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PFOREWORD

Thls DATA BOOK has been prepared by the
Raytheon Produstion Corporation to fure
nish in compact form the chief techniecal
data on the complete line of radlo broad-
cast recelving tubes, In addition to
the meximum ratings and values of essen-~
tlal characteristics there are given in
this booklet the more important charac-~
teristic and operating ocurves for each
active tube, The information given by
these curves may well be even more valu-
able and useful then the ratings and nom-
inal characteristies, This information
has not heretofore been generally avail-
able in convenient and readily acoessi-
ble form, Much of it has previously been
obtainable only by a iimited number of
recelver designengineers, Dataare gilven
on all tubes that have been at all wide-
1y used in the past in receivers and sme
plifiers that are still handled in the
trade as replacements; also on all types
that are being used in new recelvers in-
cluding all new types announcedup to the
end of 1937,

To make thig booklet of maximum usefulness
an Introductory sectilonhas been included
which gives brief descriptions of the
various classes of tubes and how they
operate; definitions of the various tube
characteristics and terma and explana-
tiona of how these quantities may be de~
termined from the oharacteristic ourvesj
simple oircult diagrams showing the es~
sentlels of the various sectiona of a
modern radio recelver,including the new~
er- features, and convenlent charts for
determining the proper values of certain
tube circult conatants and operating volt-
ages,

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

This booklet has been designed for the
use of design engineers, radio dealers,
servicemen and mewmbers and customers of
the radio industry generally, Mueh
thought and labor hes been devoted to its
preparation. It is our hope that it will
prove really useful and et the same time
acquaint you with Raytheon tubes and
Raytheon Engineering Service.
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TUBE ELEMENTS

A radlo tube, or vacuum tube, 1s a vacuum device in which electric current
flows, as a stream of electrons, through the evacuated space from one elec-
trode to another, A HIGH VACUUN TUBE is one in which the degree of vacuum
is so high that the charscteristics of the tube sare not affected by gas
lonization. liost radio receiving tubes are of this class, A GAS TUBE 1s
one which has a gas £illing, usuallyat relatively low pressure,and in which
gas ionlzatlon is essential to the normal operatlon of the tube. Types 82
and 0Z4G are examples of this class.

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

sary for the operation of the tube. In general the cathode rmust
be heated to cbtain sufflclent emission of electrons., A FILAMEWTARY CATHODE
is in the form of & wire cr ribbon through which heating current flows and
is gsometimes called s "dlrectly heated" cathode, In some of the earlier
recelving tubes, such as the 199 and the 2014, the cathode 1s a filement. of
thoriated tungsten and is normally operated ata temperature of approximate-~
1y 1700°C. In more recent types, such as the 26, 45, and 144, the cathode
is a wire or ribbon of nickel or nickel alloy coated with the oxides of
barium and strontium and is normally operated at 600° to 800°C., A UNI-PO~
TENTIAL, or "indirectly heated", cathode conslsts of a metal sleeve, usually
nickel, which encloses an insulated filament,or heater, through which heat-
ing current Flows, The cathode sleeve is generally coated with the oxides
of barium and strontium and is operated normally at 600° to 800°C,

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

is normally the one to which the main portion of the electron stream
flows, It is usually in the form of a oylinder of thin metal and may be
cireular, oval or rectangular in cross-sectlion., In some tubes the plate 1s
carbonlzed to increase its heat radiating sbility.

GRID A grid is an auxillary electrode placed between the cathode and the

plate, It usually consists of a spiral of wire fastened at sach turn
to one or more, usually two, longltudinal support wlres. In cross-section,
the outline of a grid may be clreular, oval or rectangular, The grid spiral
is uswally of wniform pitch, but some tubes employ VARIABLE MU GRIDS in
which the turns are not uniformly spaced., In a few cases the grid consists
merely of two vaerticel wires or strips of metal, The grids in & multi-grid
tube are cormmonly referred to by numbers indicating their position radially
with respect tc the cathode, number 1 grid being adjacent +to the cathede,
Grids are also referred to by names indicating their function, A CONTROL
GRID, or input grid, is one tc which an input signal voltage is svplied and
which mocdulates the main electron stream in accordance with the input sig-
nal, A SPACE CHARGE GRID is a grild placed In the electron stream and posi-
tively charged to partlally neutralize the space charge effect caused by 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 poci-
tive d-c voltage with respsct to tie cathcede, Besldes accelerating the
eleotrons toward the plate, a screen grid acts as sn electrostatlio shield
end reduces the caracity bebtween the plate andthe control grid., A SUPPRESSOR
GRID 1is a grid placed bhetween the screen grid andé the rlate and connected
to a peint of low d petential to prevent the passane of low velocity sec-
ondary electrons or nating cither at the plate or at the screen grid, In
some tubes 1t 1s connected internally to the cathode and in others it 1s
connected to a separate base pin, In some pentagrid tubes,such as the type
6A7, the nurber two grid,which serves as the anode for the oscillator szec-
tion, is called the ALODE GRID, The term ALIGWED GRIDS refe toa pair of
adjacent grids havi the sgame number of turns per ineci. and rced so tiat
each turn of one grid lics in the same horizontal planse th the correspond-
ing turn of the adjacent grid, The grids usually alirned are the control
grid and the screen crid in scue tetrcde and pentode power amplifier tubes,
This arrengement causes tie electrons to flow in flat beams be en succes-
sive turnes cf the allened grids, Since the screen grid wires are oubt of tie
direct path of the electrons, fewer electrons reach the screen gprid snd the
gereen grid current is lower than that of similar tubes without aligned grids,

TUBE CLASSIFICATION BY STRUCTURE

Radlo tubecs may be classifled accerding to the number cof clenents or elec-
trodes they ntain,

A DIODE is thie simplest form of tubo and contains two elements, a ecathode
and a plate., Types Ol and 1223 are exarmples of thls class,

A TRIODE or three element tube, contains a cathcde,a grid snd a wlate, as
for example, types 27 and 243,

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

The name SCREEY GRID TUBE is souebliies used fer a tetrede, such

9 perated as a screen grid, One

type of tetrote 1o a . YOWER TUDI in which the cleotredes are so cpaccd

tihat thie electron ctresm is confined to relatively narrow paths, or beans,

and A and the rlnte

to vrevent any appreciable flow of secondary clectrons between them, fTlie

electron he are preduced by the use of aligned pricds and deflector plales

partially rrounding the cereen grid support rods and connceted electricale
1y teo %the catlnde., The B8L6 andt 4VBG are beam power tubes,

A PEUTODR ls a five olement tube which contalnsa cathode, three grids and
a plate, types 77 and 42, for example.
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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 having a cathode, a plate and five other
electrodes, usually grids, PENTAGRID is another term applied to
this type of tube, Types 6A7 and 6L7 ere in thils classification.

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

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

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

A DUO-DIODE TRIODE 18 & duplex tube containing a duo-dlode unit and a tri-
ode unit, as a type 75.

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

A DIODE~PENTODE is a duplex tube contalning a dlode unit and a pentode
unit, as a type 1247 or a 25A7G,

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

A TRIODE-HEPTODE i3 a duplex tube contalning a triode unit and a heptode
unit,

A TWIN TUBE 1s a duplex tube containing duplicate wunits, types 646 and
187G, for example.

TUBE CLASSIFICATION BY FUNCTION

Tubes may be further classified according to their uses or funetions in a
circuit,

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

A HALF-WAVE RECTIFIER TUBE 18 one used In a half-wave rectifier oircult

and in which current flows only during alter-
nate half-ocycles of the a-c supply voltage. A haglf-wave reotifler tube is
usually a dlode such as a type 81 or a 1273, However, 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 twln diode used in a full-wave reoctifler

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

A VOLTAGE DOUBLER TUBE is a twin diode tube having separate cathodes in=-

sulated from each other so that the two sections
may be connected in series in a voltage doubler circuit. Although a twin
diode tube 18 usually used in this circuit, two separate diodes may be used
to accomplish the same result,

AN AMPLIFIER TUBE is one used to amplify a voltage applied by the inpub

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

A VOLTAGE AMPLIFIER TUBE is an amplifier tube used to supply an emplified
voltage to another tube which may be another volte
age amplifier tube, a power amplifiler tube or a detector tube,

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

A REMOTE CUTOFF ALPLIFIER TUBE is 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 applied to tubes of this class without
producing serious cross modulation or modulation distortion, Most remote
cutoff tubes are made with a variable-mu control grid.

A DETECTOR TUBE 18 cne used to separate the low frequency component of a

modulated signal from the high frequency carrler of radio
or intermediate frequency. Various types of tubes,diodes,triodes, tetrodes
and pentodes may be employed as detectors.

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

produce a-c power when supplied with d-c power, Tri-
odes such as types 76 and G6J5G, eare commonly used as oscillators in super-
heterodyne recelvers,
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A MIXER TUBE 1s one in which two applied voltages of different frequency

are comblned, or mixed, %o produse beat frequency voltages
which are equal to the sum and difference of the applied frequencies, in the
output circuit,

A CONVERTER TUBE is a speclal form of mixer %tube in which one of the two

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

AN ELECTRON RAY TUNING INDICATOR TUBE is a tube in which an eleetron beam

cauges a luminous area to appear on
a fluorescent screen, or target, The shape and size of this luminous arsea
vary in accordance wlth the voltage appliedto the control grid of the tube,
giving a visual Indication of the changes in the control grid voltage, Usu-
ally this tube 1s a duo-triode, one section functloning as a d-c amplifier
and supplying an amplified d-o voltage to the control electrode of the tar=-
get section, The BE5 is an example of a tuning indlcator tube,

FUNDAMENTAL CHARACTERISTICS OF RADIO TUBES

A radio tube, as a circuit element, exhibits gome electrical characteris-
tics, such as resistance and capacitance, which are similar to those of other
cirecult elements and, in addition, it has other characteristics which are
unique, Since the current=voltage relations of a tube usually are not
linear, the d-c current flewing between two electrodes is net directly pro-
portional to the d-c voltage between them, For this reason, the a-c or varl-
ational characteristics depend on the d-c¢ voltages applied 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 ampll=-
tudes, and with specified values of d-c voltage applled to the varlious elec-
trodes, It is necessary to distinguish between the d-c¢ voltages anrlled to
the various 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 is designatedas the voltage of that elec-
trode, as for example, PLATE VOLTAGE, SCREEN-GRID VOLTAGE, and GRID VOLTAGE,
The d-¢ voltage on the control grid is commonly called the GRID BIAS.

RECTIFIERS In a radio tube, tThe electrons originsting at the cathode are

attracted to any electrode which is at a positive potential
with respect to the cathode and repelled from any electrode which is at a
negative potential, Diode rectifier tubes depend on this fact for their
operation, as plate current can flow only during the half-cycle vwhen the
plate is positive, The important characteristic of a rectifier tube is the
STATIC PLATE CHARACTERISTIC, & curve showlng the relation between the d-c
plate voltage and current. Typical diode plate characteristic curves may
be found in the rating and characteristic data sectlon under any rectifier
tube 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=
or plate voltages the plate current approasches the total electron emission
of the cathode, which 1s the maximum value of plate current obtalnable at a
certain cathode temperature, A derlved charscterlstic is the relation be-
tween the de¢ output current and voltage in a typical rectifier circult.
Typlcal curves may be found in the rating and characterlstic data sectlon
under any rectifler types, such as the type 80, 8ince the values shcwn by
the curves are dependent on the clrcult constants, transformer reslstance
and reactance and smoothing filter characteristics, they shouldbe used only
to indicate the tube performance under certaln arblfrary, dbut usually typl-
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 ANPLIFICATION FACTOR, y or wmu, vhich
indicates the relative effectiveness of the grid voltage versus the plate
volbage in controlling the plate current, It is equal tc the quotlient of a
small change in plate voltage divided by the compensating change In orid
voltage necessary to maintain the plate current constant, THE TRALISCCIIDUCT=
ANCE or MUTUAL COLDUCTANCE, Gp, of a tube 1s a factor indicabing the magni-
tude of the controlling effect of the control grid voltaze on the plate cur-
rent, and is expressged in microm:cs whichare equivalent to microamperes per
volt, It is egual to the quotient of a small change iIn plate current di-
vided by the change in grid voltage producing it, when all other elements
voltages are corstant and there isg no external Impecdance in the plate cir-
cult. The PLATE RESISTAICE, Rp, of a tube is the effective internala-c¢ re-
sistance between the plate and cathode, 1t is expressed in chms and is e=
qual to the quotient of a small change in plate voltasc divided by the ace
companying chanre in plate current, with constant voltages on the other el-
ements and no external imvedance inthe plate circuit, Amplification Treter,
transconductance and plate resictance are connected by tre relaticn( /RD,
hence any one of these gquantities may be found if the other two are knovm.
In multi-grid tubes there may be several values of amplification Tactor and
transconductance, depending on which element ig used as the contrel srid and
which element as the plate, as for example,grid #1 to grid#2 transccnduct-
ence or grid #1 to plate transconductance,or grid #3 to plate transconduct-
ance,
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An gmplifier tube may be considered as an a~c generator whose generated
e.m.f,, or open-oircult voltage 1s the product of the amplificatlion fastor,
u, and the a=c grid voltage, Eg, The voltage, uE;, appears in the plate
clrcult in serles with the pla%e resistance, Ry, wﬁich corresponds to the
internal resistance of the generator, The transconductance 1s the shorte-olr-
cult a-¢ current per unit of a-o grid voltage.

The VOLTAGE AMPLIFICATION or VOLTAGE GAIN 1s the amplification obtained from
a tube in connectlon with 1ts assoclated circult, and is equal to the quo~
tient of the a-c voltage, Er, developed across the load resistance, Ry, dl-
vided by the a-e grid voltage, Eg. Sinee the m-c voltage generated in the
output circuit of a tube 1s in Series with the plate reslstance, the a-e
voltage developed across the load resistance depends on the relatlve values
of Rp and Ry, The voltage amplificationis given by the following formulas:

L AR G 0 R,
VOLTAGE GAIN '_‘_pp e ——-—&—L‘,p 7%, (1)

TRIODES The statlc plate characteristic curves of a triode are simllar to

those of a diode, except that a family of curves 1s usually glven,
each curve corresponding to some arbitrarily chosen value of grid bias,
Typleal triode plate characteristic curves may be found in the rating and
characteristic data sectlon, for instance, under the types 6F5, 76, or 6Q7,
The other family of curves under the types 6FbB and 6Q7 shows the same in-
formation in another form, the relation between the d-c grid voltage,or bias
and the d-¢ plate current for several values of d-¢ plate voltage. The am~
plificatlion factor may be determined from the plate famlly of ourvesbyfind.
ing the plate voltage, at constant plate current, corresponding %o two val-
ues of grid blas, The amplification factor is then equal to the quotient
of the change in plate voltage divided by the change in grid voltage, The
transconductance 1ls equal to the slope of the plate current va,grid voltage
curve at any point where its value 1s desired, The transconductance may
also be determined from the plate family of curves by finding the change 1in
plate current, at constant plate voltage, corresponding to a change in grid
blas, The transconductance, in micromhos, is then equal to the change in
plate current in microsmperes divided by the change In grid voltage, The
plate resistance equals the slope of the plate current vs.plate voltage curve
at any point where 1its value is desired, Thus,the three fundamental char-
acteristies of a tube may be determined approximately from the static char-
acteristic curves, In determining amplification factor, transconductanoce
and plate reslstance from the statlic characteristic curves, greater aoccura-
¢y will be obtained if the increments read from the curves are as small as
can be read conveniently,

TETRODES The plate current va.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
characteristic curves of a typlcal tetrode,such as the type 244, At values
of plate voltage higher than the screen grid voltage, where a tetrode 1a
usually operated, the plate current eurves are relatively flat, indicating
high values of plate resistance and amplification factor, In this reglon
the value of plate current depends more on the value of d-¢ soreengrid volb=
age than on the value of d-c plate voltage, At plate voltages lower than
the soreen grid voltage the values of plate current are unstable due to the
effects of SECONDARY EMISSION, When the plate, or any other electrode, is
more than about 12 volts positive the electrons which strike 1t cause it to
emlt secondary electrons, These electrons maybe pulled back to the plate,
or, if there 1s another electrode nearby at a higherd-c potentlal, they may
be drawn away from the plate to the higher potentlal electrode, In the re-
glon of the plate current characteristics where the plate is at & low d-c
potentlal, the secondary eleetrons are drawn to the screen grid, decreasing
the plate current and inereasing the screen current correspondingly. In the
operating reglon where the plate 1s at a higher potential than the screen
grid, the plate ourrent is increased and screen current decreased by second~-

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

under conditions wiiich permit tine pirate voltage to fall belowthe sereen grid
voltage unless the design of the electrodes 1s such that secondary emission
1s largely eliminated, In beam power output tubes, which are tetrodes, the
effects of secondary emlssion are largely eliminated and the charascteris-
tles regemble those of pentodes,

Because of the eleotrostatlic shielding effect of the screen grid, the con~
trol grid to plate capacitance of tetrodes is very much lower than that of
triodes, Tetrodes designed for use in high frequency stages usually cone~
tain additional shields placed outslde cf the electron stream in such a way
that the grid to plate capaclitance 1g still further reduced, Thils feature
makes tetrodes mere sultable than triodes for use in amplifying r-f or 1-f
frequencies where large grid to plate capacitances would tend to cause os=
cillation or instability. The high amplification factor and plate resis-
tance of tetrodes permit hish gain and seleotivity with the tuned circuits
ordinarily used at high frequencies. The high amplification factor also
permits high gain in resistance coupled audio frequency amplifiers,

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

those of a tetrode with the important exception that there 1s no
sbrupt dip In the curves at the point where the plate voltage equals the
screen grid voltage, Refertothe plate characteristlc curves of types 6C6,
42, ete,, in the rating and characteristic date section for typlecal pentode
curves, This improvement in characteristics results from the effect of the
suppressor grid, #3 grid,which prevents the pacsage of secondary electruns
between the plate and the screen grid, The plate current curvesare flatter
than in corresponding types of tetrodes, hence the plate resistence and am-
plificatlion factor are correspondingly higher, Pentodes may be used for
the same service as tetrodes and have the seme advantages of low grid to
plate capacltance and high amplification factor and plate reslstance, In
addition, since the plate current curves are smooth over a wide rante of
plate voltage, pentoded can he overated as power amplifiers et large ampli-
tudes of a-c¢ voltage and current.
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MIXER OR CONVERTER TUBES An important characterlstic of a mlxer or con-

verter stage 1s the CONVERSION TRANSCONDUCTANCE
which 1a equal Lo the quotient of the beat frequency, or i-f, component of
the plate current divided by the r-f signal volbtage on the control grid,
with no impedance in the plate circuit and constant d-c voltageson all the
electrodes, In converter circult calculations, conversion transconductance
corresponds to transconductance in single frequency amplifier circuits. The
TRANSLATION GAIN of a mixer stage 1s analogous to the voltage galnof an am-
plifier stage, and 1s the ratio of the 1-f output voltage appearingacross
the plate load 1lmpedance, to the r-~f signal voltage applied to the control
grid, Its value depends on the circult constents as well as on the mlxer
tube characteristios and operating condlitions, The CONVERSION PLATE RESIS-
TANCE of a mixer tube 1s the effeoctive plate resistance to the beat fre-
quency, or 1-f, component of the plate current and corresponds to the plate
resistance of an amplifier tube, A pentagrid converter tube is ordinarily
operated as 1f 1t conslsted of two sections, each having its own control
grid, both grids simultaneously ocontrolling the plate current in accordance
with the separate grld voltages, The curves in Fig. 1 and Fig, 2show the
effect of the inner number 1 and the ouber number 4 control grid voltages
respeotively on the plate current and on the current to grid number 2 whioch
serves as the anode of the inner sectlion, The negative relation bvetween the
voltage on the outer control gridand the anode ourrent of the inner sectlon,
shown 1n Fig, 2, 1s typical of pentagrid tubes., Each section has the char-
acteristics of amplification factor, plate resistance andtransconductance,
the values depending on the d-c voltages applied to the electrodes of both
sectlons,

TUNING INDICATORS For typleal tuning Indicator characterlistic curves re-

fer to the type 6E5 1n the rating and characteristic
data seotion, The curve of shadow angle vs.grid blas is 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 spplication of rectifier tubes care should be taken that
the published maximum ratings arenot exceeded., Rectifier tubes
are rated for MAXTMUM A~C PLATE VOLTAGE, the maximum RIS value of a=6 volt-
age that should be applied to the plate of the tube and for MAXINUI D-C OQUT-
PUT CURRENT, the highest value of d-¢ 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 IN~
VERSE PEAK VOLTAGE which is the maximun instantaneous peak value of plate
voltage that should be anplied to the tube drrines the half-cycle when the
plate ic negative and no current is flowing to the plate, THE VOLTAGE DROP
1s the d~c plate voltage corresponding to some specified value of dec plate
ourrent, usually equal to the maximum d-c output current per plate.

A typleal half-wave rectifier ciroult

is shovmtji.rgi}‘ig. i angtaitygical‘LMl- TYPICAL HALF WAVE RECTIFIER
Wave rec er clrcu n . 4 A

condenscr input filterls showﬁ in eaoch C/ECU/T
circuit. If C) were omitted the filter
would be a choke input filter, With
condenser input the d-c¢ output voltage

will be higher and the regulation over

the workings range poorer than with
choke input, Increasing the capacity

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

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

as shovn in Fic, 4, to further reduce

the hwm voltage, In some cases the
plate supply for tiic output stage 1s
taken fromthe first choke and the rest

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

for Ly, and lmproves the regulation of

the output voltage,
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TYPICAL FULL WRVE RECTIFIER CIRCYIT

+
e
v - 5Y36 rrou g:_,g”
60w K — L
g\ & <3| ocourpur
>§ 2-8ur VOLTRGE
FlG. &4

Fig, § shows a voltage doubler circuld
such as 1s sometimes used in receivers
operating directly from the a-c¢ line
without a power transformer, The d-o
oubtput voltage will be somewhat less
than twice the value which would be ob-
tained with a half-wave rectifier, Its
value depends on the capacity of con-
densers, Ci,and on the d-oc output cur~
rent, as shown by the curves for the
25Z5 tube,

AMPLIFIERS Two gencral types of am-

plifiers are used in radio
reccivers,high frequency amplifiers for
radlo and Intermediate frequencies and
low frequency amplifiers for audio fre-
quencies, lligh frequoncy amplifiers
arc unsually transformer coupled and may
be used over a rangc of frequencles as
in a tuned r~f receiver,or at a single
frequency as in the 1-f amplifier of e

TYPICAL VOLTAGE DOUBLER CIRCUIT

nrY
60~

25264

FIG. 5

superheterodyne receiver, Pentode or tetrode tubes are commonly used in
hish frequency arplifiers because of their low grid to plate capacitance and
high values of transconductance and plate resistance. Fig.,6 and Fig.7 show
typical hich frequency amplirier circuits suchas are used in a tuned r-f re-
celver and in a superheterodyne receiver.

TYPICAL TUNED R-F AMPLIFIER AND DETECTOR CIRCUIT

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 b3y
¥ H
it
AT £
> S
/oooogo,, A Y 20000 i:§
S— 7YY _MAMAAA ]
a4 15000~ 10000% 12507
FlG. 6
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TYPICAL SUPERHETERODYNE RECEIVER CIRCUIT &
&5

78 OR 6K7G 6A7 OR 6A8G 78 OR 6K7G 75 OR 6866 133
R.EAMPLIFIER CONVERTER I-FAMPLIFIER  DET, RVC, A-F AMR §

8
AT

S00000 Fann

LLEY

I

4

ﬂwam}

1t
000 2 N
0005uf I § 3
N
20000™
, 0.Luf
J: 1
= I +250"
Fl1G.7

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

TYPICAL RESISTANCE COUPLED R-F AMPLIFIER CIRCUITS
TRIODE PENTODE

70 GRID
OF
. FOLLOWING
TUBE
A Rg
L3,
T % il
= e,
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 in series and the
two plate clrcuits likewise, Equael signal volbages 180° out of rhase, are
an~plied to the two grids by a center~tapped transformer or by a phase in-
verter circult, The a-c¢ plate currents and voltages are ccmbined in the
output circuit to give approximately twice the power output obtainable from
a single tube operating under the same conditions, and the second and other
even order harmonics cancel oub, Fig, 10 shows a typical push=-pull power
amplifier stage transformer coupled to a driver stage., Transformer coupling
1s used where power 1is 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 11



TYPICAL PUSH-PULL POWER AMPLIFIER-CLASS AB2

DRIVER
492 OR6F6G 42's OR 6F66's
TRIODE ‘ PENTODES
250f
10 e
TRANSFORMER SPERKE
RATIO PRIMARY VA
-F 0 5 SEC=1.67 3490
INPUT N
>
#375Y
FiG./0 l +250¥

A PHASE INVERTER circult is shownin Fig, 11, The signal voltage for triode
R 1s obtained from the tap, P, on the resistor Rg, in the output cirouit
of the other triode. This tap should be adjuséed s0 that the signal volt-
age applied to triode R 1s equal to the input signel on the grid of triode
L. For example, 1f the voltage gain of triode L is 25, the tap, P, should
be adjusted to supply 1/25 of the voltage mcross Rgto the grid of triode R.

TWIN TRIODPE PHASE 1/ VEPTEI'IE
TRIOPE L TRIODE @ Lre

———

2 £1 3%

X 5
FIG. I/

Amplifier stages are classified with respect to the tube operating conai-
tions and the relation between the grid bias and the maxlmum normal value
of a-~c signal volbtage, which determine the fraction of the a-c cycle during
which plate current flows, In a CLASS A ampllfier stege, the plate current
flows during the complete a-c cycle, the grid blas usually belng fixed at
approximately one-half of the cutoff blas (the grid bias necessary to re-
duce the plate current to practically zero), Ordinarily, the maximum normal
peak valuc of the s-c voltage 1s approximately equal o the grid blas and
no orid current flows during any portion of the cyole but this 1s not a
necessary condition for Class A operation, The subscript 1l,as in Class 4,
1s sometimes used to indicate that no grid ocurrent flows during any part of
the input cycle,

"C y

Fig, 1% shows g:h: sectign offthilplatg 20 TYPICAL TRIODFE
current vs, plate voltage fam o

a triode operated as a CLASSA amp{ifi- P 3y PLATE CHAR
or, The LOAD LINE represents the rela- CL. A OPERARTION
tion between the Instantaneous values " A
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
effectlve a~c impedance in the external
plate circult, Since thias impedance is
chiefly resistive, 1t is commonly re-
fe red to as the LOAD RESISTANCE, Ry,
The operating point, O indicates the
static values of pla{:e voltage, Eg, and
current, Iy, with no signal, The load
line terminatesat plate current curves LA -4 L —
corresponding to the maxlmum and mini- 4, 1

8
£
\I

=~
N
S

8
PLATE CURRENT- MA.
1/,
|
(3

8

mum instantaneous values of grid volt- ¥V 80 60 240 320 400 4450
age at full rated signal, the swing in -
grid voltage belng the éame in either PLRTEF;DGU}”ZGE voLTs

direction from the operating point, O,

The difference between the plate voltage at the operating point and at eithor
end of the load line equals approkimately the peak value of the a~c output
voltage developed across the load resistance, The RMS value of the a-¢ oubt-
put voltage will be 0,707 times the peak voltage obtalned from the curves,
The power oubtput may then %be caleulated approximately from the relation:

2 2 2
POWER OUTPUT = _.ms_(fp ) =_—Lz[a7”7[fpmax‘f ) .—___o_l[m”f L) (2)
4 L

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

power ourpur = Lmax= Emin)Imax Zmin) 'E’""g(‘— ~Limin) (3)

The values of Emax, Emin, Imax, and Imin, are read from the curves as shown
in Fig, 12, If the values of Empx, 8&nd Emin are expressed in volbs, the
values of Ipgx, and Ity should be expressed in amperes to give the power
output in watts,

The second harmonic distortion, expresased in percent,mey be calculated from
the formulas

Tmax* Ty
max*>min _

2
2o HARMONIC =——=——————— X /00 4
Imex. ~Imin
Io 1s the value of d-c plate ourrent at TYPICAL TRIODE
the operating point and 1is read from
the curves, All the values of current 2.0 OUTPUT CHAR.
in equation (4) should be expressed in CLASS R OPERARTION
the same unlts,milliamperes or amperes,
Fig,1l3 shows typlecal variations of powe 16 20
er output, plate current anc harmoniec E Ip |t <
distortion with signal iInpub volbage * 3
fora triode operatedas a ClassA ampli- ,,¥ 15
fier, The power output varies approxi- "7 z
mately as the square of the input volb- s R Q g
age and the distortion 1s low and 1s MEIO‘:‘) 10 g‘(
chiefly second harmonic., 57y 4 >
Q Z / N
The PLATE EFFICIENCY is the percentage aﬁ ]§ 5 "ﬁ
ratio of the power output to the prod=- g [ D 3
uet of the cverace G-c plete voltage 2 § Z/H/W N
and. d-¢ plete ecvrrent at full sigral, 5 ™ p -] 0
0 14 20 30 40 50
PO SIGNAL —~RMS VOLTS

PLATE EFFICIENCY (%) = 2 X100 (%) FIG. 13

In o Class A triode amplifier the plate efficlencyis relatively low, 15% to

The POWER SE SITTVITY is the ratio of the power output to the square of the
irput sisnal volteze, Ep.

PO
POWER SENSITIVITY = —— (6)
G
The mower gensitivity of a Class A triode anplifler ig aldc relatively low.
I
Th: method ol ca%culﬂltj:ngjtthzia'n_proxi- 00 S gz‘)”f TYPICAL PENTODE
mate vower outpubt and <istortion for a g
rentode  2r a tetrode, operated ag a 2!% ysb'/ PLATE CHAR
Clasc A auplifiler, is similar to that 80 & " { CLASS A
. ™~, 14 shows a famlly / I 10",
arecterlistic curves for a @ F :"!."’i/{: /’—OPERHTIDN
de Class A amplifier, The 60 S L~
becalculated anyronl- T
© e formula: =
§
2 EmaxEm 90 &
nax TrinHAIEL)) 725 3 \
ZimaxImin (n O "
PO= 7, ™ _30¥
32 20 I‘; '730
[N T
road from the curves at =
wilcated in Tig, 14, The g i !
.and Iy are determined by 0 80 /60 290 320 200

i nsoi the load line with
rlete current curves corresponding PLATE VOLTAGE- VOLTS
crid hlases of 0,205 Bye and 1,707 FlG. 14
Eng resnectively, vhere 20 is the valuc of the grid blas at the operating
p?)}gnt, [e8

the geeond haruonic dlstortion,cxpressed in percent, mey be calculated from
the formulas

Zrax* L — 22

2no. HARMONIC =
Zimax~Tmin L9 (IxT)

X100 (8)

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

TnaxTmin =/ 4/Ix~Ty)

X/ 9
Zmax~Imin*t 9 Ix-Iy) 00 f)

3rp. HARNMONIC =
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ws the variation of power output, plate current, screen current
snal Input voltage and Flg, 16 shows the varlation of
Sh load resistance for a ftypical pentode Class A Am=
is normally operated with a load resistance of approxi-
t vhich the seccond harmonic is a minimum, In some c¢ases,
1 ig adjusted for a lower value of third harmonic and the
second rronic 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 Cless A pentode
amplifier generally has higher plate effilciency, 35% to 45%,and higher pow=
er sonsitivity than a Class A triocde. The distorbtion 1s also generally
hizher and consists mostly of third and higher odd order harmonics,

% ITYPICAL PENTODE ”& M\l\
OUTPUT CHAR .
21 c1ASS A 0PERATY 0% 208 Y TYPICAL PENTODE
" 7 i L | fourPuT CHARACTERISTIC
ex 4 0y Y8 1 CLASS A OPERATION ~
£ / X 3 <
12y 3090 2 — 60§ E
g “7/ § fe | T L g
aa§zo§ 20 ¥ 08 205 g 2y
IS ] fmert R
& N 3 — % T
aa§m§ o E ag 1 Xéo;, zt"’ﬁ
e = s S=aValll}
0 P o 0 050 ”
o / 2 3 4 5 [3 oF 0 15 20 25 30 35
SIGNAL - RMS VOLTS LORD RESISTANCE -KILOHMS
FIG. I5 FIG. 16

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

cycle, grid current usually flows for 44
part of the cycle, This grid volbtage TYPICAL TRIODE
PLRTE CHAR

and ocurrent represent power whioh must
be supplied by the preceding tube called g
the DRIVER TUBE,. The power output of
the driver tube 1is often the limiting
factor in determining the power output
of a Class B stage., Since the average
value of the plate current of a Class
B stage varles considerably with signal
voltage,the plate voltage supply should
have good regulation to prevent exces~
sive decrease in d-o plate voltage and
limitation of output as the signal volt-
age 1s raised,

L EFER, =%
PM7Z'70PUJTE
LOAD RES!S.

8 8

3
PLATE CURRENT- MR

5

Flg., 17 shows the sectlon of the plate
current vs,plate voltage femilyof a tri-
ode used as a (Class B amplifier, In Ly
Class B operation the plate current of 0 50 100 150 200" 250
one tube is practically cutoff durlng -

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

butes very little to the power output, FlG. 17

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

)

PO = (Ea'fmirz)z(fmg‘fo) + (Emg_"fo)z(-l-g "Iml (/0)

Since the plate current of one tube is g
prictlilcﬁ.‘ly gutgff ﬁwizrir(uioiach alter- TYPICAL TRIODE

- , be re-
gﬁo:d :o ac%ﬁrie:hegrgppioximat?ixyn e 174 OUTPUT CHAR

CLASS B OPEP/)T/I?/}
~Eps; 2TUBES
po = {Eo™Emin) Tmax. é") Lmax, (m ®

®
=

0
"N

The actual power output 1s 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 Amplifiler,
The distortion 1s chiefly third and

o

)/ 4

4
A
7 )//

/ VT
e

HARMONI(S-%
CURRENT~MA.
lﬁ?b’ NT-MA.

[

N »
POWER OUTPUT-WATTS
=3

Plﬂ%
GRID Ci

other odd harmonlcs, The plate effi- 0™ ¢ [
clenoy, 56% to 65%, and the power sen- 0O 20 30 40 50 5{0
sitivif':y at full péwer output are both SIGNAL - RMS VOLTS (681D TOGRID;
relatively high, .
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~
3

A CLASS AB amplifier stage 1s one which Tangx. TYPICAL TRIODE
operates under conditions intermediate = x PLATE CHAR
between Class A and Class B, The grid 100 ) A .
bias is fixed at a value between that > N\ CLASS /752
for Class A operation and outoff and . O,

plate ourrent flows in each plate c¢cir- w§ Y §I_n %\1' OPEPHZP/ON
ocuit for less than one complete cycle : W °f A, EFFR=72
but for more than one half-cyole of the ~ N pLaTE T0 PLATE]
slgnal voltage. If the normal maximum wE i I%,Loﬂpffs/j'_
peak value of the signal voltage does o ' 7

not exceed the grid bias and no grid g / oo

ourrent flows duringany part of the in- 4 J

put cycle, the amplifier may be desig-~ W N L
nated as Class AB3. If grid current P I, K ?/
flows during any portion of the input 2 N = A 2 A
oyole the amplifler may be designated g ’/ { ﬂ& N
es Class ABp, Flg, 19 shows the seo~ ﬂ/ | ,\y
tionof the plate voltage plate current g /

family of a triode used as a Class ABp 0 100 200 300 200 500
Amplifier, The power output from two PLATE VOLTAGE- YOLTS

tubes may be computed approximately

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

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

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

In a CLASS C amplifier the grid bilas is fixed at a value greater than the
cutoff value and the plate current flows during less than one half-cycle.
Class C amplifiers are not used in radlo receivers, although an OSCILLATOR
may be considered as & specisl type of Class C amplifier In which the inpub
voltage is derived from the output voltage by means of circult coupling,.

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

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

nal from the hilgh frequenoy carrier or to change
the carrier frequency. In superheterodyne receivers, the filrst detectoer is
used to obtain an intermedlate frequency from the r-f input frequency. The
important characteristic of a detestor bubse is the relation between the r-f
8ignal input voltage and the resultant a-f or i-f output voltage, This rela-~
tlon is shown for a typical diode in Fig,20, fora triode operated as a grid
leak deteotor in Fig, 21 and for a blased triode detector in Fig, 22,

2 10
CHARACTERISTIC CURVE o | CHRRACTERISTIC CURVE

w |TYPICAL DIODE y TYPICAL GRID LEAK TRIODE

o| DETECTOR / 8 n|pETECTOR g
s S|MOD.30% L, 7§ MOD..?O%/

6
3 / I
4 [

o / ¢\ /
a2 Ly .5 /

S ~
2% / 2 S /

¢ r ! : /
o [/]

o K0 20 30 40 S5O 60 o0 |/ 2 3 4 5 6 7 8 9 10
R-F SIGNARL -PERK VOLTS R-F SIGNAL - PEAK VOLTS
FIG. 20 Fla 2/
S0
&5
o TYPICAL GRID LERK DETECTOR
3 CHARACTERISTIC —
30> CURVE — eFL
28 / rveicar siasep
™ TRIODE DETECTOR | 10 por
w2 /] mon 30% MPLIFIER
i
5= /
? 0 0 20 30 40 S0 60 -
P-F SIGNAL-PEAK VOLTS j#o5¥

FlG.22 FlG. 23
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In a grid leak detector cirouit, Fig, 23, the r-f signalis rectified in the
grid-oathode cirouit which acts’as a dlode detector, The a-f voltage aoross
he grid lesk and condenser is amplified by the tube and the amplified volt-
age appears 1n the plate circuit, The r~f signal is also amplified by the
tube and an r~f filter should be inserted in the output circult to prevent
the high frequensy from reaching the e-f amplifier. Inoreasing the resis-
tance of the grid lesk inoreases the sensitivity to weak signals, but tends
to introduce instability and disbtortion with large signals,

In a blased detector olrcult, Fig, 24, TYPICAL BIASED DETECTOR
a high negative blas is applied to the
grid and the no-slgnel plate current 1is 76
practlcally zero, The rectification
takes place in the plate circuit due teo
the fact that more plate current flows
on the positive half-cycles of the sig-
nal voltage than on the negative half-
oyocles, Both a~f and r-f voltages ap-
pear in the plate circult and ean ref

filter should be used to by-pasa the
r-f component, A blased detestor nor- P-;Irg
N

RFC

Luf

Ik
1

70 A-F
AMPLIFIER
25uf
mally draws no grid current and there-

fore does not decrease the sensitivity
and selectivity of the input circult,

100000

Diode detectors are commonly used be= R +260¥
cause of theilr ready adaptatlon to de- <

tection and control circults, A diode FlG. 24

detector oircuiti shown in Flg, Zsa

functions as a half-wave rectifler an

the a-f voltage appears acrossthe load TYPICAL DIODE DETECTOR CIRCUIT
resistor, Ry,which 1s by-passed for r-f
by condenser (3, The by-pass condenser
01 charges up to a voltage approxl-
mately equal to the peak voltage of the
signal and maintainsa d-o voliage pro-
portional to the carrier amplibude a-
cross the load resistor,Rj.Since dlode
detectors 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 applylng the d-c voltage
developed across the diode load resis-
tor, as a negative blas, to the control
grids of the r-fand 1-fampllfier tubes
in the receiver so that their galn in-
oreases or decremses as the r-f signal AvC
decreasen or lncreases, A typlcal cir- ko L
cult is shown in Fig, 25, The filter -
Rg = Cg 1s introduced to prevent the FlG.25

AVC voltage from varying at audlo frequencies and to prevent high frequency
voltage from being fed back to the r-f or i1-f emplifier tubes,

In diode deteotor circults certain precautions should be taken ¢o insure
linearity and low distortionwith high percentage modulation, The r-f signal
voltage appliedto the diode should be approximeately 10 volts, and the ratlo
of the a-c impedance to the d-c¢ resistance Inthe dlode circult should bse as
high as possible, The a-o impedance ig usually less than the d~-e¢ reslstance
in the diode olrcult due to the shunting effect of the AVC nebwork and the
grid leak of the following sudlo amplifier tube, Therefore, the grid leak
and AVC filter resistors shouldbe as high as allowable In the grid oilrcults
of the a~-f and r-f amplifler tubes, and the diode load resistor should not
be too high, The a-c/d-o impedance ratio may be lmproved by feeding the a=f
amplifier and the AVC network froma tap on the dlode load resistor,as shown
in Fig, 7. While this comnnection reduces the sensltivity, it increases the
a-0/d=-0 impedanoe ratlio appreciably,

The r-f by-pass tcondenserd aozoss zho TYPICRL DIODF DETECTOR
diode loed resistor should not be too

large as this will cause loss of gain CIRCUIT WITH DELRYED RVC
and distortionat the higher audio fre- 200uf
quenocles,

In some casea 1t 1s desirsble for the
AVC setion tobe delayed until the sig-
nal reaches a oertain predetermined
strength, 1in order that the receiver
may recelve weak signals with mexlmum
sensitivity. A ¢olreult which aococom=
plishes this 1s called a delayed AVC,

000000000

or DAVC circuilt end 1s shown In Fig,26. /Ml::
Diode, , 1s used as a detestor to .2
supply a-f voltage to the a~f ampli= ::
fier and dlode, DR, 1s used to supply Re M::

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

cathode of Dg, For example, i1f the 70 A-F = [+3%6" 2AVC
cathode of Dp 1s returned {o o point AMPLIFIER VOLTAGE
3 volts sbove ground, no current can FlG. 26

flowthrough Druntil the signal strength

inoreases sufficiently +to cause more than 3 volts to be developed across
Rz, and the AVC action is delayed until the signal reaches approximately
3 volts pesk,
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CONVERTER AND . IiIXER CIRCUITS In & superhetercdyne receiver, a frequency

converter stage is used to convert the iIncom-
ing r-f signal to the 1-f frequency, Two tubes may be used, one as the os-
cillator and the otheras the mlxer, or first detector,or both functions may
be combined in a single converter tube such as a type 6AY ora 6A8G. Fig.27
shows a typilcal frequency converter clrcoult using a pentagrid mixer tube and
a scparate osclllator, A typilcal pentagrid converter circult using a single
tube is shown In the circult of Fig. 7.

TYPICAL FREQUENCY CONVERTER CIRCUIT USING SEPARATE

OSCILLARTOR
6.7 K[EL7G 67500 6756
MIXER, i osc. lere
L P | 7T ouTPYT
P
R-F Souuf
meur ! {
M £
9 > 144 8
ot = ‘?'g § Bl 200004
T ° e
= 450" 6 27 +250"

VOLUME EXPANDER CIRCUIT In the recordlng cof 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 softe
er than in the original musie, Thils compression 1s necessary to keep the
soft passages above the background noise level of the equipment and to pre-
vent the loud passages from overcutbing the grooves on the record or over
modulating the carrier. Wore natural reproduction of such music may be ob-
tained by the use of a volume expander amplifier which amplifies the loud
passages more than the soft passages and thus inoreases the volums range,
Flg. 28 shows a circult for a volume expander amplifier using a type 6L7 or
6L7C pentagrid tube,

VOLUME EXPANDER CIRCUIT

6L7
oR W owrror
6.76 o4ut
0.|I,a£' =TT
A-F ';q 9 .
meur | 8 3
o3 =
L
6C5 0. Juf 616 OR6HEG
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a %COI‘ITEOL 6056, 1% ¢ '~‘-§
: (=i 8 8 (o -
S S O.5ut
i é
N
ai,utT S 0.5 ]
Buf
ke 1L
= i J ahaiaiaaanian
WM
- -0V
] 10V 0 */00_,250v

FlG.z28

The operation of the clrcuit is as followss 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 is 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 gain increeses and decreases wlththe amplitude of the signal, The posi-
tion of tap, P, determines the initial blas on grid number 3 of the 6L7 and
should be adjusted so that the no-signal plate ocurrent of the 6L7 is 0.15
milliamperes, The input signal on the grid of the SLY should not exceed one
volt peak 1n 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 blas maybe applied to the plates of the 6H6 or 6H6G reotlfier tubes.

AUTOMATIC FREQUENCY An automatic frequenoy control oircult, as arpllied to
CONTROL GIRCUITS a superheterodyne receiver, is one whichautomatically
controls the oscillator frequency in sucha manner that
the intermediate frequency is maintalned at the frequency to which the i-f
amplifier is tumed, Thus, a receiver equipped with AFC automatically cor-
rects lnaccuracies in manual tuning and compensates for osclllator drift. An
APC circult consists of a frequency discriminator circuit and a control cir-
cult. The discriminator detects changes iIn intermedlate frequency and sup-~
plies al\d-c voltage, the polarity of which depends on the direction of the
frequency change, to the control clrcult which changes the oscllliator fre-
quenecy end returns the intermedilate frequency to the proper value,
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FREQUENCY DISCRIMINATOR CIRCUIT FOR AFC.
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Fig. 2 shows a frequency disoriminator circuit., The primary,lj,is tuned to
the intermediate frequency of the receiver and loosely coupled to the seconda-
ries, Lo and Lz, which are tuned to frequencles spaced equally above and be=
low the intermediate frequency. The voltages across Lo and Lz are applied
to a duo-diode rectifier as shown, The d-c output voltage of this rectifier
18 the AFC voltage and is equal to the difference between the voltages de-
veloped by each diode, When the 1-f signal 1s on the center frequency the
voltages applied to the dlodes are equal, the d-¢ output voltages are equal
ané no resultant AFC voltage 1s developed, If the 1-f frequency changes
toward the resonant frequency of Lg, more voltage will be applied to dlode,
D, than to the other dlode, Dr, will develop more d-c voltage then Dp, and
the resultant AFC voltage will be negative with respect to ground, In 1llke
manner, il 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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wnether Ciseriminator cirouit which does not depend on side circuits, tuned
Bove and bolow tite Intermedlate freocuency, for its operation d1g shown in
. 30, In tiis circuit the primary In, and the secondary, Lg are both
od to the intermediste freguency oi tire receiver and are loosely coupled,
the o~erstion of the circuit depcnds on the fact that at the resonant fre-
suary voltage, Ep, and the secondary voltage, Eg, are 90° out
on the fact that the phase angle varles as the frequency changes,
1o circult ie erranced so that the voltage, Ei, applied to one diode is the
veetor s of the primary voltage and one-half of the secondary voltage,and
te veltare, Bg, avplied to the otiier Giodeils the vector sum of the privary
tie coti:er nall of the secondary voltage. As in Fig, 29,the re-
voltaze is the differenoce between the d-c voltages developed by
[o¥:3 1ode. Veetor dlagram, A, in Fig, 30 shows the phace relations of the
several voltages vhen the anplied voitage is at the resonant frequency. Since
tiie voltazes, Eq and Eg, which are applied to the diodes are equal, no re-
ent ! la d a If the ap-lied voltage chenges in fre-
shown in vector diagram,B, The volb-
greater than the voltage, Ey, applled
ore d-c¢ veltape than Dy and the re~
with rceopeet to ground, If the fre-
irection, Ej will Le rreater then Eg and the
. be negative itk resnect to ground,
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Fig., 31 shows a control circult which controls the oseclllator frequency in
acoordance with the d-c¢ voltage developed by the dlscriminatbor. The plate
of the control tube 1s coupled to the oscillator tank coil and a voltage
approximately 90° out of phase with the voltage across the tank coll 1is ap-
plied to the grid, In Fig, 31 thls out of phase voltage is obtained from
condenser, C1, which 1s in series with resistor, Ry, across the tank coil.
In practice the resistance of Ry 1s.made much greater than the reactance of
C1 and the current through C1 18 practically in phase with the voltage aoross
the tank coil, The voltage across C1 18 therefore practically 90° out of
phase with the tank coil voltage. The plate circult of the control tube
then acts like an inductance ascross the tank coil, The value of this ef~
fective inductance depends on the bias on the grid of the control tube, As
the bias of the control tube is determined by the AFC voltage generated by
the discriminator, the control tube tends to maintain the oscillator at the
proper frequency.

RECOMMENDED OPERATING PRACTICES

FILAMENT AVD HEATER VOLTAGE Radlo receiving tubes are designed to operate

satisfactorily with moderate variations inheat~
er or fillament voltage from the rated values, Ilowever,for best performance
and life the rated values should be maintained as closely as possible, At
excessively hish values of heater or filament voltage there is danger of
heating 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-¢ heater supply is likely
to be greatly increased, Furthermore, the rate of evaporation of active
material from the cathode 1s greatly accelerated with corresponding reduce
tion in tube 1life, At excesslvely low heater or fillament voltages the
electron emisslon from the cathode maybe reduced tothe point where the tube
characteristics and the receivor performance are seriously affected, In
the case of tubes 1n which a relatively large current 1s drawn from the
cathode, particularly power amplifier and rectiflier tubes, operation under
such conditlons 1s apt to result in serious damage %to the tube and early
failure,

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

voltage, if thesc are not more than ten percent, The bvest practice is to
have the receiver power transformer supplled with taps so that the voltages
may be held within 5% of the normsl value, When the filaments or heaters

are operated in series thne total voltege does not divide exactly equally a=-
mong the various tube filaments or heaters due to small variatio. s in heat-
er resistance. In this case the bad effects of large variationsin line
voltage are exaggerated, It is important that receivers having the heaters
connected in serles be designed to supply exactly the rated value of current
to the heaters or Iilaments at the standard line voltage of 117 volis,

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

In home receivers where the heater or filament current is suprlied direct-
1y from two-volt or six-volt storage batteries the variatlon in filament
voltase will normally not be excessive, HNowever,precautlons should be taken
agalnst excessive voltage dropin the filament supply connections and agalnst
abnormal battery voltages such as might oecur during bdttery cherglng or
when the battery is discharged,

For best results, the filament voltage applied to two-volt tubes should be
within the range of 1,S8to 2,2 volts, Operation ata voltage of 2,3 volts for
a short period is permiesible. The tubes are generally operative at volt-
eges as low as 1,7 volts but with reduced sensitivity and output,

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

Some two-volt-tube receivers now employ & typc of resistor tu?e yhich may
be used with a storage battery, alreell or drycell supply. (See’lB"resistor
tubes at end of rating and characteristic data section),

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

tioal position, liowover, 1t is 2lso gensrally nermissible
to mount themin a herizontal pesition, When {ilament type tubes are mounted
rorizontally they chould be turned so that the plane tle filament lever-
tical,to avoid the chanoe of the Iilament cagring sufliclently to touech the
grid or the rlate,

Provision should be made for free circulation of alr arcund the tubes, This
applies partlcularly to the rectifler and power output tubes vhich must dis-
sipote considerable power, Too close confinement 1ncreases the chance of
grid emission or loss of vacuurn due to electrolysls of the glass between the
sealed in leads at hizh glass femperstures,

Modern tubes, particularly those of the heater type, are cepable of with-
standing relatively scvere vibration for short pericds without damage, if
they are subjected to scvere vibration continuously a craduasl wearing away
of the insulated heater coating or of the mica spacer is liable to cecur and
precature fallure cof the tube may resvlt, VWhere the recelver is likely to
be subjected to sovere vibrationa cushloned mounting should be provided for
the receiver chassis and means should be employed te prevent or damp out
resonant vibrations of the chassis and tubes,

MICROPHONICS liicrophonic howling,vhen due to a tube,ls caused by mechani-

cal feedback from the speaker to the tube eithier throush the
alr cr through the chassis, Tubes which are follcwed by h audlo fre-
quency cain are most susceptibvle, Heater type tubes are ch less micro=
phenic then filament types and ordinarily glve no trouble except under ex-
treme condltions, In fllament types, particularly tie two-volt types, the
filament may be sct intc vlbration at its resonant frequency by extremely
small impulses of the same frequensy, In present day tubes improved methods
of filament support are used to reduce tiils tendency and to Camp out oseil-
letions of the filament, but if the audio freguency ~ailn in the recelver
is high,speclal precaubions must be taken in the receiver to reduce mechan-
ical feedback, The most sensitive tube should not be mrunted close to the
speaker; the speaker should not be ripidly connected to cabinet or chassis;
the chassis should have a cushicned mounting in the cabinet and resonant
vibraticns in the chassis should he avoided or damped out,

Ordinary precautions against tube milcrophonics are wusually sufficlent for
audlo frequency galns up to about 100 db, with leater type tubes and up to
about 50 db, with two-volt tubes, Galns exceeding these valuesusually re=-
quire special precautlons arainst tube microphonies and hum, liicrophonie
troubles may originate 1n the converter or even in the i-f amplifier tubes
threough audlo freguency modulation of the carrier or of the i~-f frequency,
even when the galn in the audio frequency stages ,1s not especially high.
Similer precautions shouldbe used to avoid this type of microphonic effect,

HUM In modern a-c operated receivers fllament +type tubes are used only

as plate-supply rectifiers or as output tubes, Fllters are provided
to eliminate the hum voltage developed in the rectifier section by the a-o
supply. The voltage gain In the output stage is usually low and the hum ls
not notioceable 1if 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
cirouit condltions, only very small hum voltages are introduced iInto the
audio and radio frequency circuits by the a-c heater voltage and current,
For minimum hum the ground connectlon to the heaters should be made to the
center point of the heater winding, If hum is present,lt 1s usually caused
by improper filtering or is introduced by some circult element other than
the tubes,

However, under some conditions, a troublesome amount of hum may originate
In the tubes, The second detector tube or the first audioamplifiler tube 1s
most likely to give trouble because 1t is followed by the maximum audio gain,
Hum mey also originate in the mixer or in the 1-f amplifier tubes, duwe to
60 cycle medulation of the r-f or 1-f carrier.

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

Other circuit precautions include the proper shielding of the tubes and com=
ponent parts to prevent both electrostatiec and electromagnetic coupling be-
tween them, and the arrangement of the wiring in such a way that leads fol=-
lowed by high audic 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 is sometimes Introduced by the direct action of a strong 60 oycle mag=
netic field on the tubes. This occurs when the tubes are placed too close
to the powsr transformer or the filter choke and the chassis should be laid
out to avold thils possibility.

GRID CIRCUIT RESISTORS In present day recelvers grid circult resistors of
relatively hlgh values are commonly used, for in-
stance, 1n resistance coupled amplifier stages, in the dlode detector stage
and in automatic volume control and other automatic control networks, As a
result, a grid current of as little as a few microamperes may cause serious
reduction in the grid bias due to the voltage drop in these reslistors, This
condition may lead to reduced sensitivity, instabllibty or even to serious
overhesting and damage to the tubes or other ecirouit elements, Clrcults in
which & common resistor is inserted in the grid return lead of two or more
tubes are particularly susceptible to loss of bias due to grid current.
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The tubes are always checked for grid current Jduring final testins in the
factory and are 1:€ld tr a limit of not more than one or two microamperes.
The avera_e value is e sall fraction of a miecrcampere, However,when a tube
1s orcrsted in e receiver, a hizher value of (rid current nay apcéar due to
Y ute evolution ~F gas from. the perts or to e rinute nt of erratic
electrical leakege across an  ins or to a small amount of thermasl
eloctren erisgion from the porid, i current due to pas usually
tenls tc¢ decrease rapidly as the recelver ig operated, The currernt due to
grid emiscion anpears only after the tube has become heated to its meximum
opcreting temperature and ravated by any con tilong tending to over-
ieat the tube, such sz insufficlent prcvisicn for eir circulation,high line
voltase, excessive plate voltage or ingufficient rrid blas,

The hect precaution 2galnst tronble from this source 1is the avoldance of
circults wi:ieh depend for their operation on extremely high values of grid
resistors, A second precaution 1s to crttaln the »rid biss by seans i the
voltage dror in a cathode, cr sclf-blas, recicter rather thentousea Iixed
bias, With sclf-blas any tendency toward the loszs of blas due to grid cur-~
rent is partially compensated for by an inorease in the self-blas hecsuse
of the resltant increasc in plate current. A Turther precauticn is the
avoldance of excessive plate and screen grid voltagpes and ourrents by meik-
ing sure that the tubes arc operated well -itnin tlieir waxlimum ratings even
at the LI lhest line veoltases, A falr amount of regulation in the screen and
plate voltare supplies is also helpful in this respect,

As a gencral rule, tre grid resistor for a single tuhe, exclusive of the
output tube, suhould net eroeed three megonms and s maxirmum of one 1
woul be preiera le, Uhere a resictor is comwon to tie zrid clreult cof
or norc i value of tihe resister should not exceed these values di=-
vided by tie er cf tubes vwhose grid current flows through it, The adove
rule apglies e case of self-bias,

In the cace of Irixed-biag, the maximm value cf the grid resistor should
never erceed ore verzchm and this value shcould be reduced in inverse propor-
tion te e number of tubes for vhose prid current it fcerms & path, In ep-
plylag thege rules 1t should be noted that they refer to the teotal resis-~
tance In the rid circult includlng the sumof all series rcsistors such as
are used in some control circults,

In tl.e case of cutput tuves, a maxlmum value for the grid resistor is come
monly given with the tube rating, In general,a value of one megchm ig the
maxirmu sare value for tubes of low output ratlngs up to 3 or 4 watts and
1/1C to 1/4 megohm for tubes cf higher output ratings,

PRECAUTTIONS AGATUST BLOCIING DUE TO SECONDARY FIiISSION When a sufficlente

1y hizh positive
voltare is acvplied momenterily to a control grid there 1s an emission of
sec mdar; electrrﬂﬂ from this grid to the screen zrid or to the plate, Un~
der tiong $ris current may exceed the flow of electrons from the
catiinode itrel  grid so that there is a net Ilow of electrons into
the grid tre external grid citrcuit, If this eircuit includesa very
hich resistance resultant voltame drop mway be suvfficlent to maintsin
the grid ab a positive notential in sp¢te cf an externally applied nepgative
frid bias, When tlic crid becomes "locked" positive in this ~ienner the tube
is blocked snd increrative tnd may be permanently damagea by overresting
due to the rervltant excessive plste current,

In riest tubes the sccondary elssion characteristic of the control grid is
low enousk so that tixls trouble will occur only under sbnormal conditions,
A frequent cause of trovble is a defective wave change switch that applies
a hich positive d-c voltare to the grid momentarily during switching, Surges
sufficiently high may reach the »-f amplifier tubes or the converter tube
to cause blocking under certaln clrcuit conditions, Sufficient surge is
also sometlres developed in the ouvtput tube, when the set is turned on, to
cause blocking wnder bad circult conditions,

To avoid trouble cf this kindit is advisable to use as low values of resist-
ance as is possible in the grid cireults of the tubes that may be subject~
ed to surge, particularly the tubes mentioned above, The switches should
be designed and adjrsted to reduce grid current surges to a minimum, Ti.e
cireults si:ould be arranged to provide high damping for surges. This can
frequently be accomplished by takinL advantaﬂe of the dampins effect of the
gric ecurrent flow when a crid is thrown Sll’htly positive, This alone will
proteot a tube a_ainst small surges.
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Added damping for an r-f amplifier or a converter tube may be obtained by
coupling its grid ciroult to +the grid oircult of an i-f amplifier tube, as
shown in Fig, 32, so that a surge reaching the grid of the r-f amplifier or
the converter tube is partially dissipated by causing grid current to flow
In the 1-f amplifier tube.

It 1is also possible to connect a diocde to the r-f amplifier or converter
tube grid oircuilt in such a way that a surge will be dissipated by causling
ourrent to flow through the dlcde, Fig, 33 shows a dlode comnnected to the
grid circult of a converter tube to prevent blocking due to secondary emis~
sion,
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CONVERSION CURVES

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

Flg, 34 should be used for triodes operated at other than the published
plate voltage and for tetrodes and pentodes operatedat other than the pub-
lished plate and screen voltages, For example, suppose 1t 1s desired to
operate a pentode power amplifier at a plate and soreen voltage 2 lower
than the publlished values, The percent change from the published operatbi
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
blas should be decreased 20% or the blas resistor inoressed 12%, the load
resistance should be increased 12%, the plate and screen current will be
decreased 27% and the power outpu{: will deorease 48%, Values for trlodes
may be determined from the curves in the same manner.,
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Fig, 35 should be used for tetrodes and pentodes where only the plate voltage
is changed and the values are read from the curves 1n the same way as in
Flg. 34,
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Fig. 36 should be used for tetrodes and pentodes where only the screen volt=-
age is changed and the values are read from the curves sas in the previous
figures, Tetrodes and pentodes should not be operated with the screen volt-
age appreciably higher than the plate voltage.

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

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

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

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

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

_.0003
Ks
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The curves were plotted using a value of Ry = 8 By, In all cases,

For the conditicnm, Lg = R, the value of Ry from the curves should be de=-
creased 157,

For the cenditlon, Rg = 4 Ry, the value of Ke from the curves should be ine-
creased 10%.

Tie value of Rg should nct exceed the mexinmm value allowable in the grid
cireuit of the fellowling tube,

the catliode by-pass condenger, Gy, may be found from

7000
=7000
£ (4

Cc

Cezuf Re =0HMS

The value of the sereen bhy-pass oondenser shouldbewt least 0,05 to 0,1 pf,

hzege inverter circults,such sa the one showm in Fig,1l on page 12, where
n cathede resistor is used the value of the resistor should ‘Ee one=-
helf thot read from the curves for a single tube and the cathode by-pass
condenser should be omitted,

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

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

The test equipment required for this factory and leboratory testing is ela=~
borate and expensive andone test set ocan readily accomodate only a few tube
types out of the two hundred that are now on the market. Obviously, 1t is
neither practical nor necessary, for the tube dealer or even for the set
menufacturer to make as complete a test of tubes as 1s done by the tube manu-
facturer, However, & small percentage of defects develop during shipment
and handling and most dealers find it advantageous to chsck each tube, when
sold, as an insurance that it is 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 acourate measurement of a tube's
operating characteristics or of its abllity to perform satisfactorily in any
particular recelver, The simplest will at least tell whether or not a tube
1s operative, and the more elaborate will zive an approximate indication of
the value of some major characteristic.

Since a radio tube cannot perform properly without a coplous supply of elec-
trong from the cathode, a test that will measure or at least give a ocompar~
ative indlcation of the electron emission ec¢an be used as a rough check on
the operating condition of a tube and of its ability to perform up to the
normal standard for its type. In the common form of emission type tube
cl.ocker a flxed value of a-c¢ voltage ls applied between the cathode and the
nearest grid (usually with the other elements connected to this grid)through
a fixed resistor and e d-c current indicating meter, Provisions are, of
course, made for applying rated heater or filament voltage to the tube and
for making the proper electrode connections for each tube type, In additien,
facilities are often included for testing for short clircuits, open filaments
and often for electrical leakage between the elements,

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

1, Rated Fillament or Heater Voltage

2. Fixed Emission Voltage of 30 volts
RMS

3., Total effective series impedance of
testing okrocults should be variled
as follows:

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

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

{¢) Low value for remeining types
200 ohms

4, A pointer type of indicating meter
is recommended as the most reli-
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-
signed.

6, The short ciroult or leakage test
circult should not respond to a
reslstance greater than 250,000
ohms,

7. The RMA recommended clircult is shown
in Fig. 47.
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To establish limits for an emlssion type tube tester it 1s necessarytoresd
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 way give different readings
in tube testcrs, and still perform equally well in a recelver, In general,

the end of the useful life of power amplifier tubes is indicated by a read-
ing 50% below the average for good tubes of the same type, =and of voltage
amplifler tubes and rectifier tubes by readings 35% and 20% below average
respectively,

Other types of tube checkers are designed to give a rough check on some
other tube operating characteristic, such as plate current, transconductance
or power output. Accurate : ;casurexent of these charac%eristics requires
sensitive measuring equipment and accurately measured element voltages for
a large range and variety of test conditions and tube connections. All of
these items are increasingly cxpensive to obtain as the degree of accuracy
is increased.
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TYPE MO,

00A
QlA
0z4
0Z4G

1a4
146
1B4/951
1B5/258
1¢6
1c76
1D5G
1D76
1E5G
1E7G
1F4
1F5G
1F6
1F7G
165G
104G
116G
135G
136G
1.V

243
24311
2A8
2A6
247
287

5T4
5U4G
5vVaG
SW4
SW4G
5X4G
5Y3G
5Y4G
523
5Z4

6A3
6A4/LA
6A5G
6A6
6A7
6A8
6ABG
6ABS
6ACSG
6B4G
6B5
6B6G
6B7
688
6B8G
6C5
6C5G
6C6
608G
6D6
6D8G
6E5
6E6
6F5
6F5G
6F6
6F6G
6F7
6F8G
6G5/615
8G6G
6HE
6H6G

RAYTHEON RECEIVING TUBES

STRUCTURE

Trlode
Triode
Twin Diode
Twin Diode

Tetrode

Teptode

Pentode
Duo-Diode Triode
IIeptode

Iieptode

Pentode

lleptode

Pentode

Twin Pentode
Pentode

Pentode

Duo-Diode Pentode
Duo~Diode Pentode
Pentode

Triode

Duo~Diode Triode
Pentode

Twin Triode
Diode

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

Twin Diode
Twin Diocde
Twin Diode
Twin Diode
Twin Diode
Twin Dicde
Twin Diode
Twin Diode
Twln Diode
Twin Dlode

Triode

Pentode

Tricde

Twin Triode
IIeptode
Heptode
Heptode
Cathode Ray
Tricde

Trlode
Duo=Triode
Duo-Diode Triode
Duo-Diode Pentode
Duo-~Diode Pentode
Duo-Diode Pentode
Triode

Triode

Pentode

Twin Triode
Pentode
Heptode
Cathode Ray
Twin Triode
Triode

Triode

Pentode
Pentode

Triode Pentode
Twin Triode
Cathode Ray
Pentode

Twin Diode
Twin Diode
Triode

Triode

Pentode
Pentode

Triode Heptode
Triode

Pentode
Pentode
Pentode

Triode

Tetrods
Tetrode
Heptode
Heptode

RAYTHEON

CATIODE

5,0 volt
5,0 volt
Cold
Cold

volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
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Filament
Fllament

Filament
Pilament
Filament
Filament
Filament
Filament
Filament
Pilament
Filament
Fllament
Fillament
Filament
Fllament
Fllament
Filament
Fllament
Fllament
Pilament
Filament
Leater

Filament
Heater
Ileater
Ileater
eater
Heater

Fllament
Filament
Heater

Filament
Filament
Filament
Filament
Filament
Filament
lieater

Fllament
Filament
Heater
lleater
Heater
Heater
lleater
lieater
lleater
Filament
Ileater
leater
ileater
Heater
Heater
Heater
lleater
lleater
Heater
Heater
Ileater
Heater
Heater
Heater
lleater
lleater
Ileater
Heater
Heater
Heater
lileater
IHeater
Heater
Heater
Leater
Heater
Heater
lleater
lleater
Heater
lieater
ileater
lleater
leater
lieater
Ileater
Ileater

USE

Detector
Amplifier
Rectifier
Rectifier

Detector or
Full Wave
Full Wave

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

Power Amplifier

Power Amplifier
Detector Amplifiler
Detector Amplifier
Power Amplifier
Detector or Amplifier
Detector Amplifier
Power Amplifier

Power Amplifier

Ilalf Wave Rectifiler

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

Full Wave
Full Wave
Full Wave
Full Wave
Full Wave
Full Wave
Pull Wave
Full Wave
Full Wove
Full Wave

Rectifier
Rectifier
Rectifier
Rectifler
Rectifier
Rectifier
Rectifier
Rectifier
Rectifler
Rectifler

Power Amplifier
Power Amplifier
Power Amplificr
Power Amplifier
Frequency Converter
Frequency Converter
Prequency Converter
Tuning Indicator
Power Amplifier

Power Amplifier

Power Amplifier
Detector Amplifier
Detector Amrlifier
Detector Amplifier
Detector Amplifier
Detector or Amplifier
Detector or Amplifier
Detector or Amplifiler

Amplifier or Phase Inverter

Remote Cuboff Amplifier
Frequency Converter
Tuning Indicator

Power Amplifier
Amplifier

Amplifier

Power Amplifier

Power Amplifiler
Amplifier or Converter
Amplifier

Tuning Indicator

Power Amplifier
Detector

Detector

Amplifier

Amnlifier

Detector or Anmlifier
Detector or Amplifier
Frequency Converter
Amplifler

Power Amplifier

Remote Cutoff Amplifier
Remote Cutoff Amplifier
Detector or Amplifier
Power Amplifier

Power Amplifler

llixer or Amplifier
Iiixer or Amplifler
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TYPE NO,

65
666
6N6LIG
&7
817G
6P7G
6Q7
6Q7G
6R7
6R7G
657G
6T5
6T7G,/6Q6G
US
6U7G
8ve
6vea
6V7G
6W5G
6X5
6X5G
6Y6G
6Y7G
627G
6ZY5G

25A6
25A6G
28A7G
25B6G
25L6
25L6G
2575
2526
2526G

STRUCTURE

Cathode Ray
Duo-Triode
Duo-Triode

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

Cathode Ray
Duo-Diode Triode
Cathode Ray
Pentode

Tetrode

Tetrode
Duo~Diode Triode
Twin Diode

Twin Dlode

Twin Dlode
Pentode

Twin Triode
Twin Tricde

Twin Diode

Triocde

Triode
Pentode

Diode Pentode
Diode

Pentode

Twin Triode
Triode
Tetrode
Tetrode

Pentode
Pentode
Diode Pentode
Pentode
Tetrode
Tetrode

Twin Diode
Twin Dilode
Twin Diode

Tricde

Triode

Trlode

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 Trilode
Twin Triode
Puo-Diode Tricde
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

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

Heater

leater
Lieater
Heater
lleater
lleater
Heater
Heater
Heater
Heater
Heater
Heater
leater
Heater
Heater
Heater
Heater
Heater
Heater
Heater
Heater

Teater
Heater
IHeater
Heater

OO RONORNNRDOAROR R
R R I )

O QA Q3 01 00 OF OF O QR (R ER EA €A CA 01 G O G CR €A CR QR A 3 T

7.5 volt
5,0 volt

Filament
Filament

12.6/6,3 v. Heater

12,6 volt Heater
12,6 volt Heater

2,0 volt Ileater
2.0 volt Pilament
3.3 volt Filamenb
3,3 volt Filament
2.5 volt leater
25 volt Heater
25 volt lieater
25 volt Heater
26 volt Heater

volt Heater
volt Heater
volt fleater
volt ileater
volt leater

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

Fllament
Ieater

Filenent
Fillement

Filament
Filament
Heater
Teater
Heater
Heater
Heater
Fllament
Heater
Heater
Heater
Fillament
Fllament
Fllament
lleater
Fllament
Filament
Filament
Ileater
Heater
Heater
Heater
Heater
Lieater
Fllament
Leater
Heater
Heater
Heater
Heater
Filament
Fllament
Filament
Filament
Heater
Heater
Heater
Heater
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ENGINEERING

USE

Tuning
Power

Power

Power

Power
Amplifier or
Detector
Detector
Detector
Detector
Remots Cutoff
Tuning
Detector
Tuning
Remote Cuboff
Power

Power
Detector
Full Wave
Full Wave
Full Wave
Power
Power
Power

Full Wav

Power

Detector or
Power

Rectifier Power
Lalf Wave

Power
Power

Detector or

Power
Power
Power
Power
Power
Power

Rectifier

Indicator
Amplifier
Amplifier
Amplifier
Amplifier
Converter
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
Indicator
Amplifier
Indicator
Amplifier
Arvplifier
Amplifier
Arplifier
Rectifier
Rectifier
Rectifler
Amplifier
Amplifier
Amplifier
Rectifier

Amplifier
Amplifier
Amplifier
Amplifier
Rectifier
Arplifier
Amplifier
Amplifier
Amplifier
Amplifier

Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
A=plifier

Rectifier
Rectifier
Rectifier

Voltage Doubler
Voltage Doubler
Voltaze Doubler

Detector or
Detector or
Power
Detector or
Power

Remote Cutoff
Remote Cutoff
Detector or
Detector or
Power

Remote Cutoff

Power

Power

Power

Power

Power

Power

Power

Power

Power

Power

Power
Detector
Detector or
Detector or
kemote Cutoff
Triple Grid Power
Power
Detector

Detector or.

Detector or
Remocte Cutoff
Fower

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

SERVICE

Armplifier
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
Amplifler
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
Arolifier
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier

ifler
Amplifier
Amplifier
Rectifier
Rectifier
Rectifier
Rectifier
Rectifier
Hectifier
Amplifier
Amplifier
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STRUCTURE

Pentode
Twin Diode
Twin Diode
Diode
Triode
Triode
Triode
Triode

CATHODE

2,0 volt Filament

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

Power
Full Wave
Full Wave
Half Wave

Detector
Detector
Detector
Detector

or
or
or
or

USE

Amplifier
Rectifler
Rectifier
Rectifler
Amplifier
Amplifier
Amplifier
Amplifier

Individual tube date sheets are arranged in the same numerical order

30
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RAYTHEON SPECIAL RECEIVING TUBES
(Supplied for Replacement Use Only)

TYPE NO, FILAMENT BASING SHIELD CHARACTERISTICS

VOLIS AMP CONNECTED TO USE & DIMENSIONS
2A7S 2.5 1.0 Same as Z2A7 Cathode Pin Same as 2A7
2EB 2.5 0.8 Same as 6ES No Shleld Seme as 6ES Exoept
Filament Rating
23/43 2,5 1.35 Same as 84/6Z4 Cathode Pin Approx,40 ma per plate at
50 volts d-c, Duo-Diode
Detector,4 3/16"x1 9/16"
222/G84 2.5 1.5 Same as 81 No Shield Similar to 1-V
BATS 6.3 0.3 Same as 6A7 Cathode Pin Ssme as 6A7
8B73 6.8 0,3 Seme as 6B7 Cathode Pin Same as 6B7
6C7 6,3 0.3 See Below Separate Pin Same as 85A8
67 6,3 0.3 Ses Below Separate Pin Seme as 6C6
6E7 6.3 0.3 See Below Separate Pin Same as 6D6
6F'78 6.3 0.3 Same as 6F7 Cathode Pin Same as 6F7
Y6 6.3 0.8 See Below Separate Pin Similar to 84/6Z4
626 12, 0, See Below No Shield Similar to 84/6Z4

%5 o
248 2,5 1.75 Same as 24A Cathode Pin Same as 24A
278 2.5 1.75 Same az 27 Cathode Pin Same as 27
353/518 2,5 1.75 Same as 35/51 (athode Pin Same as 35/51
&8 2.5 1.0 Same as 55 Cathode Pin Same as 55
568 2.5 1.0 Same as 56 Cathode Pln 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=-A8 6,3 0.4 Same as 6C6 Cathode Pin Same as 6C6 Exocept
Heater Amps,
588 2,5 1,0 Same as 58 Cathode Pin Same as 58
68-4A58 6.3 O.4 Same as 6D6 Cathode Pin Same as 6D6 Exocept
Heater Amps,.

758 6,3 0. Same &s 75 Cathode Pin Same as 78
85=-AS 6.3 0.3 Same as B85 Heater Pin Similar to 85 Exoept
Adjacent to Mu=20;Gy=1260;1,=5.5 ma}

Cathode Pin Ep=RE0 v, E8 =<9 v,
iegs 5,0 1,26 Same as 45 No Shield Similar to 45 Except
482B Filament Rating;Mu=5;
Gy=1500; I,=18ma s Ey=250v}

Eg= -35 V.
183 5,0 1.26 Same as 45 No Shield Similer to 45 Except
483 Filament Rating;Mu=33
Gp=15003 L,=R0 ma 3 Ep=250v;
Eg= -58 v,

485 3.0 1.25 Same as 27 No Shield Similar to 27 Except

Heater Rating: Mu=12,8;
Gy=1300;Ip= 6,2 ma; Ep=

180 v; B, ~10 V.

RAYTHEON ENGINEERING SERVICE
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INTERCHANGEABLE TUBE TYPES

Raytheon tubces can be used as replacements for tubes of other manufacturers
as followys:s

A Tube types having the same RIIA 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 figure type numbers,the last two
figures form the significant type numbers regardless of letter prefixes,
For example, the Raytheon 45 will replace the UX-245, (X-345, or SX-245
tubes.

C Types differing in number by the suffix letters "AM, gh, Wy"  WLGH op "y"
are interchangeable in general regardless of this letter, For examplse,
the 12A may replacea ll2 or 1124, the 2A3 may replace a 243l, and a 5A8G
may replace a 6A8 or BABNG.

D Tubes with octal bases and standard slze glass bulbs are designated by
the suffix, "G" on the type number, as 6ASG. Tubes with octal bases
slass bulbs and attached wmetal shields are designated by the suffix gé
on the type nuwuber, as 6A8HG. Tubes with octal bases and metal bulbs
have no suffix on the type number, as 648, "G" type tubes having type
numbers corresponding to metal tube or "MG" type numbers have, in general
the same electrical characteristics excepting capacitances,and ars usual-
1y interchangeable with the corresponding metal or "lG" types except for
space requirements and the possible requirement of external tube shields,

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

F Exceptions %o the above tubes are types, D-1, DE-1, RE-l, 80-1, RE-2,
S80-2, KR=20, KR~-22, KR-28, 43HG, HZ~-50, 59B, G-84, 182B, 183,Kellogg 401,
482A, 402B, 484, 484A, and 25Z5HG which do not correspond with types
1-v, 20, 22, etc, The 0lA (201A$ 1s not interchangeable with the 1-V,
or 1, and the WX-12 1s not interchangeable with the 124 (1121), Types
5748, 58AS, 485 and 950 may be replaced only by Rayiheon tubes bearing
the same full type number,

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

TYPE WORMALLY TYPE NORMALLY TYPE NORMALLY
0, REPLACEABLE BY O, REPLACEABLE BY NO, REPLACEABLE BY
RAYTHEON TYPE RAYTHEON TYPE RAYTHEON TYPE
00 OO0A 2576G 210 10
01 014 2526G 213 80
OLaA 0lA 56 216 81
D-1/2 81 84/674 2168 jax8
1 1-v 35/51 220 20
D-1 80 358/518 222 22
DE-1 27 36 224 244
ER-1 1-v 37 2244 24A
RE-1 80 38 226 26
2A31 243 39/44 227 27
G2 25/48 39/44 230 30
G=-2S 25/45 25A6G 231 31
RE=-2 81 39/44 232 32
50-2 50 1273 233 33
G-4 25/48 35/51 234 34
G=4S 28/4s 358/518 235 35/51
5Y3 5Y3G 76 236 36
5Z4NG 524, 5V4G 5748 237 37
KR=5 644/LA 58-4S 238 38
GABHG 6ABG 36 * 239 39/44
6B6 6B6G 36 240 40
6B6NG 6B6G 39/44 = 245 45
6C5HG 605G 39/44 247 47
GF5MG 6F5G 37 # 250 50
6F6HG 6F6G 37 280 80
6G5 6G5/6HS 38 # 280K 83y
6H5 6G5/6H5 38 281 81
GHEMG 6H6G 83 + 288 83V
6J7HG 637G 8l C-299 V=99
6K7HG 6K7G 84/624 X~299 X-99
B6L7THG B6L7G 222/G84
6176 616G 83 t 4824 71A
6N 6LG 8N6G 245 4828 182B/482B
&P7 6P7G 1-v 482B 183/483 1
6QTNG 6Q7G 84/624 483 183/483
6R71IG 6R7G 585 50
6X5LG 6X5G 112 124 586 50
6Y5V 6Y5 1124 124 P-861 624/84
623 1V 120 20 951 1B4/951
624/84 084/624 171 714 986 83 t
625/1225 6Z5 1714 71A
c-11 WD-11 171AC 71A AD 1-v
c-12 WX-12 171B 71A AP 82
WD-12 wX-12 182-A 71a AG 83 ¢
1423 1273 182-B 183 % AX OLA
22AC 244 V199 V=99 B V99
24 244 X=-199 X-99 E 20
25A61G  25A6G G 40
2647 25A7G 200 OOA H 00A
2548 25A7G 201 014 Lb 6A4/LA
255 1B5/258 201A OLA P2 a7
25/255  1B5/258 202 20 PZH 245

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

364
K36B
K36C
K36D
L36B
L36C
L36D

42A
K42B
K42C
K42D
K42E
L42B
L42C
L42D

494
K49B
K49C
K49CB
K49D
L49B
L49C
L49D

56A
K558
K550
K&8D
L558
L55C
L55D

4241
4242
42B2
49A1
4942
49B2
5541
55A2
5582
2LR212

Voltage drops are computed to supply filement current of 300 ma,

No,

RAYTHEON RESISTOR TUBES

of No,of Volts

6.3V 25 V Drop
Tubes Tubes at

LTS

I VDI G OO R G RO

010 DD T OT O i i i

WDV DOAWBEN TR RBRRRDR RO OOAUIGO

300ma

FOR

A=GC = D~C RECEIVERS

Yo,of Dial Cir-

Dial

Lamps

Lamp
Type

cult

SMALL METAL SHELL TYPES

QugdaoaEDomrgQmoam >

Characteri

UomuaogrgQwy

2 36,0 None
2 36,0 1 #40
2 36,0 2 #40
2 38,0 2 #40
2 36,0 1 #46
2 36,0 2 #46
2 36,0 2 #46
2 42,3 None
2 42,3 1 #40
2 42.3 2 #40
2 42.3 2 #40
2 42.3 3 #40
2 42,3 1 #46
2 42,3 2 #46
2 42.3 2 #46
2 48,6 None
2 48,6 1 #40
2 48,6 2 #40
See Data Sheet at end of
2 48,6 40
2 48,6 1 #46
2 48,6 2 #46
2 48,6 2 #46
2 54,9 lNcne
2 54,9 1 #40
2 54,9 2 #40
2 54,9 2 #40
2 54,9 1 #46
2 54,9 2 #46
2 54,9 2 #46
GLASS BULB TYPES
2 42.3 1 #46
2 42.3 2 #46
2 42.3 2 #46
2 42,3 Hone
2 42,3 1 #40
2 42,3 2 #40
2 42.3 2 #40
2 48.6 1 #46
2 48,6 2 #46
2 48,6 2 #46
2 48.6 Kone
2 48,6 1 #40
2 48,6 2 #40
2 48,6 2 #40
2 54,9 1 #46
2 5449 2 #46
2 54,9 2 #46
2 54,9 None
2 54,9 1 #40
2 54,9 2 #40
2 54,9 2 #40
Speclal 18.6 1 #40
2 23.6 1 #40
n

Speclal 46,5

LARGE PERFORATED METAL

2 42.3
2 42,3
2 42,3
2 40,6
2 48,6
2 48.6
2 54.9
2 54,9
2 54.9
1 39

voltage of 117,5 volts.

None

None
1

2
lTone

2
Hone
1

2
2

#40
#40

#40
#40

#40
#40
#40

rRgUQEWPYHOmUOmrDOEmuOEroam

vagraog=Qwe

ee Special
1

SHELL TYPES

Base Pin Ilumbers Inter=-
change=-
able
R R® ot r® it
(see next page;
3 7
3 7 8
3 7 8
3 7 3 2
3 7 8
3 7 8
3 7 c 2
3 7
3 7 8
3 7 8
3 7 8 2
3 7 8
3 7 8
3 7 8
3 7 3] 2
3 7
3 w7 8
3 7 8
stiec Data Section
3 7 8 2
3 7 8
3 7 8
3 7 8 2
3 7
3 7 8
3 7 8
3 w7 8 2
3 7 8
3 7 8
3 7 8 2
1 4 3
1 4 3
1 4 3 2
1 4
1 4 3 40B2
1 4 3 4042
1 4 3 2
1 4 3
1 4 3
1 4 3 2
1 4
1 4 3 50B2
1 4 3 5042
1 4 3 2
1 4 3
1 4 3
1 4 3
1 4 50X3
1 4 3
1 4 3 S50X3T
1 4 3
1 4 3
Circult
4
4 8
4 8 1
4 8 1
4 8
4 8 1
4 8 1
4 8
4 8 1
4 8 1
4 8 1 2
with line

Continued on next page
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BAYTHEON RESISTOR TUBE CIRCUITS

H'TRS OR FILS. HORF HORF
& 2 AN T I 2 MMM E T 2 MM
CIRCUIT A CIRCUIT B CIRCUIT C
HORF HORF HTRS ORFIL'S
e T n R ke T e NG PNt
PIN3
CIRCUIT D CIRCUIT E SPECIAL CIRCUIT FOR
TYPE 878 R 48
TUBE OUTLINE DIMENSIONS %o
® 0o SLASS | SMALL | LARGE
METRL| METAL ©~®
@O ® MAX. DIA. 756" 196" | 19" @ N9, -
WK AT OOVE SokET| 4 96| 2 6" 90k L)
BOTTOM VIEW OF BOTTOM VIEW OF
GLASS TUBE STANDARD METAL TUBE 0CTAL
BRASE PIN LOCATION BASE PIN LOCRTION

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

RAYTHEON MINATURE LAMPS
RADIO PANEL TYPES

Type Volts Amps, C.P. Bulb Base Bead L.C.L, M.0O.L.
No. Color Inches Inches
R40 6-8 0,15 0.5 T-3 1/4 Min, Screw Brown 29/32 11/8
R40-4 6-8 0,15 0,5 T3 1/4 Min, Bayonet Brown 23/32 11/8
R4l 2,5 0,5 0,5 T~31/4 Min, Screw White 29/32 11/8
R42 3.2 0,5 0,75 T-3 1/4 Min, Screw Green 29/32 11/8
R43 2.5 0.5 0.5 1T-3 1/4 Min, Bayonet White 23/32 11/8
R44 6-8 0,25 0,8 T-3 1/4 Min. Bayonet Blue 23/32 11/8
R45 3.2 0.5 0,75 T=3 1/4 Min, Bayonet Green 23/32 11/8
R46 6-8 0,25 0.8 T-3 1/4 Min, Screw Blue 29/32 11/8
R48 2,0 0,06 0,03 T-3 1/4 Min, Screw Pink 29/32 11/8
R49 2,0 0,06 0,03 T-3 1/4 WMin, Bayonet  Pink 23/32 11/8
R49-4 2,1 0,12 0.07 T-3 1/4 Min, Bayonet Wnilte 23/32 11/8
RS0 6.8 0,2 1,0 G-3 1/2 Min, Screw White 23/32 15/16
R292 2,9 0,17 0.3 T-3 1/4 Min, Screw White 29/32 11/8
R292A 2.9 0,17 0,3 T-3 1/4 Min, Bayonet White 23/32 11/8
AUTOMOTIVE TYPFES
R51 6-8 0.2 1,0 G-3 1/2 Min, Bayonet White 1/2 15/16
R5S 6-8 0.4 1,5 G-4 1/2 Min, Bayonet White 1/2 11/16
1" pin.
2 MBX.

R 29ZR
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OOA RAYTHEON OOA

TRIODE
VAPOR TYPE DETECTOR

Filament Type Glass Bulb 90 00
S/4-BUL8
N
§ The 00-A 1s a vapor type triode tube
13" o0 I designed for service as a detector in
16 Max: \"Q storage battery operated receivers, 0@ %
5
3
‘\E BOTTOM VIEW OF SOCKET
¥ RarIves
BAYONET
4 PPONG Filament Voltage 5 dec volts
MEP. BRSE Filament Current 0.25 amp
liax, Plate Voltace 45 volts
X
U1
——11  CHARACTERISTICS

Plate Voltage 45 volts
Grid Bias o] volts
Amplification Factor 20

Plate Resistance 30000 ohms
Transconductance 666 wmhos
Plate Current (approximate) 1.5 ma

DETECTOR - GRID LEAK TYPE

Plate Voltage 45 volts
Grid Return to negative filament
Grid Leak Resistance 2 to 3 mesohms
Grid Condenser 0.00025 [Tha

DIRECT INTERELECTRODE CAPACITAIICES

Grid to Plate 8.5 i
Input 3.2 wuf
Output 2.0 it
O1A RAYTHEON O1A
TRIODE
DETECTOR OR ALPLIFIER
Filament Type Glass Bulb 90 09
ST1e 8uL8
3
§ The Ol-A 1is a triode type amplifier
E, tube designed for service as a detecw Qa
' tor or amplifier in storage battery o %
g operated recelvers.
o BOTTOM VIEW OF SOCKET
<t
RATINGS
4 PRONG Filament Voltage 5 dec volts
MED. BRSE Filament Current 0.25 amp
Max, Plate Voltage 135 volts
D U "‘:n DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 8.1 unf
Input 3.1 [TITA
Qutput 2.2 wuf
ANPLIFIER - CLASS A
Plate Voltage 90 135 volts
Grid Bias -4,5 -9 volts
Amplification Factor 8 8
Plate Resistance 11000 10000 chms
Transconductance 725 800 unmhos
Plate Current 2.5 3 ma
DETECTOR - BIASED TYPE
Plate Voltage 90 135 volts
Grid Bias (approximate) ~7.5 -13,5 volts
Plate Current Adjusted to 0,2 ma with no signal
DETECTOR ~ GRID LEAK TYPE
Plate Voltage 45 volts
Grid Returned to positive filament
Grid Leak Resistance 0,25 to 5 megohms
Gric Condenser 250 pif
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RAYTHEON

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

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

BOTTOM VIEW OF SOCKET
O0Z46 —#1 /I -0 comn.
B FULL WAVE RECTIFIER ~#2 DIN-OMITTED
77
¥ BuLs i o Heater Supply Required
§ Laon |y, Ifaximum D-C Output Voltage 300 volts
~9 g’ ”6‘ N Jiinimum D=C Oubput Current 30 ma
'\,‘ s Maximm D-C Output Current 75 ma
| [rrree Maximum Peak Plate Current 200 ma
5 PRONG Yinimum Starting Peak Voltage 300 volts
RRaL T Average Dynamic Voltage Drop 24 volts
el
|»/g - The 0Z4 was developed primsrily for use in vibrator type B
supply units for automobile receivers, It has the typieal
characterlistics of all gas~filled rectifiers as regards a
constant drop and ability to handle high peak currents. Any
tendency of the tube to generate r-f noise may be eliminat-
ed by proper filtering and by connecting the metal shell to
the point giving the best shielding. The shielding and file
tering commonly used to eliminate vibrator nolse will usual
1y be sufficient,
The 0Z4 is filled with a permanent gas rather than a vapor
£illing, The tube characteristics are independent of the
surrounding temperature,
The 0Z4 has the same external form and dimensions as other
tubes of the metal line, However, in this tube the metal
shell serves chlefly as contalner and electrostatic shield
for the glass bulb, which 1s required to insulate the con=
tained gas from the grounded shell,
O0Z4-0ZF43 G
75 — | OPERATING CHARACTERISTICS IN TYPICAL VIBRATOR ELIMINRTOR
|
50 \%YV‘,I’_“’ 0 50
——fl8ge [,
\_u;,zv
s @)
-~
mé
<
n ELIMINATOR
z75§ &5
H Y 0
25! < ¢ 0}1*- so8 J
Yy — " & Wy
] \t\q.& " g
225k t A ’%uw 024 - 024G
N <
200 . }v“; /// a0, g
5 “\v\)‘c P ‘/ = S
[ ok " [
75 3.5
g [~ /. ¥ rBuuf
[V - N
50 §—1 = k> Tor
T T—~lfase v :
ul R W
8 4 £
0o 30% 2.0
[V
zsg B LYNAMIc prop _.__
- +
3
202 ()
0 35 40 45 50 55 60 65 75 41,
&C. OUTPUT CURRENT ~MA. (Igp)
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1A4-T

B o
)
ST /2-0 88 z§
;:k“*‘
R
. b/
BB
4 PRONG j
SMALL BASE|
00 =
o

RAYTHEON
TETRODE

REMOTE CUTOFF AMPLIFIER
F1lament Type Glass Bulb

5%
@

m4- ‘ &

BOTTOM VIEW OF SOCKET
1R4-P, Gy CONNECTED TO

$o

The 1A4T 1is a tetrode type amplifier
tube with remote cutoff characteristics
designed for service as a high free
quency amplifier in batteryoperated re-
celvers, The ratings and electrical
characteristics are 1dentical with those
of the type 1D5GT. For characteristics
of the pentode type, 1A4P, refer to the

type 1D5GP, *4 PIN (-F)

RATINGS
Filament Voltage 2,0 d=o volts
Filament Current 0,060 amp
llaximum Plate Voltage 180 volts
Haximum Screen Voltage 67.5 volts

DIRECT INTERELECTRODE CAPACITANCES

Grid to Plate 0,012 max.#* upf
Input 4,6 LA
Output 11 wuf
AMPLIFIER - CLASS A
Plate Voltage 180 volts
Sereen Voltage 87,5 volts
Grid Blas -3 volts
Amplification Factor 720
Plate Resistance 0.96 megohm
Transconductance 750 pymhosg
Plate Current 2.3 me.
Screen Current 0,7 ma
Transconductance at -15 volts bilas 15 umhos
#With tube si:leld.
AVERAGE PLATE CHARACTERISTICS IRGT RAVERRGE CHARACTERISTICS
Ep=2.070C ID5Gr Ep»2.0'0C
5 Egsm67.5Y @ Ep=180" v o
0 [ Esq=67.5 000
| et =
a5 4.5 / 900
[~ VALUES -
UnSTABLE| / R
40 — == 40 oo
[ |
a5 a5 0
/ P I N o
3.0 L 20 600 X
/ ' A o g
25 ——3Y 25 t; m§
o [
i '/ =T £ 4
20k zolu w00 £
z g g
¥ -—gY 2 S
L5 % sy 300 g
.": ol . S g
w0 ; =2 Lo’ w0 g
4 = /
05 =7V o5 / 100
0 0 = 4 0
0 @ 80 @20 160 0 200 280 320 360 ew 5 -2 9 -6 3 0/\
PLATE YOLTAGE ~YOLTS GRID BIAS -VOLTS ,Q‘b
hd
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1A6 RAYTHEON

HEPTODE
s PENTAGRID CONVERTER
el ;  Filament Type Glass Bulb

The 1A6 1s a pentagrid type converter
tube designed for service as a comblned
ST 120 B8 mixer and oscillator in battery oper-
§ ated superheterodyne receivers, The ra-
.2 tings and electrical characteristics are
t%,‘ identical with those of the type 1D7G.
'y

XY
T
b
’/{%x }m RATTNGS BOTTOM VIEW OF SOCKET
" Filament Voltage 2,0 d-o volts
& PRONG Filament Current 0,060 amp
SMRLL BASE| Meximum Plate Voltage 180 volta
Maximum Screen Voltage 87.5 volte
“ Maximum Grid #2 Voltage 135 volia
> Maxisum Grid #2 Supply 180+ volts
'~ Minimum Crid #4 Blas -3 volts
Maximum Cathode Current 9 ma
DIRECT INTERELECTRODE CAPACITANCES (approximste)

Grid #4 to Plate 0,26% uusf
Grid #4 to Grid #2 0,2 # uuf
Grid #4 to Griad #1 0.1 # it 4

Grid #1 to Grid #2

Grid x4 to all other Elements {r~f input) 5 puf
Grid #1
Grid #2 to all other Elements (oss, output) puf

o]
1

to all other Elements (osc, input) 5 uf
6
Plate to all other Elements (mixer oubtput) 9
FREQUENCY CONVERTER - SUPERHETERODYNE CIRCUIT

Plate Voltage 135 180 volts
Sereen (Grids #3 and #5) Voltage €7.5 67,5 volts
Anocde Grid {#2) Voltage 135 135 volts
Anode Grid Supply Voltage 180 t volts
Control Grid %§4§ Bias -3 =3 volts
Oscilletor Grid (#1) Reaistor 50000 50000 ohms
Plate Resistance 0.4 0.5 megohm
Conversion Transconductance 276 300 wrhos
Plate Current 1.2 1.3 ma
Sereen Current 2.5 2.4 ma
Anode Grid Current 2.3 23 ma
Oscillator Grid Current 0.2 0.2 ma
Total Cathode Current 6,2 6.2 me
Control Grid Blas -22,5 -22.5 volts

{For Conversion Transconductance = 4 pmhos)

With plate voltage = 135 to 180 volis, soreen voltage = 67.5 volts, aenode
grid voltage = 135 volts (no series resistor), control grid blas = -3 volts
and oscillator grid voltage = O volts, the transconductance of the oscilla-
tor meotion (not oscillating) 1s 425 umhos and the anode grid ocurrent is
2,3 ma.

tApplied through a 20000 ohm series resistor,by-passed by a 0,1 uf. conden=-
ser
*With tube shield.

AVERAGE CHARACTERISTICS /A6 AVERAGE CHARACTERISTICS
Ep=2.0%0C 107G Ep=2.0Y0C
Ep=180Y Ep=1807
Egp=1357 Egp=135Y
Esp=67.5" Esgubt5Y
OSCILLATOR GRID#®! RESISTOR = 500002 Egq=-3"
450 OSCILLATOR GRID#1 RESISTOR=
500002
400

g

CONVERSION TRANSCONDUCTANCE =-MICROMHOS

[ —
8

—
8§

8

™

™.
8§

/

/ 50
L1 ~
et
4 %\
-2 -22 -20 -8 -6 /4 -1z -10 -8 -6 -4 -2 0 o 100 200 o
CONTROL GRID (#4) BIRS ~VOLTS OSC.GRID (%) CURRENT-MICROA)
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1B4-951 RAYTHEON
PENTODE
AMPLIFIER
Fllament Type Glass Bulb
The 1B4/951 is a pentode type amplifier
» tube designed for service as a high
§ frequency amplifier in battery operated
E receivers, The ratings end elsctrical
¢ characteristicsare 1dentical with those
§ of the type 1E5GP.
¥
s
RATINGS
Filament Voltage
Fillament Current
Maximum Plate Voltage
rf*x) Meximum Screen Voltage
S M I

DIRECT INTERELECTRODE CAPACITANCES

1B4-951

BOTTOM VIEW OF SOCKET
2.0 deo volts
0.060 amp
180 volts
67,5 volts

Grid to Plate 0,007 max,# [IX1% 4
Input 5 wu
Output 11 wuf
AMPLIFIER « CLASS A
Plate Voltage 90 180 volts
Soreen Voltage 67.5 67,5 volts
Grid Bias -3 -3 volts
Amplification Factor 600 975
Plate Resistance 1 1,5 megohm
Transconductance 600 650 pwhos
Plate Current 1.6 1.7 ma
Soreen Current 0.7 0.6 me.
Grid Bims for Plate Current Cutoff -8 =8 volts
#With tube shield.
AVERRGE PLATE CHARACTERISTICS 184951 AVERRGE CHRRARCTERISTICS
Ep=2.0V0C IESGP Ep=2.0Y0C
Esgw67.5Y Ep=180Y
1. Eggu67.5Y
a0 o 0 800
620
o1
|t d
6 - a5 A 700
/| Ao |
3z —
L1 3.0 i 600
28 A 8
| =2 L H
20 | 2.5 ” 500 S
. Y,
< 13 Zz, A v
S\l : :/ g :
20\ 20 S < 400
z o o 8 3, [y}
] g § y &
16% | et 3 &) & 5
3 / 15—z 53 300 §
v g & Y ]
E ==4 u [N A s
&
rz ¥ @é @
3/ ok 200 &
5" N % S
@ & 7"
& >
0e / =—6"4'_._ b 4 o0
1 ==V /
4 [ 0 N
0 @ o 160 200 200 280 320 360 40 8 6 -4 -2 ‘&
PLATE VOLTAGE —VOLTS GRID BIAS—VOLTS / L%
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1B5-25S RAYTHEON 1B5-25S

DUO~-DIODE TRIODE
DETECTOR AMPLIFIER
Pilament Type Glass Bulb

S
K3
if‘e The 1B5/25S is a duo-diode triode type
x% amplifier tube designed for service as
t§ a comblned diode detector,AVC reoctifier
L™ and audlo frequency amplifier in battery
L) operated receivers. The ratings and
electrical characteristics are iden=
6 PRONG J tical with those of the type 1I6G, BOTTOM VIEW OF SOCKET
SMALL BASE|
=i RATINGS
Fllament Voltage 2,0 d-o volta
Filament Current 0,060 amp
Maximum Plate Voltage 135 volts
DIRECT INTERELECTRODE CAPACITANCES - TRICDE SECTION
Grid to Plate 3.6 15 o
Inpub 2,0 upf
Output 3 [1575 o
AMPLIFIER - CLASS A - TRIODE SECTION
Plate Voltage 135 volta
Grid Blas -3 rolts
Amplification Factor 20
Plate Resistance 35000 ohms
Transconductance 575 pmhos
Plate Current 0,8 me

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 rectifler; or one diode may be used as a half-wave rectifiler
for detection, and the other dlode used as a rectifierto obtaln delayed AV(Q
voltage.

I1f only one dlode plate 1s used as an audio reotifier, Dr on pin 4 should
be used because D[, is near the negative end of the filament and ourrent
will flow to this plate with zero signal when returned tothe negative end
of the fllament,

AVERAGE PLATE CHARACTERISTICS 1B5[25S  AVERAGE CHARACTERISTICS

TRIODE SECTION I1H6G TRIODE SECTION
Egm2.0V0C Eg=2.0VDC
£, 185"
2.0 ] I 22 E
| pQLIFICATION FACTOR | ‘é
L8
/l, . o
L6
L1 -1 )
X 3 \
g 1L / ) -
» a \
sl ] i 177 - ]
2 ) 3 X &S
o} AL [ o] > oy
] :/ I / w \ & H
S ] 9 5y g
2 & ..
0.8 R s H
@ / /’ /’ / ) 9, a &
S [ 208 w0
* / 5 i w% :
b 208 Lonce | a0 S
imararin Ay, g
o4 S
/ / By 20 20 8
nr / Y s [
0 00"
SN VI VA
0 // A P \
0 25 50 7% 00 125 50 175 200 7225 250 215 300 o 4 .8 F54 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 12-0 BULB tube designed for service as a comblned
mixer and oscillator in battery oper-

§ sted superheterodyne receivers, The ra-
«x tings and eleotricael  characterlstlcs
Qm are identical with those of the type 107G,
x%
g5 | Rasves BOTTOM VIEWOF SOCKET
o)
Y Fllament Voltage 2.0 d-o volte
e Filament Current 0.12 amp
& PEONG Maximum Plate Voltage 180 volts
SMALLBASE] Maximum Soreen Voltage 67.5 volts
. Maximum Grid #2 Voltage 135 volts
o Maximum Grid #2 Supply 180t volta
b Minimum Grid #4 Blas -3 volts
Maximum Cathode Current 9 me.
DIRECT INTERELECTRODE CAPACITANCES (approximate)
Grid #4 to Plate 0.3 # itk 4
Grid #4 to Grid #2 0,3 # wuf
Grid #4 to Grid # 0,15% et
Grid #1 to Grid #2 1,5 puf
Grid #4 to all other Elements (r-f input) 10 wuf

Grid #1 to all other Elements (ose, input) 6 ppf
Grid #2 to all other Elements (osc, output) 6 wuf
Plate to all other Elements (mixer output) 10 wuf

FREQUENCY CONVERTER -« SUPERHETERODYNE CIRCUIT

Plate Voltage 135 180 volts
Soreen(Grids #3 and #5) Voltage 67.5 87,5 volts
Anode Grid (#2) Supply Voltage 135 ¢t 180 ¢ volts
Control Grid (#4) Blas -3 -3 volts
Ogsoclllator Grid (#l) Resistor 50000 50000 ohms
Plate Resistance 0,55 0,75 megohm
Conversion Conductance 300 325 umhos
Plate Current 1.3 1.5 me
Sereen Current (approximate) 2 2 ma
Anode Grid Current 2,6 343 me
Oscilllator Grid Current 0.2 0,2 ma
Total Cathode Current (approximate) 6,5 v me
Control Grid Bias -1 -14 volts

{For conversion conductance = 4 nnhos )

With plate voltage = 135 to 180 volts, screen voltage = 67,5 volts, anode
grid voltage = 135 volts (no serles resistor), control grid blas= =3 volis,
and oscillator grid voltage = O volts, the transconductence of the oscilla=-
tor section (not osclllating) is 1000 umhos, and the anode grid current is
4,9 ma,

t+Applied through a 20000 ohm series reslstor,bypassed by a 0,1 uf, oconden-

aer.,
#With tube shield.

RAVERAGE CHARACTERISTICS C6 AVERAGE CHARACTERISTICS|
Ep=2.0"0C 1€7G Ep=2.0"DC
Esge67.5" Ep180"
OSCILLATOR GRID¥! RESISTOR = 500000 Egg=180Y THROUGH 20000
- v
Ep=180  Egz=180Y THROUGH 20000° ~ 50 Ess _s_zf
e £, =l35" gy =I35VTHROUGH 200002 / oo 8 OS2 RID# RESISTOR = 500008
/ T 2
L w §
/i
+ 360 ¥
Il I
Y
(4 320 g I —
£/ ™~
/ 20 3 | ™~
/ : N
240 o
f g
/ 5
200 %
z
w0 3
&
u
0 3
/ f ¢
e i ®
0 620
st
/i// 2 500, A
g -8 -2 -l -1 -9 -8 -7 -6 -5 -& 3 -2 o4 0 o w0 20 300 o /o)
o104 BIAS- VOLTS O5C.GRID® CURRENT-MICRURM 2
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RAYTHEON

HEPTODE
PENTAGRID CONVERTER
Filament Type Glass Bulb

The 107G is a pentagrid type converter
tube designed for service as a comblned
., mixer and oscillator in battery oper-
{ ated superheterodyne receivers. The ra-
«2 tings and electrical characteristics are
‘qgg identlcal with those of the +type 1C6,
x>

X
§ RATINGS

by BOTTOM VIEW OF SOCKET
Ay Filament Voltage 2,0 d-c  volts
™ Filament Current 0,12 amp
laximm Plate Voltage 180 volts
OCTAL BASE liaximum Screen Voltage 67,5 volts
S liaximum Grid #2 Voltage 135 volts
Uwg[] Ye Naximum Grid #2 Supply 180 + volts
sl § linimum Grid #4 Blas -3 volts
Haximum Cathode Current 9 ma

DIRECT INTERELECTRODE CAPACITANCES:*

Grid #4 to Plate 0,3 uuf
Grid #4 to Grid #2 0.3 wuf
Grid #4 to Grid #L 0.1 uuf
Grid #1 to Grid #2 1,5 wut
Grid #4 to all other Elements (r-f input) 11 wuf
Grid #1 to all other Elements (osc. input) 7 upf
Grid #2 to all othsr Elements {osec., output) 7 uuf
Plate  to all other Elements (mixer output) 14 [UITh o
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 + volts
Control Grid (#4) Blas -3 =3 volts
Osclllator Grid (#1) Resistor 50000 50000 ohms
Plate Reslstance 0,55 0,75 megohm
Conversion Transconductance 300 325 pwhos
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 Bias -14 -14 volta

(For Conversion Transconductance = 4 umhos)

With plate voltage = 135 to 180 volts, screeu voltage = 67,5 volts, anode
grid voltage = 135 volts (no serles resistor), control grid blas = -3 volts
and oscillator grid voltage = 0 volts, the transconductance of the oscilla=-
tor section (not oscillating) is 1000 umhos, and the anode grid current 1s
4.9 ma,

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

AVERAGE CHARACTERISTICS 1C6 RVERAGE CHARACTERISTICS|
Epn2070C 1C76 Ep=2.0'0C
Egg=67.5Y Ep=180"
OSCILLATOR GRID®! RESISTOR = 50000+ Ega=180Y THROUGH 200000
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RAYTHEON

PENTODE
REMOTE CUTOFF AMPLIFIER
Filament Type Gless Buldb

The 1D5GP 4s a pentode type amplifier
tube wlth remote cubtoff characterlstics
designed for service as a high fre=
quency amplifier in battery operatedre-
ceivers, The ratings and electrical
characteristics are ldentical with those
of the type 1lA4P, For characteristics
of the tetrode type, 1D5GT,refer to the
type 1A4T,

RATINGS

Fllament Voltage
Filament Current
aximum Plate Voltage
lMaximum Screen Voltage

DIRECT INTERELEGCTRODE CAPACITANCES

BOTTOM VIEW OF SOCKET
2,0 d-c volts
0,060 amp
180 volts
67.5 volts

Grid to Plate 0,007 mex,# ppf
Input 6,2 uuf
Qutput 12 s
AMPLIFIER - CLASS A
Plate Voltage 90 180 volts
Sereen 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 puhos
Plate Current 2.2 2.3 ma
Sereen Current 0,9 0.8 na
Transconductance at =15 volts blas 15 15 umhos
#With tube shield.
AYERAGE PLRTE CHARACTERISTICS /R4 p AVERAGE CHARACTERISTICS
— Ep=2.0' Egqm67.5Y ID5G p — Eg=2.00C
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1D7G RAYTHEON

HEPTODE
A PEI"TAGRID CONVERTER
Filament Type Glass Bulb

The 1DYG 1s a pentagrid type converter
tube desligned for service as a combined

ST BL x mixer and oscillator in battery operat-
§ od superheterodyne receivers, The ra=-
Ty Fings and electrical characteristics
*.;") are identical with those of the type 146,
<
oo J|sS | RATINGS
/5 max A BOTTOM VIEW OF SOCKET
™ Filement Voltage 2,0 d-0 volts
7 PRONG Filament Current 0,060 amp
SMALL lMaximum Plate Voltage 180 volts
OCTAL BASE Maximum Screen Voltage €7.5 volts
5 maximum Grid #2 Voltage 1356 volts
UMH Neo|  laximum Grid #2 Supply 180t volte
Minimum Grid #4 Bias =3 volts
Maximum Cathode Current ] me.
DIRECT INTERELECTRODE CAPACITANCES#*
Grid #4 to Plate 0.3 puf
Grid #4 to Grid #2 0.3 put
Grid #4 to Grid #1 0.1 (1175 o
Grid #1 to Grid #2 1.5 put
Grid #4 to all other elements (ref input) 11 uuf
Grid #1 to all other elements (oso,input) 7 wuf
Grid #2 to all other elements (osc,output) 7 wuf
Plate to all other elements (mixer output) 14 wuf

FREQUENCY CONVERTER - SUPERHETERODYNE CIRCUIT

Plate Voltage 135 180 volts
Screen (Grids #3 and #5) Voltage 67,5 67,5 volte
Anode Grid (#2) Voltage 135 135 volts
Anode Grid Supply Voltage 180t volts
Control Grid %;4? Blas =3 -3 volts
Oselllator Grid (#1) Reslstor 50000 50000 ohms
Plate Resistance 0.4 0.5 megohm
Conversion Transconductanoce 275 300 umhos
Plate Current 1.2 1.3 ma
Screen Current 2,5 244 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 Transcondugtance = 4 pmhos)

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

#With tube shield connected to cathode,
tApplied througha 20000 ohm series resistor,bypassed by a 0,1 uf condenser,

AYERARGE CMHARRCTERISTICS /A6 RVERAGE CHARACTERISTICS
Ep=2.0Y0C 1P7G E;»-Z.OVVDC
Ep=180Y Ep =180
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RAYTHEON

PENTCODE
ANPLIPIER
Filament Type Glass Bulb

The 1E5GP 1s a pentode +type amplifier
tube designed for service as a high
frequency amplifier in battery operated
recelvers, The ratings and electrical
charasteristics are identical with those
of the type 1B4/951,

RATINGS
7 PRONG
et bse
Filament Voltage

U U Filament Current
—1 liaximum Plate Voltage
- Maximum Screen Voltage

7

DIRECT INTERELECTRODE CAPACITALCES

Grid to Plate
Input
Output

AMPLIFIER - CLASS A

Plate Voltage 90
Sereen Voltage 67.5
Grild Blas -3
Amplification Factor 600
Plate Resistance 1
Transconductance 600
Plate Current 1,6
Screen Current 0.7
Grid Blas for Plate Current- Cutoff -8

#With tube shield,

BOTTOM VIEW OF SOCKET

2.0 d-o volts

0,060 amp
180 volts
67.5 volta

0,007 max,#* wuf

. [I705
12 [TITh o
180 volts
67.5 volta

-3 volts
975
1.5 megohms
650 pmhos
1.7 ma
0,6 me
-8 volts

AVERAGE PLATE CHARACTERISTICS  1B4/951 AVERAGE CHARACTERISTICS
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1E7G RAYTHEON

TWIN PENTODE

POWER AMPLIFIER
Pilament Type Glass Bulb
ST i2-0BUL8
§
X The 1E7G is a twin pentode type ampli~
3
x@ fier tube designed for service sas a
" § push-pull amplifier in the output stage
g —Hs of battery operated receivers.
e
BS;A;QL"G RATINGS BOTTOM VIEW OF SOCKET
OCTAL BASE
U U 0 Filament Voltage 2.0 d-o volts
__F Filament Current 0.24 amp
- Haximum Plate Voltage 135 volts
Maximum Soreen Voltage 135 volta
AMPLIFIER ~ CLASS A - EACH PENTODE
Plate Voltage 1356 volts
Screen Voltage 135 volta
Grid Biasx ~4,5 volts
Amplification Factor 350
Plate Resistance 0.22 megohm
Transconductance 1600 pmhos
Plate Current 7.5 ma
Soreen Current 2,1 ma
AMPLIFIER - CLASS A -~ PUSH~PULL
Plate Voltage 1356 volts
Screen Voltage 135 volts
Grid Bias# =7.5 volts
No-Signal Plate Current (tobtal) 6.5 ma
No-Signal Screen Current (total) 2 ma
Load Resistance 24000 ohms
Total Harmonic Distortion 5 percent
Powsr Ouiput 0.65 watt

(With signal = 12 volts RMS grid to grid)

#Grid return to negative filament.

RYERAGE PLATE CHARACTERISTICS 1E76 AVERARGE CHARACTERISTICS
ERCH PENTODE UNIT  £p=20Y0-C  Esga/35" £528 et AMPLIFIER-CLASS R-PUSH PULL
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1F4 RAYTHEON 1F4
PENTODE
S POWER AMPLIFIER
Fllament Type Glass Bulb
STI12 BULS
The 1F4 1s a pentode type power ame
¥ plifier tube designed for service in eB
¥ the output stage of battery operated
L0 receivers, The ratings and electrical
/:'u §% characteristios are identiocal with
ad ,§ those of the type 1F5G.
;ly
BOTTOM VIEW OF SOCKET
5 PROVG RATINGS
MER BRSE
» Pllament Voltage 2.0 d~o volts
“UU”U K ) Filament Current 0,12 amp
— Meximum Plate Voltage 135 volts
Meximum Soreen Voltage 135 volts
AMPLIFIER - CLASS A
Plate Voltage 20 135 volts
Soreen Voltage 90 135 volta
Grid Bias -3 -4,5 volts
Amplification Factor 340 340
Plate Reslstance 0,24 c.2 megohm
Transconduotance 1400 1700 umhos
Plate Current 4 8 ma
Soereen Current 1.3 2.6 ma
Load Resistance 20000 16000 ohms
Total Harmonic Distortion 5 5 percent
Power Output 120 340 mw

m — AVERAGE PLATE CHARACTERISTICS (F& AVERAGE CHARACTERISTICS
Ef=2.0"0C Eanl' :. IF56G Ep=2.00C
s — Eggui35Y Ep=135Y
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1F5G RAYTHEON

PENTODE
POWER AMPLIFIER
Filament Type Glass Bulb

STi4 8ULS

RS

sX plifier tube designed for servi
"@ the output stage of battery ope
. recelvers, The ratings and elect
characteristics are identlcal
Jo| those of the type 1F4,

<+ TP

3
i
-

7 PRONG

MEDIUM
0CTAL BRSE RATINGS

U@U e Filament Voltage

I Filament Current

R— Maximum Plate Voltage
Maximum Screen Voltage

AMPLIFIER - CLASS A

Plate Voltage

Sereen Voltage

Grid Bias
Amplification Faotor
Plate Reslstance
Transconductance
Plate Current

Soreen Current

Load Resistance
Total Harmonic Distortion
Power Output

¥ The 1F56 13 a pentode type power am=

ce in
rated
rical
with

BOTTOM VIEW OF SOCKET

2,0 d-c volts

0.12 amp
135 volts
135 volts
90 135 volts
90 135 volts
-3 -4,5 volts
340 340
0,24 0,2 megohm
1400 1700 umhos
4 8 me.
1, 2.6 ma
20000 18000 ohms
1 5 percent
120 340 W

1 |— AVERAGE PLATE CHARACTERISTICS 4—+ IF4 AVERAGE CHARACTERISTICS
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1F6 RAYTHEON 1F6

DUO-DIODE PENTODE
360 DETECTOR AMPLIFIER
el Filament Type Glass Bulb

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

STizpaus & oombined diode detector, AVC rectifier,
.2 and high or sudio frequensy amplifier
] in battery operated receilvers, The ra«
'S tings and electrical  characterlstics
H are identical with those of the type
A T BOTTOM VIEW OF SOCKET
¥ rarmves
Fllament Volbtage 2,0 d-¢ volts
& PEONG Filament Current 0,060 amp
SMALL BRSE| Max, Plate Voltage 180 volts
Max, Screen Voltage 67,5 volts
x
DU m ™ DIRECT INTERELECTRODE CAPACITANCES - PENTODE SECTION
Grid to Plate 0,007 max,#* uuf
Input 4 unf
Output 9 wuf
AMPLIFIER - CLASS A - PENTODE SECTION
Plate Voltage 180 volts
Screen Voltage 67,5 volts
Grid Bias -1.,5 volts
Amplification Factor {approximate) 650
Plate Resistance (approximate) 1 megohm
Transconductance 650 pmhos
Plete Current 2 ma
Sereen Current 0.6 ma
Transconductance at -12 volts blas 15 umhos
AMPLIFIER - CLASS A (Resistance Coupled)-PENTODE SECTION
Plate Supply Voltage 135 135 135 volts
Sereen Supply Voltage 138 135 135 volts
Grid Bilast -1,0 -1.5 ~240 volts
Plate Resistor 0.26 0,25 0.25 megohm
Soreen Hesistor 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 Resistorl 1 0.5 1 Q0,5 1 0,5 megohm
Output Peak Voltage} 30,8 28 29,4 26,6 28 25,2 volts
Total Harmonlc Distortion 5 5 5 ) 5 5 percent
Voltage Amplification 48 43 4 42 46 4

DIODE SECTION
The two dlodes are located at the negative end of the fillament, They are
independent of each other and of the pentode sectlon 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 rectiflier for detectlon, and the
other diode used as a rectifier to obtaln AVC voltage,

#With tube shield.
4If a grid resistor 1s used, its value should not exceed 1 megohm.
IFor following tube,

AVERAGE PLATE CHARACTERISTICS IF6 AVERAGE CHARACTERISTICS
PENTODE SECTION IF7G PENTODE SECTION
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1F7G

RAYTHEON

DUO-DIODE PENTODE

~far DETECTOR AMPLIFIER
Filament Type Glass Bulb
The 1F7G 1s a duo-dlode pentode type
amplifier tube designed for service as
ST 12-0 8AB s @& comblned diode detector, AVC rectl-
§ fler, and high or audio frequency am=
W plifier in battery operated recelvers,
:’ The ratings and electrical characteris-
;‘ tics are 1dentical with those of the
X | type 1F6.
o0
Al | marINGs BOTTOM VIEW OF SOCKET
Filament Voltage 2,0 d=0 volts
8 PRONG Filement 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 mex, e
- Input 4,0 puf
Output 9 gt
AMPLIFIER - CLASS A - PENTODE SECTION
Plate Voltage 180 volts
Sereen Voltage 67.5 volts
Grid Bias «1l.5 volts
Amplification Factor (approximate) 650
Plate Resistanoe {approximate) 1 megohm
Transconductance 650 wmhos
Plate Current 2 ma
Soreen Current 0.6 me
Trensconductance at -12 volts blas 15 ymhes
AMPLIFIER - CLASS A - RESISTANCE COUPLED - PENTODE SECTION
Plate Supply Voltage 135 135 135 volts
Screen Supply Voltage 138 135 135 volts
Grid Blast -1.0 =-1.5 -2,0 volts
Plate Resistor 0.256 0,25 0,25 megohm
Soreen Resistor 1,0 0.9 0.8 megohm
Signal Peak Voltage 0.64 0,63 0,62 volta
No-Signal Plate Current 0,42 0,42 0,42 ma
Max-Signal Plate Current 0.34 0.34 0,34 ma
Grid Resistori 1.0 0,5 1,0 0.5 1,0 0,5 megohm
Output Peak Voltage} 30.8 28 20,4 26,6 28 25,2 volts
Total Harmonic Distortion 5 5 5 5 5 5 peroent
Voltage Ampliflcation 43 47 42 46 41

DIODE SECTION

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

If only one diode plate 1s used as an audio rectifier,D% on pin 5 should be
used because Dy, is near the negative end of the filament and ourrent will
flow to this plate with zero signal when returned to the negatlve fllament.

tIf a grid resistor 1s used, its value should not exceed 1 megohm,
IFor following tube,

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

PENTODE
POWER AMPLIFIER
Filament Type Glass Bulb
The 1G5G is a pentode type power amplie
% fler tube designed for servige in the
X qutput stage of battery operated receiv-
b
Y, 078
ﬁw»
RATINGS
‘\i BOTTOM VIEW OF SOCKET
S|  Filament Voltage 2,0 d-o volts
Filament Current 0.12 amp
Maximum Plate Voltage 90 volts
Maximum Screen Voltage 90 volts
e
~ AMPLIFIER - CLASS A
Plate Voltage 90 volta
Soreen Voltage 90 volts
Grid Bies -6 volts
Amplification Factor 200
Plate Resistance 0,133 megohm
Transconductance 1600 pmhos
Plate Current 8,5 ma
Soreen Current 2.7 ma
Load Resistance 8000 ohms
Total Harmoniocs 9 peroent
Power Output 0.3 wattas

AVERAGE PLATE CHARACTERISTICS 1G5G AVERAGE CHARACTERISTICS
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1H4G RAYTHEON

TRIODE
DETECTOR OR ANPLIFIER
Filament Type Glass Bulb

The 1H4G is a trlode type amplifler tube
designed for service as a detector or
amplifier in battery operated receivers,
The ratings and electrical characteris~
tlos are identical with those of the
type 30,

RATINGS
Heater Voltage 2,0 d-c volts  BOTTOM VIEW OF SOCKET
Heater Current 0,060 amp
Maximum Plate Voltage 180 volts
DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 5 pud
Input 3 1Tk o
Output 3 wet
AMPLIFIER - CLASS A
Plate Voltage 90 135 180 volts
Grid Bilas -4,5 -9 ~13,5 volts
Amplification Factor T3 9.3 9.3
Plate Resistance 11000 10300 10300 ohms
Transconductance 850 200 900 pmhos
Plate Current 245 3.0 3¢l ma
If a zrid resistor 1s used, 1ts value should not exceed 2 megohms,
AMPLIFIER - CLASS B - TWO TUBES
daximum Plate Voltage 180 volts
laximum Peek Plate Current (per tube) 50 ma
Naximum Fo-Signal "late Current (per tube) 1.5 ma
Operations
Veltage 157.5 volts
zlas -15 volts
0=-8irmmal " “atc Current (per tube) 0,5 ma
Load Resiscance {plate to plate) 8000 ohma
Powar Outoutt 2.1 watts
(With average power inpubt = 260 mw. grid to grid)
DETECTOR - BIASED TYPE
Plate Voltage 90 135 180 volts
Grid “ias (ajgroximate) -9 -13,5 =18 volte
rlete Currentl Adjusted to 0,2 ma, with no signal
DETECTOR ~ GRID LEAK TYPE
Plate Veltage 45 max, volts
Grid Returned to positive filament
Grid Lealk Resistance 1 to 5 wmegohms
Grid Condenser 000025 15

tWith one iype 1l4G as driver operatedat plate voltage of 157,85 volts, grid
las of ~11,3 volts,plate load of approximately 18000 ohms,and Input transe
former ratlo,primery to 1/2 secondary, of 1,165,Total distortionis 6% to'7%.

IWith ne

2 ma,

1 maximum si:nal the average d-c plate current should not exceed

For additional curves refer to the type 30.

AYERAGE PLATE CHARACTERISTICS 30 AVERAGE CHARARCTERISTICS
Ep=2.0"0C 1H43G AMPLIFIER-CLASS B-2TUBES
Ep=2.0Y0C  Ep=i575Y Eg=-15¥
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1H6G RAYTHEON

DUO-DIODE TRIODE
DETECTOR ALPLIFIER
Filament Type Glags Bulb

ST 12-D BB

The 1HSG is a duo-diode triode type am-
plifier tube designed for service as a
combined diode detector, AVC rectifler
and aundio frequency amplifiler in battery
cperated receivers, The ratings and
electrical characteristics are iden-
tical with those of the type 1B5/25S. BOTTOM VIEW OF SOCKET

OCTAL BASE
UM’H *f RATINGS
—— Filament Voltage 2.0 d-c volts
Filament Current 0,06C amp
jcaximur Plate Voltage 135 volte
DIRECT INTERELECTROCDE CAPACITANICES - TRIODE SECTION
Grid to Flate 3.6 upf
Input 2,0 wuf
Output 3 upf
NPLTFIER - CLASS A - TRIODE SECTION
Plate Volbtage 135 volts
Grid Lias -3 volts
Amplification iacter 20
Plate Resistance 35000 ohms
Transconductance 575 umhos
Pleste Current 0.8 e

DIODE SECTION

The two dlode units arc independent cf each other and cof the tricde seoction
except for the common filament, The diodes may bo used as a half-wave or
as a full-wave rectifler; or one diode may be used as a half-wave rectifier
for detection, and the otih.er dlode used as a rectifier to obtain delayed AVQ
voltage.

If only one dliode plate is used as en audlo rectifier, Dy, on pin & should
e used becavse D, is near the negative end of the filament and current
will flew to this plate with zero signsl when returned to the negative end
of the filament,

AVERRGE PLATE CHARACTERISTICS  IB5[25S  AVERRGE CHARACTERISTICS

TRIODE SECTION 1H6G TRIODE SECT/ON
Eg=2.0¥0C Ef=2.0vDC
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1J5G RAYTHEON

PENTODE
7 POWER AMPLIFIER
i Filament Type Glass Bulb
STI4 BULB §
R
DR
Y The 1J5G 1s e pentode type power ampli-
| fier tube designed for service in the
§‘§ output stage of battery operated re-
/{M celvers, The ratings and electrical
i characteristics are Ildentical with
thoae of the type 950, X
BOTTOM VIEW OF SOCKET
7MEPIUH
ocTAL BASE RATINGS
’{L Filament Voltage 2,0 d~¢  volts
——1 Filament Current 0,12 amp
- lNaximum Plate Voltage 135 volts
Maximum Screen Voltage 135 volts
AMPLIFIER - CLASS A
Plate Voltage 135 volts
Sereen Voltage 1356 volts
Grid Blas ~16,5 volts
Amplification Factor 100
Plate Resistance 0,1 megohm
Transconductance 1000 umhos
Plate Current 7 ma
Sereen Current 2 ma
Load Reslstance 13500 ohms
Power Output 450 o
Haximum Sigznal Voltage (RMS) 11.7 volts
AVERAGE PLATE CHRRACTERISTICS 950 RYERAGE CHARACTERISTICS
2 £4220%0C Egg=135% 56 CLASS A OPERATION
o Ep=2.0Y0C. Ep=i35Y Egy=135Y
<o Egm=-16.5Y
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1J6G RAYTHEON

TWIN TRIODE

POWER ANIPLIFIER
"lament Type Glass Bulb
ST 12-0 B8
>
‘§ The 1J6G 1s a twin triode type amplifiler
S tube designed for service as a Class B
. %W power amplifier in the output stage of
18 e § battery operated receivers, The ratings
~°“~9 and electrical characteristics, except
) fillament current, are identical with
55;%116 those of the type 19. BOTTOM VIEW OF SOCKET
OCTAL BASE
DMU_TQ RATINGS

Filament Voltage

2.0 d-¢c volts

Filament Current 0,24 amp
Laximm Plate Voltage 1356 volts
Ilaximum Peak Plate Current (per plate) 50 ma
ALPLIFIER - CLASS B
Plate Voltage 135 135 135 volts
Grid Blas -8 -3 o] volts
¥o=Sirnal Plate Current (per plate) 0.5 2 5 ma
Load Resistance (plate to plate) 10000 10000 10000 ohms
Power Output {approximate) 1.8 1,9 2.1 watts
Average Power Input (grid to grid) 0,095 0,15 0.17 watts
For additional curves refer to the type 19,
AVERAGE CHARACTERISTICS /9 RVERAGE CHRRACTERISTICS
AMPLIFIER-CLRSS B I/66  AMPLIFIER -CLASS B
Ep=2.0Y0C Ep=135Y Egs0 R 10000 £ 20" £,2135Y Egno R =r0000 2
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1-V RAYTHEON 1—-v

DIODE
HALF WAVE IIIGH VACUU:T RECTIFIER

leater Type i Glass Eulb % OQ

The 1-V 1s a half wave high vacuum type
rectifier tube having a low voltage drop
designed for service in power supplles 00 %

//‘(?'»ofgx” ; for storage battery or a-¢ operated re-
: geivers, It iB Interchangeable with the  BOTTOM VIEW OF SOCKET
mercury vapor btype 1,
2 PRONG
SMALL BRSE]

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

Feater Voltage (z~c or d-¢} 63 volts

ater Current 0,3 amp

tieximum A=-C Plate Voltage (RUS) 350 volts

Haximun Inverse Peak Voltage 1000 volts

Laxirmm D-C Output Current 50 me

liaxirnm D=C Voltage between Heater and 500 volts
Cathode

AVERAGE TUBE VOLTAGE DROP 23 volts

(At 100 ma, Output Current)

RYERRGE OUTPUT CHARARCTERISTICS RYERAGE PLATE
Ep=6.37 -V CHARACTERISTIC
Epa6.3Y
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2A3 2A3
2A3H RAYTHEON 2A3H

TRIODE
I POWER AMPLIFIER
Glass Pulb % 09
STI5 BuLB Filament Type-243 Ileater Type-2A3H
The 2A3 and 2A3Il are triode type pow-
» or amplifier tubes designed for ser~ 243 9
§ vice in the output stage of a-c op- 06 o
L erated receivers,
za""“ k_'ﬂ
MR
3| Rraroves 90 69
"é‘ 2A3
Fil, Voltage (a-c or d-c¢)2,5 volts
F11, Current 2.5 amp
2PPONG 24311 23 ‘
MED. BRSE ‘eaber Voltege( a-c or d-¢)2.,5 volts OQ %
- i-eater Current BeB BTR orOM VIEWS OF SUCKETS
D U lg ZA3H-CATHODE CONNECTED
— AUPLIFIER - CLASS A INTTO MID-POINTOF HERTER
Flate Voltage 250 max, volts
Grid Bias# ~45 volts
Amplification Factor 4,2
Flate Resistanoce 800 ohms
Transconductance 5280 umhos
Plate Current 60 ma
Load Resistance 2500 ohms
Power Output (5% second harmonic) 3.5 watts
AUPLIFIER ~ CLASS AB -~ PUSIH-PULL - TW0 TUBES
Fixed-Dias Self-Blas
Plate Voltage 300 max, 300 max, volts
Grid Bilas# -62 volts
Self-DBias Resistor 780 ohms
To-8ignal Plate Curroent (per tube) 40 40 ma
Load Resistance (plate to plate) 3000 5000 ohms
Total liarmonic Distortion 2.5 8 percent
Power Output 15 10 watts

The self-bias resistor for a sinslc tube should be approximately 750 ohms.
In either le tibe or p-sh-pull operation, the self-blas resistor should
be shinted by a suitable filter network to minimize grid bias changes due
nt svraoes tlhrouw: the resistor,

Transformer or impedance input systens are recormended, If resistance
coupling is used, the d-c¢ resistarnce in the srid cireult should not exceed
0,5 megohm with self-:ias or 0,05 mejohm with fixed~bias,

#2A3 5rid bilas mcasured from mid-point of a-¢ operated filament,

recteristic curves refer to the types 6A3 and 6B4G, The characterls-
the 243 are the same as those of the 6A3 and the 6B4G except for the
Lloment rating,

by ot
1 p 5
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2A5

STI¢ BULE
=
N
X
e
) 5%
6 Max S
=
e
& PRONG
MER BASE
.
)

Fixed-Bilas Self-Blas
Plate Voltage 375 max, 375 max, 350 max.
Screen Voltage 250 max, 250 max,
Grid Bias -26 min, -38
Self-Bias Resistor 340
Signal Pk,Volt. (G to G) 82 94 123
Ho=Signal Plate Current 34 54 45
No-Signal Screen Current 5 8
Load Resistance(P to P} 10000 10000 6000
Total Harmonic Dist, 5 5 7
Power Output (approx.)# 19« 194 18 %

#With one 2A5 triode connected as driver operated
volts,grid blas of =20 volts and plate load of approximately 10000 ohms,.
#Input transformer ratlo,
AInput transformer
##Input transformer ratio,
4 Input transformer ratio,

RAYTHEON

PENTODE
POWER AMPLIFIER
Heater Type Glass Bulb

The 2A5 1sa pentode type power ampli-
fler tube designed for service 1n the
output stage of a-o  operated recelv-
ers,

RATINGS

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

Heater Current .75 amp
Haximum Plate Voltage 315 volts
Haximum Screen Voltage 315 volts

AWPLIFIER - CLASS A

BOTTOM VIEW OF SOCKET

Pentode Connection Triode Connectiont

Plate Voltage 250 315 0 max, vVoOlts
Screen Voltage 250 315 volts
Grid Bilas -16,5 -22 -20 volts
Amplification Factor 200% 2008 7

Plate Resistance 80000f  75000% 2600 ohms
Transconductance 2500 2650 2700 urhos
Plate Current 34 42 31 ma
Sereen Current 6.5 8 ma
Load Resistance 7000 7000 4000 ohms
Total Harmonlc Dist, 7 7 5 percent
Power Outpub 3 5 0,85 watts

AMPLIFIER - CLASS AB - TWO TUBES
Pentode Connection

secondary
secondary
secondary
secondary

primary to
ratio, primary to
primary to
primary to

4Screen connected to plate

fApproximate

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

Triode Connectiont
Fixed-Bias Self-Blas

350 max. volts
volts
volts

730 min, ohms

132 volts

50 ma

ma

10000 ohms

7 percent

14« watts

at plate voltage of 250

The characteris-

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

heater rating.
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2A6 RAYTHEON

DUO-DIODE TRIODE
DETECTOR AMPLIFIER
leater Type Glass Bulb

The 2A6 18 a duo-diode triode type am-
plifier tube designed for service as a
combined diode detector, AVC rectifier
and resistance coupled suvdio frequency
amplifier In a-c operated receivers,

BOTTOM VIEW OF SOCKET
RATINGS
6 PEONG Heater Voltage (a-c or d-c) 2¢5 volts
SMALLBASE| Heatér Current 0:8 amp
— Naximum Plate Voltage 250 volta
U 0
~ DIRECT INTERELECTRODE CAPACITANCES
Grid to FPlate 1.7 puf
Input 2.0 Lt
Output 3.5 apf
AlIIPLIFIER -~ CLASS A - TRIODE SECTION
Plate Voltage 250 volts
Grid Blas -2 volts
Amplificatlon Pactor 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 sectlon ex-
cept for the common cathode, The dlodea 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 obtaln delayed AVC
voltage.

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

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,

RAYTHEON ENGINEERING SERVICE



2A7 RAYTHEON

. HEPTODE
360k PENTAGRID CONVERTER
Heater Type Glass Bulb
The 2A7 1s a pentagrid type converter
ST 12-0 B8 tube designed for service as a combined
» osoillator and mixer in a-o operated
§ superheterodyne receivers,
N
W RATINGS
§§
{5"0& R geazer goltag:(a-c or d-o)g.g volts
eater Curren . amp
% Max, Plate Voltage 250 volts BOTTOM Y/EW OF SOCKET
Max, Soreen Voltage 100 volts
m Max, Grid #2 Voltage 200 volts
Max, Grid #2 Supply 250¢ volts
Min., Grid #4 Blas -3 volta
”l II I th Max, Cathode Current 14 ma
S
DIRECT INTERELECTRODE CAPACITANCES
Grid #4 to Plate 0,3 # put
Grid #4 to Grid #2 0,15% [TiTh o
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) v unt
Grid # to all other Elements (Osc,Output) 5.5 Hf
Plate to all other Elements (Mixer Output) ] unt
FREQUENCY CONVERTER - SUPERHETERODYNE CIRCUIT
Plate Voltage 100 250 volts
Screen (Grids #3 and #5) Voltage 50 100 volts
Anode Grid (#2) Voltage 100 volts
Anode Grid Supply Voltage 250t volts
Control Grid #4¥ Bias «l,5 -3 volss
Oscillator Grid Resistor 50000 50000 ohma
Plate Resistance 0.6 0.3 megohm
Conversion Transconductance 360 550 prhoa
Plate Current 1.1 3.5 ma
Soreen Current 1.3 2.7 ma
Anode Grid Current 2.0 4.0 ma
0solllastor Grid Current 0.25 0,4 na
Control Grid Blas (approximate) -20 -45 voltse

(For Conversion Trensconduotance = 2 umhos)

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

tApplied through a 20000 ohm series resistor,by-passedby s O, uf condenser,
#With tube shield,

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

DU0-DIODE PENTODE

< 38}c0 DETECTOR AMPLIFIER
Heater Type Glasa Bulb
ST 12-0 88 The 2B7 1s a duo-dlode pentode type am-
» Pplifler tube deslgned for service as a
§ combined dlode detector, AVC rectifier,
B and high or audlo frequency amplifier
EF in a-c operated receivers,
%
*
A
?3 RATINGS
7 PRONG Heater Voltage (a-c or d-c) 2,5 volts
SWALL BASE Heater Current 0:8 amp
Maximum Plate Voltage 250 volts
” Ill” ‘Nm Maximum Screen Voltage 125 volts
DIRECT INTERELECTRODE CAPACITANGES - PENTODE SECTION
Grid to Plate 0,007 max,# unf
Input 3.5 et
Output 9,5 wpt
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 B840 1000 1125 umhos
Plate Current 5.8 3.4 [ 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 SEGCTION

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

DIODE SECTION

The two diode units are independent of each other and of the pentode sectlion
except for the common cathode, The dlodes may be used as a half wave or as
a full wave rectifierjor one dlode mey be used as a half wave rectifier for
detection, eand the other diode used as a rectifier to obtaln delayed AVC
voltage,

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

#With tube shield,

For characteristic ocurves refer to the type 6B7. The characteristios of the
2B7 are the same as those of the 6A7 except for the hester rating.
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RAYTHEON

TWIN DIODE
FULL WAVE HIGH VACUUM RECTIFIER
Filament Type Metal Bulb

%)

The 5T4 1s a full wave high vacuum type
rectifier tube designed for service in
power supplies delivering high output
currents,

@R
D

5T4

QY

3P A

FULL WAVE RECTIFIER =~ CONDENSER INPUT BOTTOM VIEW OF SOCKET
FILTER

Filament Voltage 5 a=-¢  volts

Filament Current 2 amp

laximum A-C Plate Voltage (RMS) 450 volts

HMaximum Inverse Pesk Voltage 1250 volts

Maximum D=C Output Current 250 ma

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

Filament Voltage 5
Filament Current 2
Maximum A-C Plate Voltage (RMS) 550
Maxlimum Inverse Peak Voltage 1560
Maximum D-C Output Current 250

volts
amp
volts
volts
ma

AVERAGE OUTPUT CHARACTERISTICS 574
Ep=5.0Y fEncH Pl‘.{ﬂTE)
Ep=5.0

RVERAGE PLRATE CHARACTERISTIC

DC OUTPUT CURRENT -MA. (I)
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5U4G

ST 16 8ULB

§
(>
Bl
3
R
8 peons | Y
MEDIUM
ocTAL BRSE 1

RAYTHEON

TWIN DIODE
FULL WAVE HIGH VACUU} RECTIFIER
Filement Type Glass Bulb

The 5U4G is a high vacuum type full
wave rectifier tube designed for
service in power supplies delivere
ing high output currents. The ra=-
tings and eleotrical characteris=-
tics are identical with those of
the types 5X4G and 5Z3,

FULL WAVE RECTIFIER
Condenser or Choke Input Filter

Filament Voltage

Filament Current

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

AVERAGE TUBE VOLTAGE DROP
(At 250 ma, oubput current)

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

ARVERRGE OUTPelT CHRRACTERISTICS
=5.0

SULG AVERAGE PLATE
SX4G CHARACTERISTIC

&s0 -
g ——Cy=duf  CURVE®] =500YPERPLATE (Egc) 513 (EACH PLATE)
" - #2=000Y «+ - -« Epn5.0Y
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5v4G RAYTHEON

TWIN DIODE
FULL WAVE HIGH VACUUM RECTIFIER
Heater Type Glass Bulb

STiq¢ BULB

¥
.¥ The 5V4G isa full wave high vacuum type
[% rectifier tube havinga low voltage drop
. >< deslgned for service in power supplles
//gﬁogl 3 delivering high output currents, Thera-

tings and characteristics are identical
Y| with those of type 83-V.

BOTTOM VIEW OF SOCKET
-L;m: FULL WAVE RECTIFIER -~ CONDENSER OR CHCKE INPUT FILTER
OCTAL BASE _
lleater Voltage 5 a=o volts
- Heater Current 2 amp
¥ llaximum A-C Voltage per Plate (RMS) 400 volts
Maximum Inverse Peak Voltsage 1100 volts
Maximum Peak Plate Current 700 ma
Maximum D=C Output Current 200 ma
AVERAGE TUBE VOLTAGE DROP 25 volts
(At 200 ma, output current per plate)
The cathode 1s connected within the tube to the center of
the heater,
AVERAGE OUTPUT CHARACTERISTICS 83v AVERAGE PLATE
Eg=s0¥ 5v4G6 CHARACTERISTIC
(EACH PLATE)
s25 20 |- Erm0Y
500 220 /
75 200 /
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RAYTHEON

TWIN DIODE
FULL WAVE EIGH VACUUIT RECTIFIER
Filament Type
letal Bulb=5W4 Glass Bulb~5W4G

The 5W4 1s a full wave high vacuum type
rectifier tube deslgned for service in
power supplies dellvering 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 volts
(per plate

Max, Inverse Peak Volbtage 1000 volts

lMax, D=C OQutput Current 110 ma

' AVERAGE TUBE VOLTAGE DROP 50 volts

(At 110 ma, output current per plate)

5wW4
5W4G

%

Sw4G
BOTTOM VIEW OF SOCKET

AVERAGE OUTPUT CHARRCTERISTICS Sw4q AVERAGE PLATE CHARACTERISTIC

§

H

Ep=5.0Y  C;=4uf SW46 EACH PLATE
Er._f_gv
200 /
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200
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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 outpub currents, The ra=
tings and electrical characterls—
tics are 1dentical with those of
the types 5U4G and 5Z3,

FULL WAVE RECTIFIER
Condenser or Choke Input Fllter

Filament Voltage

Filament Current

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

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

BOTTOM VIEW OF SOCKET
5 a-c volts
3 amp
500 volts
1400 volts
250 me
61 volts

AVERAGE OUTPUT CHRARACTERISTICS

SU4G AVERAGE PLATE

o0 Ers0t R 5X4G  CHARACTERISTIC
] C1=auf  CURVE®!=500YPERPLATE (Epc) 5323 (EACH PLATE)
M | TG our - dzegop¥ + @ Ep=5.0
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5Y3G RAYTHEON

TWIN DIODE
[ FULL WAVE HIGH VACUUM RECTIFIER
Fillament Type Glass Bulb

a3

X The 5Y30 is & full wave high vacuum
LS type rectiflier tube designed for ser-
%" vice 1in power supplles for a-c oper-
¥ | ated recelvers, The ratings and elec-
~e| trical characterlstios are ldentical
%| with those of the type 80.

BOTTOM VIEWOF SOCKET

FULL WAVE RECTIFIER - CONDENSER INPUT FILTER

Filament Voltage 5 a-0 volts

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

Maximum Peak Plate Current 400 350 ms.

Maximum D-C Output Current 125 110 ma

FULL WAVE RECTIFIER ~ CHOKE INPUT FILTER#

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

(At 135 ma, output current per plate)

#Input choke must be at least 20 henrles. An Input condenser of not more
than 0,1 puf, 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 ldentical
wlth those of the type 80,

ﬁmThe 5Y4G 1s a full wave high vacuum
A

BOTTOM VIEW OF SOKET

FULL WAVE RECTIFIER - CONDENSER INPUT FILTER

Filament Voltage 5 a~c volts
Filament Current 2 amp
laximum A-C Voltage per Plate (RMS) 300 400 volts
Meximum Inverse Peak Voltage 1000 1100 volts
Maximum Peak Plate Current 400 350 ma
Haxlmum D-C Output Current 125 110 me

FULL WAVE RECTIFIER - CHOKE INPUT FILTER#*

Filament Voltage 5 a-c volts
Filament Current 2 amp
aximum A~C Voltage per Plate (RMS) 550 volts
laximum Inverse Peak Voltage 1500 volts
liaximum Peak Plate Current 300 me
NMaximm D-C Output Current 135 ma
AVERAGE TUBE VOLTAGE DROP &80 volts

(At 135 ma, output current per plate)

#Input choke must be at least 20 henries, An input condenser of not more
than 0.1 pf. 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 18 a high vacuum type full
. wave rectifier tube designed for
§ gervice in power supplies dellvera OQ oo
='h ing high output ocurrents, The ra=
1 on ' tings and electrlical characteris=
28 senk ] tlos ave identical with those op 207OM VIEW OFSOCKET
$ the types 5U4G and 65X4G.
1.!
by
FULL WAVE RECTIFIER
Condenser or Choke Input Filter
4PR0NS
MIER. BRSE Filament Voltage 5 a=c volts
Filament Current 3 amp
. Meximum A-C Voltage per Plate (RMS) 500 volts
Yok Maximum Inverse Pesk Voltage 1400 volts
Maximum D=C Output Current 250 ma
AVERAGE TUBE VOLTAGE DRO?P 61 volts

(At 250 ma. output current)

RVERRGE OUTPUT CHRRACTERISTICS SUQG AYERAGE PLATE
~&0Y SX4G CHARACTERISTIC
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- FULL WAVE HIGH VACUUM RECTIFIER

Sie The 5Z4 is a full wave high vacuum type

RAYTHEON 5Z4

TWIN DIODE

Heater Type Metal Bulb

rectifler tube having a low voltage drop
deslgned for service in power supplles
for a-c operated receivers,

@

FULL WAVE RECTIFIER - CONDENSER COR CHOKE BOTTOM VIEW OF SOCKET
INPUT FILTER

Heater Voltage 5 om0 volts
Heater Current 2 amp
Maximum A-C Voltage per Plate (RMS) 400 volts
Maximum Inverse Peak Voltage 1100 volts
Maximum D=C Output Current 125 ma
AVERAGE TUBE VOLTAGE DROP 20 volts

(At 125 ma. output ourrent per plate)

The cathode 1s comnescted to the heater within the tube,

E % &8 8 8

3

AVERAGE OUTPUT CHARACTERISTICS 5Z4 AVERAGE PLATE CHARACTERISTIC
5.

DC OUTPUT VOLTAGE -VOLTS (E)
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6A3 RAYTHEON 6A3
TRIODE
POWER ANPLIFIER 9 Q
Filament Type Glass Bulb P) &S
ST 16 BULB
The 6A3 1s a trlode type power am-
» plifier tube designed for service
§ in the output stage of storage oﬁ %
f.h battery or a-c operated receivers,
%9 The ratings and electrical char- BOTTOM VIEW OF SOCKET
& acteristics are identical with those
R of the type 6B4G.
U
)
RATINGS
4 PRONG lleater Voltage (a-c or d-c) 6,3 volts
MED. BASE Heater Current 1,0 amp
“laximum Plate Voltage 325 volts
I
~ DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 18 ppf
Input 7 [VAT%
output 5 uuf
AMPLIFIER - CLASS 4
Plate Voltare 250 max, volts
Grid Bias# -45 volts
Amplificatior Pactor 4,2
Plate Resistance 800 ohms
Transconductance 5250 umhos
Plate Current €60 me
Load Resistance 2500 ohms
Power Output (5% second harmonic) 3.2 watts
AUPLIFIER ~ CLASS AB -~ PUSH-PULL - TWO TUBES
Flxed-Blas Self-Blas
Plate Voltage 325 325 volts
Grid Biasx -68 volts
Self-Bias Resistor 750 ohms
1lo=8ignal Plate Current (per tube) 40 40 ma
Load Resistance (plate to plate) 3000 5000 ohms
Power Output 15 10 watts
Total Ilarmonlc Distortion 2.8 5 peroent
#Grid blas measured from midpolnt of a-c operated filament,
For additional curves refer to the type 6B4G,
AVERAGE PLATE CHARACTERISTICS 6A3 RVERAGE CHARACTERISTICS
Ep=63YAC

6846 CLASS A OPERRTION
=83Vpc Ep=250Y
Eg=-495Y SIGNAL RDG.TO T3« fut3.
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RAYTHEON

PENTOIE

6A4-LA

r POWER AMPLIFIER
Filament Type Glass Buldb
SYis BuULS
§ The 6A4/LA 1s a pentode type power am-
L2 plifier tube designed for service in
Jle the output stage of storage battery op-
,}'M a‘é‘* erated receivers,
- 3
S° .
RATINGS BOTTOM YIEW OF SOCKE
5 PRONG
MEQ BASE Heater Voltage (a=-c or d-o) 6.3 volts
Heater Current 0,3 amp
UUU“U T‘h Maximum Plate Voltage 200 vol:s
X! O
| Maxlimum Screen Voltage 200 volts
AMPLIFIER - CLASS A
Plate Voltage 100 136 180 volts
Screen Voltage 100 135 180 volts
Grid Bilas# =645 -9 =12 volts
Amplification Factor (approximate) 100 100 100
Plate Resistance 83250 52600 45500 ohms
Transconduoctance 1200 1900 2200 pmhos
Plate Current 9 14 22 me
Sereen Current 1.6 2,5 3.9 ma
Load Reslstance 11000 9500 8000 ohms
Power Output 0,31 0.7 1.4 watta
Total Harmonic Distortlon 9 9 9 peroent

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

Plate and Sereen Supply Voltage (Ep + Eg) 230 volts
Self-Bias Resistor 700 ohms
No-Signal Plate Current (per plate) 16 ma
Load Reslstance (plate to plate) 16000 ohms
Total Harmonic Distortlon 10 peroent

4.2 watts

Power Output

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

AVERRGE PLATE CHARACTERISTICS 594/[/9 RVERRGE CHARACTERISTICS
Ep= 63‘; ac. AMPLIFIER-CLASS A
Esg= 165 Epx6.3Y E =65V Eggm 165Y
- " Eg=-11Y SIGNRL RDJ. FOR Iy 8
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6A5G

RAYTHEON

TRIODE
I POWER AMPLIFIER
Heater Type Glass Bulb
ST /6 8ULS
The 6ABG is a triode type power ame
plifier tube designed for service in
§ the output stage of storage battery
2 or a-¢ operated receivers.
1"on i
% MAX. Q"“‘?
3 RATINGS BOTTOM VIEW OF SOCKET
¥ Heater Voltage (a-c or d-o) 6.3 volts
Heater Current 1,25 amp
Maximum Plate Voltage 325 volts
8 PRONG
oty amse
—t DIRECT INTERELECTRODE CAPACITANCES
~
U@DJ 6ria to Plate 16 puf
- Input v puf
output 5 unf
AMPLIFIER « CLASS A
Plate Voltage 250 max, volts
Grid Blas -45 volta
Amplification Factor 4.2
Plate Resistance 800 ohmg
Transconductance 5250 umhos
Plate Current 60 me
Load Resistance 2500 ohms
Power Output (5% second harmonis) 3.75 watts
AMPLIFIER « CLASS AB - TWQO TUBES
Flxed-Blas Self-Blas
Plate Voltage 326 325 volts
Grid Blas -68 volts
Self-Blas Resistor 850 ohms
No-3ignel Plate Current (per tube) 40 40 e,
Losd Resistance {(plate to plate) 3000 5000 ohms
Total Harmonlcs 2,5 5 peroent
Power Output 15 10 watis

The cathode is connected internally to the mid-point
pin #8.

of the heater and to

AVERAGE PLATE CHRARACTERISTICS 6AS5G RVERRGE CHRRRACTERISTICS
£ =6.3VAC AMPLIFIER -CLRSS A
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6A6 RAYTHEON

TWIN TRIODE
< POWER AMPLIFIER
Heater Type Glass Bulb

STie b The 6A6 isa twin triode type amplifi-

§ er tube designed for service as a

.X Class B power amplifier in the output

e stage of storags battery or a-c oper-

»x% ated receivers, The ratings and elec~-

on g tricel charaoteristics are identical
- <

with those of the types 6N7 and 6N7G,

. RATINGS BOTTOM YIEWOF SOCKET
MER BASE Heater Voltage {a=-c or d-c} 6,3 volta
‘c‘fl’;‘gffp’” Heater Current 0.8 amp

Maxlmum Plate Voltage 300 volts
Maximum Peak Plate Current (per plate) 125 ma
DU[]UU Meximum Average Plate Dissipation 10 watts

AMPLIFIER - CLASS B

Plate Voltage 250 300 volts
Grid Bias 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 Blast -5 ~6 volts
Amplification Factor 35 35

Plate HReslstance 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 20000 and 4000C ohms,
Power Output (approximate) 400 mw

1The d-c reslstance in the grid cilrcult should not exceed 0.5 megohm with
self-blas or 0,1 megohm with fixed~blas,

For additional curves refer to the type 6N7G.

AVERAGE PLATE CHARACTERISTICS 6RA6 AVERAGE CHARACTERISTICS

EACH TRIODE UNIT 6N7 CLASS B OPERARTION
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6A7 RAYTHEON 6A7
HEPTODE
~1.960| PENTAGRID CONVERTER
o Heater Type Glass Bulb

STIz08US The 6A7 1s a pentagrid type converter

tube designed for service asa combined

» oscillator and mixer in storage battery

‘Q or a~¢ operated superheterodyne receiva

tm! ers, The ratings and electrical charac-

x% bteristics are identical with those of

o .§ the types 6A8 and 6A8G,
el %"“4 RATINGS BOTTOM VIEW OF SOCKET
N

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

SMRLL BRSE Heater Current . amp

lax, Plate Voltage 280 vyolts

k"'h lMax, Screen Voltage 100 volts

ax, Grid #2 Voltage 200 vyolts

Max, Grid #2 Supply 250% volts

Min, Grid #4 Blas -3 volts

Max, Cathode Current 14 ma

DIRECT INTERELECTRODE CAPACITANCES.

Grid #4 to Plate Q4 3% TR
Grid #4 to Grid #2 0,15% puf
Grid #4 to Grid #1 0,15 wuf
Grid #1 to Grid #2 1.0 wr
Grid #4 to all other Elements (R-F Inpub) 8.5 puf
Grid #1 to all other Elements (Osc., Inputb) vi wuf
Grid #2 to all other Elements (Ose, Output) 5,5 puf
Plate to all other Elements (Mixer Output) 9 puf

FREQUENCY CONVERTER = SUPERHETERODYNE CIRCUIT

Plate Voltage

Screen (Grids #3 and #5) V
Anode Grid (#2) Voltage
Anode Grid Supply Voltage
Control Grid (#4) Bias
Osclllator Grid Resistor
Plate Resilstance
Conversion Transconductance
Plate Current

Soreen Current

Anode Grid Current
Oscillator Grld Current

oltage

Control Grid, Blas (approximate)
(For Converslon Transconductance = 2 uwmhos)

The voltage between heater
where they are not directly

and
connected,

cathode should be kept

100 250 volts

50 100 volta

100 volts

250 volts

-1l.5 =3 volts
50000 50000 ohms

0.8 0.3 wegohm

360 550 umhos

1.1 3.5 ma

1,3 2.7 ma

2,0 4,0 ma

0.25 0.4 ma

-20 -45 volts

as low as possible

tApplied through a 20000 ohm serles resistor,bypassedbya 0,1 uf condenser,

#With tube shield.

AVERRGE CHARACTERISTICS 6R7 RAVERARGE CHARACTERISTICS
CONVERTER OPERATION w 6R8 CONVERTER OPERARTION
Ep=6.3Y 6RBG Ep=63" Epe250Y £54.0%/00"
Ep=2507 Egz =250V THROUGH 200
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RAYTHEON

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

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

the type 6A7. 6ABG BRSING SAMEAS
RATINGS 648 EXCEPT O CONN.
T0 PIN¥

Heater Voltage (a-c or d-6)6,3 volts
Heater Current amp BOTTOM VIEW OF SOCKET

6n86 § Mex. Plate Voltage 250 volts
ST 12-088 | = Max, Screen Voltage 100 volts
Max, Grid #2 Voltage 200 Volts

© Mex, Grid #2 Supply 250+ Volts

1in, Grid #4 Biss -3 volts

§ Max, Cathiode Current 14 ma

b3
,/;'ggl 4y DIRECT INTERELECTRODE C APACITANCES
I

BABH  BABGH¥
& PRONG Grid #4 to Plate 0,03 0,3 [Tiis 4
SMALL Grid #4 to Grid #2 0.1 0.2 wuf
OCTAL BASE Grid #4 to Grid #1 0,09 0.2 uuf
k; Grid #1 to Grid #2 0,08 1,3 puf
H@U__‘ Grid #4 to all other El,(r-f input) 12.5 10 uuf
Grid #1 to all other El.(osc.input) 6,5 6 puf
Grid #2 to all other El.(osc.output) 5 5 wie
Plate to all other El,(mix,output} 12,5 10 nuf

FREQUENCY CONVERTER - SUPERHETERODYNE CIRCUIT

Plate Voltage 100 250 volts
Screen (Grids #3 and #5) Voltage 50 100 volts
Anode Grid (#2) Voltege 100 volts
Anode Grid Supply Voltage 250¢ volts
Control Grid %ﬁg Bias -1.5 -3 volts
Oscillator Grid Resistor 50000 50000 ohms
Plate Resistance 0.6 0,3 megohm
Conversion Transeonductance 360 550 umhos
Plate Current 1.1 3.5 ma.
Screen Current 1,3 2,7 ma
Anode Grid Current 2.0 4.0 me
Oscillator Grid Current 0.25 0.4 ma
Control Grid Bias (approximate) -20 -45 volts

(For Conversion Transconductance = 2 umhos)

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

#With shell connected to cethode,

#With tube shleld oonnected to cathode,

tApplied through a 20000 ohm series resistor,bypassed by a0, uf condenser,

AVERAGE CHRIRRACTERISTICS 6R7 RVERRGE CHARACTERISTICS
CONVERTER OPERRTION s 6R8 CONVERTER OPERRT/ON
Epe63Y 6RBG Ep=63% Ep=250Y t,a,‘.‘-/w'
Ep =250 o8 £52=250Y TNROUGH 200 )
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RAYTHEON

CATIIODE RAY TUNING I.'DICATOR

6AB5

“eater Type Glasgs Bulb
79 BULB ¥
L sd%0 ;f The 6AB5 is a high vacuum type indicaw
BTl | J® tor tube designed for serviceas a tune
% ing indicator inradio receivers requir=-
§ ing a low heater current tube.
:.Q
)
& PEONG RATINGS BOTTOM VIEWOF SOCKET
SMALL BASE
lleater Voltage (a-c or d-c) 6.3 volts
Leater Current 0.150 amp
lax, Plate Supply Voltage 135 volts
iax, Target Voltage 135 volts
TUITING INDICATOR
Plate Supply Voltage 135 volts
Target Voltage 135 volts
Plate Resistor 0.25 megohm
Target Current (approximate) 4.5 ma
Flate Current (zero bias 0.5 ma
Grid Bias for Shadow Angle = Oo(approx ) =7.5 volts
Grid Elas for Shadow Angle =90°(approx.) o] volts

designed to visually indicate the effect of
changing the conirol grid bilas., The shaded pattern produced on the fluore-
scent target verics through an angle from 90° +to approximately 0° as the
control voltagze is varied, The voltage on the shadow control electrode, the
extension of the triode plate between the cathode and target, controls the
extent of the shaded area, The voltage of the shadow control electrode 1s
determined by the voltage of the control grid of the triode connected as a
dec 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 suilt=
able point in the AVC network,

The 6AES ic I ~yacuum tube

6ABS
AVERAGE CHARACTERISTICS
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6ACS5G RAYTHEON

TRIODE
POWER AWPLIFIER
Heater Type Glass Bulb
The 6AC5G i1s a hlgh-mu triode power am-
plifier tube designed for positive blas
| Class Ag operation particularly in =
§ direct or dynamic coupled circult using
& & type 76 driver tube, Two 6ACSG tubes
W are also adepted for use 1in a Class B
3 stage,
::" RATTNGS BOTTOM VIEW OF SOCKET
v Heater Voltage (a-c¢ or d-¢) 6,3 volts
Heater Current 0.4 amp
Maximum Plate Voltage 250 velts
OCTAL BASE Maximum Peak Plate Current 110 me
U[MUU e Maximum Plate Disgsipation 10 watts
A3
———7>~L AMPLIFIER - CLASS A
Plate Voltage 250 volts
Grid Bias +13 volts
Amplification Factor 125
Plate Resistance 38700 chms
Transconductance 3400 prhos
Plate Current 32 na
Grid Current 5 na
AMPLIFIER - CLASS A - DIRECT OR DYWAMIC COUPLED
Single Tube Push-Pull-Two Tubes
1~ Type 2-Type 2~Type
76 Driver 76 Drivers 6J5G@ Drivers
Plate Supply Voltage 250 250 250 volts
Grid Blas * * * volts
Ko-S1g, Plate Current 32 64 48 ma
lax, Sig. Plate Current 76 72 ma
No-S1g, Driver Plate Current 5.5 10 8 ma
Max, Sig, Driver Plate Current 19 20 ma
Load Reslstance 7000 10000(P=P) 10000 (P-P) ohms
Max,Slgnal Voltage RMS (Driver) 16,5 4 {(G-G)} 50 {(G=G) volts
Total Harmonice 10 10 10 percent
Power Output 3.7 ¢ 9.5 9.5 watts
AMPLIFIER -~ CLASS B - TWO TUBES
Plate Voltage 250 valts
Grid Blas 0 volts
Signal Peak Voltage (grid to grid) 70 volts
No~Signal Plate Current 5 mna
Load Resistance (plate to plate) 10000 ohms
Power Output (approximate) 8 watts

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

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

1,0 megolm,

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

AVERAGE PLATE CHARACTERISTICS 6ACSG AVERAGE CHRRACTERISTICS

£, =637 DIRECT 0R DYNAMIC COUPLED

AMPLIFIER -CLASS A
TYPE 76 DRIVER
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6B4G RAYTHEON
TRIODE
POWER AMPLIFIER
Fllament Type Glass Bulb
ST 16 BULB
The 6B4G is a triode type power am~
% plifier tube designed for service
¥ in the output stage of storage
T"K‘ battery or a-c operated receivers.
z/'gn x's The ratings and electrlical char-
B MAZ § acteristlecs are ldentical with those
;‘ of the type 6A3, BOTTOM VIEW OF SOCKET
3
RATINGS
8 PRONG Heater Voltage (a-c or d-c) 6.3 volts
soneoum Heater Current 1.0 amp
Maximum Plate Voltage 325 volts
Tre
[ )
~—— DIRECT INTERELECTRODE CAPACITANCES
Grild to Plate 186 unf
Input v pof
Output 5 unt
AMPLIFIER ~ CLASS A
Plate Voltage 250 max, volts
Grid Blag -45 volts
Amplification Factor 4.2
Plate Resistance 800 ohms
Transconductance 5250 wmhos
Plate Current 60 na
Load Reslstance 2500 ohms
Power Output (5% second harmonic) 3.2 watts

AMPLIFIER - CLASS AB - PUSH-PULL ~ TWO TUBES

Plate Voltage

Grid Blasx

Self-Blas Resistor

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

Total Harmonic Distortion

Fixed-Eiss Self-Blas

325 325 volts
-68 volts
750 ohma

40 40 ma
3000 5000 ohms

15 10 watts
2,5 5 peroent

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

For additional curves

refer to the type 6A3,

AVERAGE CHARACTERISTICS 6R3
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6B5 RAYTHEON

DUO-TRIODE
3 DIRECT COUPLED POWER AMPLIFIER
Heater Type Glass Bulb

5714 BULS

; The 6B5 is & dlrect coupled power am=
L. plifier tube designed for service in
_;‘;Q the output stage of atorage battery or
//f'M S a~c operated receivers, The ratings

X and electricel characterlistlcs are
Y| 1dentical with thoss of the type 6N6G,

BOTTOM VIEW OF SOCKET

RATINGS

Heater Voltage (a-c or d-c) 64,3 volts
L Heater Current 0.8 anp
':r Maximum Plate Voltage 325 volts

AMPLIFIER - CLASS A

Output-Plate Voltage 250 300 325 volts
Input-Plate Voltage 250 300 325 volts
Grid Blas 0 o] 0 volts
Amplifloation Factor 58

Plate Resistance 24100 ohms
Transconductance 2400 unhos
Output-Plate Current 33 45 51 ma
Input-Plate Current 6.5 8 ] me
Load Resistance 7000 7000 7000 ohms
Total Harmonle Dist, & 8 5 percent
Power Outpub 2.5 4 5.2 watts
Signal Voltage RMS 13.5 15 i volts

AMPLIFIER - CLASS A - PUSH-PULL - TWO TUBES

Output-Plate Voltage 250 300 325 volts
Input-Plate Voltage 250 300 325 volts
Grid Blas 0 0 0 volts
Output-Plate Current (per tube) 35 45 51 ma
Input-Plate Current (per tubse) 645 8 9 ma
Load Resistance (rlate to plate) 10000 10000 10000 ohms
Total Harmonie Distortion 3] 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 1ts value should not execeed 0,5 megohm,

For additional curves refer to the type 6N6G.

RVERAGE PLATE CHARACTERISTICS &85 RVERRGE CHARACTERISTICS
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RAYTHEON

DUO-DIODE TRIODE
DETECTOR AMPLIFIER
Heater Type Glass Bulb

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

wlth those «of the type 75, BOTTOM VIEWOF SOCKET

OCTAL BASE RATINGS
=¥
U[MUU No Heater Voltage (a-c¢ or d-¢) Be3 volts
—Lty Heater Current 0.3 amnp
Maximum Plate Voltage 250 volts
DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 1.3 uuf
Input 27 wuf
Output 4,5 puf
AMPLIFIER ~ CLASS A - TRIODE SECTION
Plate Voltage 250 volts
Grid Blas -2 volts
Amplification Factor 100
Plate Resistarce 91000 ohms
Transconductance 1100 umhos
Plate Current 1 me.

DIODE SECTION

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

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

AVERAGE PLATE CHARACTERISTICS 7% AVERAGE CHARACTERISTICS
TRIODE SECTION 6866 7:/005 SECTION
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6B7

{3602

7 PRONG
SMALL BASE

Ui

Plate Voltage
Sereen Voltage
Grid Blas

Amplification Factor
Plate Reslstance
Transconductance

Plate Current
Screen Current
Gric Blas

RAYTHEON

DUO~DIODE PENTODE
DETECTOR AMPLIFIER
Heater Type Glass Bulb

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

RATINGS

lleater Voltage {(a-c or d-c)
lieater Current

lieximum Plate Voltage
laximum Screen Voltage

BOTTOM YIEW OF SOCKET
6,3 volts
0.3 amp
250 volts
125 volts

DIRECT INTERELECTRODE CAPACITAICES - PENTODE SECTION

Grid to Plate
Input
Output

MPLIFIER - CLASS A -~ PENTODE SECTION

100 180 250
100 75 100
-3 -3 -3
285 840 800
0,3 1 0.8
950 840 1000
5.8 3.4 6
1.7 0.9 1.5
=17 ~13 =17

(For cathode current cutoff)

AIPLIFIER « CLASS A -

0,007 max,*

9.5

250
125
-3
730
0.65
1125
9
2e3
=21

wf
[T o
uuf

volts
volts
volts

megohm

umhos
ma
ma
volts

RESISTAUCE COUPLED - PENTODE SECTION

Plate Supply Voltage 250 250 250 valts
Sereen Voltage 45 50 100 volts
Grid Slas -5 ~4,5 =3 volts
Plate Resistor 0.5 0.25 0.027 megohm
Plate Current 0.25 0,65 5.4 me

DIODE SECTION

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

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

#With tube shield.
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6B8 RAYTHEON

DUO~-DIODE PENTODE
DETECTOR AMPLIFIER
Netal Bulb Heater Type

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

RATINGS
Heater Voltage 6,3 volts BOTTOM VIEW OF SOCKET
Heater Current 0,3 amp
Max, Plate Volbtage 250 volts
Hax, Screen Voltage 125 volts

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

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

ANPLIFIER ~ CLASS A ~ PENTODE SECTION

Plate Voltage 250 volts
Sereen Voltage 125 volts
grid Bias -3 volts
Amplification Factor 800 approx,

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

DIODE SECTION

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

AVERAGE PLATE CHRRACTERISTICS 688 RVERAGE CHARACTER!
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6B8G RAYTHEON

DUO~-DIODE PENTODE
~if DETECTOR AMPLIFTER
Heater Type Glass Bulb

The 6B8G isa duo=diode pentode type ame
stizosus | plifier tube designed for service as
combined diode detector, AVC rectifier

MAX.

] and ref, i-f, or a-f amplifier,
g
s RATINGS
&y
. I Heater Voltage 6,3 volts
%% Heater Current 05 amp BOTTOM VIEW OFSOCKET
llex, Plate Voltage 250 volts
lax, Sereen Voltage 125 volta
8 PRONG
o ks DIRECT INTERELECTRODE CAPACITANGES - PENTODE SECTION
1y (With close fitting shield connected to cathode)
g
U@EU~1 Grid to Plate 0,007 max, wuf
Inpubt 3.5 ppf
Qutput 9.5 et
AMPLIFIER « RwF or I~F « PEUTODE SECTION
Plate Voltage 100 180 250 250 volts
Screen Voltage 100 75 100 126 volts
Grid Bias -3 -3 -3 -3 volts
Amplification Factor 285 840 800 730
Plate Reslstance 0,3 1 0.8 0.65 megohm
Transconductance 950 840 1000 1125 umhos
Plate Current 5.8 3.4 6 9 ma
Screen Current 1.7 0.9 1.5 2.3 ma
Grid Bias -17 =13 17 -21 volts

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

Plate Supply Voltage 250 250 280 volts
Screen Voltage 45 50 100 volts
Grid Bias -5 -4,5 =3 volts
Plate Resistor 0.5 0,25 0,027 megohm
Plate Current 0,25 0,65 5.4 ma

DIODE SECTION

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

RYERAGE :_’Lﬁgfv CHRRACTERISTICS 6B7  AVERAGE CHARACTERISTICS
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6C5

6C5G RAYTHEON
TRIODE
DETECTOR OR AMPLIFIER
&cs k Heater Type
TR0 AR Ky Metal Bulb-6C5 Glass Bulb-8C5G
3
-/é',%,- jq,,, The 6C5 is & triode type amplifier tube
Pl §‘\‘ designed for service as a detector or
14 s55: 1 amplifier in storage battery or a-c op-
\'\'fe erated recelvers,
:’.
'O
e RATINGS
& PRONG OCTAL BASE Heater Voltage (a-c or d-c)6,3 volts BOTTOM VIEW OF SOCKET
Heater Current 0,3 amp 6C5G-INT. SHIELD
Haximum Plate Voltage 250 volts CONNECTED TO¥ PIN
DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate Input Qutput
6C5%# 1,8 4,0 1 puf
6C6GH* 2.5 4,5 9.5 wpf
AMPLIFIER - CLASS A
Plate Voltage 250 volts
Grid Blas -8 voltas
Amplification Factor 20
Plate Resilstance 10000 ohms
Transconductance 2000 ynhos
Plate Current ma
AMPLIFIER ~ CLASS A ~ RESISTANCE COUPLED
Plate Supply Voltage 250 volts
Grid Bias (approximate) -5 volts
Plate Resistor 50000 to 10000 ohms
Plate Current 1 to 2 ma
voltageAmplification 14
Voltage Output (5% second harmonic)RHS 42 volts
DETECTOR - BIASED TYPE
Plate Voltage 250 volts

Grid Blas (approximate)

Plate Current Adjusted to 0,2

DETECTOR ~ GRID LEAK TYPE

volta

-17
ma, with no signal

Plate Voltage 45 o 100 volts
Grid Return to Cathode
Grid Leak Resistance 0,1 to 1,0 megohm
Grid Condenser 0,00005 to O,0005 nf

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

#With shell connected to cathode.

#Internal shield connected to cathode,

as low as possible

AYERRGE PLATE CHARACTERISTICS 6C5 AVERAGE CHRRACTERISTICS
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RAYTHEON

PENTODE
DETECTOR OR ALPLIFIER
lleater Type Glass Bulb

The 6C6 isa 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
Heater Current 0r5  amp BOTTOMVIEW OF SICKET
laxlmum Plate Voltage 250 volts
Maxilmum Screen Voltage 100 volts

DIRECT INTERELECTRODE CAPACITAHCES

Pentode Connection Triode Connectiont

ss/;kﬂlfa
MALL BRE 6rid o Plate C.007 max,* 2,0 uut
=7 Input 5,0 3.0 jiin
[ﬂ] ‘ lokgy Qutput 6.5 10,5 puf
" AMPLIFIER - CLASS A
Pentode Connection

Triode Connectiont
2

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

Amplification Factor 1185 1500 min, 20 aoprox,
Plate Resistance 1 1.5 min, 0,01.05 megohm
Transconductance 1185 1225 1900 umhos
Plate Current 2 2 6,5 ma
Sereen Current 0.5 0,5 me
Grid Bias (approximate) =7 =7 volts

(For cathode current cutoff)
DETECTOR - BIASED TYPE

Plate Supnly Voltage 100 100 250 250 volts
Sereen Voltage 12 30 50 100 volts
Grid Bias ~1l,16 -1,83 -1.95 -4,3 volts
Cathode Resistor 18000 10000 3000 10000 ohms
Suppressor Connected to Cathode at Sooket
Gathode Current {(no signal) 0,063 0,183 0,85 0,43 ma
Plate Reslstor 1.0 0,25 0.25 0,5 megohm
Blocking Condenser 0,01 0,01 0,03 0,03 uf
Grid Resistor (for following tube) 1,0 0,5 0.25 0,25 megohm
R-F Signal Voltage (RMS) 1,05 1.6 1,18 1,37 volts
Output Peak Voltage 7 volts

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

The shield in the dome of the tube is comnected 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.
$Grids #2 and #3 connected to plate,

AVERAGE PLATE CHARACTERISTICS 6C6 AVERAGE CHARACTERISTICS
Er=6.3Y  E4q=100"  Egypperssoe =0 Ep=6.3Y £pu250¥ Eg;=100Y
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75 l 2000
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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 tricde
o unlts are independent of each other as
the elements of each triode are brought
§ out to separate terminals,
/;3% BOTTOM VIEW OF SOCKET
} Y RATINGS
B PRONG Heater Voltage (a-c or d-c)6.3 volts
SMALL Heater Current 0,3 amp
OCTAL BASE Max. Plate Voltage 250 volts
[\
UMU} DIRECT 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 wf
Output 5.5 3.9 upuf
Grid to Grid 0,1 wuf
Plate to Plate 1.5 puf
AMPLIFIER - CLASS A - EACH TRIODE
Plate Voltage 250 volts
Grid Blas -4,5 volts
Amplification Factor 38
Plate Resistance 26000 ohms
Transconductance 1450 umhos
Plate Current 3.1 ma
PHASE INVERTER
Plate Supply Voltage 250 250 volts
Grid Blas =3 =3 volts
Plate Current (per plate) 1.7 ma
Plate Resistor %per plate) 0.085 0,1 megohm
Grid Resistor (following tubes) 0.1 0,5 megohm
Meximum 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
. RENOTE CUTOFF AMNPLIFIER
~is00t-a Heater Type Glass Bulb

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

§ amplifier or mixer in storage battery or

¥ a-¢ operated receivers, The ratings

ﬂ;& and electrical characteristicsare iden-

-3 tical with those of the type 6U7G.
“op ' § BOTTOM VIEW OF SOCKET
3+ i"f RATINGS

Heater Voltage (a~c or d-c) 643 volts
Heater Current 0.3 arp
& PRONG Haximum Plate Voltage 250 volts
SMALL BRSE| lexlmun Screen Voltage 100 volts

UU D[I e V| DIRECT INTERELECTRODE CAPACITANCES
—4tL 5r1a to Plate 0,007max, # puf
Input 5,0 wf
Output 6,5 wt
ALPLIFIER - CLASS A

Plate Voltage 100 250 voltis
Screen Voltage 100 100 volts
Grid Bias -3 - volis
Suprressor Connected to Cathode at Socket

Amplification Factor 1280
Plate Resistance 0,25 0.8 megchm
Transconductance 1500 1600 unhos
Plate Current 8 8.2 na
Screen Current 2.2 2 ma
Grid Blas for Transconductance = 2 umhos =50 -50 volts

MIXER ~ SUPERHETERODYNE CIRCUIT

Plate Voltage 100 250 volts
Screen Voltage 100 100 volts
Grid Bias ~10 <10 volts
Suppressor Connected to Cathode at Socket

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

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

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

#With tube shleld,

For additlonal curves refer to the type 6U7G.

RVERAGE PLRTE CHARACTERISTICS 606 RAVERAGE CHARACTERISTICS
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6D8G RAYTHEON

HEPTODE
~f-® PENTAGRID CONVERTER
Heater Type Glass Bulb
STI2-DBU8 The 6D8G 1s a pentagrid type ccnverter
tube designed for service asa combined
osclllator and mixer in storage battery
§ or a-c operated recelversrequiring alow
§§ hester current tube,
,,g'an ;“ RATINGS
M T % BOTTOM VIEW OF SOCKET
&‘4 Heater Voltage (a=c or d=-6)6.3 volts
8 PRONG ™ Heater Current 0,150 eamp
SMALL Max, Plate Voltage 250 volts
OCTAL BASE Max, Sareen Voltage 100 volts
= Max, Grid #2 Voltage 200 volts
Uwun e Max, Grid #2 Supply 250¢ volta
——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 T8
Grid #4 to Gria #1 0-2 uuf
Grid #1 to Grid #2 1.3 fuine 4
Grid #4 to all other Elements (R~F input) 8.8 wuf
Grid #1 to all other Elements {Ose, input) & wut
Grid #2 to all other Elements (Osc, output) 5 wf
Plate to all other Elements (Mixer output) 11 puf
FREQUENCY CONVERTER ~ SUPERHETERODYNE CIRCUIT
Plate Voltage 138 250 volts
Sereen (Grids #3 and #5) Voltage 67.5 100 volts
Anode Grid (#2) Voltage 135 volte
Anode Grid Supply Voltage 250t volts
Control Grid %£4¥ Blag =3 -3 volts
Osclllator Grid (#1) Resistor 50000 50000 ohms
Plate Reslstanoce 0.4 0,32 megohm
Conversion Transconductance 325 500 prhos
Plate Current 1.2 3.3 ma
Sereen Current 2 3.2 ma
Anode Grid Current 3,4 4 ma
Osecillator Grid Current 0,45 0.5 ma
Control Grid Bias ~25 38,5 volts
(For Conversion Transconductance = 10 pmhos)
Grid #1 to Grid #2 Transconductance 1 1000 umhos

{At O volts bims on Grid #1)
tApplied through a 20000 ohm series resistor,bypassedbya 0,1 uf,condenser,

#With tube shield connected to cathode,

RVERAGE CHRARACTERISTICS 6086 AVERAGE CHRARACTERISTICS
CﬂﬂV{A’TEP OPERATION ™ con Vt;A’TEk OVPEPH770{*/
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6ES RAYTHEON

CATHODE RAY TUNING INDIGATOR
leater Type Glass Bulb
&
§ The 6E5 is a high vacuum type indicator GD
T"ls tube designed for service as a tuning
. »% indicator in radlo receivers,
,8'0n T
% max TS
Wi rarNGs
& P20 : BOTTOM VIEW OF SOCKET
Wgug:sg Heater Voltage (a-c¢ or d-c) 6.3 volts
lleater Current 0,3 amp
x iiaximum Plate Supply Voltage 250 volts
oty aximum Target Voltage 250 volts
Uinimum Target Voltage 90 volta
TUNING INDICATOR
Plate Supply Voltage 100 200 250 volts
Target Voltage 100 200 250 volts
Plate Reslstor 0.5 1 1 megohm
Target Current (approx.) 4.5 4,5 4,5 ma
Plate Current (zero blas) 0,19 0,19 0,24 ma
Grid Biss (approx,) =3.3 =6,5 -8 volts
(For shadow angle = 0°)
Grid Bies (approx,) o} o} o] volts

(For shadow angle =90°)

The 6E5 is a high vacuum tube designed to visually indicate the effect of
changing the control grid bias, The shaded pattern produced on the fluore=
secent target varles through an angle from 90 to approximately 0° as the
control voltage is varied. The voltage on the shadow control electrode,the
extension of the trlode plate between the cathode and target, controls the
extent of the shaded area, The voltage of the shadow control electrode 1a
determined by the voltage of the control grid of the triode connected as a
d-¢ smplifier, 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 deorease of blas 1increases the
shadow. In practical use the control grid voltage is obtained from a sult-
able point in the AVC network,

RVERAGE CHARACTERISTICS 6EF RAVERAGE CHARACTERISTICS
Ep=100¥
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G6E6 RAYTHEON

TWIN TRIODE
3 POWER AMPLIFIER

Heater Type Glass Buld
ST14 BuLE
%
Y The 6E61s a twin triode type power am-
EN plifier tube designed for service as
3‘“,,\ a Class A push-pull amplifier 1In the
X output stage of storage batteryor a-c
o operated receivers.
NS
BOTTOM YIEW OF SOCKET
MZ;aﬂs: T
BE5SDIR PN RATINGS
clecLE Heater Voltage {a-c or d-c) volts

6,3
= Heater Current 0.6 anp
‘:E Maximum Plate Voltage 250 volts

AMPLIFIER -« CLASS A - EACH TRIODE

Plate Voltage 180 250 volts
Grid Blas ~20 -27.5 volts
Amplification Factor 6 6

Plate Reslstance 4300 3500 ohms
Transconductance 1400 1700 pmhos
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
Losd Resistance (plate to plate) 16000 14000 ohms
Power Output 0,75 1.6 watts
AVERAGE PLATE CHARACTERISTICS 6E6 AVERAGE CHARACTERISTICS
EACH TRIODE AMPLIFIER-CLASS R PUSH-PULL
£p26.3 Ep=6.3V Epu250Y Egu-2T.5Y
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RAYTHEON

TRIODE
AMPLIFIER
Heater Type
Metal Bulb-8F5 Glass Bulb-6F5G

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

ors. BOTTOM VIEW OF SOCKET
RATINGS 6F5G- N0 CONNECTION
To#* 1 PIN
Heater Voltage (a-c or d=-o)} 643 volts
Heater Current 0,3 amp
Maximum Plate Voltage 250 volts
5F5G DIRECT INTERELECTRODE CAPACITANCES
it ) Grid to Plate Input  Output
& 6F5% 2,0 6 12 uuf
X 6F56 2,0 2.5 3.5 uuf
xﬁs AMPLIFIER - CLASS A
op
/im ~§ Plate Voltage 250 volts
AW Grid Biast -2 volte
mm b Amplification Factor 100
s Plate Resistance 66000 ohms
xnuug Transconductance 1500 pmhos
Plate Current 0,9 ma

UMUJ AMPLIFIER - CTASS A - RESISTANCE COUPLED

Plate Supply Voltage 250 250 volts
Grid Bias -1.3 ~1.3 volts
Plate Resistor 0,25 to 1,0 0.25 to 1.0 wmegohm
Grid Resistori 0.25 0,5 megohm
Plate Current 0.2 %o 0.4 0,2 to 0.4 ma
Voltage Output (RMS) I 11 %o 20 14,5 to 25,5 volts
(5% second harmonic)
Voltage Amplification 52 to 56 51 to 60

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

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

RAVERAGE PLﬂTf CHARACTERISTICS 6F5 AYVERAGE CHARACTERISTICS
Ep=6.3

6F5G6 £r6.3Y
) - ) 1]
N , ]
. /f/xl Y | |
NENENAY LT
HEVNREAIN il
S
) K
;// ] I i

AV S AU ER S
e X7V

VAN A ,

[4
O G0 S 120 /60 200 200 280 320 360 400 40 -5 -4 -3 -2 - Q)Q
PLATE VOLTRGE-YOLTS GRID BIAS-VOLTS

RAYTHEON ENGINEERING SERVICE



6F6G
ST7T14 BULS

-]
4

24 max.

T PRONG
MEPIUM
OCTAL BRSE

™o
a

Plate Voltage
Screen Voltage
Grid Blas

Self-Blas Resistor
Signal Pk,Volt,.(G to G)
No=Signal Plate Current
No-Signal Screen Current 5
Load Resistance(P to P)
Total Harmonic Dist,
Power Outpub (approx,)#

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

2§

RAYTHEON

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

The 6¥6 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 wlth those of the type 42,

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

Heater Current B amp
Maximum Plate Voltage 315 volts
Maxinmum Soreen Voltage 315 volts

AMPLIFIER -~ CLASS A

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

Pentode Connection Triode Connectlont

Plate Voltage 250 315
Sereen Voltage 250 315
Grid Blas =16,5 -22
Amplification Factor 2001 200F
Plate Resistance 80000%  75000%
Transconduoctance 2500 2650
Plate Current 34 42
Screen Current 6.5 8
Load Resistance 7000 7000
Total Harmonic Dist, 7

Power Outpubt 3 5

AMPLIFIER = CLASS AB - TWO TUBES
Pentode Connection

250 max, volts
volts
=20 volts
7
2600 chms
2700 urmhos
31 ne
ma
4000 ohms
5 peroent
0.85 "~ watts

Triode Connectiont

Fixed~Blas Self-Blas Fixed-Blas Self-Bias
375 max, 375 max, 350 max,
250 max, 250 max,

=26 min, -38
340 min,
82 94 123
34 54 45
8
10000 10000 6000
& 7
19+ 194 184

350 max, volts
volts
volts

730 min, ohms

132 volts

50 ma

ma

1oooo ohma

i percent

14w watts

operated at plate voltage

of 250 volts, grid blas of =20 volts and plate loasd of approximately 10000

ohms,
#Input transformer ratio, primary to 1/2 secondary = 3,38
AInput transformer ratio, primary to 1/2 secondary = 2,5
##Inpubt transformer ratlo, primary to 1/2 secondary = 1,67
fInput transformer ratio, primary to 1/2 secondary = 1,29
tScreen connected to plate.
IApproximate
For additional curves refer to the type 42,
RYERAGE PLATE CHARACTERISTICS 42 AVERRGE CHRPACTERISTICS
Epm6.3Y  Eggmz50Y 6F6 AMPLIFIER ~CLASS A
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6F7 RAYTHEON

TRIODE-PENTODE
2 AMPLIFIER OR CONVERTER
] Heater Type Glass Bulb
The 6F7 1s a duplex tube, combinling in
one bulb a triode and a remote cutoff
STiZ-beus pentode, designed for service as an os-
E* cillator and mixer or as a high frequen-
W oy amplifier and second deteator, in
2y storage battery or a-c operated receiv~
Y ers, The ratings and electrical char-
» § acteristics are ldentiocal with those of
Vi s | the type 6P7G,
W
RATINGS
7 PRONG Heater Voltage (a-c or d-o) 6,3 volts
SMRLL BRSE Heater Current 0.3 amp
.} DIRECT INTERELECTRODE CAPACITANCES
oy Grid to Plate Input Output
i1 Triode Section ## 2,0 2.5 3,0 puf
Pontode Seotion #* 0,008 max,# 3.2 iz puf
AMPLIFTER - CLASS A
Triode Section Pentode Seotion
Plate Voltage 100 max, 100 250 maex, volts
Soreen Voltage 100 100 max, volts
Grid Bias -3 -3 «3 min, volts
Amplification Factor 8 300 900
Plate Resistance 0,018 0,29 0,85 megohm
Transeonductance 500 1050 1100 umhos
Plate Current 3.6 6,3 6.5 ma
Sereen Current 1.8 1.5 ma
Transcondustance {at =35 volts bilas) 9 10 umhos
FREQUENCY CONVERTER
Triode Sectlion Pentode Section
Maximum Plate Voltage 100 260 volts
Maximum Soreen Voltage 100 volts
Minimum Grid Blas + -3 # volts
Maximm Oscillator Plate Current(average) 4 ma
Typlcal Operation:
Plate Voltage 1001 250 volts
SBoreenVoltage 100 volts
Grid Blas + =10 A volts
Plate Resistance 2 megohm
Conversion Transconductance 300 ymhos
Plate Curremnt 2e4 2,8 ma
Grid Current 0,15 o] ma
Screen Current 0,6 me
Oscillator Peak Voltage Input 7 volts

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

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

$Usually obtained by means of a grid leak.

#irid bles should be at least 3 volts greater than the peak oacillator volt-
age applled to tne pentode grid,

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

For additional curves refer to the type 6P7G.

AYERAGE PLATE CHARACTERISTICS 6F7  AVERAGE PLATE CHARACTERISTICS

PENTODE SECTION 6P7G TRIODE SECTION
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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
)t t lleater Current 0.6 amp
llaximum Plate Voltage 250 volts
DIRECT IITERELECTRODE CAPACITANCES
TRIODE L TRIODE R
(Triode R to Ground)(Triode L to Ground)
Grid to Plate 4,5 4,16 wpt
Input 343 3.0 uuf
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 upf
AUPLIFIER -CLASSA - EACH TRIODE

Plate Voltage 250 volts
Grid Bias -8 volta

Amplification Factor 20
Plate Resistance {approximate) 7700 ohms
Transconductance (approximate) 2600 umhos
Plate Current g ma

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

AVERAGE PLATE CHRARACTERISTICS RVERRGE CHARACTERISTICS
Ep=6.3Y  EACH SECTION 6F8G6 =83 L secTion
£p=260
24 20,
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6G5-6H5 RAYTHEON 6G5-6H5

CATHODE RAY TUNING INDICATOR
Leater Type Glass Bulb

The 6G5/6H5 1s a high vacuum type indi-
cator tube with remote cutoff character-
istiocs designed for service asa tuning
indicator in radio receilvers, The ra-
tings and electrical characteristics are
identical with those of the type 6US,

6 PRONG RATINGS BOTTOM VIEW OF SOCKET
SMALL BASE]
Heater Voltage (a~c or d-o) 6,3 volts
- Heater Current 0,3 anp
‘g Laximum Plate Supply Voltage 250 volts
liaximum Target Voltage 250 volts
liinimum Target Voltage 90 wvolts
TUNING INDICATOR
Plate Supply Voltage 100 200 250 volts
Target Voltage 100 200 280 volts
Plate Resistor 0.5 1 1 megohm
Target Current {approximate) 4,5 4,5 4,5 na
Plate Current (zero bias) 0,19 0,19 0,24 ma
Grid Bias (approximate) -8 -18,5 -22 volts
{(For shadow angle = 0°}
Grid Blas (approximateg [¢] o] o] volts
(For shadow angle =90°)

The 6G5/6H5 is a high vacuum tube designed to visually indicate the effect
of changlng the control grid bias, The shaded pattern produced on the flu~
orsscent target varles through an angle from 90" to spproximately 0° ag the
control voltage is varled, The voltage on the shadow control electrode,the
extension of the triode plate between the cathode and target, controls the
extent of the shaded area, The voltage of the shadow control electrode 1s
determined by the voltage of the control grid of the triode connected as a
d-¢ amplifier, Thus the control grid voltage determines the extent of the
shadow, An increase of econtrol grld bias thus increases the shadow control
voltage and decreases the shadow while a decrease of bilas increases the
shadow., In practical use the control grid voltage is obtained from a sult-
able point in the AVC network,

AVERAGE CHARACTERISTICS 6G5/6H5 AVERAGE CHARACTERISTICS
=63 6US £p=6.37
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6G6G RAYTHEON

PENTODE
POWER AMPLIFIER
Heater Type Glass Bulb

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

2%

3

)
go s RATINGS BOTTOM VIEW OF SOCKET
N Heater Voltage (a-6 or d«o) 6.3 volts
e Heater Current 0,15 anp
7 PRONG Maximum Plate Voltage 180 volts
xi;:ﬂ#s: Maximum Screen Voltage 180 volts

UWL:& | AMPLIFIER - OLASS A

Plate Voltage 1386 80 volte
Socreen Voltage 135 180 volta
Grid Bias -8 -9 # volts
Self-Blas Reslator 440 510 ohma
Amplifloation Facter 360 400

Plate Resistanoe 0,270 0,176 megohm
Transconductance 2100 2300 pmhos
Plate Current 11,6 15 ma
Screen Current 2 2,6 ma
Load Reslstance 12000 10000 ohms
Total Harmonlo Distortion 7.5 10 peroent
Power Output 0,6 1.1 watta

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

# Transformer or impedance input systems are recommended, If reslstance
coupling 1s used the d-o resistance in the grid circuit should not exceed
0,5 megohm with self-blas, With fixed-bilas the d-o grid ocircuit resistance
should not exceed 0.5 megohm under the 135 volt operating conditions or 0,05
megohm under the 180 volt conditions,

AVERRAGE PLATE CHRRACTERISTICS 6666 AVERABE CHARARCTERISTICS
£p=637  Eggm180" AMPLIFIER-CLASS A
£p=6.37 £,=180" Egq=180Y
Eyg = 6-3VRMS
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6H6
6HEG RAYTHEON

TWIN DIODE
6H6 DETECTOR
*on Heater Type
w0 Metal Bulb-6H6 Glass Bulb-6H6G

:‘E% The 6H6 1s & twin dlode tube designed
Mg for service as a dicde detector and AVC
—L rectifler or as a low current rectifiler

7 PPOMG OCTRL BASE in storage battery or a-c operated re-
celivers,
BOTTOM VIEW OF SOCKET
6H6G-INT SHIELD
RATINGS CONNECTEDTO*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
18
DIRECT INTERELECTRODE CAPACITANCES
[iird Plate to Plate Plate to Cathode
OCTRL BASE 6HE#* 0,02 max, 1.2 upf
SHEG## 0.4 1.5 puf
OO0 &=

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

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

RAYTHEON ENGINEERING SERVICE



TRIODE

Tiptal Bulb-8J5

RATINGS

Heater Voltage(a-c or
Ieater Current
Naximum Flate Voltage

635
6J5G

3.4
3.4

AWPLIFIER =~ CLASS A

OCTAL BASE

T |

Plate Voltage

Grid Blas
Amplification Factor
Plate Resistance
Transconductance
Plate Current

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

AVPLIFIER
Heater Typ
Glass Bulb~6J5G

RAYTHEON

0

d~c)6.3
0,3
250

Grid to Plate

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

DIRECT INTERELECTRODE CAPACITANCES

BOTTOM VIEW 0F SOCKET
6J5G-NO CONNECTION
velts  p#spN
amp
volts
Input Output
3,4 3.6 wif
3.8 3.3 upf
250 volts
-8 volts
20
7700 ochms
2600 umhos
9 ma

cathode should be kept as low as possible

RAYERRGE PLATE CHRRACTERISTICS 645 AVERAGE CHARACTERISTICS |
[XT ¥ 4 6J5G 89"
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RAYTHEON

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

The 6J7 1s & 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 voltas
Heater Current 0.3 amp OJ/7G BASING SAME RS
Max, Plate Voltage 250 volts 6J7EXCEPT SHIELD
llax. Screen Voltage 125 volts CAGECONNTOPIN#/

BOTTOM VIEW OF SOCKET

DIRECT INTERELECTRODE CAPACITANCES
GRID TO PLATE INPUT OUTPUT

76 § * 637 0.005 max, 7 12 puf
ST 12-08U8B Sm ##6J7G 0,005 max, 4,5 12 wnf
T| AMPLIFIER - CLASS A

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

7 MAX ~+ Amplification Factor 1185 1500 min,
Plate Resistance 1 1,5 min, megohms
7 PRONG Transconductance 1188 1225 umhos
SMALL Plate Current 2 2 me.
OCTAL BASE Sereen Current 0,5 0.5 ma
.F:Q Grid Bias -7 -7 approx, volts

Uwgu—l (For Cathode Current Cuboff)
DETECTOR « GRID BIASED TYPE

Plate Supply Voltage 250 250 250 250 volts
Screen Voltage 50 33 100 100 volts
Grid Blas -2 1,7 =3,9 -4,3 volts
Cathode Resistor 3000 8000 4000 10000 ohms
Suppressor Connected to Cathode at Sockel
Cathode Current (No Signal) 0.65 0.21 0,97 0,43 ma
Plate Resistor 0,25 0,5 0.256 0.5 megohm
Blocking Condenser 0,03 0,03 0,03 0,03 pf
Grid Resistor(For Following Tube) 0,25 0.25 0.25 0.25 megohm
R~-F Signal Voltage (RIS) 1,18 1,21 1.38 1,37 volts
Output Peak Voltage 1 volts

7 17 17
(At grid of following tube with signal modulated 20%)

When a resistor is used in the grid clrcuit, its value should not exceed
1 megohmn,

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

# With shell connceted to cathede
##ith tube shield and Internal shield connected to cathode,

AVERAGE PLATE CHRRACTERISTICS 6J7 AVERRGE CI'IHRHC TERISTICS
Ep=6.37 6J7G Eg=6.
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6J8G RAYTHEON

TRIODE HEPTODE
FREQUENCY CONVERTER
Heater Type Glass Bulb

The 6J8G 1s a duplex tube containing a
triode unit and a heptode unit, having a
common cathode,in the same envelope, The
grid of the triode unit 1s connected in-
ternally to the Injector gridof the hep-
tode unit, It s designed for converter
service in cirecuits similar to those em-
ploying a separate triode osclllator and BOTTOM VIEW OF SOCKET
pentagrid mixer,

QL
5 MRAX.

MAX.

& e

3429
J2

8 PRONG
SMALL
TRL BASE RATINGS

U

Heater Voltage (a-c or d-c) 6e3 volts
Heater Current 0.3 amp
Maximum Plate Voltage (Heptode) 250 volts
Maximum Sereen Voltage (Heptode) 100 volts
Maximum Plate Supply Voltage (Triode) 2504 volts

FREQUENCY CONVERTER

Mixer Plate Voltage (Heptode) 250 volts
Mixer Screen Voltage (lleptode) 100 volts
Mixer Control Grid Blas Heptodsg -3 volts
Oacillator Plate Voltage (Triode 2503 volts
0scillator Grid Resistor (Trilode) 50000 ohms
Mixer Plate Current (Heptode) 1,2 ma
Mizer Screen Current (Heptode) 2,8 ma
Oscillator Plate Current (Triocde) 5,0 ma
Oscillator Grid Current (Triode) 0.4 ma
Mixer Plate Realstance {Heptode) (approx,) 4 megohm
Converslon Transconductance 290 umhos
Conversion Transconductance 2 ymhos

(At mixer control grid bilas = ~20 volts)

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

AVERAGE CHARACTERISTICS 6J86 RAVERAGE CHRARACTERISTICS
Epo6.8Y Ep(MIXER)=Z250" Egq= 1007 CONVERTER OPERATION
£p(03C)=250YTHRY 20000~ Epw6.3V Eo[MIXER)=2507 Eyq=1007
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6K5G RAYTHEON

TRIODE
AMPLIFIER
r 2el Heater Type Glass Bulb
STizo 8y The 6KS5G 1s & trilode type amplifier tube
s designed for service as a reaistance
§ coupled audio frequency amplifier in
EW! storage battery or a-c operated receive
5Y ers,
*on =
B daox h%, BOTTOM VIEW OF SOCKET
T | RarINGS
7 PRONG
oL e Heater Voltage (a-c¢ or d-o) 6.3 volts
Heater Current 0,3 amp
HMU .'I" Maximm Plate Voltage 250 volts
DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 2,0 puf
Input 2.4 1115
OQutput 3.6 unf
AMPLIFIER ~ CLASS A
Plate Voltage 100 250 volts
Grid Blas =l.5 ~3 volts
Amplification Factor (approximate) 70 70
Plate Reslstance (approximate ) 78000 50000 ohms
Transconductance 800 1400 umhos
Plate Current 0,35 1.1 ma

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

where they are not directly comnnected.

6K5G

RAVERAGE PLATE CHARACTERISTICS AVERRGE CHRRACTERISTICS

Ep=6.37 & 6.3V
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RAYTHEON

PENTODE

6K6G

POWER AMPLIFIER
Heater Type Glass Bulb
ST 12-0 Bil8
3
Y The 6K6G 1s a pentode type power ampli-
I~ fler tube designed for service in the
. | N output stage of storage battery or a«c
//g’” R operated receivers, The ratings and
‘°,3’¥ electrical characteristiosare ldentical
with those of the type 41.
7 feang BOTTOM VIEW OF SOCKET
ETAL BASE RATINGS
UMU__:E Heater Voltage (a-c or d-c) 6e3 volts
nl Heater Current 0,4 anp
Caximum Plate Voltage 250 volts
iaximum Screen Voltage 250 volts
MPLIFIER - 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,) 180 150 150 150
Plate Reslstance (approx,) 103500 94000 81000 68000 ohms
Transconductance 1450 1600 1850 2200 ymhos
Plate Current 9 12.8 18,5 32 me
Sereen Current 1.6 242 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,
tance coupling is used, the d-c resistance in the grid circult
exceed 1 megchm with self-blas, or 0.l megohm with fixed-bilas,

If resls-

should not

The voltage between heater and

cathode should

be kept as

low as possible

where they are not directly connected,

tA bilas of -16.5 volts and a load resistance of 7000 ohms will give power

output of 3.2 watts with 7% total harmonic distortion,

RYERRGE PLATE CHRRACTERISTICS AVERRGE CHARACTERISTICS
Ep=6.37 v 4/ CLASS A OPERATION
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RAYTHEON

PENTODE
REMOTE CUTOFF ANPLIFIER
Heater Type
Metal Bulb-6KY7 Glags Bulb-6K7G

The €K7 1s a pentode type amplifier tube
with remote cutoff characteristics de-
signed for service as a high frequency
amplifier or mixer instorage battery or
a-c operated recelvers, The ratings and
electrical characterlstlos are ldenti-
cal with those of the type 78.

BOTTOM VIEW OF SOCKET
6K7G- NO CONNECTION

7PRONSOCTALBASE  RATTNGS T0 #1 PIN
Heater Voltage (a-c or d-c¢} 6.3 volts
Heater Current 0.3 amp
Haximum Plate Voltage 250 volts
Maximum Screen Voltage 125 volts

~if o _ DIRECT INTERELECTRODE CAPACITANCES

Grid to Plate Input Oubput
K76 BK'7 0,005 max, 7 12 uuf
STi208H8 EKTGH* 0,005 max, 4.5 12 unf

§ AVMPLIFIER - CLASS A

§~ Plate Voltage 90 180 250 250 volts
N Screen Voltage 90 75 100 125 volts
o IS Grid Bias -3 -3 -3 -3 min,volts
//{m & Suppressor Comnected to Cathode at Socket

W Amplification Pactor 400 1100 1160 990
7 PRonG Plate Reaistance 0,315 1,0 0.8 0.6 megohm
SMALL Transconductance 1275 1100 1450 1650  umhos
OCTAL BASE Plate Current 5.4 4 n 10,5 ma
— Screen Current 1.3 1 1.7 2.6 me
UM”]—:P Grid Blas -38,5 -32,5 -4#2.5 -52,5 volts

(For Transconductance = 2 umhos)
MIXER - SUPERHETERODYNE CIRCUIT

Plate Voltage 250 volts
Screen Voltage 100 volts
Grid Biast =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 shleld connected to cathode.

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

For addltional curves refer to the type 78.

AVERAGE PLATE CHARACTERISTICS 78 AVERRGE CHARACTERISTICS
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6L5G RAYTHEON
TRIODE
DETECTOR (R AMPLIFIER
Heater Type Glass Bulb
ST 12-D B8
N
§ The 6L5G 1s a trlode type amplifier tube
‘\M designed for serviceas a detector or ame
. %% plifier in storage battery or a-o oper=
o, § ated recelvers requiring a low heater
;'"E ourrent tube,
srmome | BOTTOM VIEW OF SOCKET
SMALL RATINGS
OCTAL BASE
U o Heater Voltage (a-c or d-c) .3 volts
N Heater Current 0,15 amp
ne—— Maximum Plate Voltage 250 volts
DIRECT INTERELECTRODE CAPACITANCES#
Grid to Plate 2.7 et
Input 3 VTR g
output 5 pef
AMPLIFIER ~ CLASS A
Plate Voltage 138 250 volta
Grid Blas -6 -9 volta
Amplification Factor 7 17
Plate Reslstance 11300 8900 ohms
Transconductance 1500 1900 umhos
Plate Current 3.5 8 me
Grid Bias for Plate Current Cutoff =11 -20 volts

The voltage between heater
where they are not directly

and cathode
connected,

#With tube shield connected to cathode,

should be kept as low as possible

AVERAGE PLATE CHRRACTERISTICS 6L5G6 AVERAGE CHARACTERISTICS
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6L6
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-
3 on ¥ put stage of storage battery or a-c op-
I—/is amax. 1 It erated recelvers,
By BOTTOM VIEWOF SOCKET
. RATINGS 6L6 G~ NO CONNECTION
7 S 1041 PIN
Heater Voltage (a-c or d-o)# 6.3 volts
Heater Current 0,9 amp
- Max., Plate Voltage 400 volts
‘*‘, Max, Soreen Voltage 300 volts
| Max, Plate & Soreen Dissipation (total)t 24 watta
7 PIRONG OCTAL B4SE Max, Screen Diasipation 3.5 watts

AMPLIFIER - CLASS A - FIXED BIAS

Plate Voltage 250 300 375 375 max, volts
Sereen Voltage 250 200 125 250 max, volts
Grid Bias -14 -12,5-0 =17.5 volts
Signal Peak Voltage 14 12,5 8 17.5 volts
ST 16 8ULS Amplification Factor 135
Plate Resistance 22500 ohms
Transconductance 6000 umhos
| No-Sig.Plate Current 78 48 24 &7 ma
§ Mex,Sig. Plate Current 79 55 26 67 ma
WX No.Sig. Soreen Current 5 2,5 0,7 2,5 ma
ron ﬂ? Max,-Sig., Sereen Current 7.3 4,7 2 6 ma
mex § Load Resistance 2500 4500 14000 4000 ohms
R Total Harmonics 10 11 g 14,5 percent
*a4| Second Harmonie o7 10,7 8 11,5 percent
%1 Third Harmonic 2,5 2.5 4 4,2 percent
Power Outpub 6.5 6.5 4.2 11.5 watts
th'p/m!
SCTRL BRSE AMPLIFIER - CLASS A - SELF-BIAS
U U e Plate Voltage 375 300 250 volts
UL] JEN ) Sereen Voltage 125 200 250 volta
—— - Self-Bias Resistor 3656 220 170 ohms
Signal Peak Voltage 8.5 12,5 14 volts
No-Sig. Plate Current 24 51 75 ma
Max,-Sig, Plate Current 24,3 54,5 78 ma
No~Sig, Plate Current 0.7 3 5.4 ma
Max,-5ig, Scereen Current 1.8 4.6 7.2 ma
Load Resistance 14000 4500 2500 ohms
Total Harmonics 9 11 10 percent
Second llarmonic 8 10.7 9.7 pereent
Third Harmoniec 4 2.5 2.5 percent
Power Output 4 6,5 6,5 watts

Continued on next page

RVERAGE PLATE CHARACTERISTICS 6L6 AVERRGE CHARACTERISTICS
Ep=6.3Y 6L6G CLASS R OPERATION
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6L6
6L6G

AMPLIFIER = CLASS A -

RAYTHEON

6L.6
6L6G

PUSH~PULL - TWO TUBES

Fixed-Blas Self-Bias
Plate Voltage 375 max, 250 50 volts
Soreen Voltage 250 max, 250 250 volts
Grid Bias -16 volts
Self-Blas Resistor 125 ohms
Signal Peak Voltage (grid to grid) 32 35.6 volts
No-Signal Plate Current 120 120 ma
Max,~31ignal Plate Current 140 130 me
No-Signal Screen Current 10 10 ma
Max,-S1gnal Screen Current 16 15 ma
Load Resistance (plate to plate) 5000 5000 ohms
Total Harmonics 2 percent
Third Harmonic 2 2 percent
Power Output 14,5 13,8 watts
AMPLIFIER - CLASS ABy - PUSH~PULL - TWO TUBES
Fixed-Blas Self-Blas
Plate Voltage 400 400 400 400 400 400 volts
Sereen Voltage 250 250 300 300 250 300 volbs
Grid Blas -20 ~20 ~25 -25 volts
Self-Blas Resistor 180 200 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 me
Max,-Signal Plate Current 124 126 152 156 110 128 ma
No-Signel Screen Current 4 4 6 6 4,6 7 ma
Max,~Signal Screen Current 12 9 hi/4 i2 10,8 16 ma
Load Resistance (p to p) 8500 6000 6600 3800 8500 6600 ohma
Total Harmonics 2 1 2 0,6 2 2 percent
Third Harmonie 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-Bilas Fixed-Blas
Plate Voltage 400 400 volts
Sereen Voltage 250 300 volts
Grld Bias -20 -25 volts
Signal Peak Voltage (grid to grid) 57 80 volts
No-Signal Plate Current 88 102 ma
Max,=-Signal Screen Current 168 230 me
No-8ignal Soreen Current 4 6 ma
Max,-3ignal Screen Current 13 20 ma
Load Resistance (plate to plate) 8000 3800 ohms
Peak Driving Power 180 350 mw
Total Harmonics% 2 2 percent
Third Harmonic 2 2 percent
Power Output 40 60 watts
#Under maximum dissipstion condltions +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,

+The rated disslpation should not be exceeded with expected line
fluctuations, especially in fixed-blas operation,
of each typlcsl screen voltage can beused without increasing distortion,

10%

voltage
Pixed-blas values up to

iWith 1deal driver and perfect power supply regulation,

RAVERAGE PLATE CHARACTERISTICS 6L6 RVERRGE CHARRCTERISTICS
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RAYTHEON

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

The 6L7 is a pentagrid type tube designe
ed for service as a mixer In storage
battery or a-c operated superheterodyne
receivers using a separate oscillaton

RATINGS
Heater Voltage 663 volts
Heater Current 0.3 amp SL7G SAME RS6LTEXCEPT
Max. Plate Voltage 250 volts NOCONN.TO PiN#!
DIRECT INTERELECTRODE CAPACITANCES BOTTOM VIEW OF SOCKET
6L7:¢ BL7G*
Afrw Grid #1 to Plate 0.0005 0,003 max. puf
Grid #1 to Grid #3 0.12 0,15 uaf
Grid #3 to Plate 0,025 0.25 ppf
6176 Grid #1 to all other Elements 8.5 5.8 naf
stizosus| % Grid #3 to all other Elements 11,5 11.5 wuf
% Plate to all other Elements 12,5 9 apf
@vﬂ AMPLIFIER - CLASS A
& Plate Voltage 250 volts
.§ Screen {Grids #2 & #4) Voltage 100 max. volts
oo [ 3™ Control Grid (#1) Blas -3 min. volts
i max | Control Grid (#3) Blas -3 volts
Amplification Factor 880
Plate Resistance 0.8 megohm
75;%70 Transconductance 1100 nmhos
OCTAL BASE Plate Current 5.3 ma
=¥ Screen Current 6,5 ma
Uwﬂu e Transconductance 5 umhos
AL | (Grid #1 Blas = .15 volts; Grid #5 Bias = -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
Oscillator Peak Voltage (Grid #3) 12 i8 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 Conductance =5 umhos)

th Shell connected to cathode,
73 tuhe shield connected to cathode

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

The veltase tebtween 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-D8uUL8
X
§ The 6115 is a high vacuum type indicator
E\v tube designed for service as a tuning
x 3 Indicator 4n radilo rsceivers requiring
§ a low heater current tube.
&
e
P o BOTTOM VIEW OF SOCKET
SMALL BASE) RATINGS
= Heater Voltage (s-c or d-c) 6,3 volts
ok Heater Current 0,15 anmp
—11 paximum Plate Supply Volbage 135 volts
iiaximum Target Voltage 135 volts
TUNING INDICATOR
Flate Supply Voltage 135 volte
Target Voltage 135 volts
Plate Resistor 0.25 meg ohm
Target Current (approximate) 4,5 e
Plate Current (zero bias) 0.5 ma
Grid Blas for Shadow Angle= o° (approx, -12 volts
Grid Pias fcr Shadow Angle=90° (approx, o] voltse

The 6N5 is & high-vacuum btube designed to visually indicate the effect of
changing the control grid blas, The shaded pattern produced on the fluore=-
scent barget varies through sn angle from 90° to approximetely 0° as the
control voltage 1s varied, The voltage on the shadow control electrode,the
extenslion 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 volta<te of the control grid of the triode connected as a
d=c amplifier, Thus the control grid voltage determines the extent of the
shadow, An increase of control grid bias thus increases the shadow control
voltage and decreases the shadow while a decrease of blas increases the
shadow, In practical use the control grid voltage is obtained from asult-
able point in the AVC network,

RVERRGE CHARACTERISTICS
6NS

-2

=6.3¥ £p=135Y  zop
Ep =135 THROUGH 0.25M2

0 - /
X i j
13 s¥ 250 ;| .58

o ( £ I o ARGET CURRENT i

H | Com g /
“3l 3

[y 9 A
.y ER o

~ 3 &,

% il M ]
o0 __.mp; G

x 2, g W A&

H & g By,
20 < Ly 03

5 / § /
v //’7 e —”,//”
” /s £ ———1

,4"” 10°
2 > 0 -4
s

L 2

20 ~i6
GRID BIAS ~VYOLTS

-0 -2 ]

&RID BIAS —VOLTS

RAYTHEON ENGINEERING SERVICE



RAYTHEON

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

The 6N6G 1sa direct coupled power am-
plifier tube deslgned for serviee in
the output stage of storage batteryor
a=¢ operated rescelvers, The ratings
and electrical characteristics are
ldentical wilth thoss of the type 6B5,

BOTTOM VIEW OF SOCKET
NEMG - SHE
RATINGS rg#),‘ffg/ A:S'// LL CONNECTED
OCTRL BRSE
Heater Voltage (a-c or d-g) 6,3 volts
U U Ye Heater Current 0.8 amp
—L Maximum Plate Voltage 325 volts
r AMPLIFIER -~ CLASS A
Output-Plate. Voltage 250 300 325 volts
NEMG Input-Plate Voltage 250 300 325 Yolts
Grid Blas o] 0 o} volts
(METAL SHELL Amplification Factor 58
Plate Resistance 24100 ohms
": Transconductance 2400 pmhos
,f Output-Plate Current 33 45 51 ma
w.., Input-Plate Current 6.5 8 9 ma
N Load Resistance 7000 7000 7ooo ohms
Total Harmonic Dist, 5 5 percent
-1 e Power Output 2,5 4 5 2 watts
_l_ Slgnal Voltage RMS 15,5 15 ki volts
¥
— 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 me
Input-Plate Current (per tube) 6,5 8 9 ma
Load Resistance {plate to plate) 10000 10000 10000 ohms
Total Harmonic Distorition 5 5 5 percent
Power Output 8,5 10 13,5 watta
Signal Voltage RNS (grid to grid) 38 38 42 volts

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

If a grid resistcer is used its value should not exceed 0.5 megohm,

For additional curves refer to the type 6BS.

AVERAGE CHARACTERISTICS 685 AVERAGE CHARACTERISTICS
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RAYTHEON

TWIN TRIODE
POWER ALPLIFIER
Heater Type
Metal Bulb-6N7 Glass Bulb-617G

The 6N7 isa twln triode type amplifi-
er tube designed for service as a
Class B powsr amplifier in the output
stage of storage battery or a-c oper-

(With average power input =

350 mw, grid to grid)

ated receivers, The ratings and elec~
trical characteristics are ldentical
with those of the type 6A6,
BOTTOM VIEW OF SOCKET
BNTG- N0 CONNECTION
To#1 PIN
RATINGS
Heater Voltage (a-c or d-c) 6,3 volts
Heater Current 0.8 amp
Maxlmum Plate Voltage 300 volts
Maximum Peak Plate Current (per plate) 125 ma
Meximum Average Plate Dissipation 10 watts
AMPLIFIER - CLASS B
Plate Voltage 250 300 volts
Grld Bias [¢] o] volts
No-Signal Plate Current(per plate) 14 17,5 me
Load Resistance (plate to plate) 8000 10000 ohms
Power Output (approximate) 8 10 watts

I. AMPLIFIER - CLASS A-DRIVER TRIODES CONNECTED IN PARALLEL

Plate Voltage 250 294 volts
Grid Biast -5 -6 volts
Amplification Factor 35

Plate Resilstance 11300 11000 ohms
Transconductance 3100 3200 unhos

Plate Current

8 7 me
Load Resistance - Depends on the desipgn of the following Class B amplifler.
Usually between ZOOOO and 40000 ohms,

Power Output (approximate)

+The d-c¢ resistance
self-blas or 0.1 megohm with fixed-b

ias,

400

For additional curves refer to the type GAG.

mw

in the grid circuit should not exceed C.5 megohm with

"
AVERAGE PLRTE' CHRRACTERISTICS 6R6 RVERRGE CHARACTERISTICS
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i 6N7G Ep=6.3Y  Ep=300Y Eg=0
R, 10000°( PLATE TOPLATE])
z L amvsz sm uﬂ/(;/nmmun
6.3Y Ep=298
1// d@nvrkinsnumd%ﬂwnw/
" / H — 5:1{PRLTD %56C)
. LA, /
A /
/ /
9 9 72
FES N / /s g // o
3 anr mmvalll 7%
¥ ‘// T b
7k A Tr EX
§ 4 3 3 ®
& // /Y / R S §
6% / 63 D “y
3 avi =4 1
5 '/,” ’/// /i,/ 5 JLEIEC l lo:
h ') IS G
a v S/ A—A 4 2§
3 w
AV VAV A ¥
3 v 7 / V4 w5 & 2y
2 /1 yd A W /‘Z m$ 3 ‘P/ P
7 s T / 5 S
' / - W &8 Vi st 4
7 L~ // 7T ~ § 5o
” "1 / s L~ 2] 03, Y
0O 2 4 60 80 w0 20 KO 10 /80 A0 220 240 O [ 3 ®.)
PLATE VOLTAGE - VOLTS oeiver sinAL-vours ems, B

RAYTHEON ENGINEERING SERVICE




6P7G RAYTHEON

. TRIODE-PENTODE
~fa» AMPLIFIER OR CONVERTER
Heater Type Glass Bulb

The 6P7G 1s a duplex tube, combining in
one bulb a triode and a remote cutoff
pentode, designed for service as an os-
§ clllator and mixeror as a high freguen-
X oy amplifier and second detector, 1In
Qg storage battery or a-c operated recelv-
5{'% ers, The ratings and eleotrical char-
//le:x. 7&2 :gga{r;;;;:iz;v?re 1dentical with those of BOTTOM VIEW OF SOCKET
o

ST 12-08UL8

RATINGS
%ﬁxf Heater Voltage (a-c¢ or d-c) 6,3 volts
OCTAL BASE Heater Current 0.3 amp
K DIRECT INTERELECTRODE CAPACITANCES
UD@D Tie Grid to Plate Input  Output
— Triode Section #* 2.0 3¢5 340 put
Pentode Sectlon* 0,008 max,. 3.5 12 TR 4
AVMPLIFIER = 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
Ampliflcation Factor 8 300 900
Plate Resistance 0,016 0,29 0.85 megohm
Transconductance 500 1080 1100 umhos
Plate Current 3.5 6e3 6.5 ma
Sereen Current 1.6 1.5 ma,
Transconductance (at =35 volts bias) 9 10 pmhos
FREQUENCY CONVERTER
Triode Seotion Pentode Sectlon
Maximum Plate Voltage 100 250 volts
Maximum Screen Voltage 100 volts
Iinimum Grid Bias + =3 # volts
Maximum Oscillator Plate Current(average) 4 ma
Typlcal Operatlons
Plate Voltage 1001 250 voltas
Screen Voltage 100 volts
Grid Bilas 1 =10 A volts
Plate Resistance 2 megohm
Conversion Conductance 200 pmhos
Plate Current 2.4 2.8 ma
Grid Current 0.15 o ma
Sereen Current 0.6 me
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 shleld connected to cathode and other section connected to ground

$Usually obtained by means of a grid leak,
#0rid bias should be at least 3 volts greater thanthe peak oscillator volte

age applled to the pentode grid,
IMay be obtained from 250 volt supply through 60000 ohm serles resistor,

AObtained by means of 1700 ohm cathode resiston

For addlticnal curves refer to the type 6F7,

AVERAGE CHARACTERISTICS 6F7  AVERRGE CHARACTERISTICS
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RAYTHEON

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

The 6Q7 is a duo-diode triode type am-
plifier tube deslgned for service as a
comblned diode detector, AVC rectifier
and resistance coupled audio frequenoy
amplifier in storage battery or a-o op-
erated receivers,

BOTTOM VIEWOFSOCKET
RATINGS 6Q76-No CONNECTION
70 #/ PIN
Heater Voltage (a-¢ or d-c) 6.3 volts
Heater Current 0,3 amp
Maximum Plate Voltage 250 volts
DIRECT INTERELECTRODE CAPACITANCES - TRIODE SECTION
Grid to Plate Input Output
6Q7 - 1.5 545 5 uuf
6Q7G 1,3 2.7 4.5 puf
AMPLIFIER - CLASS A - TRIODE SECTION
Plate Voltage 100 250 volts
Grid Bilas -1,5 -3 volts
Amplification Factor 70 70
Plate Resistance 87500 58000 ohms
SMALL Transconductance 800 1200 numhos
OCTAL BASE Plate Current 0,35 1.1 me
U
UIMUD FP 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 Resistori 0.5 0.5 megohm
Voltage Amplification 35 43

DICDE 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 rectifiler; or one dlode may be used as a half wave rectifier for
detection, and the other diode used as a rectifier to obtain delayed AVC
voltage.

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

#With shell connected to cathode.
IFor 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 triode type am-
plifier tube designed for service as a
combined dlode detector, AVC rectifier
and audio frequency amplifier in storage
battery or a-c operated receivers,

BOTTOM VIEW OF SOCKET
RATINGS 6R7G -0 CONNECTION
To#71PIN
Heater Voltage (a-c or d-o) 6.3 volts
Heater Current 0.3 amp
Maximum Plate Voltage 250 volts

DIRECT INTERELECTRODE CAPACITANCES - TRIODE SECTION

Grid to Plate Input Output
6R7* 245 8,5 4,0 put
6R7G 3.5 2.5 4,5 unf
3
~§ AMPLIFIER - CLASS A = TRIODE SECTION
*E$ Plate Voltage 250 volts
§ Grid Blas =9 volts
; Amplificatlon Factor 16
g Plate Resistance 8500 ohms
Transconductance 1900 umhos
Plate Current 9.5 ma
Load Resistance 10000 ohms
OCTAL BASE Power Output (54 second harmonic) 280 m
=
UUUUU ws ANPLIFIER - CLASS A - RESISTANCE COUPLED - TRIODE SECTION

Plate Supply Voltage 250 volts
Grid Bias (approximate} -6 volts
Plate Resistor 0,05 to 0,1 megohm
Plate Current 2.4 to 1.3 ma
Grid Resistor} 0,5 megohm
Voltage Amplificatlion 12

Voltage Output (RMS)i 51 volts

DIODE SECTION

The two dlode units are independent of each other and of the triode section
except for the common cathode. The dlode may be used as a half wave or as
a full weve 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
voltase,

The voltage between neater and cathode should be kept
where thiey are not directly connected,

#With shell connected to cathode,
jFor following tube.

as low as possible

AVERAGE PLRTE CHARACTERISTICS 6R7 AVERAGE CHARACTERISTICS
TRIODE SECTION 6R7G TRIODE SECTION
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6S7G
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Plate Voltage
Sereen Voltage
Grid Blas
Suppressor

Amplification Factor
Plate Resistance
Transconductance

Plate Current
Screen Current
Grid Bias

{Transconductance

RAYTHEON

PENTODE
RENOTE CUTOFF AMPLIFIER
Heater Type

The 6S7G is a pentode type

er current tube.
RATINGS

Heater Voltage {a-¢ or d-e¢)
Heater Current

ilaxirmum Plate Voltage
laximum Sereen Voltage

DIRECT INTERELECTRODE CAPACITANCES*

Grid to Plate
Input
output

ALIPLIFIER - CLASS A
135

6745
-3

Glass Bulb

amplifier
tube with remote cutoff characteristics
designed for service asahigh frequency
arplifier in storage battery or a-c op-
erated receivers requiring a low heat-

BOTTOM VIEW OF SOCKET

6,3 volts
0,15 amp
250 volts
100 volts
0,007 max, upf
4.6 upf
7.8 unf
260 volts
100 volts

volts

-3
Connected to Cathode at Socket

850 min, 1100 min,

0,68 min, 0,63 min,megohm
1250 1750 umhos
3.7 8.5 me
0.9 2 ma
-25 =38.5 volts

10 pmhos)

#With tube shileld.

AVERAGE PLATE CHARACTERISTICS 657G AVERRGE CHRARACTERISTICS
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6TH RAYTHEON

CATHODE RAY TUNING INDICATOR

/—\ Heater Type Glass Bulb
T9-8ULB g‘ The 6T5 18 a high~vacuum type indicator
’or b3 tube with remote cutoff characteristics
- i e e deslgned for service as a tuning indi-
N cator in radio receivers. The shaded
E pattern on the fluorescent target 1s
= annular in shape.
e
BOTTOM YIEW OF SOCKET
& PRONG RATINGS
SMALL BASE|
T Heater Voltage (a-c or d-c) 6.3 volts
- Heater Current 0.3 amp
[ Max, Plate Supply Voltage 280 volts
Max, Target Voltage 250 volts
TUNING INDICATOR
Plate Supply Voltage 250 volts
Target Voltage 250 volts
Plate Resistor 1 megohm
Target Current (approximate) 3 nme
Plate Current (zero bias) 0.24 ma
Grid Bias for Min, Shadow Diemeter -22 volts
Grid Blas for lax, Shadow Dlameter 0 volta

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

6T5
AVERAGE CHRARACTERISTICS
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6T7G-6Q6G RAYTHEON 6T7G-6Q6G

DU0-DIODE TRIODE
Af o DETECTOR AMPLIFIER
Heater Type Glass Bulb

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

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

¥ battery or a-c operatedreceilvers requir-
g'op R ing s low heater current tube, The
16 max T, 817G/606¢G replaces the type 6Q6G, single- BOTTOM VIEW OF SOCKET
i ’
,,;b diode triode,
T PRONG
SMALL RATTINGS
OCTAL BRSE
< lleater Voltage (a-c or d-¢) 6.3 volts
UMU T\ Heater Current 0.15 anp
' llaximum Plete Voltage 280 volta
DIRECT INTERELECTRODE CAPACITANCES - TRIODE SECTION
Grid to Plate 1.3 wpf
Input 2.7 upt
Output 4,5 purf
AMPLIFIER -~ CLASS A ~ TRIODE SECTION
Plate Voltage 135 250 volts
Grid Blas ~1l.5 =3 volts
Amplification Factor 65 65
Plate Reslstance 65000 62000 ohma
Trangoconductance 1000 1050 pmhos
Plate Current 0,9 1.2 mna

DIODE SECTION

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

AVERAGE PLATE CHARACTERISTICS AVERAGE CHARACTERISTICS
Ep=6.3 T 7G/ecss Ef=6.3Y
TRIDDE SECTION TRIODE SECTION
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6US RAYTHEON

CATHODE RAY TUNIMG INDICATOR

/\ Heater Type Glass Bulb
79-80ULB The 6US5 18 a hizh vacuum type indicator
v 3 tube with remote cutoff characteristics
b /g |.X  designed for service as s tuning indi-
~g cator in radlo recelivers, The ratings
xS and electrical characteristicsare lden=
§ tical with those of the type 6G5/6HS,
5
Mo
o RATINGS BOTTOM VIEW OF SOCKET
& PEONG i
SMALL BASE|
Heater Voltage (a-c or d-c) 6,3 volts
DU UU R Heater Current 0.3 amp
gy ximum Plate Supply Voltage 250 volta
—t 1 ximm Tarcet Voltage 250 volts
Winimum Target Voltage 90 volts
T ING INDICATOR
Plate Supply Voltage 100 200 250 volts
Target Voltage 100 200 250 volts
Plate Resistor 0.5 1 1 megohm
Target Current (approximate) 4,5 4,5 4.5 me
Plate Current (zero Rias) 0,19 0,19 0.24 ma
Gria Blas {(approximate) -8 ~18,5 -22 volts
{(For Shadow angle = 00 )
Grid iias {approximate) o] ¢} o] volts

{For Shadow angle = 900)

The 6U5 1s a high vacuum tube deslgned to visually indicate the effect of
chanpging the control grid bias, The shaded pattern produced on the fluores=
cent tarcet varies through an angle from 90° 4o approximately O° as the
contrnl voltage is varied, The voltage on the shadow control electrode, the
oxtension of the triode plate between the cathode and target, controls the
oxtent 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 contrel grid blas thus increases the shadow control
voltage and deoreascs the shadow while a decrease of blas 1Increases the
shadow, Ik practical use the control grid voltage 1s obtained from a sult-
able polnt in the AVC network,

AYERAGE CHARACTERISTICS 6G5/6H5 AVERAGE CHARACTERISTICS
Ep=6.3Y 6U5 Ep=6.3Y
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6U7G RAYTHEON

PENTODE
Y, REMOTE CUTOFF AMPLIFIER
Heater Type Glass Bulb
§
R The 6U7G 1s a pentode type amplifier tube
ST 12-C s o with remote cuboff characteristics de~
S signed for servioce as a high frequency
x amplifier or mixer in storage battery or
§ a-c operated recelvera. The ratings
Ne  and electrical characteristicsare iden=
N tical with those of the type 6DS.
o8
/I{ o RATINGS BOTTOM VIEW OF SOCKET
Heater Voltage {a-c or d-0)6.3 volts
7 PRONG Heater Current . amp
SMALL Max, Plate Voltage 250 volts
OCTAL BASE Max, Soreen Voltage 100 volts
ru
le b DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 0,007max,* puf
Input 4.8 wpt
Qutput 9,0 uuf
AMPLIFIER ~ CLASS A
Plate Voltage 100 2850 volts
Soreen Voltage 100 100 volts
Grid Bias -3 -3 volts
Suppressor Connected to Cathode at Socket
Amplification Factor 375 1280
Plate Resistance 0,26 0.8 megohm
Transconductance 1500 1600 pmhos
Plate Current 8 8,2 me.
Screen Current 2,2 2 ma
@rid Bias for Transconductance = 2 umhos -50 =50 volts
MIXER » SUPERHETERODYNE CIRCUIT
Plate Voltage 100 250 volts
Soreen Voltage 100 100 volts
Grid Bilas -0 =10 volts
Suppressor Connected to Cathode at Socket

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

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

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

#With tube shield

¥or addltieonal curves refer to the type 6D6,

AVERAGE CHRRACTERISTICS 6&D6 AVERAGE CHARACTERISTICS
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RAYTHEON

TETRODE
POWER AMPLIFIER
Heater Type
Metal Bulb~6VE Glass Bulb-6V6G

The 6V6 13 a tetrode type power ame
plifier tube designed for service in
the output stage of storage battery
or a-c¢ operated receivers,

RATINGS
Heater Volt,(a-c or d-cl6.3  volts  SOT70M VIEWOF SOCKET
Heater Current 0.45 amp  SVEG-NO CONNECTION
Max, Plate Voltage 300 volts 0 *1 PIN
Max, Sereen Voltage 300 voltas
Max, Plate and Secreen
Dissipation (total) 12,5 watts
EVEG AMPLIFIER ~ CLASS A
StTie sus Plate Voltage 180 250 max, volts
x Screen Voltage 180 250 mex, volts
5y Grid Bias# =-8,56 ~12,5 volts
‘.,“ Signal Peak Voltage 8.5 12.5 volts
<+ Amplification Factor 218
,,ér'aa H Plate Resistance 52000 ohms
e 3 Transconductance 4100 umhos
e No~Signal Plate Current 29 45 me
N liax,~Signal Plate Current 30 4 ma
No-Signal Screen Current 3 4.5 ma
"M;mg Max,~Signal Soreen Current 4 6.5 ma
0CTAL BASE Load Reslstance 5500 5000 ohms
Power Output 2 4.25 watts
U U x 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 Bias: =15 ~20 volts
Signal Peak Voltage (grid to grid) 30 40 volts
Nec~Signal Plate Current 70 8 ma
Max,=Signal Plate Current 79 90 ma
To-Signal Screen Current 5 5 ma
Jax,=Sisnal Screen Current 12 13,5 ma
Load Resistance (plate to plate) 10000 8000 ohms
Power Output 8.5 13 watts
Third larmonic 3.5 3.5 percent
Total Iarmonics 4 4 peroent
#Transformer or lmpedance input systems are recommended, If resistance
coupli is used, the d-c resistance in the grid clrcuit should not exceed

ith self-blas, or 0,05 megohm with fixed-bias,

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

AVERAGE PLATE CHARACTERISTICS 6V6 AVERAGE CHRRACTERISTICS
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RAYTHEON

DUO=~DIODE TRIODE
DITECTOR ANTLIFIER

4444}77 i.eater Type Glass Bulb
>
§ The VTG is a duo-dlode triode type nrie
STi208uUB | piifier tube designed for service as
Py corbined diode detector, AVC rectifier,
| snd a-f amplifier in storage battery or
| § &=-c cperated reocelvers, The ratings anc
L¥ electrical characteristics are identi-
i\g cal with those of type C5,
% -
i RATINGS BOTTOM VIEW OF SOCKET
“leater Voltage (a-c or d-c)6,3 volts
7;:3? eater Current 0,3 amp
OCTAL BASE Caximum late Voltage 250 volts
UMU e DIRECT I TERELECTRODE CAPACTTANCES - TRIODE SECTION
i .3
— Grid to Plate 1.7 sy
input 2.0 upf
sutput 3.5 uef
ANFPLIFIER « CLASS A - TRIODE SECTION
Plete Voltage 135 180 250 volts
Grid EBlas -10.6 -13.5 =-20 volts
Amplification Factor 8.3 8.3 8.3
Plate Resistance 11000 8500 7500 ohms
Transconductance 750 975 1100 pmhos
Plate Current 3.7 <] 8 ma
Load Resistance 25000 20000 20000 chms
Power Output 75 160 350 nw

DIODE SECTIOH

The two diode units are independent of each other and of the triode sec-
tion except for the common cathode., The diodes may be used as a half wave
or as a full wave rectifler; or one diode may be used as a half wave rec=
tifier for detection, and the other dlode used as a rectifier to obbain
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 AVERAGE CTHARACTERISTICS
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6W5G RAYTHEON

TWIY DIODE
FULL VWAVE IIIGH VACUUN RECTIFIER
Heater Type CGlass Bulb
ST 12-0 B8
g
;Q The 6W5G 18 a full wave high vacuum
o type rectifier tube designed for service
. § 1in either vibrator type or a-c operated
2~ .2 power supplies,
3 S
<t
6 PRONG BOTTOM VIEW OF SOCKET
SMALL - n oF T IIPT
OCTAL BASE FULL WAVE RECTIFIER COMDENSER OR CHEOKE IPUT FILTER
U U e Heater Voltage {(a-c or d-c¢) 6,3 wvolts
Y Heater Current 0,9 amp
T Maximum A-C Voltage per Plate (RMS) 350 wvolts
Maximum D=C Output Current 100 me

Maximum D-C Voltage between Heater and Cathode 500 volts

AVERRGE w{ PUT CHRRACTERISTICS 6W5G AVERAGE PLATE CHARATERISTICS
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RAYTHEON

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

The 6X5 is a full wave high vacuum type
rectifier tube designed for service iIn
power supplies for storage battery or
a~¢ operated reoelvers,

FULL WAVE RECTIFIER
Condenser or Choke Input Filter

Heater Voltage (a-c or d-o)

OCTAL BASE

Heater Current

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

lMaximum D-C Voltage betwesn

§ Illeater and Cathode
R

R

§ AVERAGE TUBE VOLTAGE DROP

3 (At 75 ma. output current per plate)

=

Uy

BOTTOM
6X5G~ N0 CONNECTION
TO#1PIN.

VIEW OF SOCKET

volts
amp
volts
volts
ma

volts

volts

There are certaln 32 volt recelvers designed with 6X5G tubes
operated In series, The filament current valye ugsedin this
design was 0.5 ampere, Type 6X5G tubes marked "500 under the
- type deslgnation may be obtained for thils service,.

AVERAGE OQUTPUT CHARACTERISTICS 6X5 AVERAGE PLATE CHARALTERISTIC
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6Y6G RAYTHEON

TETRODE
I POWER AMPLIFIER
Heater Type Glass Bulb

STi4 BULE

§ The 6Y6G 1s a tetrode type power ampli~
WX fler tube designed for service in the
‘gtnoutput stage of a-c operated receivers
: | having relatively low plate supply volt-

ages.

¥ BOTTOM VIEW OF SOCKET
RATINGS
Mi

Heater Voltage (a-c or d-c¢) 6,3 volts
oraL B”E Heater Current 1.25 amp
~N¥ Maximum Plate Voltage 135 volts
R Meximuwn Screen Voltage 135 volts

AMPLIFIER - CLASS A

Plate Voltage 135 volts
Soreen Voltage 135 volts
Grid Blas =13.5 volts
Signal Peak Voltage 13,5 volts
Amplification Factor 70

Plate Resistance (approximate) 10000 ohms
Transconductance 7000 unhos
No-Signal Plate Current 58 ma
Mex,~Signal Plate Current 60 ma
No-Signal Sereen Current 3 ma
Max,-Signal Screen Current 17 ma
Load Resistance 2000 ohms
Second Harmonic Distortion 2.5 percent
Third Harmonic Distortion 9 percent
Power Outpub 3.6 watts

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

RYERAGE PLﬁTE CHARACTERISTICS 6Y66G AVERAGE CHARACTERISTICS
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RAYTHEON

TWIN TRIODE
POWER AMPLIFIER
Heater Type Glass Bulb

The 6Y7G1s a twin triode type power am-
plifier tube designed for service as a
Cless B amplifier in the output stage of
storage battery or a-c operated receiv-
ers, The ratings and electrlical charac-
teristics are identiecal with those of
the type 79.

RATINGS BOTTOM VIEW OF SOCKET
Heater Voltage (e=c or d-c) 6,3 volts
Heater Current 0.6 amp
Maximum Plate Voltage 250 volts
Max, Peak Plaste Current 90 me

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

AMPLIFIER = CLASS B

Plate Voltage 180 250 volts
Grid Bias o] [¢] volte
No-Signal Plate Current (per plate) 3.8 5.3 ma
Load Resistance (plate to plate) 7000 14000 ohma

Power Output watts

5,5 8
(With average power input = 380 mw, grid to grid)

The voltage between heater and c¢athode should be kept as
low as possible where they are not directly comnected.

For additlonal curves refer to the type 79,

RVERAGE PLATE CHARACTERISTICS 79 RAVERRGE CHARACTERISTICS
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6Z7G RAYTHEON

TWIN TRIODE
POWER AMPLIFIER
Heater Type

ST 12-0 88 §' Iuel Grid Glass Bulb
oy
™| The 627G isa twin triode type amplifier
§ tube designed for service as a Class B
g bower amplifier in the output stage of
’/{Zﬁx < storage battery or a-c operated receiv-
i ers requiring a low heater current tube,
f;gqf BOTTOM VIEW OF SOCKET
OCTAL BASE RATINGS
U U e Heater Voltage (a-c or d-c)6,3 volts
)t Heater Current 0,3 amp
Maximum Plate Voltage 180 volts
Max, Peak Plate Current 60 me

{per plate)
Max,Av, Plate Disslpation 8 watts

AMPLIFIER = CLASS B

Plate Voltage 135 180 volta

Grid Bias 0 o} volta

No~Signal Plate Current (per plate) 3 4,2 ma

Load Resistance (plate to plate) 15000 20000 ohma

vower Jutput 1.5 2.2 watts
(ith average power input = 80 mw, grid to grid)

Load Resilstance 2000 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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6ZY5G RAYTHEON

TWIN DIODE
FULL WAVE HIGH VACUUNM RECTIFIER
Heater Type Glass Bulb

SY 12-D BULB

MRX.

The 6ZY5G 1s a full wave high vacuum
type reotifier tube designed for service

-]

5
. x% 1in power supplies for storage battery
/;‘?f,ﬁx ¥ | or a~-c operated receivers requiring a
ool low heater current tube.
™
65!;:;?‘!16 BOTTOM VIEW OF SOCKET
CTAL BASE FULL WAVE RECTIFIER
T
—
—— Heater Voltage (a-c or d-c) 6.3 volts
Heater Current 0.3 amp
Haximum A-C Voltage per Plate (RUS) 350 volts
llaxlmum D~C Output Current 35 ma
Maximum Inverse Peak Voltage 1000 volts
Maximum Peak Plate Current per Plate 150 ma
Maxlmum D-C Voltage between
Heater and Cathode 400 volts
AVERAGE TUBE VOLTAGE DROP (spproximate) 16,5 volta

(At 35 ma. output current per plate)

RVERRGE OUTPUT CHRRACTERISTICS 6ZY56 AVERRGE PLRTF
Ep=6.3Y CHRARACTERISTIC
EACH PLeTE
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10 RAYTHEON 10
TRIODE
I POWER A.PLIFIER
Fi1lament Type Glass Bulb eo @Q
ST /5 8ULB
% The 10 1s a trlode 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 cr d-c) 7.5 volts
BN Filament Current 1,25 fattael
Naximum Plate Voltage 425 volts
Maximum Plate Dissipation 12 watts
4 PRONG i
MED BRSE DIRECT INTERELECTRODE CAPACITANCES
Grild to Plate 7 puf
o Input 4 wef
E Output 3 et
AMPLIFIER -~ CLASS A
Plate Voltage 250 380 425 volts
Grid Blast -23,5 -32 «40 volts
Signal Peak Voltage 18.5 27 35 volts
Amplification Factor 8 8 8
Plate Resistance 6000 5150 5000 ohms
Transconductance 1330 1550 1600 umhos
Plate Current 10 16 18 me
Load Reslstance 13000 11000 10200 ohms
Power Output 0.4 0,9 1.6 watts
AVMPLIFIER -~ CLASS B ~ TWO TUBES
Maximm Plate Voltage 425 volts
Maximum Plate Current with Signal (per tube) &0 ma
Maximum Plate Input with Signal (Sxer tube) 25 watts
Maximum Plate Dissipatlion (per tube)i 12 watts
Typicel Operationt
Plate Voltage 250 350 425 volts
Grid Biast (approximate) -28 -40 -50 volts
Signal Peak Voltage (approximmte) 110 120 130 volts
No-Signal Plate Current (per tube) 4 4 4 ma
Mex,-Signal Plate Current (per tube) 586 55 55 ma
Load Resistance (plate to plate) 4000 8000 8000 chms
Power Output (approximate) 13 20 25 watts
Driving Power - grild to grid (approx,} 2.1 2.3 2.5 watts
1Grid blas values are given wlth respect +to the mld-point of a-¢ operated
filament, If d,0. 1s used the tabulated values of grid bles should be

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

IAveraged over any audlo frequency cyclse,

AVERARGE PLATE CHRRACTERISTICS 10 RAVERRGE CHARRCTERISTICS
- P TaY AMPLIFIER-CLASS A
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I SIGNAL = 25Y RMS
“ £y
o ] ]
o K . z.ag
o § 7 SN
/ : %
35 " ; ~ [ X;
» wd &
" ® / 5 e,
» Y j > X5
3 N N
AR, g
2 § I3 20
BN NIVAEN
3 Y
P22 ( fy I 4 25
z 2,
& ! a 4,,, L3
N l / / / / / VAR ¢ 203
#§ 7 / =3 & FeREnT %
M o §f| ¢ %
N & &
»s R ¥ 3
) FVVIAS YV "t
5 y 7 v, / 7 § s
5 5
/ &1 N, 2,
. / y AN A N I S s e
o w20 w0 a0 0 &0 W K0 0 0 4 iz & 2
PLATE YOLTAGE-VOLTS LORD RESISTRNCE -KILOWMS
)

RAYTHEON ENGINEERING SERVICE




12A RAYTHEON 12A

TRIODE
DETECTOR OR ALPLIFIER

Filament type Glass Bulb 90 Q
ST14 BuUL8 6
= The 12-A isa triode type amplifler tube
§§ designed for service as a detector or
3o BMplifler in storage bhattery operated
S &' @
/é)"q:l %Y regelvers,
3 BOTTOM VIEW OF SOCKET
| marIves
4 PRONG Filament Voltage 5,0 d-o volts
MED. BRSE Filament Current 0,25 amp
Laximum Plste Voltage 180 volts
«
00
S 5 DIRECT IITERELECTRODE CAPACITANCES
Grid to Plate 7.5 upf
Input 4 VTR
Output 3 puf
ANPLIFIER - CLASS A
Plate Voltage 90 135 180 volts
Grid Bias -4.5 -9 <13.5 volts
Ampliflcation Factor 8.5 8.5 8,5
Plate Resistance 5400 5100 4700 chms
Transconductance 1575 1650 1800 pmhos
Plate Current 5 6.2 7.7 ma
Load Resistance 5000 8000 10650 chms
Power Output (5% second harmonic) 0,035 0,13 0,285 watts

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

DETECTOR - BIASED TYPE

Plate Voltage 135 180 volts
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 Lesk Resistance 0,25 to B megohm
Grlid Condenser 0, 00025 uf

RAYTHEON ENGINEERING SERVICE



12A5 RAYTHEON

PENTODE
POWER AMPLIFIER
Heater Type Glaas Bulb

ST 12-0 8k 8

X
3 The 12A5 is a pentode type power ampli-
R 7!

L fler tube having two heaters which may
% be connected in series for a heater

" x
18 § voltage of 12,6 volts, or connected in
b parallel for a heater voltage of 6.3 volts,
?',l% BOTTOM VIEW OF SOCKET
P hy RATINGS Series Parallel
Conneestion Connection
Iy
Ul II IU Lot Heater Voltage (a-c¢ or d-c) 12,6 6.3 volts
11 Heater Current 0.3 0.6 amp
Maximum Plate Voltage 180 volts
Maximum Screen Voltage 180 volts
AMPLIFIER - CLASS A
Plate Voltage 100 180 volts
Screen Voltage 1060 180 volts
Grid Bias -15 -25 volts
Amplificetion Factor 70 85
Plate Resistance 41.000 36000 ohms
Transconductance 1700 2400 wmhos
No~-Signal Plate Current 17 45 ma
No-Signal Screen Current 3 B ma
Load Resistance 4500 3300 ohms
Second Harmonle 2,5 6.5 percent
Third Harmonic 9 8 percent
Power Oubtput 0,7 3.4 watts
RYERAGE PLATE CHARRCTERISTICS 12R5 AVERAGE CHARACTERISTICS
lr":-s:ot &3V RAMPLIFIER-CLASS A
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12A7 RAYTHEON

DIODE~-PENTODE
R ] RECTIFIER-POWER AMPLIFIER
Heater Type Glass Bulb
ST 120 8UL8 The 12A7 is a diode-pentcde type tube

x; deslgned for sexvice as a half wave rec-
§ tifier and power amplifier In the out~
E‘R put stage of a~-c - d-o receivers,

%Y
<
oo |I»% | RaTINGS
4 Ty BOTTOM VIEW OF SOCKET
™ Heater Voltage (a-c or d-o) 12.6 volts
Heater Current 0.3 amp
7 PRONG Pentode Section
SMALL BRSE Meximum Plate Voltage 135 volts
. Maximum Soreen Voltage 135 volts
UL
AMPLIFIER = CLASS A ~ PENTODE SECTION
Plate Voltage 135 volts
Soreen Voltage 135 volts
Grid Bias =-13.5 volts
Amplification Faotor 100
Plate Resistance 0,102 megohm
Transconductance 975 pmhos
Plate Current g ma
Socreen Current 2.5 me
Load Reslstance 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-AVERAGE PLATE CHARACTERISTICS ~ 12R7  AVERAGE CHARACTERISTICS
30 Eg=12.6Y Egg=/35" CLASS A OPERATION
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1223 RAYTHEON 12Z3

DIODE

u HALF WAVE HIGH VACUUM RECTIFIER
Heater Type Gless Bulb % 69
ST 12-08U8
§ The 1223 1s a half wave high vacuum type
X rectifier tube designed for service in 0 0
J2 a-0 - d-0 receivers. (S %)
£
i BOTTOM VIEW OF SOCKET
£ PEONG o HALF WAVE RECTIFIER
SMALL BRSE l Condenser or Choke Input Filter
t Heater Voltage (a-c¢ or d-¢) 12,6 volts
Y Heater Current 0,8 anmp
11 Meximum A-C Plate Voltage (RiS) 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~ \ﬂV[IﬁGE OUTPUT CHARACTERISTICS AVERAGE PLATE
Ep=i2.6" CHARACTERISTIC
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15 RAYTHEON

PENTODE
AMPLIFIER
Heater Type Glass Bulb

The 15 is a pentode type amplifier tube
designed for service in battery operat-
ed recelvers requiring a low voltage
heater type tube.

RATINGS
BOTTOM VIEW OF SOCKET
Heater Voltage 2.0 d-o volts
Heater Current 0.22 amp
Max, Plate Voltage 135 volts
Max, Screen Voltage 67.5 volts

DIRECT INTERELECTRODE CAPACITANCES

Grid to Plate (with shield) 0,01 max, unf
Input 2.35 wuf
Output 7.8 U154

AMPLIFTER -~ CLASS A

Plate Voltage 67,5 135 volts
Sereen Voltage 67,5 67,5 volts
Grid Bias -1.5 =-1.8 volts
Amplification Factor 450 600

Plate Resistance 0,63 0,8 megohm
Transconductance 710 750 pmhos
Plate Current 1,85 1,85 ma
Screen Current 0.3 0.3 ma

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

RVERAGE PLATE CHARACTERISTICS 15 AVERAGE CHARACTERISTICS
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o

RAYTHEON 19

TWIN TRIODE

ST 12-D Bik8

& o

& PEONG
SMALL BRSE|

Wi

“mAX.

%

»

22 M.

ol

POWER AMPLIFIER
Filament Type Glass Bulb

The 19 is a twin trlode type power am-
plifier tube designed for service as a
Class B amplifier in the output stage of
battery operated receivers, The ratings
and electrlcal characteristics, except
filament current, are identical with

those of the type 1J6G. BOTTOM YIEW OF SOCKET

RATINGS
Pilament Voltage 2,0 d-c volts
Fi1lament 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~-31ignal Plate Current (per plate) 0,5 2 5 me
Load Resistange (plate to plate) 10000 10000 10000 chms
Power Output (approximate) 1,6 1,9 2.1 watts
Average Power Input (grid to grid) 0,095 0,13 0,17 watts

For addltional curves refer to the type 176G,

8

H

8

®

8

L.

)

RVERAGE PLATE CHARACTERISTICS

AVERAGE CHARACTERISTICS

(£ACH TRIODE UMIT) 9 CLASS B OPERATION
Ep=2.0¥0C neG
Wi
z_zE, /l,ﬁr.aoursgr——-
208 £p=2.0"0C.
i Ty ‘
2/ &
'-0§ SIGHAL=26Y RM.S w0
o / (6#10 TO GRID}
.3 6 g, .u§
pd d g .
7 & e \\_o azg
/ R &
g‘ \"(,9 28
/ 3> Qr 3
€ P uep, x
? f > e N:‘l
/A% §
H — 4 o3
« ]
L // / //
STy ' > “k
N // /V 5 . §
T > > s Q9 \ ”2
N = § 7
I » 91 o} s
/ L1 / g - 10| Tk
1 ,,3' g
g 58 e
1] . i ns/
0 w 40 60 60 N0 1 KO 0 M0 20 « 6 8 » 2 u /i
PLATE VOLTAGE-VOLTS LOAD RESISTANCE-KILONMS,

RAYTHEON ENGINEERING SERVICE



20 RAYTHEON 20
TRIODE
POWER AMPLIFIER 9
Filament Type Glass Bulb ?) 60
T9 8ULB
"'/i'::i" §,§ The 20 is a triode type power amplifier
RLY tube designed for service in the outpub Q 0
t f .
n@ stage of battery operated receivers 0 o
. BOTTOM VIEW OF SOCKET
shkonG RATINGS
¥ Filament Voltage 3.0 3,5 d-o volts
‘o F1lament Current 0,125 0,132 amp
Maximum Plate Voltage 135 volts
DIRECT INTERELECTRODE GAPACITANGCES
Grid to Plate 4,1 puf
Inpub 2,0 wif
Output 2.3 et
AMPLIFIER - CLASS A
Plate Voltage 90 135 volts
Grid Blas ~16,5 ~22,5 volts
Amplification Factor 3.3 3
Plate Resistance 8000 6300 ohms
Transconductance 415 525 pmhos
Plate Current 3 6,5 ma
Load Resistance 9600 6500 ohms
Power Output (5% second harmonic) 45 110 mw
22 RAYTHEON 22
- TETROLE
360 |--aa AMPLIFIER
Filament Type Glass Bulb 90 @Q

STiq BULE

The 22 is a tetrode type amplifier tube
designed for service as a highfrequency

U0 =

Grid to Plate

DIRECT INTERELECTRODE CAPACITANCES

/N5

§ emplifler in battery operated receivers,
03
8
>'<T$ BOTTOM VIEW OF SOCKET
.§ RATINGS
L
A Filament Voltage 3,3 d-o volts
Filement Current 0,132 anmp
PRONG Maximum Plate Voltage 135 volts
MED. BRSE Maximum Soreen Voltage 67,5 volts

0,020 max,# ppf

Input 343 uuf
output 12 1176 4
AMPLIFIER -~ CLASS A
Plate Voltage 135 135 volts
Screen Voltage 45 67,5 volts
Grid Bias -1.5 -1,5 volta
Amplification Factor 270 160
Plate Resistance 0,725 0,325 megohm
Transconductance 375 500 pmhos
Plate Current 1,7 3.7 ma
Sereen Current 0.6 1.3 me.
If a grid resistor is used, 3%s value should not exceed 5 megohms with a
screen voltage of 45 volts,or 1 megohm witha screen voltage of 67,5 volts,

#With bube shield

RAYTHEON ENGINEERING SERVICE



24A RAYTHEON 24A

TETRODE
«|xﬂ'}-u DETECTOR OR AMPLIFIER
- leater Type Glass Bulb
STI? BULS The 24-A 18 =a tetrode type amplifier D
. tube designed for service as a detect-
E‘ or amplifier in a-¢ operated receiv-
& ers.
P
e 3
MIK Z,IW RATINGS BOTTOM VIEW OF SOCKET
A Heater Voltage (a-c or d-c) 2.5 volts
Heater Current 1.75 amp
5 pEOM Maximum Plate Voltage 250 volts
Mzzzmg: Maximum Screen Voltage Q0 volts
=1 DIRECT INTERELECTRODE CAPACITANCES
UUU”” k"'w'_ Grid to Plate 0,007 max,# yuf
Input 5 e
Output 10,5 uef
ANPLIFIER - CLASS A
Plate Voltage 180 25C volts
Screen Voltage 90 0 volts
Grid Blas -3 =3 volts
Ampliflcation Factor 400 630
Plate Reslstance 0,4 0.6 megolm
Transconductance 1000 1080 pmhos
Plate Current 4 4 ma
Scereen Current 1.7 1,7 ma
DETECTOR - BIASED TYPE
Plate Voltage 250 volts
Screen Voltage 20 to 45 volts
Grid Blas (approximate) -5 volte
Plate Load 0.25 megohm
Plate Current Adjusted to 0.1 ma, with no signal
DETECTOR ~ GRID LEAK TYPE
Plate Voltage 180 max,volts
Sereen 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 dlrectly connected,

#With tube- shield,

AVERAGE PLATE CHARACTERISTICS AVERAGE CUT-OFF
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RAYTHEON

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

The 2546 1s a pentode type power am=-

plifier tube designed for service In
the output stage of a-owd~c recelvers,
The ratings and electrical character-~
i1stles are identlcal with those of the
type 43.
BOTTOM YIEW OF SOCKET
RATINGS 2566 -~ WOCONNECTION
70 #1PINY
Heater Voltage(a-c or d-oc)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
vy Screen Voltage 95 135 135 volts
,ér‘an §V Grid Bias -15 =20 -20 volts
MEK *k Amplification Factor (approxy 90 85 100
e Plate Resistance {approx.) 45000 35000 40000 ohma
A2 Transconductence 2000 2450 2500 umhos
Plate Current 20 37 38 me
7 PRONG Scereen Current 4 8 7.5 me
PR i Load Resistance 4500 4000 5000 ohms
Total Harmonic Distortion 11 9 10 percent
D 1k Power Output 0.9 2 2,75 watts
R

Heater to cathode bies should not exceed 90 volis d=-¢, as measured between
the negative heater terminal and the cathode,

For additional curves refer to the type 43.

AVERAGE PLATE CHARACTERISTICS 43 RVERAGE CHARACTERISTICS|
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RAYTHEON

DIODE PENTODE

25A7G

Heater Type

ST/¢4 BULS

deslgned for service as
rectifier and power amplifier

RATINGS

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

Pentode Section
laximum Plate Voltage
liaximum Screen Voltage

RECTIFIER POWER AMPLIFIER
Glass Bulb

The 25A7G 1s a diode-pentode type tube
a half wave

output stage of a-c = d-c recelvers,

in the

ANPLIFIER = CLASS A - PENTODE SECTION

Plate Voltage

Soreen Voltage

Grid Bias
Amplification Factor
Plate Reslstance
Transconductance
Plate Current

Sereen Current

Load Resistance
Total Harmonic Distortion
Power Outpubt

HALF WAVE RECTIFIER -

Maximum A-C Plate Voltage RMS
Maximum D-C OQutput Current

BOTTOM VIEW OF SOCKET
25 volts
0,3 amp
100 volts
100 volts
100 volts
100 volts

~15 volts
90
30000 ohms
1800 unhos
20,5 ma
4 ma
4500 ohms
9 peroent
0.77 watts

RECTIFIER SECTION

125 volts

75

RVERRGE PLATE CHARACTERISTICS 25A7G AVERRGE CHARACTERISTICS
lso — PENTODE SECTION CLASS A OPERATION
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25B6G

>

I
45 mox.

Plate Voltage
Soreen Voltage
Grid Blas

Plate Resistance
Transconductance
Plate Current
Screen Current
Load Resistance
Total Harmonics
Power Output

The voltage between heater

RAYTHEON

ALIGNED GRID PENTODE
POWER AMPLIFIER
Glass Bulb

Heater Type

receivers,

RATINGS

Heater Voltage (a-c or &-o)

Heater Current

Meximum Plate Voltage
Maximum Soreen Voltage

AMPLIFIER -~ CLASS A

where they are not directly connected,

. The 25B6G 1s an alignedgrid pentode type
Q power amplifier tube designed for ser=
x¥ vice in the output stage of a«c

d-o

BOTTOM VIEW OF SOCKET

25 voltse
0.3 amp
96 volts
95 volts
95 volts
95 volts
~15 volts
Subjeot to considerable variation
4000 umwhos
45 ma
4 ma
2000 ohms
10 peroent
1,78 watts

and cathode should be

kept as low as posslble

AVERAGE PLATE CHARACTERISTICS 2586G AVERAGE CHARACTERISTICS
Epn25Y  Eggn95Y CLASS A OPERATION
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2 MAX-

A2l max

7

25166
ST/4 BuLe

RAYTHEON

TETRODE
POWER AMPLIFIER
Heater Type

Metal Bulb-25L6 Glass Bulb-25L6G

The 25L6 1s & tetrode type power am=-
plifier tube designed for service in
the output stage of a~c - d-o receiv-

ersa,

RATINGS

Heater Voltage (a-c or d-¢)

Heater Current
Maximum Plate Voltage
Maximum Sereen Voltage

AMPLIFIER -~ CLASS A

Plate Voltage

Sereen Voltage

Grid Bias#

Signal Peak Voltage
Amplification Factor
Plate Resistance {approx.)
Transconductance
No-Signal Plate Current
Max,-Signal Plate Current
No-Signal Screen Current
Msx,-Signal Sereen Current
Load Resistance

Total Harmonic Distortion
Second Harmonic Distortion
Third Harmonic Distortion
Power Output

BOTTOM VIEW OF SOCKET
251660 CONNECTION
TO#1PIN

25 volts

0.3 amp

110 volts

110 volts

110 110 volts

110 110 volts

=7.5 -7.5 volts

7.5 7.6 volts
82 82

10000 10000 ohms

8200 8200 wmhos

49 49 ma

54 50 me

4 4 ma.

9 11 ma

1500 2000 ohma

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 Iimpedance input systems are recommended. If resistance

coupling is used, the d-c¢ resistance

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

in the grid circuilt should not exceed
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25Z5

ST 12-0 BuUL8
>
<
5
O
x o
o0 T
- 1R
L)
hr]
6 PEONG
SMALL BRSE)
<
lako
JI 1 §

Heater Voltage (a-c or d-o)

Heater Current

Maximum A~C Voltage per Plate (RMS)
Maximum Peask Current per Plate
Maximum D-C Output Current per Plate

RAYTHEON

TWIN DIODE

HIGH VACUUM RECTIFIER
VOLTAGE DOUBLER

Heater Type

The 25Z5 1s & high vacuuwn type rectlfi-
er tube desligned for service as & half

Glass Bulb

wave rectifier or voltage doubler

a-¢c - d=0 reselvers,

VOLTAGE DOUBLER

Hemter Voltage {a-c or d-o)
Heater Current

Maximm A-C Voltage per Plate (RMS)

Meximum Peak Plate Current
Maximum D=-C Output Current

HALF-WAVE RECTIFIER
Without

Serles Reslstor

25
0.3
125
500
86

in
BOTTOM YIEW OF SOCKET
25 volts
0.3 anp
125 volts
500 me
100 me.
With
S2rles Reslstor#
26 volts
0.3 amp
250 volts
500 ma
85 ma

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

#A-C plate voltages greater than 125 volts

require the use of a 100

ohm

serles resistor in each plate lead or a 100 ohm series reslstor common to

botl plates,

The latter comnnectlon gives somewhat poorer regulation,

AVERAGE OUTPUT CHARACTERISTICS AVERAGE PLATE
300 Eg=257 VOLTAGE DOUBLER CIRCUIT CHARACTERISTIC
N voLrRGe o - Ep =287 EACH ALATE
50 N DOUBLER usv
‘\ *‘L
260 ., HALF WAVE CIRCUIT
N ~N Fa +
\ 4 .
240 d ” 200
L
220, + - 0
T - Us | 25E5 /
200 25Z6 ¢
3 ‘\ ~ 2526G = ¥
2o T N 23
3 - b
beo & N S 0§
3 R~ #ALF wave N ~ 3
SO~ N
100 1. .
3 ™ <+ ~1 N »
5 O e YO N e Y 5 §
03 < < =&er] &5
o N ~ \G ~ <
ot I~ = T - »
TX /
80 ~No | ~ * /
60 B SE ek — o /
| [ :
0 0 =/
W 20 0 49 0 60 W 80 %0 W00 0 3 (;*9

2.C.OUTPUT CURRENT —MA. (1)

8
RC.PLATE YOLTRGE-VOLTS
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RAYTHEON

TWIN DIODE
HIGH VACUUM RECTIFIER
VOLTAGE DOUELER
Heater Type
Wetal Bulb-25Z6

wave rectifier or
8-¢ « d=o recelvers,

VOLTAGE DOUBLER

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

Maxlmum Peak Plate Current
Maximum D=C Output Current

HALF WAVE RECTIFIER

Heater Voltage(a~c or d-o)

mﬂn!ﬂﬂ

Heater Current

U

Glass Bulb-28Z6G

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

Max, A=C Voltage per Plate (RIIS)
Max, Pesk Plate Current per Plate

Maximun A-C Voltage per Plate (RMS)

BOTTOM VIEW OF SOCKET
2526G-NOCONNECTION
TO#1PIN

26 volts

0.3 amp

125 volts

500 ma

85 ma
Without With

Serles Serles
Resistor Reslsbtor#

25 25 volts
0,3 0.3

128 250 volts

500 500 ma

86 85 me

Max, D=C Output Current per Plate

As 8 half-wave rectifier, the two sections may be used elther separately or
connected in parallel.

#A-C plate voltages greater than 125 volts require the use of & 100 ohm ser-
1es reslstor in each plate lead or a 100 ohm serles resistor common to both

plates.

20

The latter connectlon gives somewhat poorer regulation,

N

RVERAGE OUTPUT CHARACTERISTICS
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26 RAYTHEON 26

TRIODE
3 AMPLIFIER
Filament Type Glass Bulb 60 QQ
STi4 BULE
§
.S The 26 1s a triode type amplifier tube
Y Gosigned for service 1in a-o operated
xY receivers, 06 %
g ¥
e BOTTOM VIEW OF SOCKET
XS
RATINGS
#PRONG Filament Voltege (a-c or d-o) 1,5 volts
MED. BRSE Filament Current 1.05 sarp
Mexinmm Plate Volbage 180 volts
L3
N
— 11 pDIRECT INTERELECTRODE CAPACITANCES

Grid to Plate 8,1 wut
Input 345 put
Output 2,2 nut
AMPLIFIER =~ CLASS A
Plate Voltage 90 135 180 volts
Grid Biast -7 =10 ~14.5 volts
Amplifiestion Factor 8,3 8,3 8,3
Plate Resistance 8900 7600 7300 ohms
Transoonductance 935 1100 1180 pmhos
Plate Current 2.9 5.5 6.2 ma

+Grid Blas measured from mld-point of a-¢ operated filament.

RAYTHEON ENGINEERING SERVICE



27 RAYTHEON 27

(N
Heater Type Glass Bulb (&)

TRIODE
R DETECTOR OR AMPLIFIER
ST 12-0 BikB
:

;t‘e The 27 1s a triode type amplifier tube

ab ab
;(" deslgned for service as a debtector or
§ amplifier in a-o operated recelvers, ‘
Ry (43
X3

[

i

?ﬂ&
RATINGS
5PRONG BOTTOM VIEW OF SOCKET
| SMhLL BRSE Heater Voltage (a=-c or d-c) 2.5 volts
Heater Current 1,75 amp
- Maximum Plate Voltage 250 volts
T
DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 3.3 wuf
Input 3.5 upf
Output 3.0 puf
AMPLIFIER - CLASS A
Plate Voltage 90 135 180 250 volts
Grid Bias -6 -9 -13,5 =21 volts
Amplification Factor 9 9 9
Plate Resistanoce 11000 9000 9000 9250 ohmg
Transconductance 820 1000 1000 975 umhos
Plate Current 2.7 4,5 5.0 5.2 ma
If a grid resistor is used, its value should not exceed 1 megonm
DETECTOR - BIASED TYPE
Plate Voltage 280 275 max, volts
Grid Bilas (approximate) ~30 -33 volts
Plate Current? Adjusted to 0.2 ma, with no szignal

DETECTOR ~ GRID LEAK TYPE

Plate Voltage 45 volts
rid Return to Cathode
Grid Leak Reslstance 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 directly connected,

jWith normal maximum signal the average d-c plate current should not exceed
5 ma,

AVERAGE PLATE CHARACTERISTICS ., RVERAGE CHRRACTERISTICS
grmast R
15
: y t’ § 26 .
¥ o5
” ) "’/ 3 3 s§g 240
JAIE a5 3 $
’ iy of¥ 3 :
T BV ALY
9§ [ [ / : : 3 - ,BE' 6(9 saa.E
gé ‘ ] § '?‘ %b ISE »$ 800y
| B BB B wt
68 / / / ,I ! lgl_a ”E 2 m§
N AAVANIN VNIV AN
RV AVAVAYAVAVAVAVAVAD
3 / / / & , \JMk
. AN/ /
VAVAVAVAVAVAY.
¢ o )¢0 IM //N %0 m/m 280 320 ’360 400 990 480 o 2 4 & 8 /\:b
PLRTE YOLYRGE -VOLTS PLATE CURRENT-MA. J
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30 RAYTHEON 30

TRIODE

Y DETECTOR OR ANMPLIFIER
Filament Type Glass Bulb % &Q
ST 12-0 88
The 30 is & tricde type amplifier tube

M ed for service as a detector or
§ In} ler in battery operated recelvers.
=~ The ratings and electrical characteris-
| %

tics are identical with those of the

X
" T I
_ o0 _ type 1HAG.
Bt 2| BIPe BOTTOM VIEW OF SOCKET
el RATTIGS
s Heater Voltage 2.0 d-c volts
eoNG bt
Heater Current 0,060 amp
SMALL BASE eximum Plate Voltage 180 volts
U U ‘9g| DIRECT INTERELECTRODE CAPACITANCES
—LL ¢rig to Plate 5,0 wt
Input 3.7 upf
Output 2.1 upf
AVPLIFIER - CLASS A
Plate Volbage 90 135 180 volts
Grid ilas -4,5 -9 -13.5 volta
Amplification Factor 9.3 9.3 9.3
rlate Resistance 131000 10300 10300 cohms
Transconductance 850 900 900 nwhos
Flate Current 2.5 3.0 .1 me
If a pgrid resistor is used, 1ts value should not exceed 2 megohms,
ALPLIFIER - CLASS B ~ TWO TUBES
Haximu Plate Voltage 130 volts
laximun Peak Flate Current (per tube) 50 ma
liaximum 'o-Signal Plate Current {per tube) 1.5 ma
Typical Operation:
Flate Voltage 187.5 volts
Grid Bies =15 volts
ijo=Simmal Plate Current (per tube) 0,5 me
Load Resistance (plate to plate) 2000 ohms
Power Outpubt 2,1 watts

{With average power Ilnnput = 260 mw, grid to grid)
DETECTOR ~ BIASED TYPE
Plate Voltage 90 135 180 volts

&
Grid Bias (aplc/roxi ate) -9 -13.5 =18 volts
Plate Currentl Adjusted to 0.2 ma, with no signal
DETECTOR - GRID LEAX TYPE
Plate Voltace 45 max, volts
Grid Returned to positive filament
Grid Leak Reslstance 1 to B megohms
Grid Condenser 0,00025 uf

$With one type 30 as driver cperated at plate voltage of 157,5 volts, grid
blas of -11,3 volts,plate load of approximately 18007 ohms,and input trans=
former ratio,primarytol/2 secondary,of 1,165, Total distortionis 6%to 7%,
Iwith normal maximum sisnal the average d~c plate current chould not exceed

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

AVERAGE PLATE CHARACTERISTICS 30 AVERAGE CHARACTERISTICS ]
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31

BOTTOM VIEW OF SOCKET
RATINGS
Filament Voltage 2,0 d-s  volts
Filament Current 0,13 amp
Maximum Plate Voltage 180 volts
DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 6,7 7175
Input 35 uuf
Output 2.7 uuf
AMPLIFIER - CLASS A
Plate Voltage 135 180 volts
Grid Blas -22.56 =30 volts
Ampliflcation Factor 3.8 3.8
Plate Resistance 4100 3600 ohms
Transconductance 925 1050 pmhos
Plate Current 8 12,3 me.
Load Resistance 7000 5700 chms
Power Outpub (5% second harmonic) 185 375 mw

RAYTHEON

TRIODE
PQWER AMPLIFIER
Filament Type Glass Bulb %

stage of battery operated receivers,

&

The 31is a triode type power amplifier
tube designed for service in the output 06 %

20

PLATE CHARACTERISTICS 3/

AVERRGE CHARACTERISTICS
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32 RAYTHEON 32

TETRODE
{300 }-ar DETECTOR OR ANPLIFIER
Filement Type Glass Bulb 943 @Q
16:]
STI4 BULS The 32 isa tetrode type amplifier tube
designed for service as a detector or o 0
§ amplifier in battery operated recelv- 0 o
ers,
"\E BOTTOM VIEW OF SOCKET
§lo
or
e, :ﬁ RATINGS
W Filament Voltage 2.0 d-o volts
Filament Current 0,060 amp
Maximum Plate Voltage 180 volts
;‘.’p‘fg‘gf Maximum Sereen Voltage 87,5 volts
< DIRECT INTERELECTRODE CAPACITANCES
|
D U tb Grid to Plate 0,015 max,#* puf
- Input 5.3 upf
Output 10.6 uuf

AMPLIFIER - CLASS A

Plate Voltage 135 180 volts
Soreen Voltage 67,5 67,5 volts
Grid Blas -3 -3 volts
Amplification Factor 610 780

Plate Reslstance 0,95 1.2 megohm
Transconductance 640 650 unhos
Plate Current 1.7 1,7 ma
Sereen Current 0,4 0.4 max, ma

If a grid resistor 1s used, its value should not exceed 2 megohms,

DETECTOR -~ BIASED TYPE

Plats Supply Voltage 135 180 volts
Screen Voltage 45 e7.56 volts
Grid Bias (approximate) ~4,5 -6 volts
Plate Load C.1 megohm or equivalcnt impedance
Plate Current Adjusted to 0,2 ma, with no signal

DETECTOR -~ GRID LEAK TYPE

Plate Voltage 135 volta
Sereen Voltage Up to 45 volts
Grid Return to positive filament
Plate Load 0,1 megohm or equivalent impedance
Grid Leak Reslstance 1ltos megohm
Grid Condenser 0, 00025 vl

#With tube shield.

AVERRGE PLATE CHRRACTERISTICS AVERAGE CHARACTERISTICS
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33 RAYTHEON 33

PENTODE
T POWER AMPLIFIER
Filament Type Glass Bulb
STI4 B8
X The 33 1s a pentode type power ampli-
§ fier tube designed for service in the
El\: output stage of battery operated re-
’/'?’4%1 §\\ celvers.
3
e
| raries BOTIOM VIEW OF SOCKET
5 PRONG Filament Voltage 2,0 d-o volts
MER BRSE Filament Current . amp
Maximum Plate Voltage 180 volte
UUUUU .'“L Maximum Sereen Voltage 180 volts
JR S §
AMPLTFIER ~ CLASS A

Plate Voltage 135 180 volts

Sersen Voltage 135 180 volts

Grid Blas -13.5 -18 volts

Amplification Factor 70 90

Plate Resistance 50000 55000 ohms

Transconductance 1450 1700 pmhos

Plate Current 14.5 22 ma

Sereen Current 3 ) me

Load Reslstance 7000 6000 ohms

Power Output (7% total distortion) 0,'7 1.4 watts

AVERAGE PLATE CHARACTERISTICS 33 AVERAGE CHARACTERISTICS
Epm200C  Egg=180Y AMPLIFIER — CLASS A
Eg=2.0'DC Ep=180Y Eg=~18Y
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RAYTHEON

PENTODE
REMOTE CUTOFF AMPLIFIER
Filament Type Glass Bulb

34

B

ST14 BULS The 34 12 a pentode type amplifiler
tube with remote cuboff characteris-
tics designed for service s a high
frequency amplifier or mixer in bat-
tery operated recelvers, BOTTOM VIEW OFSOCKET
RATINGS
Rd
Filament Voltage 2,0 d-o volts
EPRONG Filament Current . 060 amp
MED BRSE Maximum Plate Voltage 180 volts
Maximum Soreen Voltage 67,5 volts

1
.
T
U ;‘b { DIRECT INTERELECTRODE CAPACITANCES

Grid to Plate

0,016 max,# pupf
6

Input 1185
Output 11,5 upnf
AMPLIFIER -« CLASS A
Plate Voltage 87,5 135 180 volts
Socreen Voltage 67.5 67.5 67.5 volts
Grid Blas -3 -3 -3 volts
Amplification Faotor 224 360 620
Plate Resistance 0,4 0,6 1 megohm
Transconductance 560 800 620 pmhos
Plate Current 2.7 2.8 2.8 ma
Sereen Current 1.1 1.0 1,0 me
Transcondinctance 15 15 15 pmhos
(At -22,5 volts bias)
MIXER - SUPERHETERODYNE CIRCUIT
Plate Voltage €7.5 135 180 volta
Screen Voltage 87.5 135 180 volts
Grid Bias (approximate)t ~5 -5 -5 volts

1The grid bias shown 1s minimum for an oscillator peak voltage of 4 volts

#With tube shield.

TRENSCONDUCTANCE — MICROMHOS

AVERAGE PLATE CHARACTERISTICS 34 AVERAGE CHARACTERISTICS
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35-51 RAYTHEON

TETRODE
REMOTE CUTOFF AMPLIFIER
i -ae Heater Type Glass Bulb

The 35/51 1s a tetrode type amplifier
STI¢ L8 tube with remote cutoff characteria«
» tlos designed for servlice as a high
$ frequency amplifier or mixer in a-c
.‘W operated receivers,

@ ih BOTTOM YIEW OF SOCKET
- N RATINGS

* Heater Voltage {a=~c or d-o) 2.5 volts

Heater Current 1,75 amp

5 PeONG Maximum Plate Voltage 250 volts

MED BRSE Maximun Sorsen Voltage 90 volts
““””” la| DIRECT INTERELEOTRODE CAPACITANCES

Grid to Plate 0,007 max,# puf

Input 5 uuf

Qutput 10,5 put

AMPLIFIER ~ OLASS A

Plate Voltege 180 250 volts
Soreen Voltage 90 90 volts
Grid Bias -3 min, -3 min, volts
Amplification Factor 305 420

Plate Resistance 0,3 0.4 megohm
Transosonductance 1020 1050 umhos
Plate Current 643 6.5 ma
Soreen Current 2.5 2.5 ma
Transconductance 2 2 umhos

(At «42,5 volts bias)

MIXER - SUPERHETERODYNE CIRCUIT

Plate Voltage 250 voltas
Soreen Voltage 90 volts
Grid Bias (approximate) -7 volts

The grld bias 1s not ocritical with an oscillator peek voltage 1 volt less
the grid blas,

The voltage between heater and cathode should be kept a3 low as possible
where they are not direoctly connected.

#With tube shield,

AVERAGE PLATE CHRARACTERISTICS 35/5/ AVERAGE CHARACTERISTICS
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36 RAYTHEON

TETRODE
360 DETEGTOR OR AMPLIFIER
~{3601~0
I Heater Type Glass sulb
The 36 is a tetrode type ampllifier tuke
deslgned for service as a high or audlo
frequency amplifier or detectorin stor-
§ age battery or a-c operated receivers,
‘&
B rarTNGS
g ] ¥ BOTTOM YIEW OF SOCKET
% MAX. X Heater Voltage (a-c or d-o) 6.3 volts
m Heater Current 0,3 aIp
] liaximum Plate Voltage 250 volbs
5.;;’5% Kaximum Screen Voltage 90 volts
DIRECT INTERELECTRODE CAPACITANCES
UUUUI "h, Grid to Plate 0,007 U
- Input 37 unf
Output 9.2 et

AMPLIFIER -~ CLASS A

Plate Voltage 100 135 180 250 volts
Screen Voltage 55 67,5 90 90 volts
Grid Bilas ~1.5 -1.5 -3 -3 volts
Amplification Factor 470 475 525 595

Plate Resistance C.55 0,475 0,50 0,55 megckhm
Transconductance 850 1000 1050 10G0 rrhos
Plate Current 1.8 2.8 3.1 3.2 ma
Soreen Current 1.7 max, 211

DETECTOR - BIASED TYPE

Plate Supply Voltage 100 180 2560 volts
Screen Voltage 55 67.5 20 volts
Grid Blas (approximate) -5 -6 -8 volta
Plate Load 0.25 0,25 0,25 mnegonm
Plate Current Adjusted to 0,1 ma, with nc si-nal

DETECTOR -~ GRID LEAK TYPE

Plate Supply Voltage 135 volts
Screen Voltage Up to 45

Grid Return to Cati

Plate Load 0,25 pul s
Grid Leak Reslstance 2 %0 5 nesonhm
Grid Condenser 0,00025 [t

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

#With tube shield

RAVERAGE PLATE CHARACTERISTICS 36 AVERAGE CHARRCTERISTICS
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37 RAYTHEON 37

TRIODE
DETECTOR OR AMPLIFIER (3)
Heater Type Glasa Buld (G)

Rrgrad 7]

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

o

amplifier in storage battery or a«c
"#e operated receivers,
A% 3§
£ ﬂ
Yef  RaTINGS
| zpems BarmM VIEW 0F SOCKET
Heater Voltage (a-o or d-e) volts
Heater Current 0.5 anmp
UUJJU Maximum Plate Voltage 250 volts
DIREQT INTERELEGTRODE CAPACITANCES
Grid to Plate 2,0 put
Input 3.6 et
Output 2.2 puf
AMPLIFIER -« OLASS A&
Plate Voltage 90 1356 180 260 volts
Grid Bisa -8 -9 -13,5 -18 volts
Amplifisation Factor 9.2 9.2 9.2 9.2
Plate Resistance 11600 10000 10200 8400 ohms
Transconductance 800 928 200 1100 umhos
Plate Current 2.5 4,1 4,3 7.5 ma

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

Plate Voltage 90 128 180 260 volts
Grid Bias (approximate} -10 =15 -20 -28 volts
Plate Current Adjusted to 0.2 ma, with no signal

DETECTOR - GRID LEAK TYPE

Plate Voltage 45 volta
rid Return to Cathode
Grid Leak Resistance 1 %05 megohms
Grid Condenser 0,00025 uf

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

AVERAGE PLATE CHARACTERISTICS 37 RVERAGE — im0
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RAYTHEON

PENIODE
, POWER AMPLIFIER
e Heater Type Glass Bulb

38

The 38 is a pentode type power amplifia-
§ er tuve designed for service in the out-
N put stage of storage battery or a-c op=-
\‘ erated recelvers,

x
g
=
| ATIICS BOTTOM VIEW OF SOCKET
Heater Voltage (a-c or d-¢) Jed volts
Heater Current 0,3 anp
5{155% laximun Plate Voltage 250 volts
iaximum Screen Voltage 250 volts
T
DIREGCT IITERELECTRODE CAPACITAIICES
Grid to Plate 0,3 Lt
Input 3.5 ppf
output 7.5 s
ANPLIFIER - CLASS A
Plate Voltage 100 135 180 250 volts
Screen Voltage 100 135 180 250 volts
Grid Blass -9 =13.5 =18 -25 volts
Amplification Factor 120 120 120 120
Plate Resistance 0.14 0.13 0,115 0.1 memoit
Transconductance 875 925 1050 1200 LnRos
Plate Current 7 9 14 22 ra
Sereen Current 1.2 1.5 2.4 3.8 ma,
Load Reslstance 15000 13500 11600 10000 ohi:8
Total Harmonics 8 10 G o percent
Power Output 0.27 0,58 1 2,5 watts
The voltage between heater and cathode should be kept as low as possible
where they are not directly connected,
#The d-c¢ reslstance in the grid circult should not exgceed 1 megolum,
AVERAGE PLATE CHARACTERISTICS 38 AVERAGE CHRRACTERISTICS
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39-44 RAYTHEON

PENTODE
| 2sim REMOTE CUTOFF AMPLIFIER
[ Heater Type Glass Bulb
ST12-08U8 The 39/44 is a pentode type amplifier
' tube wilth remote cutoff characteristics
§ designed for service as ahigh frequency
¥ amplifier or mixer instorage battery or
i&; a~c operated recelvers,
g §
s fw RATINGS
? Heater Voltage (a-c¢ or d-c¢)
5 PRONG Heater Current
SMALL BRSE Maximum Plate Voltage
Maximum Screen Voltage 90 volts
UUUUU | DIREOT INTERELECTRODE CAPACITANGES
Grid to Plate 0,007 maxs puf
Input 3.5 unf
Output 10 wut
AMPLIFIER - CLASS A
Plste Voltage 20 180 250 volts
Soereen Voltage 920 90 90 volss
Grid Blas -3 -3 -3
Amplification Factor 360 750 1050
Plate Resistance 0,375 0,75 1,0 megohm
Tranaconductance 960 1000 1050 prhos
Plate Current 5.6 5.8 5.8 ma
Sereen Current 1,6 1.4 1.4 ma
Transconductance 2 2 a umhos
(At ~42,5 volts bias)
MIXER ~ SUPERHBFERODYNE CIRCUIT
Plate Voltage 90 180 250 volts
Screen Voltage 90 90 90 volis
Grid Blas (approximnte)f -7 -7 -7 volts

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

4The grid bias is not oritical with the oscillator peak voltage 1 volt less
than the grid blas,

#With tube shield,

RAVERAGE PLﬁTE CHRRACTERISTICS 39/as AVERAGE CHARACTERISTICS
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40 RAYTHEON 40

TRIODE
AMPLIFIER
Filament Type Glass Bulb 90 QQ
STI14 BULS
Y The 40 1sahlgh mu triode type ampli-
& filer tube designed for service as a
3 resistance coupled amplifier or detec~ oﬁ oo
/érna &;Q tor in storage battery operated re-
o g ocelvers. BOTTOM VIEW OF SOCKET
3
1‘9 RATINGS
4 PRONG
MED. BRSE Fillament Voltage 5,0 d~c volts
Filament Current 0,25 amp
U U T., Maximum Plate Voltage 180 volts
o
— 11
DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 8.8 puf
Input 3.4 wef
Qutput 1.5 uuf
AMPLIFIER - CLASS A
Plate Supply Voltage 138 180 volts
Grld Blas ~1.5 -3 volts
Plate Reslstor 0.25 0.25 megohm
Amplification Factor 30 30
Plate Resistance 0,15 0,15 megohm
Transconductance 200 200 umhos
Plate Current 0.2 Q.2 me
DETECTOR - BIASED TYPE
Plate Supply Voltage 135 180 volts
Grid Blas =3 ~4,5 volts
Plate Reslstor 0,28 0.25 megohm
DETECTOR - GRID LEAK TYPE
Plate Supply Voltage 135 to 180 volts
Grid Return to Positive Filament
Plate Resistor 0,25 megohm
Grid Leak Resistanoce 2 to 5 megohms
Grid Condenser 0,00025 pf

RAYTHEON ENGINEERING SERVICE



41 RAYTHEON 41

PENTODE
POWER AMPLIFIER
Heater Type Glass Bulb
57 12-D 8ik8
§
:wo The 41 is a pentode type power amplifi~
xS er tube designed for service in the out-
. § put stage of storage battery or a-c op-
18 P Syo| erated recelvers, The ratings and
LY electrical characteristics are identi-
cal with those of the type 6K6G.
& PRONG BOTTOM YIEW OF SOCKET
SMALL BRSE|
N RATINGS
kg
L Heater Voltage (a-c or d-c¢) 6.3 volts
Heater Current 0.4 anmp
Maximum Plate Voltage 250 volte
Maximum Soreen 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.,) 150 180 150 150
Plate Reslstance {approx.) 103500 94000 81000 88000 ohms
Transconductance 1450 1600 1850 2200 umhos
Plate Current 9 12,5 18,5 32 ma
Sereen Current 1.6 22 3 545 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 resla=-
tance coupling is used, the d-c resistance in the grid circult should not
exceed 1 megohm with self-blas, or 0,1 megohm with fixed-blas,

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

+4 blas of -16,5 volts and a load resistance of 7000 ohms will give power
output of 3,2 watts with 7% total harmonic distortion,

For additional ourves refer to the type 6KéG.

AVERAGE PLATE CHARACTERISTICS 41 AVERAGE CHARACTERISTICS
TRIODE CONNECTION 6K6G PENTODE CLASS A OPERATION
SCREEN CONNECTED TO PLATE Ep=6.3Y  Epn250Y  Egy=250Y
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42 RAYTHEON
PENTODE
POWER AMPLIFIER
Heater Type Glass Bulb
STId BuULS

§ output stage of storage battery
y

The 42 is a pentode type power ampll-
. fler tube designed for service in the

a-c operated recelvers. The ratings
Je and electrical characteristics are

or

%
e § | identical with those of the types &F6
i .\i and 6F6G,

RATINGS BOTTOM VIEW OF SOCKET
& PRONG leater Voltage (a-c or dec) 6.3 volts
MEQ BRSE Heater Current 0:7 amp
HMaximim Plate Voltage 315 volts
315 volts

d

DU D[] o Maximum Screen Voltage
'——1 ! AMPLIFIER - CLASS A

Pentode Connection Triode Connection

Plate Voltage 250 315 250 max, volts
Screen Voltage 250 315 volts
Grid Bias -16,5 -22 -20 volts
Amplification Factor 200 200% v
Plate Resistance 80000f 75000f 2600 ohma
Trangsconductance 2500 2650 2700 wohos
Plate Current 34 42 31 ma
Sereen Current 6.5 8 ma
Load Resistance 7000 7000 4000 ohms
Total Harmonle Dist, 7 7 b perocent
Power Output 3 5 0,85 watts
AMPLIFIER - CLASS AB -~ TWO TUBES
Pentode Connectlon Triode Connectiont
Fixed-Biag Self-Blas Fixed~Bias Self-Blas
Plate Voltage 375 max, 375 max, 350 max, 350 max, volts
Screen Voltage 250 mex. 250 max, volts
Grid Blas -26 min, -38 volts
Self-Bias 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 me
No-Signal Sereen Current 5 8 ma
Load Resistance (P to P} 10000 10000 6000 10000 ohms
Total Harmonic Dist. 5 5 7 7 percent
Power Output (approx.)# 19% 194 18 144 watts

#With one 42 triode connected as driver operatedat plate voltage of 250 volts
grid blas 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
¢Input trensformer ratlo, primery to 1/2 secondary
Sereen connected to plate,
Approximate

naunn

3.32
2.5

1,67
1.29

For additionel ourves refer to the type 6F6G.

PLATE VOLTRGE —VOLTS

SIGNAL ~VOLTS - RMS

AVERRGE PLATE CHARACTERISTICS 42 AVERAGE CHARACTERISTICS
TRIODE CONNECTION &6F6 CLASS A- AMPLIFIER
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48 RAYTHEON 43

PENTODE
< 1 POWER AMPLIFIER
lieater Type Glass Bulb
ST BULE
The 43 1s a pentode type power ampli-
s fler tube designed for servlice 1ln the
§ output stage of a-¢ - d-¢ receivers,
1' Tie ratings and electrical character-
V. N istles are ldentical with those of the
s TS| types 25A6 and 25466,
N
3 BOTTOM VIEW OF SOCKET
6 PRONG
MER BASE RATINGS
Heater Voltage (a~c or d-c) 25 volts
- leater Current 0,3 amp
j\f llaximum Plate Voltage 180 volts
d llaximum Sereen Voltage 135 volts
I'PLIFIER - CLASS A
Plate Voltage 95 135 180 volts
Screen Voltage 95 135 135 volts
Grid Blas =15 -20 -20 volts
Amplification Factor (approximate) 90 85 100
Plate Resistance (approximate) 45000 35000 40000 ohms
Transconductance 2000 2450 2500 Hhos
Plate Current 20 37 38 ma
Sereen Current 4 8 7.5 me
Load Resistance 4500 4000 5000 ohms
Total Harmeonie Distortion 11 9 10 percent
Power Output 0.9 2 2,75 watts

Heater to cathode bias should not exceed 90 volts d-c, as measured between
the negative heater terminal and the cathode,

For additional curves refer to the type 25A6G.

AVERAGE PLATE CHARACTERISTICS 43 RVERAGE CHARACTERISTICS
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45 RAYTHEON 45

TRIODE
POWER AMPLIFIER
Filament Type Glass Bulb 90 GQ

é The 45 1sa triode type amplifier tube
I designed for service In the output oe %

o stage of a=c operated receivers,

STi7 BULE

)
BOTTOM VIEW OF SOCKET
RATINGS
Heater Voltage (a-c or d-c) 2.5 volts
Heater Current 1.5 anp
Maximum Plate Voltage 275 volts
N
“in| DIRECT INTERELECTRODE CAPAGITANGCES
Grid to Plate 7 pef
Input 4 pnf
Output 3 et
AMPLIFIER - CLASS A
Plate Voltage 180 250 275 volts
Grid Biast =3Ll.5 ~-50 -56 volts
Amplification Factor 5.5 3.5 3.5
Plate Reslstance 1650 1610 1700 ohms
Transconductance 2125 2175 2050 unhos
Plate Current 31 34 36 e
Load Reslstance 2700 3900 4600 ohms
Power Outpub (5% second harmonic) 0,825 1.6 2 watts
ANPLIFIER ~ PUSH~PULL: = CLASS AB - TWO TUBES
Flxed-Blas Self-Blas
Plate Voltage 275 275 volts
Grid Blast -68 volts
Self~Blas Reslstor 75 ohris
o~Signal Plate Current (per tube) 14 36 ma
Max,=Signal Plate Current (per tube) 69 45 na
Load Resistance (plate to plate) 3200 5060 ohms
Total Harmonic Distortion 5 5 percent
Power Outpub 18 12 watts
Average Power Input (grid to grid) 656 461 mvr
+Grid Bias measured from mld-point of a-c operated filament,
AYERAGE PLATE CHARACTERISTICS a5 AVERAGE CHRRACTERISTICS
Epe2.5VYRC AMPLIFIER CLASS A
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46 RAYTHEON 46
DUAL GRID TRIODE
POWER AMPLIFIER (N
Filament Type Glass Bulb @
ST 16 8UL8 \
The 46 18 a dual grid type power am- a
plifier tube designed for sexrvice in D GD
;‘ the output stage of a-¢ operated re~
, S ocelvers, Q o
1 oR
2402 e D 3
| marINes BOTTOM VIEW OF SOCKET
’1‘“ Filament Voltage (a-c or d-o) 2.5 volts
Filament Current 1.75 amp
5 PRONG
MER BRSE AMPLIFIER = OLASS B - TWO TUBES
Grid #1 Conmected to Grid #2
x
UUUUU h ) Maximmum Plate Voltage 400 volts
—  Maximum Pesk Plate Current (per tube) 200 ma
Meximm Average Plate Diss.(per tube) 10 watts
Typioel Operations
Plate Voltage 300 400 volts
Grid Blast o] [0} voltas
No=Signal Plate Current (per tube) 4 6 me
Load Resistance (plate to plate) 5200 5800 ohms
Power Output (approximate) 16 20 watts
Average Power Imput (grid to grid) 950 650 mw
AMPLIFIER « OLASS A
Grid #2 Connected to Plate
Plate Voltage 260 max, volts
Grid Biast ~33 volts
Amplification Factor 546
Plate Resistance 2380 ohms
Transcondustance 2350 pmhos
Plate Current 22 ma
Load Resistance 6400f ohms
Power Output (5% second harmonic) 1.25 wabts

4Grid bilas measured from mid-point of a-c¢ operated filament,

IApproximately twice this value 1s recommended when the tube 1s used as a

driver for a Class B stage.

AVERAGE PLATE CHARACTERISTICS 46 AVERAGE PLATE CHARACTERISTICS
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47 RAYTHEON 47

PENTODE
POWER AMPLIFIER
Filament Type Glass Pulb
STI6 8ULS
The 47 18 a pentode type power am=
plifier tube designed for gervice
¢ In the output stage of a-c operated
§§ recelvers,
§F
3 RATINGS BOTTOM VIEWOF SOCKET
"&‘ Filament Voltage (a-c or d-c¢) 2,5 volts
Filament Current 1,75 amp
Maximum Plate Voltage 250 volts
5 PRONG Maximum Soreen Voltage 250 volts
MED BASE
N }' AMPLIFIER - ULASS A
T
Plate Voltage 250 volts
Soreen Voltage 250 volts
Grid Bilast =16,5 volts
Amplifieation Factor 150
Plate Resistance 60000 ohms
Transconductance 2500 umhos
Plate Current 31 ma.
Sereen Current [ ma
Load Reslstance 7000 ohms
Total Harmonle Distortion 6 percent
Power Output 267 watts

#Grld blas measured from mid-point of a-o operated filament,

RAVERAGE PLATE CHARACTERISTICS 47 AYERAGE CHRBACTERISTICS
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48 RAYTHEON 48

PENTODE
POWER AMPLIFIER
Heater Type Glass Bulb
ST16 8ULE
¥ The 48 is a pentode type power ame
& plifler tube designed for servioce
"-1"" in the output stage of d-o receivers,
§
RATINGS
I BOTTOM YIEW OF SOCKET
Heater Voltage (a-c or d-o) 30 volts
Heater Current 0.4 amp
Maximum Plate Voltage 125 volts
Maximum Soreen Voltage 100 volta
& PRONG
MEQ BASE
AMPLIFIER ~ CLASS A
.
HU UU b Pentode Conneotilon Triode Connectiont
Plate Voltage 96 125 80 125 volts
Screen Voltage 96 100 volts
Grid Biasi -19 =20 =20 =32,5 volts
Amplification Factor Subject to 2,5 245
Plate Resistance Conslderable Varlation 760 675 ohma
Transconductance 3800 3900 3300 3700 umhos
Plate Current 52 56 31 52 ma
Sereen Current 9 9.5 ma
Load Reslstance 1500 1500 ohms
Total Harmonic Dist, 9 9 percent
Power Output 2 245 watts
AMPLIFIER ~ CLASS A - PUSH-PULL - TWO TUBES
Pentode Connection Triode Connectiont
Plate Voltage 125 125 volts
Soreen Voltage 100 voltas
Grid Blas -20 -32.5 volts
No-Signal Plate Current (per tube) 56 52 ma
Load Resistance (plate to platse) 3000 1250 ohms
Total Harmonic Distortion 9 2 peroent
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-¢ resistance in the grid eircult should not exceed 10000 ohms.
$Sereen Grid connected to plate
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49

RAYTHEON

49

DUAL GRID TRIODE

Fillement Type

ST1# BULS

plifier tube
the output stage

The 49 i3 a dual grid type power am-
designed for service in
of battery operated

POWER AWMPLIFIER (3

Glass Bulb (&)

ap, b
o

recelvers,
RATINGS BOTTOM VIEW OF SOCKET
5 PEONG Filement Voltage 2.0 d-c volts
MEDR 8ASE Filament Current 0,12 amp
Maximum Plate Voltage 180 volts

U=l

Mexlimum Plate Voltage 180 volbs
Maximum Peak Plate Current (per tube) 50 ma
Typical Operations

AMPLIFIER - CLASS B - TWO TUBES
Grid #1 connected to Grid #2

Plate Voltage 135 180 volta
Grid (#1 and #2) Blas 0 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) Bias -20 voltas
Amplification Factor 4,7

Plate Reslstance 4175 ohms
Transconductance 1125 ohms
Plate Current ] ma
Load Resistance 11000+ ohms
Power Output (approximate) 0.1% watts
#Approximately twice this value 1s recommended when the tube 13 wused as a

driver for a Class B stage.

AVERAGE PLATE CHARACTERISTICS 479  RAVERAGE PLATE CHARACTERISTICS
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50 RAYTHEON 50
TRIODE
POWER AMPLIFIER 9 Q
Filament Type Glass Bulb 0 6
ST-19 BULB
The 50 is a triode type power am-
plifier tube designed for service Q 0
in the output stage of radio re- 0 o
! celvers,
] BOTTOM VIEW OF SOCKET
7o %, rarmves
2ig mix. &
3
o Filament Voltage (a~c or d-o) .5 volts
o Fllament Current 1.25 amp
Maximum Plate Voltage (o] volts
pegs AMPLIFIER ~ CLASS A
i Plate Voltage 300 350 400 450 voltas
U U S Grid Blast -54 =83 70 -84 volts
[ N | Amp, Factor 3,8 3,8 3.8 3,8
Plate Resistance 2000 1900 1800 1800 ohms
Transconductance 1900 2000 2100 2100 wmhos
Plate Current 38 45 55 55 ma
Load Resistance 4600 4100 3670 4350 ohma
Power Output 1,6 2.4 3.4 4,6 watts
(5% second harmonio)
Self-Blas is recommended for all operating -conditions,
The d-¢ resistance in the grid circuit should not exceed 10000 ohms,
tGrid Bias measured from mid-point of a-o operated filament,
AVERAGE PLATE CHARACTERISTICS 50 RVERAGE CHARACTERISTICS
Ep=7.570C AMPLIFIER CLASS A
Ep=7.5YAC Ep=q50Y Eg=-84Y
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52 RAYTHEON 52

DUAL GRID TRICDE
POWER AMPLIFIER
Filament Type Glass Bulb

STi¢ BUL8
The 52 1s a dual grid type power am~

§ plifier tube designed for service In
S the output stage of storage battery op=-
iw\o erated receivers,
%
1§ e R
Yo| RATINGS
w BOTTOM VIEW OF SOCKET
Filament Voltage (a-c or d-c) 6,3 volts
5 PRONG Filament Current 0,3 amp
MER BASE Maxlmum Plate Voltage 180 velts

N
I" " ” IH ‘! AMPLIFIER - CLASS B - TWO TUBES
Grid #1 connected to Grid #2

Maximum Plate Voltage 180 volts
Maximum Peak Plate Current {per tube) 75 me
Typiocal Operation:
Plate Voltage 180 volts
Grid (#1 and #2) Bias o} volts
No-Signal Plate Current (per tube) 1.5 ma
Load Resistance (plate to plate) 10000 ohms
Power Output 5 watts

AMPLIFIER - CLASS A
Grid #2 connected to plate

Plate Voltage 100 110 max, volts
Grid (#1) Blas o] o] volts
Amplifioation Factor 5.2 5,82

Plate Reslstance 1900 1750 ohms
Transconductance 2700 3000 nrhos
Plate Current 37 43 na
Load Resistance 2000 2000 ohms
Power Qutput 1.2 1.5 watts

#Dplving power will be required in either single tube or push-pull oper-
atlon, One type 6A4/LA is recommended as a driver tube, An input trans-
former ratio, primary to 1/2 secondery, of 3,0, with a 3000 ohm resistor
connected across each half of the secondary is recommended,

RYERAGE :LHTE gﬁﬂRﬁCTEP/JTICS 52 RYERAGE PLATE CHRRACTERISTICS
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53 RAYTHEON 53

TWIN TRIODE
POWER AMPLIFIER
Heator 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 stege
[ . of a-o operated recelvers.
- §
»
|  BATINGS BOTTOM VIEW OF SOCKET
BASE Heater Voltage (a~¢ or d-c) 2.5 volts
855 IR PN Heater Current 2,0 amp
clecLe Maximum Plate Voltage 300 volts
) Maximun Peak Plate Current (perplate ) 125 ma
UUJUU ¥aximm Average Plate Dissipstion 10 watts
AMPLIFIER ~ CLASS b
Plate Voltege 250 300 volts
Grid Bilas 0o o] velts
No-Sisnal Plate Current (per plate} 14 17,5 ma
Load sistance {plate to plate) 6000 10000 ohma
Power Output (approximate) 10 watts

{With averasge power input = 350 mw, grid to grid)

AMPLIFIER = OLASS A DRIVER ~ TRIODES CONNECTED IN PARALLEL

Plate Voltage 280 204 volts
Grid Blast -5 -6 volts
Awplification Factor 35 35

Plate Resistance 11300 11000 ohms
Transconductance 5100 3200 u.mhos

Plate Current 7

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

Power Output 400 nw

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

For characteristic ourves refer to the types 6A6 and 6N7G, The charaoter-

istios of the 63 are the same as those of the 646 and the 6N7G except for
the heater rating,
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55 RAYTHEON 55

DUO-DIODE TRIODE

{885 DETECTOR AMPLIFIER
e Heater Type Glass Bulb
TzbBms The 551sea duoedlode triode type ampli-
§ filer tube designed for service as a
«& oombined dlode detector, AVC rectifier
m and sudlo frequency amplifier In a-o
:% opereted receivers,
. <
V1 i
| RATINGS
©
& PRONG Heater Voltege (a-c or d-c) 2.5 volts
SMALL BRSE] Heater Current 1,0 amp
m m Maximum Plate Voltage 250 volts
L3
‘ol

DIRECT INTERELECTRODE CAPACITANCES -~ TRIODE SECTION

Grid to Plate 1.7 (1S
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
Transconducstance 760 975 1100 pmhos
Plate Current 3.7 6 8 ma
Load Resistance 25000 20000 20000 ohms
Power Output 75 160 300 mw

DIODE SEGTION

The two dlode units are independent of each other and of the tricde sectlon
except for the common cathode, The dlodes may be used as a half wave or as
a full wave recotifier; or one dlode maybe used as a half wave rectifier for
detectlion and the other dlode usedas a rectifier to obbaln delayed AVC volt-
age.

For characteristic curves refer to the type 85. The characteristics of the
55 are the same as those of the 85 except for the heater rating,
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56 RAYTHEON 56
TRIODE (3
DETECTOR OR AMPLIFIER D,
Heater Type Glass Bulb
ST i2-0 8B
¥ The 56 1s & triode type amplifier tube (2Z]P) an
« designed for service as a detector or
e amplifier in a-c operated recelivers.
N () (33
S &
£ i3 ©
oyg| RATINGS
) BOTTOM VIEW OF SOCKET
5 PRONG Heater Voltage {a-c or d-c) 2.5 volts
SMRLL BRSE Heater Current 1,0 amp
Maximum Plate Voltage 250 volte
T+
DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 3.2 und
Input 3.2 JUiT o
Output 2.2 [FRVR
AMPLIFIER - CLASS A
Plate Voltage 100 250 volts
Grid Biast -5 -13.5 volts
Amplification Factor 13.8 13.8
Plate Resistance 12000 9500 chma
Tranasconductanoce 1150 1450 pmhos
Plate Current 245 5 ma
DETECTOR - BIASED TYPE
Plate Voltage 100 250 volts

8!
Grid Bias (approximate)
Plate Current
DETECTOR - GRID LEAK TYPE
Plate Voltage
Grid

Grid Leak Reglstance
Grid Condenser

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

1The d-c¢ resistance in the grid circuit

For characteristic curves refer to the type 76,

should be kept as

-20 volts

=8
Adjusted to 0.2 ma, with no signal

45 volts
Return to Cathode
1 to 5 megohma
0,00025 14

low as posasible

should not exceed 1 megohm,

The charecteristics 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 is a pentode type amplifier tube
ST 12C BULB designed for service as a detector or
high frequency amplifier Iin a-o operata
% ed receivers,
b3
:§ RATINGS
V
» Heater Voltage (a~oc or d=-c) 2.5 volts
/{m § Heater Current 1,0 amp BOTTOM VIEW OF SOCKET
ML 0} Maximum Plate Voltage 250 volts
4\'& Meximum Screen Voltage 100 volts
& PRONG DIRECT INTERELECTRODE CAPACITANCES
SMALLBRSE] Pentode Connection Triode Conneotiont
Grid to Plate 0,007 max,# 2,0 1
T Input 5.0 3,0 uut
UD Dﬂ loly Qutput 6,5 10.5 uuf
J N N
AMPLIFIER « CLASS A
Pentode Connestion Triode Connectiont
Plate Voltage 100 250 250 volts
Screen Voltage 100 100 volts
Grid Bias -3 -3 -8 volts
Suppressor Connected to Cathode at Socket
Amplifisation Factor 1185 1500 min, 20 approx,
Plate Resistance 1 1.5 min, 0,0105 megohm
Transconductance 1185 1225 1900 umhos
Plate Current 2 2 6,5 ma
Sereen Current 0.8 0,5 me
Grid Blas (approximate) -7 -7 volts

{For ocathode ocurrent cutoff)

DETECTOR - BIASED TYPE

Plate Supply Voltage 100 100 250 250 volts
Screen Voltage 12 30 50 100 volta
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 Reslstor 1.0 0.25 0,25 0.5 megohm
Blocking Condenser 0,01 0,01 0,03 0,03 pt
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 volta
Output Peak Voltage 17 17 17 volts

{At grid of following tube with signal modulated 20%)
The voltage between heater and cathode should be kept as low as poasible
where they are not directly connected.

The shileld in the dome of the tube 1s comnected internally to the cathode,
#With tube shield

tGrids #2 and #3 connected to plate

For characteristic 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
{36000 RE:;IQTE CUTOFF AMPLIFIER
1 Heater Type Glass Bulb
ST 12-C BULE .The 58 1s a pentode type amplifier tube

with remote ocutoff characteristics de-

§ signed for servicc as a high frequen=
Y ¢y amplifier or mixer in a-c operated re-
t\q ceivers,
| *Q‘Q
doge || rarmies BOTTOM VIEW OF SICKET
& max_ |
k@ Heater Voltage (a~c or d-c) 2.5 volts
Heater Current 1.0 amp
& PRON Heaximum Plate Voltage 260 volts
SMALL 7 Iaximm Sereen Voltage 100 volts
DU m ot DIRECT INTERELECTRODE CAPACITAINICES
_TL_ Grid to Plate 0,007 maxit puf
Input 5,0 puf
OQutput 8,5 [TiThig

AMPLIFIER - CLASS A

Plate Voltage 100 250 volts
Screen Voltage 100 100 volts
Grid Blas -3 -3 volts
Suppressor Connected to Cathode at Socket
Amplification Factor 375 1280

Plate Reslstance 0,25 0.8 megohm
Transconductance 1500 1600 umhos
Plate Current 8 8.2 ma
Sereen Current 2.2 2 ma
Grid Bias for Transconductance = 2 umhos =50 =50 volts

MIXER - SUPERHETERODYNE CIRCUIT

Plate Voltage 100 250 volts
Screen Voltage 100 100 volts
Grid Bias 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 inbermally to the cathode,

+The grid blas 18 not eritical with an osclllator peak voltage 1volt less
than the grid blas,
#With tube shield,

For characterlistic 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 is a triple grid <{ype power
amplifier tube designed for service
as a Class A triode,Class A pentode
or Class Btrlode power amplifier in
the output stage of a-c operated re=
ceivers,

23"y,

RATINGS

37,
47 mAax.

Heater Voltage (a-c or d-c) 2.5 volts
T PRONG Heater Current 2.0 amp
MER BASE Meximum Plate Voltage - Class A 250 volts

¥ 2]
“c’iz’é’u”"' Maximum Plate Voltage - Class B 400 volta

} Maximum Screen Voltage 250 volts
~
=

1

AMPLIFIER - CLASS A
Triode Connectiont FPentode Connectiond

FPlate Voltage 250 2860 volta
Sereen (Grid #2) Voltage 250 voltas
Grid (#1) Bias -28 ~18 volts
Amplification Factor 6 100

Plate Resistance 2300 40000 ohms
Tranasconductance 2600 2500 pmhos
Plate Current 26 35 ma
Screen Current 9 me
Load Reslstance 5000 6000 ohms
Total Harmonica 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 wabtts
Maximum Average Grid (#l and #2) Dissipation (per tube) 1.5 watts
Typical Operation:
Plate Voltage 300 400 volts
Grid (#1 and #2) Bias o] o} volts
No-Signal Plate Current {per tube) 10 13 ma
Load Resistance (plate to plate) 4600 6000 ohms
Power Output (approximate) 15 20 watts

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

Grids #2 and #3 connected to plate.

Grid #3 connected to cathode.
#Approximately twice this value 1s recommended when the tube 1s used as
driver for a Class B stage.

RVERRGE PLRTE CHARACTERISTICS 59 AVERAGE PLATE CHRRACTERISTICS
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TRIODE
1 POWER AMPLIFIER
Pilament Type Glass Bulb
STi4 BULS
§ The 71~-A is s triode type power ampli-
& fler tube designed for service in the
X¢ output stage of storage battery oper-
/f.::z Qi“ ated receivers.
R
Fe
) RATTINGS
4 200NG Filament Voltage (a-c or d-o)
MER BRSE Filament Current
Maximum Plate Voltage
x
IT =
—L AMPLIFIER - OLASS A
Plate Voltage 80 135
Grid Blas¢ ~16,5 -27
Amplification Factor 3 3
Plate Reslstance 2170 1820
Transconductance 1400 1650
Plate Current 10 17.3
Load Resistance 3000 3000
Total Harmonic Distortion 5 5
Power Output(6f second harmonic) 125 400

2\

BOTTOM YIEW OF SOCKET
5 volts
0,26 amy:
180 volte
130 volts

«40,5 volta
3
1760 ochms
1700 pmhos
20 ma
4800 ohms
5 percent
790 mw

$Grid bias measured from negative end of d-o operated filament,
resistor is used, its value should not exceed 0,5 megohm,

RAYTHEON ENGINEERING SERVICE
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75 RAYTHEON 75

DUO~-DIODE TRIODE
P DETECTOR AIZPLIFTER
MO lieater Type Glass Bulb

ST i2-0 U8 T The 75 18 a duo-dlode triode type am-
& plifler tube dcsigned for service as a
£ Combined ¢lode detector, AVC rectifier
N and resistance ccupled audio frequency

;i‘ arclifier in storage batteryor a-c op=
, X erated receivers. The ratings and elec=~
g ~HAw trieal characteristics are identioal BOTTOM VIEW OF SOCKET
' } o with tlhicse of the tyre 650G,
o RATINGS
lleater Voltame (a-c or d-o) 643 volts
Iicater Current 0,3 ary
llax, Plate Voltage 250 volts
DIRECT INTERELECTRODE CAPACITAILCES
Grid to rlate 1.7 ppf
Input 2.0 puf
Output 3.5 wuf
ALFLIFIER - CLASS A - TRIODE SECTION
Plate Voltage 250 volta
Grid Plas -2 volbs
Amplification Factor 100
Plste Reslstance 01000 ohmsg
Transconductance 1100 pmhes
Plate Current 1 ua
DIODE SECTIOXN
The two ~“ilcdes are independent of eacl: cther and of the triode seoctlion exe
cert for the comion ca 2o T0 des way be used ar a half wave or as a

e used as a helf wave rectifier for
dlode used =g a rectilier to obtain  delayed  AVC

voltage,

The voltare between hoater and cathode should be kept as low =s possible
where thoy are nct directly connected,

AVERRGE PLATE CHARACTERISTICS 75 RAYERAGE CHARACTERISTICS,
TRIODE SECTION 686G TRIODE SECTION
Ep=6.3Y Ef=6.3Y
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76 RAYTHEON 76

TRIODE
DETECTOR OR AWPLIFIER (3)
1
7120808 lester Type Glass Bulb G}
x The 76 13 a triode type amplifier tube
§ decizned for service as a deteotor or aD ‘)
-:‘l& amplifier in storage battery or a-c¢ op-~
- X% erated receivers.
S QER(C
D"';Q RATINGS o 9
P BOTTOM VIEWOF SOCKET
SMALL BRSE lleater Voltage (a-c or d-o) 6,3 volts
lieater Current 0.3 arnp
UUUUH - Maximum Plate Voltage 250 volts

DIRECT INTERELECTRODE CAPACITANCES

Grid to Plate 2.8 pnf
Input 345 put
Output 245 wuf
AMPLIFIER - CLASS A
Plate Voltage 100 250 volts
Grid Rlast -5 «13,5 volts
Amplification Factor 13.8 13,8
Plate Resistance 12000 9500 ohms
Transcondquectance 1150 1450 wmhos
Plste Current 2.5 5 me
DETECTOR - BIASED TYPE
Plate Voltage 100 250 volts
Grid Bias {(approximate) -3 -20 volts
Plate Current Adjusted to 0.2 ma, with no signal
DETECTOR - GRID LEAK TYPE
Plate Voltase 45 volts
Grid Return to Cathode
Grid Leak Resistance 1 to 5 megohms
Grid Condenser 0,00025 pE

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

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

AVERAGE PLATE CHARACTERISTICS 76 AVERRGE CHRRACTERISTICS
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77 RAYTHEON 77

PENTODE
o DETECTOR OR AMPLIFIER
Heater Type Glass Bulb
The 77 1s a pentode type amplifier tube
g designed for servide as a detector or
ST 12-p 58 high frequency amplifierin storage bat- aD
§ tery or a-c¢ operated receivers.
hi; RATTINGS
§§
" Heater Volt. (a~0c or d-0) 6.3 volts
’i»’:& E Heater (Eurr:gt, ) 03 amp BOTTOM VIEW OF SOCKET
QM Mex, Plate Valtage 250 volts
Max, Sexeen Velitage 100 volts
6 PEONG
SMALL BRSE DIRECT INTERELECTRODE CAPACITANCES
[ﬂ m zh’ Grid to Plate 0,007 max.% uuf
Input 4,0 pf
—tt Output 1l put
AMPLIFIER ~ CLASS A
Plate Voltage 100 250 volts
Soreen Voltage 60 100 volts
Grid Blas -1.5 -3 volts
Suppressor Connected to Cathode at Socket
Amplification Factor 718 1500
Plate Resistance (approx,) 0.65 1,5 megohma
Transconductance 1100 1250 umhos
Plate Current 1.7 2.3 ma
Soreen Current 0.4 0.6 ma
Grid Biss (approx,) -5.5 7.5 volts

(For cathode current outoff)

DETECTOR - BIASED TYPE

Plate Supply Voltage 100 250 250 volta
Sereen Voltage 36 50 100 volts
Grid Bias ~1,95 -1,95 -4,3 volts
Cathode Resistor 12500 3000 10000 ohms
Suppressor Connected to Cathode at Socket
Cathode Current (no signal) 0,155 0,65 0,43 ma
Plate Resilstor 0.25 0.25 0.5 megohm
Blocking Condenser 0,01 0,03 0,03 uf
Grid Resistor (for following tube) 0.25 0.25 0.25 megohm
R-F Signal Voltage (RMS) 1,88 1.18 1.37 volts
Output Peak Voltage 14 s i volts

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

When a resistor is used 1in the grid ciroult, its value should not exceed
1 megohm,

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

The internal shield 1s connected to the screen grid within the tube.

#With tube shield

RAYERAGE PLATE CHRRACTERISTICS 77 RAVERAGE CHARACTERISTICS
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78 RAYTHEON 78

PENTODE
REMOTE CUTOFF AMPLIFIER
Heater Type Glass Bulb

The 78 is a pentode type ampiifier tube
wlth remote cutoff characteristios de=
signed for service as a high frequency
amplifier or mixer in storage battery
or a=¢ operated recelvers, The ratings
and electrical characteristics 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 amp
Maximum Plate Voltage 250 volts
Maximum Soreen Voltage 125 volte
HD m 3 t DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 0,007 max,# upf
Input 4,0 uuf
Output 11 JUTTR o

AMPLIFIER ~ CLASS A

Plate Voltage 90 180 260 250 volts
Sereen 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 990

Plate Resistance 0,316 1,0 0.8 0,6 megohm
Transconduotance 1275 1100 1450 1650 pmhos
Plate Current 5.4 4 v 10,5 ma
Sgreen Current 1.3 1 1.7 2,8 ma
Grid Blas ~38,5 «32,6 =42,5 «52,5 volts

(For tranaconductance = 2 pmhos)

MIXER -~ SUPERHETERODYNE CIRCUIT

Plate Ve@ltage 250 volts
Soreen Voltage 100 volts
Grid Biast -10 volts
Suppressor Comneoted to Cathode at Socket

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

The internalshleld 1s connected to the cathode within the tube.

4The grid bias is not oritical with an oscillator peak voltage 1 volt leas
than the grid blas.

#With tube shield.

For additional curves refer to the type 6K7G.

AVERRGE CHARACTERISTICS 78 RAVERAGE CHRRACTERISTICS
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79 RAYTHEON

TWIN TRIODE
POWER ALPLIFIER
Heater Type Glass Bulb

The 79 1s a twin tricde type power ame-
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 ldentical with those of
the type 8Y7G.

o0,
//‘69 MAX

& PRONG RATINGS
SMALL BASE

Heater Voltage (a-¢ or d-c)

* Heater Current
l.eximum Plate Voltage
aximum Peak Plate Current (rer nlate)

Vaximum Average Plate Dissipatlon

5

AMZLIFIER ~ CLASS B

Plate Voltage 120
Grid Bias 0
No=Signal Plaite Current (per plate) 3.8
Load Resistance (platec to plate) 7000
Power Output (ap-reximate) 5.5

{With average power input = 33C mw, grid to grid)

The voltare between heater and cathede should be kept
where they are not directly comnected,

BOTTOM VIEW OF SOCKET
a3 volts
0,6 amp
250 volts
€0 xaa
11.8 watts
2850 volts
0 volts
5.3 ma
140C0 ohns
g watts

as low as

For addlitional curves refer to the type 6Y7G.

possible

| a1

/

RYERRGE PLATE CHARACTERISTICS 79 AVERAGE CHARACTERISTICS
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80 RAYTHEON 80

TWIN DIODE
I FULL WAVE HIGH VACUUM RECTIFIER 9
| Filament Type Glass Buldb @ QQ
STig BULS

24 max

The 80 18 a full wave high vacuum type
_rectifier tube designed for serylce in
power supplies for a-c operated recelv-

ers.The ratings and characteristics are 00 oo

,!“% BS identical with those of types 6Y3G and
5Y4G, BOTTOM VIEW OF SOCKET
FULL WAVE RECTIFIER ~ CONDENSER INPUT FILTER
& PlroNG
MED. BRSE Filament Voltage 5 a-¢ volts
Filament Current 2 amp
T Meximum A-C Voltage per Plate (RIS)350 400 volts
T‘& Maximum Inverse Peek Voltage 1000 1100 volts
L Meximum Peak Plate Current 400 360 ma
Maximum D-G Output Current 125 110 ma

FULL WAVE RECTIFIER - CHOKE INPUT FILTER 3

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

(At 135 ma, output current per plate)

#Input Choke must be at least 20 henrys. An Input Condenser
of not more than 0.1 uf may be used.

avmazm‘m:s 80 AVERRGE PLRTE
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81

ST 16 BULE

RAYTHEON 81

DIODE
HALF WAVE HIGH VACUUM RECTIFIER

Fillament Type Glass Bulb 90 Q,Q

The 81 13 a high vacuum type half

wave rectifier tube designed for
service 1in high voltage power sup- 00 %

plies,
BOTTOM VIEW OF SOCKET
HALF WAVE RECTIFIER
Condenser or Choke Imput Filter
Filament Voltage 7.6 a-c¢ volts
Fllement Current 1,25 amp
:‘;"’”5 Maximum A-C Plate Voltage (RMS) 700 volts
. BRSE Maximum D-C Output Current 85 ma
»
H ﬂ :t‘ FULL WAVE RECTIFIER - TWO TUBES
- Condenser or Choke Input Filter
Filament Voltage 7.5 a=c volta
Filament Current per Tube 1.25 amp
Maximum A-C Voltage per Plate (RMS) 700 volta
Maximum D-C Output Current 170 ma
AVERAGE TUBE VOLTAGE DROP 91 volts

(At 170 ma, oubput ocurrent)

AVEPAGE OUTPUT CHARACTERISTICS 8/ RVERAGE PLATE CHARRCTERISTICS
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82 RAYTHEON 82

TWIN DIODE

FULL WAVE MERCURY VAPOR RECTIFIER e
Filament Type Glass Bulb @ QQ
ST BUL8
§ The 82 1s a full wave mercury vapor
2 vreotifier tube designed for service
X¢ in power supplies for a-c operated 06 %
/F::z =Y receivers,
.§ BOTTOM VIEW OF SOCKET
| FULL WAVE RECTIFIER
£ PRONT Fllament Voltage 2,5 a-c volts
MED. BRSE Filament Current 3 amnp
Meximm A-C Voltage per Plate (RMS) 500 volts
- Maximum Inverse Peak Voltage 1400 volts
':E Maximum Peak Plate Current 400 ma
- Maximum D«C Output Current 125 ma
Tube Voltage Drop (approximate) 15 volts

(Independent of output current)

Shielding of thls tube, particularly in sensitive receivers, may be necess-
ary to eliminate objectionable noise,

Radio frequency chokes (1 mh. or more) connected in serles with each plate
lead and placed within the shlelding, 1f used, are usually nedessary in re-
celvers having high sensitivity,

Full plate load should not be applied to this tube untll the filaments have
reached thelr normal operating temperature, Under normel operating ocondi-
tlons the filaments heat quickly when the set 1s turned on and are ready
to supply full load current before the tubes in the recelver require it.

82
AVERRGE OUTPUT CHRRACTERISTICS
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83 RAYTHEON 83

TWIN DIODE
FULL WAVE MERCURY VAPOR RECTIFIER e>
Filament Type Glass Bulb QQ
ST 15 8ULB
The 83 is a full wave mercury vapor
» Trectifler tube designed for service
§ in power supplies for a-c operated OQ %
H recelvers
Lo .
= L) BOTTOM VIEW OF SOCKET
; FULL WAVE RECTIFIER
W
A2 Filament Voltage 5 a-c volts
Filement Current 3 amp
Maximum A-C Voltage per Plate (RMS) 500 volts
SPRONG laximum Inverse Peak Voltage 1400 volts
MED. BRSE Mexlmum Peak Plate Current 800 ma
Maximum DeC Output Current 250 ma
N Tube Voltage Drop (approximate) 15 volts
‘olgy (Independent of output current)

Shielding of this tube, particularly in sensitive receivers, may be necess-
ary to elimlnate objectionable noise,

Radlo frequency chokes (1 mh, or more) connected in series with each plate
lead and placed within the shielding, 1f used, are usually necessary in re-
ceivers having high semsitivity,

Full plate load should not be applled to thig tube until the filaments have
reached their normal operating temperature, Under normal operating condi-
tions, the filaments heat qulcekly when the set 1a turned on and are ready
to supply full leoad current before the tubes In the receiver require 1it,

83
RVERRGE OUTPUT CHRRACTERISTICS
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83Vv

RAYTHEON

TWIN DIODE

83V
G

. FULL JAVE HIGH VAGCUUIT RECTIFIER
W Heater Type Glass Bulb
STI4 BULB %
& The 83~V isa full wave bigh vacuum type
Mg rectifier tube having a low voltage drop
§‘ designed for service 1In power supplies Q o
3 | delivering high outputcurrents. The ra- 0 o
R | tings and characteristics are identical
© warJ|¥| with those of type 5V4C. BOTTOM VIEW OF SOCKET
FULL WAVE RECTIFIER -~ CONDENSER OR CIOKE INPUT FILTER
2 PPONG
MED. BRSE Heater Voltage 5 amc volts
Iieater Current 2 amp
N “aximum A-C Joltage per Plate (RS} 4C0 volts
Jaximum Inverse Pesk Voltage 1100 volts
laximum Peak Plate Current 700 ma
Naximum D=C Qutput Current 200 ma
AVERAGE TUBE VOLTAGE DROP 256 volts
{At 200 ma, output current per plate)
The cathode 1is connected within the tube to the center of
the heater,
AVERAGE OUTPUT CHARACTERISTICS 83v AVERAGE PLATE
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84-6Z24 RAYTHEON 84-6Z4
TWIN DICDE
I FULL WAVE HIGH VACUUl RECTIFIER Q
Heater Type Glass Bulb v
ST 12-0 BB
N \
Y The 84/6Z4 1s a full wave high vacuum (Z]P) 3D
i"%‘Q type rectifler tube designed for service
. gé\ in power supplies for storage battery
3 0P, - ted receivers
18 ‘;‘x or a-c operate . 63 %
,,’Q
BOTTOM YIEWOFSOCKET
Seons FULL WAVE RECTIFTER
Condenser or Choke Input Filter
Y
UUUUU Yoy Ileater Voltage (a-c or 4 ¢) 843 volte
1t Heater Current G5 amp
liaximum A-C Voltage per Plate (RIS) 350 volts
liaximum Inverse FPeak Voltage 1CC0 volts
aximum D=C Cutput Current 80 ma
Liaximum D-C Voltage bebwecon
Heater and Cathode 500 volts
HALF WAVE RECTIFIER (Plates in Parallel)
Condenser or Choke Input Filter
lleater Voltage 63 volts
eater Current 0,5 amp
aximam A-C Plate Voltage (R.S) 350 volts
Laxlmm Inverse Peak Voltage 1000 volts
liaximum D-C Output Current 75 ma
liaximmm D-C Voltage between
lleater and Cathode 500 volts
AVERAGE TUBE VOLTAGE DROP 22 volts
(At 75 ma, output current per plate)
AVERAGE OUTPUT CHARACTERIST/CS 84/624 AVERAGE PLATE
Ep=63Y CHARACTERISTIC
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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 identical with those of the type BOTTOM VIEWOF SOCKET
8v7a,
& PRONG
SMALL BRSE] RATTIIGS
t‘lm Heater Voltage (a-c or d-¢) 6.3 volts
t eater Current 0.3 amp
~  Laximum Plate Voltage 250 volts
DIRECT INTERELECTRODE CAPAGITANCES - TRIODE SECTION
Grid to Plate 1.7 Uitk
Input 240 {175 ig
Qutput 3.5 it
AIPLIFIER - CLASS A = TRIODE SECTIONW
Plate Voltage 135 180 250 volts
Grid Elas =10,5 -13,5 -20 volts
Amplification Faotor 8,3 Cu3 8.3
Plate Reslstance 11000 8500 7600 ohms
Transeonductance 750 Q75 1100 umhos
Plate Current 3.7 6 8 ma
Load-Resistance 25000 20000 20000 ohms
Power Output 75 160 350 mw

DIODE SECTION

The two diode units are Independent of each other and of the triode sectlon
except fcr the cormon cathode, The diodes may be used as a half wave or as
a full vave rectifier; or one dicde maybe used as a half wave rectifier for
detectlon,and the other diode usedas e rectifier to obtaln delayed AVC volt-
age.

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

AVERAGE Pl.ﬂ'rf CHARARCTERISTICS 85 AVERAGE sﬁﬂkﬂCTERISTICS
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89 RAYTHEON 89
—sé-00
PEUTODE
TRIPLE GRID POWER AIPLIFIER
l'eater Type Glass Bulb

ST 12-0 BULE

Tne "¢ is a triple grid type power am=
plifier tubc deslgned for service asz a
Class A triode,Class A pentode or Class
B triode 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 BOTTOMVIEWOFSOCKET
& PEONG Heater Current 0,4 amp
SMALL BASE] llaximum Plate Voltage 280  volts
— Laximum Sereen Voltage 250 volts
t*h ANPLIFIER ~ CLASS A - TRIODE CONJECTION
1 I 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 Reslctancei 7000 6500 5500 ohms
Power Output (5% sccond harmonic) 0,3 0.4 0,9 watts

ANPLIFIER - CLASS A - PEUTODE COLILECTION
Grid #3 connected to cathode

Plate Voltage 100 135 180 250 volts
Sereen (Grid #2) Voltage 100 135 180 250 volts
Grid (#1) Blas ~10 -13.5 =18 ~25 volts

Amplification Factor 125 125 125 125
Plate Reclstance 104000 82500 80000 70000 ohms
Transconductance 1200 1350 1550 1800 pmhos
Plate Current 9.5 14 20 32 ma
Screen Current 1.6 2.2 3,0 545 me
10700 9200 8000 6750 ohms
9 9 9 9 percent
Power Ou‘Lput 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

liaximm Plate Voltage 250 volts
liaxiram Peak 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 (#L end #2) Bias 0 volts
To-8ignel Plate Current (per tube) 3 ma
Load Resistance (plate to plate) 13600 9400 ohms
Power Output (approximate) 2,5 3.5 watts

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

#Approximately twice this value 1s recommended when the tube 1s used as a
driver for a Claass i) stage.

AVERAGE PLRTE CHRARRCTERISTICS 89 AVERAGE PLA TE CHRRARCTERISTICS
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950

712 8ULS

RAYTHEON

PENTODE
POWER ALFLIFIER
Filament Type Glass Bulb

The ¢501s a pentode type power aempli-
fier tube designed for service 1n the

wax, — .|

Ne output stage of habbtery operated re-
Y ceivers, The ratings and electrical
R characterlistlcs are identical with
Ng{ those of the type 1J5G,
S BOTTOM VIEW OF SOCKET
5 PEONG
MER BRSE RATINGS
~ Filament Voltage 2.0 d~c volts
“io Filament Current 0,12 anp
liaximum Plate Voltagze 135 volts
llaximum Soreen Voltage 135 volts
AUPLIFIER - 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 pmhos
Plate Current 7 ma
Screen Current 2 ma
Load Resistance 13500 chms
Power Qutput 450 mw
Maximum Signal Voltage (RMS) 11,7 volts
AVERAGE PLATE CHARACTERISTICS 950 AVERAGE CHARACTERISTICS
% £ 220%0C  Eggm195Y 56 CLASS R OPERATION
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RAYTHEON

TRIODE
DETECTOR OR AMPLIFIER
Fillament Type Glass Bulb

The WD-11 and WD-12 are triode type am-
plifier tubes designed for service in
battery operated receivers, Their rat-
ings and electrical characteristlics are
ildentical,

RATINGS
Filament Voltage l,1 d=o volts
Fllament Current 0:25 amp % 69
Maximum Plate Voltage 135 volts
DIRECT INTERELECTRODE CAPACITANCES W,
er o
| Grid to Plate 3,3 we (O &)
WX-12 Input 245 [TiTh o
rocaine | | output 2 WL SOTTOMVIEWS OF SockeTS
g
g). AMPLIFIER - CLASS A
v
X Plate Voltage 90 135 volts
|§|Q Grid Blas -4,5 «10.5 volta
i % Amplification Factor 6,6 6,6
| Plate Resistance 15500 15000 ohms
Transconductance 425 440 pmhos
Plate Current 2.5 3 ma

F T

DETECTOR - BIASED TYPE

Plate Voltage 80 135 volts
Grid Bias (approximate) -10,5 -18 volts
Plate Current Adjusted to 0.2 ma, with no signal

DETECTOR -~ GRID LEAK TYPE

Plate Voltage 45 volta
Grid Return to positive filament
Grid Leak Resistance 0,25 to 5 megohms
Grid Condenser 0,00025 ue
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Vo9

X99 RAYTHEON X99
TRIODE
ﬁ—}' DETECTOR OR AMPLIFIER 9 ‘J
Fil T Gl Bulb
vess ament Type ass o 0
78 BULA
] The V-99 and X-99 are triode type am-
"oa |+¥ plifier tubes designed for service in A
I~ aemx 1 ] battery operated recelvers, Their rat- -4 0 o
ings and electrical ¢haracteristics are 0 o
identical.
4 PRONG
S RATINGS
i
v F11, Voltage 3.0 3.3 d=o volts <)
Fil. Current 0,060 0,063 amp P) (65
Max, Plate Voltage 90 volts
A 3 DIRECT INTERELECTRODE GAPACITANCES
@ @
Grid to Plate 3,3 wt (D &)
X-99 Input 2.5 uuf
o g Outpub 2.5 wus  BOTTOM VIEWS OF SOCKETS
._/‘ 1 ;“
™ sus ::m AMPLIFIER - CLASS A
L)
Plate Voltage 920 volts
iy 1 Grid Blas -4,5 volte
Amplificatlion Factor 6,6
T Plate Resistance 15500 ohms
b Transconductanse 425 prhos
—+ 1 Plate Current 2.5 ma
DETECTOR - BIASED TYPE
Plate Voltage 80 volts
Grid Bias (approximate) -10.5 volts
Plate Current Adjusted to 0.2 ma, with no signal
DETECTOR - GRID LEAK TYPE
Plate Voltage 45 volts
grid Return to positive filament
Grid Leak Resistance 0,25 to 5 megohms
Grid Condenser 0, 00025 uf
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BA RAYTHEON BA

TWIN DIODE
T GAS FILLED FULL WAVE RECTIFIER

Cold Cathode Type Glass Sulb % @Q

S19 suLe The BA is a gas filled full wave
rectiflier tube of the cold cath- Q o
| ode type requiring nc heater sup- 0 o
. N ply voltage., It 1s designed par-
z,% ::X § ticu:.Larly for service in B battery BOTTOM VIEW OF SOCKET
. 7‘% eliminators for radio recelvers,
[y
;E‘ FULL VAVE RECTIFIER
*
Bavoner laximu A-C Voltege per Plate (RiS) 350 olts
MEDIUM llaximum D-C Output Current 350 BT:%
BRSE Maximum Peak Plate Current 1000 na
T aximum Inverse Peak Veltase 1000 volts
U D ‘o nimu: Starting Peak Voltage 400 volts
: ! Average Dynamic Voltage Drop 80 velts

The type BA tube was developed primarily for use in 2 battery eliminabors
for radio recelvers, It has the tyrical characteristlcs of 2ll sas filled
rectifiers as regards a constant voltage drop sand ability tc handle hizgh
peak currents, Any tendency of the tube to generate r-f noise may be ellme
inated by proper shieldin; and filtering.

The BA 1s filled with a permanent gas rather than a vapor {1lling, The tube
characteristiocs are independent of the surrounding temperature,
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BH

&)

2

volts

ma
volts
volts

BH RAYTHEON
TWIN DIODE
1 GAS FILLED FULL WAVE RECTIFIER
Cold Cathode Type Glass Pulb 90
Si4 BuLB
3 The BH 13 a gas filled full wave rec-
. § tifier tube of the cold cathode type
I%"‘::x b requiring no heater supply voltage.It 00
y gz? i1s designed particularly for service
2 in B battery eliminators for radio re- BOTTOM VIEW OF SOCKET
BAYONET ":,\ celvers,
2 PRONG
MEDIUM
BRSE [
T FULL WAVE RECTIFIER
U0 =
——t b
Maximum A-C Voltage per Plate (RHS) 350
Maximum D-C Output Current 125
Maximum Penk 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 radio recelvers,

It has the typical characteristics of all gas fllled

rectifiers as regards a constant voltage drop and abllity to handle high

pesk ocurrents.

Any tendency of the tube to generate r-f nolse may be elim=
inated by proper shielding and filtering,

The BH 1s filled with a permanent gaes rather than a vapor filling, The tube
characteristics are independent of the surrounding temperature,
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BR RAYTHEON BR

DIODE
< ¥ GAS FILLED HALF WAVE RECTIFIER
’_I Cold Cathode Type Glass Bulb 9‘.‘0
sz BuLB §
..¥
roa  JI§™  The BR 1s a gas filled half wave recti-
/ﬁm L~ fler 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 SOCKET
MEDIUM
BASE
U U 7«:., HALF WAVE RECTIFIER
Maximum A-C Plate Voltage (RMS) 300 volts
Maximm D=C Output Current 50 me.
Maximum Peak Plats Current 200 ma
Maximum Inverse Peak Voltage 850 volts
Minimum Sterting Peak Voltage 300 volts
Average Dynamlc Voltage Drop &80 volts

The type BR tube was developed primarily for use in vibrator type B supply
units for automoblle recelivers, It has the typilcal characteristics of all
gas fillled rectifiers as regards a constant voltage drop and ability to
handle high peak currents, Any tendency of the tube to generate r-f nolse
may be eliminated by proper flltering and shleldlng, The shielding and fil-
tering commonly used to eliminate vibrator noise will usuallybe sufficlent,

The BR 1s fi1lled with a permanent gas rather than a vapor filling, The tube
characterlistics are independent of the surrounding temperature,
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NB1- NB8 RAYTHEON NB1-NB8

RESISTANCE TUBES

/-\ FOR BATTERY OPERATED
x TWO VOLT TUBE RECEIVERS
79 BULB § Octal Base Glass Bulb
. () The series of realstance tubes, NB-1 to
g o] | NB-8, 1s designed for two volt tube re-
T celvers having filament current drains
= of 300 to 720 milliamperes, in stepa of
b 60 milliamperes.
RATINGS Fi1 %
amen’
sm Type rrment BOTTOM VIEW OF SOCKET
oCTAL BASE Drain
NB-1 300 me
UW” Yo NB-Z 360  ma \ AYTH Ou %
NB-3 420 ma 3 et
NB-4 480 ma mejet
NB-5 540 ma H H U
NB-6 800 ma KEY
NB-%7 860 ma 2 23 5 7 8 =
NB-8 720 ma PEVELOPED YIEW OF BASE

The NB tubes have one common tap; one short circuiting tap, for use with a
2 volt storage battery; one resistor tap, for use with an air cell; and one
ballast resistor tap, for use with a 3 volt dry cell pack. The curve on the
accompanying sheet shows the typlcal relation between filament voltage and
applied voltage, using the tap for dry cell pack.

The reslstors in the NB tubes are operated in ailr,in a sealed container and
the moderate ballasting action obtained when the tap for dry cell pack is
used 1s due only to the change of resistence with temperature of the wire
used, These resistors operate at a relatively low temperature and thelr re-
slstance characteristics are permanent if the rated nominal current 1s not
exceeded, so that the NB tube should not need replacement because of chenge
in characteristice during 1ife.

The NB tubes are stamped with locating arrows marked "Storage Battery","Air
Cell"™ and "Dry Pack" on the base of the tube, as shown in Fig, 1, If a ref-
erence mark is placed on the chassis mid-way between pins #l1 and #8 and the
socket wired, as shown in Fig, 2, a speclal socket wlth three keyways or a
specisl socket with the keyway drllled out may be used to connect the bat-
tery to the proper tap. In elther of the above oases 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 connecting the filament battery,

to the proper tap of the NB tube, In the latter case, the tube 1s left
fixed and the filament battery is wired to the proper point on the terminal
strip. As.C TYPE OF BATTERY PLACE LOCATING
IR0 KEY IN
2 volt storage Position A
Air Cell Position B

o 3 volt Dry Cell Pack Position C

BATTERY
o—

Fl6.2
BOTTOM OF SPECIRL SOCKET

O FILAMENTS

POSITION A

TYPICAL BALLASTING CHARACTERISTIC CURVE
NB RESISTANCE TUBE
3VOLT DRY CELL CONNECTION
25
//
24
('V
23 4““// 5
4'/‘;‘, g5 V

22 (el ol

4 9\(

3 M
21 X

|| 1

u P
20 E[

S 4
w9 S 4

N 17
8 § ’7‘,

<
7 & P pid
3 1 x
6 / ’

/ s
|~

15 4 8

18 19 20 21 2z 23 24 25 26 27 28 29 30 31 32 (N

BATTERY VOLTRGE -VYOLTS
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K49C-B RAYTHEON

RESISTANCE TUBE

FOR A-C - D-C RECEIVERS
lletal Bulb Octal Base

b3
Jap— S
. 32
"/é::l.'. 3:@ The X49C-B is a resistance tube design-
ed for use as & voltage dropping resis-
tor in the filament circult of a-¢ -d-c

receivers, A ballast resistor tap pro=-
vides voltage for one or two 6,3 volb

pilot lamps,. BOTTOM VIEW OF SOCKET
& PRONG OCTAL BRSE RATTIGS CONNECT PILOT LAMPS
BETWEEN PINS 7878

Voltage Drop at 300 ma, 49 volts

Supplies correct filament voltage to:
3= 6,3 volt 300 ma, tubes and
2- 25 volt 300 ma, tubes in series
Pilot Lamp Voltage at 300 ma:

2= 6,3 volt 150 ma, lamps in scries 10 volts
1l 6,3 volt 200 ma, lamp 5.6 volts
1~ 6.3 volt 250 ma, lamp 4,8 volta

When the pllot lamp voltage in an a-o = d-¢ recelver is taken from a tap on
the filament voltage dropping resistor, whilch usually has no ballasting
actlon, the peak voltage anplied to the pilot lamps at the instant the line
swltch is closed may be several times the rated voltage of the lamps, due
to the high initial current drawn by the tubes in the set, In order to
limit this peak voltage to a reasonable value, the resistance of the pilot
lamp sectlon of a straight resistance tube must be considerably Ilower than
that requlred to operate the lamps at thelr rated voltage with the tubes
hot. Thus, wilth a straight resistance tube, the 1life of the pilot lamps 1s
shortened by the high peak voltage and the final brilliancy is reduced by
the low opersating voltage,

In the K49C-B the pilot lamp section 1s a ballast resistor which changes
from a low value of resistance with the tube cold to several times its ini-
tiel value as the tube heats, This limits the peak voltage applied to the
pilot lamps to a value within their voltage rating, and operates the lamps
at a higher voltage than with a straight resistance tubs, inereasing the
1life and final brilliancy of the lamps, The ballasting actlion also makes
1t possible to use several different types of pllot lamps with satisfactory
results, The cliaracteristle curves show the relation between pilobt
lamp voltage and tlne for a typical K4vC-B tube and a typical straight re-
glstance tube with similer ratings,

The resistors in the K49C~B are operated in air and the ballasting action
obtained in the part shunted across the pilot lamps 1s due to the heat of
the total winding, The resistors operate at relatively low temperature and
their resistance characteristics are permanent 1f the normal rated current
18 not exceeded,

Resistance tubes with other ratings may also be made, There 1s conslderable
power available for ballasting action so that the total voltage drop may
be changed to fit other tube combinations reguiring either more or less
voltage drop.

kK49C-8
RESISTANCE TUBE

CHRRACTERISTIC CURVE

LORD=TWO 25Y & THREE 6.3V-300MA TUBES

PILOT LAMPS = TWO 6.3Y-/50MRA IN SERIES

LINE VOLTRGE =NV STERDY CURRENT=300MR.

Sw.
20 o—"
\ 77V (KesC OR K49C-B)
o {2)-25¥TUBES
{3)-6.3YTUBES
6 (2)6.3¥-150 MA.
\ PILOT LAMPS

14

2

5

o
12>

|

] \ K49C-8>
0

R AN —

-
A § E—— /

Q K49C

3
& ~

~
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I
2

60,
|0 v‘}t
) 5 ) "5 20 25 30 35 40 a5 50 55 ﬂo
TIME ~SECONDS ~ AFTER CLOSING LINE SWITCH [+
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