

















attraction to the electrons (unlike elec-
tric charges attract; like charges repel).
Such a positive electric potential can be
supplied by an amode (positive elec-
trode) located within the tube in prox-
imity to the cathode.

Diodes

The simplest form of electron tube
contains two electrodes, a cathode and
an anode (plate), and is often called a
diode, the family name for a two-elec-
trode tube. In a diode, the positive po-
tential is supplied by a suitable electrical
source connected between the plate
terminal and a cathode terminal, as
shown in Fig. 8. Under the influence of
the positive plate potential, electrons
flow from the cathode to the plate and
return through the external plate-bat-
tery circuit to the cathode, thus com-
pleting the circuit. This flow of electrons
is known as the plate current.

If a negative potential is applied to
the plate, the free electrons in the space
surrounding the cathode will be forced
back to the cathode and no plate cur-
rent will flow. If an alternating voltage
is applied to the plate, the plate is alter-
nately made positive and negative. Be-
cause plate current flows only during the
time when the plate is positive, current
flows through the tube in only one direc-
tion and is said to be rectified. Fig. 4
shows the rectified output current pro-
duced by an alternating input voltage.

Diode rectifiers are used in ac re-
ceivers to convert the ac supply voltage
to dec voltage for the electrodes of the
other tubes in the receiver. Rectifier
tubes having only one plate and one
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cathode, such as the 36W4, are called
half-wave rectifiers, because current
can flow only during one-half of the
alternating-current cycle. When two
plates and one or more cathodes are
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used in the same tube, current may be
obtained on both halves of the ac cycle.
The 6X4, 5Y3-GT, and 5U4-GB are ex-
amples of this type and are -called
full-wave rectifiers.

Not all of the electrons emitted by
the cathode reach the plate. Some return
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to the cathode while others remain in
the space between the cathode and plate
for a brief period to produce an effect
known as space-charge. This charge has
a repelling action on other electrons
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- which leave the cathode surface and im-

pedes their passage to the plate. The ex-
tent of this action and the amount of
space-charge depend on the cathode
temperature, the distance between the
cathode and the plate, and the plate
potential. The higher the plate potential,
the less is the tendency for electrons to
remain in the space-charge region and
repel other electrons. This effect may be
noted by applying increasingly higher
plate voltages to a tube operating at a
fixed heater or filament voltage. Under
these conditions, the maximum number
of available electrons is fixed, but in-
creasingly higher plate voltages will
succeed in attracting a greater propor-
tion of the free electrons.

Beyond a certain plate voltage,
however, additional plate voltage has
little effect in increasing the plate cur-
rent because all of the electrons emitted
by the cathode are already being drawn
to the plate. This maximum -current,
illustrated in Fig. 5, is called saturation
current. Because it is an indication of
the total number of electrons emitted, it
is also known as emission current or
simply emission.

Although tubes aresometimes tested



by measurement of their emission cur-
rent, it is generally not advisable to
measure the full value of emission be-
cause this value would be sufficiently
large to cause change in the tube’s char-
acteristics or even to damage the tube.
Consequently, while the test value of
emission current is somewhat larger than
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the maximum current which will be re-
quired from the cathode in the use of the
tube, it is ordinarily less than the full
emission current. The emission test,
therefore, is used to indicate whether
the cathode can supply a sufficient num-
ber of electrons for satisfactory opera-
tion of the tube.

If space charge were not present to
repel electrons coming from the cathode,
thesame plate current could be produced
at a lower plate voltage. One way to
make the effect of space charge small is
to make the distance between plate and
cathode small. This method is used in
rectifier types having heater-cathodes,
such as the 5V4-G and the 6AX5-GT.
In these types the radial distance be-
tween cathode and plate is only about
two hundredths of an inch.

Another method of reducing space-
charge effect is utilized in mercury-
vapor rectifier tubes. When such tubes
are operated, a small amount of mercury
contained in the tube is partially vapor-
ized, filling the space inside the bulb
with mercury atoms. These atoms are
bombarded by electrons on their way to
the plate. If the electrons are moving at
a sufficiently high speed, the collisions
tear off electrons from the mercury
atoms. The mercury atom is then said
to be “iomized,” i.c., it has lost one or
more electrons and, therefore, has a
positive charge. Ionization is evidenced
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by a bluish-green glow between the
cathode and plate. When ionization oc-
curs, the space charge is neutralized by
the positive mercury atoms so that in-
creased numbers of electrons are made
available. Mercury-vapor tubes are used
primarily for power rectifiers.

Ionic-heated-cathode rectifier
tubes, such as the 0Z4 and 0Z4-G, also
depend on gas ionization for their opera-
tion. These tubes are of the full-wave
design and contain two anodes and a
coated cathode sealed in a bulb contain-
ing a reduced pressure of inert gas. The
cathode in each of these types becomes
hot during tube operation, but the heat-
ing effect is caused by bombardment of
the cathode by ions within the tube
rather than by heater or filament cur-
rent from an external source.

The internal structure of an ionic-
heated-cathode tube is designed so that
when sufficient voltage is applied to the
tube, ionization of the gas occurs be-
tween the anode which isinstantaneously
positive and the cathode. Under normal
operating voltages, ionization does not
take place between the anode that is
negative and the cathode so that the
requirements for rectification are satis-
fied. The initial small flow of current
through the tube is sufficient to raise the
cathode temperature quickly to incan-
descence whereupon the cathode emits
electrons.The voltage drop in such tubes
is slightly higher than that of the usual
hot-cathode gas rectifiers because energy
is taken from the ionization discharge to
keep the cathode at operating tempera-
ture. Proper operation of these rectifiers
requires a minimum flow of load current
at all times in order to maintain the
cathode at the temperature required to
supply sufficient emission.

Triodes

When a third electrode, called the
grid, is placed between the cathode and
plate, the tube is known as a triode, the
family name for a three-electrode tube.
The grid usually consists of relatively
fine wire wound on two support rods and
extending the length of the cathode.The
spaces between turns are comparatively
large so that the passage of electrons
from cathode to plate is practically un-
obstructed by the grid wires. The pur-



pose of the grid is to control the flow of
plate current. When a tube is used as an
amplifier, a negative dc voltageis usually
applied to the grid. Under this condition
the grid does not draw appreciable
current.

The number of electrons attracted
to the plate depends on the combined
effect of the grid dand plate polarities, as
shown in Fig. 6. When the plate is posi-
tive, as is normal, and the de grid volt-
age is made more and more negative, the
plate is less able to attract electrons to it
and plate current decreases. When the
grid is made less and less negative (more
and more positive), the plate more read-
ily attracts electrons to it and plate cur-
rent increases. Hence, when the voltage
on the grid is varied in accordance with
a signal, the plate current varies with
the signal. Because a small voltage ap-
plied to the grid can control a compara-
tively large amount of plate current, the
signal is amplified by the tube, Typical
three-electrode tube types are the 6C4
and 6AF4-A.

The grid, plate, and cathode of a
triode form an electrostatic system, each
electrode acting as one plate of a small
capacitor. The capacitances are those
existing between grid and plate, plate
and cathode, and grid and cathode.
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These capacitances are known as inter-
electrode capacitances. Generally, the
capacitance between grid and plate is of
the most importance. In high-gain radio-
frequency amplifier circuits, this capaci-
tance may act to produce undesired
coupling between the input circuit, the
circuit between grid and cathode, and
the output circuit, the circuit between
plate and cathode. This coupling is un-
desirable in an amplifier because it may
cause instability and unsatisfactory per-
formance.
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Tetrodes

The capacitance between grid and:
plate can be made small by mounting an
additional electrode, called the screen
grid (grid No. 2), in the tube. With the
addition of the grid No.2, the tube has
four electrodes and is, accordingly, called
a tetrode. The screen grid or grid No.2
is mounted between the grid No.1 (con-
trol grid) and the plate, as shown in Fig.
7, and acts as an electrostatic shield be-
tween -them, thus reducing the grid-to-
plate capacitance. The effectiveness of

ELECTRON
FLOW
®
PLATE
CURRENT
GRID
OUTPUT§
INPUT
c B |
1 i
_Ill‘l-g- —['I‘Ill-'.

this shielding action is increased by a
bypass capacitor connected between
screen grid and cathode. By means of the
screen grid and this bypass capacitor,
the grid-plate capacitance of a tetrode is
made very small. In practice, the grid-
plate capacitance is reduced from sev-
eral micromicrofarads (uuf) for a triode
to 0.01 uuf or less for a screen-grid tube.

The screen grid has another desir-
able effect in that it makes plate current
practically independent of plate voltage
over a certain range. The screen grid is
operated at a positive voltage and,
therefore, attracts electrons from the
cathode. However, because of the com-
paratively large space between wires of
the screen grid, most of the electrons
drawn to the screen grid pass through it
to the plate. Hence the screen grid sup-
plies an electrostatic force pulling elec-
trons from the cathode to the plate. At
the same time the screen grid shields the
electrons between cathode and screen
grid from the plate so that the plate ex-
erts very little electrostatic force on
electrons near the cathode.

So long as the plate voltage is higher
than the screen-grid voltage, plate cur-
rent in a screen-grid tube depends to a
great degree on the screen-grid voltage
and very little on the plate voltage. The
fact that plate current in a screen-grid



tube is largely independent of plate volt-
age makes it possible to obtain much
higher amplification with a tetrode than
with a triode. The low grid-plate capaci-
tance makes it possible to obtain this
high amplification without plate-to-grid
feedback and resultant instability. In
receiving-tube applications, the tetrode
has been replaced to a considerable de-
gree by the pentode.

Pentodes

In all electron tubes, electrons strik-
ing the plate may, if moving at sufficient
speed, dislodge other electrons. In two-
and three-electrode types, these dis-
lodged electrons usually do not cause
trouble because no positive electrode
other than the plate itself is present to
attract them. These electrons, therefore,
are drawn back to the plate. Emission
caused by bombardment of an electrode
by electrons from the cathode is ealled
secondary emission because the effect is
secondary to the original cathode emis-
sion.

In the case of screen-grid tubes, the
proximity of the positive screen grid to
the plate offers a strong attraction to
these secondary electrons and particu-
larly so if the plate voltage swings lower
than the screen-grid voltage. This effect
lowers the plate current and limits the
useful plate-voltage swing for tetrodes.

The effects of secondary emission
are minimized when a fifth electrode is
placed within the tube between the
screen grid and plate.This fifth electrode
is known as the suppressor grid (grid
No.3) and is usually connected to the
cathode, as shown in Fig. 8. Because of
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its negative potential with respect to the
plate, the suppressor grid retards the
flight of secondary electrons and diverts
them back to the plate.
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The family name for a five-electrode
tube is ‘“pentode”. In power-output
pentodes, the suppressor grid makes pos-
sible higher power output with lower
grid-driving voltage; in radio-frequency
amplifier pentodes the suppressor grid
makes possible high voltage amplifica-
tion at moderate values of plate voltage.
These desirable features result from the
fact that the plate-voltage swing can be
made very large. In fact, the plate volt-
age may be as low as, or lower than, the
screen-grid voltage without serious loss
in signal-gain capability. Representative
pentodes used for power amplification
arethe 3V4 and 6K6-GT; representative
pentodes used for voltage amplification
are the 1U4, 6AU6, 12SK7, and 6BAS6.

Beam Power Tubes

A beam power tube is a tetrode or
pentodein which directed electron beams
are used to increase substantially the
power-handling capability of the tube.
Such a tube contains a cathode, a con-
trol grid (grid No.1), a screen grid (grid
No.2), a plate, and, optionally, a sup-
pressor grid (grid No.3). When a beam
power tube is designed without an ac-
tual suppressor grid, the electrodes are
so spaced that secondary emission from
the plate is suppressed by space-charge
effects between screen grid and plate.
The space charge is produced by the
slowing up of electrons traveling from a
high-potential screen grid to a lower-
potential plate. In this low-velocity re-
gion, the space charge produced is suffi-
cient to repel secondary electrons emit-
ted from the plate and to cause them to
return to the plate.

Beam power tubes of this design
employ beam-confining electrodes at
cathode potential to assist in producing
the desired beam effects and to prevent
stray electrons from the plate from re-
turning to the screen grid outside of the
beam. A feature of a beam power tube
is its low screen-grid current. The screen
grid and the control grid are spiral wires
wound so that each turn of the screen
grid is shaded from the cathode by a
grid turd. This alignment of the screen
grid and control grid causes the electrons
to travel in sheets between the turns of
the screen grid so that very few of them
strike the screen grid. Because of the



effective suppressor action provided by
space charge and because of the low cur-
rent drawn by the screen grid, the beam
power tube has the advantages of high
power output, high power sensitivity,
and high efficiency.

Fig. 9 shows the structure of a beam
power tube employing space-charge sup-
pression and illustrates how the electrons
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are confined to beams. The beam condi-
tion illustrated is that for a plate po-
tential less than the screen-grid poten-
tial. The high-density space-charge re-
gion is indicated by the heavily dashed
lines in the beam. Note that the edges of
the beam-confining electrodes coincide
with the dashed portion of the beam. In
this way the space-charge potential re-
gion is extended beyond the beam
boundaries and stray secondary electrons
are prevented from returning to the
screen grid outside of the beam. The
space-charge effect may also be obtained
by use of an actual suppressor grid. Ex-
amples of beam power tubes are 6AQ5,
6L6-G, 6V6-GT, and 50C5.

Multi-Electrode and
Multi-Unit Tubes

Early in the history of tube develop-
ment and application, tubes were de-
signed for general service; that is, a
single tube type—a triode—was used as
a radio-frequency amplifier, an inter-
mediate-frequency amplifier, an audio-
frequency amplifier, an oscillator, or a
detector. Obviously, with this diversity
of application, one tube did not meet all
requirements to the best advantage.
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Later and present trends of tube de-
sign are the development of “‘specialty”
types. These types are intended either to
give optimum performance in a particu-
lar application or to combine in onebulb
functions which formerly required two
or more tubes. The first class of tubes in-
cludes such examples of specialty types
as the 6CB6 and 6BY6. Types of this
class generally require more than three
electrodes to obtain the desired special
characteristics and may be Dbroadly
classed as multi-electrode types. The
6BY6 is an especially interesting type in
this class. This tube has an unusually
large number of electrodes, namely
seven, exclusive of the heater. Plate cur-
rent in the tubeis varied at two different
frequencies at the same time. The tube
is designed primarily for use as a com-
bined sync separator and sync clipper in
television receivers.

The second class includes multi-
unit tubes such as the twin-diode triodes
6BF6 and 6AV6, as well as triode-pen-
todes such as the 6U8 and 6X8. This
class also includes class A twin triodes
such as the 6CG7 and 12AX7, and types
such as the 6CM7 containing dissimilar
triode units used primarily as combined
vertical oscillators and vertical deflec-
tion amplifiers in television receivers.
Full-wave rectifiers are also multi-unit
types.

A third class of tubes combines fea-
tures of each of the other two classes.
Typical of this third class are the penta-
grid-converter types 1R5, 6BES, and
6SA7. These tubes are similar to the
multi-electrode types in that they have
seven electrodes, all of which affect the
electron stream; and they are similar to
the multi-unit tubes in that they per-
form simultaneously the double function
of oscillator and mixer in superhetero-
dyne receivers.

Television Picture Tubes

The picture tube, or kinescope, is a
multi-electrode tube used principally in
television receivers for picture display.
It consists essentially of an electron gun,
a glass or metal-and-glass envelope and
face-plate combination, and a fluores-
cent screen.

The electron gun includes a cathode
for the production of free electrons, one






Electron Tube Characteristics

The term ‘“‘characteristics’ is used
to identify the distinguishing electrical
features and values of an electron tube.
These values may be shown in curve
form or they may be tabulated. When
the characteristics values are given in
curve form, the curves may be used for
the determination of tube performance
and the calculation of additional tube
factors.

Tube characteristics are obtained
from electrical measurements of a tube
in various circuits under certain definite
conditions of voltages. Characteristics
may be further described by denoting
the conditions of measurements. For ex-
ample Static Characteristics are the val-
ues obtained with different de potentials
applied to the tube electrodes, while Dy-
namic Characteristics are the values ob-
tained with an ac voltage on a control
grid under various conditions of dc po-
tentials on the electrodes. The dynamic
- characteristics, therefore, are indicative
of the performance capabilities of a tube
under actual working conditions.

Static characteristics may beshown
by plate characteristics curves and trans-
fer (mutual) characteristics curves.These
curves present the same information,
but in two different forms to increase its
usefulness. The plate characteristic
curve is obtained by varying plate volt-
age and measuring plate current for dif-
ferent grid bias voltages, while the trans-
fer-characteristic curve is obtained by
varying grid bias voltage and measuring
plate current for different plate voltages.
A plate-characteristic family of curves is
illustrated by Fig. 11. Fig. 12 gives the
transfer-characteristic family of curves
for the same tube.

Dynamic characteristies include
amplification factor, plate resistance,
control-grid—plate transconductance,
and certain detector characteristics, and
may be shown in curve form for varia-
tions in tube operating conditions.

The amplification factor, or p, is
the ratio of the change in plate voltage
to a change in control-electrode voltage
in the opposite direction, under the con-
dition that the plate current remains un-
changed and that all other electrode
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voltages are maintained constant. For
example, if, when the plate voltage is
made 1 volt more positive, the control-
electrode (grid-No.1) voltage must be
made 0.1 volt more negative to hold
plate current unchanged, the amplifica-
tion factor is 1 divided by 0.1, or 10. In
other words, a small voltage variation in
the grid circuit of a tube has the same
effect on the plate current as a large
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plate-voltage change-—the latter equal
to the product of the grid-voltage change
and amplification factor. The g of a tube
is often useful for calculating stage gain.
This useis discussed in the ELECTRON
TUBE APPLICATIONS SECTION.
Plate resistance (rp) of an electron
tubeis the resistance of the path between
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cathode and plate to the flow of alter-
nating current. It is the quotient of a
small change in plate voltage divided by
the corresponding change in plate cur-
rent and is expressed in ohms, the unit
of resistance. Thus, if a change of 0.1
milliampere (0.0001 ampere) is produced
by a plate voltage variation of 1 volt,
the plate resistance is 1 divided by
0.0001, or 10000 ohms.






Electron Tube Applications

The diversified applications of an
electron receiving tube have, within the
scope of this section, been treated under
seven headings. These are: Amplifica-
tion, Rectification, Detection, Auto-
‘matic Volume or Gain Control, Oscilla-
tion, Frequency Conversion, and Au-
tomatic Frequency Control. Although
these operations may take place at either
radio or audio frequencies and may in-
volve the use of different circuits and
different supplemental parts, the gen-
eral-considerations of each kind of oper-
ation are basic.

Amplification

The amplifying action of an electron
tube was mentioned under Triodes in
the section on ELECTRONS, ELEC-
TRODES, and ELECTRON TUBES.
This action can be utilized in electronic
circuits in a number of ways, depending
upon the results desired. Four classes of
amplifier service recognized by engineers
are covered by definitions standardized
by the Institute of Radio Engineers.
This classification depends primarily on
the fraction of input eycle during which
plate current is expected to flow under
rated full-load conditions. The classes
are class A, class AB, class B, and class
C. The term “cutoff bias” used in these
definitions is the value of grid bias at
which plate current is some very small
value.

Classes of Service

A class A amplifier is an amplifier
in which the grid bias and alternating
grid voltages are such that plate current
in-a specific tube flows at all times.

A class AB amplifier is an ampli-
fier in which the grid bias and alter-
nating grid voltages are such that plate
current in a specific tube flows for ap-
preciably more than half but less than
the entire electrical cycle.

A class B amplifier is an amplifier
in which the grid bias is approximately
equal to the cutoff value, so that the
plate -current is approximately zero
when no exciting grid voltage is applied,
and so that plate current in a specific
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tube flows for approximately one-half
of each cycle when an alternating grid
voltage is applied.

A class C amplifier is an amplifier
in which the grid bias is appreciably
greater than the cutoff value, so that the
plate current in each tube is zero when
no alternating grid voltage is applied,
and so that plate current flows in a
specific tube for appreciably less than
one-half of each cycle when an alter-
nating grid voltage is applied.

The suffix 1 may be added to the letter
or letters of the class identification to
denodte that grid current does not flow
during any part of the input cycle. The
suffix 2 may be used to denote that grid
current flows during some part of the
cycle.

For radio-frequency (rf) amplifiers
which operate into a selective tuned cir-
cuit, asin radio transmitter applications,
or under requirements where distortion
is not an important factor, any of the
above classes of amplifiers may be used,
either with a single tube or a push-pull
stage. For audio-frequency (af) ampli-
fiers in which distortion is an important
factor, only class A amplifiers permit
single-tube operation. In this case, oper-
ating conditions are usually chosen so
that distortion is kept below the conven-
tional 5 per cent for triodes and the con-
ventional 7 to 10 per cent for tetrodes or
pentodes. Distortion can be reduced be-
low these figures by means of special cir-
cuit arrangements such as that discusséd
under inverse feedback. With class A
amplifiers, reduced distortion with im-
proved power performance can be ob-
tained by using a push-pull stage for
audio service. With class AB and class B
amplifiers, a balanced amplifier stage
using two tubes is required for audio
service.

Class A Voltage Amplifiers

As a class A voltage amplifier, an
electron tube is used to reproduce grid-
voltage variations across an impedance
or a resistance in the plate circuit. These
variations are essentially of the same
form as the input signal voltage im-
pressed on the grid, but their amplitude



is increased. This increase is accom-
plished by operation of the tube at a
suitable grid bias so that the applied
grid input voltage produces plate-cur-
rent variations proportional to the signal
swings. Because the voltage variation
obtained in the plate circuit is much
larger than that required to swing the
grid, amplification of the signal is ob-
tained.

Fig. 13 gives a graphical illustration
of this method of amplification and
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shows, by means of the grid-voltage vs.
plate-current characteristies curve, the
effect of an input signal (S) applied to
the grid of a tube. The output signal (O)
is the resulting amplified plate-current
variation.

" The plate current flowing through
the load resistance (R) of Fig. 14 causes
a voltage drop which varies directly
with the plate current. The ratio of this
voltage variation produced in the load
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resistance to the input signal voltage is
the voltage amplification, or gain, pro-
vided by the tube. The voltage ampli-
fication due to the tube is expressed by
the following convenient formulas:

u X RL

RL+ rp

Voltage amplification =
or gm X rp X RL
1000000 X (rp + RL)

where u is the amplification factor of
the tube, Ry, is the load resistance in
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ohms, r, is the plate resistance in ohms,
and gm is the transconductance in
micromhos.

From the first formula, it can be
seen that the gain actually obtainable
from the tube is less than the tube’s am-
plification factor but that the gain ap-
proaches the amplification factor when
the load resistance is large compared to
the tube’s plate resistance., Fig. 15
shows graphically how the gain ap-
proaches the amplification factor of the
tube as the load resistance is increased.
From the curve it can be seen that a
high value of load resistance should be
used to obtain high gain in a voltage
amplifier.

In a resistance-coupled amplifier,
the load resistance of the tube is approx-
imately equal to the resistance of the
plate resistor in parallel with the grid
resistor of the following stage. Hence, to
obtain a large value of load resistance, it
is necessary to use a plate resistor and a
grid resistor of large resistance. How-
ever, the plate resistor should not be too
large because the flow of plate current
through the plate resistor produces a
voltage drop which reduces the plate
voltage applied to the tube. If the plate
resistor is too large, this drop will be too
large, the plate voltage on the tube will
be too small, and the voltage output of
the tube will be too small. Also, the grid
resistor of the following stage should not
be too large, the actual maximum value
being dependent on the particular tube
type. This precaution is necessary be-
cause all tubes contain minute amounts
of residual gas which cause a minute
flow of current through the grid resistor.
If the grid resistor is too large, the posi-
tive bias developed by the flow of this
current through the resistor decreases
the normal negative bias and produces
an increase in the plate current. This in-
creased current may overheat the tube
and cause liberation of more gas which,
in turn, will cause further decrease in
bias. The action is cumulative and re-
sults in a runaway condition which can
destroy the tube.

A higher value of grid resistance is
permissible when cathode-resistor bias
is used than when fixed bias is used.
When cathode-resistor bias is used, a
loss in bias due to gas or grid-emission
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effects is almost completely offset by an
increase in bias due to the voltage drop
across the cathode resistor. Typical val-
ues of plate resistor and grid resistor for
tube types used in resistance-coupled
circuits, and the values of gain obtain-
able, are shown in the RESISTANCE-
COUPLED AMPLIFIER SECTION.

. . The input impedance of an electron
tube . (that is, the impedance between
grid and cathode) consists of (1) a reac-
tive component due to the capacitance

frequencies to affect appreciably the
gain and selectivity of a preceding stage.
Tubes such as the “acorn” and “pencil”’
types and the high-frequency miniatures
have been developed to have low input
capacitances, low electron-transit time,
and low lead inductance so that their
input impedance is high even at the
ultra-high radio frequencies. Input
admittance is the reciprocal of input
impedance.

A remote-cutoff amplifier tube is
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between grid and cathode, (2) a resistive
componeént resulting from the time of
transit of electrons between cathode and
grid, and (3) a resistive component de-
veloped by the part of the cathode lead
inductance which is common to both the
input and output circuits. Components
(23 and (3) are dependent on the fre-
quency of the incoming signal. The in-
put impedance is very high at audio
frequencies when a tube is operated with
its grid biased negative. In a class A, or
AB, transformer-ceupled audio ampli-
fier, therefore, the loading imposed by
the grid on the input transformer is
negligible. As a result, the secondary
impedance of a class A, or class AB, in-
put transformer can be made very high
because the choice is not limited by the
input impedance of the tube; however,
transformer design considerations may
limit the choice.

At the higher radio frequencies, the
input impedance may become very low
even when the grid is negative, due to
the finite time of passage of electrons be-
tween cathode and grid and to the ap-
preciable lead reactance.This impedance
drops very rapidly as the frequency is
raised, and increases input-circuit load-
ing. In fact, the input impedance may
become low enough at very high radio
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a modified construction of a pentode or
a tetrode type designed to reduce modu-
lation-distortion and cross-modulation
in radio-frequency stages. Cross-modu-
lation is the effect produced in a radio
or television receiver by an interfering
station ‘“‘riding through” on the carrier
of the station to which the receiver is
tuned. Modulation-distortion is a dis-
tortion of the modulated carrier and ap-
pears as audio-frequency distortion in
the output. This effect is produced by
a radio-frequency amplifier stage opera-
ting on an excessively curved character-
isticwhen thegrid bias has beenincreased
to reduce volume. The offending stage
for cross-modulation is usually the first
radio-frequency amplifier,while for mod-
ulation-distortion the cause is usually
the last intermediate-frequency stage.
The characteristics of remote-cutoff
types are such as to enable them to
handle both large and small input sig-
nals with minimum distortion over a
wide range of signal strength.

Fig. 16 illustrates the construction
of the grid No.1 (control grid) in a re-
mote-cutoff tube. The remote-cutoff ac-
tion is due to the structure of the grid
which provides a variation in amplifica-
tion factor with change in grid bias. The
grid No.1 is wound with open spacing at



the middle and with close spacing at the
ends. When weak signals and low grid
bias are applied to the tube, the effect of
the non-uniform turn spacing of the grid
on cathode emission and tube character-
istics is essentially the same as for uni-
form spacing. As the grid bias is made
more negative to handle larger input
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signals, the electron flow from the sec-
tions of the cathode enclosed by the ends
of the grid is cut off. The plate current
and other tube characteristics are then
dependent on the electron flow through
the open section of the grid. This action
changes the gain of the tube so that
large signals may be handled with mini-
mum distortion due to cross-modulation
and modulation-distortion.

Fig. 17 shows a typieal plate-cur-
rent vs, grid-voltage curve for a remote-
cutoff type compared with the curve for
a type having a uniformly spaced grid.
It will be noted that while the curves are
similar at small grid-bias voltages, the
plate current of the remote-cutoff tube
drops quite slowly with large values of
bias voltage. This slow change makes it
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possible for the tube to handle large sig-
nalssatisfactorily. Becauseremote-cutoff
types can accommodate Jarge and small
signals, they are particularly suitable for
use in sets having automatic volume
control. Remote-cutoff tubes also are
known as variable-mu types.
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Class A Power Amplifiers

As a class A power amplifier, an
electron tube is used in the output stage
of aradio or television receiver to supply
a relatively large amount of power to
the loudspeaker. For this applieation,
large power output is of more impor-
tance than high voltage amplification;
therefore, gain possibilities are sacrificed
in the design of power tubes to obtain
power-handling capability.

Triodes, pentodes, and beam power
tubes designed for power amplifier serv-
ice have certain inherent features for
each structure. Power tubes of the triode
type for class A service are characterized
by low power sensitivity, low plate-
power efficiency, and low distortion.
Power tubes of the pentode type are
characterized by high power sensitivity,
high plate-power efficiency and, usually,
somewhat higher distortion than class A
triodes. Beam power tubes have higher
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power sensitivity and efficiency than
triode or conventional pentode types.

A class A power amplifier is aiso
used as a driver to supply power to a
class AB; or a class B stage. It is usually
advisable to use a triode, rather than a
pentode, in a driver stage because of the
lower plate impedance of the triode.

Power tubes connected in either
parallel or push-pull may be employed
as class A amplifiers to obtain increased
output.The parallel connection (Fig. 18)
provides twice the output of a single
tube with the same value of grid-signal
voltage. With this connection, the effec-
tive transconductance of the stage is
doubled, and the effective plate resist-
ance and the load resistance required
are halved as compared with single-
tube values.

The push-pull connection (Fig. 19),
although it requires twice the grid-signal
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voltage, provides increased power and
has other important advantages over
single-tube operation. Distortion caused
by even-order harmonics and hum caused
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by plate-voltage-supply fluctuations are
either eliminated or decidedly reduced
through cancellation. Because distortion
for push-pull operation is less than for
single-tube operation, appreciably more
than twice single-tube output can be ob-
tained with triodes by decreasing the
load resistance for the stage to a value
approaching the load resistance for a
single tube.

For either parallel or push-pull
class A operation of two tubes, all elec-
trode currents are doubled while all de
electrode voltages remain the same as
for single-tube operation. If a cathode
resistor is used, its value should be about
one-half that for a single tube. If oscilla-
tions occur with either type of connec-
tion, they can often be eliminated by the
use of a non-inductive resistor of ap-
proximately 100 ohms connected in
series with each grid at the socket
terminal.

Operation of power tubes so that
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Power-Output Calculations

Calculation of the power output of
a triode used as a class A amplifier with
either an output transformer or a choke
having low dec resistance can be made
without serious error from the plate
family of curves by assuming a resist-
ance load. The proper plate current,
grid bias, optimum load resistance, and
per-cent second-harmonic distortion can
also be determined. The calculations are
made graphically and are illustrated in
Fig. 20 for given conditions. The pro-
cedure is as follows:

(1) Locate the zero-signal bias point
P by determining the zero-signal bias
Ec¢, from the formula:

Zero-signal bias (Eco) = ~(0.68 X Eb)/u

where Ep is the chosen value in volts of
de plate voltage at which the tube is to
be operated, and u is the amplification
factor of the tube. This quantity is
shown as negative to indicate that a
negative bias is used.

(2) Locate the value of zero-signal
plate current, I, corresponding to point
P.

(8) Locate the point 2I,, which is
twice the value of I, and corresponds to
the value of the maximum-signal plate
current Ipmax.

(4) Locate the point X on the de¢
bias curve at zero volts, E. = 0, corre-
sponding to the value of Imasx.

(5) Draw astraight line XY through
X and P.

Line XY is known as the load re-
sistance line. Its slope corresponds to

|
300
VOLTS

Fig. 20

the grids run positive is inadvisable
except under conditions such as those
discussed in this section for class AB
and class B amplifiers.
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the value of the load resistance.Theload
resistance in ohms is equal to (Emax—
Emir) divided by (Imax — Imin), where E
is in volts and I is in amperes.



It should be noted that in the case
of filament types of tubes, the calcula-
tions are given on the basis of a de-
operated filament. When the filament is
ac-operated, the calculated value of dc
bias should be increased by approxi-
mately one-half the filament voltage
rating of the tube.

The value of zero-signal plate cur-
rent I, should be used to determine the
plate dissipation, an important factor
influencing tube life. In a class A ampli-
fier under zero-signal conditions, the
plate dissipation is equal to the power
input, .i.e., the product of the dc plate
voltage E;, and the zero-signal dc plate
current I,. If it is found that the plate-
dissipation rating of the tube is exceeded
with the zero-signal bias Ec, calculated
above, it will be necessary to increase
the bias by a sufficient amount so that
the actual plate dissipation does not ex-
ceed the rating before proceeding further
with the remaining calculations.

For power-output calculations, it is
assumed that the peak alternating grid
voltage is'sufficient (1) to swing the grid
from the zero-signal bias value Ec, to
zero bias (E. = 0) on the positive swing
and (2) to swing the grid to a value
twice the zero-signal bias value on the
negative swing. During the negative
swing, the plate voltage and plate cur-
rent reach values of Epn,y and Inpy,; dur-
ing the positive swing, they reach values
of Emin and 1n,,. Because power is the
product of voltage and current, the
power output P, as shown by a watt-
meter is given by
(Imax ~ Imin) X (Emax — Emin)

8
where E is in volts, I is in amperes, and
P, is in watts.

In the output of power amplifier
triodes, some distortion is present. This
distortion is due predominantly to sec-
ond harmonics in single-tube amplifiers.
The percentage of second-harmonic dis-
tortion may be calculated by the follow-
ing formula:

Po =

Imax 4 Imin
2
Imax — Imin
where I, is the zero-signal plate current
in amperes. If the distortion is excessive,
the load resistance should be increased
or, occasionally, decreased slightly and

~-Io

% distortion = X 100
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the calculations repeated. .

Example: Determine the load re-
sistance, power output, and distortion
of a triode having an amplification fac-
tor of 4.2, a plate-dissipation rating of
15 watts, and plate characteristics curves
as shown in Fig. 20, The tube is to be
operated at 250 volts on the plate.

Procedure: For a first approxima-
tion, determine the operating point P
from the zero-signal bias formula, Ec, =
—(0.68 X 250) /4.2 = —40.5 volts. From
the curve for this voltage, it is found
that the zero-signal plate current I, at a
plate voltage of 250 volts is 0.08 ampere
and, therefore, the plate-dissipation rat-
ing is exceeded (0.08 X 250 = 20 watts).
Consequently, it is necessary to reduce
the zero-signal plate current to 0.06 am-
pere at 250 volts. The grid bias is now
seen to be ~43.5 volts. Note that the
curve was taken with a dc filament sup-
ply; if the filament is to be operated on
an ac supply, the bias must be increased
by about one-half the filament voltage,
or to —45 volts, and the circuit returns
made to the mid-point of the ﬁlament
circuit.

Point X can now be determined.
Point X is at the intersection of the de
bias curve at zero volts with Inax, where
Imex = 21, = 2 X 0.06 = 0.12 ampere.
Line XY is drawn through points P and
X. Emax, Emm, and Ipm are then found
from the curves. Substituting these val-
ues in the power-output formula, we
obtain

(0.12 - 0.012) X (365 - 105)
Po= )

The resistance represented by load

line XY is
(365 — 105)
(0.12 - 0.012)

When the values from the curves

are substituted in the distortion formula,

we obtain
0.12 + 0.012

= 3.52 watts

= 2410 ohms

~0.06
0.1z 0012 X 100=55%

It is customary to select the load
resistance so that the distortion does not
exceed five per cent. When the method
shown is used to determine the slope of
the load resistance line, the second-har-
monic distortion generally does not ex-
ceed five per cent. In the example, how-
ever, the distortion is excessive and it is
desirable, therefore, to use a slightly

% distortion =






point P whose position is determined by
the desired operating plate voltage, E,,
and one-half the maximum-signal plate
current. Along any load line, say AA,,
measure the distance AO:. On the same
line, lay off an equal distance, 0:A;. For
optimum operation, the change in bias
from A to O, should be nearly equal to
the change in bias from O: to A,. If this
condition can not be met with one line,

MILLIAMPERES
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% total (2nd and 3rd) harmonic distortion =
v(%2nd)? + (%3rd)?

Conversion Factors
Operating conditions for voltage
values other than those shown in the
published data can be obtained by the
use of the nomograph shown in Fig. 23
when all electrode voltages are changed
simultaneously in the same ratio. The

£
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as is the case for the line first chosen,
then another should be chosen. When
the most satisfactory line has been se-
lected, its resistance may be determined
by the following formula:

Emax ~ Emin
Imax ~ Imin

The value of RL may then be sub-
stituted in the following formula for
calculating power output.

o ~ {Imax — Imin 4 1.41 (Ix - Iy)}2 Ry,

32

In both of these formulas, I is in
amperes, E is in volts, R, is in ohms,
and P, is in watts. Ix and Iy are the cur-
rent values on the load line at bias volt-
ages of Eci=V — 0.707V=0.293V and
Ee=V + 0.707V=1.707V, respectively.

Calculations for distortion may be
made by means of the following formu-
las. The terms used have already been
defined.

% 2nd-harmonic distortion =
Imax + Imin - 2 Io

Load resistance (RL) =

P

Toax - Tmtn  1.41 (I = Ty < 100
% 3rd-harmonic distortion =
Imax — Imin — 1.41 (Ix - Iy) % 100

Imax ~ Imin + 1.41 (Ix - Iy)
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nomograph includes conversion factors
for current (Fi), power output (Fy),
plate resistance or load resistance (F;),
and transconductance (Fgm) for voltage
ratios between 0.5 and 2.0. These factors
are expressed as functions of the ratio
between the desired or new voltage for
any electrode (Eaes) and the published
or original value of that voltage (Epup).
The relations shown are applicable to
triodes and multigrid tubes in all classes
of service.

To use the nomograph, simply place
a straight-edge across the page so that
it intersects the scales for Eges and Epu
at the desired values. The desired con-
version factor may then be read directly
or estimated at the point where the
straight-edge intersects the F, F,, Iy, or
Fgm scale.

For example, suppose it is desired
to operate two 6L.6-G’s in class A, push-
pull, fixed bias, with a plate voltage of
200 volts. The nearest published oper-
ating conditions for this class of service
are for a plate voltage of 250 volts. The
operating conditions for the new plate
voltage can be determined as follows:

The voltage conversion factor, Fe,
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used in a class A stage. With this higher
negative bias, the plate and screen-grid
voltages can usually be made higher
than for class A amplifiers because the
increased negative bias holds plate cur-
rent within the limit of the tube’s plate-
dissipation rating. As a result of these
higher voltages, more power output can
be obtained from class AB operation.

Class AB amplifiers are subdivided
into class AB; and class AB,. In class
AB: thereis no flow of grid current.That
is, the peak signal voltage applied to each
grid is not greater than the negative
grid-bias voltage. The grids therefore
are not driven to a positive potential
and do not draw current. In class AB.,
the peak signal voltage is greater than
the bias so that the grids are driven
positive and draw current.

Because of the flow of grid current
in a class AB, stage there is a loss of
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power in the grid circuit. The sum of
this loss and the loss in the input trans-
former is the total driving power re-
quired by the grid circuit. The driver
stage should be capable of a power out-
put considerably larger than this re-
quired power in order that distortion
introduced in the grid circuit be kept
low. The input transformer used in a
class AB, amplifier usually has a step-
down turns ratio.

Because of the large fluctuations of
plate current in a class AB, stage, it is
impartant that the plate power supply
should have good regulation. Otherwise
the fluctuations in plate current cause

22
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fluctuations in the voltage output of the
power supply, with the result that power
output is decreased and distortion is in-
creased. To obtain satisfactory regula-
tion it is usually advisable to use a low-
drop rectifier, such as the 5V4-G, with a
choke-input filter. In all cases, the resist-
ance of the filter choke and power trans-
formers should be as low as possible.

Class AB: Power Amplifiers

In class AB: push-pull amplifier
service using triodes, the operating con-
ditions may be determined graphically
by means of the plate family if E,, the
desired operating plate voltage, is given.
In this service, the dynamic load line
does not pass through the operating
point P as in the case of the single-tube
amplifier, but through the point D in
Fig. 24. Its position is not affected by
the operating grid bias provided the

Ec.
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plate-to-plate load resistance remains
constant.

Under these conditions, grid bias
has no appreciable effect on the power
output. Grid bias cannot be neglected,
however, since it is used to find the zero-
signal plate current and, from it, the
zero-signal plate dissipation. Because
the grid bias is higher in class AB, than
in class A service for the same plate volt-
age, a higher signal voltage may be used
without grid current being drawn and,
therefore, higher power output is ob-
tained than in class A service.

In general, for any load line through
point D, Fig. 24, the plate-to-plate load



resistance in ohms of a push-pull ampli-
fieris Rpp=4E,/I’, where I’ is the plate
current value in amperes at which the
load line as projected intersects the plate
current axis, and E, is in volts. This
formula is another form of the one
given under push-pull class A amplifiers,
Rpp = 4(E0 - 0.6Eo) /Imax, but iS more
general. Power output = (Imay/4/2)* X
Rpp/4, where Iy is the peak plate cur-
rent at zero grid volts for the load chosen.
This formula simplified is (Imax)? X Rpp/
8. The maximum-signal average plate
current i3 2Imax/m or 0.636 Inax; the
maximum-signal average power input is
0.636 Imex X Eo.

It is desirable to simplify these
formulas for a first approximation. This
simplification can be made if it is as-
sumed that the peak plate current, Inax,
occurs at the point of the zero-bias curve
corresponding approximately to 0.6 E,,
the condition for maximum power out-
put. The simplified formulas are:

Po (for two tubes) = (Imax X Eo)/5
Rpp = 1.6Eo/Imax

where E, is in volts, Imax is in amperes,
Ryp is in ohms, and P, is in watts.

It may be found during subsequent
calculations that the distortion or the
plate dissipation is excessive for this ap-
proximation; in that case, a different
load resistance must be selected using
the first approximation as a guide and
the process repeated to obtain satisfac-
tory operating conditions.

Example: Fig. 24 illustrates the
application of this method to a pair of
2A3’s operated at E,=300 volts. Each
tube has a plate-dissipation rating of 15
watts, The method is to erect a vertical
line at 0.6E,, or at 180 volts, which
intersects the E.=0 curve at the point
Imax=0.26 ampere. Using the simplified
formulas, we obtain

Rpp = (1.6 X 800)/0.26 = 1845 ohms

Po = (0.26 X 300)/5 = 16.6 watts

At this point, it is well to determine
the plate dissipation and to compare it
with the maximum rated value. From
the average plate current formula (0.636
Imax) mentioned previously, the maxi-
mum-signal average plate current is
0.166 ampere. The product of this cur-
rent and the operating plate voltage is
49.8 watts, the average input to the two
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tubes. From this- value, subtract the
power output of 15.6 watts to obtain the
total dissipation for beth tubes which is
34.2 watts. Half of this value, 17 watts,
is in excess of the 15-watt rating of the
tube and it is necessary, therefore, to as-
sume another and higher load resistance
so that the plate-dissipation rating will
not be exceeded.

It will be found that at an operating
plate voltage of 300 volts the 2A3’s re-
quire a plate-to-plate load resistance of
3000 ohms. From the formula for Ry,
the value of I’ is found to be 0.4 ampere.
The load line for the 3000-ohm load re-
sistance is then represented by a straight
line from the point I'=0.4 ampere on the
plate-current ordinate to the point E,=
300 volts on the plate-voltage abscissa.
At the intersection of the load line with
the zero-bias curve, the peak plate cur-
rent, Imax, can be read at 0.2 ampere.
Then

Po = (Imax/+2)? Rpp/4
(0.2/1.41)2 X 3000/4
156 watts

Proceeding as in the first approximation,
we find that the maximum-signal aver-
age plate current, 0.636Iy.,, is 0.127
ampere, and the maximum-signal aver-
age power input is 38.1 watts. This input
minus the power output is 38.1 — 15=
23.1 watts. This value is the dissipation
for two tubes; the value per tube is 11.6
watts, a value well within the rating of
this tube type.

The operating bias and the zero-
signal plate current may now be found
by use of a curve which is derived from
the plate family and the load line. Fig.
25 is a curve of instantaneous values of
plate current and dec grid-bias voltages
taken from Fig. 24. Values of grid bias
are read from each of the grid-bias
curves of Fig. 24 along the load line and
are transferred to Fig. 25 to produce the
curved line from A to C. A tangent to
this curve, starting at A, is drawn to
intersect the grid-voltage abscissa. The
point of intersection, B, is the operating
grid bias for fixed-bias operation. In the
example, the bias is —60 volts. Refer
back to the plate family at the operating
conditions of plate volts=300 and grid
bias= —60 volts; the zero-signal plate
current per tube is seen to be 0.04
ampere.

]



This procedurelocatesthe operating
point for each tube at P. The plate cur-
rent must be doubled, of course, to ob-
tain the zero-signal plate current for
both tubes. Under maximum-signal con-
ditions, the signal voltage swings from
zero-signal bias voltage to zero bias for
each tube on alternate half cycles. Hence,
in the example, the peak af signal volt-
age per tube is 60 volts, or the grid-to-
grid value is 120 volts.

As in the case of the push-pull class
A amplifier, the second-harmonic distor-
tion in a class AB; amplifier using triodes
is very small and is largely canceled by
virtue of the push-pull connection.Third-
harmonic distortion, however, which
may be larger than permissible, can be
found by means of composite character-
istic curves. A complete family of curves
can be plotted, but for the present pur-
pose only the one corresponding to a
grid bias of one-half the peak grid-volt-
age swing is needed. In the example, the
peak grid voltage per tube is 60 volts,
and the half value is 80 volts. The com-
posite curve, since it is nearly a straight
line, can be constructed with only two
points (see Fig. 24). These two points
are obtained from deviations above and
below the operating grid and plate
voltages.

In order to find the curve for a bias
of —30 volts, we have assumed a devia-
tion of 80 volts from the operating grid
voltage of —60 volts. Next assume a de-
viation from the operating plate voltage
of, say, 40 volts. Then at 300 — 40 = 260
volts, erect a vertical line to intersect
the (—60) — (-30) = —-30-volt bias curve
and read the plate current at this inter-
section, which is 0.167 ampere; likewise,
-at the intersection of a vertical line at
300 + 40 = 340 volts and the (-60) +
(-30) = -90-volt bias curve, read the
plate current. In this example, the plate
current is estimated to be 0.002 ampere.
The difference of 0.165 ampere between
these two currents determines the point
E on the 300 — 40 = 260-volt vertical.
Similarly, another point F on the same
composite curve is found by assuming
the same grid-bias deviation but a larger
plate~voltage deviation, say, 100 volts.

We now have points at 260 volts
and 0.165 ampere (E), and at 200 volts
and 0.045 ampere (F). A straight line
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through these points is the composite
curve for a bias of -30 volts, shewn as a
long-short dash line in Fig. 24, At the
intersection of the composite curve and
the load line, G, the instantaneous com-
posite plate current at the point of one-
half the peak signal swing is determined.
This current value, designated L,.s and
the peak plate current, Imax, are used in
the following formula to find peak value
of the third-harmonic component of the
plate current.

Ths = (2.5 - Imax)/8

In the example, where Io.; is 0.097 am-
pere and I,y is 0.2 ampere, In; = (2X
0.097-0.2) /3= (0.194-0.2) /3= —-0.006/
3= -0.002 ampere. (The fact that Ip; is
negative indicates that the phase rela-
tion of the fundamental (first-harmonic)
and third-harmonic components of the
plate current is such as to result in a
slightly peaked wave form. Ip; is posi-
tive in some cases, indicating a flatten-
ing of the wave form.)

The peak value of the fundamental
or first-harmonic component of the plate
current is found by the following
formula:

Ih; = 2/3 X (Imax + Is.s)

In the example, In: 2/83 X (0.2 +
0.097) = 0.198 ampere. Thus, the per-
centage of third-harmonic distortion is
(Ins/Ins) X 100 = (0.002,/0.198) X 100=
1 per cent approx.

Class AB: Power Amplifiers

A class AB, amplifier employs two
tubes connected in push-pull as in the
case of class AB: amplifiers. It differs in
that it is biased so that plate current
flows for somewhat more than half the
electrical cycle but less than the full
cycle, the peak signal voltage is greater
than the dec bias voltage, grid current is
drawn, and consequently, power is con-
sumed in the grid circuit. These condi-
tions permit high power output to be
obtained without excessive plate dissi-
pation.

The sum of the power used in the
grid circuit and the losses in the input
transformer is the total driving power
required by the grid circuit. The driver
stage should be capable of a power out-
put considerably larger than this re-
quired power in order that distortion
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voltage is applied across an appropriate
impedance .in the cathode circuit. The
cathode-drive circuit is particularly use-
ful for vhf and uhf applications, in which
it is necessary to obtain the low-noise
performance usually associated with a
triode, but where a conventional grid-
drive circuit would be unstable because
of feedback through the grid-to-plate
capacitanee of the tube. In the cathode-
drive circuit, the grounded grid serves
as a capacitive shield between plate and
cathode and permits stable operation at
frequencies higher than those in which
conventional circuits can be used.

The input impedance of a cathode-
drive circuit is approximately equal to
1/gm when the load resistance is small
compared to the ry of the tube. A certain
amount of power is required, therefore,
to drive such a circuit. However, in the
type -of service in which cathode-drive
circuits are normally used, the advan-
tages of the grounded-grid connection
usually outweigh this disadvantage.

Inverse Feedback

An inverse-feedback circuit, some-
times called a degenerative circuit, is
one in which a portion of the output
voltage of a tube is applied to the input
of the same or a preceding tube in oppo-
site phase to the signal applied to the
tube.Two important advantages of feed-
back are: (1) reduced distortion from
each stage included in the feedback cir-
cuit and (2) reduction in the variations
in gain due to changes in line voltage,
possible differences between tubes of the
same type, or variations in the values of
circuit constants included in the feed-
back circuit.

Inverse feedback is used in audio
amplifiers to reduce distortion in the
output stage where the load impedance
on the tube is a loudspeaker. Because
the impedance of a loudspeaker is not
constant for all audio frequencies, the
load impedance on the output tube varies
with frequency. When the output tube
is a pentode or beam power tube having
high plate resistance, this variation in
plate load impedance can, if not cor-
rected, produce considerable frequency
distortion. Such frequency distortion
can be reduced by means of inverse
feedback. Inverse-feedback circuits are
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of the constant-voltage type and the
constant-current type.

The application of the constant-
voltage type of inverse feedback to a
power output stage using a single beam
power tube is illustrated by Fig. 27. In
this circuit, R:, R., and C are connected
as a voltage divider across the output of
the tube. The secondary of the grid-
input transformer is returned to a point
on this voltage divider. Capacitor C
blocks the de plate voltage from the
grid. However, a portion of the tube’s
af output voltage, approximately equal
to the output voltage multiplied by the
fraction R./(R: + R»), is applied to the
grid. This voltage lowers the source im-
pedance of the circuit and a decrease in
distortion results which is explained in
the curves of Fig. 28.

Consider first the amplifier without
the use of inverse feedback. Suppose
that when a signal voltage e; is applied
to the grid the af plate current i’p has an
irregularity in its positive half-cycle.
This irregularity represents a departure
from the waveform of the input signal
and is, therefore, distortion. For this
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Fig. 27

plate-current waveform, the af plate
voltage has a waveform shown by e/,.
The plate-voltage waveform is inverted
compared to the plate-current wave-
form because a plate-current increase
produces an increase in the drop across
the plate load. The voltage at the plate
is the difference between the drop across
the load and the supply voltage; thus,
when plate current goes up, plate volt-
age goes down; when plate current goes
down, plate voltage goes up.

Now suppose that inverse feedback
is applied to the amplifier. The voltage
fed back to the grid has the same wave-
form and phase as the plate voltage, but



is smaller in magnitude. Hence, with a
plate voltage of waveform shown by
€'y, the feedback voltage appearing on
the grid is as shown by €’gr. This voltage

€s

e;,vA L;.er

Fig.

applied to the grid produces a compo-
nent of plate current i'pr. It is evident
that the irregularity in the waveform of
this component of plate current would
act to cancel the original irregularity
and thus reduce distortion.

After inverse feedback has been ap-
plied, the relations are as shown in the
curve for ip. The dotted curve shown by
i’pr is the component of plate current
due to the feedback voltage on the grid.
The dotted curve shown by i’y is the
component of plate current due to the
signal voltage on the grid. The algebraic
sum of these two components gives the
resultant plate current shown by the
solid curve of ij. Since i is the plate
current that would flow without inverse
feedback, it can be seen that the appli-
cation of inverse feedback has reduced
the irregularity in the output current.
In this manner inverse feedback acts to
correct any component of plate current
that does not correspond to the input
signal voltage, and thus reduces dis-
tortion.

From the curve for iy, it can be seen
that, besides reducing distortion, inverse
feedback also reduces the amplitude of
the output current. Consequently, when
inverse feedback is applied to an ampli-
fier there is a decrease in gain or power
sensitivity as well as a decrease in dis-
tortion. Hence, the application of in-
verse feedback to an amplifier requires
that more driving voltage be applied to

RCA Receiving Tube Manual

obtain full power output, but this out-

put is obtained with less distortion.-
Inverse feedback may also be ap-

plied to resistance-coupled stages as

€
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shown in Fig. 29. The circuit is conven-
tional except that a feedback resistor,
R;, is connected between the plates of
tubes T and T.. The output signal volt-
age of T, and a portion of the output
signal voltage of T, appears across R..
Because the distortion generated in the
plate circuit of T, is applied to its grid
out of phase with the input signal, the
distortion in the output of T, is com-
paratively low. With sufficient inverse
feedback of the constant-voltage type
in a power-output stage, it is not neces-
sary to employ a network of resistance
and capacitance in the output circuit to
reduce response at high audio frequen-
cies. Inverse-feedback circuits can also
be applied to push-pull class A and class
AB, amplifiers. .
Constant-current inverse feedback
is usually obtained by omitting the by-
pass capacitor across a cathode resistor.

AN/
T| R3 TZ
=) ) “@ﬂ
Ry
C- B8-5C+ B+
Fig. 29

This method decreases the gain and the
distortion but increases the source im-
pedance of the circuit. Consequently,
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the output voltage rises at the resonant
frequency of the loudspeaker and ac-
centuates hangover effects.

Inverse feedback is not generally
applied to a triode power amplifier, such
as the 2A3, because the variation in
speaker impedance with frequency does
not produce much distortion in a triode
stage having low plate resistance. It is
sometimes applied in a pentode stage
but is not always convenient. As has
been shown, when inverse feedback is
used in an amplifier, the driving voltage
must be increased in order to give full
power output. When inverse feedback is
used with a pentode, the total driving
voltage required for full power output
may be inconveniently large, although
still less than that required for a triode.
Because a beam power tube gives full
power output on a comparatively small
driving voltage, inverse feedback is
especially applicable to beam power
tubes. By means of inverse feedback,
the high efficiency and high power out-
put of beam power tubes can be com-
bined with freedom from the effects of
varying speaker impedance.

Cathode-Follower Circuits

Another important application of
inverse feedback is in the cathode-fol-
lower circuit, an example of which is
given in Fig. 30. In this application, the
load has been transferred from the plate
circuit to the cathode circuit of the tube.
The input voltage is applied between
the grid and ground and the output volt-
age is obtained between the cathode and
ground.The voltage amplification (V.A.)
of this circuit is always less than unity
and may be expressed by the following
convenient formulas.

For a triode:
V.A.=

For a pentode:
V. A=—E0 X Ri

“14(gm X Ro)

In these formulas, u is the amplifi-
cation factor, RL is the load resistance
in ohms, rp is the plate resistance in
ohms, and gn is the transconductance
in mhos.

The use of the cathode follower per-
mits the design of circuits which have
high input resistance and high output

» X RL
rp+ RLX (u41)
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voltage. The output impedance is quite
low and very low distortion may be ob-
tained. Cathode-follower circuits may
be used for power amplifiers or as im-
pedance transformers designed either to
match a transmission line or to produce
a relatively high output voltage at a low
impedance level.

In a power amplifier which is trans-
former coupled to the load, the same
output power can be obtained from the
tube as would be obtained in a conven-
tional grid-drive type of amplifier. The
output impedance is very low and pro-
vides excellent damping to the load,
with the result that very low distortion
can be obtained. The peak-to-peak sig-
nal voltage, however, approaches 114
times the plate supply voltage if maxi-
mum power output is required from the
tube. Some problems may be encoun-
tered, therefore, in the design of an ade-
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quate driver stage for a cathode-follower
output system.

When a cathode-follower circuit is
used as an impedance transformer, the
load is usually a simple resistance in the
cathode circuit of the tube. With rela-
tively low values of cathode resistor, the
circuit may be designed to supply sig-
nificant amounts of power and to match
the impedance of the device to a trans-
mission line. With somewhat higher val-
ues of cathode resistor, the circuit may
be used to lower the output impedance
sufficiently to permit the transmission
of audio signals along a line in which ap-
preciable capacitance is present.

The cathode follower may also be
used as an isolation device to provide
extremely high input resistance and low
input capacitance as might be required
in the probe of an oscilloscope or vacu-
um-tube voltmeter. Such circuits can be

OUTPUT
RESISTANCE | VOLTAGE

Fig. 30



designed to provide effective impedance
transformation with no significant loss
of voltage.

Selection of a suitable tube and its
operating conditions for use in a cath-
ode-follower circuit having a specified
output impedance (Z,) can be made, in
most practical cases, by the use of the
following formula to determine the ap-
proximate value of the required tube
transconductance.

1,000,000
Zo (ohms)

Once therequired transconductance
is obtained, a suitable tube and its oper-
ating conditions may be determined
from the technical data given in the
TUBE TYPES SECTION. The conver-
sion nomograph given in Fig. 23 may be
used for calculation of operating condi-
tions for values of transconductance not
included in the tabulated data. After
the operating conditions have been de-
termined, the approximate value of the
required cathode load resistance may be
calculated from the following formulas.

For triode:

Required gm (gmhos)=

Zo X p
h =
Cathode Ry, T Zo X A
For pentode:
Zo
Cathode RL—-1 T &m X Zo)

Resistance and impedance values are in
ohms; transconductance values are in
mbhos.

If the value of the cathode load re-
sistance calculated to give the required
output impedance does not give the re-
quired operating bias, the basic cathode-
follower circuit can be modified in a
number of ways. Two of the more com-
mon modifications are given in Figs.
31 and 32.

In Fig. 31 the bias is increased by
adding a bypassed resistance between
the cathode and the unbypassed load
resistance and returning the grid to the
low end of the load resistance. In Fig. 32
the bias is reduced by adding a bypassed
resistance between the cathode and the
unbypassed load resistance but, in this
case, the grid is returned to the junction
of the two cathode resistors so that the
bias voltage is only the de voltage drop
across the added resistance. The size of
the bypass capacitor should be large
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enough so that it has negligible reactance
at the lowest frequency to be handled.
In both cases the B-supply should be in-

it B4+
L)
o
INPUT =
SIGNAL
T i
OUTPUT
LOAD
%RESISTANCE VOLTAGE
?
<
Fig. 31

creased to make up for the voltage taken
for biasing.

Example: Select a suitable tube
and determine the operating conditions
and circuit components for a cathode-
follower circuit having an output im-
pedance that will match a 500-ohm
transmission line. Procedure: First, de-
termine the approximate transconduc-
tance required.

1,000,000

Required gm = 500 = 2000 umhos

A survey of the tubes that have a
transconductance in this order of mag-
nitude shows that type 12AX7 is among
the tubes to be considered. Referring to
the characteristics given in the technical
data section for one triode unit of high-
mu twin triode 12A X7, we find that for
a plate voltage of 250 volts and a bias of
—2 volts, the transconductance is 1600

OUTPUT
LOAD
% RESISTANCE VOLTAGE
<

micromhos, the plate resistance is 62500
ohms, the amplification factor is 100,
and the plate current is 0.0012 ampere.



When these values are used in the ex-
pression for determining the cathode
load resistance, we obtain

500 X 62500

62500—500% (10041 ~ 2000 obrs

Cathode R1.=

The voltage across this resistor for
a plate current of 0.0012 ampere is
2600 % 0.0012 = 3.12 volts. Because the
required bias voltage is only -2 volts,
the circuit arrangement given in Fig. 30
is employed. The bias is furnished by a
resistance that will have a voltage drop
of 2 volts when it carries a current of
0.0012 ampere. The required bias resist-
ance, therefore, is 2/0.0012 1670
ohms. If 60 cycles per second is the low-
est frequency to be passed, 20 micro-
farads is a suitable value for the bypass
capacitor. The B-supply, of course, is in-
creased by the voltage drop across the
cathode resistance which, in this exam-
ple, is approximately 5 volts. The B-
supply, therefore, is 250 + 5 = 255 volts.

Because it is desirable to eliminate,
if possible, the bias resistor and bypass
capacitor, it is worthwhile to try other
tubes and other operating conditions to
obtain a value of cathode load resistance
which will also provide the required bias.
If the triode section of twin diode—
high-mu triode 6AT6 is operated under
the conditions given in the technical
data section with a plate voltage of 100
volts and a bias of -1 volt, it will have
an amplification factor of 70, a plate
resistance of 54000 ohms, a transcon-
ductance of 1300 micromhos, and a plate
current of 0.0008 ampere.

Then,
Cathode R =

500 X 54000

54000 ~ 500 X (T01)~ 460 obms

The bias voltage obtained across
this resistance is 1460 X 0.0008 = 1.17
volts. Since this value is for all practical
purposes close enough to the required
bias, no additional bias resistance will
be required and the grid may be returned
directly to ground. There is no need to
adjust the B-supply voltage to make up
for the drop in the cathode resistor. The
voltage amplification (V.A.) for the
cathode-follower circuit utilizing the
triode section of type 6ATS is

70 X 1460

-A- = £1600 T 1460 x (0 F 1) ~ -8

v
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For applications in which the cath-
ode follower is used to isolate two cir-
cuits—for example, when it is used be-
tween a circuit being tested and the
input stage of an oscilloscope or a vacu-
um-tube voltmeter —voltage output and
not impedance matching is the primary
consideration. In such applications it is
desirable to use a relatively high value
of cathodeload resistance, such as 50,000
ohms, in order to get the maximum volt-
age output. In order to obtain proper
bias, a circuit such as that of Fig. 32
should be used. With a high value of
cathode resistance, the voltage amplifi-
cation will approximate unity.

Corrective Filters

A corrective filter can be used to
improve the frequency characteristic of
an output stage using a beam power
tube or a pentode when inverse feedback
is not applicable. The filter consists of a
resistor and a capacitor connected in
series across the primary of the output
transformer. Connected in this way, the
filter is in parallel with the plate load
impedance reflected from the voice-coil
by the output transformer. The magni-
tudeof thisreflected impedanceincreases
with increasing frequency in the middle
and upper audio range. The impedance
of the filter, however, decreases with in-
creasing frequency. It follows that by
use of the proper values for the resist-
ance and the capacitance in the filter,
the effective load impedance on the out-
put tubes can be made practically con-
stant for all frequencies in the middle
and upper audio range. The result is an
improvement in the frequency charac-
teristic of the output stage.

The resistance to be used in the fil-
ter for a push-pull stage is 1.3 times the
recommended plate-to-plate load resist-
ance; or, for a single-tube stage, is 1.3
times the recommended plate load re-
sistance. The capacitance in the filter
should have a value such that the volt-
age gain of the output stage at a fre-
quency of 1000 cycles or higher is equal
to the voltage gain at 400 cycles.

A method of determining the proper
value of capacitance for the filter is to
make two measurements of the output
voltage across the primary of the output
transformer: first, when a 400-cycle sig-
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nal is applied to the input, and second,
when a 1000-cycle signal of the same
voltage as the 400-cycle signal is applied
to the input.The correct value of capaci-
tance is the one which gives equal output
voltages for the two signal inputs. In
practice, this value is usually found to
be in the order of 0.05 microfarad.

Yolume Expanders

A volume expander can be used in
a phonograph amplifier to make more
natural the reproduction of music which
has a very large volume range. For in-
stance, in the music of a symphony
orchestra, the sound intensity of the
loud passages is very much higher than
that- of the soft passages. When this
music is recorded, it may not be feasible
to make the ratio of maximum ampli-
tude to minimum amplitude as large on
the record as it is in the original music.
The recording process may therefore be
monitored so that the volume range of
the original is compressed on the record.
To compensate for this compression, a
volume-expander amplifier has a vari-
able gain which is greater for a high-
amplitude signal than for a low-ampli-
tudesignal. The volume expander, there-
fore, amplifies loud passages more than
soft passages.
A volume expander circuit is shown
in Fig. 33. In this circuit, the gain of the
“6L7 as an audio amplifier can be varie

grid of the 6J5, is amplified by the 6J5,
and is rectified by the 6H6. The rectified
voltage developed across R;, the load
resistor of the 6HS, is applied as a posi-
tive bias voltage to grid No. 3 of the 6L7.
Then, when the amplitude of the signal
input increases, the voltage across Rs
increases, and the bias on grid No. 8 of
the 6L7 is made less negative. Because
this reduction in bias increases the gain
of the 6L7, the gain of the amplifier in-
increases with increase in signal ampli-
tude and thus produces volume expan-
sion of the signal. The voltage gain of
the expander varies from 5 to 20.

Grid No. 1 of the 6L.7 is a variable-
mu grid and, therefore, will produce dis-
tortion if the input signal voltage is too
large. For that reason, the signal input
to the 6L7 should not exceed a peak
value of 1 volt. The no-signal bias volt-
age on grid No. 3 is controlled by adjust-
ment of contact P. This contact should
be adjusted initially to give a no-signal
plate current of 0.15 milliampere in the
6L7. No further adjustment of contact
P is required if the same 6L7 is always
used. If it is desired to delay volume ex~
pansion until the signal input reaches a
certain amplitude, the delay voltage can
be inserted as a negative bias on the 6H6
plates at the point marked X in the dia-
gram. All terminal points on the power-
supply voltage divider should be ade-
quately bypassed.

C3

TYPE 646

DELAY VOLTAGE

AF OUTPUT Cy, C5, Cs = 0.1 uf
== Cz, Cy, Cos = 0.5 uf
+8 Ri = 1-Megohm Potentiometer
| —— (Volume Control)
250V R:=1 Megohm
R3, Re = 100,000 ohms, 1 watt
Ry 100 V. R4 = 1-Megohm Potentiometer
d (Expansion Control}
ov ; Rs = 10,000 ohms, 0.1 watt
S  Rr=100,000 ohms, 0.1 watt
-0V, Rs = 250,000 ohms, 0.1 watt
-13V. Ro = 500,000 ohms, 0,1 watt
o & SEE
NOTE
- -8

Fig. 33

by changing the bias on grid No. 3. When
the bias on grid No. 8 is made less nega-
tive, the gain of the 6L7 increases. The
signal to be amplified is applied to grid
No. 1 of the 6L.7 and is amplified by the
6L7. The signal is also applied to the

Phase Inverters
A phase inverter is a circuit used to
provide resistance coupling between the
output of a single-tube stage and the in-
put of a push-pull stage. The necessity
for a phase inverter arises because the
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signal-voltage inputs to the grids of a
push-pull stage must be 180 degrees out
of phase and approximately equal in
amplitude with respect to each other.
Thus, when the signal voltage input to
a push-pull stage swings the grid of one
tube in a positive direction, it should
swing the grid of the other tube in a
negative direction by a similar amount.
With transformer coupling between
stages, the out-of-phase input voltage to
the push-pull stage is supplied by means
of the center-tapped secondary. With
resistance coupling, the out-of-phase in-
put voltage is obtained by means of the
inverter action of a tube.

Fig. 34 shows a push-pull power
amplifier, resistance~coupled by means
of a phase-inverter circuit to a single-
stage triode T.. Phase inversion in this
circuit is provided by triode T.. The out-
put voltage of T, is applied to the grid
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of triode T;. A portion of the output
voltage of T is also applied through the
resistors Ry and R; to the grid of T,. The
output voltage of T, is applied to the
grid of triode T,.

When the output voltage of T.
swings in the positive direction, the
plate current of T increases. This action
increases the voltage drop across the
plate resistor R, and swings the plate of
T.in the negative direction. Thus, when
the output voltage of T\ swings positive,
the output voltage of T, swings negative
and is, therefore, 180° out of phase with
the output voltage of T..

In order to obtain equal voltages at
E. and E», (Rs+Rs)/R;s should equal
the voltage gain of T,. Under the condi-
tions where a twin-type tube or two
tubes having the same characteristics are
used at T: and T, R, should be equal to
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the sum of Rs and R;. The ratio of
R:+Rs to R; should be the same as the
voltage gain ratio of T in order to apply
the correct value of signal voltage to T..
The value of R, is, therefore, equal to R
divided by the voltage gain of T»; Rs is
equal to R, minus Rs. Values of Ry, R,,
R; plus R;, and R, may be taken from
the chart in the RESISTANCE-
COUPLED AMPLIFIER SECTION.
In the practical application of this cir-
cuit, it is convenient to use a twin-triode
tube combining T, and T..

Limiters

An amplifier may also be used as a
limiter. One use of a limiter is in receiv-
ers designed for the reception of fre-
quency-modulated signals. The limiter
in FM receivers has the function of
eliminating amplitude variations from
the input to the detector. Because in an
FM system amplitude variations are
primarily theresult of noise disturbances,
the use of a limiter prevents such dis-
turbances from being reproduced in the
audio output. The limiter usually fol-
lows the last if stage so that it can mini-
mize the effects of disturbances coming
in on the rf carrier and those produced
locally.

The limiter is essentially an if volt-
age amplifier designed for saturated
operation. Saturated operation means
that an increase in signal voltage above
a certain value produces very little in-
crease in plate current. A signal voltage
which is never less than sufficient to
cause saturation of the limiter, even on
weak signals, is supplied to the limiter
input by the preceding stages. Any
change in amplitude, therefore, such as
might be produced by noise voltage
fluctuation, is not reproduced in the
limiter output. The limiting action, of
course, does not interfere with the repro-
duction of frequency variations.

Plate-current saturation of the lim-
iter may be obtained by the use of grid-
No.1-resistor-and-capacitor bias with
plate and grid-No.2 voltages which are
low compared with customary if-ampli-
fier operating conditions.

As a result of these design features,
the limiter is able to maintain its output
voltage at a constant amplitude over a
wide range of input-signal voltage varia-



tions. The output of the limiter is fre-
quency-modulated if voltage, the mean
frequency of which is that of the if am-
plifier. This voltage is impressed on the
input of the detector.

The reception of FM signals with-
out serious distortion requires that the
response of the receiver be such that
satisfactory amplification of the signal
is provided over the entire range of fre-
quency deviation from the mean fre-
quency. Since the frequency at any in-
stant depends on the modulation at that
instant, it follows that excessive attenu-
ation toward the edges of the band, in
the rf or if stages, will cause distortion.
In a high-fidelity receiver, therefore, the
amplifiers must be capable of amplifying,
for the maximum permissible frequency
deviation of 76 kilocycles, a band 150
kilocycles wide. Suitable tubes for this
purpose are the 6BA6 and 6BJ6.

Television RF Amplifiers

All amplifier stages generate a cer-
tain amount of noise as a result of
thermal agitation of electrons in resistors
or other components, minute variations
in the cathode emission of tubes (shot
effect), and minute grid currents in the
amplifier tubes. In a radio or television
receiver, noise generated in the first am-
plifier stage is often the controlling fac-
torin determining the over-all sensitivity
of the receiver. The “front end” of a
receiver, therefore, is designed with
special attention to both gain and noise
characteristics.

Tunerinput circuits of vhf television
receivers use either a triode or a pentode
in the rf amplifier stage. Such stages are
required to amplify signals ranging from
55 to 216 Mc and having a bandwidth
of 4.5 Mc, although the tuner is usually
aligned for a bandwidth of 6 Mc to as-
sure complete coverage of the band. In
the early rf tuners, pentodes rather than
triodes were used because the grid-plate
capacitance of triodes created stability
problems. Since the development of the
cascode-type circuit shown in Fig. 35,
however, the stable operation previously
obtained only with pentode amplifiers
has been combined with the low-noise
characteristics of triodes.

The rf amplifier stage shown in Fig.
35 uses a high-gain twin triode such as
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the 6BQ7-A or 6BZ7. The relatively
high transconductance of these tubes
permits high gain and low equivalent
noise resistance. These tubes also pro-
vide high input impedance which aids in
obtaining high input-circuit gain over
the vhf television broadcast range. The
twin-triode circuit permits better isola-
tion between the antenna circuit and the
oscillator stage than a pentode amplifier
circuit.

The gain of the rf amplifier stage is
improved in the upper vhf range by use
of the series inductance, Lg, between the
plate of the first triode section and the
cathode of the second triode section of
the 6BQ7-A or 6BZ7. This inductanee
resonates in series with the total (tube
plus stray) capacitance, designated Cg,-
between the cathode of the second triode

TYPE 6BQT-A
OR 6BZ7

Cc

Lp

RF
QUTPUT
T0 MIXER

IhH

Fig. 85

section and ground. The value of L is
chosen so that the resonance occurs
above the upper end of the vhf broad-
cast range. The use of this series resonant
circuit minimizes feedback of rf voltage
from the plate of the first triode section
to the input grid. In the lower vhf range,
the effect of the series resonant circuit is
negligible. This circuit has a sufficiently
broad frequency response to permit the
use of fixed components.

The direct coupling between the
two triode sections of the 6BQ7-A or
6BZ7 causes the voltage between plate
and cathode to increase when a bias
voltage is applied to the first triode sec-
tion, thereby extending the tube’s cut-
off characteristic. This extension mini-
mizes cross-modulation when automatic
gain control (age) bias is applied to the
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grid of the first triode section. For most
effective gain control over a wide range
of input levels, however, it is desirable
to allow the bias of the second triode
section also to vary somewhat with sig-
nal level. Consequently, the grid of the
second triode section is connected to a
tap on a dc voltage divider between the
plate of the second triode section and a
fixed voltage source, E. When the input
signal is strong, the application of agc
bias to the grid of the first triode section
increases the total voltage drop across
the tube and produces a higher positive
potential on the direct-coupled cathode
of the second triode section. The grid of
the second triode section, however, is
prevented from following the cathode
potential completely because of the volt-
age-divider connection to the fixed-po-
tential source. Therefore, the grid bias
developed in the second triode section
depends on the ratio between the volt-
age-divider connection and the plate po-
tential of the input triode. The values of
E, R, and R. are chosen so that the
stage has a suitable gain characteristic
over a wide range of input-signal levels.

Yideo Amplifiers

The video amplifier stage in a tele-
vision receiver usually employs a pen-
tode-type tube specially designed to am-
plify the wide band of frequencies con-
tained in the video signal and, at the
same time, to provide high gain per
stage. Pentodes are more useful than
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circuit controls the gain of the video
amplifier tube. The inductance, L, in
series with the load resistor, R;, main-
tains the plate load impedance at a rela-
tively constant value with increasing

Fig. 36

frequency. The inductance L. isolates
the output capacitance of the tube so
that only stray capacitance is placed
across the load. As a result, a higher-
value load resistor is used to provide
higher gain without affecting frequency
response or phase relations. The de-
coupling circuit, C,R., is used to improve
the low-frequency response. Tubes used
as video amplifiers include types 6CL6
and 12BY7, or the pentode sections of
types 6AWS and 6ANS.

The luminance amplifier in a color-
television receiveris a convenstional video
amplifier having a bandwidth of approx-
imately 3.5 Mc. In a color receiver, the
portion of the output of the second de-
tector which lies within the frequency

triodes in such stages because they have
high transconductance (to provide high

gain) together with low input and out-
put interelectrode capacitances (to per-
mit the broadband requirements to be
satisfied). An approximate ‘figure of
merit” for a particular tube for this
application can be determined from the
ratio of its transconductance, gm, to the
sum of its input and output capacitances,
Cia and Coyt, as follows:

gm
Cin + Cout
Typical values for this figure are in the
order of 500 x 10¢ or greater.

A typical video amplifier stage,
such as that shown in Fig. 36, is con-
nected between the second detector of
the television receiver and the picture
tube. The contrast control, R, in this
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band from approximately 2.4 to 4.5 Mc
is fed to a bandpass amplifier, as shown
in the block diagram in Fig. 37. The color
synchronizing signal, or “burst,” con-




tained in this signal may then be fed to
a “‘burst-keyer” tube. At the same time,
a delayed horizontal pulse may be ap-
plied to the keyer tube. The output of
the keyer tube is applied to the burst
amplifier tube and the signal is then fed
to the 8.58-Mc oscillator and to the
“color-killer” stage.

The color killer applies a bias volt-
age to the bandpass amplifier in the ab-
sence of burst so that the color section,
or chrominance channel, of the receiver
remains inoperative during black-and-
white broadcasts. A threshold control
varies the bias and controls the burst
level at which the Kkiller stage operates.

The output of the 3.58-Mc oseil-
lator and the output of the bandpass

- amplifier are fed into phase and ampli-
tude demodulator circuits. The output
of each demodulator circuit is an elec-
trical representation of a color-difference
signal, ¢.e., an actual color signal minus
the black-and-white, or luminance, sig-
nal. The two color-difference signals are
combined to produce the third color-
difference signal; each of the three sig-
nals then represents one of the primary
colors.

The three color-difference signals
are usually applied to the grids of the
three electron guns of the color picture
tube, in which ease the black~-and-white
signal from the luminance amplifier may
be applied simultaneously to the cath-
odes. The chrominance and luminance
signals then combine to produce the
color picture. In the absence of trans-
mitted color information, the chromi-
nance channel is cut off by the color
killer, as described above, and only the
luminance signal is applied to the pic-
ture tube, producing a black-and-white
picture.

Television Sync Circuits

In addition to picture information,
the composite video signal supplied to a
television receiver contains information
to assure that the picture produced on
the receiver is synchronized with the
picture being viewed by the camera or
pickup tube. The “sync” pulses, which
have a greater amplitude than the video
signal, trigger the scanning generators
of the receiver when the electron beam
of the pickup tube ends each trace.
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The sync pulses in the composite
video signal may be separated from the
video information in the output of the
second or video detector by means of the
triode circuit shown in Fig. 38. In this
circuit, the time constant of the network
R.C, is long with respect to the interval
between pulses. During each pulse, the
grid is driven positive and draws cur-
rent, thereby charging capacitor C..
Consequently, the grid develops a bias
which is slightly greater than the cutoff
voltage of the tube. Because plate cur-
rent flows only during the syne-pulse
period, only the amplified pulse appears
in the output. This sync-separator stage

! SCAL?«NG
—i CIRCUITS
FROM
SECOND o
DETECTOR

B+
Fig. 38

discriminates against the video informa-
tion. Because the bias developed on the
grid is proportional to the strength of
the incoming signal, the circuit also has
the advantage of being relatively inde-
pendent of signal fluctuations.

Because the electron beam scans
the face of the picture tube at different
rates in the vertical and horizontal di-
rections, the receiver incorporates two
different scanning generators. The repe-
tition rate of the vertical generator is 60
cycles per second, and the rate of the
horizontal generator is approximately
15,750 cycles per second. The composite
video signal includes information which
enables each generator to derive its cor-
rect triggering. One horizontal sync pulse
is supplied at the end of each horizontal
line scan. At the end of each frame,
several pulses of longer duration than
the horizontal syne pulses are supplied
to actuate the vertical generator. The
vertical information is separated from
the horizontal information by differ-
entiating and integrating circuits.

Rectification
The rectifying action of a diode



finds important applications in supply-
ing a receiver with dc power from an ac
line ‘and in supplying high de voltage
from a high-voltage pulse. A typical
arrangement for converting ac to de in-
cludes a rectifier tube, a filter, and a
voltage divider. The rectifying action of
the tube is explained briefly under
Diodes, in the ELECTRONS, ELEC-
TRODES, AND ELECTRON TUBE
SECTION. High-voltage pulse rectifi-
cation is described later under Horizon-
tal Output Circuits.

The function of a filter is to smooth
out the ripple of the tube output, as in-
dicated in Fig. 39, and to increase recti-
fier efficiency. The action of the filter is
explained in ELECTRON TUBE IN-
STALLATION SECTION under Fil-
ters. The voltage divider is used to cut
down the output voltage to the values
required by the plates and the other
electrodes of the tubes in the receiver.

A half-wave rectifier and a full-
wave rectifier circuit are shown in Fig.
40. In the half-wave circuit, current
flows through the rectifier tube to the
filter on every other half-cycle of the ac
input voltage when the plate is positive
with respect to the cathode. In the full-
wave circuit, current flows to the filter
on every half-cycle, through plate No. 1
on one half-cycle when plate No. 1 is
positive with respect to the cathode, and
through plate No. 2 on the next half-
cycle when plate No. 2 is positive with
r@pect to the cathode.
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Because the current flow to the fil-
ter is more uniform in the full-wave cir-
cuit than in the half-wave circuit, the
output of the full-wave circuit requires
less filtering. Rectifier operating infor-
mation and circuits are given under each

HALF-WAVE RECTIFIER

+
INPUT OUTPUT

vOLTS TO
FILTER

e

FULL- WAVE RECTIFIER

Ie

o

INPUT OUTPUT
vOLTS TO

FILTER

Fig. 40

rectifier tube type and in the CIRCUIT
SECTION, respectively.

Parallel operation of rectifier tubes
furnishes an output current greater than
that obtainable with the use of one tube.
For example, when two full-wave recti-
fier tubes are connected in parallel, the
plates of each tube are connected to-
gether and each tube aects as a half-wave
rectifier. The allowable voltage and load
conditions per tube are the same as for
full-wave service but the total load-
handling capability of the complete rec-
tifier is approximately doubled.

‘When mercury-vapor rectifier tubes
are connected in parallel, a stabilizing
resistor of 50 to 100 ohms should be con-
nected in series with each plate lead in
order that each tube will carry an equal
share of the load. The value of the re-
sistor to be used will depend on the
amount of plate current that passes
through the rectifier. Low plate current
requires a high value; high plate cur-
rent, a low value. When the plates of
mercury-vapor rectifier tubes are con-
nected in parallel, the corresponding
filament leads should be similarly con-




nected. Otherwise, the tube drops will
be considerably unbalanced and larger
stabilizing resistors will be required.

- Two or more vacuum rectifier tubes
can also be connected in parallel to give
correspondingly higher output current
and, as a result of paralleling their in-
ternal resistances, give somewhat in-
creased voltage output. With vacuum
types, stabilizing resistors may or may
not be necessary depending on the tube
type and the circuit.

A voltage-doubler circuit of simple
form is shown in Fig. 41. The circuit de-
rives its name from the fact that its de
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voltage output can be as high as twice
the peak value of ac input. Basically, a
voltage doubler is a rectifier circuit ar-
rangéd so that the output voltages of
two half-wave rectifiers are in series.
The action of a voltage doubler can
be:described briefly as follows. On the
positive half-cycle of the ac input, that
is, when the upper side of the ac input
line is positive with respect to the lower
side, the upper diode passes current and
féeds a positive charge into the upper
capacitor. As positive charge accumu-
lates on the upper plate of the capacitor,
a positive voltage builds up across the
capacitor. On the next half-cycle of the
ac input, when the upper side of the line
is negative with respect to the lower
side, the lower diode passes current so
that a negative voltage builds up across
the lower capacitor.

VOLTAGE-DOUBLER CIRCUIT
FULL -WAVE
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So long as no current is drawn at
the output terminals from the capacitor,
each capacitor can charge up to a volt-
age of magnitude E, the peak value of
the ac input. It can be seen from the
diagram that with a voltage of +E on
one capacitor and —E on the other, the
total voltage across the capacitors is 2E.
Thus the voltage doubler supplies a no-
load dec output voltage twice as large as
the peak ac input voltage. When current
is drawn at the output terminals by the
load, the output voltage drops below 2E
by an amount that depends on the mag-
nitude of the load current and the capaci-
tance of the capacitors. The arrange-
ment shown in Fig. 41 is called a full-
wave voltage doubler because each
rectifier passes current to the load on
each half of the ac input cycle.

Two rectifier types especially de-
signed for use as voltage doublers are
the 25Z6 and 117Z6-GT. These tubes
combine two separate diodes in one
tube. As voltage doublers, the tubes are
used in “transformerless’’ receivers. In
these receivers, the heaters of all tubes
in the set are connected in series with a
voltage-dropping resistor across the line.
The connections. for the heater supply
and the voltage-doubling circuit are
shown in Figs. 42 and 43.

With the full-wave voltage-doubler
circuit in Fig. 42, it will be noted that
the dc load circuit can not be connected
to ground or to one side of the ac supply
line. This circuit presents certain dis-
advantages when the heaters of all the
tubes in the set are connected in series
with a resistance across the ac line. Such
a circuit arrangement may cause hum
because of the high ac potential between
the heaters and cathodes of the tubes.

The circuit in Fig. 43 overcomes
this difficulty by making one side of the
ac line common with the negative side
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of the de load circuit. In this circuit, one
half of the tube is used to charge a capaci-
tor which, on the following half cycle,
discharges in series with the line voltage
through the other half of the tube. This

Tube Manunal

A diode-detector circuit is shown
in Fig. 45. The action of this circuit
when a modulated rf wave is applied is
illustrated by Fig. 46. The rf voltage
applied to the circuit is shown in light
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AMPLITUDE ~-MODULATED
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Fig. 44

circuit is called a half-wave voltage
doubler because rectified current flows
to the load only on alternate halves of
the ac input cycle. The voltage regula-
tion of this arrangement is somewhat
poorer than that of the full-wave voltage
doubler.

Detection

‘When speech, musie, or video infor-
mation is transmitted from a radio or
television station, the station radiates
a radio-frequency (rf) wave which is of
either of two general types. In one type,
the wave is said to be amplitude modu-
lated when its frequency remains con-
stant and the amplitude is varied. In the
other type, the wave is said to be fre-
quency modulated when its amplitude
remains essentially constant but its fre-
quency is varied.

The function of the receiver is to
reproduce the original modulating wave
from the modulated rf wave.The receiver
stage in which this function is performed
is called the demodulator or detector
stage.

AM Detection

The effect of amplitude modula-
tion on the waveform of the rf wave is
shown in Fig. 44. There are three differ-
ent basic circuits used for the detection
of amplitude-modulated waves: the di-
ode detector, the grid-bias detector, and
the grid-resistor detector. These circuits
are alike in that they eliminate, either
partially or completely, alternate half-
cycles of the rf wave. With alternate
half-cyclesremoved, the audio variations
of the other half-cycles can be amplified
to drive headphones or a loudspeaker.
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line; the output voltage across capacitor
C is shown in heavy line.

Between points (a) and (b) on the
first positive half-cycle of the applied rf
voltage, capacitor C charges up to the
peak value of the rf voltage. Then as the
applied rf voltage falls away from its
peak value, the capacitor holds the cath-
ode at a potential more positive than the
voltage applied to the anode.The capaci-
tor thus temporarily cuts off current
through the diode. While the diode eur-
rent is cut off, the capacitor discharges
from (b) to (¢) through the diode load
resistor R.

When the rf voltage on the anode
rises high enough to exceed the potential
at which the capacitor holds the cath-
ode, current flows again and the capaci-
tor charges up to the peak value of the
second positive half-cycle at (d). In this

Fig. 45

way, the voltage across the capacitor
follows the peak value of the applied rf
voltage and reproduces the af modu-
lation.

The curve for voltage across the
capacitor, as drawn in Fig. 46, is some-
what jagged. However, this jaggedness,
which represents an rf component in the
voltage across the capacitor, is exagger-
ated in the drawing. In an actual circuit



the rf component of the voltage across
the capacitor is negligible. Hence, when
the voltage across the capacitor is ampli-
fied, the output of the amplifier repro-
duces the speech or music originating at
the transmitting station.

Another way to describe the action
of a diode detector is to consider the
circuit as a half-wave rectifier. When the
rf signal on the plate swings positive, the
tube conducts and the rectified current
flows through the load resistance R. Be-
cause the de output voltage of a rectifier
depends on the voltage of the ac input,
the dc voltage across C varies in accord-
ance with the amplitude of the rf carrier
and thus reproduces the af signal. Ca-
pacitor C should be large enough to
smooth out rf or if variations but should
not be so large as to affect the audio
variations. Two diodes can be connected
in a circuit similar to a full-wave rectifier
to give full-wave detection. However, in

practice, the advantages of this connec-
tion generally do not justify the extra
circuit complication.

The diode method of detection pro-
duces less distortion than other methods
because the dynamic characteristics of a
diode can be made more linear than
those of other detectors. The disad-
vantages of a diode are that it does not
amplify the signal, and that it draws
current from the input circuit and there-
fore reduces the selectivity of the input
circuit. However, because the diode
method of detection produces less dis-
tortion and because it permits the use
of simple ave circuits without the neces-
sity for an additional voltage supply,
the diode method of detection is most
widely used in broadecast receivers.

A typical diode-detector circuit using
a twin-diode triode tube is shown in Fig.
47. Both diodes are connected together.
R, is the diode load resistor. A portion
of the af voltage developed across this
resistor is applied to the triode grid
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through the volume control Rs. In a
typical circuit, resistor R, may be tapped
so that five-sixths of the total af voltage
across R, is applied to the volume con-
trol. This tapped connection reduces the

AF
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af voltage output of the detector circuit
slightly but it reduces audio distortion
and improves the rf filtering.

DC bias for the triode section is
provided by the cathode-bias resistor R,
and the audio bypass capacitor Cs. The
function of capacitor C; is to block the
dc bias of the cathode from the grid. The
function of capacitor C, is to bypass
any rf voltage on the grid to cathode. A
twin-diode pentode may also be used in
this circuit. With a pentode, the af out-
put should be resistance-coupled rather
than transformer-coupled.

Another diode-detector clrcult,
called a diode-biased circuit, is shown in
Fig. 48. In this circuit, the triode grid is
connected directly to a tap on the diode
load resistor. When an rf signal voltage
is applied to the diode, the de voltage at
the tap supplies bias to the triode grid.
When the rf signal is modulated, the af
voltage at the tap is applied to the grid
and is amplified by the triode.

The advantage of the circuit shown
in Fig. 48 over the self-biased arrange-

IF
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ment shown in Fig. 47 is that the diode-
biased circuit does not employ a capaci-
tor between the grid and the diode load
resistor, and consequently does not pro-
duce as much distortion of a signal
having a high percentage of modulation.

Fig, 47
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Fig. 48
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However, there are restrictions on
the use of the diode-biased circuit. Be-
cause the bias voltage on the triode de-
pends on the average amplitude of the
rf voltage applied to the diode, the aver-
age amplitude of the voltage applied to
the diode should be constant for all
values of signal strength at the antenna.
Otherwise there will be different values
of bias on the triode grid for different
signal strengths and the triode will pro-
duce distortion. Because there is no bias
applied to the diode-biased triode when
no rf voltage is applied to the diode,
sufficient resistance should be included
in the plate circuit of the triode to limit
its zero-bias plate current to a safe value.

These restrictions mean, in practice,
that the receiver should have a separate-
channel automatic-volume-control (ave)
system, With such an avc system, the
average amplitude of the signal voltage
applied to the diode can be held within
very close limits for all values of signal
strength at the antenna.

The tube used in a diode-biased cir-
cuit should be one which operates at a
fairly large value of bias voltage. The
variations in bias voltage are then a
small percentage of the total bias and
hence produce small distortion. Tubes
taking a fairly large bias voltage are
types such as the 6BF6 or 6SR7 having
a medium-mu triode. Tube types having
a high-mu triode or a pentode should not
be used in a diode-biased circuit.

A grid-bias detector circuit is
shown in Fig. 49. In this circuit, the grid
is biased almost to cutoff, i.e., operated
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so that the plate current with zero signal
Is practically zero. The bias voltage can
be obtained from a cathode-bias resistor,
a C-battery, or a bleeder tap. Because of
the high negative bias, only the positive
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half-cycles of the rf signal are amplified
by the tube. The signal is, therefore, de-
tected in the plate circuit. The advan-
tages of this method of detection are
that it amplifies the signal, besides de-
tecting it, and that it does not draw
current from the input circuit and there-
fore does not lower the selectivity of the
input circuit.

The grid-resisior-and-capacitor
method, illustrated by Fig. 50, is some-
what more sensitive than the grid-bias
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method and gives its best results on
weak signals. In this circuit, there is no
negative dc bias voltage applied to the
grid. Hence, on the positive half-cycles
of the rf signal, current flows from grid
to cathode. The grid and cathode thus
act as a diode detector, with the grid
resistor as the diode load resistor and the
grid capacitor as the rf bypass capacitor.
The voltage across the capacitor then
reproduces the af modulation in the
same manner as has been explained for
the diode detector. This voltage appears
between the grid and cathode and is
therefore amplified in the plate circuit.
The output voltage thus reproduces the
original af signal.

In this detector circuit, the use of a
high-resistance grid resistor increases
selectivity and sensitivity. However, im-
proved af response and stability are ob-
tained with lower values of grid-circuit
resistance. This detector circuit ampli-
fies the signal, but draws current from
the input circuit and therefore lowers
the selectivity of the input circuit.

FM Detection
The effect of frequency modulation
on the waveform of the rf wave is shown
in Fig. 51. In this type of transmission,
the frequency of the rf wave deviates



from a mean value, at an af rate depend-
ing on the modulation, by an amount
that is determined in the transmitter
and is proportional to the amplitude of
the af modulation signal.

AF MODULATING WAVE

FREQUENCY~-MODULATED RF WAVE

Fig. 51

For this type of modulation, a de-
tector is required to discriminate be-
tween deviations above and below the
mean frequency and to translate those
deviations into a voltage whose ampli-
tude varies at audio frequencies. Since
the deviations occur at an audio fre-
quency, the process is one of demodula-
tion, and the degree of frequency devia-
tion determines the amplitude of the
demodulated (af) voltage.

A simple circuit for converting fre-
quency variations to amplitude varia-
tions is a circuit which is tuned so that
the mean radio frequency is on one slope
of its resonance characteristic, as at A

OPERATING
FREQUENCY

VOLTAGE

FREQUENCY
Fig. 52
of Fig. 52. With modulation, the fre-
quency swings between B and C, and
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the voltage developed across the circuit
varies at the modulating rate. In order
that no distortion will be introduced in
this circuit, the frequency swing must be
restricted to the portion of the slope
which is effectively straight. Since this
portion is very short, the voltage de-
veloped is low. Because of these limita-
tions, this circuit is not commonly used
but it serves to illustrate the principle.

The faults of the simple circuit are
overcome in a push-pull arrangement,
sometimes called a discriminator cir-
cuit, such as that shown in Fig. 53. Be-
cause of the phase relationships between
the primary and each half of the second-
ary of the input transformer (each half
of the secondary is connected in series
with the primary through capacitor C,),
the rf voltages applied to the diodes be-
come unequal as the rf signal swings
from the resonant frequency in each
direction.

Since the swing occurs at audio
frequencies (determined by the af modu-
lation), the voltage developed across the
diode load resistors, R, and R, connected
in series, varies at audio frequencies.The
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output voltage depends on the difference
in amplitude of the voltages developed
across R; and R,. These voltages are
equal and of opposite sign when the rf
carrier is not modulated and the output
is, therefore, zero. When modulation is
applied, the output voltage varies as
indicated in Fig. 54.

Because this type of FM detector is
sensitive to amplitude variations in the
rf carrier, a limiter stage is frequently
used to remove most of the amplitude
modulation from the carrier. (See Lim-
iters under Amplification.)

Another form of detector for fre-
quency-modulated waves is called aratio
detector. This FM detector, unlike the
previous one which responds to a differ- -



ence in voltage, responds only to changes
in the ratio of the voltage across two
diodes and is, therefore, insensitive to
changes in the differences in the voltages
+
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Fig. 54

due to amplitude modulation of the rf
carrier.

The basic ratio detector is given in
Fig. 55. The plate load for the final if
amplifier stage is the parallel resonant
circuit consisting of C; and the primary
transformer T. The tuning and coupling
of the transformer is practically the
same as in the previous circuit and,
therefore, the rf voltages applied to the
diodes depend upon how much the rf
signal swings from the resonant fre-
quency in each direction. At this point
the similarity ends.

Diode 1, R;, and diode 2 complete a
series circuit fed by the secondary of the
transformer T. The two diodes are con-
nected in series so that they conduct on
the same rf half-cycle. The rectified cur-
rent through R. causes a negative volt-
age to appear at the plate of diode 1.
Because Cs is large, this negative voltage
at the plate of diode 1 remains constant
even at the lowest audio frequencies to
be reproduced.

The rectified voltage across C; is
proportional to the voltage across diode
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diodes differ according to the instan-
taneous frequency of the carrier, the
voltages across C; and C, differ propor-
tionately, the voltage across C; being
the larger of the two voltages at carrier
frequencies below the intermediate fre-
quency and the smaller at frequencies
above the intermediate frequency.

These voltages across C; and C, are
additive and their sum is fixed by the
constant voltage across C,. Therefore,
while the ratio of these voltages varies
at an audio rate, their sum is always
constant. The voltage across C, varies
at an audio rate when a frequency-
modulated rf carrier is applied to the
ratio detector; this audio voltage is ex-
tracted and fed to the audio amplifier.
For a complete circuit utilizing this type
of detector, refer to the CIRCUIT
SECTION.

Avutomatic Volume or Gain Control

The chief purposes of automatic
volume control (ave) or automatic gain
control (age) in a radio or television
receiver are to prevent fluctuations in
loudspeaker volume or picture bright-
ness when the audio or video signal at
the antenna is fading in and out.

An automatic volume control cir-
cuit regulates the receiver rf and if gain
so that this gain is less for a strong signal
than for a weak signal. In this way,
when the signal strength at the antenna
changes, the ave circuit reduces the re-
sultant change in the voltage output of
the last if stage and consequently re-
duces the change in the speaker output
volume.

The avec circuit reduces the rf and if
gain for a strong signal usually by in-
creasing the negative bias of the rf, if,
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1, and the rectified voltage across C; is
proportional to the voltage across diode
2. Since the voltages across the two

and frequency-mixer stages when the
signal increases. A simple ave circuit is
shown in Fig. 56. On each positive half-
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cycle of the signal voltage, when the
diode plate is positive with respect to
the cathode, the diode passes current.
Because of the flow of diode current
through R, thereis a voltage drop across
R, which makes the left end of R. nega-
tive with respect to ground. This voltage
drop across R, is applied, through the
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filter R, and C, as negative bias on the
grids of the preceding stages. When the
signal strength at the antenna increases,
therefore, the signal applied to the ave
diode increases, the voltage drop across
R, increases, the negative bias voltage
applied to the rf and if stages increases,
and the gain of the rf and if stages is de-
creased. Thus the increase in signal
strength at the antenna does not pro-
duce as much increase in the output of
the last if stage as it would produce
without ave.

When the signal strength at the
antenna decreases from a previous steady
value, the avce circuit acts, of course, in
the reverse direction, applying less nega-
tive bias, permitting the rf and if gain
to increase, and thus reducing the de-
crease in the signal output of the last
if stage. In this way, when the signal
strength at the antenna changes, the ave
circuit acts to reduce change in the out-
put of the last if stage, and thus acts to
reduce change in loudspeaker volume.

The filter, C and R,, prevents the
ave voltage from varying at audio fre-
quency. The filter is necessary because
the voltage drop across R: varies with
the modulation of the carrier being re-
ceived. If ave voltage were taken directly
from R, without filtering, the audio
variations in ave voltage would vary the
receiver gain so as to smooth out the
modulation of the carrier. To avoid this
effect, the ave voltage is taken from the
capacitor C. Because of the resistance
R, in series with C, the capacitor C can
charge and discharge at only a compara-
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tively slow rate. The ave voltage there-
fore cannot vary at frequencies as high
as the audio range but can vary at fre-
quencies high enough to compensate for
most fading. Thus the filter permits the
ave cireuit to smooth out variations in
signal due to fading, but prevents the
circuit from smoothing out audio modu-
lation.

It will be seen that an ave circuit
and a diode-detector circuit are much
alike. It is therefore convenient in a re-
ceiver to combine the detector and the
avc diode in a single stage. Examples of
how these functions are combined in
receivers are shown in CIRCUIT
SECTION.

In the circuit shown in Fig. 56, a
certain amount of avc negative bias is
applied to the preceding stages on a
weak signal. Since it may be desirable
to maintain the receiver rf and if gain
at the maximum possible value for a
weak signal, ave circuits are designed in
some cases to apply no avc bias until the
signal strength exceeds a certain value.
These ave circuits are known as delayed
avc or dave circuits.

A dave circuit is shown in Fig. 57.
In this circuit, the diode section D: of
the 6H6 acts as detector and ave diode.
R, is the diode load resistor and R. and
C, are the avc filter. Because the cathode
of diode D: is returned through a fixed
supply of -3 volts to the cathode of D), a
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de current flows through R, and R; in
series with D,. The voltage drop caused
by this current places the avc lead at
approximately —3 volts (less the negligi-
ble drop through D,). When the average
amplitude of the rectified signal devel-
oped across R; does not exceed 3 volts,
the avc lead remains at —3 volts. Hence,
for signals not strong enough to develop



3 volts across R,, the bias applied to the
controlled tubes stays constant at a
value giving high sensitivity.

-However, when the average ampli-
tude of rectified signal voltage across R,
exceeds 3 volts, the plate of diode D, be-
comes more negative than the cathode
of D:and current flow in diode D, ceases.
The potential of the avclead is then con-
trolled by the voltage developed across
R.. Therefore, with further increase in
signal strength, the ave circuit applies
an ‘increasing ave bias voltage to the
controlled stages. In this way, the cir-
cuit regulates the receiver gain for
strong signals, but permits the gain to
stay constant at a maximum value for
weak signals.

It can be seen in Fig. 57 that a por-
tion of the —3 volts delay voltage is
applied to the plate of the detector
diode D, this portion being approxi-
mately equal to R:/(R: + R;) times -3
volts. Hence, with the circuit ¢constants
as shown, the detector plate is made
negative with respect to its cathode by
approximately one-half volt. However,
this voltage does not interfere with de-
tection because it is not large enough to
prevent eurrent flow in the tube.

-Automalic gain control (agc) com-
pensates for fluctuations in rf picture
carrier amplitude. The peak carrier level
rather than the average carrier level is
controlled by the agc voltage because
the peaks of the sync pulses are fixed
when inserted on a fixed carrier level.
The peak carrier level may be determined
by measurement of the peaks of the
syne pulses at the output of the video
detector.

A conventional age circuit, such as
that shown in Fig. 58, consists of a diode
detector circuit and an RC filter. The
time constant of the detector circuit is
made large enough to prevent the pic-
ture content from influencing the mag-
nitude of the age voltage. The output
voltage (agc voltage) is equal to the
peak value of the incoming signal.

The diode detector receives the in-
coming signal from the last if stage of
the television receiver through the ca-
pacitor C.. The resistor R: provides the
load for the diode. The diode conducts
only when its plate is driven positive
with respect to its cathode. Electrons
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then flow from the cathode to the plate
and thence into capacitor C,, where the
negative charge is stored. Because of the
low impedance offered by the diode dur-
ing conduction, C, charges up to the
value of the peak applied voltage.
During the negative excursion of
the signal, the diode does not conduct,
and C, discharges through resistor R..
Because of the large time constant of
R.C,, however, only a small percentage
of the voltage across C. is lost during the
interval between horizontal sync pulses.
During succeeding positive cycles, the
incoming signal must overcome the neg-
ative charge stored in C,before the diode
conducts, and plate current flows only
at the peak of each positive cycle. The
voltage across Ci, therefore, is deter-
mined by the level of the peaks of the
positive cycles, or the syne pulses.

FRO C R VOLTAGE TO
LAt : AP {F AND RF
sThcE STAGES
R ==C2
Fig. 58

‘The negative voltage developed
-across resistor R: by the sync pulses is
filtered by resistor R, and capacitor C;
to remove the 15,750-cycle ripple of the
horizontal sync pulse. The dc output is
then fed to the if and rf amplifiers as an
age voltage.

This age system may be expanded
to include amplification of the agc signal
before detection of the peak level, or
amplification of the dc output, or both.
A direct-coupled amplifier must be used
for amplification of the dc signal. The
addition of amplification makes the sys-
tem more sensitive to changes in carrier
level.

A **keyed” age system such as that
shown in Fig. 59 is used to eliminate flut-
ter and to improve noise immunity in
weak signal areas. This system provides
more rapid action than the conventional
age circuits because the filter circuit can
employ lower capacitance and resistance
values.

In the keyed agc system, the nega-
tive output of the video detector is fed
directly to the grid No.1 of the first
video amplifier. The positive output of
the video amplifier is, in turn, fed di-



rectly to the grid No.1 of the keyed age
arhplifier. The video stage increases the
gain of the age system and, in addition,
provides noise clipping. The plate volt-
age for the agc amplifier is a positive
pulse obtained from a small winding on
the horizontal output transformer which
is in phase with the horizontal sync pulse
obtained from the video amplifier. The
polarity of this pulse is such that the
plate of the agc amplifier tube is positive
during the retrace time. The tube is
biased so that current flows only when
the grid No.1 and the plate are driven
positive simultaneously. The amount of
current flow depends on the grid-No.1
potential during the pulse. These pulses
are smoothed out in the RC network in
the plate circuit (R.C,). Because the dc
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voltage developed across R is negative,
it is suitable for application to the grids
of the rf and if tubes as an agec voltage.

Tuning Indication With
Electron-Ray Tubes

Electron-ray tubes are designed to
indicate visually by means of a fluores-
cent target the effects of a change in
controlling voltage. One application of
them is as tuning indicators in radio
receivers. Types such as the 6U5, 6ES5,
and the 6AB5/6N5 contain two main
parts: (1) a triode which operates asa de
amplifier and (2) an electron-ray indi-
cator which is located in the bulb as
shown in Fig. 60. The target is operated
at a positive voltage and, therefore, at-
tracts electrons from the cathode. When
the electrons strike the target they pro-
duce a glow on the fluorescent coating
of the target. Under these conditions,
the‘target appears as a ring of light.

- - A ray-control electrode is mounted
between the cathode and target. When
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the potential of this electrode is less posi-
tive than the target, electrons flowing to
the target are repelled by the electro-
static field of the electrode, and do not

B
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— " PLATE
TRIODE __ T=~CATHODE
GRID

Fig. 60

reach that portion of the target behind
the electrode. Because the target does
not glow where it is shielded from elec-
trons, the control electrode casts a
shadow on the glowing target. The ex-
tent of this shadow varies from approx-
imately 100° of the target when the con-
trol electrode is much more negative
than the target to 0° when the control
electrode is at approximately the same
potential as the target.

In the application of the electron-
ray tube, the potential of the control
electrode is determined by the voltage
on the grid of the triode section, as can
be seen in Fig. 61. The flow of the triode
plate current through resistor R produces
a voltage drop which determines the po-
tential of the control electrode. When
the voltage of the triode grid changes in
the positive direction, plate current in-
creases, the potential of the control elec-
trode goes down because of the increased
drop across R, and the shadow angle
widens. When the potential of the triode
grid changes in the negative direction,
the shadow angle narrows.

Another type of indicator tube is

ELECTRON-
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TO GONTROLLING
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Fig. 61

the 6AF6-G. This tube contains only an
indicator unit but employs two ray-con-
trol electrodes mounted on oppositesides
of the cathode and connected to indi-



vidual base pins. It employs an external
de amplifier. (See Fig. 62.) Thus, two
symmetrically opposite shadow angles
may be obtained by connecting the two
ray-control electrodes together; or, two
unlike patterns may be obtained by in-
dividual connection of each ray-control
electrode to its respective amplifier.

In radio receivers, ave voltage is
applied to the grid of the de amplifier.
Because avc voltage is at maximum
when the set is tuned to give maximum
response to a station, the shadow angle
is at minimum when the receiver is
tuned to resonance with the desired
station.

The choice between electron-ray
tubes depends on the avc characteristic
of the receiver. The 6E5 contains a
sharp-cutoff triode which closes the
shadow angle on a comparatively low
value of ave voltage. The 6AB5/6N5
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and 6U5 each have a remote-cutoff tri-
ode which closes the shadow on a larger
value of ave voltage than the 6E5. The
6AF6-G may be used in conjunction
with dc amplifier tubes having either
remote- or sharp-cutoff characteristics.

Oscillation

As an oscillator, an electron tube
can be employed to generate a continu-~
ously alternating voltage. In present-
day radio broadcast receivers, this ap-
plication is limited practically to super-
heterodyne receivers for supplying the
heterodyning frequency. Several circuits
(represented in Figs. 63 and 64) may be
utilized, but they all depend on feeding
more energy from the plate circuit to the
grid circuit than is required to equal the
power loss in the grid circuit. Feedback
may be produced by electrostatic or
electromagnetic coupling between the
grid and plate circuits. When sufficient
energy is fed back to more than compen-
sate for the loss in the grid circuit, the
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tube will oscillate. The action consists
of regular surges of power between the
plate and the grid circuit at a frequency
dependent on the circuit constants of

K

B- A- B
At

Fig. 63

inductance and capacitance. By proper
choice of these values, the frequency
may be adjusted over a very wide range.

Multivibrators

Relaxation oscillators, which are
widely used in present-day electronic
equipment, are used to produce non-
sinusoidal waveshapes such as rectangu-
lar and sawtooth pulses. Probably the
most common relaxation oscillator is the
multivibrator, which may be considered
as a two-stage resistance-coupled ampli-
fier in which the output of each tube is
coupled into the input of the other tube.

Fig. 65 is a basic multivibrator cir-
cuit of the free-running type. In this cir-
cuit, oscillations are maintained by the
alternate shifting of conduction from
one tube to the other. The cycle usually
starts with one tube, V., at zero bias,
and the other, V,, at cutoff or beyond.
At this point, the capacitor C. is charged
sufficiently to cut off V,. C, then begins
to discharge through the resistor Ry, and
the voltage on the grid of V, rises until
V. begins to conduct. The voltage on the

B HEATER B+
TRANSFORMER

Fig. 64

plate of V, then decreases, causing V, to
conduct less and less. At the same time,
the plate voltage of V. begins to rise,
causing V, to conduct still more heavily.



Because of the amplification, this cumu-
lative effect builds up extremely fast,
and conduction switches from V, to V.
within a few microseconds, depending
on the circuit components.

In this circuit, therefore, conduc-
tion switches from V, to V, over the
interval during which C, discharges
from the voltage across R, to the cutoff
voltage for V,. The actual transfer of
conduction does not occur until cutoff
is reached. Conduction switches back to
V: through a similar process to complete
the cycle. The plate waveform is essen-
tially rectangular in shape, and may be
adjusted as to symmetry, frequency,
and amplitude by proper choice of cir-
cuit constants, tubes, and voltages.

Although this type of multivibrator
is free-running, it may be triggered by
pulsesof agivenamplitudeand frequency

Fig. 65

to provide a frequency-stabilized out-
put. Multivibrator circuits may also be
designed so that they are not free-run-
ning, but must be triggered externally
to shift conduction from one tube to the
other. Depending on the type of circuit,
conduction may shift back to the first
tube after a given time interval, or the
second tube may continue conducting
until another trigger signal is applied.

Synchroguide Circuits

The ‘“‘synchroguide” is a controlled
type of oscillator used in television re-
ceivers to generate and control tha syn-
chronized sawtooth voltage necessury for
adequate line- or horizontal-frequency
scanning. A simplified synchroguide cir-
cuit is shown in Fig. 66. This circuit pro-
vides stable, noise-free control of a block-
ing oscillator which generates a horizon-
tal-frequency signal. It permits com-
parison of the received syne pulses and
the generated sawtooth voltages so that
properly locked-in horizontal scanning
results.
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The triode V. in Fig. 66 is a conven-
tional blocking oscillator which enables
a sawtooth voltage to be developed

TQ
HORIZONTAL,
SYNICI(_ SCANNING
INPUT AMPLIFIER
=C2
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across the capacitor C,. A portion of this
sawtooth is fed back to the grid of the
control tube, V..The positive sync pulses
are also applied to the grid of V,. The
waveforms shown in Fig. 67 illustrate
the sawtooth and sync pulses (A and B)
and their proper “in-sync” combination
(C). The sync pulse occurs partly during
the portion of the sawtooth voltage in
which the triode V, draws current. Any
shift in syne pulse as it is superimposed
on the sawtooth, therefore, will affect
the amount of conduction of the control
tube. A change in control-tube conduc-
tion ultimately affects the bias on the
oscillator-tube grid by changing the
voltage to which the capacitor C, in the
cathode circuit may charge. An increase
in the positive bias increases the fre-
quency of oscillation.

For example, waveform D in Fig.
67 illustrates a condition in which the
sawtooth voltage is advanced in phase
with respect to the sync-pulses. The

Fig. 66
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widening of the pulse which occurs at
the corner of the sawtooth waveform
allows the control tube to conduct more
current and, consequently, allows the
capacitor C; to charge to a higher volt-



age. This increased reference voltage is,
in turn, fed to the oscillator (V,) grid
through the voltage divider (R:R;) and
increases the positive bias.The increased
bias then speeds up the frequency of
oscillations until proper synchronization
results.

Deflection Circuits
Yertical Output Circuits

A modified multivibrator in which
the vertical output tube is part of the
oscillator circuit is used in the vertical
deflection stage of many tzlevision re-
ceivers. This stage supplies the deflec-
tion energy required for vertical deflec-
tion of the picture-tube beam. A simpli-
fied combined vertical-oscillator-output
stage is shown in Fig. 68. Waveshapes at
critical points of the circuit are included

W

RCA Receiving Tube Manunal

N

_.) QUTPUT
W TRANSFORMER
OSC|LLATOR TUBE OUTPUT TUBE
V2 ==

damping, and lengthened retrace time.
However, the grid voltage is made suffi-
ciently negative during retrace to keep
the tube close to cutoff, as described
below.

The frequency, and the relative de-
viation of the positive and negative por-
tions of each cycle, are dependent on the
values of resistors R; and R; and the RC
combination R;C., as explained previ-
ously in the section on multivibrators.
The desired trapezoidal waveshape at
the grid of V. is created by capacitor C,
and resistor R.. If R, were equal to zero,
C: would cause the grid-voltage wave-
shape to take the form shown in Fig.
69(a). When R, is sufficiently large, C,
does not discharge completely when V,
conducts. When V., is cut off, therefore,
the voltage on the grid of V, immedi-
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Fig. 68

to illustrate the development of the de-
sired current through the vertical out-
put transformer and deflecting yoke.
The current waveform through the
deflecting yoke and output transformer
should be a sawtooth to provide the de-
sired deflection. The grid and plate volt-
age waveforms of the output tube could
also be sawtooth except for the effect of
the inductive components in the yoke
and transformer. The effect of these in-
ductive components must be taken in-
to consideration, however, particularly
during retrace. The fast rate of current
change during retrace time (which is
approximately 1/15 as long as trace
time) causes a high-voltage pulse at
the plate which could give a trapezoi-
dal waveshape to the plate voltage and
cause increased plate current, excess

ately rises to the voltage across C,. The
resulting waveshape is shown in Fig.
69(b). The negative-going pulse of the
grid-voltage waveshape prevents the
high plate pulse from causing excess

Fig. 69

conduction, and thereby prevents over-
damping.

This vertical deflection stage uti-
lizes twin-triode tubes such as the 12BH7
and 6CM7. The 6CMT is particularly
suitable for this application because it
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incorporates dissimilar units to provide
for the different operating requirements
of the oscillator and output sections.

Horizontal Qutput Circuits

Fig. 70 shows a typical horizontal-
output-and-deflection circuit usedin tele-
vision receivers. In addition to supplying
the deflection energy required for hori-
zontal deflection of the picture-tube
beam, this circuit provides the high de
voltage required for the ultor of the pic-
ture tube and the ‘‘boosted’” B voltage
for other portions of the receiver. The
horizontal-output tube is usually a beam
power tube such as the 6BQ6-GTB/
6CU6 or 6CD6-GA.

In this circuit, a sawtooth voltage
from the horizontal-oscillator tube is ap~
plied to the grid No.1 of the horizontal-
output tube. When this voltage rises
above the cutoff point of the output tube,
the tube conducts a sawtooth of plate
turrent which is fed through the auto-
transformer to the horizontal-deflecting
yoke. At the end of the horizontal-scan-
ning cycle, which lasts for 63.4 micro-
seconds, the sawtooth voltage on the
grid suddenly cuts off the output tube.
This sudden change sets up an oscillation
of about 50 to 70 Kc¢ in the output cir-
cuit, which may be considered as an in-
ductor shunted by the stray capacitance
of the circuit. During the first half of
this oscillation, a positive voltage ap-
pears across the transformer. In the sec-
ond half of the cycle, the voltage swings
below the plate supply voltage, and the
damper diode conducts, damping out the
oscillation. At the same time, the current
through the deflecting yoke reverses and
reachesits negative peak. As the damper-
diode current decays exponentially to
zero, the ocutput tube begins to conduct
again. The yoke current, therefore, is
composed of current resulting from
damper-diode conduction followed by
output-tube conduction.

When the output tube is suddenly
cut off, the high-voltage pulse produced
by shock excitation of the load circuit is
increased by means of an extra winding
on the transformer. This high-voltage
pulse charges a high-voltage capacitor
through the high-voltage rectifier. The
output of this circuit is the de high-
voltage supply for the picture tube. The
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high-voltage rectifier also obtains its
filament power through a separate wind-
ing on the horizontal-output transformer.

Current flowing through the damper
diode charges the ‘“boost” capacitor
through the damper portion of the trans-
former winding. The polarity of the
charge on the capacitor is such that the
voltage at the low end of the winding is
increased above the plate supply volt-
age, or B+. This higher voltage or
“boost” is used for the output-tube
plate supply, and may also supply the
deflection oscillators and the vertical-
output circuit provided the current drain
is not excessive.
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Frequency Conversion

Frequency conversion is used in
superheterodyne receivers to change the
frequency of the rf signal to an inter-
mediate frequency. To perform this
change in frequency, a frequency-con-
verting device consisting of an oscillator
and a frequency mixer is employed. In
such a device, shown diagrammatically
in Fig. 71, two voltages of different fre-
quency, the rf signal voltage and the
voltage generated by the oscillator, are
applied to the input of the frequency
mixer. These voltages beat, or hetero-
dyne, within the mixer tube to produce
a plate current having, in addition to the
frequencies of the input voltages, numer-
ous sum and difference frequencies.

The output circuit of the mixer
stage is provided with a tuned circuit
which is adjusted to select only one beat
frequency, i.e., the frequency equal to
the difference between the signal fre-



quency and the oscillator frequency.The
selected output frequency is known as
the intermediate frequency, or if. The
output frequency of the mixer tube is
kept constant for all values of signal fre-
quency by tuning the oscillator to the
proper frequency.

Important advantages gained in a
receiver by the conversion of signal fre-
quency to afixed intermediate frequency
are high selectivity with few tuning
stages and a high, as well as stable, over-
all gain for the receiver.

Several methods of frequency con-
version for superheterodyne receivers

FREQUENCY
MIXER

OSCILLATOR

INTERMEDIATE
FREQUENCY
OuTPUT

RADIO
FREQUENCY
INPUT

FREQUENCY CONVERTER
Fig. M1

are of interest. These methods are alike
in that they employ a frequency-mixer
tube in which plate current is varied at
a combination frequency of the signal
frequency and the oscillator frequency.
These variations in plate current pro-
duce across the tuned plate load a volt-
age of the desired intermediate fre-
quency. The methods differ in the types
of tubes employed and in the means of
supply input voltages to the mixer tube.

A method widely used before the
availability of tubes especially designed
for frequency-conversion service and
currently used in many FM, television,
and standard broadcast receivers, em-
ploys as mixer tube either a triode, a
tetrode, or a pentode, in which oscillator
voltage and signal voltage are applied to
the same grid. In this method, coupling
between the oscillator and mixer circuits
is obtained by means of inductance or
capacitance.

A second method employs a tube
having an oscillator and frequency mixer
combined in the same envelope. In one
form of such a tube, coupling between
the two units is obtained by means of
the electron stream within the tube.
Because five grids are used, the tube is
called a pentagrid converter.

Grids No. 1 and No. 2 and the cath-
ode are connected to an external circuit
to act as a triode oscillator. Grid No. 1
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is the grid of the oscillator and grid No.
2 is the anode. These and the cathode
can be considered as a composite cath-
ode which supplies to the rest of the
tube an electron stream that varies at
the oscillator frequency.

This varying electron stream is fur-
ther controlled by the rf signal voltage
on grid No. 4. Thus, the variations in
plate current are due to the combination
of the oscillator and the signal frequen-
cies. The purpose of grids No. 3 and No.
5, which are connected together within
the tube, is to accelerate the electron
stream and to shield grid No. 4 electro-
statically from the other electrodes.

Pentagrid-converter tubes of this
design are good frequency-converting
devices at medium frequencies. How-
ever, their performance is better at the
lower frequencies because the output of
the oscillator drops off as the frequency
is raised and because certain undesirable
effects produced by interaction between
oscillator and signal sections of the tube
increase with frequency.

To minimize these effects, several
of the pentagrid-converter tubes are de-
signed so that no electrode functions
alone as the oscillator anode. In these
tubes, grid No. 1 functions as the oscil-
lator grid, and grid No. 2 is connected
within the tube to the screen grid (grid
No. 4). The combined two grids, Nos. 2
and 4, shield the signal grid (grid No. 3)
and act as the composite anode of the
oscillator triode. Grid No. 5 acts as the
suppressor grid.

Converter tubes of this type are de-
signed so that the space charge around
the cathode is unaffected by electrons
from the signal grid. Furthermore, the
electrostatic field of the signal grid also
has little effect on the space charge. The
result is that rf voltage on the signal
grid produces little effect on the cathode
current. There is, therefore, little detun-
ing of the oscillator by ave bias because
changes in ave bias produce little change
in oscillator transconductance or in the
input capacitance of grid No. 1.

Examples of the pentagrid conver-
ters discussed in the preceding para-
graph are thesingle-ended types 1R5 and
6BE6. A schematic diagram illustrating
the use of the 6BE6 with self-excitation
is given in Fig. 72; the 6BE6 may also



be used with separate excitation. A com-
plete circuit is shown in the CIRCUIT
SECTION.

Another method of frequency con-
version utilizes a separate oscillator hav-
ing its grid connected to the No. 1 grid
of a mixer hexode. The cathode, triode
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grid, and triode plate form the oscillator
unit of the tube. The cathode, hexode
mixergrid (grid No.1)hexodescreen grids
(grids Nos. 2 and 4), hexode signal grid
{(grid No. 3), and hexode plate constitute
the mixer unit. The internal shields are
connected to the shell of the tube and
act as a suppressor grid for the hexode
unit.
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The action of this tube in convert- -

ing a radio-frequency signal to an inter-
mediate frequency depends on (1) the
generation of a local frequency by the
triode unit, (2) the transferring of this
frequency to the hexode grid No. 1, and
(3) the mixing in the hexode unit of this
freqtency with that of the rf signal ap-
plied to the hexode grid No. 3. The tube
is not critical to changes in oscillator-
plate voltage or signal-grid bias and,
therefore, finds important use in all-
wave receivers to minimize frequency-
shift effects at the higher frequencies.

A further method of frequency con-
version employs a tube called a penta-
grid mixer. This type has two independ-
ent control grids and is used with a
separate oscillator tube. RF signal volt-
age is applied to one of the control grids
and oscillator voltage is applied to the
other. It follows, therefore, that the
variations in plate current are due to
the combination of the oscillator and
signal frequencies.

The tube contains a heater-cathode,
five grids, and a plate. Grids Nos. 1 and
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3 are control grids. The rf signal voltage
is applied to grid No. 1. This grid has a
remote-cutoff characteristic and is suited
for control by ave bias voltage. The
oscillator voltage is applied to grid No.
3. This grid has a sharp-cutoff character-
istic and produces a comparatively large
effect on plate current for a small amount
of oscillator voltage. Grids Nos. 2 and 4
are connected together within the tube.
They accelerate the electron stream and
shield grid No. 3 electrostatically from
the other electrodes. Grid No. 5, con-
nected within the tube to the cathode,
functions similarly to the suppressor
grid in a pentode. .

In the converter or mixer stage of a
television receiver, stable oscillator oper-
ation is most readily obtained when
separate tubes or tube sections are used
for the oscillator and mixer functions. A
typical television mixer-oscillator circuit
is shown in Fig. 73. In such circuits, the
oscillator voltage is applied to the mixer
grid by inductive coupling, capacitive
coupling, or a combination of the two.

RF INPUT =t————

|_.

OSCILLATOR
TUBE

Fig. 73

Tubes containing electrically independ-
ent oscillator and mixer units in the
same envelope, such as the 6U8 and
6X8, are designed especially for this
application.

Avtomatic Frequency Control
An automatic frequency control
(afc) circuit provides a means of correct-
ing automatically the intermediate fre-
quency of a superheterodyne receiver
when, for any reason, it drifts from the
frequency to which the if stages are
tuned. This correction is made by ad-
justing the frequency of the oscillator.
Sueh a circuit will automatically com-
pensate for slight changes in rf carrier or
oscillator frequency as well as for inac-

curate manual or push-button tuning.
An afc system requires two sections:
a frequency detector and a variable re-
actance. The detector section may be
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essentially the same as the FM detector
illustrated in Fig. 53 and discussed un-
der Detection. In the afc system, how-
ever, the output is a de control voltage,
the magnitude of which is proportional
to the amount of frequency shift. This
dec control voltage is used to control the
grid bias of an electron tube which com-
prises - the variable reactance section
(Fig. 74).

The plate current of the reactance
tube is shunted across the oscillator tank

circuit. Because the plate current and
plate, voltage of the reactance tube are
almost 90° out of phase, the control tube
affects the tank circuit in the same man-
ner as a reactance. The grid bias of the
tube determines the magnitude of the
effective reactance and, consequently,
a control of this grid bias can be used to
control the oscillator frequency.

Automatic frequency control is also
used in television receivers to keep the
horizontal oscillator in step with the
horizontal-scanning frequency (15,750
cps) at the transmitter. A widely used
horizontal afc circuit is shown in Fig. 75.
This circuit, which is often referred to
as 2 balanced-phase-detector or phase-
discriminator circuit, is usually em-
ployed to control the frequency of a
multivibrator-type horizontal-oscillator
circuit. The 6AL5 detector supplies a de
control voltage to the grid of the hori-
zontal-oscillator tube which counteracts
changes in its operating frequency. The
magnitude and polarity of the control
voltages are determined by phase rela-
tionships in the afe circuit at a given
moment.

The horizontal sync pulses obtained
from the sync-separator circuit are fed
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through a single-triode phase-inverter or
phase-splitter circuit to the two diode
units of the 6AL5. Because of the action
of the phase-inverter circuit, the signals
applied to the two diode units are equal
in amplitude but 180 degrees out of
phase. A reference sawtooth voltage ob-
tained from the horizontal output cir-
cuit is also applied simultaneously to
both units. Any change in the oscillator
frequency alters the phase relationship
between the reference sawtooth and the
incoming horizontal sync pulses, causing
one diode unit of the 6ALS5 to conduct
more heavily than the other, and thus
producing a correction signal. The sys-
tem remains balanced at all times, there-
fore, because momentary changes in
oscillator frequency are instantaneously
corrected by the action of the control
voltage.

The diode units of the 6AL5 are
biased so that conduction takes place
only during the tips of the sync pulses.
The relative position of the sync pulses
on the retrace portion of the sawtooth
waveform at any given instant deter-
mines which diode unit conducts more
heavily, and thereby establishes the
magnitude and polarity of the control
voltage. The network between the diode
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T

REFERENCE VOLTAGE
FROM HORIZONTAL
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units and the grid of the horizontal-oscil-
lator tube is essentially a low-pass filter
which prevents thehorizontal sync pulses
from affecting the horizontal-oscillator
performance,



Electron Tube Installation

The installation of electron tubes
requires careif high-quality performance
is to be obtained from the associated
circuits. Installation suggestions and
precautions which are generally com-
mon to all types of tubes are covered in
this section. Careful observance of these
suggestions will do much to help the ex-
perimenter and electronic technician ob-
tain the full performance capabilities of
radio tubes and circuits. Additional per-
tinent information is given under each
tube type and in the CIRCUIT SEC-
TION.

Filament and Heater Power Supply

The design of electron tubes allows
for some variation in the voltage and
current supplied to thefilament or heater,
but mostsatisfactory resultsareobtained
from operation at the rated values.When
the voltage is low, the temperature of
the cathode is below normal, with the
result that electron emission is limited.
The limited emission may cause unsatis-
factory operation and reduced tube life.
On thie other hand, high cathode voltage
may cause rapid evaporation of cathode
material and shorten tube life.

To insure proper tube operation, it
is important that the filament or heater
voltage be checked at the socket termi-
nals by means of a high-resistance volt-
meter while the equipment is in opera-
tion. In the case of series operation of
heaters or filaments, correct adjustment
can’be checked by means of an ammeter
in the heater or filament circuit.

The filament or heater voltage sup-
ply may be a direct-current source (a
battery or a dc power line) or an alter-
nating-current power line, depending on
the type of service and type of tube.
Frequently, a resistor (either variable
or fixed) is used with a de supply to per-
mit compensation for battery voltage
variations or to adjust the tube voltage
at the socket terminals to the correct
value. Ordinarily, a step-down trans-
former is used with an ac supply to pro-
vide the proper filament or heater volt-
age. Receivers intended for operation on
both de and ac power lines have the
heaters connected in series with a suit-
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able resistor and supplied directly from
the power line.

DC filament or heater operation
should be considered on the basis of the
source of power. In the case of the bat-
tery supply for the 1.4-volt filament
tubes, it is unnecessary to use a voltage-
dropping resistor in series with the fila-
ment and a single dry-cell; the filaments
of these tubes are designed to operate
satisfactorily over the range of voltage
variations that normally occur during
the life of a dry-cell. Likewise, no series
resistor is required when the 1.25-volé
filamentsubminiaturesareoperated from
a single 1.5-volt flashlight-type dry-cell,
when the 2-volt filament type tubes are
operated from a single storage cell, or
when the 6.8-volt series are operated
from a 6-volt storage battery.

In the case of dry-battery supply
for 2-volt filament tubes, a variable re-
sistor in series with the filament and the
battery is required to compensate for
battery variations. Turning the set on
and off by means-of the rheostat is ad-
vised to prevent over-voltage conditions
after an off-period because the voltage of
dry-cells rises during off-periods.

In the case of storage-battery sup-
ply, air-cell-battery supply, or de power
supply, a non-adjustable resistor of suit-
able value may be used. It is well to
check initial operating conditions, and
thus the resistor value, by means of a
voltmeter or ammeter.

The filament or heater resistor
required when filaments and /or heaters
are operated in parallel can be deter-
mined easily by a simple formula de-
rived from Ohm’s law.

Required resistance (ohms) =
supply volts — rated volts of tube type
total rated filament current (amperes)

Thus, if a receiver using two IT4’s, one
IRS5, one IUS5, and one 3V4 is to be
operated from a storage battery, the
series resistor is equal to 2 volts (the
voltage from a single storage cell) minus
1.4 volts (voltage rating for these tubes)
divided by 0.3 ampere (the sum of
4 X 0.05 ampere 4 1 X 0.1 ampere), i.e.,
approximately 2 ohms. Since this resis-



tor should be variable to allow adjust-
ment for battery depreciation, it is ad-
visable to obtain the next larger com-
mercial size, although any value between
2 and 3 ohms will be quite satisfactory.

Where much power is dissipated in
the resistor, the wattage rating should
be sufficiently large to prevent over-
heating. The power dissipation in watts
is equal to the voltage drop in the resis-
tor multiplied by the total filament cur-
rent in amperes. Thus, for the example
above, 0.6 X 0.3 = 0.18 watt. In this
case, the value is so small that any com-
mercial rheostat with suitable resistance
will be adequate.

For the case where the heaters and/
or filaments of several tubes are oper-
ated in series, the resistor value is calcu-
lated by the following formula, also de-
rived from Ohm’s law.

Required resistance (ohms) =
supply volts — total rated volts of tubes
rated amperes of tubes

Thus, if a receiver having one 6SA7, one
6SK7, one 6SF7, one 25L6-GT, and one
25Z6-GT is to be operated from a 117-
volt power line, the series resistor is
equal to 117 volts (the supply voltage)
minus 68.9 volts (the sum of 3 X 6.3
volts + 2 X 25 volts) divided by 0.3 am-
pere (current rating of these tubes), i.e.,
approximately 160 ohms. The wattage
dissipation in the resistor will be 117
volts minus 68.9 volts times 0.3 ampere,
or approximately 14.4 watts. A resistor
having a wattage rating in excess of this
value should be chosen.

When the series-heater connection
is used in ac/dc receivers, it is usually
advisable to arrange the heaters in the
circuit so that the tubes most sensitive
to hum disturbances are at or near the
ground potential of the circuit. This ar-
rangement reduces the amount of ac
voltage between the heaters and cath-
odes of these tubes and minimizes the
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hum output of the receiver. The order
of heater connection, by tube funection,
from chassis to the rectifier-cathode side
of the ac line is shown in Fig. 76.

AC filament or heater operation
should be considered on the basis of
either a parallel or a series arrangement
of filaments and /or heaters. In the case
of the parallel arrangement, a step-down
transformer is employed. Precautions
should be taken to see that the line volt-
age is the same as that for which the
primary of the transformer is designed.
The line voltage may be determined by
measurement with an ac voltmeter
(0-150 volts).

If the line voltage measures in ex-
cess of that for which the transformer is
designed, a resistor should be placed in
series with the primary to reduce the
line voltage to the rated value of the
transformer primary.Unless this is done,
the excess input voltage will cause pro-
portionally excessive voltage to be ap-
plied to the tubes. Any electron tube
may be damaged or made inoperative by
excessive operating voltages.

If the line voltage is consistently
below that for which the primary of the
transformer is designed, it may be nec-
essary to install a booster transformer
between theacoutlet and thetransformer
primary. Before such a transformer is in-
stalled, the ac line fluctuations should be
very carefully noted. Some radio sets are
equipped with a line-voltage switch
which permits adjustment of the power
transformer primary to the line voltage.
When this switch is properly adjusted,
the series-resistor or booster-transformer
method of controlling line voltage is
seldom required.

In the case of the series arrange-
ments of filaments and/or heaters, a
voltage-dropping resistanceinseries with
the heaters and the supply line is usually
required. This resistance should be of
such value that, for normal line voltage,
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tubes will operate at their rated heater
or filament current. The method for cal-
culating the resistor valueis given above.

When the filaments of battery-type
tubes are connected in series, the total
filament current is the sum of the cur-
rent due to the filament supply and the
plate and grid-No.2 currents (cathode
current) returning to B(-) through the
tube filaments. Consequently, in a series
filament string it is necessary to add
shunt resistors across each filament sec-
tion to bypass this cathode current in
order to maintain the filament voltage
at its rated value.

Heater-to-Cathode Connection

The cathodes of heater-type tubes,
when operated from ac, should be con-
nected to the mid-tap on the heater sup-
ply winding, to the mid-tap of a 50-ohm
(approximate) resistor shunted across
the winding, or to one end of the heater
supply winding depending on circuit re-
quirements. If none of these methods is
used, it is important to keep the heater-
cathode voltage within the ratings given
in the TUBE TYPES SECTION.

Hum from ac-operated heater tubes
used in high-gain audio amplifiers may
frequently be reduced to a negligible
value by employing a 15- to 40-volt bias
between the heater and cathode elements
of the tubes. The bias should be con-
nected so that the tube heater is positive
with respect to its cathode. Such bias
can be obtained from the regular plate-
supply rectifier of the amplifier.

If a large resistor is used between
heater and cathode, it should be by-
passed by a suitable capacitor or ob-
jectionable hum may develop. The hum
is due to the fact that even a minute
pulsating leakage current flowing be-
tween the heater and cathode will de-
velop a small voltage across any re-
sistance in the circuit. This hum voltage
is amplified by succeeding stages.

Plate Voltage Supply

The plate voltage for electron tubes
is obtained from batteries, rectifiers,
direct-current power lines, and small
local generators. The maximum plate-
voltage value for any tube type should
not be exceeded if most satisfactory per-
formance is to be obtained. Plate volt-
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age should not be applied to a tube un-
less the corresponding recommended
voltage is also supplied to the grid.

It isrecommended that the primary
circuit of the power transformer be fused
to protect the rectifier tube(s), the power
transformer, filter capacitor, and chokes
in case a rectifier tube fails.

Grid Voltage Supply

The recommended grid voltages for
different operating conditions have been
carefully determined to give the most
satisfactory performance. Grid voltage
may be obtained from a fixed source
such as a separate C-battery or a tap on
the voltage divider of the high-voltage
dc supply, from the voltage drop across
a resistor in the cathode circuit, or from
the voltage drop acrgss a resistor in the
grid circuit. The first method is called
“fixed bias”; the second is called “cath-
ode bias” or “self bias”; the third is
called “grid-resistor bias” and is some-
times incorrectly referredto in receiving-
tube practice as ‘‘zero-bias operation.”

In any case, the object is to make
the grid negative with respect to the
cathode by the specified voltage. When
a C-battery is used, the negative termi-
nal is connected to the grid return and
the positive terminal is connected to the
negative filament socket terminal, or to
the cathode terminal if the tube is of the
heater-cathode type. If the filament is
supplied with alternating current, this
connection is usually made to the cen-
ter-tap of a low resistance (20-50 ohms)
shunted across the filament terminals.
This method reduces hum disturbances
caused by the ac supply. If bias voltages
are obtained from the voltage divider of
a high-voltage dc supply, the grid return
is connected to a more negative tap
than the cathode.

The cathode-bhiasing method uti-
lizes the voltage drop produced by the
cathode current flowing through a re-
sistor connected between the cathode
and the negative terminal of the B-sup-
ply. (See Fig. 77.) The cathode current
is, of course, equal to the plate current
in the case of a triode, or to the sum of
the plate and grid~-No.2 currents in the
case of a tetrode, pentode, or beam
power tube. Because the voltage drop
along the resistance is increasingly nega-
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tive with respect to the cathode, the re-
quired negative grid-bias voltage can be
obtained by connecting the grid return
to the negative end of the resistance.
The value of the resistance for
cathode-biasing a single tube can be de-
termined from the following formula:

Resistance (ohms) =
desired grid-bias voltage X 1000
rated cathode current in milliamperes

Thus, the resistance required to produce
9 volts bias for a triode which operates
at 3 milliamperes plate current is 9 X
1000/3 = 3000 ohms. If the cathode cur-
rent of more than one tube passes through
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change appreciably with plate current.
When such a tube having a separate
suppressor-grid connection is used as an
rf amplifier, these changes may be mini-
mized by leaving a certain portion of the
cathode-bias resistor unbypassed. In
order to minimize feedback when this
method is used, the external grid-No.1-
to-plate (wiring) capacitances should be
kept to a minimum, the grid No.2 should
be bypassed to ac ground, and the grid
No.3 should be connected to ac ground.

The use of a cathode resistor to
obtain bias voltage is not recommended
for amplifiers in which there is appreci-
able shift of electrode currents with the

OQUTPUT
INPUT
OUTPUT

C = BYPASS CAPACITOR

Fig. 77

the resistor, or if the tube or tubes em-
ploy more than three electrodes, the
total current determines the size of the
resistor.

Bypassing of the cathode-bias re-
sistor depends on circuit-design require-
ments. In rf circuits the cathode resistor
usually is bypassed. In af circuits the use
of an unbypassed resistor will reduce
distortion by introducing degeneration
into the circuit. However, the use of an
unbypassed resistor decreases gain and
power sensitivity. When bypassing is
used, it is important that the bypass
capacitor be sufficiently large to have
negligible reactance at the lowest fre-
quency to be amplified.

In the case of power-output tubes
having high transconductance such as
the beam power tubes, it may be neces-
sary to shunt the bias resistor with a
small mica capacitor (approximately
0.0014f) in order to prevent oscillations.
The usual af bypass may or may not be
used, depending on whether or not de-
generation is desired. In tubes having
high values of transconductance, such
as the 6BA6, 6CB6, and 6AC7, input
eapacitance and input conductance
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application of a signal. In such ampli-
fiers, a separate fixed supply is recom-
mended.

The grid-resistor biasing method
is also a self-bias method because it
utilizes the voltage drop across the grid
resistor produced by small amounts of
grid current flowing in the grid-cathode
circuit. This current is due to (1) an
electromotive potential difference be-
tween the materials comprising the grid
and cathode and (2) grid rectification
when the grid is driven positive. A large
value of resistance is required in order
to limit this current to a very small
value and to avoid undesirable loading
effects on the preceding stage.

Examples of this method of bias are
given in circuits 18-1 and 184 in the
CIRCUIT SECTION. In both of these
circuits, the audio amplifier type 1Ub or
12AV6 has a 10-megohm resistor be-
tween the grid and the negative filament
or cathode to furnish the required bias
which is usually less than 1 volt. This
method of biasing is used principally in
the early voltage amplifier stages (usu-
ally employing high-mu triodes) of audio
amplifier circuits, where the tube dissi-



pation will not be excessive under zero-
signal conditions.

A grid resistor is also used in many
oscillator circuits for obtaining the re-
quired bias. In these circuits, the grid
voltage is relatively constant and its
magnitude is usually in the order of 5
volts or more. Consequently, the bias
voltage is obtained only through grid
rectification. A relatively low value of
resistor, 0.1 megohm or less, is used.
Oscillator circuits employing this method
of bias are given in circuits 18-1 and
18-4 in the CIRCUIT SECTION.

Grid-bias variation for the rf and
if amplifier stages is a convenient and
frequently used method for controlling
receiver volume. The variable voltage
supplied to the grid may be obtained:
(1) from a variable cathode resistor as
shown in Figs. 78 and 79; (2) from a

bleeder circuit by means of a potentiom-
eter as shown in Fig. 80; or (3) from a
bleeder circuit in which the bleeder cur-
rent is varied by a tube used for auto-
matic volume control. The latter circuit
is shown in Fig. 56.

In all cases it is important that the
control be arranged so that at no time

VARIABLE

Fig. 79

will the bias be less than the recom-
mended minimum grid-bias voltage for
the particular tubes used. This require-
ment can be met by providing a fixed
stop on the potentiometer, by connecting
a fixed resistance in series with the vari-
able resistance, or by connecting a fixed
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cathode resistance in series with the
variable resistance used for regulation.
Where receiver gain is controlled by
grid-bias variation, it is advisable to
have the control voltages extend over a
wide range in order to minimize cross-
modulation and modulation-distortion.

Fig. 80

A remote-cutoff type of tube should,
therefore, be used in the controlled
stages.

In most tubes employing a unipo-
tential cathode, a positive grid current
begins to flow when the grid is slightly
negative and increases rapidly as the
grid is made more positive, as shown in
Fig. 81. The value of grid voltage at
which positive grid current starts to flow
is generally referred to as contact po-
tential. Contact potential is caused by

Y

%

40

GRID VOLTS .
~~CONTACT POTENTIAL
POINT

) <\ CURRENT

Fig. 81

the initial velocity of emission of elec-
trons from the cathode and an electro-
thermal effect due to the differences in
temperature and in material composi-
tion of the grid and the cathode.

The value of the contact-potential
voltage may be as high as 134 volts. If
the operating bias of the tube is less than
the contact potential, it is found that
two effects are present. Direct current
flows in the grid circuit, and the dy-
namic input resistance of the tube may
be relatively low. It is generally desir-
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able to supply the tube with a value of
bias sufficiently high so that the tube is
not operating within the contact-poten-
tial region. When a tube must be oper-
ated within this region, care should be
taken to avoid undesirable effects in the
grid eireuit due to grid current or low
input resistance.

Screen-Grid Voltage Supply

The positive voltage for the screen
grid (grid No.2) of screen-grid tubes
may be obtained from a tap on a voltage
divider, from a potentiometer, or from
a series resistor connected to a high-volt-
age source, depending on the particular
tube type and its application.The screen-
grid voltage for tetrodes should be ob-
tained from a voltage divider or a poten-
tiometer rather than through a series
resistor from a high-voltage source be-
cause of the characteristic screen-grid
current variations of tetrodes. Fig. 82
shows a tetrode with its screen-grid volt-
age obtained from a potentiometer.

‘When pentodes or beam power tubes
are operated under conditions where a
large shift of plate and screen-grid cur-
rents does not take place with the appli-
cation of the signal, the screen-grid volt-
age may be obtained through a series
resistor from a high-voltage source.This
method of supply is possible because of

Fig. 82

the high uniformity of the screen-grid
current characteristic in pentodes and
beam power tubes. Because the screen-
grid voltage rises with increase in bias
and resulting decrease in screen-grid
current, the cutoff characteristic of a
pentode is extended by this method of
supply.

This method is sometimes used to
increase the range of signals which can
be handled by a pentode. When used in
resistance-coupled amplifier circuits em-
ploying pentodes in combination with
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the cathode-biasing method, it mini-
mizes the need for circuit adjustments.
Fig. 83 shows a pentode with its screen-
grid voltage supplied through a series
resistor.

When power pentodes and beam
power tubes are operated under condi-
tions such that there is a large change
in plate and screen-grid currents with
the application of signal, the series-
resistor method of obtaining screen-grid
voltage should not be used. A change in
screen-grid current appears as a change

Fig. 83

in the voltage drop across the series
resistor in the screen-grid circuit; the
result is a change in the power output
and an increase in distortion. The screen-
grid voltage should be obtained from a
point in the plate-voltage-supply filter
system having the correct voltage, or
from a separate source.

It is important to note that the
plate voltage of tetrodes, pentodes, and
beam power tubes should be applied be-
fore or simultaneously with the screen-
grid voltage. Otherwise, with voltage on
the screen grid only, the screen-grid cur-
rent may rise high enough to cause
excessive screen-grid dissipation.

Screen-grid voltage variation for
the rf amplifier stages has sometimes
been used for volume control in older-
typereceivers. Reduced screen-grid volt-
age lowers the transconductance of the
tube and results in reduced gain per
stage. The voltage variation is obtained
by means of a potentiometer shunted
across the screen-grid voltage supply.
(See Fig. 82.) When the screen-grid volt-
age is varied, it must never exceed the
rating of the tube. This requirement can
be met by providing a fixed stop on the
potentiometer.

Shielding
In high-frequency stages having



high gain, the output circuit of each
stage must be shielded from the input
circuit of thatstage. Each high-frequency
stage also must be shielded from the
other high-frequency stages. Unless
shielding is employed, undesired feed-
back may occur and may produce many
harmful effects on receiver performance.

To prevent this feedback, it is a
desirable practice to shield separately
each unit of the high-frequency stages.
For instance, in a superheterodyne re-
ceiver, each if and rf coil may be mounted
in a separate shield can. Baffle plates
may be mounted on the ganged tuning
capacitor to shield each section of the
capacitor from the other section. The
oscillator coil may be especially well
shielded by being mounted under the
chassis.

The shielding precautions required
in a receiver depend on the design of the
receiver and the layout of the parts. In
all receivers having high-gain high-fre-
quency stages, it is necessary to shield
separately each tube in high-frequency
stages. When metal tubes, and in partic-
ular the single-ended types, are used,
complete shielding of each tube is pro-
vided by the metal shell which is
grounded through its grounding pin as
the socket terminal. The grounding con-
nection should be short and sturdy.
Many modern tubes of glass construc-
tion have internal shields, usually con-
nected to the cathode; where present,
these shields are indicated in the socket
diagram.

Dress of Circuit Leads

At high frequencies such as are en-
countered in M and television receiv-
ers, lead dress, that is, the location and
arrangement of the leads used for con-
nections in the receiver, is very impor-
tant. Because even a short lead provides
a large impedance at high frequencies,
it is necessary to keep all high-frequency
leads as short as possible. This precau-
tion is especially important for ground
connections and for all connections to
bypass capacitors and high-frequency
filter capacitors.The ground connections
of plate and screen-grid bypass capaci-
tors of each tube should be kept short
and made directly to cathode ground.

Particular care should be taken
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with the lead dress of the input and out-
put circuits of high-frequency stages so
that the possibility of stray coupling is
minimized. Unshielded leads connected
toshielded componentsshould be dressed
close to the chassis. As the frequency in-
creases, the need for careful lead dress
becomes increasingly important.

In high-gain audio amplifiers, these
same precautions should be taken to
minimize the possibility of self-oscil-
lation.

Filters

Feedback effects also are caused in
radio or television receivers by coupling
between stages through common volt-
age-supply circuits. Filters find an im-
portant use in minimizing such effects.
They should be placed in voltage-supply
leads to each tube in order to return the
signal current through a low-impedance
path direct to the tube cathode rather
than by way of the voltage-supply cir-
cuit. Fig. 84 illustrates several forms of
filter circuits. Capacitor C forms the
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low-impedance path, while the choke or
resistor assists in diverting the signal
through the capacitor by offering a high
impedance to the power-supply circuit.
The choice between a resistor and a
choke depends chiefly upon the permis-
sible de¢ voltage drop through the filter.
In circuits where the current is small (a
few milliamperes), resistors are practical;
where the current is large or regulation
important, chokes are more suitable.
The minimum practical size of the
capacitors may be estimated in most
cases by the following rule: The imped-
ance of the capacitor at the lowest fre-



quency amplified should not be more
than one-fifth of the impedance of the
filter choke or resistor at that frequency.
Better results will be obtained in special
cases if the ratio is not more than one-
tenth.

Radio-frequency circuits, particu-
larly at high frequencies, require high-
quality capacitors. Mica or ceramic ca-
pacitors are preferable. Where stage
shields are employed, filters should be
placed within the shield.

Another important application of
filters is to smooth the output of a recti-
fier tube. See Rectification. A smoothing

CHOKE-INPUT TYPE FILTER
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CAPACITOR= INPUT TYPE FILTER
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down is to be avoided. When the input-
choke method is used, the available dc
output voltage will be somewhat lower
than with the input-capacitor method
for a given ac plate voltage. However,
improved regulation together with lower
peak current will be obtained.
Mercury-vapor and gas-filled recti-
fier tubes occasionally produce a form of
local interference in radio receivers
through direct radiation or through the
power line. This interference is generally
identified in the receiver as a broadly
tunable 120-cycle buzz (100 cycles for
50-cycle supply line, ete.). It is usually

CAPACITOR FILTER
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Fig.

filter ‘usually consists of capacitors and
iron-core chokes. In any filter-design
problem, the load impedance must be
considered as an integral part of the fil-
ter because the load is an important
factor in filter performance. Smoothing
effect is obtained from the chokes be-
cause they arein series with theload and
offer a'high impedance to the ripple volt-
age. Smoothing effect is obtained from
the capacitors because they are in paral-
lel with the load and store energy on the
voltage peaks; this energy is released on
the voltage dips and serves to maintain
the voltage at the load substantially
constant. Smoothing filters are classified
as choke-input or capacitor-input ac-
cording to whether a choke or capacitor
is. placed next to the rectifier tube. See
Fig. 85.

The CIRCUIT SECTION gives a
number of examples of rectifier circuits
with recommended filter constants.

If an input capacitor is used, con-
sideration must be given to the instan-
taneous peak value of the ac input volt-
age. This peak value is about 1.4 times
the rms value as measured by an ac
voltmeter. Filter capacitors, therefore,
especially the input capacitor, should
have a rating high enough to withstand
the instantaneous peak value if break-

€2 FILTER CAPACITOR
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caused by the formation of a steep wave
front when plate current within the tube
begins to flow on the positive half of
each eycle of the ac supply voltage. -
There are several ways of elimi-
nating this type of interference. One is
to shield the tube. Another is to insert
an rf choke having an inductance of one
millihenry or more between each plate
and transformer winding and to connect
high-voltage, rf bypass capacitors be-
tween the outside ends of the transformer
winding and the center tap. (See Fig.
86.) The rf chokes should be placed with-
in the shielding of the tube.The rf bypass

TUBE SHIELD
t Db O ¢
i [y
! <
lie. | D
TO AC | |
1IN TO
POWER LINE I i _1 l o
| |V ec
{ Le 4
o ~ d
ELECTROSTATIC 1 =0 =
SHIELD =
C=RF BYPASS CAPACITORMICA  L=RF CHOKE

Fig. 86

capacitors should have a voltage rating
high enough to withstand the peak volt-
age of each half of the secondary, which
is approximately 1.4 times the rms value.

Transformers having electrostatic
shielding between primary and second-
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ary are not likely to transmit rf disturb-
ances to the line, Often the interference
may be eliminated simply by making
the plate leads of the rectifier extremely
short. In general, the particular method
of interference elimination must beselect-
ed by experiment for each installation.

Output-Coupling Devices

An output-coupling device is used
in the plate circuit of a power output
tube to keep the comparatively high de
plate current from the winding of an
electromagnetic speaker and, also, to
transfer power efficiently from the out-
put stage to a loudspeaker of either the
electromagnetic or dynamic type.

Output-coupling devices are of two
types, (1) choke-capacitor and (2) trans-
former. The choke-capacitor type in-
cludes an iron-core choke having an
inductance of not less than 10 henries
which is placed in series with the plate
and B-supply. The choke offers a very
low. resistance to the dc plate current
component of the signal voltage but op-
poses the flow of the fluctuating compo-
nent. A bypass capacitor of 2 to 6 micro-
farads supplies a path to the speaker
winding for the signal voltage. The
choke-coil output coupling device, how-
ever, is now only of historical interest.

The transformer type is constructed
with two separate windings, a primary
and a secondary wound on an iron core.
This construction permits designing each
winding to meet the requirements of its
position in the circuit. Typical arrange-
ments of each type of coupling device
are shown in Fig. 87. Examples of trans-
formers for push-pull stages are shown

PLATE

° 3
INPUT m LOUDSPEAKER
& 9

TRANSFORMER METHOD

LOUDSPEAKER

%

ATHODE

CHOKE-COIL METHOD
Fig. 87

in several of the circuits given in the
CIRCUIT SECTION.
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High-Voltage Considerations for
Television Picture Tubes

Like other high-voltage devices,
television picture tubes require that
certain precautions be observed to mini-
mize the possibility of failure caused by
humidity, dust, and corona.

Humidity Considerations. When
humidity is high, a continuous film of
moisture may form on the glass bulb im-
mediately surrounding the ultor cavity
cap of all-glass picture tubes or on the
glass part of the envelope of metal pic-
ture tubes. This film may permit spark-
ing to take place over the glass surface
to the external conductive coating or to
the metal shell. Such sparking may in-
troduce noise into the receiver. To pre-
vent such a possibility, the uncoated
bulb surface around the cap and the
glass part of the envelope of metal pic-
ture tubes should be kept clean and dry.

Dust Considerations. The accumu-
lation of dust on the uncoated area of
the bulb around the ultor cap of all-glass
picture tubes or on the glass part of the
envelope or insulating supports for metal
picture tubes will decrease the insulating
qualities of these parts. The dust usually
consists of fibrous materials and may
contain soluble salts. The fibers absorb
and retain moisture; the soluble salts
provide electrical leakage paths that in-
crease in conductivity as the humidity
increases. The resulting high leakage
currents may overload the high-voltage
power supply.

It is recommended, therefore, that
the uncoated bulb surface of all-glass
picture tubes and the coated glass sur-
face and insulating supports for metal
picture tubes be kept clean and free
from dust or other contamination such
as finger-prints. The frosted Filterglass
faceplate of the metal picture tubes may
be cleaned with a soapless detergent,
such as Dreft, then rinsed with clean
water, and immediately dried.

Corona Considerations. A high-
voltage system may be subject to corona,
especially when the humidity is high,
unless suitable precautions are taken.
Corona, which is an electrical discharge
appearing on the surface of a conductor
when the voltage gradient exceeds the
breakdown value of air, causes deterio-






Interpretation

The tube data given in the follow-
ing- TUBE TYPES SECTION include
ratings, typical operation values, char-
acteristics, and characteristic curves.

The values for grid-bias voltages,
other electrode voltages, and electrode
supply voltages are given with reference
to a specified datum point as follows:
For types having filaments heated with
de, the negative filament terminal is
taken as the datum point to which other
electrode voltages are referred. For types
having filaments heated with ac, the
mid-point (%.e., the center tap on the fila-
ment-~transformer secondary, or the mid-
point on a resistor shunting the filament)
is taken as the datum point. For types
having unipotential cathodes indirectly
heated, the cathode is taken as the
datum point.

Electrode voltage and current rat-
ings are in general self-explanatory, but
a brief explanation of other ratings will
aid in the understanding and interpre-
tation of tube data.

Plate dissipation s the power dissi-
pated in the form of heat by the plate as
a result of electron bombardment. It is
the difference between the power sup-
plied to the plate of the tube and the
power delivered by the tube to the load.

Grid-No.2 (Screen-grid) Inputisthe
power applied to the grid-No. 2 electrode
and consists essentially of the power dis-
sipated in the form of heat by grid No.2
as a result of electron bombardment.
With tetrodes and pentodes, the power
dissipated in the screen-grid circuit is
added to the power in the plate circuit to
obtain the total B-supply input power.

Peak heater-cathode voliage is the
highest instantaneous value of voltage
that a tube can safely stand between its
heater and cathode. This rating is ap-
plied to tubes having a separate cathode
terminal and used in applications where
excessive voltage may be introduced
between heater and cathode.

Maximum peak inverse plate volt-
age is the highest instantaneous plate
voltage which the tube can withstand
recurrently in the direction opposite to
that in which it is designed to pass cur-
rent. For mercury-vapor tubes and gas-
filled tubes, it is the safe top value to

of Tube Data

prevent arc-back in the tube operating
within the specified temperature range.

Referring to Fig. 88, when plate A
of a full-wave rectifier tube is positive,
current flows from A to C, but not from
B to C, because B is negative. At the in-
stant plate A is positive, the filament is
positive (at high voltage) with respect to
plate B. The voltage between the posi-
tive filament and the negative plate B is

Fig. 88

in inverse relation to that causing cur-
rent flow. The peak value of this voltage
is limited by the resistance and nature
of the path between plate B and fila-
ment. The maximum value of this volt-
age at which there is no danger of break-
down of the tube is known as maximum
peak inverse voltage.

The relations between peak inverse
voltage, rms value of ac input voltage,
and dc output voltage depend largely on
the individual characteristics of the rec-
tifier circuit and the power supply. The
presence of line surges or any other
transient, or wave-form distortion, may
raise the actual peak voltage to a value
higher than that calculated for sine-wave
voltages. Therefore, the actual inverse
voltage, and not the calculated value,
should be such as not to exceed the rated
maximum peak inverse voltage for the
rectifier tube. A calibrated cathode-ray
oscillograph or a peak-indicating elec-
tronic voltmeter is useful in determining
the actual peak inverse voltage.

In single-phase, full-wave circuits
with sine-wave input and with no ca-
pacitor across the output, the peak in-
verse voltage on a rectifier tube is ap-
proximately 1.4 times the rms value of
the plate voltage applied to the tube. In
single-phase, half-wave circuits with
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sine-wave input and with capacitor in-
put to the filter, the peak inverse voltage
may be as high as 2.8 times the rms
value of the applied plate voltage. In
polyphase circuits, mathematical deter-
mination of peak inverse voltage requires
the use of vectors.

Maximum de¢ outpul currenl is the
highest average plate current which can
be handled continuously by a rectifier
tube. Its value for any rectifier tube type
is based on the permissible plate dissipa-
tion of that type. Under operating con-
ditions involving a rapidly repeating
duty cycle (steady load), the average
plate current may be measured with a

AVERAGE PLATE
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de meter. Curves of average plate char-
acteristics for several half-wave vacuum
rectifiers are given in Figs. 89 and 90.
These curves are shown solid up to the
maximum average or dc plate-current
rating of each type.

Maximum peak plate currenl is
the highest instantaneous plate current
that a tube can safely carry recurrently
in the direction of normal current flow.
The safe value of this peak current in
hot-cathode types of rectifier tubes is a
function of the electron emission avail-
able and the duration of the pulsating
current flow from the rectifier tube in
each half-cycle.

CHARACTERISTICS
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The value of peak plate current in
a given rectifier circuit is largely deter-
mined by filter constants. If a large
choke is used at the filter input, the peak
plate current is not much greater than
the load current; but if a large capacitor
is used as the filter input, the peak cur-
rent may be many times the load cur-
rent. In order to determine accurately
the peak plate current in any rectifier
circuit, measure it with a peak-indicating
meter or use an oscillograph.

Typical Operation Values. Values
for typical operation are given for many
types in the TUBE TYPES SECTION.
These typical operating values are given
to show concisely some guiding informa-
tion for the use of each type. These val-
ues should not be confused with ratings,
because a tube can be used under any
suitable conditions within its maximum
ratings, according to the application.

The power output value for any
operating condition is an approximate
tube output—that is, plate input minus
plate loss. Circuit losses must be sub-
tracted from tube output in order to
determine the useful output.

Characteristics aré covered in the
ELECTRON TUBE CHARACTER-
ISTICSSECTION andsuch datashould
be interpreted in accordance with the
definitions given in that section. Char-
acleristic curves represent the charac-
teristics of an average tube. Individual
tubes, like any manufactured product,
may have characteristics that range
above or below the values given in the
characteristic curves.

Although some curves are extended
well beyond the maximum ratings of the
tube, this extension has been made only
for convenience in calculations. Do NOT
operate a tube outside of its maximum
ratings.

Interelectrode capacitances are di-
rect capacitances measured between
specified elements or groups of elements
in electron tubes. Unless otherwise indi-
cated in the data, all capacitances are
measured with filament or heater cold,
with no direct voltages present, and with
no external shields. All electrodes other
than those between which capacitance
is being measured are grounded. In twin
or multi-unit types, inactive units are
also grounded.

RCA Receiving Tube Manual =

The capacitance between the input
electrode and all other electrodes, except
the output electrode, connected together
is commonly known as the input capaci-
tance. The capacitance between the out-
put electrode and all other electrodes,
except the input electrode, connected
together is known as the output capaci-
tance.

Ratings for receiving-type tubes
are given according to the ‘design-
center”’ system, which was adopted by
the industry in 1939, and should be
interpreted as follows:

1. CATHODE —The heater or fila-
ment voltage is given as a normal value
unless otherwise stated. This means that
transformers or resistances in the heater
or filament circuit should be designed to
operate the heater or filament at rated
value for full-load operating conditions
underaveragesupply-voltage conditions.
A reasonable amount of leeway is incor-
porated in the cathode design so that
moderate fluctuations of heater or fila-
ment voltage downward will not cause
marked falling off in response; also mod-
erate voltage fluctuations upward will
not reduce the life of the cathode to an
unsatisfactory degree.

A. 1.4-Volt Battery Tube Types—
The filament power supply may be ob-
tained from dry-cell batteries, from stor-
age batteries, or from a power line.With
dry-cell battery supply, the filament
may be connected either directly across
a battery rated at a terminal potential
of 1.5 volts, or in series with the fila-
ments of similar tubes across a power
supply consisting of dry cells in series.
In either case, the voltage across each
1.4-volt section of filament should not
exceed 1.6 volts.

With power-line or storage-battery
supply, the filament may be operated in
series with the filaments of similar tubes.
For such operation, design adjustments
should be made so that, with tubes of
rated characteristics, operating with all
electrode voltages applied and on a nor-
mal line voltage of 117 volts or on a nor-
mal storage-battery voltage of 2.0 volts
per cell (without a charger) or 2.2 volts
per cell (with a charger), the voltage
drop across each 1.4-volt section of fila-
ment will be maintained within a range
of 1.25 to 1.4 volts with a nominal center
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of 1.3 volts. In order to meet the recom-
mended conditions for operating fila-
ments in series from dry-battery, stor-
age-battery, or power-line sources it may
be necessary to use shunting resistors
across the individual 1.4-volt sections of
filament.

B. 2.0-Volt Battery Tube Types—
The 2.0-volt line of tubes is designed to
be operated with 2.0 volts across the
filament. In all cases the operating volt-
age range should be maintained within
the limits of 1.8 volts to 2.2 volts.

2.POSITIVE POTENTIALELEC-
TRODES—The power sources for the
operation of radio equipment are sub-
ject to variations in their terminal po-
tential. Consequently, the maximum
ratings shown on the tube-type data
sheets have been established for certain
Design CenterVoltages which experience
has shown to be representative. The De-
sign Center Voltages to be used for the
various power supplies together with
other rating considerations are as given
below:

A. AC or DC Power Line Service
in U.S.A. The design center voltage for
this type of power supply is 117 volts.
The maximum ratings of plate voltages,
screen~-grid supply voltages, dissipations,
and rectifier output currents are design
maximums and should not be exceeded
in equipment operated at a line voltage
of 117 volts.

B. Storage-Battery Service — When
storage-battery equipment is operated
without a charger, it should be designed
so that the published maximum values
of plate voltages, screen-grid supply
voltages, dissipations, and rectifier out-
put currents are never exceeded for a
terminal potential at the battery source
of 2.0 volts per cell. When storage-
battery equipment is operated with a
charger, it should be designed so that
90 per cent of the same maximum values
isnever exceeded for a terminal potential
at the battery source of 2.2 volts.

C. “B”-Battery Service—The de-
sign center voltage for “B” batteries is
the normal voltage rating of the battery
‘block, such as 45 volts, 90 volts, etc.
Equipment should be designed so that
under no condition of battery voltage
will the plate voltages, screen-grid sup-
ply voltages, or dissipations ever exceed
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the recommended respective maximum
values shown in the data for each tube
type by more than 10 per cent.

D. Other Considerations —

a. Class A1 Amplifiers —The maxi-
mum plate dissipation occurs at the
“Zero-Signal” condition. The maximum
screen-grid dissipation usually occurs at
the condition where the peak-input sig-
nal voltage is equal to the bias voltage.

b. Class B Amplifiers —The maxi-
mum plate dissipation theoretically oc-
curs at approximately 63 per cent of the
“Maximum-Signal”’ condition, but prac-
tically may occur at any signal voltage
value.

c. Converters — The maximum
plate dissipation occurs at the ‘“Zero-
Signal” condition and the frequency at
which the oscillator-developed bias is a
minimum. The screen-grid dissipation
for any reasonable variation in signal
voltage must never exceed the rated
value by more than 10 per cent.

d.Screen-Grid Ratings—When the
screen-grid voltage is supplied through a
series voltage-dropping resistor, themax-
imum screen-grid voltage rating may be
exceeded, provided the maximum screen-
grid dissipation rating is not exceeded at
any signal condition, and the maximum
screen-grid voltage rating isnot exceeded
at the maximum-signal condition. Pro-
vided these conditions are fulfilled, the
screen-grid supply voltage may be as
high as, but not above, the maximum
plate voltage rating.

For certain voltage amplifier types,
as listed in the data section, the maxi-
mum permissible screen-grid (grid-No.2)
input varies with the screen-grid volt-
age, as shown in Fig. 91. Full rated
screen-grid input is permissible at screen-
grid voltages up to 50 per cent of the
maximum rated screen-grid supply volt-
age. From the 50-per-cent point to the
full rated value of supply voltage, the
screen-grid input must be decreased.The
decrease in allowable screen-grid input
follows a curve of the parabolic form.
This rating chart is useful for applica-
tions utilizing either a fixed screen-~grid
voltage or a series screen-grid voltage-
dropping resistor. When a fixed voltage
is used, it is necessary only to determine
that the screen-grid input is within the






Tube-Part Materials |
in Typical RCA Electron Tube

. ENVELOPE—Lime glass

. SPACER—Mica sprayed with mag-
nesium oxide

. PLATE—Carbonized nickel or nickel-
plated steel

. GRID WIRES—Manganese-nickel or
molybdenum

. GRID SIDE-RODS—Chrome copper,
nickel, or nickel-plated iron

. CATHODE—Nickel coated with bar-
ium-calcium-strontium carbonates

. HEATER—Tungsten or tungsten-mo-
lybdenum alloy with insulating coat-
ing of alundum

8. CATHODE TAB—Nickel

9.

10.

11.
12,

13.

14,
15.
16.

MOUNT SUPPORT—Nickel or nick-
el-plated iron

GETTER SUPPORT AND LOOP—
Nickel or nickel-plated iron

GETTER—Barivm-magnesium alloys

HEATER CONNECTOR—Nickel or
nickel-plated iron

STEM LEAD-IN WIRES—Nickel,
dumet, copper

PRESSED STEM—Lead glass
BASE—Bakelite
BASE PINS—Nickel-plated brass
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Filament o Heater Volts | 1.25—1.4 20—5.0 6.3—117.0
Minia- Minia-
ture | Other |Octal|Other| ture Miniature Octal Other
POWER AMPLIFIERS with and without Rectifiers, Diode Do'cdon, and Voltage Amplifiers.
154 CoCL6 | 6AGT7] 7B5
354* [6AK6 | 6G6-G] 7AD7
single 1A5.GT| 6ARS 6F6. 6F6.G)| 42
Pentodes unit 3Q4* (| 1C5-GT, 42 6F6-CT]
3va* || ILB4 [6K6-GT :;]
with medium-mu triode 6AD7.G
CONVERTERS & MIXERS (For other types used as Mixers, see VOLTAGE AMPLIFIERS).
3BE6} 6BE6 |6SA7 6A8,
1E8t 6SA7-GT] | 6A8G 7B8
pentagrid, L6 | 1A7-GT 12BE6 IZSA7 ] 6A8.CT | 6A7] 7Q7
IRS 1LA6 12AD6
1LC6 12BA7 (6BA7 6SBT \’J 12A8-G7 14Q7
SATS]{|6ATS J6AT8.A+]
Cone- 5cG8t||}eCG8| 6us.A+
verters | triode-pentode 5X81|{|6X8 68& A
SUBE Y 1oxs
triode-hexode 6K8, 12K8
triode-heptode 7J7
octode 7A8
Mixers pentagrid 6L7
ELECTRON-RAY TUBES
; - . 6AB5/6N5
Single with remote-cutoff triode U5
with sharp-cutoff triode 6E5
Twin without triode 6AF6-G
Triple without triode 6AL7-GT
VOLTAGE AMPLIFIERS with and without Diode Detectors;
TRIODE, TETRODE, AND PENTODE DETECTORS; OSCILLATORS.
2AF4-A1[BAF4, 6AF4.AT 6AH4.GT
single unit 3AF4-A<[6BN4  6C4_| [6C5. 6C5-GT]
ingle uni ILE3 2BN4t | [654, 654.A11} (65, 6J5GT] TA4
27 6T4 12B4-A41 12)5-GT
oy R
A
peniode 6AZ8
with power
pentode. 6AD7-G
medium- | with two 12AE6° [6BF6 [6SR7. 6R7]
my diodes 12AJ6°[12BF6 {12SR7)
6BK7-A 6BC8] 6BL7-GT 6BX7.GT TAF7
6BQ7-A_ 6BZ] 6C8- 78
4BQ7-At|6]6 6CG7t 6F8-G N7
4BC8{ ||7AU7® 65N7-GTB. H4AF7
twin unit 4BZ7%} IZAUT‘ 8CG7* {2AH?-GT {4F8
5BQ7-A+ 12AV74 12SN7.GT
5J61 H12BH74,
IZBH7 Asd
Triodes 196
dual unit® 6CM7§ BCM7+
[6F5 6F5.GT]
single unit 6AB4 [6SF5 6SF5 GT] | 7B4
with diode ”{‘éf_{c“r
12AT6 Eﬁﬁgg 6Q7.656(Z)77-GT 722 1432
. N 6. 7 7
high-my | with two 3AVeL |12av6 [6AVG 16507, 65Q7.GTT - |7K7 7X7
12Q7-GT
[12507, 125Q7.G T}
with thice 5Te; | 6T8 1978 638.GT
12AT74 65C7 128C7 7F7 14F7
twin unit 12AX74 6SLI-GT
12AZ274 128L7-GT
with rf 6AWSE
pentode BAWSB.A+
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1—Glass Envelope
2 —Internal Shield
3—Plate

4_—_Grid No. 3
(Suppressor Grid)

5—_Grid No. 2 {Screen Grid)
6—Grid No. 1 (Control Grid)
7 —Cathode

8-—Heater

9—Exhaust Tip

10—Getter

11 —Spacer Shield Header
12— Insulating Spacer
13—Spacer Shield

14— Inter-Pin Shield
15—Glass Button-Stem Seal
16—Llead Wire

17 —Base Pin

18 — Glass-to-Metal Seal

3% times actual size

Structure of a Miniature Tube



RCA Tube Types

This section contains technical descriptions of RCA tubes used in standard
broadcast, FM, and television receivers. It includes data on current types, as
well as information on those RCA discontinued types in which there may still be
some interest as to characteristics. Information on picture tubes is contained in a

chart at the end of this section.

In choosing tube types for the design of new electronic equipment, the designer
is referred to the inside back cover for information regarding the availability of the
latest RCA Preferred Types List and for a listing of RCA Tube Types Not Rec-

ommended for New Equipment Design.

Tube types are listed in this section according to the numerical-alphabetical-
numerical sequence of their type designations. For Key to Socket Connection

Diagrams, see inside front cover.

FULL-WAVE GAS RECTIFIER

Metal type OZ4 and glass octal type 0Z4-G

Poy are used in vibrator-type B-supply units. Both
have ionically heated cathodes, require octal
sockets, and may be mounted in any position,
0Z4 Outline 2, OUTLINES SECTION. 0Z4-G
dimensions: maximum over-all length, 2-5/8
inches; maximum diameter, 1-1/16 inches; T-7
NC  bulb; dwarf-shell octal 6-pin base. Base of
0Z4-G has no pin No. 2. Shell of OZ4 and ex~
K ternal shield of OZ4-G should be grounded.
Filters may be necessary to eliminate objection~

able noise. Maximum ratings for full-wave recti-~

S 024
NC'024-G

0Z4

0Z4-G

fier service: peak starting supply volts (per plate), 300 min; peak plate-to-plate volts, 1000 mazx; peak
plate ma. (per plate), 200 mazx; dc output ma., 75 max, 30 min; dc output volts, 300 max; average
dynamic tube voltage drop, 24 volts. These types are used principally for renewal purposes.

DIODE

NG ic Miniature type used as detector
tube in portable FM receivers and in
portable high-frequency measuring
equipment. Qutline 11, OUTLINES
H SECTION. Tube requires miniature
seven-contact socket. Heater volts
(ac/dc) 1.4; amperes, 0.15.

O,
H

Moximum Ratings: HALF-W AVE RECTIFIER

PEAK INVERSE PLATE VOLTAGE. . . ...t iiiiiieiiin i inretonaninnans
PEAK PLATE CURRENT. . . ... ttttietiinetitnnirinieesansronssannanans
DC OUTPUT CURRENT. . ...t itiiiieinsrinannereenasnonannns RN
PEAK HEATER-CATHODE VOLTAGE. . . ... .ttuiiiiiirniisnsocraaansns .

Typical Operation (With Capacitor-Input Filter):

AC Plate-Supply Voltage (rms) .................00u0n . Cieieees
Filter-Input Capacitor. .. ..... ... viiiniiiiaeennvinn Cetreeneeaas .
Minimum Total Effective Plate-Supply Impedance. . .......co000eveuns

73

1A3

330 max

b max
0.5 maz
140 max

117

volts

ma
volts

volts

ohms
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Typical Operation:
Peak Plate-Supply Voltage:

Positive pulse value. . . . ... .. i i i i i i e 20000 volts
Negative pulse value. . ... ... ... . ittt i i -5000 volts
DC Output Voltage (APProX.) . . v v iuvunietiiieranntennnrraiaaronne 20000 volts
DC Output Current (APPIOK.) . .. ..vitttttitiiiiinrearereieaasens 300 ua
# Under no circumstances should this absolute value be exceeded.
e _IC
0
HALF-WAVE VACUUM RECTIFIER e

Glassoctaltypeused in high-voltage,
- low-current applications such as the ¢
.IB3 GT rectifier in a high-voltage, rf-operated "5
power supply or as a rectifier of high- . OMIO.
voltage pulses produced in television « <
scanning systems., When used as an rf rectifier, one 1B3~GT in a half-wave circuit
is capable of delivering a maximum dc output voltage of about 15000 volts. In a
voltage-doubler circuit, two tubes will give about 30000 volts; and in a voltage-
tripler circuit, three 1B8-GT’s will deliver 45000 volts approximately. For curve
of average plate characteristics, see page 64.

FILAMENT VOLTAGE (AC/DC) .. ..o ceitiirie i iietennennnnrnneoeannenns 1.25* volts
FILAMENT CURRBENT . . oot ottt e eesaneneronnaneneasossnenannsonnessann 0.2 ampere
DIRECT INTERELECTRODE CAPACITANCE:

Plate to Filament (ApPProX.) ... .. ..o reeiiiiiiieniienirannnnenanan. 1.5 frm

*Under no circumstances should the filament voltage be less than 1.1 volts or greater than 1.5 volts.

PULSED-RECTIFIER SERVICE
For operation in a 525-line, 30-frame system
Maximum Ratings:

PEAK INVERSE PLATE VOLTAGE. . .. .0t tittrirnnsernniononriinsnanerinnn 30000 maz volts
PEAK PLATE CURRENT. .. ...ttt iiiiiititerierasnnnsecnsnssoonannenonss 17 mazx ma
AVERAGE PLATE CURRENT. ... . ttunttinerneniiooretionnonnsonnansensans 2 max ma
FREQUENCY OF SUPPLY VOLTAGE. ... ..\ vt tiureannneonnannsivennnansnnn 300 max Ke

INSTALLATION AND APPLICATION

Type 1B3-GT requires an. octal socket and may be mounted in any position.
Plate connection is cap at top of bulb. Internal connections are made to pins 1, 3, 5,
and 8. These pins may be connected to pin 7; otherwise they should not be used.
This type may be supplied with pin No.1 and/or pin No.6 omitted. Outline 32,
QUTLINES SECTION.

The high voltages at which the 1B3-GT is operated are very dangerous. Great
care should be taken to prevent coming in contact with these high voltages. In
those circuits where the filament circuit is not grounded, the filament circuit oper-
ates at dc potentials which can cause fatal shock. Extreme precautions must be
taken when the filament voltage is measured. These precautions must include safe-
guards which definitely eliminate all hazards to personnel. The filament transformer,
whether it is of the iron-core or the air-core type, must be sufficiently insulated.

When used in television receivers and other equipment operating at 16000
volts or above, the 1B3-GT will produce X-rays which can constitute a health
hazard unless the tube is adequately shielded.

SHARP-CUTOFF PENTODE Gi
Glass type used as rf amplifier or detector P I- Gz
in battery-operated receivers. Outline 39, OUT-
LINES SECTION. Tube requires four-contact
IB4_P socket. For typical operating conditions and
maximum ratings as a class A; amplifier, refer
to type 1E5-GP. Filament volts (dc), 2.0; am- o"o
peres, 0.06. Type 1B4-P is a DISCONTINUED £r £03

type listed for reference only.
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af grid-No.l volts, 7.5; plate ma., 7.8; grid-No.2 ma., 3.5; plate resistance (approx.), 115000 ohms;
transconductance, 156560 umhos; load resistance, 8000 ohms; power output, 240 milliwatts, Type 1Cb6-GT
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TWIN DIODE—MEDIUM-MU TRIODE

Glass type used as combined detector, am-
plifier, and ave tube in battery-operated re-
ceivers, Outline 84 or 85, OUTLINES SEC-
TION. Tube requires six-contact socket. Fila-
ment volts (de), 2.0 amperes, 0.06. Typical
operation as class A amplifier: plate volts, 1356
mazx; grid volts, —3; plate ma., 0.8; plate resist-
ance, 35000 ohms; amplification factor, 20;
transconductance, 575 ymhos. This is a DIS-
CONTINUED type listed for reference only.

PENTAGRID CONVERTER

Glass octal type used in superheterodyne
circuits having battery power supply. Outline
24, OUTLINES SECTION. Filament volts (d¢),
1.4; amperes, 0.1. This is a DISCONTINUED
type listed for reference only The 1B7-GT may
be replaced by the 1A7-GT if circuit adjust-
ment is made for lower filament current of
type 1A7-GT.

POWER PENTODE

Glass octal type used in output stage of
battery-operated receivers. Outline 23, OUT-
LINES SECTION. This type may be supplied
with pin No.1 omitted. Tube requires octal
socket and may be mounted in any position.
For filament considerations, refer to 1U4. Fila-
ment volts (de), 1.4; amperes, 0.1. Typical oper-
ation as class A: amplifier: plate and grid-No.2
volts, 90 (110 max); grid-No.1 volts, —~7.5; peak

is used principally for renewal purposes.

Gz ]

grid-No.1 (oscillator-grid) resistor, 50000 ohms; plate ma., 1.5; grids-No.3-and-No.6 ma., 2; grid-No.2

PENTAGRID CONVERTER

Glass type used in battery-operated re-
ceivers. Similar electrically to type 1C7-G ex-
cept for interelectrode capacitances. Outline 39,
OUTLINES SECTION. Tube requires six-con-
tact socket. Filament volts (dc), 2.0; amperes,
0.12. Type 1C6 is a DISCONTINUED type
listed for reference only.

PENTAGRID CONVERTER

Glass octal type used in battery-operated
receivers. Outline 88, OUTLINES SECTION.
Tube requires octal socket. Filament volts (dc),
2.0; amperes, 0.12. Typical operation as conver-
ter: plate volts, 180 maz; grids-No.3-and-No.5
(screen-grid) volts, 67.5 max; grid-No.2 (anode-
grid) supply volts, 180 (applied through 20000-
ohm dropping resistor bypassed by 0.01-uf
capacitor); grid-No.4 (control-grid) volts, -3;

1B5/25S

1B7-GT

1C5-GT

1C6

1C7-G

ma., 4; grid-No.1 ma., 0.2. This is a DISCONTINUED type listed for reference only.

REMOTE-CUTOFF PENTODE

Glass octal type used in battery-operated
receivers as rf or if amplifier. Outline 88, OUT-
LINES SECTION. Tube requires octal socket.
Filament volts (dc), 2.0; amperes, 0.06. Typical
operation as class A; amplifier: plate volts, 180
mazx; grid-No.2 (screen-grid) volts, 67.56 max;
grid-No.1 volts, -3 min; plate ma., 2.3; grid-No.2
ma., 0.8; plate resistance (approx.), 1.0 megohm;
transconductance, 760 umhos; transconductance
at bias of —15 volts, 15 umhos. This is a DIS-
CONTINUED type listed for reference only.
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nected directly across a dry-cell battery rated at a terminal potential of 1.5 volts. Filament voltage
should never exceed 1.6 volts. Maximum ratings: plate volts, 67.5 maz; grids-No.2-and-No.4 (screen-
grid) volts, 45 max; grids-No.2-and-No.4 supply volts, 67.5 maz; total cathode ma., 4 max. This type is
used principally for renewal purposes.

CONVERTER SERVICE
Characteristics: (Separate Excitation): #

Plate Voltage. .. ....c.vvviinnenens Ceveenens 30 45 67.5 volts
Grids-No.2 and No.4 Supply Voltage..... e 30 45 67.5 volts
Grids-No.2 and No.4 Resistor................. 10000 15000 20000 ohms
Grid-No.3 (Control-Grid) Voltage...... PPN 0 0 0 volts
Grid-No.1 (Oscillator-Grid) Resistor........... 0.1 0.1 0.1 megohm
Plate Resistance (APProX.). . ....covcevveen ‘e 0.3 0.4 0.4 megohm
Conversion Transconductance. . . 115 140 150 pmhos
Grid-No.3 Voltage for Conversion Transconduct-

ance of 5 pmhos (APProx.). .....c.cvvunuen.. -7 -8 -9 volts
Plate Current. .............. etereee e, 0.3 0.6 1.0 ma
Grids-No.2 and No.4 Current, ........... R 0.8 1.1 1.5 ma
Grid-No.l Current, . . coonvnrrsoesoasnassenn, 30 50 70 ua
Total Cathode Current.......c.ovcivvienn.en, 1.1 1.7 2.5 ma

NOTE: The transconductance between grid No.1 and grids No.2 and No.4 connected to plate (not
oscillating) is approximately 730 pmhos under the following conditions: signal applied to grid No.1 at
zero bias; grids No.2 and No.4 and plate at 30 volts; and grid No.3 grounded. Under the same condi-
tions, the total cathode current is 8 milliamperes and the amplification factor is 3.9.

#The characteristics shown under separate excitation approximate those obtained in a seli-excited
oscillator operating with zero bias.

POWER PENTODE

Glass type used in output stage of battery-
operated receivers. Outline 42, OUTLINES
SECTION. Tube requires five-contact socket. l|F4.
Filament volts (dc¢), 2.0; amperes, 0.12. Type
1F4 is similar electrically to type 1F5-G. Type
1F4 is a DISCONTINUED type listed for ref-
erence only.

POWER PENTODE

G2 S Glass octal type used in output stage of
0 9 battery-operated receivers. Qutline 41, OUT-
P f LINES SECTION. Tube requires octal socket.
e Filament volts (dc), 2.0; amperes, 0.12. Typi- ]F5 G
cal operation as class A1 amplifier: plate and -

- grid-No.2 (screen-grid) volts, 135 (180 max) ; grid-
F‘ 23 No.l volts, —4.5; plate ma., 8; grid-No.2 ma.,
2.4; cathode resistor, 432 ohms; output watts,
NC NC 0.31. This is a DISCONTINUED type listed
for reference only.

TWIN DIODE—
SHARP-CUTOFF PENTODE

Glass type used as combined detector, am-
plifier, and ave tube in battery-operated re-
ceivers. Outline 38, OUTLINES SECTION. 1F6
Tube requires six-contact socket. Filament volts
(de), 2.0; amperes, 0.06. Typical operation of
pentode unit as class A1 amplifier: plate volts,
180 max; grid-No.2 (screen-grid) volts, 67.5 maz;
grid-No.1 volts, —1.5; plate ma., 2.2; grid-No.2
ma., 0.7, This is a DISCONTINUED type
listed for reference only.

TWIN DIODE—
SHARP-CUTOFF PENTODE

Glass octal type used as combined detector,
amplifier, and avc tube in battery-operated re-
ceivers. Outline 88, OUTLINES SECTION. 1F7-G
Tube requires octal socket. Filament volts (dc),
2.0; amperes, 0.06. Similar electrically to type
1F6 except for interelectrode capacitances. Type
1F7-G is a DISCONTINUED type listed for
reference only. :
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MEDIUM-MU TRIODE
Glass octal type used in battery-operated NC G
receivers as detector or voltage amplifier. Out- o (5)
line 23, OUTLINES SECTION. This type may ®
be supplied with pin No.1 omitted. Tube requires )
IG4_GT octal socket. Filament volts (dc), 1.4; amperes,
0.05. Typical operation and characteristics as
class A1 amplifier: plate volts, 90 (110 max); ewe
grid volts, —6; plate ma., 2.3; plate resistance,
10700 ohms; amplification factor, 8.8; trans-
conductance, 825 umhos. This is a DISCON-
TINUED type listed for reference only.

POWER PENTODE G2
Glass octal type used in output stage of o
battery-operated receivers. Outline 41, OUT- P /
LINES SECTION. Tube requires octal socket. ©
'le _G Filament volts (dc), 2.0; amperes, 0.12, Typical
operation as class A: amplifier: plate and grid- e
No.2 (screen—grid) volts, 185 maz; grid-No.l '*
volts, -13.5; plate ma., 9.7; output watts, 0.55.
This is a DISCONTINUED type listed for NG e
reference only.

HIGH-MU TWIN POWER TRIODE

GT2 ey g}
Glass octal type used in output stage of @) ®
battery-operated receivers. Outline 23, OUT- Pty / \ PTy
LINES SECTION. Tube requires octal socket. GYF N0,
]Gb GT Filamtent volts‘ (dc)1,31.4; :;mﬁperesl, 2;;1' lepicgaol
- operation as class B amplifier: plate volts,

(110 mazx); de grid volts, 0; peak af grid-to-grid  * ew O
volts, 48; effective grid-eircuit impedance per o 0
unit, 2530 ohms; plate ma. (zero signal), 2; NE e

plate ma. (maximum signal), 11; peak grid ma.
per unit, 6; output watts (approx ), 0.35. This is a DISCONTINUED type listed for reference only.

MEDIUM-MU TRIODE NC

Glass octal type used as detector or voltage
amplifier in battery-operated receivers. Qutline 3
36, OUTLINES SECTION, This type may be )
'lH4_G supplied with pin No.l omitted. Tube requires
@

00

octal socket. Filament volts (dc), 2.0; amperes,
0.06. Typical operation as class A: amplifier: F
plate volts, 180 max; grid volts, —~13.5; amplifi-
cation factor, 9.3; plate resistance, 10300 ohms; NG NC
transconductance, 900 umhos; plate ma., 3.%.
For grid-bias detection, plate volta up to 180 maxz may be used and grid bias adjusted so that zero-signal
plate ma. is about 0.2. This is a DISCONTINUED type listed for reference only.

DIODE—HIGH-MU TRIODE

Glass octal type used as combined
'I H 5 GT detector and amplifier in battery-oper-
- ated receivers.Outline 24, OUTLINES (¢
SECTION. Tube requires octal socket.

Filament volts (dc), 1.4; amperes, 0.05. 8C NC
Characteristics of triode unit as class A, amplifier: plate volts, 90 (110 max); grid
volts, 0; plate ma., 0.15; plate resistance, 240000 ohms; amplification factor, 65;

transconductance, 275 umhos. Diode is located at negative end of filament.

NC Pp

TWIN DIODE—MEDIUM-MU TRIODE

Glass octal type used as combined detector,

amplifier, and ave tube in battery-operated re-

] H6 G ceivers. Outline 36, OUTLINES SECTION.
- Tube requires octal socket. Filament volts (dc),

2.0; amperes, 0.06. Type 1H6-G is similar elec-

trically to type 1B5/25S. Type 1H6-G is a

DISCONTINUED type listed for reference only.
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Maximum Ratings:

PLATE VOLTAGE. ............ e cees 110 max
‘GRID-NO.2 (SCREEN-GRID) VOLTAGE . ..

GRID-NO.2 BUPPLY VOLTAGE. ...« vteunrvantrnecasrrannnncnennn 110 max
‘GRID-NO.1 (CONTROL~GRID) VOLTAGE, Positive Bias Value.......... 0 max
TOTAL CATHODE CURRENT. ... .0vuvuvnaarennennn Crrreeeeeas eenee 6.5 maz
Characteristics:

Plate Voltage...... Ceeienans e Cereenaesrisacsens [ 90 90
Grid-No.2 Voltage........... e N veser.s. 67.5 90
Grid-No.1 Voltage........ e b ie e 0 0
Plate Resistance....... ettt e it 0.6 0.26
Transconductance. . ......... e ee et ittt 925 1025
Grid-No. 1 Voltage for platecurrent of 10 ga. .. .........covevnnn.. —6 -1
PlateCurrent................ ... et eas e e 2.9 4.5
Grid-No.2Current. .......ooiiiiiiiannnnnenan Cenceeenrraas vee. 1.2 2.0

PENTAGRID CONVERTER

Miniature type used in low-drain battery-
operated receivers. Outline 11, OUTLINES
SECTION. Tube requires miniature seven-con-
]L6 tact socket and may be mounted in any posi-
tion. Filament volts (dc), 1.4; amperes, 0.05.
Maximum ratings: plate volts, grid-No.2 volts,
and grids-No.3-and-No.5 supply volts, 110 max;
grids-No.3-and-No.5 volts, 65 maz; total cath-
ode ma., 4 max. This type is used principally
for renewal purposes.

CONVERTER SERVICE
Characteristics: (Separale Excilation):

Plate Voltage. . .............. PR 90
Grids-No.3-and-No.5 (Screen-Grid) Voltage. 45
Grid-No.2 (Oscillator-Plate) Voltage. . ... .. ... ..o oiiiieiiiniennnnnes, 90
Grid-No.4 (Mixer-Grid) Voltage. . . ... ..o ittt i, 0
Grid-No.1 (Oscillator-Grid) Resistor. . ........ ... it 0.2
Plate Resistance (ADPDIoX.). . .o ivrvunnrianiietoanuronasnsearonenennns 0.65
Plate Current. . ... ... uune it itiee et iteraassrenteeenonrnneenn 0.5
Grids-No.3-and-No.5 Current. ....... ... ... 0 (it ciiiiiiinnnnnnnn . 0.6
Grid-No.2 Current. . .. ... oivriiiiine i i, 1.2
Grid-No.1 Current.......... e e e e e ta e 0.035
Total Cathode Current. . ......... .ot Lttt i i 2.35
Conversion Transconductance. ... ....... ...t ieinrananennn, . 300
Grid-No.4 Voltage for conversion transconductance of 10 umhos.......... -3.5
Grid-No.4 Voltage for conversion transconductance of 100 umhos.......... -1.3

90 max

volts
volts
volts
volts
megohm
megohm
ma

ma

ma

ma

ma
umhos
volts
volts

NOTE:; The transconductance between grid No.1 and grid No.2 connected to plate (not oscillating) is
approximately 550 umhos under the following conditions: signal applied to grid No.1 at zero bias; grid
No.2 and plate at 90 volts; grids No.3 and No.5 at 45 volts; grid No.4 grounded. Under the same con-

ditions, the plate current is 5 milliamperes, and the amplification factor is 40.

Maximum Circuit Value (For mazimum rated conditions):

Grid-No.4-Circuit Resistance. . ... ... ..ottt iiiiiaennannen,, 1.0 mazx

POWER PENTODE

Glass lock-in type used in output stage of

battery-operated receivers. Outline 15, OUT-

] I-A4 LINESSECTION. Tube requireslock-in socket.
Filament volts (dc), 1.4; amperes, 0.05. For

electrical characteristics and typical operation,

refer to glass-octal type 1A5-GT. Type 1LA4isa

DISCONTINUED typelisted for reference only,

PENTAGRID CONVERTER

Glass lock-in type used in battery-operated

receivers. Outline 15, OUTLINES SECTION.

]I. A6 . Tube requires lock-in socket. Filament volts
(de), 1.4; amperes, 0.05. Typical operation as

converter is the same as for type 1A7-GT ex-

cept that the maximum grid-No.2 volts is 65,

the maximum total cathode ma. is 4.0, the plate

resistance is 0.75 megohm, and the conversion

megohm

transconductance for a grid-No.4 (control-grid) bias of -3 volts is 10 umhos. This type is used principally

for renowal purposes.
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POWER PENTODE

Glass lock-in type used in output stage of
battery-operated receivers. Qutline 15, QUT-
LINESSECTION. Tuberequireslock-in socket. ] LB4
Filament volts (dc¢), 1.4; amperes, 0.05. For elec-~
trical characteristics, refer to pentode unit of
glass-octal type 1D8-GT. Type 1LB4 is used
principally for renewal purposes.

SHARP-CUTOFF PENTODE

Glass lock-in type used as rf or if amplifier
in battery-operated receivers. Outline 15, QUT-
LINESSECTION. Tuberequireslock-in socket.
Filament volts (dc), 1.4; amperes, 0.05. Typical ] Lc5
operation as class A: amplifier: plate volts, 90
(110 maz) ; grid-No.2 (screen-grid) volts, 45 max;
grid-No.1 volts, 0; plate resistance (approx.),
greater than 1 megohm; transconductance, 776
pmhos; plate ma., 1.15; grid-No.2 ma., 0.3. This
type is used principally for renewal purposes.

PENTAGRID CONVERTER

Glass lock-in type used in battery-operated
receivers. OQutline 15, OUTLINES SECTION.,
Tube requires lock-in socket. Filament volts
(dc), 1.4; amperes, 0.05. Typical operation as
converter: plate volts, 90 (110 max); grids-No.3-
and-No.5 volts, 35 (45 maz) ; grid-No.2 volts, 45; ] LC6
grid-No.1 voits, 0; plate resistance, 0.65 meg-
ohm; plate ma., 0.75; grids-No0.3-and-No.5 ma.,
0.70; grid-No.2 ma., 1.4; total cathode ma.,
2.9; conversion transconductance (zero bias),
276 pmhos. This type is used principally for
renewal purposes.

DIODE—SHARP-CUTOFF
PENTODE

Glass lock-in' type used as combined detec-
tor and af voltage amplifier in battery-operated
receivers. Outline 15, OUTLINES SECTION. ]LD5
Tube requires lock-in socket. Filament volts
(dc), 1.4; amperes, 0.05. Characteristics of pen-
tode unit: plate volts, 90 (110 maxzx); grid-No.2
volts, 45; grid-No.1 volts, 0; plate ma., 0.6;
grid-No.2 ma., 0.1; plate resistance, 0.75 meg-
ohm; transconductance, 575 umhos. This type
is used principally for renewal purposes.

MEDIUM-MU TRIODE

Glass lock-in type used as detector or volt-
age amplifier in battery-operated receivers. Out-
line 15, OUTLINES SECTION. Tube requires
lock-in socket. Filament volts (dc), 1.4; amperes, ] L E 3
0.05. Typical operation as class A: amplifier:
plate volts, 90 (110 mazx); grid volts, -3; plate
ma., 1.4; plate resistance, 19000 ohms; trans-
conductance, 760 upmhos; amplification factor,
14.5. This type is used principally for renewal
purposes.

REMOTE-CUTOFF PENTODE
Lock-in type used as rf or if amplifier in
battery-operated receivers. Outline 15, QUT-
LINES SECTION. Tube requireslock-insocket. -l LGS

Filament volts (dc), 1.4; amperes, 0.05. Typical
operation and maximum ratings as class A
amplifier: plate volts, 90 (110 maxr); grid-No.2
volts, 45 (110 max); grid-No.1 volts, 0; plate
resistance (approx.), greater than 1 megohm;
transconductance, 800 pymhos; plate ma., 1.7;
grid-No.2 ma., 0.4; grid-No.1 voltage for transconductance of 10 umhos, —10 volts, This type is used

principally for renewal purposes.
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DIODE—HIGH-MU TRIODE

Glass lock-in type used as combined detec-
tor and amplifier m battery-operated receivers.
Outline 15, OUTLINES SECTION. Tube re-
quires lock-in socket. Filament volts (dc), 1.4;
amperes, 0.05. For electrical characteristics, re-
fer to glass-octal type 1H5-GT. Type 1LH4 is
used principally for renewal purposes.

SHARP-CUTOFF PENTODE

Glass lock-in type used as rf or if amplifier
in battery-operated receivers. Outline 15, OUT-
LINESSECTION. Tuberequireslock-insocket,
Filament volts (dc), 1.4; amperes, 0.05. Typical
operation as class A1 amplifier: plate and grid-
No.2(screen-grid) volts, 90 (110 mazx); grid-No.1
volts, 0; plate ma., 1.6; grid-No.2 ma., 0.35;
plate resistance (approx.), 1.1 megohms; trans-
conductance, 800 pmhos. This type is used
principally for renewal purposes.

SHARP-CUTOFF PENTODE

Glass octal type used asrforifam-
plifierin battery-operated receivers.
Outline 24, OUTLINES SECTION.
Tube requires octal socket and may be
mounted in any position. When used

in ave circuits, the 1N5-GT should be only partially controlled to avoid exces-

sive reduction in receiver sensitivity with large signal input.

FILAMENT VOLTAGE (DC)
FILAMENT CURRENT. . .

DIRECT INTERELECTRODE CAPACITANCES:*

Grid No.1 to Plate

Grid No.1 to Filament, Grid No.2, and Grid No.3............. .

Plate to Filament, Grid No.2, and Grid No.8......

* With external shield connected to negative filament terminal.

Characteristics:

CLASS A, AMPLIFIER

Plate Voltage (110 volts max). ... ... ... it iiiiinnrennnnn .
Grid-No.2 (Screen-Grid) Voltage (110 volts max). ... .......... F

Grid-No.1 Voltage. . ...

Plate Resistance (APDroX.). . . ...ttt iiiinenrierrennnennns

Transconductance. . ...

Grid-No.1 Voltage (Approx.) for plate current of 10 pa ... ... e

Plate Current. ........
Grid-No.2 Current. . . ..

IN6-G

DIODE—POWER PENTODE

Glass octal type used as combined detec-
tor and power output tube in battery-operated
receivers, Maximum over-all length, 4 inches;
maximum diameter, 1-3/16 inches. Filament
volts (de), 1.4; amperes, 0.05. Typical operation
of pentode unit as class A1 amplifier: plate and
grid-No.2 (screen-grid) volts, 90 (110 mazx);
grid-No.1 volts, —4.5; plate ma., 3.1; grid-No.2
ma. (zero-signal), 0.6; plate resistance (approx.),

1.4
0.06

0.007 max
2.9
9.0

90
90
0
1.6 m
750
-3.2
1.2
0.3

Gz2p Gip

O

o'~ "°

4

volts
ampere

pul
upl
upf

volts
voltas
volts
egohms
pmhos
volts
ma

ma

Fr v r-
Gap

OO,
NC NC

0.3 megohm; transconductance, 800 umhos; load resistance, 26000 ohms; output watts, 0.1. Thig
is a DISCONTINUED type listed for reference only.
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CONVERTER SERVICE

Moximum Ratings:

PLATE VOLTAGE. .. .. ..ttt ittt it ianreranonnerssaseserscsnn 90 max volts
GRIDS-N0.2-AND-N 0.4 (8CREEN-GRID) VOLTAGE . ................ .. 67.5 max volts
GRIDS-N0.2-AND-N0.4 SUPPLY VOLTAGE . .. .. ... ....vruiracassnns . 90 max volts
GRID-N0.3 (CONTROL: GRID) VOLTAGE, Positive Biag Value .......... 0 mazx volts
TOTAL ZERO-SIGNAL CATHODE CURRENT.. .. ... ..vovnrvonnonans .. 5.5 max ma

Charocteristics:

Plate Voltage. . . ........ .. .coiiiviiivnvnnnen 45 67.5 90 90 volts
Grids-No.2-and-No.4 Voltage . ................ 45 67.5 45 67.5 volts
Grid-No.3 Voltage. . ......... .. .ot 0 0 0 0 volts
Grid-No.1 Resistor. .. .........cvvinennnnn 0.1 0.1 0.1 0.1 megohm
Plate Resistance (Approx.). . 0.6 0.6 0.8 0.6 megohms
Conversion Transconductan 235 280 250 300 wmhos
Grid-No.3 Voltage for conversion tran

conductance of approx. 5 ymhos. . ... . -9 -14 -9 -14 volts
PlateCurrent. . .............onun 0.7 1.4 0.8 1.6 ma
Grids-No.2-and-No.4 Current. .. .......... 1.9 3.2 1.9 3.2 ma
Grid-No.1 Current. .. ..........covveivieunrsnn 0.15 0.26 0.15 0.25 ma
Total Cathode Current....................... 2.75 5 2.75 5 ma

NOTE: The transconductance between grid No.1 and grids No.2 and No.4 tied to plate (not oscillating)
is approximately 1400 xmhos under the following conditions: grids No.1 and No.3 at 0 volts; grids No.2
and No.4 and plate at 67.5 volts.

POWER PENTODE

Miniature type used in output stage of
lightweight, compact, portable, battery-oper-
ated equipment. Types 1S4 and 3584 are identi-

] S4 cal except for filament arrangement. Outline 11,
OUTLINES SECTION. Type 184 requires
miniature seven-contact socket and may be
mounted in any position. For ratings, typical
operation, and curves, refer to type 384 with
parallel filament arrangement. For filament con-
siderations, refer to type 1U4 and ELECTRON TUBE INSTALLATION SECTION. Filament volts
(de), 1.4; amperes, 0.1. This type is used principally for renewal purposes.

Gap Pp
DIODE — @
SHARP-CUTOFF PENTODE O

155 Miniature type used in light- \ ©
weight, compact, portable, battery-op- WO, y F+
erated receivers as combined detector ()
and af voltage amplifier. Outline 11, G3p

OUTLINES SECTION. Filament volts (dc), 1.4; amperes. 0.05. Tube requires
miniature seven-contact socket and may be mounted in any position. For elec-
trical characteristics, curves, and application, refer to type 1US5.

REMOTE-CUTOFF PENTODE

-I-I-4 . Miniature type used in light-
weight, compact, portable, battery-op-

erated receivers as rf or if amplifier.

Because of internal shielding feature,

an external bulb shield is not needed,

but socket shielding is essential if minimum grid-No.l-to-plate capacitance is to be
obtained. Qutline 11, OUTLINES SECTION. Tube requires miniature seven-con-
tact socket and may be mounted in any position. For filament considerations, refer

to type 1UA4. N
FILAMENT VOLTAGE (DC). . .ottt it ettneenananneensonrornsonnas . 1.4 volts
FILAMENT CURRENT . .+« 0y tuteeevntennnnesannsesanssnnnees . 0.05 ampere
DIRECT INTERELECTRODE CAPACITANCES:*
Grid No.lto Plate, .. ..., i .iiniinineneianannrnnnans 0.01 max puuf
Grid No.1 to Filament, Grid No.2, Grid No.3, and Internal Shield 3.6 puuf
Plate to Filament, Grid No.2, Grid No.3, and Internal Shield. ... 7.6 nuf

* With close-fitting shield connected to negative filament terminal.
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CLASS A, AMPLIFIER

Maximum Ratings:

PLATE VOLTAGE. .. ...\ iiititennaeanaoeannnnnnenreeesosn 90 maz volts
GRID-NO0.2 (SCREEN-GRID) VOLTAGE. . .. 67.5 max volts
GRID-No0.2 SUPPLY VOLTAGE 90 max volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive Bias Value.......... 0 mazx volts
TOTAL CATHODE CURRENT. . .. .o vvusnrovenronionenenannennanenns 5.5 max ma
Characteristics:
Plate Voltage. . . ............ovivivenennann, 45 67.5 90 90 volts
Grid-No.2 Voltage..........covninvrrenenennes 45 67.5 45 67.5 volts
Grid-No.1 Voltage. . .........ocevinnnnrensens 0 0 0 0 volts
Plate Resistance (APprox.). .........ceeouueen. 0.36 0.25 0.8 0.5 megohm
Transconductance. . ........o.ovvevvvernnnarnnn 700 875 750 900 pmhos
Grid-No.1 Voltage for transconductance of 10
amhos. . ... ... -10 -16 -10 -16 volts
PlateCurrent.............ccoiiiiriinnenn e 1.7 3.4 1.8 3.5 ma
Grid-No.2 Current..........oovvivernrennnans 0.7 1.5 0.65 1.4 ma
3 AVERAGE PLATE CHARACTERISTICS
T T T
TYPE T4
=0 Eg=1.4 VOLTS D C
ey %'c‘ GAID-N22 VOLTS = 67.5
o
s T
& A
a 4 =
3 —-1.5
2 / / —1
J 2
o — 2.0
/=
e / -
<
|l /s
1 -3.5
a0
o —5.0
-6.0]
28.0
% 0 80 ERLaTE voLTS 200 9zcM-si0ITI
G2 Gt BEAM POWER TUBE
@) e Glass octal type used in output stage of
P / battery-operated receivers. Qutline 23, OQUT-
LINES SECTION. This type may be supplied
with pin No.l omitted. Tube requires octal 'ITS_GT

. socket. Filament volts (dc), 1.4; amperes, 0.05.
F‘(F;3 For filament considerations, refer to type 1U4.
Typical operation as class A; amplifier with fixed

NC NC bias: plate and grid-No.2 (screen-grid) volts, 90

(110 mazx); grid-No.1 volts, -6; peak af grid-

No.1 volts, 6; plate ma. (,naximum or zero-signal), 6.5; grid-No.2 ma. (zero-signal), 0.8; grid-No.2 ma.
(maximum signal), 1.5; plate resistance, 0.25 megohm; transconductance, 1150 umhos; load resistance,
14000 ohms; total harmonic distortion, 7.5 per cent; output watts, 0.17. This is a DISCONTINUED

type listed for reference only.

DIODE—SHARP-CUTOFF PENTODE

Subminiature type used as combined de-
tector and audio amplifier in small, compact,
battery-operated receivers for the standard AM

TION. Tube requires subminiature eight-con-
tact socket and may be mounted in any position.
Base pins should not be soldered to circuit ele-
ments because heat of soldering operation may
crack the glass seal. Filament volts (dec), 1.25;

broadcast band. Outline 8, OUTLINES SEC- '|T6

amperes, 0.04. The filament may be connected directly across a dry-cell battery rated at a terminal
potential of 1.5 volts. Filament voltage should never exceed 1.6 volts. Typical operation of pentode unit
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as class A; amplifier: plate and grid-No.2 (screen-grid) volts, 67.5 maz; grid-No.1 volts, 0; plate resist-
ance (approx.), 0.4 megohm; transconductance, 600 umhos; plate ma., 1.6; grid-No.2 ma., 0.4; total
cathode ma., 2.0 mar. Maximum diode plate ma., 0.25. This is a DISCONTINUED type listed for
reference only.

NC F

SHARP-CUTOFF PENTODE

Miniature type used as rf or if

1U4 amplifier in stages not controlled by

ave in lightweight, compact, portable,

battery-operated equipment. Because

the grid No.2 can be operated at the

same voltage as the plate, a voltage-dropping resistor is not needed. For typical

operation as a resistance-coupled amplifier, refer to Chart 3, RESISTANCE-
COUPLED AMPLIFIER SECTION.

1.4 volts

FILAMENT VOLTAGE (DC). ..
0.05 ampere

FILAMENT CURRENT. . .. .....0o0vnunn
DIRECT INTERELECTRODE CAPACITANCES
Grid Nol to Plate. . ..o oottt ittt it iiiearicianraoenaes 0.01 max ppf
Grid No.1 to Filament, Grid No.2, Grid No.3, and Internal Shield........ 3.6 upf
Plate to Filament, Grid No.2, Grid No.3, and Internal Shield............ 1.5 upf

* External shield connected to negative filament terminal.

Maximum Ratings: CLASS A, AMPLIRER

PLATE VOLTAGE. . ... ittt ittt ttanasnneaonneenanssansesanerosaanensans 110 maz volts
GRID-NO.2 (SCREEN-GRID) VOLTAGE. . . .. .. ..0irrrnoennnenenrsnoennoronnn 110 max volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE:
Negative bias value .. ... .ottt eriieanneenian 30 max volts
Positive bias value ....... i eai et ereaee et et 0 max volts
TOTAL CATHODE CURRENT, . . ... uvitunreoceonaosonsonsaseestosanncosnas 6 mazx ma

Characteristics:

Plate Voltage. . ... vttt iiiiieriiiiierratentoraonaancnerseinaserasas 90 volts
Grid-No.2 VOItage. . ...t itttiiiiie i iierineienesnan e raariannncenonas 90 volts
Grid-No.l Voltage. .. ... i iiiiiiiiiiiiii it ieerenineranteneriannenaes 0 volts
Plate Resistance (APPIOX.) . . ..o o vuuuunceenerorsrensssnnsneanssnsianans 1.0 megohm
TransconductaBnee. . ... .. ... . i i it et 900 pmhos
Grid-No.1 Voltage for transconductance of 10 ymhos. . ..........ccovvevnnls -4 volts
Plate CUrent. . ... .oiiit it iiie it nn s asennaaonsonnsreroceas 1.6 ma
Grid-No.2 CUrrent. ... ... ioet ittt trinssraseeuarsonnasannenneenes 0.5 ma

INSTALLATION AND APPLICATION
Type 1U4 requires a miniature seven-contact socket and may be mounted in
any position. Qutline 11, OUTLINES SECTION.

The filament power supply may be obtained from dry-cell batteries, from
storage batteries, or from a power line. With dry-cell battery supply, the filament
may be connected either directly across a battery rated at a terminal potential of
1.5 volts, or in series with the filaments of similar tubes across a power supply con-
sisting of dry cells in series In either case, the voltage acrosg the filament should
not exceed 1.6 volts.

With power-line or storage-battery supply, the filament may be operated in
series with the filaments of other tubes of the same filament-current rating. For such
operation, design adjustments should be made so that, with tubes of rated charac-
teristics operating with all electrode voltages applied and on a normal line voltage
of 117 volts or on a normal storage-battery voltage of 2.0 volts per cell (without a
charger) or 2.2 volts per cell (with a charger), the voltage drop across the filament
will be maintained within a range of 1.25 to 1.4 volts with a center of 1.3 volts.

In order to meet the recommended conditions for operating filaments in series
from dry-battery, storage-battery, or power-line-sources, it may be necessary to use
shunting resistors across the individual 1.4-volt sections of filament. Refer to
ELECTRON TUBE INSTALLATION SECTION for additional filament con-
siderations.
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AVERAGE PLATE CHARACTERISTICS
PENTODE CONNECTION

1 T T
TYPE U4
€.£=1.4VOLTS DC
GRID-N22 VOLTS 290

1.4

-0.5

2
[
o
a. //
3
g / -19
300
3 -
2
2/
EO.‘ -1.5
3
a
L/
-2.0
—
0.2 /] cmo-mnvours:cllz-z.s
I
[ 46 80 120 160 200
PLATE VOLTS
. 92CM-6609T
DIODE—SHARP-CUTOFF

PENTODE

Miniature type used in light-
weight, compact, portable, battery-op-
erated receivers as combined detector
and af voltage amplifier. The 1U5 is
similar to the 1S5 but utilizes an im-

1U5

proved structure which greatly reduces any tendency toward microphonic effects.
In addition, the diode unit is effectively shielded from the pentode unit to prevent
“play-through.” Outline 11, OUTLINES SECTION. Tube requires miniature
seven-contact socket and may be mounted in any position. For typical operation
as a resistance-coupled amplifier, refer to Chart 2, RESISTANCE-COUPLED
AMPLIFIER SECTION. For filament considerations, refer to type 1U4.

FILAMENT VOLTAGE (DC). . .0ttt vunininnnrenoesnsrnasonsneesnaans
FILAMENT CURRENT. . ..t \ivtvianivennennnnonetosnensnnsnnoenns

Maximum Ratings:
PLATE VOLTAGE. .. .......vureunnnnnenannns
GRID-N 0.2 (SCREEN-GRID) VOLTAGE
GRID-NO.]1 (CONTROL-GRID) VOLTAGE:
Negativebias value . . ... ... ... .. . i iiiiiiiiiiniirnsananes
Positive bias value ... .......civiirnienriiaronerrosarsocsas .
TOTAL CATHODE CURRENT. . ..\ vvivnneecrvorrransanionannasnnss .

Characteristics:

Plate Voltage. . . ... vviiiiiiiiirervnresroonsrssrosansssssone
Grid-No.2 Voltage. . .....cociiirieienressossssorunsssinsananse .
Grid-No.1 Voltage

Plate Resistance. . ... ...c.oiiiiiiiiiiinerernnarnrasosnccnnans .
TranscondUctBNCE. . ... ... i .0ttt iiirenienransnisnsassosssons
Grid-No.1 Voltage for plate current of 10ua. . ... ..........coviues
Plate Current. ... ... ..coiiiiiiiiiniriiinaoreretoassanannaaronss
Grid-No.2 Current.... ... ..ttt iiiiiinvreneansasense .

Maximum Rating:
PLATE CURRENT. . . ... ctutunneniuranronoascnonanansansnnnene

1.4 volts
0.06 ampere
90 max volts
90 maz volts
50 maz volts

0 max volts

8 maz ma
€7.6 volts
67.6 volts
0 volts
0.6 megohm
625 pmheg
-6 volts
1.6 ma
0.4 ma
0.25 max ma

Diode unit is located at negative end of filament and is independent of the pentode except for the

common filament.
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AVERAGE PLATE CHARACTERI(STICS
PENTODE UNIT

2.5 T T~ 1 T
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| .Eg=1.a vOLTS DC
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PLATE VOLTS 22CM-6i%8TI

HALF-WAVE VA CUUM RECTIFIER

Glass type used in ac/de or automobile

receivers. Outline 34 or 35, OUTLINES SEC-

TION. Tube requires four-contact socket. For

l . heater considerations, refer to type 6ATS6.
.v Heater volts (ac/dc), 6.3; amperes, 0.3. Maxi-

o“

mum ratings as half-wave rectifier: peak inverse o ‘

plate volts, 1000; peak plate ma., 270; peak
heater-cathode volts, 500; dc output ma., 45. H
This type is used principally for renewal pur-

poses.

HALF-WAVE VACUUM RECTIFIER

Miniature type used in high-volt-

]v2 age, low-current applications such as
the rectifier in high-voltage, pulse-op-

erated voltage-doubling power supplies

for kinescopes. The very low power

()

required by the filament permits the use of a rectifier transformer having small
size and light weight. For curve of average plate characteristics, see page 64.

FILAMENT VOLTAGE (AC)............... [ N PN NN 0.625
FILAMENT CURRENT. . ..t o tovttvnnennanannnnennnnass FS N 0.3
DIRECT INTERELECTRODE CAPACITANCE:

Plate to Filament (ApproX.) . ..o veiiirinnrernnerennnens Cieiirerens 0.8

PULSED-RECTIFIER SERVICE

. . For operation in a 525-line, 80-frame system
Maximum Ratings

PEAK INVERSE PLATE VOLTAGE. . . .\ttt eiiinererannseneennnnens 7500 max
PEAK PLATE CURRENT. . . .........00unn L 10 mazx
AVERAGE PLATE CURRENT. .. ..ottt et i ittt eeaneeerainnnnannes 0.6 max

INSTALLATION AND APPLICATION

volt
ampere

puf

Type 1V2 requires a miniature nine~contact socket and may be mounted in any
position. The socket should be made of material having low leakage and should
have adequate insulation between its filament and plate terminals to withstand
the maximum peak inverse plate voltage. To provide the required insulation in
miniaturenine-contact sockets designed with a cylindrical centershield, it isnecessary
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AVERAGE PLATE CHARACTERISTICS

TYPE 2A3
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c2 S POWER PENTODE

Glass type used in output stage of ac-oper-
’ \ ated receivers. Outline 42, OUTLINES SEC-
TION. Tube requires six-contact socket. Except
P GKJ for its heater rating (2.6 volts ac/dc; 1.76 2A5
‘ amperes), the 2A5 has electrical characteristics
° ° identical with type 6F6. Type 2A5 is a DIS-
N 4 CONTINUED type listed for reference only

TWIN DIODE—HIGH-MU TRIODE

Glass type used in ac-operated receivers
chiefly as a combined detector, amplifier, and
avc tube. Outline 39, OUTLINES SECTION. 2A6
Tube requires six-contact socket. Except for its
heater rating (2.5 volts ac/dc; 0.8 ampere),
and within its 2560-volt maximum plate rating,
the 2A6 has electrical cbaracteristics identical
with type 6SQT7. Type 2A6 is a DISCONTIN-
UED type listed for reference only.

PENTAGRID CONVERTER

Glass type used in ac-operated receivers.
Outline 39, OUTLINES SECTION. Tube re-
quires small seven-contact (0.75-inch, pin-circle
diameter) socket. Except for its heater rating 2A7
(2.5 volts ac/dc; 0.8 ampere) and its interelec-
trode capacitances, the 2A7 haselectrical charac-
teristics identical with type 6A8. Complete
shielding of this tube is generally necessary.
Type 2A7 is a DISCONTINUED type listed
for reference only.

oMok MEDIUM-MU TRIODE

=X )¢ Miniature type used as local oscil-
-y lator in uhf television receivers employ- 2 AF4—A
2 7 ing series-connected heater strings.
Outline 9, OUTLINES SECTION.
P Heater volts (ac/dc), 2.35; amperes,
0.6; warm-up time (average), 11 seconds. For definition of heater warm-up time and
method for determining it, see type 6CG7. Except for heater rating, type 2AF4-A
is identical with miniature type 6AF4-A.
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HEATER VOLTAGE (AC) .+ . oo vttt ttente i iininitanssessssennansans 3.16 volts
HEATER CURRENT . . .. ..ot tttnttinininanrsnseesansensnnnnsssssnsas 0.22 ampere
DIRECT INTERELECTRODE CAPACITANCE (Approx.):

Plate to Heater, Cathode, and Internal Shield. ...................t 1.6 uuf

PULSED-RECTIFIER SERVICE

Maximum Ratings: For operation in a 525-line, $0-frame system
PEAK INVERSE PLATE VOLTAGE 80000 max volts
PEAK PLATE CURRENT. . . c0vtvviiiinn et et nannnns 80 max ma
AVERAGE PLATE CURRENT . . ...\ tvtitiinneneraratsntroaaonnannssss 1.5 mazx ma

DIODE—TRIODE—PENTODE

Glass octal type used as combined detector,
af amplifier, and rf amplifier in battery-operated
receivers. Maximum over-all length, 3-7/16
inches; maximum diameter, 1-5/16 inches. Fila- 3A8_GT
ment has mid-tap so that tube may be used
with either 1.4- or 2.8-volt dc filament supplies.
Filament volts, 1.4 (parallel), 2.8 (series); am-
peres, 0.1 (parallel), 0.05 (series). Typical oper-
ation of triode unit as class Ay amplifier: plate
volts, 90 (110 max); grid volts, 0; amplification factor, 65; plate resistance, 0.2 megohm; transconduct-
ance, 326 umhos; plate ma., 0.2. Typical operation of pentode unit as class A: amplifier: plate volts, 90
(110 mazx); grid-No.2 volts, 90 (110 max); grid-No.l1 volts, 0; plate resistance, 0.8 megohm; transcon-
ductance, 750 pymhos; plate ma., 1.5; grid-No.2 ma., 0.5. This is a DISCONTINUED type listed for
reference only.

TWIN DIODE

Miniature type having high per-
veance used as detector in television
receivers employing series-connected 3 Al_s
heater strings. Each diode section can
be used independently of the other, or
the two sections can be combined in parallel or full-wave arrangement. Resonant
frequency of each unit is approximately 700 megacycles per second. Outline 9,0UT-
LINES SECTION. Heater volts (ac/dc), 3.15; amperes, 0.6; warm-up time (aver-
age), 11 seconds. For definition of heater warm-up time and method for determining
it, see type 6CG7. Except for heater rating, type 3AL5 is identical with miniature
type 6ALS.

H

P
9K . SHARP-CUTOFF PENTODE
0“ (& Miniature type used as rf ampli-
fier in television receivers employing
53 (:'0 series-connected heater strings. Out- 3AU6
0 line 11, OUTLINES SECTION.
S Heater volts (ac/dc), 3.15; amperes,
0.6; warm-up time (average), 11 seconds. For definition of heater warm-up time and
method for determining it, see type 6CG7. Peak heater-cathode volts, 200 maz.
When the heater is positive with respect to the cathode, the de component of the

heater-cathode voltage must not exceed 100 volts. Except for heater and heater-
cathode ratings, type 3AUS6 is identical with miniature type 6ATUS6.

TWIN DIODE—HIGH-MU TRIODE

Miniature type used as combined
detector, amplifier, and ave tube in 3 AV6
television receivers employing series-

connected heater strings. Outline 11,

OUTLINES SECTION. Heater volts

(ac/dc), 3.15; amperes, 0.6; warm-up time (average), 11 seconds. For definition of
heater warm-up time and method for determining it, see type 6CG7. Peak heater-
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cathode volts, 200 mazx. When the heater is positive with respect to the cathode, the
de component of the heater—cathode voltage must not exceed 100 volts. Except for
heater and heater-cathode rating, type 3AV6 is identical with miniature type 6AV6,

HALF-WAVE VACUUM RECTIFIER

Glass octal type used as rectifier

382 of high-voltage pulses produced in the

scanningsystemsof televisionreceivers.

Qutline 47, OUTLINES SECTION.

Tube requires octal socket and may be

mounted in any position. For curve of average plate characteristics, see page 64.
For high-voltage considerations, see type 1B3-GT.

HEATER VOLTAGE (AC/DC) . .\ it tet et ieeiet e enianeniaanenenann 3.15 volts
HEATER CURRENT . . .« .ottt it tatees e eaneeenrunennseananansernn 0.22 ampere
DIRECT INTERELECTRODE CAPACITANCE (Approx.):

Plate to Heater, Cathode, and Internal Shield....................... 1.8 puuf

PULSED-RECTIFIER SERVICE

Maximum Ratings: For operation in a 525-line, 30-frame syslem
PEAK INVERSE PLATE VOLTAGE (Absolufe Maximum)..................... 350001 mazx volts
PEAK PLATE CURRENT . . . ..ttt tiiittiinneiae it nniraaneanenas 80 max ma
AVERAGE PLATE CURRENT . .00t vtitttitiinanneeeiantnanansaninaasonnnn 1.1 maz ma

tUnder no circumstances should this absolute value be exceeded.

SHARP-CUTOFF PENTODE

Miniature type used as rf or if am-

3 BC 5 plifier in television receivers employing

series-connected heater strings. Out-

line 11, OUTLINES SECTION.

Heater volts (ac/dc), 3.15; amperes,

0.6; warm-up time (average), 11 seconds. For definition of heater warm-up time

and method for determining it, see type 6 CG7. Peak heater-cathode volts, 200 maz.

When the heater is positive with respect to the cathode, the dc component of the

heather-cathode voltage must not exceed 100 volts. Except for heater and heater-~
cathode rating, type 3BC5 is identical with miniature type 6BC5.

BEAM PENTODE

Miniature type used as combined

3BN6 limiter, discriminator, and af voltage

amplifier in intercarrier television and

FM receivers employing series-con-

nected heater strings. Outline 13,

OUTLINES SECTION. Heater volts (ac/dc), 3.15; amperes, 0.6; warm-up time

(average), 11 seconds. For definition of heater warm-up time and method for deter-

mining it, see type 6CG7. Peak heater-cathode volts, 200 maz. When the heater is

positive with respect to the cathode, the dc component of the heater-cathode vol-

tage must not exceed 100 volts. Except for heater and heater-cathode ratings, type
3BNG6 is identical with miniature type 6BN6.

PENTAGRID AMPLIFIER
Miniature type used as gated am-
3 BY 6 plifier in television receivers employing
series-connected heater strings. In
such service, it may be used as a
combined syncseparator and syne clip-
per. Outline 11, OUTLINES SECTION. Heater volts (ac/dc), 3.15; amperes, 0.6;
warm-up time (average), 11 seconds. For definition of heater warm-up time and
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method for determining it, see type 6CG7. Except for heater rating, type 3BY6 is
identical with miniature type 6BY6.

SEMIREMOTE-CUTOFF PENTODE
Miniature type used in gain-con- 3BZ 6

trolled video if stages of television re-

ceivers employing series-connected

heater strings. Outline 11, OUTLINES

SECTION. Heater volts (ac/dc), 3.15;

amperes, 0.6; warm-up time (average), 11 seconds. For definition of heater warm-up
time and method for determining it, see type 6CG7. Except for heater rating, type
3BZ6 is identical with miniature type 6BZ6.

H P
SHARP-CUTOFF PENTODE

H Gz . s .

\‘ ‘ - Mm;alturp type usgd asrf orllf am- 3 CB 6

ifier in television receivers employin
K X 53 p ploying
]
&

series-connected heater strings. This

tube features very high transconduct-

ance combined with low interelectrode
capacitance values, and is provided with separate base pins for grid No.3 and cathode
to permit the use of an unbypassed cathode resistor to minimize the effects of regen-
eration. Outline 11, OUTLINES SECTION. Heater volts (ac/dc), 3.15; amperes,
0.6; warm-up time (average), 11 seconds. For definition of heater warm-up time
and method for determining it, see type 6CG?7. Peak heater-cathode volts: heater
negative with respect to cathode, 300 maz; heater positive with respect to cathode,
200 max (the de component must not exceed 100 volts). Except for heater and
heater-cathode rating, type 3CB6 is identical with miniature type 6CB6.

H P
OBNO), SHARP-CUTOFF PENTODE
H 9\ ‘G G2 Miniature type used as rf or if am-
plifier in television receivers employing
K N ), series-connected heater strings. Be- 3 CF6
0, 1S cause of its plate-current cutoff char-
Gl acteristic, this type is used in gain-con-

trolled stages of video if amplifiers. Outline 11, OUTLINES SECTION. Tube re-
quires miniature seven-contact socket and may be mounted in any position. Heater
volts (ac/dc), 3.15; amperes, 0.6; warm-up time (average), 11 seconds. For definition
of heater warm-up time and method for determining it, see type 6CG7. Peak
heater-cathode volts: heater negative with respect to cathode, 300 maz; heater
positive with respect to cathode, 200 max (the de component must not exceed 100
volts). Except for heater and heater-cathode ratings, type 3CF6 is identical with
miniature type 6CF6.

PENTAGRID AMPLIFIER

Miniature type used as gated am-
plifier in television receivers employing 3C56
series-connected heater strings. Insuch
service, it may be used as a combined
sync separator and sync clipper. Out-
line 11, OUTLINES SECTION. Heater volts (ac/dc), 3.15; amperes, 0.6; warm-up
time (average), 11 seconds. For definition of heater warm-up time and method for
determining it, refer to type 6CG7. Except for heater ratings, type 3CS6 is identical
with miniature type 6CS6.
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SHARP-CUTOFF PENTODE

Minijature type used as FM de-

3DT6 tector in television receivers employing

series-connected heater strings. Out-

line11,0UTLINESSECTION.Heater

© volts (ac/dc), 38.15; amperes, 0.6;

warm-up time (average), 11 seconds. For definition of heater warm-up time and

method for determining it, see type 6CG7. Except for heater rating, type 3DT6
is identical with miniature type 6 DT6.

BEAM POWER TUBE

Glass lock-in type used in output stage of
ac/dc/battery portable receivers. Qutline 15,
3LF4 OUTLINES SECTION. Tube requires lock-in
socket. Filament volts (dc), 1.4 (parallel), 2.8
(series); amperes, 0.1 (parallel), 0.05 (series)
For electrical characteristics, refer to glass-octal
type 3Q5-GT. Type 3LF4 is used principally
for renewal purposes.

POWER PENTODE

Miniature type used in output

: 3Q4 stage of lightweight, compact, portable,

battery-operated equipment. Outline

11, OUTLINESSECTION. Exceptfor

terminal connections, types 3Q4 and

8V4 are identical. Refer to type 3V4 for ratings, typical operation, curves, and
installation considerations.

BEAM POWER TUBE
Glass octal type used in output

3Q5-GT stage of ac/dc/battery portable re-

ceivers. Outline 22 or 23, OUTLINE

SECTION. This type may be supplied

with pin No.1 omitted. Tube requires

octal socket and may be mounted in any position. For series filament arrangement,

filament voltage is applied between pins 2 and 7. For parallel filament arrangement,

filament voltage is applied between pin 8 and pins 2 and 7 connected together. For

additional filament considerations, refer to type 3V4 and ELECTRON TUBE
INSTALLATION SECTION. .

Filament Arrangement Series Parallel
FILAMENT VOLTAGE (DC)..vvvaveervonsnes 2.8 1.4 volts
FILAMENT CURRENT. , c0vttsancvroccsssos 0.06 0.1 ampere
CLASS A, AMPLIFIER
Maximum Ratings: Series Parallel
PLATE VOLTAGE. . ..t vvveviiversvnnaanns 110 mazx 110 maz volts
GRID-NO. 2 (SCREEN-GRID) VOLTAGE . ..... 110 max 110 maz volts
TOTAL ZERO-SIGNAL CATHODE CURRENT. . . 6% max 12 maz ma

*For each 1.4-volt filament section.

Typical Operation: Series Parallel

Plate Voltage. . ... .cuvvverinnnneieennnns 90 110 86 90 110 volts
Grid-No. 2 Voltage P 90 110 86 90 110 volts .
Grid-No. 1 Voltage ... 4.6 -6.6 -6 4.5 -6.6 volts
Peak AF Grid-No. 1 Voltage. . ........... 4.5 6.1 b 4.5 6.4 volts
PlateCurrent...........coiiviiiiennnans 8.0 8.5 7.0 9.6 10 ma
Grid-No. 2 Current (Approx.) ............ 1.0 1.1 0.8 1.3 1.4 ma
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0.1 0.1 0.1 megohm

1425 1550 1576 umhos

8000 65000 8000 ohms

13 10 12 per cent

Maximum-Signal Power Output................ .. 160 235 180 270 mw
Maximum Circuit Values: (For i rated conditions):

Grid-No.1-Circuit Resistance:
For fixed-bias operation. .. ......... ... oot i i, 2.2 max megohma
For cdthode~bias operation., . . ... .......c.ovreiiiiiiivninennineninnnn. 2.2 max megohms

POWER PENTODE

Miniature type used in output

3v4 stageof lightweight, compact, portable,

battery-operated equipment. Except

for terminal connections, types 3V4

and 3Q4 are identical. Both feature

filament mid-tap so that tubes may be used either with a 1.4-volt battery supply
or in series with other miniature tubes having 0.050-ampere filaments.

Filament Arrangement Series Parallel
FILAMENT VOLTAGE (DC). . .......... et e r i 2.8 1.4 volts
FILAMENT CURRENT. . ... 0ttt i ieinnnneninrneananeennns 0.05 0.1 ampere
DIRECT INTERELECTRODE CAPACiTANCES (Approx.):
Grid No.1toPlate....................ciiiiiiinnnn, 0.2 unf
Grid No.1 to Filament, Grid No.2, and Grid No.3......... 5.5 uul
Plate to Filament, Grid No.2, and Grid No.3........... 3.8 puuf
- CLASS A, AMPLIFIER
Maximum Ratings: Series Parallel
PELATE VOLTAGE............c00iveiunnn Cereeetiiieeraea, 90 max 90 max volts
GRID-NO. 2 (SCREEN-GRID)VOLTAGE. . .. .0uuveunnnannnnaan 90 max 90 max volts
TOTAL CATHODE CURRENT . .. .. ... 0vvevnuneernnccnnnnas 6# max 12 maz ma
# For each 1.4-volt filament section.
Typical Operation: Series Parallel
Plate Voltage. . ........ ..o ittt iiiineanne, 90 856 90 volts
Grid-No. 2 Voltage. . .. ... ... i iiiiiiiierriieaninnrean 90 85 90 volts
Grid-No. 1 (Control-Grid) Voltage. .. .......cuvevrennnn.. -4.5 -5 -4.5 ~olts
Peak AF Grid-No. 1 Voltage. . ............cciienneneanen 4.5 6 4.5 volts-
Zero-Signal Plate Current. .. ......... ..., 7.7 6.9 9.5 ma
Zero-Signal Grid-No. 2 Current.,.... et 1.7 1.5 2.1 ma
Plate Resistance (APProX.). ......ovuveeererenonneneanesnn 0.12 0.12 0.1 megohm
Transconduct8nce. .. .. c..oiiiiurvnenrsrnnssaanssonnsas 2000 1975 2150 umhos
Load Resistance. ... .........co0iiinrinnernnnsonnnsnnns 10000 10000 10000 ohms
Total Harmonic Distortion. .................iieinn... 7 10 ki per cent
Maximum-Signal Power Qutput...............ccouenen.. 240 250 270 mw
Maximum Circvit Values (For maximum rated conditions):
Grid-No.1-Circuit Resistance:
For fixed-bias operation. . . ... ... ... ... i i i i it . 2.2 max megohms
For cathode-bias operation.............. ... .. .. c.iiiiiia, . 2.2 mar megohms

INSTALLATION AND APPUCATION

Type 3V4 requires miniature seven-contact socket and may be mounted in
any position. Outline 11, OUTLINES SECTION.

The filament power supply may be obtained from dry-cell batteries, from
storage batteries, or from a power line. With dry-cell battery supply, the filament
may be connected either directly across a battery rated at a terminal potential of
1.5 volts, or in series with the filaments of similar tubes across a power supply con-
sisting of dry cells in series. In any case, the voltage across each 1.4-volt section of
filament should not exceed 1.6 volts.

100



RCA Receiving Tube Manual

With power-line or storage-battery supply, the filament may be operated in
series with the filaments of other tubes of the same filament-current rating. For
such operation, design adjustments should be made so that, with tubes of rated
characteristics operating with all electrode voltages applied and on a normal line
voltage of 117 volts or on a normal storage-battery voltage of 2.0 volts per cell
(without a charger) or 2.2 volts per cell (with a charger), the voltage drop across
each 1.4-volt section of filament will be maintained within a range of 1.25 to 1.4
volts with a center of 1.8 volts.

For series operation of the sections, a shunting resistor must be connected
across the section between the F- and Fm, the filament mid-tap, to bypass any
cathode current in this section which is in excess of the rated maximum per section.
‘When other tubes in a series-filament arrangement contribute to the filament cur-
rent of the 3V4, an additional shunting resistor may be required across the entire
filament (¥- to F+).

For series filament arrangement, filament voltage is applied between pins No.1
and No.7. For parallel filament arrangement, filament voltage is applied between
pin No.5 and pins No.1 and No.7 connected together. Refer to ELECTRON
TUBE INSTALLATION SECTION for additional filament considerations.

In series filament arrangement, the grid-No.1 voltage is referred to F-. In
parallel filament arrangement, the grid-No.1 voltage is referred to Fu, the filament
mid-tap.

AVERAGE PLATE CHARACTERISTICS

T L}
TYPE 3V4
E£=1.4 VOLTS D GRID-N22 VOLTS =90
- PARALLEL FILAMENT ARRANGEMENT

b
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i \
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0 o) 30 26 60 260
PLATE VOLTS 92CM-6255T2

T
o

SHARP-CUTOFF PENTODE

Miniature type used as rf ampli- 4AU6

fier in television receivers employing

series-connected heater strings.Outline

11, OUTLINES SECTION. Heater

volts (ac/dc), 4.2; amperes, 0.45;

warm-up time (average), 11 seconds. For identification of heater warm-up time and
method for determining it, see type 6CG7. Peak heater-cathode volts: heater nega-
tive with respect to cathode, 300 max (the de component must not exceed 200
volts); heater positive with respect to cathode, 200 max (the dc component must
not exceed 100 volts). Except for heater and heater-cathode ratings, type 4AU6
is identical with miniature type 6AUS.
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H
MEDIUM-MU TWIN TRIODE P ABONO A

: Miniature type used in cascode- "T2(3)
4BC8 type circuits of vhf television tuners
employing series-connected heater
strings. Outline 12, OUTLINES SEC-
TION. Heater volts (ac/dc), 4.2; am- P2 'S
peres, 0.6; warm-up time (average), 11 seconds. For definition of heater warm-up
time and method for determining it, see type 6CG7. Except for heater rating, type
4BCS8 is identical with miniature type 6BCS8.

MEDIUM-MU TWIN TRIODE

Miniature type used as rf or if am-

4BQ7_ A plifier in television receivers employing

series-connected heater strings. This

typeis especially useful in the rf stage of

television receivers utilizing a cathode-

drive amplifier of the direct-coupled type or in push-pull cathode-drive rf amplifiers.

Outline 12, OUTLINES SECTION. Heater volts (ac/dc), 4.2; amperes, 0.6; warm-

up time (average), 11 seconds. For definition of heater warm-up time and method

for determining it, see type 6CG7. Except for heater rating, the 4BQ7-A is identical
with miniature type 6BQ7-A.

MEDIUM-MU TWIN TRIODE

Miniature type used as rf or if am- ¥T2(5)

4Bz7 plifier in television receivers employing

series-connected heater strings. This

typeis especially useful in the rf stage of

television receivers utilizing a cathode-

drive amplifier of the direct-coupled type or in push-pull cathode-drive rf amplifiers.

Outline 12, OUTLINES SECTION. Heater volts (ac/dc), 4.2; amperes, 0.6; warm-

up time (average), 11 seconds. For definition of heater warm-up time and method

for determining it, see type 6CG7. Except for heater rating, type 4BZ7 is identical
with miniature type 6BZ7.

PT2 (2]

SHARP-CUTOFF PENTODE

Miniature type used as if and as
4CB6 rf amplifier in television receivers em-

ploying series-connected heater strings.

Outline 11, OUTLINES SECTION.

Heater volts (ac/dc), 4.2; amperes,
045; warm-up time (average), 11 seconds. For definition of heater warm-up time
and method for determining it, see type 6CG7. Except for heater rating, type
4CB6 is identical with miniature type 6CB6.

SHARP-CUTOFF PENTODE

4DT 6 Miniature type used as FM de-

tector in television receivers employing

geries-connected heater strings. Outline

11, OUTLINES SECTION. Heater

i volts (ac/dc), 4.2; amperes, 0.45;

warm-up time (average), 11 seconds, For definition of heater warm-up time and

method for determining it, see type 6CG7. Except for heater rating, type 4DT6 is
identical with miniature type 6 DT6.
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DIODE—SHARP-CUTOFF
PENTODE

Miniature type used in diversified 5 A M8

applications in television receivers em-
ployingseries-connected heater strings.

The pentode unit is used as an if am-

plifier, video amplifier, or agc amplifier.

The high-perveance diode is used as an audio detector, video detector, or dc re-
storer. Qutline 12, OUTLINES SECTION. Heater volts (ac/dc), 4.7; amperes,
0.6; warm-up time (average), 11 seconds. For definition of heater warm-up time
and method for determining it, see type 6CG7. Except for heater rating, type
5AMS is identical with miniature type 6AMS.

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature type used in a wide
variety of applications in television re- SAN 8
ceivers employing series-connected
heater strings. The pentode unit is used
as an if amplifier, a video amplifier, an
agc amplifier, or a reactance tube.The triode unit is used in low-frequency oscillator,
sync-separator, sync-clipper, and phase-splitter circuits. Outline 12, OUTLINES
SECTION. Heater volts (ac/dc), 4.7; amperes, 0.6; warm-up time (average), 11
seconds. For definition of heater warm-up time and method for determining it, see
type 6CG7. Except for heater rating, type 5ANS8 is identical with miniature type
6ANS.

BEAM POWER TUBE

Miniature type used as audio am-
plifier in television receivers employing SAQ 5
series-connected heater strings. Out-
line 13, OUTLINES SECTION.
Heater volts (ac/dc), 4.7; amperes, 0.6;
warm-up time (average), 11 seconds. For definition of heater warm-up time and
method for determining it, see type 6CG7. Peak heater-cathode volts, 200 mazx.
When the heater is positive with respect to the cathode, the dc component of the
heater-cathode voltage must not exceed 100 volts. Except for heater and heater-
cathode rating, type 5AQ5 is identical with miniature type 6AQ5.

Pop NC
90 FULL.WAVE VACUUM RECTIFIER
© (& Glass octal type used in power
@ > supply of television receivers having 5AS4
F ‘ ne  high de requirements.Outline 47,0UT-
OMO, LINES SECTION. Tube requires oc-
Ne i tal socket. Vertical mounting is pre-

ferred, but horizontal mounting is permissible if pins 1 and 4 are in vertical plane.
It is especially important that this tube, like other power-handling tubes, be ade-
quately ventilated. Heater volts (ac), 5.0; amperes, 3.0. For maximum ratings,
typical operation, and curves, refer to type 5U4-GB.
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DIODE—SHARP-CUTOFF
PENTODE

5 AS 8 Miniature type used in diversified

applications in television receivers em-

ploying series-connected heater strings.

The pentode unit is used as an if am-

plifier, video amplifier, or age ampli-

fier. The high-perveance diode is used as an audio detector, video detector, or de

restorer. Outline 12, OUTLINES SECTION. Heater volts (ac/dc), 4.7; amperes,

0.6; warm-up time (average), 11 seconds. For definition of heater warm-up time

and method for determining it, see type 6CG7. Except for heater rating, type 5AS8
is identical with miniature type 6AS8.

TRIODE—PENTODE CONVERTER

Miniature type used as combined

5 AT8 oscillator and mixer tube in television

receivers employing series-connected

heater strings. Outline 12, OUTLINES

SECTION. The basing arrangement of

this type is particularly suitable for connection to the coils of certain designs of

turret tuners. Heater volts (ac/dc), 4.7; amperes, 0.6; warm-up time (average), 11

seconds. For definition of heater warm-up time and method for determining it, see

type 6CG7. Peak heater-cathode volts, 200 max. When the heater is positive with

respect to the cathode, the de component of the heater-cathode voltage must not

exceed 100 volts. Except for heater and heater-cathode ratings, type 5ATS is
identical with miniature type 6ATS.

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature type used in a wide

5 AV8 variety of applications in television re-

ceivers employing series-connected

heater strings.Outline 12, OUTLINES

SECTION. Heater volts (ac/dc), 4.7;

amperes, 0.6; warm-up time (average), 11 seconds. For definition of heater warm-up

time and method for determining it, see type 6CG7. Except for heater rating and
basing arrangement, type 5AVS is identical with miniature type 6ANS.

FULL-WAVE VACUUM RECTIFIER

Lock-in type used in power supply of radio
5 AZ4 equipment having moderate dc requirements.
Outline 20, OUTLINES SECTION. Tube re-
quires lock-in socket. Filament volts, 6; am-
peres, 2. For maximum ratings, typical opera-
tion,and curves, refertoglass-octal type6Y3-GT.
Type 5AZ4 is used principally for renewal pur-
poses.

MEDIUM-MU TWIN TRIODE

Miniature type used as rf and as

SBQ7_ A if amplifier in television receivers em-

ployingseries-connected heater strings.

Outline 12, OUTLINES SECTION.

Heater volts(ac/dc),4.7; amperes, 0.45;

warm-up time (average), 11 seconds. For definition of heater warm-up time and

method for determining it, see type 6CG7. Except for heater rating, type 5BQ7-A
is identical with miniature type 6BQ7-A.

104




RCA .Recez'vz'ng Tube Manual

TRIODE-PENTODE CONVERTER

(H)°2P Miniature type used as combined )
oscillator and mixer tube in television
(&cap receivers employing series-connected SCG8
heater strings. When used in an AM/

6T Gip FM receiver, the triode unit is used as
an oscillator in both sections. In the AM section, the pentode unit is used as a high-
gain pentode mixer; in the FM section, the pentode unit is used either as a pentode
mixer or as a triode-connected mixer depending on signal-to-noise considerations.
Outline 12, OUTLINES SECTION. Heater volts (ac/dc), 4.7; amperes, 0.6; warm-
up time (average), 11 seconds. For definition of heater warm-up time and method
for determining it, see type 6CG7. Except for heater rating, type 5CG8 is identical
with miniature type 6CG8.

MEDIUM-MU TWIN TRIODE

Miniature type used as oscillator,
rf amplifier, or mixer tube in television 5J6
receivers employing series-connected
heater strings. Outline11, OUTLINES
SECTION. Heater volts (ac/dc), 4.7;
amperes, 0.6; warm-up time (average), 11 seconds. For definition of heater warm-
up time and method for determining it, see type 6CG7. Peak heater-cathode volts,
200 max.When the heater is positive with respect to the cathode, the dc component
of the heater-cathode voltage must not exceed 100 volts. Except for heater and
heater-cathode ratings, type 5J6 is identical with miniature type 6J6.

FULL-WAVE VACUUM RECTIFIER

Poz Metal type used in power supply of radio
o equipment having large dc requirements. Out-
PD; line 7, OUTLINES SECTION. Tube requires
octal socket. Vertical tube mounting is pre-
ferred but horizontal mounting is permissible if 5 T 4
e pins 2 and 8 are in vertical plane. Filament
F ‘ volts (ac), 5.0; amperes, 2.0. Maximum ratings
o o as full-wave rectifier: peak inverse plate volts,
S e 1550 max; peak plate ma., 675 max; dec output
ma., 225 maz. This type is used principally for
renewal purposes.

Typical Operation:

Filler Input Capuciior Chnke

AC Plate-to-Plate Supply Voltage (rms) .. ...............0uun. 900 1100 volts
Filter-Input Capacitor. .. ........ .. ... ... .0 iiveiiiennenn. 4 - nf
Total Effective Plate-Supply Impedance Per Platet ............ 150 - ohma
Filter-Input Choke. . ........ ..ottt iiiiiieaannn, - 10 henries
DC Output Current. . ..........c.. ittt ananenns, 225 225 ma
DC Output Voltage at Input to Filter (Approx.): '

At half-load current (1125 ma.) . ............oiiniinnean., 530 465 volts

At full-load current (226 ma.) . ...... ... ittt 480 460 volts
Voltage Regulation (Approx.):

Half-load to full-load current. .. .................... ..., 50 15 volts

t When a filter-input capacitor larger than 40 uf is used, it may be necessary to use more plate-supply
impedance than the value shown in order to limit the peak plate current to the rated value.

TRIPLE DIODE—HIGH-MU TRIODE

K»I';:.'s Miniature type used as combined
AM detector, FM detector, and af 5"' 8
voltage amplifier in radio and tele-
vision receivers employing series-con-
nected heater strings. Diode unit No.1
is used for AM detection, and diode units No.2 and No.3 are used for FM detection.
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Outline 12, OUTLINES SECTION. Heater volts (ac/dc), 4.7; amperes, 0.6; warm-
up time (average), 11 seconds. For definition of heater warm-up time and method
for determining it, see type 6CG7. Peak heater-cathode volts, 200 max. When the
heater is positive with respect to the cathode, the dc component of the heater-
cathode voltage must not exceed 100 volts. Except for heater and heater-cathode
ratings, type 5T8 is identical with miniature type 6T8.

PD2

FULL-WAVE VACUUM RECTIFIER 3¢ "
5 U4-G Glass octal types used in power (©

supplies of radio and television receiv- @)
5 U 4_G B ershaving highderequirements.5U4-G TN\
Outline 51, 5U4-GB Outline 47, OUT- ORIO
LINES SECTION. Tubes require oc- NC F
tal socket. Vertical mounting is preferred but horizontal mounting is permissible
if pins 1 and 4 are in vertical plane. The coated filament is designed to operate from
the ac line through a step-down transformer. The voltage at the filament terminals
should be 5.0 volts at an average line voltage of 117 volts. It is especially important
that these tubes, like other power-handling tubes, be adequately ventilated. For
discussion of Rating Chart and Operation Characteristics, refer to type 6AX5-GT.
Maximum ratings for type 5U4-G as full-wave rectifier: peak inverse plate volts,
1550 max; peak plate ma. per plate, 675 max. Type 5U4-G is used principally for
renewal purposes.

FILAMENT VOLTAGE (AC) volts
FILAMENT CURRENT. . ..ottt ittt ittt ettt e e eeannnes . amperes
Maximum Ratings:
PEAK INVERSE PLATE VOLTAGE volts
PEAK PLATE CURRENT PER PLATE . ampere
HOT-SWITCHING TRANSIENT PLATE CURRENT PER PLATE
AC PLATE SUPPLY VOLTAGE (RMS) PER PLATE. . . .. ........00vvunuinnn See Rating Chart
DC OUTPUT CURRENT (RMS) PER PLATE. ... ..........0c.iitiviineinns See Rating Chart
Typical Operation of 5U4-GB with Capacitor Input to Filter:
AC Plate-to-Plate Supply Voltage (rms)............ 600 900 1100 volts
Filter-Input Capacitor*. .............c............ 40 40 40 ui
Effective Plate-Supply Impedance per Plate......... 21 67 97 ohms
DC Output Voltage at Input to Filter (Approx.):
( 180ma.............. 335 - - volts
At half-load current of < 187.5ma.............. - 520 - voits
{  8lma. .. .11l - - 680 volts
J 300ma.............. 290 - - volts
At full-load current of 275 ma. ... .. ... - 460 - volts
162ma.............. - - 630 volts
Voltage Regulation (Approx.):
Half-load to full-load current................... 45 60 50 volts
Typical Operation of 5U4-GB with Choke Input to Filter:
AC Plate-to-Plate Supply Voltage (rms). . ............c...... 900 1100 volts
Filter-Input Choke. ........ ..ottt einininas 10 10 henries
DC Output Voltage at Input to Filter (Approx.):
At haltoad eurrent of { gy eI O 455 volta
348 ma............. ... ... - olts
At full-load current of { B8 mA- - e 440 volts

Voltage Regulation (Approx.):

Half-load to full-load current...........c....ciiiennnn.. 15 15 volts
#1If hot switching is regularly required in operation, the use of choke-input circuits is recommended.
Such circuits limit the hot-switching current to a value no higher than that of the peak plate current,
‘When capacitor-input circuits are used, & maximum peak current value per plate of 4.6 amperes during
the initial cycles of the hot-switching transient should not be exceeded.

*Higher values of capacitance than indicated may be used, but the effective plate-supply impedance
may have to be increased to prevent exceeding the maximum rating for peak plate current.
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RATING CHART
T T T

TYPE 5U4-GB E£=5.0 VOLTS AC
CAPACITOR OR CHOKE INPUT
CHOKE INPUT ONLY

OC OUTPUT MILLIAMPERES PER PLATE

¥3LNd oL Lnd

100 200 300 400 500 600
AC PLATE SUPPLY VOLTS (RMS) PER PLATE

OPERATION CHARACTERISTICS
FULL-WAVE CIRCUIT, CAPACITOR INPUT TO FILTER
T T T T T T

92CM-8430T

OPERATION CHARACTERISTICS
FuLL- WAVE CIRCUIT, CHOKE_INPUT i FIL‘I’ER

TVPE 504~ GB
=350 VO AC
—SUPPLV UE Y = 60 CPS |
CAPACITOR (C) INPUT TO FILTER: 40 LF
TOTAL EFFECTIVE PLATE -~ SUPPLY iIMPEDANCE
- PER PLATE:

CURVEI1 2 3 4 5 €6 7 8
OHMS 1111 20 36 52 67 82 97
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RCA Receiving Tube Manual
TRIODE—PENTODE CONVERTER H PP

Miniature type used as combined S2p(3)
5U8 oscillator and mixer tube in AM/FM ‘
receivers and television receivers em- _ (7}
ployingseries-connected heaterstrings. © )

Outline 12, OUTLINES SECTION. 7
Heater volts (ac/de), 4.7; amperes, 0.6; warm-up time (average), 11 seconds. For
definition of heater warm-up time and method for determining it, see type 6CG7T.
Peak heater-cathode volts, 200 max. When the heater is positive with respect to the
cathode, the dc component of the heater-cathode voltage must not exceed 100 volts.
Except for heater and heater-cathode rating, type 5U8 is identical with miniature

type 6US.

POz

FULL-WAVE VACUUM RECTIFIER - Po,
Glass octal type used in power (©
5V4-G supply of radio equipment having high @
ORION
NC H

de requirements. Outline 41, OQUT-

LINESSECTION. Tuberequires octal

socket and may be mounted in any
position. The heater is designed to operate from the ac line through a step-down
transformer. The voltage at the heater terminals should be 5.0 volts under operat-
ing conditions at an average line voltage of 117 volts. It is especially important
that this tube, like other power-handling tubes, be adequately ventilated.

HBATER VOLTAGE (AC) . v vt vviinetennn e itneroonsonnsarsnsansassos 5.0 volts
HEATER CURRENT. . ...\t ttiteteasnrrvnsescrentansssunaossnessosnenss 2.0 amperes

Maximum Ratings:

PEAK INVERSE PLATE VOLTAGE. . . 1400 mazx volts
PeAK PLATE CURRENT (Per Plate) 525 mazx ma
DC OUTPUT CURRENT . . . ottt tenteiitionereeneroarnsnnnsonnssnssnnns 176 max ma
Typical Operation:
Filler Input Capacitor Choke

AC Plate-to-Plate Supply Voltage (rms) ................... 750 1000 volts
Filter-Input Capacitor. . ....... ... .0 iieeiiiinaaianns 8 - ul
Total Effective Plate-Supply Impedance (Per Plate)......... 100 - ohms
Min. Filfer-Input Choke ........coiitiiriinirreirennnennan - 4 henries

OPERATION CHARACTERISTICS

UL 1 T

TYPE 5V4-G

€ 4=5.0 VOLTS
= == CHOKE{(L)INPUT TO FILTER?

L =4 HENRIES ( MIN.)
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== RCA Receiving Tube Mannal

DCOutput Current. .. . ... ieuruntenrniinnenrenann 176 175 ma
DC Output Voltage at Input to Filter (Approx.):

At half-load current (87.5ma.).............. ... .00t 456 425 volts

At full-load current (175 ma.).............. .. .c.oouevn. 415 415 volts
Voltage Regulation (Approx.):

Half-load to full-load current. . . ....................... 40 10 volts

* When a filter-input capacitor larger than 40 uf is used, it may be necessary to use more plate-supply
impedance than the value shown to limit the peak plate current to the rated value.

Poa FULL-WAVE VACUUM RECTIFIER

Metal type 5W4 and glass-octal type 5W4-
GT are used in power supply of radio equipment
having low dc requirements. Outlines 6 and 26, 5w4
respectively, OUTLINES SECTION. Both
types require octal socket. Filament volts (ac),
5.0; amperes, 1.5. Maximum ratings: peak in- 5w4"GT
verse plate volts, 1400 maz; peak plate ma., 300
maz; dc output ma., 100 maz. These are DIS-
CONTINUED types listed for reference only.

NC PD)
> FULL-WAVE VACUUM RECTIFIER
"Dz NC Glass octal type used in power supply of
radio equipment having large de requirements.
Outline 51, OUTLINES SECTION. Filament 5X4-G
@ (7 volts, 5.0; amperes, 3.0. Except for basing ar-
NC v F rangement, this type is identical with type
o 8, 5U4-G. Type 5X4-G is used principally for
NC F renewal purposes.

TRIODE-PENTODE CONVERTER

Miniature type used as combined
oscillator and mixer in AM/FM re- 5X8
ceivers and television receivers em-

ploying series-connected heaterstrings.

Outline 12, OUTLINES SECTION.

Heater volts (ac/dc), 4.7; amperes, 0.6; warm-up time (average), 11 seconds. For
definition of heater warm-up time and method for determining it, see type 6CG7.
Peak heater-cathode volts, 200 max. When the heater is positive with respect to
the cathode, the dc component of the heater-cathode voltage must not exceed 100
volts. Except for heater and heater-cathode ratings, type 5X8 is identical with
miniature type 6X8.

PD2

3 FULL-WAVE VACUUM RECTIFIER
_Glass octal types used in power ° 5Y3-G

supply of radio equipment having mod-
9‘ erate de requirements. Type 5Y3-G, 5Y3_GT

ORJO Outline 41; type 5Y3-GT, Outline 26,
OUTLINESSECTION. Tubesrequire
octal socket. Vertical tube mounting is preferred, but horizontal operation is per-
missible if pins 2 and 8 are in horizontal plane, It is especially important that these
tubes, like other power-handling tubes, be adequately ventilated. Type 5Y3-G is
a DISCONTINUED type listed for reference only. For discussion of Rating Chart
and Operation Characteristics, refer to type 6AX5-GT.

FILAMBNT VOLTAGB (AC) .4 .vs.n. Metesessesersareenasecarsreetnsaatatns 5.0 volts
FILAMENT CURRENT. « 0o svtsronaestussonnsorasssrosnsssansosnsneeanns 2.0 amperes



RCA Receiving Tube Manual

Maximum Ratings: FULL-WAVE RECTIFIER

PEAK INVERSE PLATE VOLTAGE. .+« i i vvevtieetineritnnesnnanoanneennn 1400 maz volts
PEAK PLATE CURRENT (Per Plate) . . ... ... ... . 0 iiiiiiininiiniiinennn. 400 max ma
HOT-SWITCHING TRANSIENT PLATE CURRENT

For duration of 0.2 second maximum. . ... ......cvvieruiiereinnennnens 2.2 max amperes
AC PLATE SUPPLY VOLTAGE (Per Plate, rms) . . .. ........c0viunennnann See Rating Chart
Dc Outpur CURRENT (Per Plate, rms)............. e ib s See Rating Chart

Typical Operation with Capacitor Input to Filter:

AC Plate-to-Plate Supply Voltage (rms) ......... 700 1000 volts

Filter Input Capacitor®*. .. coevvivinenviann 10 10 uf

Effective Plate-Supply Impedance (Per Plate).. .. 50 140 ohms
DC Output Voltage at Input to Filter (Approx.):

62.5ma ............. Ceserisenas . 390 - volts

At half-load current of { 42mMa .. - 610 voits

-] 125ma ............. e . 350 - volts

At full-load current of { 12878 --o-ooo L 560 volts

Voltage Regulation (Approx.):
Half-load to full-load current........... vees 40 50 volts

Typical Operation with Choke Input to Filter:

AC Plate-to-Plate Supply Voltage (rms)....... ve 700 1000 volts
Filter Input Choke. . ...........ovvivinnnnnn.. 10# 104 # henries

DC Output Voltage at Input to Filter (Approx.):
TEMA ...t 270 - volts
At bali-load current of { g3 B8 oo - 405 volts
At full-load current of { 1I60ma . ..ooviiiiineiieanaa, 245 - volts
125 MA .. cviiiene it - 390 volts

Voltage Regulation (Approx.):

Half-load to full-load current............... 25 15 volts

* Higher values 9f capacitance than indicated may be used but the effective plate supply impedance
may have to be increased to prevent exceeding the maximum rating for hot-switching transient plate
current.

# This value is adequate to maintain optimum regulation in the region to the right of line L=10H on
curve OPERATION CHARACTERISTICS with Choke Input to Filter, provided the load current is
not less than 85 ma. For load currents less than 35 ma, a larger value of inductance is required for
optimum regulation.

# # This value is adequate to maintain optimum regulation in the region to the right of line L=10H on
curve OPERATION CHARACTERISTICS with Choke Input to Filter, provided the load current is
not less than 50 ma. For load currents less than 50 ma, a larger value of inductance is required for
optimum regulation.

RATING CHART

DC OUTPUT MILLIAMPERES PER PLATE

AC PLATE SUPPLY VOLTS (RMS) PER PLATE
92CM-T7306T
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RCA Receiving Tube Manunal

OPERATION CHARACTERISTICS OPERATION CHARACTERISTICS
FULL - WAVE CIRCUIT, CAPACITOR INPUT TO FILTER FULL-WAVE CIRCUIT, CHOKE INPUT TO FILTER
TYPE 5Y3-GT  E¢=50 VOLTS AC TYPE 5Y3-GT Ep=50 VOLTS AC
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Ne PD)
eo v FULL-WAVE VACUUM RECTIFIER
2G) ® 5Y4-G

Glass octal types used in power
@ ) supplies of radio equipment having
NC Q% moderate de requirements. 5Y4-G 5Y4_GT
OMIO, Outline 41, 5Y4-GT Outline 26,
Ne F OUTLINES SECTION. Tubes re-
quire octal socket, Type 5Y4-GT is supplied with pins No.4 and No.6 missing.
Vertical tube mounting is preferred, but horizontal operation is permissible if pins
No.2 and No.7 are in horizontal plane. Filament volts (ac), 5.0; amperes, 2.0. For
maximum ratings, typical operation, and curves, refer to type 5Y3-GT. It is
especially important that thesetubes, like other power-handling tubes, be adequately
ventilated. Type 5Y4-G is a DISCONTINUED type listed for reference only

FULL-WAVE VACUUM RECTIFIER

Glass type used in power supply of radio
equipment having large de¢ requirements. Qut-
line 52, OUTLINES SECTION. Tube requires sz 3
four-contact socket. Vertieal mounting is pre-
ferred but horizontal mounting is permissible if
pins 1 and 4 are in horizontal plane. Filament
volts (ac), 5.0; amperes, 3.0. For maximum
ratings, refer to type 5U4-G. Type 5Z3 is used
principally for renewal purposes.
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RCA Receiving Tube Manual

FULL-WAVE VACUUM RECTIFIER

Metal type used in power supply

524 of radio equipment having moderate

de requirements. Qutline 6, OUT-

LINES SECTION. Tube requires

octal socket and may be mounted in

any position. Heater volts (ac), 5.0; amperes, 2.0. Maximum ratings: peak inverse

plate volts, 1400 max; peak plate ma. per plate, 875 mazx. Typical operation as full-

wave rectifier with capacitor-input filter: ac plate-to-plate supply volts (rms), 700;

total effective plate-supply impedance per plate, 50 ohms; de output ma., 125.

Typical operation with choke-input filter: ac plate-to-plate supply volts, 1000;
minimum filter-input choke, 5 henries; dc output ma., 125.

POWER TRIODE

Glass type usged in output stage of radio re-
6 A 3 ceivers. Outline 52, OUTLINES SECTION.
Tube requires four-contact socket. Filament
volts (ac/dc), 6.3; amperes, 1.0. This type is
identical electrically with type 6B4-G. Type 6A3
is a DISCONTINUED type listed for reference
only.

POWER PENTODE

Glass type used in output stage of auto-
mobhile receivers. Outline 42, OUTLINES SEC-
TION. Tube requires five-contact socket. Fila~
ment volts (ac/dc), 6.3; amperes, 0.3. Typical

6A4 /LA operation: plate and grid-No. 2 volts, 180 maz;
grid-No. 1 volts, -12; plate ma., 22; grid-No. 2
ma., 3.9; plate resistance, 46600 ochms approx.;
transconductance, 2200 zmhos; load resistance,
8000 ohms; cathode-bias resistor, 465 ohms;
output watts, 1.4, This is a DISCONTINUED
type listed for reference only.

HIGH-MU TWIN POWER TRIODE

Glass type used in output stage of ac-oper~
ated receivers as a class B power amplifier or
with units in parallel as a class A, amplifier to
drive a 6A6 as class B amplifier. Outline 42,

6A6 OUTLINES SECTION. Tube requires medium
seven-contact (0.855-inch, pin-circle diameter)
socket. Filament volts (ac/dc), 6.3; amperes,
0.8. This type is electrically identical with type
6N7. Type 6A6 is a DISCONTINUED type
listed for reference only.

PENTAGRID CONVERTER

Glass types used in superheterodyne cir~

cuits. Outline 89, OUTLINES SECTION.

6A7 These types require the small seven-contact
(0.75-inch, pin-circle diameter) socket. Except

6 A7s for interelectrode capacitances, the 6A7 is iden-~

tical electrically with type 6A8. Type 6A7S, now

DISCONTINUED, has the external shield con-

nected to cathode. In general, its electrical char~

acteristics are similar to those of the 6A7, but

the two types are usually not directly interchangeable. Type 6A7 is used principally for renewal purposes.
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PENTAGRID CONVERTER

Metal type 6A8 and glass octal types 6A8-G 6 A 8
and 6A8-GT used in superheterodyne circuits.
6A8 Outline 4, 6A8-G Outline 38, 6A8-GT

Outline 24, OUTLINES SECTION. Tubes re- 6 A8_G

quire octal socket. Heater volts (ac/de), 6.3;

amperes, 0.3, For heater and cathode consider-

ations, refer to type 6AV6. Maximum ratings: 6A8-GT
plate, grids-No.3-and-No.5-supply, and grid-

No.2-supply volts, 300 mazx; grids-No.3-and-

No.5 (screen-grid) volts, 100 maz; grid-No.2 (anode-grid) volts, 200 max; grid-No.4 (control-grid) volts,
0 max; plate dissipation, 1 max watt; grids-No.3-and-No.5 input, 0.3 max watt; grid-No.2 input, 0.75
mazx watt; total cathode ma., 14 maz; peak heater-cathode volts, 90 mazx. These types are used princi-
pally for renewal purposes.

Characteristics: CONVERTER SERVICE
Plate Voltage. . . ... it iiiiiiiinnennnnann, 100 250 volts.
Grids-No.3-and-No. 5 Voltage ..............ccvvvnuunn... 50 100 volts.
Grid-No. 2 Voltage. . . ..........coiiirirtirinarannnnn. 100 - volts
Grid-No. 2 Supply Voltage. . . ......coiiiiiiinnnnnnn.. A 250% volts.
Grid-No. 4 Volta, . .5 -3 volts
Grid-No. 1 (Oscxllator-Gnd) Resistor..................... v 50000 50000 ohms.
Plate Resistance (Approx.)............... 0.6 0.36 megohm
Conversion Transconductance. . . ... ..............c.v..n.. 360 550 pmhos
Conversion Transconductance (Approx.) with grid-No.4 voltage

of =20 volts. . .. .. .. .. e - umhos
Conversion Transconductance (Approx.) with grid-No.4 voltage

of -85 volts. . ... .. . i - [] amhos.
Plate Current. ... ... ... tiiiiiiiiinaieaine.. 1.1 8.6 ma
Grids-No. 8-and-No. 5 Current .. ......................... 1.3 2.7 ma
Grid-No. 2 Current. . ........ .. i eiiiiiiinnn.. 2 4 ma.
Grid-No. 1 Current. ............ooviuuiiiinanannenann... 0.25 0.4 ma
Total Cathode Current .. 4.6 10.6 ma

* Grid-No. 2 supply voltages in excess of 200 volts require use of 20000-ohm voltage-dropping resistor
bypaesed by 0. l—nf capacitor,

o 9 HIGH-MU TRIODE
"G) ©)° Miniature type used as cathode-
‘ drive amplifier, frequency converter, 6 AB 4
G) (7) or oscillator at frequencies up to about
' J " 300 megacycles per second particular-
o ly in television and FM receivers. Qut-

line 11 OUTLINES SECTION. Tube requires miniature seven-contact socket and
may be mounted in any position. Heater volts (ac/de), 6.3; amperes, 0.15. For
maximum ratings, characteristics, and curves, refer to type 12AT7. For heater
and cathode considerations, refer to type 6AV6.

ELECTRON-RAY TUBE

G TA Glass type used to indicate visually by

e o means of a fluorescent target the effects of a
change in a controliing voltage. It is used as a 6ABS

/‘ convenient means of indicating accurate radio-

RPc (5 receiver tuning. Outline 34, OUTLINES SEC-
TION. Tube requires six-contact socket. For 6N 5

‘ heater and cathode considerations, refer to type

o ° 6AV6. Heater volts (ac/dc). 6.3; amperes, 0.15.

H H Ratings: plate-supply volts, 180 max; target

volts, 180 maz, 125 min. This type is used

principally for renewal purposes.

REMOTE-CUTOFF PENTODE

Metal type used in rf and if stages of pic-
ture amplifier of television receivers particularly
those employing automatic-gain control. Out-
line 8, OUTLINES SECTION. Tube requires 6AB7
octal socket. Heater volts (ac/dc), 6.3; amperes,
0.45. Maximum ratings as class A; amplifier:
plate and grid-No. 2 supply volts, 300 max;
grid-No.2 volts, 200 maz; plate dissipation, 3.76
mazx watts; grid-No.2 input, 0.7 maz watt. Typ-
fcal operation: plate and grid-No.2 supply volts, 300; grid-No.8 volts, 0; grid-No.2 series:
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resistor, 80000 ohms; grid-No.1 volts, ~3; plate resistance (approx.), 0.7 megohm; transconductance,
5000 umhos; grid-No.1 volts for transconductance of 50 umhos, ~15; plate ma., 12.5; grid-No.2 ma., 3.2.

“This type is used principally for renewal purposes.

HIGH-MU POWER TRIODE

Glass octal type used in single-ended or
push-pull audio-frequency power amplifiers of
the direct-coupled type in which a driver tube
develops positive grid bias for the 6AC5-GT
output stage. Outline 23, OUTLINES SEC-
TION. This type may be supplied with pin No.
1 omitted. Tube requires octal socket. Heater

6AC5-GT

G
P
9 0,
OMIO,
NC K

volts (ac/dc), 6.3; amperes, 0.4, Maximum ratings: plate volts, 250 max; peak plate ma. (per tube),
110 mazx; average plate dissipation, 10 max watts. This type is used principally for renewal purposes,

SHARP-CUTOFF PENTODE

Metal type used in rf and if stages
of picture amplifier and the first stages
of the video amplifier of television re-
ceivers. It is also used as a mixer or
oscillator tube in low-frequency appll-

6AC7

Ga,

cations. Outline 3, OUTLINES SECTION. Tube requires octal socket When tube
is used as a hlgh—galn audio amplifier, heater should be operated from a battery

source. For other heater considerations, refer to type 6AQ5.

HEATER VOLTAGE (AC/DC) .+ vt e i vintrtnon st ianmnnneenneeansannanenss
HEATER CURRENT. 440t ttvatsenarornoonnnnronnerananeneenanssns

Maximum Ratings:
PLATE VOLTAGE. . ...ttt ittt iinan s e erneeninninereneeveraonaras
GrID-NO.2 (SCREEN-GRID) VOLTAGE
GRID-NO.2 SUPPLY VOLTAGE. . .. ..
PLATE DISSIPATION . . ...\ttt it iiii ittt ea et ienariaiaaee s
GRID-No0.2 INPUT:

For grid-No.2 voltagesup to 150 volts. . . . ...........coivinnnnnn.n.

For grid-No.2 voltages between 150 and 300 volts. . ...............u..
PeEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode ..................... PPN

Heater positive with respect to cathode

Characteristics:

Plate Supply Voltage ..........coiiieiinnnnnennas 300
Grid-No. 8 Voltage. . ...... 0
Grid-No. 2 Supply Voltage. 150
Grid-No. 2 Series Resistor. -

Min. Cathode-Bias Resistor. 160
Plate Resistance (Approx.). .. . ce 1
Transeonductance. . ..........iiiiiiiniiiinrin e nae 9000
Plate Current. ........ooviiieriinneennsiins 10
Grid-No. 2 Current. ........coiuiiiiii i iiiiiiiieanne, 2.6

Maximum Circvit Values:

Grid-No.1-Circuit Resistance:
For cathode-bias operation with fixed grid-No.2 voltage
For cathode-bias operation with grid-No.2 resistor . ........ ..

volts

6.3
0.45 ampere
300 max volts
See curve page 67
300 max volts
3 max watts
0.4 max watt
See curve page 67
90 max volts
90 max volts
300 volts
0 volts
300 # volts
60000 ohms
160 ohms
1 megohm
9000 pmhos
10 ma
2.5 ma
0.256 mar megohm
0.50 mar megohm

# Grid-No.2 supply voltages in excess of 150 volts require use of a series dropping resistor to limit the
voltage at grid No. 2 to 150 volts when the plate current is at its normal value of 10 milliamperes.

ELECTRON-RAY TUBE

Glass octal type used to indicate visually,
by means of two shadows on the fluorescent tar-
get, the effects of changes in the controlling
voltages. It is a twin-indicator type and is used
as a convenient means of indicating accurate
radio-receiver tuning. Maximum over-all length,
2-7/8 inches; maximum diameter, 1-5/16 inches,
Heater volts (ac/dc), 6.83; amperes, 0.15. Maxi-
mum target volts, 150. This is a DISCON-
TINUED type listed for reference only
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TRIODE—POWER PENTODE

Glass octal type used in a push-pull ampli-
fier circuit in conjunction with type 6F6-G. Tri-
ode unit serves as phase inverter. Outline 41,
OUTLINES SECTION. Tube requires octal
gsocket. Heater volts (ac/dc), 6.3; amperes, 0.85.
For typical operation of pentode unit, refer to
type 6F6-G. Maximum ratings of pentode unit
as class A; or push-pull class AB; amplifier: plate
volts, 375 max; grid-No. 2 volts, 285 mazx; plate

6AD7-G

dissipation, 8.5 max watts; grid-No.2 input, 2.7 maz watts. Maximum ratings of triode unit as class A:
amplifier: plate volts, 285 max; plate dissipation, 1.0 max watt.This type is used principally for renewal

purposes,
G
Q
@ N O
H H
NC K

HEATER VOLTAGE (AC/DC)

HEATER CURRENT. . ...ttt iiirotnaonananasosancnseanonasnsnone

LOW-MU TRIODE

Glass octal type used as class Ar amplifier
in ac/dc radio receivers. Qutline 23, OUT-
LINES SECTION. Heater volts {ac/dc), 6.3;
amperes, 0.3. Maximum ratings as class A: am-
plifier: plate volts, 300 max; plate dissipation,
2.5 maz watts. This is a DISCONTINUED
type listed for reference only.

TWIN-PLATE CONTROL TUBE

Glass octal type used as a control tube for
twin-indicator type electron-ray tubes. Qutline
36. OUTLINES SECTION. Contains two tri-
odes with different cutoff characteristics. If ave
voltage is applied to the common control grid in
suitable circuit, one triode section operates on
weak signals while the other operates on strong
gignals. Heater voltage (ac/dc), 6.3; amperes,
0.15. This is a DISCONTINUED type listed
for reference only.

TWIN-INPUT TRIODE

Glass octal type used as a voltage amplifier
or as a driver for two type 6ACB6-GT tubes in
dynamic-coupled, push-pull amplifiers. In the
latter service, type 6AE7-GT replaces two tubes
ordinarily required as drivers. Outline 23, OUT-
LINES SECTION. Heater voits (ac/dc), 6.3;
amperes, 0.5. This is a DISCONTINUED type
listed for reference only.

MEDIUM-MU TRIODE

Miniature types used as local
oscillators in uhf television receivers
covering the frequency range of 470 to
890 megacycles per second. 6AF4 Qut-
line 11, 6AF4-A Qutline 9, OUTLINES

DIRECT INTERELECTRODE CAPACITANCES:

Gridto Plate. . . ... ... . ittt ittt e e
Grid to Cathode and Heater.................... e ter e ..
Plate to Cathode and Heater. . .......c.ciieveunriiiernnoncnnnnens .

Characteristics: CLASS A; AMPLIFIER

Plate Supply Voltage .............cooiiviiinenn. aeaes 80
Cathode-Biag Registor. . . .....covvvivnieenunes eveneas Ve 150
Amplification Factor.......c..ooviiviieiiieiiirones evenan 16
Plate Resistance....... Cesarsartacnanans Cereesaneaaenn . 2270
Transconductance. . .... eeecevitasrererreaaans teeaes 6600
Plate Current. ..... eetareana eeeiiecaereas P 16

6AE5-GT

6AE6-G

6AE7-GT

6AF4
6AF4-A

SECTION Tubes reqmre miniature seven-contact socket and may be mounted in
any position. Type 6AF4 is a DISCONTINUED type listed for reference only.

100

2130
7600
2Q

volts
ampere

wpl
puf
aul

volts
ohms

ohms
amhos
ma
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OSCILLATOR IN UHF TELEVISION RECEIVERS

Maximum Ratings:

DC PLATE VOLTAGE ......... 150 maz volts
DC GRID VOLTAGE. ..... -50 maz volts
DC GRID CURRENT. .. ... 8 maz ma
PLATBINPUT. .. ......... 2.6 maz watts
PLATB DISSIPATION. . ........... 2.25 max watts
DC CATHODE CURRENT 28 max ma
PEAK HEATER-CATHODE VOLTAGE:*
Heater negative with respect toecathode............................. 50 max volts
Heater positive with respect to cathode. ............................ 50°mazx volts
Typical Operation as Oscillator at 950 Mec:
DC Plate Voltage. . . ... iitiiiiiiiiiiet it iiiisiieiiasasroscsansanns 100 volts
DC Grid Voltage. . .. ... ..ttt ittt it it reetnnenannrnnennens —4 volts
From a grid resistor of . .. ... ... .. i i, 10000 ohms
DC Plate Current. . .. ...ttt ettt itinnnanrararaanas 22 ma
DC Grid Current (APPrOX.) . . ..t ettt ittt tee e e eaeiarerneens 400 pa
Useful Power OUtPUt. . ... .ottt it ie et iaaanes 160 mw
Maximium Cirevit Valves:
Grid-Circuit Resistance:
For fixed-bias operation. . ............... e e Not recommended
For cathode-bias operation. .. .......... ... ... ... iiiieinnnninn. 0.5 mar megohm

* It is recommended that the heater be kept at cathode potential to minimize the effects of variation in
the heater-to-cathode capacitance between tubes.
°The de ecomponent must not exceed 25 volts.

AVERAGE PLATE CHARACTERISTICS

TYPE 6AF4-A
Ef=8.3VOLTS
60
£ L
w R4
ANy
3
A
24
] -
w / <7 p
S B K, y N
2 N A
20 A %Q. P // ry
Lo
/ // e /// y, B
-~V
/ //é // 25 e
[ 20 86 120 160 200 Z40
PLATE VOLTS 02CM-7786TH

ELECTRON-RAY TUBE

6 AF 6 G Glass octal type used to indicate

- visually, by means of two shadows on

the fluorescent target, the effects of

changes in the controlling voltages. It

is a twin-indicator type and is used as

a convenient means of indicating accurate radio-receiver tuning. Maximum over-all

length, 2-5/16 inches; maximum diameter, 1-9/32 inches. This type may be sup-

plied with pin No.1 omitted. Tube requires octal socket. Heater volts (ac/dc), 6.3;

amperes, 0.15. Ratings: target volts, 250 maz, 125 min; ray-control-electrode sup-

ply volts, 250 mazx; peak heater-cathode volts, 90 maz. Typical operation: target

volts, 250; target ma., 2.2; series resistor, 1 megohm; ray-control-electrode volts

(approx. for 0° shadow angle), 160; ray-control-electrode volts (approx. for 90°
shadow angle), 0
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SHARP-CUTOFF PENTODE

Miniature type used in compact
radio equipment as an rf or if amplifier 6AGS
up to 400 megacycles per second.
Outline 11, OUTLINES SECTION.
Tube requires miniature seven-con-
tact socket and may be mounted in any position. The two cathode leads facilitate
isolation of the input and output circuits thus helping to minimize degeneration.
For heater and cathode considerations, refer to type 6AV6.

HEATER VOLTAGE (AC/DC) . .. oottt ettt s s eiiiaieeninenennn 6.3 volts
HEATER CURRENT. . .. ..\ttt ittt e e e et anaeaes 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Grid No. T to Plate. .. ... .o.uieirni it i 0.030 mazx pul
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield 6.5 uul
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield. ... 1.8 unf
Maxin;um Ratings: CLASS A; AMPLIFIER
PLATE VOLTAGE .. ................couinee S 300 maz volts
GRID-NO. 2 (SCREEN-GRID) VOLTAGE. . ., .. ocuviirinensvnennnnsrnennns See curve page 67
GRID-NO.2 SUPPLY VOLTAGE. ... . ..ttt tttttiitrarinanneaaaaeennnnns 300 max volts
PLATB DISSIPATION . .. ...ttt et iiteean e tannnneenes 2 max watts
GRID-N0.2 INPUT:
For grid-No.2 voltages up to 1560 volts. . .. .......................... 0.5 max watt
For grid-No.2 voltages between 150 and 300 volts. . .................. See curve page 67
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect toeathode. ...............covuvuui.u.. 90 mazx voits
Heater positive with respect tocathode. ................coociin... 90 mazx volts
Characteristics:
Plate Supply Voltage. . ....................... 100 125 250 volts
Grid-No.2 Supply Voltage. . ................ .. 100 125 150 volts
Cathode-Bias Resistor. . ...................... 180 100 180 ohms
Plate Resistance (Approx.)........c......cu... 0.6 0.5 0.8 megohm
Transconductance. . ... .....ovvuunriuneerennnn 4500 5100 5000 umhos
Grid-No.1 Voltage for plate current of 10 ga..... -5 -6 -8 volts
Plate Current. ..............o0vviiiieennnnn., 4.5 7.2 6.5 ma
Grid-No. 2 Current. ...........cvviiennenan.. 1.4 2.1 2 ma
Maximum Ratings (Triode Connection):*
PLATE VOLTAGE. ..\ttt et iiiintienn et ronesnannnnaneens 300 maz volts
PLATE DISSIPATION. .. ... .....0viiienannen e e, 2.5 max watts
Tybical Operation (Triode Connection):*
Plate Voltage. .. ........c.coviiinvnnnnn. s et 180 250 volts

Cathode-Bias ReBiBtOr. . . v vovvvruerneeerennreaneenonnnans 830 820 ohms

AVERAGE PLATE CHARACTERISTICS
PENTOOE CONNECTION
1

16 S T
'& ' TYPE 6AGS
L 1 —~ 0.5 Ep=6.3 VOLTS
a t -2 CRID-N22 VOLTS =150
‘@ )
Wl
a. 2 1
: § : ~1.0]
-4
=
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A ! I -2.0
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= 1.0
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Plate Resistance. . ...........c.coiiienrninnnnnnnns AN 8000 10000 ohms
Amplification Factor . 45 42

Transconductance, ........... 5700 3800 pmhos
Plate Cusrent................ iaeeeaes 7.0 5.5 ma

*Grid No. 2 tied to plate.
POWER PENTODE

Metal type used in output stage

6AG7 of video amplifier of television receiv-

ers. Outline 6, OUTLINESSECTION.

Tube requires octal socket. Heater

volts (ac/dc), 6.3; amperes, 0.65. Max-

imum ratings as class A, video voltage amplifier: plate volts, 300 mazx; grid-No.2

volts, 300 maz; plate dissipation, 9.0 maz watts; grid-No.2 input, 1.5 max watts.

Typical operation as a class A, amplifier: plate volts, 300; grid-No.2 volts, 150;

grid-No.1 volts, -3; peak af grid-No.1 volts, 3; zero-signal plate ma., 30; maximum-

signal plate ma., 30.5; zero-signal grid-No.2 ma., 7; maximum-signal grid-No.2

ma., 9; plate resistance, 130000 ohms; transconductance, 11000 umhos; load

resistance, 10000 ohms; total harmonic distortion, 7 per cent; maximum-signal
output watts, 3.

MEDIUM-MU TRIODE ,

Glass octal type having high perveance e

used as vertical deflection amplifier in television .
receivers. Outline 22, OUTLINES SECTION. ©

6 AH 4_GT Tube requires octal socket and may be mounted
in any position. Heater volts (ac/dc), 6.8; am-
peres, 0.76. Characteristics as class A, amplifier: H “’ H
plate volts, 250; grid volts, -23, amplification ° o
factor, 8; plate resistance (approx.), 1780 ohms; G K
transconductance,4500 ymhos; platema.,30.This
type is used principally for renewal purposes.

VERTICAL DEFLECTION AMPLIFIER
For operation in a 525-line, 80-frame system

Maximum Ratings:

DC PLATE VOLTAGE. . .... s e e e et ae e, . 500 maz volts
PEAK POSITIVE-PULSE PLATE VOLTAGE# (Absolute maximum). ......... e 2000°maz volts
PEAK NEGATIVE-PULSE GRID VOLTAGE. . .. ..vvvtevr veenenennnnnnns teena ~200 maz volts
CATHODE CURRENT:

o 180 maz ma

Average.............. 60 max ma
PLATE DISSIPATION. ............. Ceteensooireotonnotansnann . 7.5 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. .................c.ccvu... e 200 max volts

Heater positive with respect to cathode............. i P 200 max volts
Maximum Circuit Value (For i raled condilions):
Grid-Circuit Resistance:

For cathode-bias operation .. ............. ... it iiiiiiinnrnnnns 2.2 max megohms

#The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle. In a
525-line, 30-frame system, 15 per cent of one vertical scanning cycle is 2. b milliseconds.

°© Under no circumstances should this absolute value be exceeded.
& The de component must not exceed 100 volts.

SHARP-CUTOFF PENTODE
Miniature type used as if amplifier in video
stages of television receivers. Qutline 11, OUT-
6 AH6 LINES SECTION. Tube requires miniature
seven-contact socket and may be mounted in
any position. Heater volts (ac/dc), 6.8; am-
peres, 0.45, For heater and cathode considera-
tions, refer to type 6AQB. This type is used
principally for renewal purposes.
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Maximum Ratings: CLASS A, AMPLIFIER

PLATE VOLTAGE . ... ... . tttiiierinanrrtaaneasssonnesonnseneenas 300 maz volts
GRID-NO.2 (SCREEN-GRID) VOLTAGE. . .. .....0iuivtnirunrnnnninneroanenns See curve page 67
GRID-NO.2 SUPPLY VOLTAGE. . . ...t ottt iiiiiarinensannenaansannasns 300 mazx volts
PLATE DISSIPATION. . ...ttt it iiiavnineransanaranssnnnannuas 3.2 mazx watts
Grip-No.2 INPUT:

For grid-No.2 voltagesup to 150 volts. .. . .......................0 0.4 maz watt

For grid-No.2 voltages between 150 and 300 volts. . ................. See curve page 67
TOTAL CATHODE CURRENT . . . ..ttt anionoiionnssonnsansns 13 max ma
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode............................ 90 max volts

Heater positive with respect to cathode.................c.ooiiiits 90 max volts
Characteristics: C Trwdf" CPento‘d.e
Plate Supply Voltage. . ............ii it 150 300 volts
Grid-No.3 (Suppressor Grid) . . ............ ... ... ...... — Connected to cathode at socket
Grid-No.2 Supply Voltage .. . ........................ - 150 volts
Cathode-Bias Resistor. . .. ........................... 160 160 ohms
Amplification Factor. .. . . 40 -
Plate Resistance (Appro 3600 500000 ohms
TransconducCtance. . . ..........oouiueuieninnsnnas 11000 9000 mhos
Grid-No.l Voltage (Approx.) for plate current of 10 pa. .. -7 -1 volts
Plate Current. . ..cvuovveverninvueriaeraronasearnn, 12.6 10 ma
Grid-No.2 Current. . ..o oo iiviiiin i iin et - 2.5 ma

* Grid No.2 and Grid No.3 tied to plate.

SHARP-CUTOFF PENTODE

Miniature type used as an rf or if
amplifier especially in high-frequency 6AK5
wide-band applications. It is useful as

an amplifier at frequencies up to 400

megacycles per second. Outline 9,

OUTLINES SECTION. Tube requires miniature seven-contact socket and may
be mounted in any position. For heater and cathode considerations, refer to type

6A V6.

HEATER VOLTAGE (AC/DC) . .ttt ten v eviaecraasainineannsornssensnenns 6.3 volts
HEATER CURRENT . . . ..o ot tiitnun s eneaneasianesaneeannmeonaessinnsss 0.175 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx. with external shield):
Grid No.L to Plate. .. ... ... ittt iiiirs s saereans 0.02 max ppt
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield. . . 4.0 puf
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield....... 2.8 ppt

Maximum Ratings: CLASS A, AMPLIFIER

PLATE VOLTAGE. . ...ttt ttitainitier e tnearaataaansasiaacsnnos 180 mazx volts
GRID-NO0.2 (8CREEN-GRID) VOLTAGE . . .. See curve page 67

GRID-NO.2 S8UPPLY VOLTAGE. . . .. . 180 maz volts
PLATE DISSIPATION. . .. .ottt ittt it iao e ianeaanaanas 1.7 max watts
AVERAGE PLATE CHARACTERISTICS
. PENTODE CONNECTION
TYPE 6AKS ]
Eg= 6.3 VOLTS o
8 | GRiD-N22 VOLTS =120 GRID -N21 OLTf CI; -
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GRID-No0.2 INPUT:
For grid-No.2 voltages up to 90 volts. . ........
For grid-No.2 voltages between 90 and 180 volts

CATHODE CURRENT . . ..t ettt iiaesieniaaasssssasaassssaetossnnas

PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. ................. ... ..o,
Heater positive with respect to cathode

Characteristics:

Plate Supply Voltage. . .. ...... . ... . . i i 120
Grid-No.2 Supply Voltage. . . ............. ... ... ... o.oin.n 120
Cathode-Bias Resistor*. . .. . ........ ... .. ... .. .iiiiiiienns 180
Plate Resistance (APProX.}. ... ......c..ivirniniinriniinnnnans 0.3
TranscondUCLANCE . . .. oottt st eis et innannanr e ennn 5000
Grid-No.1 Voltage for plate current of 10 pa . . ................ -8.5
Plate Current. .. ... .. ittt 7.5
Grid-No.2 Current. ... ... ... it i i e 2.5

* Fixed-bias operation is not recommended.

POWER PENTODE

Miniature type used in compact
equipment as a power amplifier. Out-
line 11, OUTLINES SECTION. Tube
requires miniature seven-contact
socket and may be mounted in any
position. For heater and cathode con-
siderations, refer to type 6AVS6.

6AK6

0.5 max watt
See curve page 67
18 maz ma

90 mazx volts
90 mazx volts
180 volts
12 volts
180 ohms
0.5 megohm
5100 umhbos
-8.5 volts
7.7 ma
2.4 ma

HEATER VOLTAGE (AC/DC). .. ottt i it iassanniinianonens P 6.3 volts
HEATER CURRENT. . ..ottt an e vinasanerasnasssnnsnnonnss . 0.15 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Grid No. 1 to Plate. .. ... ... .ttt eenanaeiannas 0.12 uuf
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3. ... ......... 3.6 pufl
Plate to Cathode, Heater, Grid No.2, and Grid No.3......... RO 4.2 uuf
5 i CLASS A, AMPLIFIER Triode # Pentode
Maximum Ratings: Connection  Connection
PLATE VOLTAGE. .. .ottt iineniinranaanannsenannnnns 300 mazx 300 max volts
GRID NO. 2 (8CREEN-GRID) VOLTAGE. . ... c.ivvintannnnnans - 300 max volts
PLATE DISSIPATION. ...ttt ittt iniaanarnraacnnnernn 3.5 max 2.75 mazx watts
GRID-NO.2 INPUT. . ..ot it iie it i iiiistananannns - 0.75 mazx watt
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. . ............... 90 max 90 mazx volts
Heater positive with respect to cathode. . ............... 90 max 90 max volts
A A Triode# Pentode
Typical Operation: Ci I 0 L
Plate Voltage. . .. ... .ottt 180 180 volta
Grid No. 8 (Suppressor Grid) ... .........oiiiiiiiiiiinn - Connected to cathode
at socket
AVERAGE PILLATE CHARACTERISTICS
PENTODE CONNCCTION
50 T T T T
TYPE 6AKSE
Es=6.3 VOLTS _
GRID~N% 2 VOLTS =180
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Grid-No. 2 Voltage. .. ......c0iiviiiirinrinnracnnannnns - 180 volts
Grid-No. 1 Voltage ... . ...ttt innnnanennnens -12 -9 volts
Peak AF Grid-No. 1 Voltage. . . .........iiiiiiieneinann, 12 9 volts
Zero-Signal Plate Current. . ... .......c.0viiiviinneinnnas 12 15 ma
Zero-Signal Grid-No. 2 Current. . ... ......cioviiinieinnn. - 2.5 ma
Plate Resistance. ... ... ..o vurnieenrirernierrnnsenonsnan 0.0044 0.2 megohm
Amplification Factor. . .. ...... .. .. . i, 9.3 -
Trangconductance. . . ... ... vttt 2100 2300 umhos
Load Resistance. ... ....... ...ttt iiiinnenennnns 12000 10000 ohms
Total Harmonie Distortion. . . ........oiiiiiiiiiiinen. 5 10 per cent
Maximum-Signal Power Output. .......oiivvinivreinnvnnn . 0.26 1.1 watts
Maximum Circuit Valuves:
Grid-No.1-Circuit Resistance:

For fixed-bias operation. . . ....... ... .0 it iiieinranaas Creseresanna 0.1 maz megohm

For cathode-bias operation ...................... ersvssasessancens 0.5 mazx megohm
# Grid No. 2 and grid No. 3 tied to plate.

TWIN DIODE
Miniature, high-perveance type
used as detector in FM and television 6AL5

circuits. It is especially useful as a

ratio detector in ac-operated FM re- s

ceivers. Each diode section can be used

independently of the other, or the two sections can be combined in parallel or full-
wave arrangement. Resonant frequency of each unit is approximately 700 mega-
cycles per second. Outline 9, OUTLINES SECTION. Tube requires miniature
geven-contact socket and may be mounted in any position. For heater and cathode

considerations, refer to type 6AV6.

HEATER VOLTAGE (AC/DC) . « o oot eit v iian e iiiesanneesnanssoseansonanns 6.8 volts
HEATER CURRENT . . ..ot iet et ttettnoiiaiitieearanasoansaianns . 0.8 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Plate No. 1 to Cathode No. 1, Heater, and Internal Shield . .......... 2.5 nuf
Plate No. 2 to Cathode No. 2, Heater, and Internal Shield ........... 2.6 uuf
Cathode No. 1 to Plate No. 1, Heater, and Internal Shield ............ 3.4 puf
Cathode No. 2 to Plate No. 2, Heater, and Internal Shield .. .......... 3.4 upf
Plate No. 1 toPlate N0o. 2 ... ... . it it iiiiineans 0.068 max puf
Maximum Ratings: HALF-WAVE RECTIFIER
........... [ 830 max volts

PEAK INVERSE PLATE VOLTAGE. . ........ PN

AVERAGE CHARACTERISTICS
HALF-WAVE RECTIFICATION-SINGLE DIODE

TYPEGALS
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PEAK PLATE CURRENT (Per Plate). . 64 mazx ma
DC OuTtpuT CURRENT (Per Plate) 9 mazx ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode, 830 max volts
Heater positive with respect to cathode. ., 330 max volts
Typical Operation:
AC Plate Voltage per Plate (rms) ............ e eiaaseee e eiaenas 117 volts
Min. Total Effective Plate-Supply Impedance. . P cresereeans 300 ohms
DC Output Current per Plate.........,.... 9 ma

ELECTRON-RAY TUBE

Glass octal type used to indicate visually
on a pair of rectangular fluorescent patterns the
effects of changes in voltages applied to its grid

6 AL 7_ GT and three deflecting electrodes. It is especially
useful in meeting the requirements for accurate
tuning in FM receivers. Outline 18, OUTLINES
SECTION. Tube requires octal socket and may
be mounted in any position. Heater volts
(ac/dc), 6.3; amperes, 0.15. Ratings: target

volts, 365 max, 220 min; peak heater-cathode volts, 90 max. This type is used principally for renewal
purposes.

.

Typical Operation:

INDICATOR SERVICE

Target Voltage. .. ..o ittt ittt ensinnan v 815 volts
Deflecting-Electrode-No.1 Voltage. ............... . 0 volts
Deflecting-Electrode-No.2 Voltage. . 0 volts
Deflecting-Electrode-No.3 Voltage 0 - volts
Cathode Resistor (Approx.)..... 3300 ohms
Deflection Sensitivity (Approx.)#........... 1 mm/volt

Grid Voltage for Fluorescence Cutofl (AppProx.)*. .. ....ccoiiiiurnvenens -1 volts
#For first millimeter of unbalance in FM application,
*The grid should be connected to the cathode when not used for fluorescence controi,

DIODE—SHARP-CUTOFF
PENTODE

6 A M 8 Miniature typesusedin diver§iﬁed

applications in television receivers.

6 A M8 A Type 6AMS8-A has a controlled heater

- warm-up time for use in receivers em-

ploying series-connected heaterstrings.

The pentode unit is used as an if amplifier, video amplifier, or age amplifier. The

high-perveance diode is used as an audio detector, video detector, or dc restorer.

Outline 12, OUTLINES SECTION. Tubes require miniature nine-contact socket
and may be mounted in any position.

HEATER VOLTAGE (AC/DC) . . .ttt tieieen et intinreanraneeraneenns 6.3 volts
HEATER CURRENT . . .ottt ittt tie e e iee s einae e eesnaenroeennnens 0.45 ampere
HEATER WARM-UP TIME (Average)* for 6AMS-A....................... 11 seconds
* For definition of heater warm-up time and method for determining it, see type 6CG7T.
Without With
DIRECT INTERELECTRODE CAPACITANCES: Ezxternal Exlernal
Diode Unit: Shield Shield
Plate to Cathode, Heater, and Internal Shield........ 1.7 2.3 puuf
‘Cathode to Plate, Heater, and Internal Shield. . .. . ... 4 4 puf
Pentode Unit:
GridNo.ltoPlate. .. ....................ccovu.... 0.015 max 0.015 max puf
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield. ................................ 6 6 puf
Plate to Cathode, Heater, Grid No.2, Grid No.3, and In-
ternal Shield. ............................. N 3.4 puf
Pentode Grid No.l1 to Diode Plate. ....... . 0.005 max npf
Pentode Plate to Diode Cathode. 0.15 max pupf
Pentode Plate to Diode Plate. . . 0.035 mazx upf
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PENTODE UNIT AS CLASS A; AMPLIFIER

Maximum Ratings:

PLATE VOLTAGE. . ...ttt it i itiiiaii e iitaarnarconsaronosanaennsss 300 mazx volts
GRID-N0.3 (SUPPRESSOR) VOLTAGE. . . ... .0.rninnntiisonnncannnesaasas 0 mazx volts
GRID-NO.2 (SCREEN-GRID) SUPPLY VOLTAGE. .. v vvetrnraresrsunsransenans 300 max volts
GRID-NO.2 VOLTAGE. . .. ........c.viviiuivrnane [N N .. See curve page 67
GRID-NO.1 (CONTROL-GRID) VOLTAGE:

Positive bias value., .. ... ... . ittt ittt 0 max volts
PLaTeE DISSIPATION. .. ...t iiiiiiiines 2.8 max watts
GRID-No0.2 INPUT:

For grid-No.2 voltages up to 150 volts 0.5 max watts

For grid-No.2 voltages between 150 and 300 volts. . See curve page 67
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. .. 200 maz volts

Heater positive with respect to cathode............ccviieiiinn, 200° max volts
Characteristics:

Plate Supply Voltage. . ... ... i ii ittt ei ittt 200 volts
Grid NOB . . .ot i e i i Connected to cathode at socket
Grid-No.2 Supply Voltage. . ... .. ... i iiiiiiiinianas, 150 volts
Cathode-Bias Resistor. . ... ... ... ... ... i iiinraeinnneian 120 ohms
Plate Resistance (Approx.). e 600000 chms
Transconductance. . ... .. 7000 umhos
Grid-No.1 Voltage (Approx.) for plate current of 10 ua -8 volts
Plate Current. . ................... 11.6 ma
Grid-No.2 Current. . . ... ... .. it e 2.7 ma
Maximum Circuit Valves:
Grid-No.1-Circuit Resistance:
For fixed-bias operation. .........c..o0iuvuuns e reesaans freaeeeas 0.26 mazx megohm
For cathode-bias operation. . ................ Ceresrearesnsenernaans 1.0 maz megohm
DIODE UNIT
Maximum Ratings:
DC PLATE CURRENT . . o4 cevtoeninariceronnarsncsonansnnanneonn 5 max ma
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to eathode................... P . 200 mazx volts

Heater positive with respect toeathode. . ... ....... .. ... ... ..., .o 200° maz volts
°The dc component must not exceed 100 volts.

AVERAGE PLATE CHARACTERISTICS
PENTODE UNIT
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02.: SHARP-CUTOFF PENTODE
Miniature type used in a wide
va variety of applications in color televi-
&) sion receivers. The pentode unit is used
PT G3p wp a8 an intermediate-frequency ampli-
'S fier, a video amplifier, an agc amplifier, .
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or as a reactance tube. The triode unit is used in low-frequency oscillator, sync-
separator, sync-clipper, and phase-splitter circuits. Qutline 12, OUTLINES SEC-
TION. Tube requires miniature nine-contact socket and may be mounted in any
position.

HEATER VOLTAGE (aC/DC) . . volts
HEATER CURRENT. . ........cuoiiennnannn.. . ampere

‘Triode Unit:

GridtoPlate. .. ................... ..o ... . puf
Grid to Cathode and Heater. . ........ . ppf
Plate to Cathode and Heater . ppf
Pentode Unit:
uuf
pnf
wuf
Pm
. P
Pentode Plate to Triode Plate. .............................. .. . unf
CLASS A, AMPLIFIER
Maximum Ratings: Triode Unit  Pentode Unit
PLATE VOLTAGE. . . ........ooiiiiiiiinn i, 300 max 3C0 maz volts
GRID-NO.2 SUPPLY VOLTAGE . ... ........ - 360 max volts
GRID-NO.2 (SCREEN-GRID) VOLTAGE . . .. . . - See curve page 67
GRID-NO.1 (CONTROL-GRID) VOLTAGE. P . 0 mazx 0 maz volts
PLATE DISSIPATION . . ... ..ot 2.6 max 2 mazx watts
GRID-No0.2 INPUT:
For grid-No.2 voltages up to 150 volts. . . .. ........... - 0.5 max watt
For grid-No.2 voltages between 150 and 300 volts. . . ... - See curve page 67
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............... 200 rmax 200 max volts
Heater positive with respect to cathode. .............. 200°max 200°max volts
Characteristics:
Plate Supply Voltage. . ................c i, 200 200 volts
Grid-No.2 Supply Voltage . e - 150 volts
Grid-No.1 Voltage. . . .. . e -6 - volts
Cathode-Bias Resistor. . ... ................. .. A - 180 ohms
Amplification Factor........................ BN .. 19 ~
Plate Resistance (Approx.)........................ .. 5750 300000 ohms
‘Trangeconductance. . ............ ... i, 3300 6200 pmhos
Grid-No.1 Voltage (Approx.) for plate current of 10ua .. ... -19 -8 volts
Plate Current. . ... ... ... ... . ... . . .. . e, 13 9.5 ma
Grid-No.2 Current. . ... ...t iiiinenannnns - 2.8 ma
Maximum Circuit Values:
Grid-No.1-Circuit Resistance:*
For fixed-bias operation. . ................... ... ..... 0.5 maz 0.25 maxr megohm
For cathode-bias operation. ................. ... ..... 1.0 mazx 1.0 maz megohm

°The dc component must not exceed 100 volts.
*If either unit is operating at maximum rated conditions, grid-No.1-¢ircuit resistance for both units
should not exceed the stated values,

AVERAGE PLATE CHARACTERISTICS
PENTODE UNIT

TYPE 6ANS
E¢=6.3 VOLTS
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AVERAGE' PLATE CHARACTERISTICS
TRIODE UNIT
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BEAM POWER TUBE

Miniature types used as output 6 AQ 5

amplifiers primarily in automobile re-

ceivers and in ac-operated receivers.

Type 6AQ5-A has a controlled heater 6AQ 5—A
warm-up time for use in television re-

ceivers employing series-connected heater strings. Within their maximum ratings,
the performance of these types is equivalent to that of larger types 6V6 and 6Vé6-
GT. For typical circuits employing type 6AQ5, both singly and in push-pull, refer
to CIRCUIT SECTION.

HEATER VOLTAGE (AC/DC) . 1. .ttutvetnt et et rnenineneanneinnnnanns 6.3 volts

HEATER CURRENT . . ..ttt ittty et ats it s etesanneenneeraneeennns 0.46 ampere

HEATER WARM-UP TIME (Average)* for 6AQ5-A. ... ......covuruenennn.. 11 seconds
DmBCT INTERELECTRODE CAPACITANCES (Approx.):

No.ltoPlate. ... ... it iiiiieeranninnnnnn, 0.36 ppf

Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3............. 8.3 puf

Plate to Cathode, Heater, Grid No.2, and Grid No.3. . ................ 8.2 uf

* For definition of heater warm-up time and method for determining it, see type 6CGT.

Maximum Ratings: CLASS A, AND CLASS AB, PUSH-PULL AMPLIFIER

PLATB VOLTAGE. . .. ..\ttt ittt in e iiiirtenenrainannnnreneennns 250 max volts
GRID-NO.Z (BCREEN-GRID) VOLTAGE . . ... o\irtiterenninnnenneerannnnns. 250 max volts
PLATE DISSIPATION . ...ttt it ittt neeneeareenenssnsanesrennsonnns 12 max watts
GRID-NO.2 INPUT. . ..ottt it ie e it ia e reenenannenns 2 max watts
PEAK HEATER-CATHODE VOLTAGE: 6AQ5 6AQ5-A
Heater negative with respect to cathode. . ............... 90 mazx 200 max volts
Heater positive with respect to cathode. ................ 90 max 200%mazx volts

® The de component must not exceed 100 volts.

Typical Operation:
Same as for type 6V6-GT within the limitations of the maximum ratings.

Maximum Circuit Values:

Grid-No.1-Circuit Resistance:
For fixed-bias operation. . . ... ...ttt i,
For cathode-bias operation .............ciiieniiiniennvnninnnnnns,

oL
i
8

=

megohm
megohm

INSTALLATION AND APPLICATION

Type 6AQ5 requires. a miniature seven-contact socket and may be mounted
in any position. Outline 13, QOUTLINES SECTION.

When the heater is operated on ac with a transformer, the winding of the
transformer which supplies the heater circuit should operate the heater at the
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recommended value for full-load operating conditions at average line voltage.
Under any condition of operation, the heater voltage should not be allowed to
vary more than 10 per cent from the rated value. When the 6AQ5 is used in auto-
mobile receivers, the heater terminals should be connected directly across the
6-volt battery.

Use of type 6AQ5 in a series string arrangement should be limited to tubes
with the same heater-current rating. If it is necessary to use the 6AQ5 in series
with tubes having different heater ratings, shunt resistors are required. Refer to
ELECTRON TUBE INSTALLATION SECTION for additional heater consid-
erations.

The cathode of the 6AQ5 should preferably be connected directly to the
electrical mid-point of the heater circuit when the heater voltage is supplied from
a transformer. When the 6AQ5 is operated in receivers employing a 6-volt storage
battery for the heater supply, its cathode circuit is tied in either directly or through
bias resistors to the negative side of the de plate supply which is furnished either
by the de power line or the ac line through a rectifier. Under any circumstances,
the heater-cathode voltage should be kept within ratings. If the use of a large
resistor is necessary in some circuit designs, it should be bypassed by a suitable
filter network or objectionable hum may develop.

In all services, precautions should be taken to insure that the dissipation
rating is not exceeded with expected line-voltage variations, especially in the cases
of fixed-bias operation. When the push-pull connection is used, fixed-bias values
up to 10 per cent of each typical screen-grid voltage can be used without increasing
distortion.

AVERAGE PLATE CHARACTERISTICS
PENTODE CONNECTION
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PLATE VOLTS

TWIN DIODE—HIGH-MU TRIODE QOO g

Miniature type used asa combined

6AQ6 detector, amplifier, and avc tube in

compact radio receivers. This type is

similar to metal type 6Q7 in many of

its electrical characteristics. Outline 11,

OUTLINES SECTION. Tube requires miniature seven-contact socket and may

be mounted in any position. For typical operation as resistance-coupled amplifier,

refer to Chart 7, RESISTANCE-COUPLED AMPLIFIER SECTION. For
heater considerations, refer to type 6AV6.
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HEATER CURRENT. . ...............

DIRECT INTERELECTRODE CAPACITAN (Triode Unit):°

GridtoPlate, .. ..... ... ... . i i e

® With close-fitting shield connected to cathode.

TRIODE UNIT AS CLASS A, AMPLIFIER
Maximum Ratings:
PLATEVOLTAGE. . ...t ivt ittt it iarinnnrcnsnans Neeeaiaaeieraae
PEAR HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode............... eerieerasanae

Heater positive with respect to cathode.......
Characteristics:
PlateVoltage. . . ........oiiiiiiesnrnannne 100
Grid Voltage. . .. .... et ase et s -1
Amplification Factor. . ........oiiniiniiiiiiiiniiiieeanas 70
Plate Resistance. . .. ... cviiivieiiiseenninsiiinenenanans 61000
Transconductance. ..........evvveen. ettt 1150
Plate Current. ..... b aiiseesesee et e een 0.8

DIODE UNITS

RCA Receiving Tube Manual

HEATER VOLTAGE (AC/DC) . .ttt vvrevennnstnnecnnrveanronaennaannnnnns

6.3 volts
0.16 ampere
1.8 nuf
1.7 auf
1.5 auf
800 mazx volts
90 maz volts
90 maz volts
260 volts
-3 volts
70
58000 ohms
1200 umhos
1.0 ma

Two diode plates are placed around a cathode, the sieeve of which is common to the triode unit.
Diode biasing of the triode unit of the 6AQ6 is not suitable. For diode operation curves, refer to type

6AVE.
AVERAGE PLATE CHARACTERISTICS
T . TRIODE UNIT
TYPE 6AQ6 I
€¢ = 6.3 VOLTS o
“f
Q(J
o & ~

PLATE MILLIAMPERES
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TWIN DIODE—HIGH-MU TRIODE

Glass octal type used as FM detector and
audio amplifier in circuits which require diode
angd triode units with separate cathodes. Qut-
line 23, OUTLINES SECTION. Tube requires
octal socket. Heater volts (ac/dc), 6.3; amperes,
0.3. Ratings and characteristics of triode unit as
class A, amplifier: plate volts, 250 max; grid
volts, -2; amplification factor, 70; plate resist-
ance (approx.), 44000 ohms; transconductance,

00
92CM-855IT |

6AQ7-GT

1600 umhos; plate ma., 2.3. For typical operation as a resistance-coupled amplifier, refer to Chart 7, RE-
SISTANCE-COUPLED AMPLIFIER SECTION. This type is used principally for renewal purposes.
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POWER PENTODE

Miniature type used as output tube prima- H P

rily in automobile receivers and ac-operated re-

ceivers. Outline 13, OUTLINES SECTION. H 62
6 AR 5 Tube requires minjature seven-contact socket \

and may be mounted in any position. Heater o

volts (ac/dc), 6.3; amperes, 0.4. Maximum c.3 NC

ratings as class A; amplifier: plate and grid-No.2 K o

(screen-grid) volts, 250 maz, plate dissipation, ()

8.5 max watts; grid-No.2 input, 2.5 maz watts;
peak heater-cathode volts, 90 maz. For heater and cathode considerations, refer to miniature type
6AQ5. Within its maximum ratings, type 6 AR5 is equivalent in performanece to glass-octal type 6K6-GT.
Refer to type 6K6-GT for characteristic curves. Type 6ARS is used principally for renewal purposes.

Typical Operation: CLASS A, AMPLIFIER

Plate Voltage. .. ......oooiiiinnnnennnn, Ceseeraaanas 250 volts
Grid-No.2 (Screen-Grid) Voltage. .................. . 250 volts
Grid-No.1 (Control-Grid) Voltage. . ................ -18 volts
Peak AF Grid-No.1 Voltage. .. .............c0uunnn 18 volts
Zero-Signal Plate Current. .. ............. Cresene .. . 32 ma
Maximum-8ignal Plate Current. . ...........ovvveeennnnn.n. 33 ma
Zero-Signal Grid-No.2 Current. .........covevrtvenevnrnnnnnnn . 5.5 ma
Maximum-Signal Grid-No.2 Current . ...........coovvvnvn... 0 10 ma
Plate Resistance (APProX.). ... ...cviiieriiiiienccrcnnnnnnns 65000 68000 ohms
TransconducCtBnee, . ..o viiii it inenniieeeroreasnnsonnaonnss 2400 2300 umhos
Load Resistanee, . . ........oviiiiiininiioneniannsnannnnens 7000 7600 ohms
Total Harmonic Distortion............. TN 7 11 per cent
Maximum-Signal Power Output........ PPN 3.2 3.4 watts
Maximum Circuit Values (For tmum raled conditions):
Grid-No.1-Circuit Resistance:

For fixed-bias operation. .. ....... ...ttt i i 0.1 maz megohm

For cathode-bias operation . ...........c .o viiiuiinenrenvnnnnns. 0.5 max megohm

BEAM POWER TUBE

Miniature type used as output

. amplifier primarily in automobile and

6A55 in ac-operated receivers. Outline 13,

OUTLINES SECTION. Tube re-

quires miniature seven-contact socket

and may be mounted in any position.

For heater and cathode considerations, refer to type 6AQ5. For curves, refer to
type 35C5.

HEATER VOLTAGE (aC/DC)., ... .. et [ P voits
HEATER CURRENT. « o 0oyttt einenene e cetannnnnoneanannens Cerreeanens .. 0.8 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):

Grid No.L to Plate. ... .. . iei ittt iiin it tisennneeensnnnnns [P 0.6 puf

Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3. . ............. 12 wif

Plate to Cathode, Heater, Grid No.2, and Grid No.3....... Cereaeaeia 9.0 puf
Maximum Ratings: CLASS A; AMPLIFIER
PLATEVOLTAGE, .. ..\ttt it it anservannannsanasenns . 160 maz volts
GRID-NO.2 (SCREEN-GRID) VOLTAGE ....... . 117 maz volts
PLATE DISSIPATION. . . ........... . 5.5 max watts
GRID-NO.2 INPUT .............c.cuus.. 1.0 maz watt
PEAX HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. 90 maz volts

Heater positive with respect to cathode. . .. 90 maz volts
BULB TEMPERATURE (At hottestpoint)............c.ocvuivivii ... 260 maz °C
Typical Operation:
Plate Voltage. . ............... ereieeees e volts
Grid-No.2 Voltage. . . ................ ceeas volts
Grid-No.1 (Control-Grid) Voltage ............cciviiieieneenann, . volts
Peak AF Grid-No.1 Voltage. .............. . . volts
Zero-Signal Plate Current. ................ . ma
Maximum-Signal Plate Current............ . ma
Zero-Signal Grid-No.2 Current (Approx.). ... ma
Maximum-Signal Grid-No.2 Current (Approx. ma
Transconductance . . wmhos
Load Resistance. ...........covivivnnnenn. . ohms
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Total Harmonic Distortion. .. ..........o.veeeunnuas e P 10 per cent
Maximum-Signa‘l PowerOutput. ... ... ..ot iiiienennanenns ereaeen.. 2.2 watts
Maximum Circuif Values (For mazi: rated conditions):
Grid-No.1-Circuit Resistance:
For fixed-bias operation., .. .. ... . i it i i 0.1 max megohm
For cathodebxas OPeration . ... ... i i e, .. 0.5mar megohm

DIODE—
SHARP-CUTOFF PENTODE

ND®€  Miniature type used in diversified :
applications in television and radio re- 6A58

%o eeivers. The pentode unit is used as an

> if amplifier, video amplifier, or agc

P amplifier. The high-perveance diode is

used as an audio detector, video detector, or dec restorer. Out]me 12, OUTLINES
SECTION. Tube requires miniature nine-contact socket and may be mounted in
aily position. For curve of average plate characteristics of pentode- umt, see type
6ANS. .

HEATER VOLTAGE (AC/DC) . . .. 6.3 volts
HEATER CURRENT. . .. ... 0 ieieirianeennn. 0.45 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):

Diode Unit:

Plate to Cathode, Heater, and Internal Shield........................ 3.0 wpf
Pentode Unit:

‘Grid Nol to Plate. ... . ... o i i i 0.02 maz upf

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield T upl

Plate to Cathode, Heater, Grid No.2, Grid No.8, and Internal Shield.... 2.4 puf
Pentode Grid to Diode Plate. . ... ... ... . ... ittt cinnannnne. 0.0056 max g
Pentode Plate to Diode Cathode. . ... ...... .. ... ... .iiiiiiiiiianinn. 0.15 max i
Pentode Plate to Diode Plate. . . ... ... ... ... ... ... . . it 0.10 max uuf

. . PENTODE UNIT AS CLASS A, AMPLIFIER
Maximum Ratings:
PLATB VOLTAGEB. .. ... ... ittt ireartia e cne e rinan 300 max volts
GRID-N0.3 (SUPPRESSOR-GRID) VOLTAGE. max volts
GR1D-No0.2 SUPPLY VOLTAGE 800 max volts
GRID-NO.2 (SCREEN-GRID) VOLTAGE . .. ... .0\ itiuieetennaonnrnninennnns See curve page 67
GRID-NO.1 (CONTROL-GRID) VOLTAGE:

Positive bias value. . . ... . ... ... i, 0 max volts
PLATE DISSIPATION. . ... ittt et e it enne e iiaaateeran, 2.5 max watts
GRID-No.2 INPUT:

For grid-No.2 voltagesup te 150 volts. ... .............ovuiruinnnn, 0.5 max watt

For grid-No.2 voltages between 150 and 800 volts. .. . ................ See curve page 67
PRAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. .. ..................... 0.t 200 max volts

Heater positive with respect to cathode. .. .. ... ..................... 200°mazx volts
Characteristics:

Plate Supply Voltage. . .. . L . PN 200 volts
GridNod3............... . Connected to cathode at socket

Grid-No.2 Supply Voltage e e 150 volts
Cathode-Bias Resistor. . ., ... ... ... i i i 180 ohms
Plate Resistance (APProX.) . ... ...\ttt ittt e e nntaaranenas 300000 chms
Transconduetance. . . .. ... ...t e i e . 6200 umhos
Grid-No.1 Voltage (Approx.) for plate current of 10 pa. . ................. -8 volts
Plate Current. . ... ... ... e et 9.5 ma
Grid-No.2 CUITEDt. .. ... .. o e et e et na ey 3 ma

Maximum Circvit Valves (For maximum rated conditions):

Grid-No.1-Circuit Resistance:
For fixed-bias operation. . .
For cathode-bias operatlon

° The de component must not exceed 100 volts.

0.25 mar megohm
1.0 mar megohm

Maximum Retings: DIODE UNIT
PEAK INVERSE PLATE VOLTAGE. . .. . ... ittt ittt aaiinaneaneans 880 max volts
PEAK PLATE CURRENT. . . ..\ttt iitraaacsnnnnannnnass . 50 maz ma
DOC PLATE CURRENT. . . .ttt ttne ettt ian e e etanasnasatnaansassan 5 maz ma
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode 200 maz volts

Heater positive with respect to cathode. . .. ............ . ODION 200°meax volts
° The d¢ component must not exceed 100 volts.
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TWIN DIODE—HIGH-MU TRIODE

- Miniature type used as a com-

6 AT6 bined detector, amplifier, and ave tube
g in automobile and ac-operated radio
receivers. Outline 11, OUTLINES

SECTION. Tube requires miniature

seven-contact socket and may be mounted in any position. For typical operation as
resistance-coupled amplifier, refer to Chart 7, RESISTANCE-COUPLED AM-

PLIFIER SECTION. For heater considerations, refer to type 6AVS6.

HEATER VOLTAGE (AC/DC) . ¢ ..t vttt et et e eceaeneennnransans 6.3

HEATER CURBENT . . ..o\t oittttttt s teiineesaneaeansnatinnnanannannns 0.3
DIRECT INTERELECTRODE CAPACITANCES
Triode Grid to Triode Plate. . ..... 2.0
Triode Grid to Cathode and Heater. 2.2
Triode Plate to Cathode and Heater. 0.8
Plate of Diode Unit No.2 to Triede Grid. e 0.04 mazx
Maximom Ratings: TRIODE UNIT AS CLASS A; AMPLIFIER
PLATE WOLTAGE. . ...ttt ittt ir et iatiaeene e e rannnneeennan 300 max
PLATE DISSIPATION . . .o i it e ittt ennns 0.5 max
GRID VOLTAGE, Positive Bias Value. . ......................c.0vvunn.. 0 max
PEAXK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. ............................ 90 max
Heater positive with respect tocathode. .. .......................... 90 max
Characteristics:
Plate Voltage. .. .. 100 250
Grid Voltage. . . .. -1 -3
Amplification Facto; 70
Plate Resistance. . . 54000 58000
Transconductance. . . 1300 1

Plate CUITENt. .. ovsonessnnnsnsis a0 0.8 1.0

Maximum Rating:
PLATE CURRENT (BACH UNIT) . . o 0ttt teaeetenntnitnnnannnnneeans 1.0 maz

volts
volts
volts
volta
volts
volts
ohms

pmhos
ma

The two diode plates are placed around a cathode, the sleeve of which is common to the triode unit,

Each diode plate has its own base pin. For diode operation curves, refer to type 6AV6.

AVERAGE PLATE CHARACTERISTICS
TRIODE uNIT

L T
TYPE BATE o
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TRIODE-PENTODE CONVERTER

. Miniature types used as combined *GY{
6AT8 oscillator and mixer tubes in television
receivers utilizing an intermediate fre- fv

6 AT8 A quency in the order of 40 megacycles
- per second. Type 6AT8-A has a con-
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trolled heater warm-up time for use in receivers employing series-connected heater
strings. Outline 12, OUTLINES SECTION. Except for interelectrode capacitances
and basing arrangement, these types are identical with miniature type 6X8. The
hasing arrangement of the 6AT8 and 6AT8-A is particularly suitable for connection
to the coils of certain designs of turret tuners.

6.3 volts
0.45 ampere
11 seconds
® For definition of heater warm-up time and method for determining it, see type 6CG7.
Wilhoull EWilh .
. Ezxterna cierna,
le.RECT IN:rERELm‘monE CAPACITANCES (Approx.): S Shaold
Triode Unit:
Grid to Plate, . . ... .o 1.5 1.5 wuf
Grid to Cathode and Heater. . ... .................. . ... 2.0 2.4 uut
Plate to Cathode and Heater. ... ....................... 0.5 1.0 ppf
Pentode Unit:
Grid No.1 to Plate. . .......... J PR 0.025 maz  0.016 max puf
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3..... 4.5 4.7 puf
Plate to Cathode, Heater, Grid No.2, and Grid No.3....... 0.9 1.6 pul
Pentode Grid No.1 to Triode Plate. . ....................... 0.05 max 0.04 mazx upl
Pentode Plate to Triode Plate.............................. 0.05 max 0.007 max 5
Heater to Cathode. . ... ... ..., 6.5 6.5 puf
Pentode Unit Connected as Triode:*
Grid Nolto Plate. ... ... oooviiiiiiiiiiniiienan 1.3 1.3 puf
Grid No.l1 to Cathode and Heater. . . .................... 3.0 3.3 wul
Plate to Cathode and Heater............................ 1.7 2.5 puf
* Grid No.3 connected to cathode; grid No.2 connected to plate.
P
© HALF-WAVE VACUUM RECTIFIER

G 6AU4-GT

Glass octal types used as damper
tubes in horizontal-deflection circuits
nc@ 7 Dn  of color television receivers and of tele- 6AU4'GTA

"%:":"; ORIO vision receivers utilizing picture tubes

Nc H having wide-angle deflection. Qutline
29, OUTLINES SECTION. Tubes require octal socket and may be mounted in any
position. These types may be supplied with pin No.l1 omitted. It is especially im-
portant that these tubes, like other power-handling tubes, be adequately ventilated.
Type 6AU4-GT is a DISCONTINUED type listed for reference only. For curve of

average plate characteristics for 6AU4-GTA, see page 64.

HEATER VOLTAGB AC/DC). ...\ \titit ettt aa 6.3 volta
HEATER CURRENT. . ...t i ittt e anene ot cae e aaeaas 1.8 amperes
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Plate to Heaterand Cathode. ... ....... .. .. ... .. . i, 8.5 upf
Cathodeto Heaterand Plate. ... .................................. 11.5 uuf
Heaterto Cathode. . ... ... ...t e, 4.0 uuf
DAMPER SERVICE
For operation in a 525-line, 30-frame system
Maximum Ratings: 6AUL-GT 6AU4-GTA
PEAK INVERSE PLATE VOLTAGE} (Absolute Maximum). .. .. ..... 4500°nax  4500°max volts
PEAK PLATE CURRENT. . ¢ oot ittt ieieee ettt itcinaanins 1050 maxr 1150 max ma
DC PLATE CURRENT . + . 4ttt iaie e e ian ety 175 max 190 maz ma
PLATE DISSIPATION. . ot vttt et iatia ittt aie it 6 max 6 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode (Absolute Maximum). 4500 max 4500°*max volts
Heater positive with respect to cathode. .. ................. 3004 max 3004 max volts

t The duration of the voltage pulse must not exceed 15 per cent of one horizontal acanning ¢ycle. In a
526-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 mieroseconds.

© Under no circumstances should this absolute value be exceeded.

# The dc compenent must not exceed 900 volts.

#The dc component must not exceed 100 valts.

) BEAM POWER TUBE

IO Glass octal type used as horizon-
l tal deflectionamplifierinlow-cost, high- OAUS-GT

NO, \‘«/ O efficiency deflection circuits of televi-

O&IO sion receivers employing either trans-

6 63 former coupling or direct coupling to
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the deflecting yoke. Outline 22, OUTLINES SECTION. Tube requires octal socket

and may be mounted in any position.

HEATER VOLTAGE (AC/DC) . . oot titiiiiit it eiiiiiiiianaanaeannnans 6.3
HEATER CUBRENT . « 10t tcstvntaannstasaarsnnvanannsnenoeessiocansnas . 1.28
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Grid No.l to Plate. . .. ..ottt it ii et e it 0.5
Grid No.l to Cathode, Heater, Grid No.2,and Grid No.3.............. 11.3
Plate to Cathode, Heater, Grid No.2, and Grid No.3. .. ............... 7.0
TRANSOONDUCTANCE # . . o vtvee et aunanacanseosacanssnsnasssasssnnnnas 5600
Muy-FACTOR, Grid No.2 to Grid No.1F. .. ........ ... ..o i iiiiiiiiines 5.9

# For plate volts, 115; grid-No.2 volts, 175; grid-No.1 volts, —20.
t For plate volts, 100; grid-No.2 volts, 100; grid-No.1 volts, —4.5.

HORIZONTAL DEFLECTION AMPLIFIER

Maximum Ratings: For operation in a 525-line, 30-frame system
DC PLATE VOLTAGE. . . ottt tettatin e iais e i aianiataaneanainn 550 maz
PEAK POSITIVE-PULSE PLATE VOLTAGE* (Absolute Maximum) ............. 5500°max
PEAK NBGATIVE-PULSE PLATE VOLTAGE. . . ... vvt i iieiie i ians -1250 maz
DC GRID-N0.2 (SCREEN-GRID) VOLTAGE. . .../t ucuuinniaanaenaaans 200 max
PEAK NEGATIVE-PULSE GRID-NO.1 (CONTROL-GRID) VOLTAGE. ... ......... ~300 mazx
CATHODE CURRENT:
P BK. . . sty 400 max
B 3 110 mazx
GRID-NO.2 INPUT. . . ittt ettt tii i e e et aunarani e iiaranaenns 2.5 maz
PLATE DISSIPATIONT] . .. ..o i i i it iaens 10 max

PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode 200 mazx
Heater positive with respect to cathode . . .. 2008max
BuULB TBMPERATURE (At hottest point).... ... ......... 210 maz
Maximum Circuvit Value:
Grid-No.1-Circuit Resistance. ... .. ... ... .. ... .. .cciiiiiannnnn e 0.47 mazx

volts
amperes

npl

l-m'{

yrm
y.mhos

volts
volts
volts
volts
volts

ma

watts
watts

. volts
volts

megohm

* The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a

526-line, 80-frame system, 15 per .cent of one horizontal scanning cycle is 10 microseconds.
° Under no circumstances should this absolute value be exceeded.

{ Preferably obtained through a series dropping resistor of sufficient magnitude to limit the grid-No.2

input to the rated maximum value,

11An adequate bias resistor or other means is required to protect the tube in the absence of excitation.

® The dc component must not exceed 100 volts.

VOLTAGE REGULATOR SERVICE

Maximum Ratings: Triode Conneclion, Grid No.2 connected to Plate
PLATE VOLTAGE . - . o o oottt et ia e ittt i et a e aa s 300 mazx
GRID-NO.1 VOLTAGE:
Negative bias value. . .. ... ... il ~125 max
Positive bias value. . . . ... ... i 0 max
CATHODE CURRENT . . & ot e ee ettt et e ettt ee e e ay 110 mazx
TOTAL PLATE AND GRID-NO0.2 DISSIPATION. . . . . ... ... iviiiiiernannn. 10 max
PeAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. . ........................... 180 max
Heater positive with respect to cathode. . . ........... ... ... ... ..., 180 max
400 AVERAGE PLATE CHARACTERISTICS
T T
TYPE 6AUS-GT
Ep=63VOLTS
| GRID-N%I VOLTS 20
300 s
. eczzl2—
w
(.4
- e 150
[y
3
g / //-‘/‘—/\zs
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AVERAGE CHARACTERISTICS

TYPE 6AUS-GT
€¢=6.3 VOLTS
GRID N22 VOLTS=150

DLIAMPERES
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pecially in high-frequency, wide-band

applications. It is also used as a limiter

o tube in FM equipment. Outline 11,
OUTLINES SECTION. Tube raquir‘s miniature seven-contact socket and may
be mounted in any position. For a discussion of limiters, refer to ELECTRON
TUBE APPLICATIONS SECTION. For typical operation as resistance-coupled
amplifier, refer to Chart 8, RESISTANCE-COUPLED AMPLIFIER SECTION.

For heater and cathode considerations, refer to type 6AV6.

H P
“ OO, s SHARP-CUTOFF PENTODE
6‘ (© Miniature type used in compact :
o 0‘ ) B, radio equipment as an rf amplifier es- 6 AU 6
15

HEATER VOLTAGE (AC/DC) . .. tttttiriiiereeee et ianinecenorernnnnnns 6.3

HBEATER CURRENT. . ...\ttt itttinenatteneteaaneeosanosneenneennns 0.3

DIRECT INTERELECTRODE CAPACITAN ES:
Grid No.L to Plate. ... ... ..ot iiiieerneeeriinnroneeansennnns 0.00385 max nuf
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield 5.5
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield.... 5.0

CLASS A: AMPLIFIER

. " Triodet Pentode
Maximum Ratings: C tion  Connecti

PLATB VOLTAGE. ... ...t iiiirntetnennunoeeranrannnenss 2560 max 300 may volts
GRID-NO.2 (BCREEN-GRID) VOLTAGE, .. ............. e - See curve page 67
GRID-NO.2 SUPPLY VOLTAGE . - 300 mazx volts
PLATE DISSIPATION . . ...ttt iiit it et ateannnennnnen 8.2 max 3 max watts
GRrID-NO.2 INPUT:
For grid-No.2 voltages up to 150 volts. . .. .......cooivinenennennnnnn 0.65 max watt
For grid-No.2 voltages between 150 and 300 volts. .., .....cvvvvnnnnn. See curve page 67
GRID-NO.1 (CONTROL-GRID) VOLTAGE: :
Negativebias value. ... ...........cciiiiiiiieneennn., " 50 max 50 max volts
Positivebias value. . ......... .. ... . i i, 0 max ©. 0 max volts
PEAK HBATER-CATHODE VOLTAGE:
Heater negative with respect to cathode ...... e 90 max ° 90 max volts
Heater positive with respect to cathode. . ... ...coovunn. 90 max 90 max . volts
Characteristics: (P2nlode Connection):
Plate Supply Voltage. .. .. 100 250 250 volts

Grid No.3 (Suppressor Grid

Connected to cathode at socket
100 125 150

Grid-No.2 Supply Voltage volts
Cathode-Bias Resistor . 150 100 68 ohms
Plate Resistance (Appro: 0.5 1.5 . . 1.0 megohms
Transconductance. . . .................... 3900 4500 5200 umhos
Grid-No.1 Voltage for plate current of 10 ua. —4.2 -5.5 -6.5 volts
Plate Curren AN 5.0 7.6.. - 10.6 . ma
Grid-No. 2 Current e 2.1 .3.0 - . .48 ma
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Characteristics: (Triode Connection):t

Plate SuPPly Voltage .. ... viitieinie ettt ittt ianninan 260 volts
athode-Bias Resistor. . ....... .. oiuiiiiiniiiiiiiinaiianians NN 330 ohms

Amplifieation Factor.................... eeereeseaeraaeaaaan Ceereanen 36

Plate Resistance. . .............. . 000t etee et Ceeeaas . 7600 ohms

Transconduetance. . .............. feeseserasare e Cheeeanes 4800 pmhos

Plate Current. . T Casebaniia it 12.2 ma

1 Grid No. 2 and gnd No. 3 tied to plate.

AVERAGE PLATE CHARACTERISTICS
PENTODE_CONNECTION

M T
- TYPE 6AUS
£ = 6.3VOLTS
[~ GRID-N%2 VOLTS = 100
GRID-N?3 YOLTS = 0

~

€C130

ST

PLATE(1p) OR GRID-N22(1C2) MILLIAMPERES

, GRID-N¥1 VOLTS EC1=-1.0
<t £cizg
i -
Ip 2.0 f
: -2.8
1-3.0
——t—
A 200 300 200 =55 555
PLATE VOLTS .,

MEDIUM-MU TWIN TRIODE

Miniature type used as phase inverter or
amplifier in television receivers employing series- KT2
6 AU7 connected heater atrings. Outline 12, OUT-
LINES SECTION. Heater volts (ac/dc), 12.6
(series), 6.3 (parallel); amperes, 0.15 (series),
0.3 (parallel) ; warm-up time (average) in paral- ©72
lel arrangement, 11 seconds. For definition of
heater warm-up time and method for determin-
ing it, see type 6CG7. Peak heater-cathode volts, 200 max. When the heater is positive with
respect to the cathode, the de vomponent of the heater-cathode voltage must not exceed 100 volts.
Except for heater and heater-cathode ratings, type 6AUT7 is identical with miniature type 12AU7. The
6AU7 is a DISCONTINUED type listed for reference only.

MEDIUM-MU TRIODE— H
SHARP-CUTOFF PENTODE kOB ORO R
6 AU 8 Miniature type used in a wide P13 =0\Oa
variety of applications-in television re- gt
ceivers employing series-connected GTE ®czp
heater strings. The pentode unit is | 9

used as a video amplifier, an if ampli- KT id

fier, or an agc amplifier. The triode unit is used in sync-amplifier, sync-separator,
sync-clipper, and phase-inverter circuits. Outline 14, OUTLINES SECTION. Tube
requires miniature nine-contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) . .ttt o n v et aeeiaae et nie e 6.3 volts
HEATER CURRENT . . oo\t vtttvttvte et e et aan s 0.6 ampere
HEATER WARM-UP TIME (Average)¥. . . ... ... .. ... ... i, 11 seconds
DIRECT INTERELECTRODE CAPACITANCES:
Triode Unit:
Gridto Plate. . ... ... .. oot 2.2 uuf
Grid to Cathode and Heater. . ............ ... ... . ... . i 2.6 uuf
Pixte to Cathode and Heater. ............. ... ... . v oo 0.54 puf
Pentode Unit:
Grid NoJtoPlate. . ... ... ... ity 0.044 wuf
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield - 7.5 puf
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Interna! Shield. ... 2.4 uuf
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Triode Grid to Pentode Plate. . . ..........o0 it iiiineinernans 0.022 max wpf
Pentode Grid No.1 to Triode Plate. . .. .. ... .. ... ... .. iiiiunereennn, 0.006 max npf
Pentode Plate to Triode Plate. . ... ............ i 0.12 max wpf

* For definition of heater warm-up time and method for determining it, see type 6CG7.

CLASS A; AMPLIFIER

Maximum Ratings: Triode Unit Pentode Unit

PLATE VOLTAGE. ..ttt ittt cnnninsannsenans 300 max 300 max volts
GRID-NO.2 (SCREBN-GRID) SUPPLY VOLTAGE. . .. ... ........ - 300 max volts
GRID-NO.2 VOLTAGE. . ..\ o ittt iiinrnaneanras - See curve page 67
GRID-NoO.1 (CONTROL-GRID) VOLTAGE:

Positive bias value. . . . ........ ... ... . o e, 0 mazx 0 mazx volts
PLATE DISSIPATION. . . .. ... .. i ittt ans 2.5 maz 3 max watts
GRrID-No0.2 INPUT:

For grid-No.2 voltages up to 150 volts. . .. ............. - 1 max watt

For grid-No.2 voltages between 150 and 300 volts.
PEAK HEATER-CATHODE VOLTAGE:

- See curve page 67

Heater negative with respect to cathode. .. 200 max 200 max volta
Heater positive with respeet to cathode. . .............. 200" max 200%max volts
Characteristics:
Plate Supply Voltage. . ... ... ... . ittt 150 200 volts
Grid-No.2 Supply Voltage. . .. - 126 volts
Cathode-Bias Resistor. . ............... FN - 150 82 ohms
AVERAGE CHARACTERISTICS
PENTODE UNIT
TYPE 6AUB N )
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g
w
a
3% ; <0
3 Iy __———--————"‘_]
=l ]
i \ // -o.s
Y . "1
o~ L
s \‘ 1 -1.0
20—
N e
E. F/ 5 GRID-N2! VOLTS. €c;=-1.8
(-
a a -z.o,
A S -2
-, toht T
4 _ ~3.0
- [€¢=0
H = == — 4 — ] -3.5
<
8

--4.0

é; Z ===t ——f .4 ~43
~5.0
= === 1 =60
[ 100 200 00 400 500
PLATE VOLTS
02CM-8804T
AVERAGE CHARACTERISTICS
TRIODE UNIT
40 T
TYPE SAUB
E¢=8.3 VOLTS
B Y -
a
& 30
: l 4 / 7
< «
3 R / o
F ) w,
o / o-\ 7
S 20\ &
A INVAN AV
[
S AS 5
« ~'C o,
74 T 1 Z&c=+e J
s TR
& \ 7 / o,
w o S SE— +a—y y
< VARV4 __—/ 2
o I, \y
C?‘_____ - *2 - AL
// =1 ;l}
e /__a/\/
0 100 200 300 400 500
PLATE vOLTS 02CH-8708T

186



RCA Receiving Tube Manual

Amplification Factor. . .. 40 -

Plate Resistance (Approx 8200 - . 150000 ohms
Transconductance. .. .. ...t veieeunnerennnennannann 4900 7000 umhos
Grid-No.1 Voltage (Approx.) for plate current of 100 ua . -6.5 -8 velts
Plate Current. .. .. 9 15 ma
Grid-No.2 Current - 3.4 ma

Maximum Circuit Valves:

Grid-No.1-Circuit Resistance: .
For fixed-bias operation................ ceeee 0.5 maz 0.25 mar megohm
For cathode-bias operation....... 1.0 max 1.0 mar megohm

® The de¢ component must not exceed 100 volts.

P
BEAM POWER TUBE

6AV5 'GA Glass octal types used as hori- 'c‘-a'

: zontal deflection amplifiers in tele- 0
6AV5-GT vision receivers employing either \“/
transformer coupling or direct cou- ORIO
: pling to the deflecting yoke. 6AV5-GA ° ©2
Outline 33, 6AV5-GT Outline 22 or 23, OUTLINES SECTION. Tubes require
octal socket and may be mounted in any position. Type 6AV5-GT is a DISCON-
TINUED type listed for reference only.

HEATER VOLTAGE (AG/DC) . o\t itiane ettt it i inannnn .. 6.3 volts
HEATER CURRENT. . o oottt ot ettt iiiiiiit et ieevaanananns . 1.2 amperes
TRANSCONDUCTANCEX . . L . ittt iiiitenr ettt ienennnnns 5500 umhos
Mu FACTOR, Grid No.2 to Grid No. 1™, ., ... ... ... ... ... .0ccvunnn.. . 4.3

* Plate volts, 250; grid-No.2 volts, 150; grid-No.1 volts, —22.5.
** Triode connected; plate and grid-No.2 volts, 150; grid-No.l volts, ~22.5.

HORIZONTAL DEFLECTION AMPLIFIER

Maximum Ratings: For operation in a 525-line, 80-frame system
DC PLATE VOLTAGE. . . .0ttt s ot ttvennctatneinnneneesoateneasannanennn 550 max volts
PBAK PoSITIVE-PULSE PLATE VOLTAGE t (Absolute Maximum)............. 5500°mazx volts
PEAK NEGATIVE-PULSE PLATE VOLTAGE. ... ... iiiiiiiniiinnnnnennns ~1260 mazx volts
DC GRID-NO0.2 (SCREEN-GRID) VOLTAGE . . .« .\ttt s iiiiiannnneenseananns 175 maz volts
PEAK NEGATIVE-PULSE GRID-NO.1 (CONTROL~GRID) VOLTAGEt. .. ......... ~300 maz volts
CATHODE CURRENT:

Peak............ccoiiiinnn e et e, . 400 mazx ma

AVEIAZe. .. . it i e et 110 mazx ma
GRID-NO.2 INPUT. . . .ot titt ittt et et iat ettt ae s aiaiinennnn 2.6 maz watts
PLATE DISSIPATIONT . . o vt it et i it interaennnnn 11 maz watts
PeAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. ............................ 200 mazx volts

Heater positive with respecttoecathode. .. ...............coovuun.. ‘e 200mmax volts
BULB TEMPERATURE (At hottest point). .. ........ooiviiinnnrneunennnnn 210 mazx °C

Maximum Circuit Valve (For maximum rated conditions):

Grid-No.1 Circuit Resistance. .. ............. PRt 0.47 max megohm
1 The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a
525-line, 30-frame system, 15 per cent of one horizontal scanning eycle is 10 microseconds.

° Under no circumstances should this absolute value be exceeded.

11 An adequate bias resistor or other means is required to protect the tube in the absence of excitation.
® The de component must not exceed 100 volts.

TWIN DIODE—
HIGH-MU TRIODE

Miniature type used as combined
6 AV6 detector, amplifier, and ave tube in
automobile and ac-operated radio re-
ceivers. The 6AV6 may be substituted
directly for the 6AT6 in applications
where the higher amplification of the .
6AV6 is advantageous.

HEATER VOLTAGE (AG/DC). ot vv v eieerannnnnn.. et e 6.8 volts
HEATER CURRENT. .. ... 00ovuuvncenn. e et iy 0.8 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Triode Grid to Triode Plate......... e it tneeiaa ittt 2.0 upf
Triode Grid to Cathode and Heater. . .. ... .....ccouiiiieieennnnnnnnns 2.2 upf
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Triode Plate to Cathode and Heater. ........c..ciiiiiiivrvrncnnnsnans 0.8 upd
Plate of Diode Unit No.2 to Triode Grid. .. ....cviiiiiiiiiniennnnacens 0 mazx
Maximum Ratings: TRIODE UNIT AS CLASS A; AMPLIFIER
PLATE VOLTAGE. . . . . ivuii i aiivatsanaisannonasnssnsasascssosanasssans 300 mazx volts
GRID VOLTAGE, Positive Bias Value. ... ....cooiniiiiiiiiiiiiiiiinenenn, 0 maz volts
PLATE DISSIPATION. ... oiviiiievaneaiantoctonssessssosssessescsonssans 0.5 maz watt
PeAK HEATER-CATHODE VOLTAGE:
Heater negative with respect toecathode. ... ........coiiiiiiiieinennnn. 90 maz volts
Heater positive with respect tocathode. . ........cviiiieiiioneinnnnnnn 90 maz volts
Characteristics:
Plate Voltage. . . ..o iiiineiniii it iisiersrocenssaceassans 250 volts
Grid Voltage. . ... ..o vttt ittt rnsiesarerenannnconnnns 1 -2 volts
Amplification Factor e 100
Plate Resistance. . ... 62500 ohms
Transconductance. . . . .. 1600 smhos
Plate Current 1.2 ma

Maximum Rating:

PLATE CURRENT (Bach Unit) . .. ...ooittieiiiiiiitieiiiieiienernnnns 1.0 mazx
The two diode plates are placed around a cathode, the sleeve of which i is common to the tnode
unit. Each diode plate has its own base pin. Diode biasing of the triode unit is not recommended.

":'I‘SYT p':%f\'r?Nre cﬁl';z ':‘:i'; %;fﬂ‘?gen AVF&CS%E%?;?&%E‘.??&E"&?J&E%Nn
contact socket and may be mounted in any TYE6AVe, Eecea) vo":s 160
position. Outline11, OUTLINES SECTION. 9

When the heater is operated on ae with
a transformer, the winding of the transformer
. which supplies the heater circuit should oper-
ate the heater at the recommended value for
fulldoad operating conditions at average line
voltage. Under any condition of operation,
the heater voltage should not be allowed to
rise more than 10 per cent above the rated
value. When the 6A V6 is used in automobile
receivers, the heater terminals should be
eonnected directly across a 6-volt battery.
In receivers that employ a series-heater
connection, the heater of the 6AV6 may be lo
operated in series with the heater of other 55
types having the same heater-current rating. i
The current in the heater circuit of the 6AV6 a )
should be adjusted to the rated value for the DO WOLTS BeVELOPED BY SIODE
normal supply voltage. Refer to ELECTRON 92CM-68757
TUBE INSTALLATION SECTION, Filament and Heater Power Supply, for
a discussion of arrangement of heaters in series-keater or ‘“‘string’’ connection.

The cathode of the 6A V6 when operated from a transformer should preferably
be connected directly to the electrical mid-point of the heater circuit. When oper-
ated in receivers employing a 6-volt storage battery for the heater supply, the
cathode circuit is tied in either directly or through bias resistors to the negative
side of the dc plate supply which is furnished either by the dc power line or the
ac line through a rectifier. In circuits where the cathode is not connected directly
to the heater, such as in a series-heater eonnection, the voltage difference between
the heater and cathode should be kept within the tube ratings. If the use of a large
resistor is necessary between the heater and cathode in some circuit designs, it
should be bypassed by a suitable filter network or objectionable hum may develop.

The triode unit of the 6A V6 is recommended for use only in resistance-coupled
crcuits, Refer to the RESISTANCE-COUPLED AMPLIFIER SECTION, Chart
20 for typical operating conditions.

Grid bias for the triode unit of the 6A V6 may be obtained from a fixed source,
such as a fixed-voltage tap on the dc power supply, or from a cathode-bias resistor.
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It should not be obtained by the diode-biasing method because of the probability
of plate-current cutoff, even with relatively small signal voltages applied to the
diode circuit.

AVERAGE PLATE CHARACTERISTICS

" TRIODE UNIT
by | TYPE GAVE
o, E ¢ = 6.3VOLTS
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HIGH-MU TRIODE—
SHARP-CUTOFF PENTODE

6AW8 Miniature types used in a wide

6 AW8 A variety of applications in television

= receivers employing series-connected

heater strings. The pentode unit is

used as an if amplifier, video amplifier,

agc amplifier, or reactance tube. The triode unit is used in low-frequeney eseil-

lator, sync-separator, sync-clipper, and phase-splitter circuits. Qutline 14, OUT-

LINES SECTION. Tubes require miniature nine-contact socket and may be
mounted in any position.

HEATER VOLTAGE (AC/DC) . . . oottt ettt et et et e et e 6.3 yots
HEATER CURRENT. . .. ..ottt ittt et e e 0.6 ampere
HEATER WARM-UP TIME (AVERAGE)*. . . ....... ... ... ... ... 0. ivvun. 11 seconds

*For definition of heater warm-up time and method for determining it, see type 6CG7.

DIRECT INTERELECTRODE CAPACITANCES:

Triode Unit: AW 6AW8-4
GridtoPlate. . .. ... ... ... ... ... 2.2 2.2 pul
Grid to Cathode and Heater. . ...................... 3.2 3.2 g
Plate to Cathode and Heater. . . ... ... .............. 0.32 0.32 pul
Pentode Unit:
Grid No.ltoPlate. .. ... . ......................... 0.036 mazx 0.04 max pul
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield. ........... ... ... .. .. ... .... 11 10 upl
Plate to Cathode, Heater, Grid No.2, Grid No.3, and In-
ternal Shield. . ............ ... ... ... ... ... ... 2.8 3.6 puf
Triode Grid to Pentode Plate. . ........................ 0.08 max 0.016 max anf
Pentode Grid No.l to Triode Plate. . ................... 0.008 max 0.006 max ppal
Pentode Plate to Triode Plate. . .. ..................... 0.2 max 0.15 max puf
CLASS A, AMPLIFIER
Maximum Ratings: Triode Unit Pentode Unit
PLATEVOLTAGE. ... ........ ... ..ttt 300 maz 300 max volts
GRIP-NO.2 {S8CREEN-GRID) SUPPLY VOLTAGE. .. .......... - 300 mazx volts
GRID-NAL VOLTAGE. . ........... ..o, - See curve page 67
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GRID-NO.1 (CONTROL~GRID) VOLTAGE:

Negative biag value. . ............................, - 50 mazx volts

Posttive bias vafoe. ... ....... e .. - 0 maz volts
PLATE DISSIPATION (BAWS) . ............0oiviiiinnnnn, 1 mazx 3 mazx watta
PLATE DISSIPATION (BAWS-A)...................ccovuunn 1 maz 3.25 max watts
GRID-No.2 INPUT:. .

For grid-No.2 voltages up to 150°volts. . . ............ - 1 max watt

For grid-No.2 voltages between 150 and 30Q velts. . ... - See curve page 67
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode.............. 200 max 200. max volts

Heater positive with respect to cathode. ............. 200°maz 200°mnaz volts
Characteristics:
Plate Supply Veltage. .. .............................. 200 200 volts
Grid-No.Z Supply Voltage. . ........................... - 150 volta
Grid-No.XIVoltage. ...............coviniiinnn... -2 0 volts
Cathode-Bias Resistor. . .............................. - 180 ohms
Amplification Factor................ ... ... ....c.0. ... 70 -
Plate Resistance (APProx.). .. ...............vovniunn... 17500 400000 ohms
Trangconduetance. .. .....ovveineinine e, 4000 9000 umhos
Grid-No.1 Voltage (Approx.) for plate current of 10 ua. ... -5 -10 volts
Plate Current. ... ....ootteeeniiie i, 4 13 ma
Grid-No2Current. . ..........cooiiiiinniinerennainn - 3.5 ma

Maximum Circuit Values:

Grid-No.1-Circuit Resistance:
For fixed-bias operation. . .......................... 0.5 max 0.25 mar  megohm
For cathode-bias operation. .. ...................... 1.0 max 1.0 max  megohm

°The dec component must not exceed 100 volts.

P
O,
"3 HALF-WAVE VACUUM RECTIFIER
Glass octal type used as a damper
@) (",, tubein horizontal deflection circuits of 6AX4-GT
00 ‘ot N television receivers. Outline 22, OUT-

A ORION LINES SECTION. This type may be
supplied with pin No.1 omitted. Tube
requires octal socket and may be mounted in any position. It is especially important
that this tube, like other power-handling tubes, be adequately ventilated. For
curve of average plate characteristics, see page 64.
HEATER VOLTAGE (AC/DE). .. et o et ttiiiit ittt eee ittt e 6.3 volts
HEATER CURRENT. . ..\ttt t et ettt e e ae e e 1.2 amperes

. . DAMPER SERVICE
Maximum Ratings: For operation in a 525-line, 80-frame system

PEAK INVERSE PLATE VOLTAGE ¥ 4400* mazx volts
PEAK PLATE CURRENT 750 maz ma
DC PLATE CURRENT. .......... 125 max ma
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. . 4400*»max volts

Heater positive with respect toeathode. . ........................... 300 ¢ maz volts

# The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning eycle. In
a 525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds.

* Under no circumstances should this absotute value be exceeded.

» The dec component must not exceed 900 volts,

® The dc component must not exceed 100 volts.

FULL-WAVE VACUUM RECTIFIER

Glass octal type used in power
supply of radio equipment having mod- 6Ax5 -GT
erate de requirements. The heater of
this tube can be operated from the
same transformer winding that sup-
plies ather 6.3-volt tubes in the receiver. In addition, because its heater-cathode
construction gives the same heating time as that of other heater-cathode types in
the receiver, use of the 6AX5-GT prevents excessive voltages from appearing
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" across filter capacitors during warmup, and, as a result, permits the use of electro-
1ytic fitter capacitors having lower peak voltage ratings than reqmred for a filament-

type rectifier tube.
HEATER VOLTAGE (AC).....c0u.. erierereraaa, Cereeraraeeas Ceeene ... 6.3 volts
HEATER CURRENT........ 1.2 amperes
FULL-WAVE RECTIFIER
Maximum Ratings:
PEAK INVERSE PLATE VOLTAGE. . . v . viviviiieninannananns v cevees. 1250 max volts
PEAK PLATE CURRENT (Per Plate). .............oviiiviiiiiinnns PPN 376 mazx ma
HoT-SWITCHING TRANSIENT PLATE CURRENT
For duration of 0.2 second maximum........... ... .coviiiiii i, 2.6 maxr amperes
AC PLATE SUPPLY VOLTAGE (Per Plate, rms) See Rating Chart
DC OuteuT CURRENT (Per Plate, rma) . .................0ovuiin.ann. See Rating Chart
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. ............. ... ..o iiniiuns 450 maz volts
Heater positive with respect tocathode........................... vv.. 450 maz volts
Typical Operation with Capacitor Input to Filter:
AC Plate-to-Plate Supply Voltage (rms). .. ......ccvevvvuuen.. 700 900 volts
Filter Input Capacitor®. . ... ... .. ... .. ... it rirnrannnnn 10 10 uf
Effective Plate-Supply Impedance Per Plate. . ................. 50 105 ohms
DC Output Voltage at Input to Filter (Approx.):
62.5ma ...... ... i 395 - volts
At halt-load eurrent of {8 oo USSR - 540 volta
350 ’ - volts
At full-load current of { 5 90 - volts
Vottage Regulation (Approx.): .
Half-load to fulldoad current. .. .. ..............00.. [ 45 50 volta
Typical Operation with Choke Input to Filter:
AC Plate-to-Plate Supply Voltage (rms). . ............c.0..... 700 900 volts
Filter Input Choke. . . .......o.iiiiiiiiiiiiiiiriiinnanenans 10# 104 # henries
DC Output Voltage at Input to Filter (Approx.):
75 ma ................. eeesaas 270 - volts
At half-load current of { 62.5 - 365 volts
150 ma 260 volts
At full-load current of 125 ma = 350 volta

Voltage Regulation, (Approx.):
Half-load to full-load current. ........... .. .civivnvuvnn.ann 20 15 volta

* Higher values of capacitance than indicated may be used but the effective plate-supply impedance
may have to be increased to prevent exceeding the maximum rating for hot-switching transient plate
current.

# This value is adequate to maintain optimum regulation in the region to the right of line L=10H on
curve OPERATION CHARACTERISTICS With Choke Input to Filter, provided the load current is
not less than 30 ma. For load currents less than 30 ma, a larger value of inductance is required for
optimum regulation.

# # This value is adequate to maintain optimum regulation in the region to the right of line L=10H on
curve OPERATION CHARACTERISTICS With Choke Input to Filter, provided the load current is
not less than 35 ma. For load currents less than 35 ma, a larger value of inductance is required for

optimum regulation.

INSTALLATION AND APPLICATION

Type 6AX5-GT requires an octal socket and may be mounted in any position.
Outline 22, OUTLINES SECTION. This type may be supplied with pin No.1
omitted. It is especially important that this tube, like other power-handling tubes,
be adequately ventilated.

The Rating Chart presents graphically the relationships between maximum
ac voltage input and maximum dc¢ output current derived from the fundamental
ratings for conditions of capacitor-input and choke-input filters. This graphical
presentation provides for considerable latitude in choice of operating conditions.

The Operation Characteristics for a full-wave rectifier with capacitor-input
filter show by means of boundary line “ADK” the limiting current and voltage
relationships presented in the Rating Chart.

The Operation Characteristics for a full-wave rectifier with choke-input filter
not only show by means of boundary line “CEK” the limiting current and voltage
relationships presented in the Rating Chart, but alse give information as to the
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effect on regulation of various sizes of chokes. The solid-line curves show the de
voltage outputs which would be obtained if the filter chokes had infinite induct-
ance. The long-dash lines radiating from the zero position are boundary lines for
various sizes of chokes as indicated. The intersection of one of these lines with a
solid-line curve indicates the point on the curve at which the choke no longer be-
haves as though it had infinite inductance. To the left of the choke boundary line,
the regulation curves depart from the solid-line curves as shown by the representa-
tive short-dash regulation curves.

RATING CHART
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MEDIUM-MU TRIODE—
SEMIREMOTE-CUTOFF PENTODE

Miniature type used in a wide
variety of applications in television
receivers. The pentode unit is used as
an if amplifier, video amplifier, agc
amplifier, or reactance tube. The tri-

6AZ8

ode unit is used in low-frequency oscillator, sync-separator, sync-clipper, and phase-
splitter circuits. Outline 12, OUTLINES SECTION. Tube requires miniature

nine-contact socket and nmay be mounted in any position.

HEATER VOLTAGE (AC/DC) . .. ..cviiiieiiivnnunnns e
HEATER CURRENT. . .. ..ottt iensensaannasnans Ceerereraiieaean,
DIRECT INTERELECTRODE CAPACITANCES:
Triode Unit:
Gridto Plate. . ... .. ... . it ai i e
Grid to Cathode, Heater, and Internal Shield. . .................. ...
Plate to Cathode, Heater, and Internal Shield. ... ...................
Pentode Unit:
Grid No.lto Plate. . . ... .. . i i e,
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield. ...
Triode Grid to Pentode Plate. . ..... ... ... ... ..o,
Pentode Grid No.l to Triode Plate . . .. ................................
Pentode Plate to Triode Plate . . .. .. ...... ... .. .. .. i,

CLASS A; AMPLIFIER
Moximum Ratings: Triode Unit
PLATE VOLTAGE. .. ... .t ittt ittt inanaanana 300 max
GRID-NO0.2 (SCREEN-GRID) SUPPLY VOLTAGE .. ... ........ -
GRID-NO.2 VOLTAGE. . . oo viiiniiiiiiinanennaernans -
GRID-NO.1 (CONTROL-GRID) VOLTAGE:

Positive bias value. . . ... ... .. ... .. ... ... iia.. 0 maz
PLATE DISSIPATION. .. ..« .ottt iii e i iaannanans
GrID-No.2 INPUT:

For grid-No.2 voltages up to 150 volts. ... ........... -

For grid-No.2 voltages between 150 and 300 volts. ..., -
PEAK HEATER-CATHODE VOLTAGE:

6.3 volts
0.45 ampere
1.7 upt
2 i
1 . 7 ‘IM[
0.02 max upuf
6.5 i
2.2 upf
0.027 max upl
0.020 mazx pal
0.045 max paf
Pentode Unit
300 max volts
300 max volts
See curve page 67
0 max volts
2 max watts
0.6 max watts

See curve page 67

Heater negative with respect to cathode . 200 max 200 mazx volts
Heater positive with respect to cathode. ............. 200mmax 200mmax volts
AVERAGE PLATE CHARACTERISTICS
4 r . TRIODE UNIT
TYPE 6AZ8
Egp = 6.3 VOLTS
by,
Ly ol
AN
I17 7
< 9, b
1T /7 / %
x 5
- &
% / 4 S S
2 ) / 5
0 £ / [/
/ 1 / / //// /s
’
A / / A / &
/ 4 / // // v 2
o 10f 200 300 400 500
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92CM -8520T
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Characteristics: .
Plate Supply Voltage . . . ......... ..o vvrieernenan.... 200

Grid-No.2 Voltage. ........ e e -
Grid-No.1 Veltage. . . ......ooeennntimiiiiiiiiinennnn.. -6
Cathode-Bias Resistor -
Amplification Factor. ........ ... iiiiiiiernrnnnnann.. 19
Plate Resistance {ADPProX.). .. ..ovvrimrecnnernneennnn. 5750
Transeconductance. . . ..........covvvurrnninneeeniann, 3300
Grid-No.1 Voltage (Approx.) for plate current of 10 ua. ... -19
Grid-No.1 Voltage (Approx) for transeonductance of 100

wmhos. L. e e i -
Plate Current. . ... .ttt ittt 13
Grid-No.2 Current. . ......... ... ..iiiiiniiiiiinnens -

Maximum Circuit Valves:
Grid-No.1-Circuit Resistance:*
For fixed-bias operation. . .......................... 0.5 max
For cathode-bias operation., . ....................... 1.0-maz
u The d¢ component must not exceed 100 volts.

200
160

180

600000
6000

-8
9

w b

0.26 max
1.0 maz

volts
volts
volts
ohms

ohms

pmhos
volts

volts
me
ma

megohm
megohm

* If either unit is operating at maximum rated conditions, grid-No.1-circuit resistance for both units

should not exceed the stated values.

AVERAGE PLATE CHARACTERISTICS
PENTODE UNIT

Y T
TYPE 8AZ8
Ef=6.3 VOLTS

|_GRID=NA 3 VOLTS s 0

GRID=N& 2 VOLTS = 150

L’
<

€c)= 0
€
S
t
3
Y
32 -
32
3
"
3 - \
e GRIp-N2t VOLTS Ecia-2

1L

= ’ =le |

) 700 200 300 400
PLATE VOLTS
NC [
o0 POWER TRIODE
P NC Qlass octal type used in output stage of
e radio receivers and amplifiers. Outline 51, QUT-

LINES SECTION. Tube requires octal socket

and may be mounted in any position. For in-

evo stallation and application information, and
e typical operation as a single-tube class A am-

NC NC plifier, refer to type 2A3. Filament volts (ac/dc),

6.3; amperes, 1.0. Maximum ratings as push-

9ZCM -0525T

6B4-G

pull class AB: amplifier: plate volts, 325; plate dissipation, 15 watts. Type 6B4-G is used principally

for renewal purposes.

PUSH-PULL CLASS AB, AMPLIFIER

Typical Operation (Values are for Two Tubes): Fized Bias Cathode Bias
Plate Supply Voltage. .. ........ ... it es 326 326

Grid Voltage®. .. ... ittt e ie it i e —68 -
Cathode-Bias Resistor. ... .............co it ennnniane. - 850

Phate Current. . ...t e 80 80
‘Effective Load Resistance (Plate-to-plate)...................... 3000 5000

Total Harmonic Distertion. .. ............ccoiiiiiiiinnnnnaan. 2.5 (]
Power Output. ..... ettt ettt i, . 16 10

* (Grid voltage referred to nnd-pomt of ac-operated filament.
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DIRECT-COUPLED POWER TRIODE P, © <:~r.

Glass type used as class A1 power amplifier.
One triode, the driver, is directly connected

within the tube to the second, or output, triode. e o K
685 Outline 42, OUTLINES SECTION. Tube re- P12

quires six-contact socket. Heater volts (ac/dc), ‘

6.3; amperes, 0.8. Characteristics of input and ° o

output triodes as class Ar amplifier follow. Input H "
triode: plate volts, 300 maz; grid volts, 0; plate
ma., 8. Qutput triode: plate volts, 300 maz; plate ma., 45; plate resistance, 24000 ohms; load resistance,
7600 ohms; output watts, 4. This is a DISCONTINUED type listed for reference only.

TWIN-DIODE—HIGH-MU TRIODE

Glass octal type used as combined detector,
amplifier, and ave tube. Outline 38, OUT-
LINES S8ECTION. Tube requires octal socket.
6B6 G Heater volts (ac/dc), 6.3; amperes, 0.3. Within
- its triode maximum plate-voltage rating of 250
volts, this type is similar electrically to type
6SQ7 and curves under that type apply to the
6B6-G. This is a- DISCONTINUED type
listed for reference only.

TWIN-DIODE—
REMOTE-CUTOFF PENTODE
Glass types used as combined detector, am-
6B7 plifier, and ave tubes. Outline 39, OUTLINES
SECTION. These types fit the small seven-con-
6B7S tact (0.75-inch, pin-circle diameter) socket. Ex-
cept for interelectrode capacitances, the elec-
trical characteristics of the 6B7 are identical
with. those of type 6B8-G. Type 6B7S has the
external shield connected to the cathoede. In
general, its electrical characteristics are similar to those of the 6B7, but the two types are usually not
directly interchangeable. These are DISCONTINUED types listed for reference only.

' TWIN-DIODE—
REMOTE-CUTOFF PENTODE

Metal type 6B8 and glass octal type 6B8-G

688 are used as combined detector, amplifier, and

avc tubes. Outlines 4 and 38, respectively,

OUTLINES SECTION. Type 6B8 is used

688-G principally for renewal purposes; 6B8-G is a

DISCONTINUED type listed for reference

only. Tubes require octal socket. Type 6B8-G

requires complete shielding of detector circuits.

Heater volts (ac/dc), 6.3; amperes, 0.3. Maximum ratings of pentode unit as class A amplifier: plate

volts, 300 maz; grid-No.2 (screen-grid) volts, 125 mazx; grid-No.2 supply volts, 300 maz; grid-No.1 volts,

0 min; plate dissipation, 3.0 max watts (6B8), 2.25 max watts (6B8-G); grid-No.2 input, 0.8 maz watt.

For typical operation as a resistance-coupled amplifier, refer to Chart 5, RESISTANCE-COUPLED
AMPLIFIER SECTION.

H P
REMOTE-CUTOFF PENTODE R
Miniature type used as rf ampli- 9‘ (©
6B A6 fier in standard broadcast and FM re- ‘

frequency applications. This type is

similar in performance to metal type
6SG7. The low value of grid-No.l-to-plate capacitance minimizes regenerative
effects, while the high transconductance makes possible high signal-to-noise ratio.

6.3 volts
0.3 ampere

ceivers, as well as in wide-band, high- N0, (—:'0
15 o
Gt

HBATER VOLTAGE (AC/DO)
HBATER CURRENT. . ..........couuuun
DIRECT INTERELECTRODE CAPACITANCES:

GHANOL t0 Plate. . ... vuniursinnnnn, s e, 0.0085 max uud
Grid No.l to Gathode, Heater, Grid No.2, Grid No.8, and Internal Shield 5.5 npf
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield. ... 5.0 wnf
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Maximum Ratings: } CLASS A, AMPLIFIER
PLATE VOLTAGE. . . .0ttt it iiiintieninetstnrnnersiaesnarasannnaanes 800 maz voits
GRID-N 0.2 (BCREEN-GRID) VOLTAGE. . .. ..t ittiiisureninararsennannass See curve page 67
GRID-NO.Z SUPPLY VOLTAGE. . .0ttt v tviiiiiiieeremuniiiaateanaannes 800 maz volts
PLATE DISSIPATION. .. ... ... i iian e s R, s 3-max watts
GRID-N0.2 INPUT:
-. For grid-No.2 voltagesup to 150 volts. . .. ...... ... ... .. ciitnnuns 0.6 mazx watt
Fot grid-No.2 voltages between 150 and 300 volts. . . ..............0.0 See curve page 67
GRID=-N 0.1 (CONTROL-GRID) VOLTAGE: .
Negativebias value. . . ... ... ittt it ii et iieaas 50 mazx volts
Positive biag value. . ............... .. 0 max volts
PeAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode...........c.ciiviiiiiienannn, 90 max volts
Heater positive with respect to cathode............cooiviiiinnenn. 90 max volts
Characteristics: ) -
Plate Supply Voltage .................................... 100 250 volts
Grid No.3 (Suppressor Grid). .. Connected to cathode at socket
Grid-No.2 Supply Voltage. 100 volts
Cathode-Bias Resistor. . 68 68 ohms
Plate Resistance (Approx. 0.25 1.0 megohm
Transconductance 4300 4400 pmhos
Grid-No.1 Voltage (Approx ) for transconductance of 40 ymhos -20 ~-20 volts
Plate CUIrent. ... .ov v iineeunnnriioreasdorrennenens o .10.8 11 ma
Grid-No.2 Current. . .......oiiiiiiii i 4.4 4.2 ma

INSTALLATION AND APPLICATION

~Type 6BAS requires miniature seven-contact socket and may be mounted in
any position. Outline 11, OUTLINES SECTION For heater and cathode con-
siderations, refer to type 6AVE6.

Qqntrol-%nd bias variation will be found effective in changmg the volume of
the receiver. In order to obtain adequate volume- control, an available grid-No.1-
bias voItage of approximately 50 volts will be required. The exact value will depend
upon.the circuit de81gn and operating conditions. This voltage may be obtained,
depending on the receiver requirements, from a potentiometer across a fixed supply
voltage, from a variable cathode-bias resistor, from the ave system, or from a
eombmatlon of these methods.

“The grid-No. 2 (screen-grid) voltage may be obtained from a potentiometer or
bleeder circuit across the B-supply source, or through a dropping resistor from the
plate supply. The use of series resistors for obtaining satisfactory control of grid-
No.2 voltage in the case of four-electrode tubes is usually impossible because of
secondary-emission phenomena. In the 6BA6, however, because grid No.8 prac-
tically removes these effects, it is practical to obtain grid-No.2 voltage through a
series-dropping: resistor from the plate supply or from some high intermediate

AVERAGE PLATE CHARACTERISTPCS

te >y a
Z, TYPE 6BABG
& Ef= 6.3VOLTS
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w
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voltage, provided the source does not exceed the plate-supply voltage. With this
method, the grid-No.2-to-cathode voltage will fall off very little from minimum to
maximum value of the resistor controlling cathode bias. In some cases, it may
actually rise. This rise of grid-No.2-to-cathode voltage above the normal maximum
value is allowable because both the grid-No.2 curre.it and the plate current are
reduced simultaneously by a sufficient amount to prevent damage to the tube. It
should be recognized that, in general, the series-resistor method of obtaining grid-
No.2 voltage from a higher voltage supply necessitates the use of the variable
cathode-resistor method of controlling volume in order to prevent too high a volt-
age on grid No.2. When grid-No.2 and control-grid voltage are obtained in this
manner, the remote ‘‘cutoff’’ advantage of the 6BA6 can be fully realized. How-
ever, it should be noted that the use of a resistor in the grid-No.2 circuit will have
an effect on the change in plate resistance with variation in grid-No.3 (suppressor-
grid) voltage in case grid No.3 is utilized for control purposes.

Grid No. 3 (suppressor-grid) may be connected directly to the cathode or it
may be made negative with respect to the cathode. For the latter condition, the
grid-No.3 voltage may be obtained from a potentiometer or bleeder cireuit, or from

the ave system.
[ )

PENTAGRID CONVERTER

6B A7 Minijature type used as converter

in superheterodyne circuits especially

those for the FM broadcast band. Qut-

line 14, OUTLINES SECTION. Tube

requires miniature nine-contact socket

and may be mounted in any position. Its characteristics are similar to those of
metal type 6SB7-Y. For heater and cathode considerations, refer to type 6AV6.

HEATER VOLTAGE (AC/DC) . oo\t ivertvntenrenanneraeanesnesneansnsonens 6.8 volts
HEATER CURRENT . . ...\ .tuteteneeeteonnannonncnocssoessansanseessas.s 0.8 ampere

DIRECT INTERELECTRODE CAPACITANCES:

Grid No.8 to ANl Other Electrodes (RF INput). ., ....ovvvervennnnnnnnn. 9.6 upf
Plate to .All Other Electrodea (Mixer Qutput)............... - 8.8 g
Grid No.l to All Other Electrodes (Oscillator Input)................... 6.7 apd
Grid No.B t0 Plate. ... ouuuiee ettt iaier it nereinnrrrnnnennnns 0.19 mazx T §
Grid No.1 to Grid No.8........... et heatere ettty 0.1 max uut
Grid No.lto Plate. ... ..o ittt iiinenninnnenns 0.06 max pud
Grid No.1 to All Other Electrodes Except Cathode. ................... 3.4 gt
Grid No.1 toCathode. . ........oouiiiiirietvnrerererrnnennnnennns 3.8 pul
Cathode to All Other Electrodes Except Grid No.1 4.0 uuf
Maximum Ratings:
PLATE VOLTAGE . .. .\t tittiittt ittt tentansteentsrnnneannasnnnenns 300 max volts
GRID-N0.5-AND-INTERNAL-SHIELD VOLTAGE* 0 max volts
GRIDS-NO.2-AND-N0.4 (S8CREEN-GRID) VOLTAGE 100 max volts
GRIDS-N©0.2-AND-N 0.4 SUPPLY VOLTAGE 800 max volts

PLATE DISSIPATION. .. ...iivtiniinennnnnennnn. 2.0 max watts

GRIDS-NO.2-AND-NO.4 INPUT, . ............0.. 1.6 max watts
TOTAL CATHODE CUBRENT .. .......0vveerrasrunneennnonnennss 22 maz ma
GRID-NO.3 VOLTAGE:

Negative bias vallle. .. ... iiiiiiirritiirrviennrrreeennnnnansonn 100 max volts

Positive bias value . ...... ... ittt i e 0 maz volts
PeAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode........ooievvrrnnnnenens. I 90 max volts

Heater positive with respect to cathode..........ievvevvivinnunnnennn, 90 maz volts
Characteristics (Separale Excitation):*
Plate Voltage .. ...ttt ittt it ieinirierereresnnnnnnnn, 100 260 volts
Grid No.5 and Internal Shield*. .. .. .........cccooiviiinninnen.. Connected directly to ground
Grids-No.2-and-No.4 (Screen-Grid) Vdltage ...........covvuunn... 100 100 volts
Grid-No.3 (Control-Grid) Voltage . .......c.0vvvviiinnnraninnn... -1.0 -1.0 volt
Grid-No.1 (Oscillator-Grid) Resistor .........c..cceevuvnuannnnnn.. 20000 20000 ohms
Plate Resistance (APProX.) . .....vivtivnerernernonrransrassenns 0.6 1.0 megohm
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Conversion Transconduetance. .. ... ............uovuurnennnun. 900 950 wmhos
Conversion Transconductance (Approx.)¥* .. ... .............. 3.5 3.5 umhos
Prate Current . ... ... ... .. ... . i, 3.6 3.8 ma
Grids-No 2-and-No.d Current . .. ....... .ottt .. 10.2 10 ma
Grid-No.1Current.............. ... iiiiiiiiiinae.., 0.35 0.35 ma
Total Cathode Current.......... ... ... iiiiiiininnnn.nn.. 14.2 14.2 ma

NOTE: The transconductance between grid No.1 and grids No.2 and No.4 connected to plate (not oscil-
ating) is approximately 8600 umhos under the following conditions: signal applied to grid No.l at zero
bias; grids No.2 and No.4 and plate at 100 volts; grid No.3 grounded. Under the same conditions, the
plate current ie 32 milliamperes, and the amplification factor is 16.5.

* The characteristics shown with separate excitation correspond very closely with those obtained in a
self-excited oscillator circuit operating with zero bias.

** With grid-No.3 bias of -20 volts.
4 Internal Shield (pins No.6 and No.8) connected directly to ground.

MEDIUM-MU TRIODE

Miniature type used as an 1f am-
plifier in the cathode-drive cireuits of
uhf television tuners covering the fre- 6BC4
quency range of 470 to 890 megacycles
per second. Outline 10, OUTLINES
SECTION. Tube requires miniature nine-contact socket and may be mounted in
any position.

HEATER VOLTAGE (AG/DC) . ..\ c vttt ivn it i inntonansaaneranonenansas 6.3 volts
HEATER CURRENT. . .0ttt ittt mritsaeantetneneroneneesessas 0,225 ampere

DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Gridto Plate. . ... ... i e e e . 1.6 puf
2.9 puf
0.26 suf
2.7 suf
250 max voits
2.5 maz watts
25 max ma

PEAK HEATER~-CATHODE VOLTAGE!

Heater negative with respect to cathode. . ........................... 75 max voits
Heater positive with respect tocathode. . ... ........................ 75 max volts

AVERAGE PLATE CHARACTERISTICS
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Characteristics:
Plate Supply Voltage. . . oo viiint it iirenterirotnioerosnoratssvanasess 150 volts
Cathode-Bias ResiBtor. . ..o vv it ittt iiiiiiiaiiiie i iesaenanns 100 ohms
Amplification Factor. . ...ttt iiiiieierneneeerrroneeonnasccnnasns 48
Plate Resistance. . ... ... ... o ittt iiireiin e raanieresiaas 4800 ohms
TranscondUCLANCE. . o . oottt ittt iatanesesossrsrarocsnsocennnnse 10000 umhos
Grid Voltage (Approx.) for plate current of 10 pai.. .. ...ocvviiivunnenn -10 . volts
Plate CUITENE. .« ou e v ottt t e te et r e et et emneneneeeraneanas 14.5 ma
Maximum Circuit Values (For maxi rated conditions): '
Grid-Circuit Resistance: B
For fixed-bias operation. .. ..........ciiiiiiiiniiriiniarraniianans Not recommended
For cathode-bias operation. .. ... ... ... .. i il 0.5 max megohm

SHARP-CUTOFF PENTODE

Miniature type used in compact

6BC5 radio equipment as an rf or if amplifier

at frequencies up to 400 megacycles

per second. Outline 11, OUTLINES

SECTION. Tube reqmrw miniature

seven-contact socket and may be mounted in any position. Except for a slightly

higher transconductance, this type is similar electrically to type 6AGS5. Heater

volts (ae/dc), 6.3; amperes, 0.3. For heater and cathode considerations, refer to
type 6AV6.

; TRIPLE DIODE .

- .. SGYY

Miniature type containing three 5

6BC7 |

high-perveance diode units in one én-
velope used in dc restorer circuits of
color television receivers. Also used in A 0,
AM /FM radio receivers as a combina-
tion FM discriminator and AM detector tube. Outline 12, OUTLINES SECTION.
Tube requires nine-contact miniature socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) . . ..ottt ittt et e vntennsennniroianns 6.3 volts
HEATER CURBBNT. . ...\ ttttttttiuannnreeenenninarasioniansseeransn 0.450 .~ ampere

Maximum Ratings (Each Diode Unit) : s
PEAK INVERSE PLATE VOLTAGE. ... .. ...ttt iiiiinnnannnns 330 max volts

PEAK PLATE CURRENT¥. . .. ... . .. ttirtiiininiieeeeaanaearnnianes 54 max ma
DC OUTPUT CURRENT. . . . oottt et iiie i ananeannns 12 mazx ma
PEAK HBEATER-CATHODE VOLTAGE: ’
Heater negative with respect tocathode. . ................ .. ... .... 200 mazx volts
Heater positive with respect to cathode. . .. ..... .. ... ... .. .. ... ... 200 mazx volts

* In rectifier service, the minimum total effective plate-supply impedance per plate is 560 ohmas.

H
MEDIUM-MU TWIN TRIODE L PONG &

Miniature type used in cascode- ""2(3)

6BC8 type circuits of vhf television tuners.

This type has a semiremote-cutoff o1}

characteristic which reduces cross-

modulation effects in the receiver. The

internal shield minimizes coupling between the two triode units so that either unit

will give stable performance in vhf applications. QOutline 12, OUTLINES SEC-

TION. Tube requires miniature nine-contact socket and may be mounted in
any position.

HEATER VOLTAGE (AC/DC) . . .. ittt it itae ettt tatetanenraeasasanas 6
HEATER CURRENT. . ... ...t ttiaeniiinnnennnnns N 0.
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