic 2.5 6.5 percent
Third Harmonic 9 8 percent
Power Output 0,7 3.4 watts
RVERRGE PLATE CHARACTERISTICS 12RS RVERRGE CHRRACTERISTICS
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12A7 RAYTHEON

DIODE-PENTODE

R ] RECTIFIER-POWER AMPLIFIER
Heater Type Glass Bulb
ST 120808 The 12A7 1s a diode-pentode type tube

»; designed for sexvice as a half wave rec-
§ tifier and power amplifier in the out-
El:‘, put stage of a=c - d=-c receivers,

3 Y
<
oo |I»% | RaTINGS
4 T BOTTOM VIEWOF SOCKET
™ Heater Voltage (a-c or d-c) 12,6 volts
Heater Current 0.3 amp
7 PRONG Pentode Section
SMALL BASE Maximum Plate Voltage 135 volta
= Maximum Screen Voltage 135 volts
U=l
AMPLIFIER = CLASS A - PENTODE SECTION
Plate Voltage 135 volts
Screen Voltage 135 volts
Grid Bilas -13.5 volts
Amplification Factor 100
Plate Resistance 0,102 megohm
Transconductance o7s pmhos
Plate Current 9 ma
Sereen 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-RVERAGE PLATE CHARACTERISTICS  12RT  RVERAGE CHARACTERISTICS
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Y e Ep=12.6" Ep=135Y Eggui3s" Eo=-13.5"
/"y SIGNAL ADIUSTED TO I * L
|25
Y 500 W oy

20 § / O il 25 8

i o §

/1A I R EENN
5 = 3 Cannnl

s/ 1] N
0 & / -—i3.5Y 255

3 ——— 8

W W L1 --18.0" §
5 & 225" b g

& -1 r=i7g §r
0 o 20 40 60 &0 120 o0 180 200 220 200"

O AT NoLTAGE- VoL TS
o AVERAGE OUTPUT CHARACTERISTICS
Ep=i12.6¥ RECTIFIER SECTION Fo

0 m—

Iy ~ 8er

B ™o [ g D]
LA ~OTR o

> . ~ ~ SZor s 5

N gy o

wg A‘\F N \44,-\ s s \

g ~ b of | O el
08 TS 3 < r<

N Eqc =25 N S ’<
60 § Epc= nsv 5 § === N

- g 1
o & [ 0¥ N\
0 5 o 15 2 25 30 a5 &6 8 o 12 8 &'\;
OC OUTPUT CURRENT—MR. (1) LORD RESISTRINCE-K ILONMS,

RAYTHEON ENGINEERING SERVICE




12Z3 RAYTHEON 12Z3

DIODE

o HALF WAVE HIGH VACUUM RECTIFIER
Heater Type Glass Bulb % Q’Q
ST 12-08U8
:;* The 1223 1s a half wave high vacuum type
X rectifier tube designed for service in 0 0
! a-0 = d=c receivers. o o
£ §
i BOTTOM VIEW OF SOCKET
«peons| || EALF WAVE RECTIFIER
SMALL BRSE] l Condenser or Choke Input Filter
N2 Heater Voltage (a-c or d-c) 12.6 volts
‘ol 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)
S AVERAGE OUTPUT CHARACTERISTICS AVERAGE PLATE
30 N— Ep=i2.6" 12E3 CHARACT ERISTIC
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15 RAYTHEON

PENTODE
AMPLIFIER
Heater Type Glass Bulb

heater type tube.

RATINGS

Heater Voltage
Heater Current
7 PRONG Max. Plate Voltage
SMALL BASE Max. Screen Voltage

N
U
DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate (with shield)

Input
Output

AMPLIFIER -~ CLASS A

Plate Voltage 67.5
Screen Voltage 67.5
Grid Bilas -1.5
Amplification Factor 450
Plate Resistance 0.63
Transconductance 710
Plate Current 1.85
Screen Current 0.3

The 15 1s a pentode type amplifier tube
designed for service in battery operat=
ed recelvers requiring a low voltage

BOTTOM VIEW OF SOCKET
2.0 d-o volts
0,22 amp
135 volts
67.5 volts

0,01 max.

0.3

upf
uuf
wuf

volts
volts
volts

megohm
nmhos

ma

The voltage between heater and cathode should be as low as possible. It

should never exceed 22.5 volts.

AVERAGE PLATE CHARACTERISTICS 15 RYERAGE CHARACTERISTICS
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19 RAYTHEON 19

TWIN TRIODE

POWER AMPLIFIER
Filament Type Glass Bulb
ST12-08U8
%
.§ The 19 1s a twin triode type power am-
™ plifier tube designed for service as a
, ;‘* Class B amplifier in the output stage of
§ 5 & | pattery operated recelvers. The ratings
%% and eleotrlcal characteristics, except
™'} filament current, are identical with
& PEONG those of the typé 1J6G. BOTTOM VIEW OF SOCKET
SMALL BASE]
V| RATINGS
L Fllament 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 curves refer to the type 1J6G,
AVERAGE PLATE CHARACTERISTICS AYERAGE CHARACTERISTICS
(£AcH TRI0DE UMIT) 19 CLASS 8 OPERATION
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20 RAYTHEON
TRIODE
/T POWER ANPLIFXER
Filament Type Glass Bulb
79 BULE
'-/.‘;".;'2;-« ?fs The 20 1s a triode type power amplifier
b LY tube designed for service in the output
&’
n@ stage of battery operated recelvers,
4 PRONG
SMRLL BASE RATINGS
¥ Fillament Voltage 3.0
‘o Filament Current 0,125

Maximum Plate Voltage

DIRECT INTERELECTRODE CAPACITANCES

Grid to Plate
Input
Output

AMPLIFIER - CLASS A

Plate Voltage 90
Grid Blas ~16.5
Amplification Factor 3.3
Plate Resistance 8000
Transconductance 415
Plate Current 3
Load Resistance 9600
Power Output (5% second harmonic) 45
22 RAYTHEON
TETRODE
B d AMPLIFIER
Filament Type Glass Bulb

STiq BULS
%
x
R
o]
§
3
]
S
4 PRONG
MED. BRSE

U0 =

The 22 1s a tetrode type amplifier tube
designed for service as a highfrequency
amplifier in battery operated receivers,

RATINGS

Filament Voltage
Filament Current
Maximum Plate Voltage
Maximum Screen Voltage

DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate

Input
Output

AMPLIFIER -~ CLASS A

Plate Voltage 135
Screen Voltage 45

Grid Bias ~1l.5
Amplification Factor 270
Plate Resistance

Transconductance 375
Plate Current 1.7
Screen Current 0.6

If a grild resistor 1s used,

#With tube shield

@

20

&

o 5

£

BOTTOM VIEW OF SOCKET
3.3 d=-o volts
0,132 amp

volts
4.1 Ul
2,0 wif
2.3 TS 3
135 volts
~22,5 volts
3.3
6300 ohms
525 pmhos
6.5 ma
6500 ohms
110 mw

22

&
4

/NG

BOTTOM VIEW OF SOCKET

3.3 d-o volts

0,132

135
67.5

amp
volts
volts

0,020 max.# puf

343
12

1ts value should not exceed 5 megohms
screen voltage of 45 volts,or 1 megobm witha screen voltage of 67.5

RAYTHEON ENGINEERING SERVICE
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24A RAYTHEON 24A

TETRODE
ﬁxf}-an DETECTOR OR AMPLIFIER
feater Type Glass Bulb
STI? BULS The 24-A 1s a tetrode type amplifier D
. tube designed for service as adetect-
& or amplifier in a-o operated recelv-
~¥ ers.
Ry
=3
& §,| RATmves BOTTOM VIEW OF SOCKET
A Heater Voltage (a-c or d-c) 2.5 volts
Heater Current 1,75 amp
e Maximum Plate Voltage 250 volts
A‘fémgt Maximum Screen Voltage 90 volts
1 DIRECT INTERELECTRODE CAPACITANCES
N
UUU”” k"'w"_ Grid to Plate 0,007 max,# puf
Input 5 et
Output 10.5 uef
ANPLIFIER - CLASS A
Plate Voltage 180 25C volts
Screen Voltage 90 90 volts
Grid Bias -3 -3 volts
Amplification Factor 400 630
Plate Resistance 0.4 0.6 megohm
Transconductance 1000 1050 wmhos
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 RAVERAGE 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-ced-c receivers,
The ratings and electrical character-
i1stics are identical with those of the
type 43.
BOTTOM YIEW OF SOCKET
RATINGS 25066 - WOCONNECTION
70 #7201
Heater Voltage(a-c or d-0)25 volts
Heater Current 0.3 amp
Max., Plate Voltage 180 volts
Max. Soreen Voltage 135 volts
25066
STI4 BB
x AMPLIFIER ~ CLASS A
X
& Plate Voltage 95 135 180 volts
‘v Soreen Voltage 95 135 135 volts
/f"" §V Grid Bias -15 =20 =20 volts
MEK 3 Amplification Factor (approxg 90 85 100
*\Q Plate Reslstance (approx.) 45000 35000 40000 ohms
A2 Transconductance 2000 2450 2500 pwmhos
Plate Current 20 37 38 ma
7 PRONG Screen Current 4 8 7.5 ma
M%‘;"Z’ﬂ‘;[ Load Resistance 4500 4000 5000 ohms
Total Harmonic Distortion 11 9 10 percent
D 110 Power Output 0.9 2 2,75 watts
e

Heater to cathode bilas should not exceed 90 volts d-o, as measured between
the negative heater terminal and the cathode.

For additional curves refer to the type 43,

AVERAGE PLATE CHARACTERISTICS 43 RVERAGE CHARACTER/STICS
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25A7G RAYTHEON

DIODE PENTODE
RECTIFIER POWER AMPLIFIER
Heater Type Glass Bulb

ST/¢4 BULS

The 25A7G is a diode-pentode type tube
designed for service as a half wave
rectifier and power amplifier 1n the
output stage of a-c = d-c recelvers,.

BOTTOM VIEW OF SOCKET
RATINGS
8 PRONG
x%i’%[ Heater Voltage (a-¢ or d-e¢) 25 volts
Heater Current 0.3 amp
Pentode Section
liaximum Plate Voltage 100 volts
laximum Screen Voltage 100 volts
AIPLIFIER = CLASS A - PENTODE SECTION
Plate Voltage 100 volts
Screen Voltage 100 volts
Grid Bias -15 volts
Amplification Factor 90
Plate Resistance 30000 ohms
Transconductance 1800 wmhos
Plate Current 20.5 ma
Screen Current 4 ma
Load Resistance 4500 ohms
Total Harmonic Distortion 9 percent
Power Output 0.77 watts
HALF WAVE RECTIFIER - RECTIFIER SECTION
Maximum A-C Plate Voltage RMS 125 volts
Maximum D-C Output Current 75 ma

RVERAGE PLATE CHARACTERISTICS 25A7G AVERRAGE CHRRACTERISTICS
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25B6G RAYTHEON

ALIGNED GRID PENTODE
POWER AMPLIFIER
Heater Type Glass Bulb

. The 25B6Gia en alignedgrid pentode type
Q& power amplifier tube designed for ser=
»X viece in the output stage of a«c = d-c

'lw receivers,
t'& RATINGS BOTTOM VIEW OF SOCKET
)
Heater Voltage (a-¢ or ti-c) 25 volts
Heater Current 0.3 amp
Maximum Plate Voltage 95 volts
Maximum Screen Voltage 95 volts

AMPLIFIER - CLASS A

Plate Voltage 95 volts
Screen Voltage 95 volts
Grid Bias ~15 volts
Plate Resistance Subject to considerable variation
Transconductance 4000 umhos
Plate Current 45 mu
Screen Current 4 ma
Load Resistance 2000 ohms
Total Harmoniecs 10 peroent
Power Output 1.75 watts

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

RVERRGE PLATE CHARACTERISTICS 25866 RYERARGE CHARACTERISTICS
Egx25Y  Eggm95Y CLASS A OPERATION
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245

7 MAX-

25166
ST/4 BuLe

RAYTHEON

TETRODE
POWER AMPLIFIER
Heater Type
letal Bulb-25L6

The 25L6 1is
plifier tube designed for

eras,

RATINGS

Heater Voltage (a-c or d-c)

Heater Current
Maximum Plate Voltage
Maximum Screen Voltage

AMPLIFIER - CLASS A

Plate Voltage

Screen Voltage

Grid Blasi#

Signal Peak Voltage
Amplif'ication 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 Harmonle Distortion
Power Output

Glass Bulb-25L6G

a tetrode type power am-
service in
the output stage of a-o - d-o receiv-

BOTTOM VIEW OF SOCKET
2516690 CONNECTION
TO#1PIN

25 volta

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

If

0.5 megohm with self-blas, or 0.1l megohm with fixed-bias.

resistance

in the grid circult should not exceed

PLATE CHRRACTERISTICS 25L6 RVERAGE CHRRACTERISTICS
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RAYTHEON

TWIN DIODE

2575

HIGH VACUUM RECTIFIER
VOLTAGE DOUBLER
Heater Type Glass Bulb
g
X The 2525 1s a high vacuun type rectifi-
é"l‘s er tube designed for service as a half
b3 wave rectifier or voltage doubler in
3,,&, a-¢c - deo recelvers.
e BOTTOM VIEW OF SOCKET
VOITAGE DOUBLER
=
UU Uﬂ ko Heater Voltage (a-c or d~o) 25 volts
PR § Heater Current 0.3 amp
Maximm A-C Voltage per Plate (RMS) 125 volts
Maximum Peak Plate Current 500 ma
Maximum D-C Output Current 100 ma
HALF-WAVE RECTIFIER
Without With
Serles Reslstor S2rles Reslstors
Heater Voltage (a-c or d-c) 25 25 volts
Heater Current 0.3 0.3 amp
Maxirum A~C Voltage per Plate (RMS) 125 250 volts
Maximum Peak Current per Plate 500 500 ma
Maximum D-C Output Current per Plate 85 85 ma

As a half-wave rectifler, the two sections may be used elther separately or
connected in parallel,

#A-C plate voltages greater than 125 volts require the use of a 100 ohm
serles reslstor in each plate lead or a 100 ohm series reslstor common to
both plates. The latter connectlon gives somewhat poorer regulation,.

AVERAGE PLATE

} AVERAGE OUTPUT CHRARACTERISTICS
300 . Ege25Y VOLT AGE DOUBLER CIRCUIT
N YOLTRGE Ene y
00 N DOUBLER usv
~
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RAYTHEON

TWIN DIODE
HIGH VACUDM RECTIFIER
VOLTAGE DOUELER
Heater Type
ietal Bulb-25Z6 Glass Bulb-25Z6G

The 2526 is a high vacuum type rectifi-
er tube desglgned for service as a half-
wave rectifier or voltage doubler in

a-c d=o0 recelvers, BOTTOM VIEW OF SOCKET
2526G-NO CONNECTION

VOLTAGE DOUELER T0 #1PIN
Heater Voltage (a-c or d-c) 25 volts
Heater Current 0.3 amp
Maximum A-C Voltage per Plate (RMS) 125 volts
Maximum Peak Plate Current 500 ma
Maximum D=C Output Current 85 ma

HALF WAVE RECTIFIER

Without With

Series Series

Resistor Reslstor#
Beater Voltage(a-c or d-o) 25 25 volts
Heater Current 0.3 0.3
Max, A-C Voltage per Plate (RIIS) 125 250 volts
Max, Peak Plate Current per Plate 500 500 me
Max, D=C Output Current per Plate 85 85 ma

As a half-wave rectifier, the two sections may be used eilther separately or
connected in parallel,

#A-C plate voltages greater than 125 volts require the use of a 100 ohm ser=
ies resistor in each plate lead or a 100 ohm series resistor commonto both
plates. The latter connectlon gives sorewhat poorer regulation,

220

\ AVERAGE OUTPUT CHRRACTERISTICS AVERAGE PLATE
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26 RAYTHEON 26
TRIODE
3 AMPLIFIER
Filament Type Glass Bulb 90 QQ
ST14 BULB
§
.S The 26 1s a trlode type amplifier tube
Yo designed for service 1in a-o0 operated
xS~ receivers, 00 %
e 3
e BOTTOM VIEW OF SOCKET
Q
RATINGS
£ PRONG Filament Voltage (a-c or d-oc) 5 volts
MEP. BRSE Filament Current 1,05 ep
Maximum Plate Voltage 0 volts
L3
I %
— 1 |. DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 8.1 unt
Input 345 1115 o
Output 2.2 uuf
AMPLIFIER ~ CLASS A
Plate Voltage 90 135 180 volts
Grid Blast -7 =10 -14,5 volts
Amplification Factor 8,3 8,3 8.3
Plate Reslstanoce 8900 7600 7300 obms
Transoconductanoce 935 1100 1150 wmhos
Plate Current 2.9 5,5 6.2 ma

1Grid Blas measured from mid~point of a-o operated filament.
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27 RAYTHEON 27

TRIODE
DETECTOR OR AIPLIFIER (3)
Heater Type Glass Bulb (G}
ST 12-DBUE
b3
;09 The 27 1s a triode type amplifier tube aD GD
é‘l’ designed for service as a detector or
emplifier in a-c operated recelvers,
AT F—8
3\&
RATINGS
5PRONG BOTTOM VIEW OF SOCKET
| SAMRLL BRSE Heater Voltage (a=oc or d-c) 2.5 volts
Heater Current 1,75 anp
UUUUU %' Maximum Plate Voltage 250 volts
— 1t
DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 3.3 uuf
Input 3.5 upf
Output 3.0 puf
AMPLIFIER - CLASS A
Plate Voltage 90 135 180 250 volts
Grid Bilas -6 -9 -13.5 =21 volts
Amplification Factor 9 9 9 9
Plate Resistance 11000 9000 9000 9250 ohnms
Transconductance 820 1000 1000 o785 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 Blas (approximate) ~30 -33 volts
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 to § megohms
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 ma,

RAVERAGE PLRTE CHRARACTERISTICS 27 RVERREE CHRRACTERISTICS
Ep=2.5Y Ep=2.5Y
Ep=250Y
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30 RAYTHEON 30

TRIODE

DETECTOR OR ALPLIFIER % &Q

Fillament Type Glass Bulb

ST 12-D BUB

Tive 30 is a tricde type amplifier tube
des

zned for scrvice as a detector or
applifier In battery operated recelvers,
The ratings and electrical characteris- o o
tics are identical wilth those of the o o

type 1H4G.
TTOM VIEW OF SOCKi
RATTIGS BorToM OF SOCKET
o Heater Voltage 2.0 d=-¢ volts
eoNG i
Heater Current 0,060 amp
SMALL BASE lisximum Plate Voltage léO volts
U U ‘9g| DIRECT INTERELECTRODE CAPACITANCES
—LL rig to Plate 5,0 wt
Input 3.7 upt
Output 2,1 puf
AUPLIFIER - CLASS A
Plate Voltage 90 135 180 volts
Grid ilas -4,5 -9 -13.5 volts
Amplification Factor 9,3 9.3 9.3
rlate Resistance 11000 10300 10300 ohms
Transconductance 850 900 900 rwmhos
Flate Current 2.5 340 3ol ma
If e grid resistor is used, 1ts value should not exceed 2 megohms,
ALPLIFIER - CLASS B -~ TWO TUBES
Maximun ’late Voltage 130 volts
iaximum reak Flate Current (per tube) 50 ma
liaxirmun il0-Signal Plate Currcnt {per tuwe) 1.5 ma
Typical Operation:
Flate Voltage 157.5 volts
Grid Bias -15 volts
ijo=8irmal Plate Current (per tube) 0.5 ma
Load Resistance (plate to plate) 2000 ohms
Power Outputt 2.1 watts
(With average power invut = 260 mw, grid to grid)
DETECTOR ~ BIASED TY?PE
Plate Voltage 90 135 180 volts
Grid Bias (ap}zroxi ate) -9 -13,5 <18 volts
Plate Currenti Adjusted to 0.2 ma, with no signal
PET'ECTOR = GRID LEAX TYPE
Plate Voltace 45 max, volts
Grid Returned to rositive filament
Grid Leak Resistance 1 to 5 megohms
Grid Condenser 0.00025 154

$vith one type 30 as drlver cperated at plate voltage of 157.5 volts, srid
bilas of -11.3 volts,plate load of approxirmately 18007 ohms,and input %ranﬂ-
former ratio,primaryto 1/2 secondary,of 1,165, Total distortionis 6fto 7%,
iWith normal maximum si-nal the average d-¢ plate current chould rot exceed

2na,
For additional curves refer to the type 1H4G,

RAVERAGE PLATE CHARACTERISTICS 30 AVERAGE CHARACTERISTICS ]
Eg=2.0'0C IH3G Egu2.0Y0C |
Ep=180Y l
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31 RAYTHEON

TRIODE
PQWER AMPLIFIER
Fllament Type Glass Bulb %

&

The 31 18 a triode type power amplifier
tube designed for service in the output 6
stage of battery operated recelvers, o %

BOTTOM VIEW OF SOCKET
RATINGS
Fllament Voltage 2,0 d-o volts
Filament Current 0,13 amp
Maxlinum Plate Voltage 180 volts
DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 5,7 unf
Input ) uuf
Output 2.7 uuf
AMPLIFIER - CLASS A
Plate Voltage 135 180 volts
Grid Blas -22.5 =30 volts
Amplification Factor 3.8 3.8
Plate Reslstance 4100 3600 ohms
Transconductance 925 1050 pmhos
Plate Current 8 12.3 ma
Load Reslstance 7000 5700 ohms
Power Output (5% second harmonic) 185 375 mw
AVERAGE PLATE CHARACTERISTICS 31 RAVERAGE CHRRACTERISTICS
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32 RAYTHEON 32

o TETRODE
~| 30 |-ar DETECTOR OR AMPLIFIER
Filament Type Glass Bulb 90 @Q
16:]
ST14 BULS The 32 1s a tetrode type amplifier tube
designed for service as a detector or 0 0
?é amplifier in battery operated recelv- 0 o
ers,
'\E BOTTOM VIEW OF SOCKET
$ o
or
e, :ﬁ RATINGS
W Filament Voltage 2.0 d-o volts
Filament Current 0,060 amp
Maximum Plate Voltage 180 volts
Pyt B Maximum Sereen Voltage 67.5 volts
< DIRECT INTERELECTRODE CAPACITANCES
|
D U tb Grid to Plate 0,015 raax,#* ppf
- Input 5.3 unf
Output 10.5 wuf

AWPLIFIER - 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
Screen Current 0.4 O¢4 max, ma

If a grild reslstor 1s used, its value should not exceed 2 megohms,

DETECTOR - BIASED TYPE

Plate Supply Voltage 135 180 volts
Screen Voltage 45 67.5 volts
Grid Blas (appr-oximate) -4,5 -6 volts
Plate Load 0.1 megobm or equivalcnt impedance
Plate Current Adjusted to 0.2 ma. with no signal

DETECTOR ~ GRID LEAK TYPE

Plate Voltage 135 volts
Screen Voltage Up to 45 volts
Grid Return to positive fllament
Plate Load 0,1 megohm or equivalent lmpedance
Grid Leak Resistance 1l to s megohm
Grid Condenser 0, 00025 uf

#With tube shield.

AVERRGE PLHTE CHARACTERISTICS RVERAGE CHRRACTERISTICS
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33 RAYTHEON 33

PENTODE
POWER AMPLIFIER
Filament Type Glass Bulb
ST14 8ULB
;‘ The 33 is a pentode type power empli-
Y fier tube designed for service in the
ih output stage of battery operated re-~
/{ﬁx §\\ ceivers.
3
e
§°| RATINGS BOTTOM VIEW OF SOCKET
5 PRONG Filament Voltage 2,0 d-o  voltse
MER BRSE Filament Current 0.26 amp
Maximum Plate Voltage 180 volte
”I I“] ]“ 1“ Maximum Screen Voltage 180 volts
AMPLIFIER -~ CLASS A
Plate Voltage 135 180 volts
Soreen Voltage 136 180 volts
Grid Bias =135 -18 voltse
Amplification Factor 70 90
Plate Resistance 50000 55000 ohms
Transconductance 1450 1700 pmhos
Plate Current 14.5 22 ma
Screen Current 3 5 ma
Load Resistance 7000 6000 obms
Power Output (7% total distortion) 0,7 l.4 watts
AVERAGE PLATE CHARACTERISTICS 33 AVERAGE CHARACTERISTICS
Ep=200C  Epg=180Y AMPLIFIER - CLASS A

£;=2.0'0C Ep=180" Eg=~18"
SIGNAL -125" RIS

60 16 R ows
?
§ /—NJ”DU
® Vi N
55 = g /4
Egr -
|50 - ] u§
w
/ _sY §
|95 — 5 10
A/ //
[e0 v
/ =10V, §
35 & - 2
3 / " z
. et 20 &
20k =15 < «
il /74 N — ez ) 3
2 & v —=EReNy—| @ =
3 =8 e
N // e T T u
20 = L3y
3 y/ A |3 b3
5 & 15 g 129
,/ 7 ==25' § }n‘/
0 l/ — ] m? PRENT é LB
/1 =30 D <7 g s
153 8, P
5 /’ p— 104 5 ‘% N y
s H \/ "
4 A ()
0 25 o 75 M0 25 50 75 20 225 250 215 30 4 6 8 10 12 SQ
PLATE VOLTAGE ~YOLTS LORD RESISTANCE-KILOMMS

RAYTHEON ENGINEERING SERVICE



34 RAYTHEON 34
PENTODE
~ 3|02 RENOTE CUTOFF AMPLIFIER
r Fllament Type Glass Bulb
ST14 BULS The 34 1s a pentode type amplifier
tube with remote cutoff characteris«
tics designed for service as a high
§ frequency amplifier or mixer in bat-
Y tery operated receivers. BOTTOM VIEW OF SOCKET
e N
V¥ &9
« RATINGS
W
< Filament Voltage 2,0 d-c volts
Filament Current 0,060 amp
plagt Liaximum Plate Voltage 180 volts
i Maximum Screen Voltage 67,5 volts
o
,n _ DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 0,015 max,# puf
Input 6 [T o
Output 11.5 upf
AMPLIFIER - CLASS A
Plate Voltage 67,5 135 180 volta
Screen Voltage 67.5 67.5 67,5 volts
Grid Blas =3 =3 =3 volts
Amplification Factor 224 360 620
Plate Reslstance 0.4 0.6 1 megohm
Transconductance 560 600 620 |umhos
Plate Current 2.7 2.8 2,8 ma
Screen Current 1.1 1.0 1,0 ma
Transconductance 15 15 15 wmhos
(At -22,5 volts bilas)
MIXER - SUPERHETERODYNE CIRCUIT
Plate Voltage 67.5 135 180 volts
Screen Voltage 67.5 135 180 volts
Grid Blas (approximate)t ~5 -5 -5 volts
1The grid blas shown 1s minimwun for an oscillator peak voltage of 4 volts
#With tube shield.
RVERAGE PLATE CHARACTERISTICS 34 AVERAGE CHARACTERISTICS
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35-51

RAYTHEON

TETRODE
REMOTE CUTOFF AMPLIFIER

4%/ }-a2 Heater Type Glass Bulb
The 55/51 1s a tetrode type amplifier
STI14 BRS tube wlth remote cutoff charaoteris
§ tlos designed for service as a high
b frequency amplifier or mixer in a-c
", operated receivers,
Ea)
V7 -3 gln; RATINGS
* Heater Voltage (a=¢ or d-o) 2.5
Heater Current 1.75
5 Maximum Plate Voltage 250
‘m Maximum Soreen Voltage 90
UUU“U %o | DIRECT INTERELEOTRODE CAPACITANCES
S 1

Grid to Plate

Input 5 uuf
Qutput 10,5 uuf
AMPLIFIER « OLASS A
Plate Voltage 180 250 volts
Soreen Voltage 90 90 volts
Grid Blas -3 min, -3 min, volts
Amplification Faotor 305 420
Plate Reslstance 0.3 4 megohm
Transconductance 1020 1050 wmhos
Plate Current 6.3 6.5 ma
Soreen Current 2.5 2.5 ma
Transconductance 2 2 umhos
(At «42.5 volts blas)
MIXER - SUPERHETERODYNE CIRCUIT
Plate Voltage 250 volts
Soreen Voltage 90 volts
Grid Blas (approximate) -7 volts

The grid blas 1s not critical with an osclllator peak voltage 1 volt less
the grid blas.

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

low as possible

#With tube shield.

AVERRGE PLATE CHRRACTERISTICS a5/5/ AVERRGE CHARACTERISTICS
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36 RAYTHEON

TETRODE
3602 DETECTOR OR AMPLIFIER
Heater Type Glass ulb
The 36 1s a tetrode type amplifier tute
designed for service as a high or audio
frequency amplifier or detectorin stor=-
é age battery or a-c operated receivers,
l&
*.'\;lff RATINGS
g |3 BOTTOM V/EW OF SOCKET
% max 11y Heater Voltage (a-c or d-o) volts
m Heater Current 0.5 awp
o Liaximum Plate Voltage 250 volts
5 PEONG Maximum Screen Voltage 90 volts
SMALL BRSE
DIRECT INTERELECTRODE CAPACITANCES
UUUU ""“ arid to Plate 0.0CT: g
- Input 3e7 unf
Output 9.2 et
AMPLIFIER = CLASS A
Plate Voltage 100 135 180 250 volts
Screen Voltage 55 67,5 90 90 volts
Grid Bias ~1.5 -1.5 -3 -3 volts
Amplification Factor 470 475 525 595
Plate Reslstance C.55 0,475 0.50 0,55 mezclm
Transconductance 850 1000 1050 1leC0 rirhos
Plate Current 1.8 2.8 3.1 3.2 ma
Soreen Current 1.7 max, ra
DETECTOR = BIASED TYPE
Plate Supply Voltage 100 180 250 volts
Screen Voltage 55 67.5 90 volts
Grid Bias (approximate) =5 -6 -8 rolte
Plate Load 0.25 0,25 0.25 megonnm
Plate Current Adjusted to 0.1 ma, with nc =i7nal
DETECTOR -~ GRID LEAK TYPE
Plate Supply Voltage 135 voltis
Screen Voltage Up to 45 volts
Grid Return to Catlicde
Plate Load 0.25 Tan
Grid Leak Resistance 2 to s nesonm

Grid Condenser 0,00025 uf

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

#With tube shield

AVERAGE PLHTE CIMPHCTEA’ISTICS 36 AVERAGE CHARACTERISTICS
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37 RAYTHEON 37

TRIODE
DETECTOR OR AMPLIFIER (3)
Heater Type Glass Bulb (G)

Rrgrad 7]

The 37 1s a triode type amplifier tube
designed for service as a detector or

o

amplifier in storage battery or a«c
"&Q operated receivers,
o
Sk (5}
3
Yef RaTINGS
5m BOTTOM VIEW OF SOCKET
Heater Voltage (a-o or d-o) 6.3 volts
Heater Current 0,3 amp
UUJJU Maximum Plate Voltage 250 volts
DIRECT INTERELEOTRODE CAPACITANCES
Grid to Plate 2.0 puf
Input 3.6 et
Output 2.2 it
AMPLIFIER -« OLASS A
Plate Voltage 90 135 180 250 volts
Grid Blas -6 -9 =13.5 -18 volts
Amplification Factor 9.2 9.2 9.2 9.2
Plate Resistanoce 11500 10000 10200 8400 ohms
Tranaconduotance 800 925 900 1100 umhos
Plate Current 2.6 4.1 4.3 7.5 ma

If a grid resistor 1s used, 1ts value should not exceed 1 megohm,
DETECTOR = BIASED TYPE

Plate Voltage 90 126 180 260 volts
Grid Blas (approximate) -Io =15 -20 -28 volts
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 to 5 megohms
Grid Condenser 0.00025 uf

The voltage between heater and oathode should be kept as low as possible
where they are not direotly connected,
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38

RAYTHEON

PEINIODE
POWER ALPLIFIER
Heater Type Glass Bulb

The 33 3s a pentode type power amplifia-
er tube designed for service inthe out-
put stage of storage battery or a-c op-~
erated receivers,

RATINGS BOTTOM VIEW OF SOCKET
Heater Voltage (a-c or d-c) Sed volts
Heater Current 043 anp
5{155% liaximunm Plate Voltage 260 volts
t i a 2580 t
_| aximum Screen Voltage 50 volts
x
U
DIREGCT II'TERELECTRODE CAPACITAIICES
Grid to Plate 0.3 wuf
Input 3.5 ppt
Output 7.5 wnf
AUPLIFIER - CLASS A
Plate Voltage 100 135 130 250
Screen Voltage 100 135 180 250
Grid Bilas -9 -13.5 =18 -25
Amplification Factor 120 120 120 120
Plate Reslstance 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¢
Load Resistance 15000 13500 11600 10000
Total Harmonics 8 10 sl L percent
Power Output 0.27 0,55 1 245 watts
The voltage between heater and cathode should be kept as low as possible

where they are not directly connected.

#The d-c resistance in the grid circult should not exceed 1 megolun,

AVERAGE PLATE CHARACTERISTICS 38 AVERAGE CHARACTERISTICS
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39-44 RAYTHEON
PENTODE

3 REMOTE CUTOFF AMPLIFIER

Heater Type Glass Bulb
ST 12-0 88 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
i&; a-¢c operated receivers,
e
. T
o
/ﬁq MAX i:," RATINGS
? Heater Voltage (a-c or d-c)
5 PRONG Heater Current
SMALL BRSE Maximum Plate Voltage
Maximum Soreen Voltage
®
UUUUU “I°| DIRECT INTERETECTRODE 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
Transconductance 2 2
(At -42,5 volts bias)
MIXER -~ SUPERHBTERODYNE CIRCUIT

Plate Voltage 90 180
Soreen Voltage 90 90
Grid Bias (approximate)¢ -7 -7

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

where they are not directly connected,

volts

0,007 max# uug

3.5 [TRVR
10 uut
250 volts
90 volts
-3
1050
1,0 megohm
1050 pmhos
5.8 ma
l.4 ma
3 wmhog
250 volts
90 volts
=7 volts
possible

4The grid bias is not oritical with the oscillator peak voltage 1 volt leas

than the grid bias,
#With tube shield,
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40 RAYTHEON 40

TRIODE
AMPLIFIER
Filament Type Glass Bulb 90 QQ
STI8 BULE
= The 40 1sa high mu triode type ampli=-
& fler tube designed for service as a
3 resistance coupled amplifier or detec~ oﬁ oo
X
/ér‘na “& tor in storage battery operated re-
L4 § celvers, BOTTOM VIEW OF SOCKET
3
1‘9 RATINGS
4 PRONG
MED. BRSE Fllament Voltage 5,0 d-c volts
Filament Current 0,25 amp
U U T., Maximum Plate Voltage 180 volts
I\
— 11
DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 8.8 puf
Input 3.4 uut
Output 1.5 puf
AMPLIFIER - CLASS A
Plate Supply Voltage 135 180 volts
Grid Bilas -1.5 -3 volts
Plate Resistor 0.25 0.25 megohm
Amplification Faotor 30 30
Plate Reslstanoce 0.15 0,15 megohm
Transconductance 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 volta
Grid Return to Positive Filament
Plate Resistor 0.25 megohm
Grid Leak Reslstance 2 to § megohms
Grid Condenser 0,00025 nf

RAYTHEON ENGINEERING SERVICE



41 RAYTHEON 41

PENTODE
POWER AIPLIFIER
Heater Type Glass Bulb
57 12-D 8ik8
§
:wo The 41 1s a pentode type power amplifi~
xY er tube designed for service in the out-
. § put stage of storage battery or a-c op-
18 P Syo| erated receivers, The ratings and
L) electrical characteristics are identi-
cal with those of the type 6K6G,
& PRONG BOTTOM VIEW OF SOCKET
SMALL BRSE|
N RATINGS
kg
L Heater Voltage (a-c or d-c) 6.3 volts
Heater Current 0.4 amp
Maximum Plate Voltage 250 volts
llaxinmum Screen Voltage 250 volts
AMPLIFIER - 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 pmhos
Plate Current 9 12,5 18,5 32 ma
Screen Current 1.6 242 3 5.5 ma
Load Reslstance 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 lmpedance lnpul coupling devices are recommended. If resis-
tance coupling 1s used, the d-c resistance 1n the grild circult should not
exceed 1 megohm wilth self-blas, or O,1 megohm with flxed-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 addltlonal curves refer to the type 6K6G.

RAVERAGE PLATE CHARACTERISTICS 41 RVERAGE CHARACTERISTICS
TRIODE CONNECTION 6K6G PENTODE CLASS A OPERATION
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42 RAYTHEON 42

PENTODE
POWER AMPLIFIER
Heater Type Glass Bulb

STI14 8ULS
The 42 1s a pentode type power ampli-
. fler tube designed for service 1n the
§output stage of storage battery or
2% a-g¢ operated recelvers, The ratings

><‘\‘ and electrical characterlstics are
,i‘% .§ identical with those of the types 6F6

: and 6F6G,
Q,&
RATINGS
& PRONG Heater Voltage (a-c or deo)
MER DRSE Heater Curreﬁt
Maximum Plate Voltage
DU D[] e Maximum Screen Voltage 315 volts
—11 AMPLIFIER - CLASS A
Pentode Conneotlon Triode Connection
Plate Voltage 250 315 250 max, volts
Screen Voltage 250 315 volts
Grid Blas -16,5 =22 -20 volts
Amplification Factor  200j 200% 7
Plate Reslstance 80000} 75000% 2600 chms
Transconductance 2500 2650 2700 pwmhos
Plate Current 34 42 31 ma
Screen Current 6.5 8 ma
Load Reslstance 7000 7000 4000 ohms
Total Harmonlc Dist,. 7 7 5 percent
Power Output 3 5 0,85 watts
AMPLIFIER - CLASS AB - TWO TUBES
Pentode Connection Trlode Connectlont
Flxed-Blas Self-Blas Fixed-Blas Self-Blas
Plate Voltage 375 max, 375 max, 350 max, 350 max, volts
Screen Voltage 250 max. 250 max, volts
Grid Blas =26 min, -38 volta
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 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#% 19A 183+ lay watts

#With one 42 trlode connected as driver operatedat plate voltage of 250 volta
grid blas of -20 volts and plate load of approximately 10000 ohms.

#Input transformer ratlo, primary to 1/2 secondary
AInput transformer ratio, primary to 1/2 secondary

##Input transformer ratlo, primary to 1/2 secondary

¢ [nput transformer ratio, primary to 1/2 secondary
Sereen connected to plate,

Approximate
For additlonal ourves 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
< POWER AMPLIFIER
Iieater Type Glass Bulb
STi14 BULS
The 43 is a pentode type power ampli-
s f'iler tube designed for service in the
§ output stage of a-c - d-o receivers,
1' Te ratings and electrical character-
2 ~S® istics are identical with those of the
% max Y| types 25A6 and 25A6G,
¥
e BOTTOM VIEW OF SOCKET
& PPONG
MED BASE RATINGS
Heater Voltage (a-c or d-c) 25 volts
lieater Current 0.3 amp
llaximum Plate Voltage 180 volts
llaximum Screen Voltage 135 volts
AU’PLIFIER ~ CLASS A
Plate Voltage 95 135 180 volts
Screen Voltage 95 135 135 volts
Grid Bias =15 -20 -20 volts
Amplification Factor (approximate) 90 85 100
Plate Resistance (approximate) 45000 35000 40000 ohms
T'ransconductance 2000 2450 2500 umhos
Plate Current 20 37 38 ma
Screen Current 4 8 7.5 ma
Load Resistance 4500 4000 5000 ohms
Total ilarmonic Distortion 11 9 10 percent
Power Output 0.9 2 2.75 watts

Heater to cathode bias should not exceed 90 volts d-c,

the negative heater terminal and the cathode,

For additional curves ref'er to the type 25A6G.

as measured between
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45 RAYTHEON 45

TRIODE
POWER AMPLIFIER
Fillament Type Glass Bulb % 69

STi7 BULE

X The 45 1satriode type emplifier tube
& designed for service in the output oe %

¢ stage of a=c operated recelvers,
)

5
RS BOTTOM VIEW OF SOCKET
S
| RATINGS
N
Heater Voltage (a-c or d-c) 2.5 volts
2 PRONG Heater Current 1.5 amp
MED. BRSE Maximum Plate Voltage 275 volts
N
“in| DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 7 wef
Input 4 wf
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 wihos
Plate Current 31 34 36 ma
Load Resistance 2700 3900 4600 ohms
Power Output (5% second harmonic) 0,825 1.6 2 watts
ANPLIFIER - PUSU-PULL - CLASS AB - TWO TUBES
Fixed-Blas Self-Blas
Plate Voltage 275 275 volts
Grid Blast -68 volts
Self-Blas Resistor 775 olhris
o-Signal Plate Current (per tube) 14 36 ma
Max,=-Signal Plate Current (per tube) 69 45 na
Load Reslstance (plate to plate) 3200 5060 ohms
Total Harmonic Distortion 5 5 percent
Power Output 18 12 watts
Average Power Input (grid to grid) 656 461 mvr
tGrid Blas measured from mid-point of a-c operated filament,
RVERRAGE PLATE CHRRRCTERISTICS a5 AVERAGE CHRRACTERISTICS
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46 RAYTHEON 46
DUAL GRID TRIODE
POWER AMPLIFIER (A
Filament Type Glass Bulb G/
ST 16 8ULS \
The 46 1s a dual grid type power am- (2]
plifier tube designed for sexrvice in D GD
§‘ the output stage of a-o operated re~
¥ ocelvers, Q o
fon i) F—G
28 ek X
| RarINes BOTTOM VIEW OF SOCKET
’é‘ Filament Voltage (a-c or d-g) 2.5 volts
Filament Current 1,75 amp
5 PRONG
MER BRSE AMPLIFIER = CLASS B = TWO TUEES
Grid #1 Connected to Grid #2
x
UU”U“ by Maximm Plate Voltage 400 volts
—  Maximm Peak Plate Current (per tube) 200 ma
Maximm Average Plate Disa, (per tubds) 10 watts
Typiocal Operation;
Plate Voltage 300 400 volts
Grid Blast 0o (0] volts
No-Signal Plate Current (per tube) 4 6 ne
Load Resistance (plate to plate) 5200 5800 ohms
Power Output (approximate) 16 20 watts
Average Power Input (grid to grid) 950 650 mw
AMPLIFIER « QLASS A
Grid #2 Connected to Plate
Plate Voltage 250 max, volts
Grid Biast ~33 volts
Amplification Factor 5.6
Plate Resistance 2380 ohms
Transconductance 2350 pmhos
Plate Current 22 ma
Load Resistance 64001 ohms
Power Output (5% second harmonic) 1.25 watts

1Grid blas measured from mid-point of a-c operated filament,

fApproximately twice this value 1s recommended when the tube 1s used as a
driver for a Class B stage.

AVERRGE PLATE CHARACTERISTICS 46 AVERRAGE PLATE CHRRACTERISTICS
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47 RAYTHEON 47
PENTODE
POWER AMPLIFIER
Fllament Type Glass Bulb
STI6 8ULS
The 47 18 a pentode type power am~
plifier tube designed for service
¢ 1n the output stage of a-c operated
§§ recelvers,
§F
3 RATINGS BOTTOM VIEW OF SOCKET
g‘ Filament Voltage (a-c or d-o) 2.5 volts
Fllament Current 1.75 amp
Maximum Plate Voltage 250 volts
5 PEONG Maximum Screen Voltage 250 volts
MEQ BRSE
—F AMPLIFIER - OLASS A
O
Plate Voltage 250 volta
Soreen Voltage 250 volts
Grid Bilast ~1645 volts
Amplification Factor 150
Plate Reslstance 60000 ohms
Transconductance 2500 umhos
Plate Current 31 ma
Screen Current 6 ma
Load Resistance 7000 ohms
Total Harmonic Distortion 6 percent
Power Output 267 watts

#Grld blas meas

ured from mid-point of a-oc operated fillament.
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48 RAYTHEON 48

PENTODE
POWER AMPLIFIER
Heater Type Glass Bulb
ST 8ULS
¥ The 48 1s a pentode type power ame-
.§ plifier tube designed for service
",}’l: in the output stage of d-o receivers,
X
{*on N
%8 mix; "w.| RATINGS
*
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 BRSE
AMPLIFIER ~ CLASS A
.
UU WL_ Pentode Connectlon Triode Connectiont
Plate Voltage 96 125 80 125 volts
Screen Voltage 96 100 volts
Grid Bilasi -19 =20 -20 -32.5 volts
Amplification Factor Subject to 2.5 2.5
Plate Reslstance Considerable Variation 760 675 ohma
Transconductance 3800 900 3300 3700 umhos
Plate Current 52 56 31 52 ma
Scereen Current 9 9.5 ma
Load Resistance 1500 1500 ohms
Total Harmonic Dist, 9 9 percent
Power Output 2 2.5 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 tube) 56 52 ma
Load Resistance (plate to plate) 3000 1250 ohms
Total Harmonic Distortion 9 2 percent
Power Output 5 2.1 watts

The voltage between heater and cathode should not exceed 90 volts where
they are not directly connected,

The d-c¢ resistance in the grid circult should not exceed 10000 ohms.
Soreen Grid connected to plate
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49

RAYTHEON

49

DUAL GRID TRIODE

Filament Type

ST/4 BULE

plifier tube
the output stage

The 49 13 a dual grid type power am-
designed for service in
of battery operated

POWER AMPLIFIER Q

Glass Bulb
‘@

ap, b
o

receivers.
RATINGS BOTTOM VIEW OF SOCK ET
5PRONG Filament Voltage 2,0 d-o volts
MEQ BASE Filament Current 0.12 amp
Maximum Plate Voltage 180 volts

s
iy
UUU“U__’__ AMPLIFIER - CLASS B = TWO TUBES
Grid #1 connected to Grid #2

Maximum Plate Voltage 180 volts
Maximum Peak Plate Current (per tube) 50 ma
Typical Operation:

Plate Voltage 135 180 volts
Grid (#1 and #2) Blas o] [¢] volts
No-Signal Plate Current (per tube) 1.3 2 ma
Load Resistance (plate to plate) 8000 12000 ohms
Power Output (approximate) 2.3 3.5 watts
AMPLIFIER - CLASS A
Grid #2 connected to plate

Plate Voltage 135 max, volts
Grid (#1) Blas =20 volts
Amplification Factor 4,7

Plate Reslstance 4175 ohma
Transconductance 1125 ohms
Plate Current 6 ma
Load Resistance 11000 ohma
Power Output (approximate) 0.17 watts
#Approximately twice this value 18 recommended when the tube 1s wused as a

driver for a Class B stage.

AVERAGE PLATE CHARACTERISTICS @9  AYERAGE PLATE CHARACTERISTICS
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50 RAYTHEON 50
TRIODE
POWER AMPLIFIER 9
Filament Type Glass Bulb <P) QQ
ST-19 BULB
The 50 is a triode type power am-
plifier tube designed for service
in the output stage of radio re- 00 %
i celvers,
] BOTTOM VIEW OF SOCKET
el %, RATINGS
2ig mix. N\Y
§
o Filament Voltage (a=-c or d=-o) 7.5 volts
o Filament Current 1.25 amp
Maximuu Plate Voltage 450 volts
BAYONEY
prag il AMPLIFIER - CLASS A
¥ Plate Voltage 300 350 400 450 volts
U U oy Grid Biast -54 63 70 -84 volts
[ N} Amp, Factor 3.8 3.8 3.8 3.8
Plate Resistance 2000 1900 1800 1800 obms
Transconductance 1900 2000 2100 2100 umhos
Plate Current 35 45 55 55 ma
Load Resistance 4600 4100 3670 4350 ohms
Power Output 1.6 2.4 3.4 4.6 watts

(5% second harmonic)

Self-Bias is 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 c’LﬁTE CHRARACTERISTICS 50 RVERRGE CHRRACTERIST ICS
£p=7.5V0C AMPLUFIER CLASS A
Ep=7.5YAC Ep=q%" Eg=-84"
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52 RAYTHEON 52

DUAL GRID TRIODE
POWER AMPLIFIER
Filament Type Glass Bulb

STIe BULE
The 52 1s a duasl grid type power am=-

§ plifier tube designed for service in
S the output stage of storage battery op-
'Ng erated recelvers.
FE—E
:N RATINGS
« BOTTOM VIEW OF SOCKET
Filament Voltage (a-c or d-c) 6,3 volts
5 PRONG Filament Current 0.3 amp
MER BASE Maximum Plate Voltage 180 volts

N
||| " ” "| “lo! AMPLIFIER - CLASS B - TWO TUBES
Grid #1 connected to Grid #2

Maximum Plate Voltage 180 volts
Maximum Peak Plate Current (per tube) 75 ma
Typlcal Operation:
Plate Voltage 180 volts
Grid (#1 and #2) Bilas 0 volts
No-Signal Plate Current (per tube) 1.5 ma
Load Resistance (plate to plate) 10000 ohris
Power Output 5 watts

AMPLIFIER - CLASS A
Grid #2 connected to plate

Plate Voltage 100 110 max, Vvolts
Grid (#1) Blas 0 0 volts
Amplification Factor 5.2 5.2

Plate Resistance 1900 1750 ohms
Transconductance 2700 3000 umhos
Plate Current 37 43 ma
Load Resistance 2000 2000 ohms
Power Outputst 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,

AVERRGE PLATE gﬂﬂPﬁCT ERISTICS 52 AVERAGE PLATE CHARACTERISTICS
CLASS CLASS A
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53 RAYTHEON 53

TWIN TRIODE

POWER AMPLIFIER
Heater Type Glass Bulb
STi¢ BULS
% The 53 1s a twin triode type amplifi-
§ er tube designed for service as a
E’Q Class B amplifier in the output stage
) . of a-o operated receivers,
- §
»
| mariNes BUTTOM VIEW OF SOCKET
BASE Heater Voltage (a-c or d-c) 2,5 volts
AESDIA PN Heater Current 2.0 emp
clecLe Maximum Plate Voltage 300 volts
) Maximum Peak Plate Current (per plate ) 126 ma
UUJUU ¥aximm Average Plate Diassipstion 10 watts
AMPLIFIER « CLASS b
Plate Voltage 260 300 volts
Grid Blas o] 0o vclts
No-Sisnal 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 « OLASS A DRIVER - TRIODES CONNECTED IN PARALLEL

Plate Voltage 260 294 volts
Grid Blast =5 -6 volts
Awplification Factor 36 36

Plate Resistance 11300 11000 ohms
Tranaconductance 5100 3200 umhos

Plate Current 7

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

Power Output 400 mw

¥The d-o resistance in the grid circuit should not exceed 0,5 megohm with
self-blas or 0,1 megohm with fixed-blas,

For ocharacteristic curves refer to the types 6A6 and 6N7G, The character-
1stics of the 63 are the same as those of the 6A6 and the 6N7G except for
the heater rating.
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55 RAYTHEON 55

DUO-DIODE TRIODE

{385 DETECTOR AMPLIFIER
i Heater Type Glass Bulb
STz The 55 1s a duo-dlode triode type ampli-
§ fler tube designed for service as a
«& comblned dlode detesctor, AVC rectifiler
m and audio frequency amplifier in a-o
:%' operated recelvers,
. <
go 43 BOTTOM VIEW OF SOCKET
| RATINGS
©
& PRONG Heater Voltage (a-oc or d-c) 2,5 volts
SMALL BRSE| Heater Current 1.0 amp
m m Maximum Plate Voltage 250 volts
L3
Lol

DIRECT INTERELECTRODE CAPACITANCES -~ TRIODE SECTION

Grid to Plate 1.7 [H11h
Input 2,0 puf
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 wmhos
Plate Current 3.7 6 8 ma
Load Reslstance 25000 20000 20000 ohms
Power Output 75 160 300 m

DIODE SECTION

The two dlode unlts are independent of each other and of the trlode section
except for the common cathode, The dlodes may be used as a half wave or as
a full wave rectlfler; or one diode maybe used as a half wave rectifler for
detectlon and the other dlode usedas a rectifler to obtaln delayedAVCvolt-
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 i2-0 8B
¥ The 56 1s a triode type amplifier tube (Z]P) an
« designed for service as a detector or
IMe amplifier in a-c operated receivers,
N
P Q0.
B D S,
oyg| RATINGS
) BOTTOM VIEW OF SOCKET
5 PRONG Heater Voltage (a-c¢ or d-c) 2.5 volts
SMALL BRSE Heater Current 1.0 amp
Maximum Plate Voltage 250 volts
1R
DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 3.2 pul
Input 3.2 upt
OQutput 2.2 uuf
AMPLIFIER - CLASS A
Plate Voltage 100 250 volts
Grid Biast -5 -13.5 volts
Amplification Factor 13.8 13.8
Plate Resistance 12000 9500 ohms
Transconductance 1150 1450 wmhos
Plate Current 2.5 5 ma
DETECTOR - BIASED TYPE
Plate Voltage 100 250 volts
Grid Bias (approximate) -8 -20 volts
Plate Current Adjusted to 0.2 ma, with no signal
DETECTOR = GRID LEAK TYPE
Plate Voltage 45 volts
rid Return to Cathode
Grid Leak Resistance 1tob megohms
Grid Condenser 0,00025 nt

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

1The d-¢ resistance in the grid oircuit should not exceed 1 megohm,

For characteristic ocurves refer to the type 76, 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
.‘]w' DETECTOR OR AMPLIFIER
e F Heater Type Glass Bulb
The 57 1s a pentode type amplifier tube
ST 12C BULB designed for service as a detector or
high frequency amplifier in a-o operate
% ed recelvers,
b3
,,; RATINGS
‘V eater Voltage (a~o or d- 2,5 volts
o ||B|  Heater Yoicege (a~o ©) 2.5 VoLYS  SoTTOM VIEW OF SOCKET
GRS Maximm Plate Voltage 250 volts
'ZL'Q Maximum Screen Voltage 100 volts
& PRONG DIRECT INTERELECTRODE CAPACITANCES
SnaiL BAsE] Pentode Connection Triode Connectiont
Grid to Plate 0,007 max,# 2,0 H
T Input 5.0 3.0 wuf
UD Dﬂ loly Output 6.5 10.5 wpf
—t1
AMPLIFIER « CLASS A
Pentode Connectilor Triode Connectiont
Plate Voltage 100 250 250 volts
Sereen Voltage 100 100 volts
Grid Blas -3 -3 -8 volts
Suppressor Connected to Cathode at Socket
Amplification Factor 1185 1500 min, 20 approx,
Plate Resilstance 1 1.5 min, 0,0105 megohm
Transconductance 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 Blas -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 Resilstor 1.0 0.25 0.25 0.5 megohm
Blocking Condenser 0,01 0.01 0,03 0,03 154
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 7 7 7 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 1n the dome of the tube 18 connected internally to the cathode.
#With tube shield
tGrids #2 and #3 connected to plate

For ocharacteristic curves refer to the type 6J7G.The ocharacteristics of the
57 are the same as those of the 6J7G except for the heater rating,
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58 RAYTHEON 58

PENTODE
) REIIOTE CUTOFF AMPLIFIER
1 Heater Type Glass Bulb
ST 12-C BULE The 58 1s a pentode type amplifier tube
| with remote cutoff characteristics de-
§ signed for servicec as a high frequen=-
¥ cy amplifier or mixer in a-c operated re-
Tq ceivers.
N
| ! §w
! " 00, ;
— 1§ ‘:z RATINGS
¥ Heater Voltage (a-c or d-c) 2,5 volts
Heater Current 1.0 amp
& PRON laximum Plate Voltage 250 volts
S, liax  1B8wmeen Voltage 100 volts
DU m ot DIRECT INTERELECTRODE CAPACITAIICES
_TL_ Grid to Plate 0,007 max# puuf
Input 5.0 wif
OQutput 6.5 wnf
ANPLIFIER - CLASS A
Plate Voltage 100 250 volts
Screen 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
Transconductance 1500 1600 wmhos
Plate Current 8 8.2 ma
Screen Current 2.2 2 ma
Grid RBilas 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 1s conneoted internally to the cathode.

+The grid bilas 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=-
i1stics of the 58 are the same as those of the 6D6 and the 6U7G,
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59 RAYTHEON 59

PENTODE
I TRIPLE GRID POWER AMPLIFIER
Heater Type Glass Bulb

ST 16 8ULB

The 59 1s 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-
celvers,

23"y,

BOTTOM VIEWOF SOCKET

RATINGS

37,
47 mAax.

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

B550IR
c/ga;m Maximum Plate Voltage - Class B 400 volts

} Maximum Screen Voltage 250 volts
Iy
OO0+

1 1

AMPLIFIER - CLASS A
Triode Connectiont Pentode Connection}

Plate Voltage 250 250 volts
Screen (Grid #2) Voltage 250 volts
Grid (#1) Bias -28 -18 volts
Amplification Factor 6 100

Plate Resistance 2300 40000 ohms
Transconductance 2600 2500 umhos
Plate Current 26 35 ma
Screen 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) Blas [¢] o] volts
No-Signel Plate Current (per tube) 10 13 ma
Load Resistance (plate to plate) 4600 6000 ohms
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,

Grid #3 connected to cathode.

#Approximately twice this value i1s recommended when the tube 1s wused ag
driver for a Class B stage.

IGrids #2 and #3 connected to plate,

RVERRGE PLATE CHRARACTERISTICS &9 AVERRGE PLATE CHRARACTERISTICS
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TRIODE
r POWER AMPLIFIER
Filament Type Glass Bulb
STI4 BULS
§ The 71-A 18 a triode type power ampli-
.ﬁ fler tube designed for service in the
X¢ output stage of storage battery oper-
/f.::z Qi“ ated receivers.
R
Fe
) RATINGS
4PRONG Fllament Voltage (a-c or d-o)
NER. BRSE Filament Current
Maximum Plate Voltage
x
IT =
—L AMPLIFIER - OLASS A
Plate Voltage 80 135
Grid Bilast -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 Distortion 5 5
Power Output(sﬂ second harmonic) 125 400

2\

BOTTOM VIEWOF SOCKET
5 volts
0.25 amg:
180 volte
130 volts

-40,5 volts
3
1750 ohms
1700 Ymhos
20 ma
4800 ohms
5 percent
790 mw

$6rid bias measured from negative end of d-o operated filament,
resistor is used, 1ts value should not exceed 0.5 megohm,

RAYTHEON ENGINEERING SERVICE
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75 RAYTHEON 75

DUO-DIODE TRIODE
DETECTOR Al'PLIFIER
lieater Type Glass bulb

The 75 1s a euo-diode triode type am-
plifler tube dcsigned for service as &
corzhined ¢lode detector, AVC rectifier
and resictance ccupled audilo frequency
arrlifier in storage batteryor a-c op-
erated Teceivers, The ratings and olec-
trical characteristics are 1dentical B0TTOM VIEWOF SOCKET

v/ith tliose of the tyre 630G,

2 max

MAY.

"

29
]

6 PEONG
SMkLLBASE|

Wil

RATINGS

lieater Voltage (a-c or d-o) 6,3 volts
Iicater Current 0.3 amp
iax. Plate Voltage 250 volts

DIRECT II'TERELECTRODE CAPACITALCES

Grid to Flate 1.7 it
Input 2.0 uuf
Output 3.5 [3iTh ¢
ALPLIFIER - CLASS A - TRIODE SECTION
Plate Voltage 250 volts
Grid Plas -2 volts
Amrlification Tactor 100
Plste Resistznge 01C00 ohms
Transconductance 1100 prhics
Plate Current 1 uia

DIODE SECTION

The two ~ifodes are independent =i eac’: cther and of the triode section ex=

cert fecr tlie co n catihwde, Thc des way be used ar a half wave or as a

full weve recti e used as a helf wave rectifier for
detect.icn and alod.e used =z a rcctiiler to obtain delayed AVC
voltage,

The voltage between heater and cathode should be kept as low as possible
where thoy are nct directly connected,

AVERAGE PLATE CHARACTERISTICS % RAVERAGE CHARACTERISTICY

TRIODE SECT/ION 6866 TRIODE SECTION
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76 RAYTHEON 76

TRIODE
< DETECTOR OR AWMPLIFIER ()
ileater Type Glass Bulb G/
% The 76 is a triode tyse amplifier tube
§ dezizncd for service as a detector or aD ‘)
:*la amplifier in storage battery or a-c op~
¥ erated receivers. Q 0
RATINGS
S reone BOTTOM VIEWOF SOCKET
SMALL BRSE Ileater Voltage (a-c or d-o) 6,3 volts
lieater Current 0.3 anp
UUUU“ laxinum Plate Voltage 250 volts
DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 2.8 unt
Input 3e5 unt
Output 2¢5 [TiTh g
AMPLIFIER - CLASS A
Plate Voltage 100 250 volts
Grid RBlast -5 ~13,5 volts
Amplification Factor 13.8 13.8
Plate Resistance 12000 9500 ohma
Transconguctance 1150 1450 wmhos
Plate Current 2.5 5 ma
DETECTOR - BIASED TYPE
Plate Voltage 100 250 volta
Grid Bias (approximate) -3 -20 volts
Plate Current Adjusted to 0.2 ma. with no signal
DETECTOR - GRID LEAX TYPE
Plate Voltage 45 volts
Grid Return to Cathode
Grid Leok Reslstance 1l to 5 megohms
Grid Condenser 0,00025 nt

The voltage between hcater and cathode should be kept as low as possible
where they are nct directly connected,

$The d-c resistance in the grid circuit should not exceed 1 megohm,

AVERAGE PLATE CHARACTERISTICS 76 AVERRAGE CHARACT ERISTICS
Ep26.3% E;=6.3"
Ep=250Y
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PENTODE
R DETECTOR OR AMPLIFIER
Heater Type Glass Bulb
The 77 is a pentode type amplifier tube
STizosus designed for servide as a detector or
high frequency amplifierin storage bat-
Eé tery or a-c operated receivers.
hi; RATINGS
%Y
on ¥ Heater Voltags (a-oor d-o) 6.3 volte
’i MAX. M Heater Curremt 0,3
4 Max. Plate Valtage 250 volts
Max, Sexreen Veltage 100 volts
6 PRONG
SMALL BRSE] l DIRECT INTERELECTRODE CAPACITANCES
[ﬂ m zh* Grid to Plate
Input
—4 1 Gutput
AMPLIFIER ~ OLASS A
Plate Voltage 100
Screen Voltage 60
Grid Bias -1.5
Suppressor Connected to
Amplification Factor 715
Plate Resistance (approx.) 0.65
Transconductanoce 1100
Plate Current 1.7
Screen Current 0.4
Grid Bias (approx,) -5.5
(For cathode current cutoff)
DETECTOR = BIASED TYPE
Plate Supply Voltage 100 250
Screen Voltage 36 50
Grid Bias -1.96 -1.95
Cathode Resistor 12500 3000
Suppressor Connected to
Cathode Current (no signal) 0.155 0.65
Plate Resistor 0.25 0.25
Blocking Condenser 0,01 0,03
Grid Resistor (for following tube) 0.25 0.25
R-F Signal Voltage (RMS) 1.88 1.18
Output Peak Voltage 14

(At grid of following tube with signal

When a resistor is used in the grid cirouit,

1 megohm,

17
modulated 20%)

its value

anp BOTTOM VIEWOF SOCKET

0,007 max.# puf

4,0 [TiTh 4
11 ups
250 volts
100 volts
-3 volts
Cathode at Socket
1500
1.5 megohms
1250 wmhos
2.3 ma
0.6 ma
=7.5 volts
250 volts
100 volts
-4,3 volts
10000 ohms
Cathode at Socket
0.43 ma
0.5 megohm
0.03 ut
0.25 megohm
1.37 volts
7 volts

should not exceed

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

where they are not directly connected.

The internal shield is connected to the screen grid within the tube.

#With tube shield

AVERAGE PLATE CHARACTERISTICS 77 RVERAGE CHARACTERISTICS
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78 RAYTHEON 78

PENTODE
REMOTE CUTOFF AMPLIFIER
Heater Type Glass Buld

The 78 is a pentode type amplifier tube
with remote cutoff charaoteristios de=
signed for service as a high frequenoy
amplifier or mixer in storage battery
or a=c operated receivers. The ratings
and electrical characteristios are iden-
tical with those of the types 6K7 & 6K7G.

RATINGS
Heater Voltage (a-c or d-o) 6.3 volts
Heater Current 0.3 anm
Maximum Plate Voltage 2560 volts
Maximum Screen Voltage 125 volts
]]D m 3 t DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 0,007 max.# puf
Input 4,0 uuf
Output 11 1105 4

AMPLIFIER - CLASS A

Plate Voltage 90 180 250 250 volts
Screen Voltage 90 75 100 125 volts
Grid Blas -3 -3 -3 -3 min,volts
Suppressor Conneoted t» Cathode at Socket
Amplification Factor 400 1100 1160 890

Plate Resistance 0,315 1,0 0.8 0.6 megohm
Transconductance 1275 1100 1450 1650 pmhos
Plate Current 5.4 4 v 10.5 ma
Screen Current 1.3 1,7 2.6 me
Grid Blas «3845 «32.5 =42,5 «52,5 volts

(For transconductance = 2 pumhos)

MIXER = SUPERHETERODYNE CIRCUIT

Plate Vgltage 250 volts
Screen Voltage 100 volts
Grid Blast =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 internalshleld i1s connected to the cathode within the tube.

$The grid bilas is not oritical with an oscillator peak voltage 1 volt leass
than the grid bilas.

#With tube shield.

For additional curves refer to the type 6K7G.
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RAYTHEON

TWIN TRIODE
POWER ALIPLIFIER

Heater Type

The 79 1s a twin tricce
plifier tube designed for service as a
Cless B amplifier in the cutput stage of
atorage battery or a-c operated receiv-
ers. The ratings and electrical charace
teristics are identical with those
the type 6Y7G.

RATTINGS

Heater Voltage (a-c or d-¢)

lleater Current

l.eximum Plate Voltage
aximum Pesk Plate Current (rer nlate)

Glass Bulb

type power ame-

vfaximum Average Plate Dissipation

ALTLIFIER ~ CLASS B

No-Signal Plaie Current (per plate)
Load Resistance (platc to plate)

Power Output

(ap-roximate)

of
BOTTOM VIEW OF SOCKET
€43 volts
0,8 amp
250 volts
S0 na
11.8 weatts
120 250 volts
o] 0 volts
3.8 5.3 ma
7000 140Ce ohr:s
5.5 8 watts

(With average power input = 33C rw, grid to grid)

The voltare between heater and catbcde should be kept as low as possible
where they are not directly connected,
For additional curves refer to the type 6Y7G.
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80 RAYTHEON 80
TWIN DIODE
r FULL WAVE HIGH VACUUM RECTIFIER 9
| Filament Type Glass Bulb @ QQ
STe LS a5
§ The 80 1s a full wave high vacuum type
g, Teotifler tube designed for serylce in
¥ power supplies for a-c operated receiv-
ers.The ratings and characteristics are 00 oo
,!“% - 1dentical with those of types 5Y3G and
5Y4c. BOTTOM VIEW OF SOCKET
FULL WAVE RECTIFIER ~ CONDENSER INPUT FILTER
& PlroNG
MED. BRSE Filament Voltage 5§ a-c volts
Filament Current 2 amp
T Maximum A-C Voltage per Plate (RIS)350 400 volts
T‘& Maximum Inverse Peak Voltage 1000 1100 volts
L Maximum Peak Plate Current 400 350 me
Maximum D-G Output Current 125 110 ma

FULL WAVE RECTIFIER - CHOKE INPUT FILTER

Fllement Voltage

Fllament Current

Maximum A-C Voltage per Plate (RMS)
Maximum Inverse Peak Voltage
lMaximum Peak Plate Current

Maximum D-C Output Current

AVERAGE TUBE VOLTAGE DROP
(At 135 ma. output current per plate)

#Input Choke must be at least 20 henrys.
of not more than 0.1 uf may be used.

5 a-c volts

2 amp
550 volts
1500 volts
300 ma
135 ma
60 volts

An Input Condenser
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81 RAYTHEON 81

DIODE
HALF WAVE HIGH VACUUM RECTIFIER

Fllament Type Glass Bulb 90 Q,Q

ST 16 BULE

The 81 1s a high vacuum type half

wave rectifier tube designed for

service 1n high voltage power sup- 00‘%
plies,

BOTTOM VIEW OF SOCKET
HALF WAVE RECTIFIER
Condenser or Choke Input Fillter
Fllament Voltage 7.5 a-c  volts
Fllament Current 1.25 amp
‘[’;"”ﬂ Maximum A-C Plate Voltage (RMS) 700 volts
WED. BASE Maximum D-C Output Current 85 ma
»
:t‘ FULL WAVE RECTIFIER - TWO TUBES
- Condenser or Choke Input Fillter
Filament Voltage 7.5 a-c volts
Filament Current per Tube 1.25 amp
Maximum A-C Voltage per Plate (RMS) 700 volts
Maximm D-C Output Current 170 ma
AVERAGE TUBE VOLTAGE DROP 91 volts

(At 170 ma., output current)

AVEPAGE OUTPUT CHARACTERIST/IOE 8/ AVERAGE PLATE CHRRACT ERISTICS
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82 RAYTHEON 82

TWIN DIODE

FULL WAVE MERCURY VAPOR RECTIFIER e
Fllament Type Glass Bulb 0 QQ
ST BUL8
’é The 82 1s a full wave mercury vapor
2 reotifier tube designed for service
X¢ 1n power supplies for a-c operated 06 %
/f"% =Y receivers,
.§ BOTTOM VIEW OF SOCKET
S%| FULL WAVE RECTIFIER
4 PRONS Filament Voltage 2.5 a-c volts
MED. BRSE Filament Current 3 amp
Maximum A-C Voltage per Plate (RMS) 500 volts
N Maximum Inverse Peak Voltage 1400 volts
':E Maximun Peak Plate Current 400 ma
— Maximum D-C Output Current 125 ma
Tube Voltage Drop (approximate) 15 volts

(Independent of output current)

Shielding of this tube, particularly in sensitive receivers, may be necess-
ary to eliminate objectionable noise,

Radlo frequency chokes (1 mh. or more) connected in series with each plate
lead and placed within the shielding, if used, are usually nedessary 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 1it.

8z
AVERAGE OUTPUT CHARRCTERISTICS
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83 RAYTHEON 83

TWIN DIODE
FULL WAVE MERCURY VAPOR RECTIFIER
Filament Type Glass Bulb 9- QQ

ST 16 BULS

The 83 1s a full wave mercury vapor
rectifier tube designed for service
in power supplies for a-c operated oe oo

recelvers,

BOTTOM VIEW OF SOCKET

FULL WAVE RECTIFIER
Filament Voltage 5 a-c volts
Filament Current 3 amp
Maximum A-C Voltage per Plate (RMS) 500 volts
4 FPONG Ilaximum Inverse Peak Voltage 1400 volts
NED. BRSE Maximum Peak Plate Current 800 ma
Maximum D=C Output Current 250 ma
U U oo Tube Voltage Drop (approximate) 15 volts

1 (Independent of output current)

Shielding of this tube, particularly in sensitive receivers, may be necess-
ary to eliminate objectionable noise,

Radio frequency chokes (1 mh. or more) connected in series with each plate
lead and placed within the shielding, if used, are usually necessary in re=-
celvers having high semsitivity,

Full plate load should not be applied to this tube until the filaments have
reached thelr normal operating temperature. Under normal operating condi-
tions, the filaments hcat quickly when the set 1s turmed on and are ready
to supply full load current before the tubes in the receiver require 1it.

a3
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RAYTHEON

TWIIY DIODE

Heater Type Glass Bulb

"—‘X FULL %AVE HIGH VACUUI. RECTIFIER
§

& The 83-V 1s a full wave high vacuum type
e rectiflier tube havingalow voltage drop
designed for service 1In power supplies
delivering high outputcurrents. The ra-
tings and characterlstics are identical
with those of' type SV4G.

&4 "max,
Uiy

4 PRONG
MED. BRSE

FULL V/AVE RECTIFIER -~ CONDENSER OR CIIOKE

Heater Voltage
leater Current

Il

. “axlmum A-C “oltage per Plate (RIIS)
l‘aximum Inverse Feak Voltage
llaximum Peak Plate Current

raximum D-C Output Current

AVERAGE TUBE VOLTAGE DROP
(At 200 ma, ouvtput current per plate)

83V
G

DY

BOTTOM VIEW OFSOCKET

IVPUT FILTER

S5 a=o volts
2 amp
4C0 volts
1100 volts
700 ma
200 ma
25 volts

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

the heater.
RVERRGE OUTPUT CHRRACTERISTICS 83v AVERAGE PLATE
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84-6Z4 RAYTHEON 84-6Z4

TWIN DIODE

o FULL WAVE HIGH VACUUlNi RECTIFIER Q
Heater Type Glass sulb v
ST 12-0 818
N \
X The 84/624 1s a full wave high vacuum aB KE
"'*Q type rectifler tube designed for service
. &% 1n power supplies for storage battery
00 -
’/fm ‘3 or a-c operated receivers, Q 0
o O ©
BOTTOM YIEWOFSOCKET
o FULL WAVE RECTIFIER
Condenser or Choke Innut Filter
Iy
UUUUU ) lleater Voltage (a-c or d ¢) 6.3 volts
__tt Heater Current Ce5 amp
Liaximum A-C Voltage per Plate (RIS) 350 volts
liaximam Inverse teak 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 643 volts
leater Current 0.5 amp
ximam A-C Plate Voltage (R.S) 350 volts
ximum Inverse Peak Voltage 1000 volts
liaximum D-C Output Current 75 ma
liaximum D-C Voltage between
lleater and Cathode 500 volts
AVERAGE TUBE VOLTAGE DROP 22 volts
(At 75 ma. outovut current per plate)
RVERAGE OUTPUT CHARACTERISTICS B84/62¢ AVERRAGE PLATE
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85 RAYTHEON 85

DUO~DIODE TRIODE
DETECTCR ALPLIFIER
Heater Type Gless Bulb

The 85 is a duo-dlode triode type ampli-
, fier tube desirned for service ass=a com-
bined diode detector, AVC rectifier,and

audio frequency amplifier in storage
W battery or a-c operated receivers, The
o0 ratings and electrical characteristics
’,a?mr.’ | are ldentical with those of the &ype BOTTOM VIEWOF SOCKET
8v7a,
& PRONG
SMALL BRSE] RATTIIGS
t‘lm Heater Voltage (a-c or d-¢) 6.3 volts
¥ lieater Current 0.3 amp
~  Laximum Plate Voltage 250 volts
DIRECT INTERELECTRODE CAPACITANCES - TRIODE SECTION
Grid to Plate 1.7 Uitk
Input 240 {175 ig
Output 3.5 it
ALIPLIFIER - CLASS A = TRIODE SECTIOW
Plate Voltage 135 180 250 volta
Grid Elas =10.5 -13.5 -20 volts
Amplification Faotor 8.3 C.3 8.3
Plate Resistance 11000 8500 7500 ohms
Transconductance 750 975 1100 umhos
Plate Current 3.7 6 8 ma
Load-Reslstance 25000 20000 20000 ohma
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 dlode maybe used as a half wave rectifler for
detection,and the other diode usedas a rectifier to obtaln delayed AVC volt-
age,

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

AVERAGE PLATE CHARACTERISTICS 85 AVERAGE CHARARCTERISTICS
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89 RAYTHEON 89
e -
PEINTODE
TRIPLE GRID POWER ALIPLIFILER
l'eater lype Glass Bulb

ST 12-0 BULE

The "¢ 1s a triple grid type power am-
plifier tubc designed for service as a
Class A triode,Class A pentode or Clasa
B trlode power amplifier in the output
stage of storage battcry or a-c operat-
ed recelvers,

RATINGS
Heater Voltage(a-c or d-c)6.3 volts BOTTOM V/IEWOFSOCKET
& PRONG Heater Current 0.4 amp
SMALL BASE] aximum Plate Voltage 250 volts
=t aximum Sereen Voltage 250 volts
T.“ ALIPLIFIER = CLASS A - TRIODE CONNECTION
it Grids #2 and #3 connected to plate
Plate Voltage 160 180 250 volts
Grid (#1) Blas -20 -22.5 =31 volts
Amplification Factor 4.7 4.7 4.7
Plate Resistance 3300 3000 2600 ohms
Transconductance 1425 1550 1800 pmhos
Plate Current 17 20 32 ma
Load Resictancei 7000 6500 5500 ohms
Power Output (5% sccond harmonic) 0.3 0.4 0.9 watts
ALPLIFIER - CLASS A - PEiTOPE COIILECTION
Grid #3 connected to cathode
Plate Voltage 100 135 130 25C volts
Screen (Grid #2) Voltage 100 135 180 250 volts
Grid (#1) Bias ~10 -13.5 =18 -25 volts
Amplification Factor 125 125 125 125
Plate Recictance 104000 92500 80000 70000 ohms
Transconductance 1200 1350 1550 1800 umhos
Plate Current 9.5 14 20 32 ma
Screen Current 1.6 2.2 3.0 5.5 ma
10700 9200 8000 6750 ohms
1 9 9 9 9 percent
Power OuLput 0,33 0.75 1.5 3.4 watts

AiIPLIFIER - CLASS B - TWO TUBES
Grid #1 connected to Grid #2
Grid #3 connected to plate

liaxiemm Plate Voltage 250 volts
liaxlmum ’eak Plate Current (per tube) 90 na
iaximum Average Grid (#1 and #2) Dissipation (per tuve) 0,35 watts
Typical Operation:
Plate Voltage 180 volts
Grid (#1 and #2) Blas o] volts
‘0o-Signal Plate Current (per tube) 3 ma
Load Resistance (plate to plate) 13600 9400 ohms
Power Output (approximate) 2.5 3.5 watts

The voltage metween heater and cathode chould be lkept as low as pcssible
where they are net directly connected,

#Approximately twice thils value 1s recomended when the tube 1s used as a
driver for a Class i} sctage,

AVERAGE PLRTE CHRARRCTERISTICS 89 AVERAGE PLA TE CHRRARCTERISTICS
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950

712 8ULS

§ The ¢50 is a pentode type power ampli-
x

NQQ output stage of hattery operated re-

RAYTHEON

PENTODE
POWER ALYLIFIER
Filament Type Glass Bulb

fier tubve designed for service in the

§ celvers, The ratings and electrical
R characteristics are identical with
Ng{ those of the type 1JGG.
A BOTTOM VIEW OF SOCKET
5 PEONG
MER BRSE RATINGS
S Filament Voltage 2,0 d-c volts
“io Filament Current 0.12 arp
Liaximum Plate Volta.ze 135 volts
llaximum Soreen Voltage 135 volts
ALIPLIFICR -~ CLASS A
Plate Voltage 135 volts
Screen Voltage 135 volts
Grid Blas =16.5 volts
Amplification Factor 100
Plate Resistance 0.1 megohm
Transconductanoce 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 CWARACTERISTICS
% E,22.0°0C  Eeo=135Y NS5a CLASS A OPERATION
lo " Er=2.0YDC Ep=I35Y  Eggmi35Y
Py Egm=-16.5"
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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 service in
battery operated receivers, Thelr rat-
ings and electrical characteristics are
identical,

RATINGS
Filament Voltage 1.1 d-c volts
Filament €urrent 0.25 amp % 69
Maximum Plate Voltage 135 volts
DIRECT INTERELECTRODE CAPACITANCES wip)
QO
| Grid to Plate 3.3 we (O &)
WX-12 Input 2.5 [1175
ot | | output 58 Wit AOTTOM VIEWS OF SOCKETS
g
g). AMPLIFIER - CLASS A
v
R Plate Voltage 90 135 volts
[N orid Blas -4.5  -10.5 volts
i Amplification Factor 646 6,6
| Plate Reslstanoce 15500 15000 ohms
Transconductance 425 440 pmhos
Plate Current 2.5 3 ma

F T

DETECTOR - BIASED TYPE

Plate Voltage 90 135 volts
Grid Bias (approximate) -10.5 -18 volta
Plate Current Adjusted to 0.2 ma. with no signal

DETECTOR = GRID LEAK TYPE

Plate Voltage 45 volts
Grid Return to positive fllament
Grid Lealk Reslstanoce 0,25 to &5 megohmsa
Grid Condenser 0,00025 15 4
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RAYTHEON

TRIODE
DETECTOR OR AMPLIFIER
Filament Type Glass Bulb

The V-99 and X-99 are triode type am-
plifier tubes designed for service in
battery operated receivers, Their rat-
ings and electrical ¢haracteristics are
identical.

RATINGS
Fil, Voltage 3, 0 3.3 d=0c volts
Fil, Current 0,060 0.063 amp
Max, Plate Voltage 90 volts

DIRECT INTERELECTRODE GAPACITANCES

Grid to Plate 343 [11i%4
Input 2.5 wut
Output 2.5 upst

AMPLIFIER - CLASS A
Plate Voltage
Grid Blas
Amplification Factor
Plate Resistanoe
Transconductance
Plate Current

DETECTOR - BIASED TYPE

90

DETECTOR - GRID LEAK TYPE
45

BOTTOM VIEWS OF SOCKETS
90 volts
-4.5 volts

6.6
15500 ohms
425 wmhos
2.5 ma
volts

volts

-10.5
Adjusted to 0.2 ma, with no signal

volts

Return to positive filament
5

Grid Leak Resistance 0,25 to

Grid Condenser

0.00025

RAYTHEON ENGINEERING SERVICE
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BA RAYTHEON BA

TWIN DIODE
T GAS FILLED FULL WAVE RECTIFIZR

Cold Cathode Type Glass Julb % @Q

S19 suLe The BA 1s a gas fi1lled full wave
rectifler tube of the cold cath- Q o
ode type requiring nc heater sup- 0 o

ply voltage. It 1s designed par-

z,%'::x g ticularly for servicein B tattery BOTTOMVIEWOFSOCKET
. .'fm eliminators for radio recelvers.
[y
;E‘ FULL “/AVE RECTIFIER
*
Bavoner Lieximur A-C Voltage per Plate (RiS) 350 “olts
MEDIUM llaximum D-C Output Current 350 BT:%
BRSE Maxlmum Peak Plate Current 1000 na
T aximum Inverse Peait Vcltaie 1000 volts
U D ‘o linlmum Starting Peak Voltage 400 rolts
‘ 2 Averaise Dynamic Voltage Drop 80 vclts

The type BA tuvbe was developed primarlly for use in 2 battery elinina‘cors
for radlo recelvers, It has the tynical characteristics oi' 21l sas fllled
rectifiers as regards a constant veltage drop and ahllity to handle high
peak currents, Any tendency of tire tubc to generate r-f nolse may bde elinm~
inated by proper shieldin;; and filtering.

The BA 1s f'llled with a permanent gas rather than a vapor filling, The tube
characteristics are independent of the surrounding temperature,

RAYTHEON ENGINEERING SERVICE



BH

&)

2

volts

ma
volts
volts

BH RAYTHEON
TWIN DIODE
r GAS FILLED FULL WAVE RECTIFIER
Cold Cathode Type Glass Zulb 90
Si4 BuULB
5 The BH 1s a gas fillled full wave rec-
. § tifier tube of the cold cathode type
IL;“::X ¥ requiring no heater supply voltage.It 00
: gz? 1s designed particularly for service
R in B battery eliminators for radlore- BOTTOM VIEW OF SOCKET
BAYONET ":,\ celvers,
2 PRONG
MEDIUM
BRSE [
T FULL WAVE RECTIFIER
U0 =
——t b
Maximm A-C Voltage per Plate (RIiS) 350
Maxinmum D-C Output Current 125
Maximun Peak Plate Current 400
Maximum Inverse Peak Voltage 1000
Minimum Starting Peak Voltage 350
Average Dynamic Voltage Drop 90

volts

The type BH tube was developed primarily for use in B battery eliminators

for radlo recelvers,
reoctiflers as regards
peak currents.

inated by proper shielding and filtering,

It has the typlcal characterlstlics of all gas filled
a constant voltage drop and abllity to handle high
Any tendenoy of the tube to generate r-f nolse may be elima

The BH 1s filled with a permanent gas rather than a vapor filling. The tube
characteristics are independent of the surrounding temperature,

RAYTHEON ENGINEERING SERVICE



BR RAYTHEON BR

DIODE
<1 GAS FILLED HALF WAVE RECTIFIER
’_I Cold Cathode Type Glass Bulb 9‘.‘0
sz BuLB §
..¥
" on ?*'»’ The BR 1s a gas filled half wave recti-
/ﬁm L~ fier tube of the cold cathode type re~ Q 0
L) quiring no heater supply voltage. It is 0 o
designed for service where 1t 1s desir-
; able to use a half-wave rectifier, BOTTOM VIEW OF SOCK ET
MEDIUM
BASE
U U 7«:., 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 Stearting 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 automoblle receivers, It has the typical characteristics of all
gas filled rectifiers as regards a constant voltage drop and abllity 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 usuallybe sufficient,

The BR 1s filled with a permanent gas rather than a vapor filling., The tube
characteristics are independent of the surrounding temperature,

RAYTHEON ENGINEERING SERVICE



NB1- NB8 RAYTHEON NB 1-NB 8

RESISTANCE TUBES

/‘\ FOR BATTERY OPERATED
¢ TWO VOLT TUBE RECEIVERS
79 BULB § Octal Base Glass Bulb
, () The series of resistance tubes, NB-1 %o
g o] | NB-8, 1s designed for two volt tube re=-
T ceivers having filament current drains
N of 300 to 720 milliamperes, in steps of
b 60 milliamperes.
RATINGS i1 "
amen r"a“ W
i d Type Current. & VIEW OF SOCKET
ocTAL BASE Drain
NB-1 300 ma
UW” Yo NB-2 360  ma \ AYTHE Ne &
NB-3 420 ma 3 T Y
NB-4 480 ma Aryent b
NB-5 540 ma H H U
NB=-6 600 ma
NB=7 660 2 3 5 7 8 1=
NB-8 720 e DEVELOPED YEW OF BASE  NINBLE

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 alr cell; and one
ballast resistor tap, for use with a 3 volt dry cell pack. The curve on the
accompanying sheet shows the typlcal 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 1s
used 1s 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 1s not
exceeded, so that the NB tube should not need replacement because of change
in characteristics during 1life,

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 1s placed on the chassis mid-way between pins #l and #8 and the
socket wired, as shown in Flg, 2, a special socket with three keyways or a
special socket with the keyway drilled out may be wused to connect the bat-
tery to the proper tap. In elther 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 1s left
fixed and the filament battery 1s wired to the proper point on the terminal
strip. e TYPE OF BATTERY PLACE LOCATING
KEY IN
2 volt storage Position A
Air Cell Position B

3 volt Dry Cell Pack Position C

O FILAMENTS

POSITION A

Fl6.2
BOTTOM OF SPECIRL SOCKET

TYPICAL BALLASTING CHARACTERISTIC CURVE
N8B PRESISTANCE TUBE
3VOLT DRY CELL CONNECTION

25
24
23
22
)
§ B
24 S
|| /1
u|
Z
20y P
3
9 v
19 >
v r v
b 7]
L8 -
§ // A
Ra~ = v
e
" |
d 4
’
5 4 3
18 19 20 =zl 2z 23 29 25 26 27 26 29 %0 3 32 ®
BATTERY VOLTAGE -VOLTS
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K49C-B RAYTHEON

RESISTAIICE TUBE

FOR A-C = D-C RECEIVERS
» lletal Bulb Octal Base
Jap— kS
o0 §3
’/éum."‘ 3:35’ The X49C-B is a resistance tube design-
’./,{"’gl‘g“..rA? ed for use as a voltage dropplng resisa
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

_re pilot lamps, BOTTOM VIEW OF SOCKET
SAROMGOCTRLERE  paTTNGS CONNECT PILOT IBMPS
BETWEEN PINS #7878

Voltage Drop at 300 ma, 49 volts

Supplles correct filament voltage to:
3- 6,3 volt 300 ma, tubes and
2- 25 volt 300 ma, tubes 1n seriles

Pilot Lamp Voltage at 300 ma:
2= 6.3 volt 150 ma, lamps in serles 1
le 6,3 volt 200 ma, laip S
1l- 6.3 volt 250 ma. lawmp 4

0 volts
«6 volts
o3 volts

When the pllot lamp voltage in an a-o0 - d=-¢ receilver 1s teken from a tap on
the fillament voltage dropplng resistor, wvhich usually has no ballasting
actlon, the pealk voltage avplied 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 1initlal current drawn by the tubes In the set, In order to
1imit this peak voltage to a reasonable value, the resistance of the pilot
lamp section of a straight 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 reslistance tube, the 1life of the pllot lamps 1s
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 is a ballast resistor which changes
from a low value of reslstance with the tube cold to several times 1ts ini-
tial value as the tube heats. This limlts the peak voltage applied to the
pilot lamps to a value wlthin thelr voltage ratlng, and operates the lamps
at a higher voltage than wilth a straight resistance tube, increasing the
life and final brilliancy of the lamps, The ballasting action also makes
it possible to use several different types of pilot lamps with satisfactory
results, The cliaracteristic curves show the relatlion between pilot
lamp voltage and time for a typlcal K4vC-B tube and a typlcal straight re-
sistance tube with similar ratings.

The resistors in the K49C~B are operated in air and the ballasting action
obtained in the part shunted across the pllot lamps 1s due to the heat of
the total winding, The resistors operate at relatively low temperature a.nd
thelr resistance characteristics are permanent if the normal rated current
is not exoceeded.

Resistance tubes with other ratings may also be made, There 1ls considerable
power available for ballasting action so that the total voltage drop may
be changed to fit other tube combinations requiring elther more or less

voltage drop.

K49C-8
RESISTANCE TUBE

CHRARACTERISTIC CURVE

LOAD=T WD 25" B THREE 6.3V-300MA TUBES

PILOT LAMPS = TWO 6.3Y~/50MA IN SERIES

LINE VOLTRGE=117Y  STERDY CURRENT =300MA.

Sw.

20 o—"
n?Y  (kesC or x4SC-8)

(2)-25VTUBES
(3)-63VTUBES

6 (2) 6.3¥-150 MA.
\ PILOT LAMPS

]

PILOT LAMP VOLTRGE - YOLTS

s

\ K49C -8By

3

®

x29C "

Y

&

N

. L5
15 20 25 30 a5 20 a5 50 55 ri()’0
¥

TIME-SECONDS ~ AFTER CLOSING LINE SWITCH

S
°
[N
s
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NOTES
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