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THE VACUUM TUBE A8 AN OSCILLATCE

%hen used as an oscillator, the triode wvacumm tube act# as a ganerator of
high frequency electric current oscillations, In other words, the energy that
is supplied to the tube is transformed into an alternating current that oscillates
at high frequencies. This transformation is accomplished by suitably coupling the
grid and plate circuits of the tube, so that an interchange of energy can take
place between these two circuits,

How & vacuum tube can operate as a generator of electric current oscillations
can easily be understood with the aid of the circuit illustrated in Fig. 1. Here
we have the tube "T* with the filament heated by the battery "A®: The plate 1s
given a positive potential with respect to the filament by means of the battery "B".
The coils "G" and "P" are closely coupled so that theay act like the p;imary and

secondary of a transformer. Both coils are shunted by the wariadle condenser "C",
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The oscillating action of this circult arrangement depends upon the fact
that a variable current flowing in either one of the two coils will cause a current
to bs induced in the other one; but ax long as the current flow is steady, no such

inductive action can take place. In other words, a rising or falling current in
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the plate circuit induces a voltage in the coil "G" and thus influences the
potential of the grid. An important point to remember is that the negative end
of the filament, that is "N" in the figure, is always considered the starting
point or point of zero potential in vacuum tube work.

When the circuit is closed, current begins to flow in coil "P". Thig
rising current induces a voltage in coil ®*G¥e The coils muet always be connected
g0 that thie induced voltage will maks the grid positive with respect to the
filament whils the plate current 1s rising. But a positive charge on the grid
causes a further increase of plate current, and thie in turn induces an increased
positive charge on the grid. This accumulative increase in plate current and
grid potential é&ontinues until a marinmum condition is reached, that is, all the,
electrone given off by the filament are reaching the plate as fast as they are
being emitted. This is kmown as the "saturation current®; and after this point
has been reached, a further positive charge on the grid camnnot cause any further
increase in the plate current.

When this saturation condition has been reached, the plate current is steady
at its maximum value for Just an instant, But since a steady current in coil "P*
produces no induced voltage on the grid, the grid will immediately lose its
positive charge and drop back to szero potential. This causes a decrease in plate
current; and the plate current in falling, again influences the grid potential -
but this time in the opposite direction, that 1s, it induces a negative charge
on the grid. This negative potential, of course, causes a further drop in plate
current, and the decrease contimes until the current is nearly zero, At the in-
stant the plate current reaches gero, its inductive action on coil "G again
ceases, the grid potential immediately returns to zero, and everything is set
for the entire action to be repeated.

The plate current thme rises and falls as a result of its influence on the
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grid in causing 1ts potential to swing back and forth between a positive and a
negative value. The frequency of the oscillationg set up in the plate circuit,
depends on the inductance and capacity of the circuits containing "P" and "G",
Any desired frequency can be obtained by adjusting the relative numbdber of turns
in coils "P" and "G" or by adjusting the variable condenser "C®, Although some
oscillating circuitsmay differ somewhat from the one described here, they all
operate on the same general principle; and if the operation of thie circuit is

clearly understood, it will be a simple matter to see through any of the others.

SOME_COMMONLY USED OCILLATOR CIRCUITS

There are numerocus vacuum tube oscillator circuits in use today, as in os-
cillating wave meters, heterodynes and superheterodynes, bridge measurements, etc.
Some of the more common circuit arrangements are illustrated in Pig, 2 and are

explained in the following paragraphs,
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The coil data given is for frequencies from 550 to 1500 kilocycles, the broad-
casting frequency range. Although batteries are illusirated supplying the
necersary operating potentials, the same circuits would be used for electric
pover operated systems,

One of the most familiar oscillators is the Hartley circult illustrated at
"A", It consists of a single triode vacuum tube, an A-battery for heating the
filament, a B-battery for supplying the plate pressure, a C-battery for biasing
the grid, a rheostat for controlling the filament temperature, and a tuned circuit
coneisting of the coil "LY and the variable condenser "C", The coil consists of
50 turns of No. 24 double cotton covered wire wound on a 3-inch bakelite tube,
with a tap brought out at the 29th turn from the plate end, The wvalue of the
inductance is about 200 microhenries. The condenser has a capacity of 0,0005
microfarads, This circuit is suitable for oscillating wave meters or as a generator
of radio frequency oscillations, tut is not adapted for superheterodyne circuits,
The reason for the latter is that the entire B-battery current would flow through
the plate coil and this would interfere with the intended operation of the circuit,

A modification of the Hartley circuit is illustrated at "B¥+ Here the circuit
is arranged so that it can be used in connection with other tubes in a complex
circuit with common B-batteries. It is well adapted for superheterodyme receivers.
The coils I-1 and L-2 are wound in the same manner as the coil 111nstrate;1 in "ANW,
except that instead of a tap being brought out, the wire is cut and the two leads
brought out, one of which is connected to the plus side of the B-battery, and the
other to the negative side of the C-battery as is illustrated. The fixed condenser
C-1 has a capacity of .005 Mfds. and serves to bypass the high frequency currents
across the batteries, The frequency of the generated oscillations 4is controlled

by the condenser "C",
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An oscillator that is used very frequently in superheterodyne receivers is
111ustra,te(i at "C", This is very similar to the familiar tickler regenerative
circuit employing a tuned grid, and is arranged so that it can be used with
other tubes on common B-batteries, The grid coil L-1 consists of 50 turns of
No, 24 D, C, C, wire wound on a 3-inch tube, and is shunted by a 0.0005 Mfd,
tuning condenser, The plate or ticlkler coil consists of 4O turns of wire wound
on the same tube but separated from the grid coill by one-fourth inch, Yor best
operation the plate and grid should be connected to the outer ends of the coils
and the batteries to the inner or adjacent coil ends. Some oscillator coila
designed for this circuit have the plate coil wound on a rotor at the grid end
of the tuned coll so that a variable coupling is had between the two coils, The
tickler can then be set in the position in which the oscillator functions best.

The Meissner oscillator circuit is illustrated at "D"- FHere the tuned circuit
is an independent circuit coupled to both the grid and plate coils, With this
arrangenent a very constant frequency and pure wave form can be generated, The
coils I-3 and L-U each consist of 35 turns of No., 24 wire wound on 3-inch tubdes.
Coil I-2 conseistes of 20 turns and is wound on the same tudbe as L-3, while the coil
1-1 consists of 50 turns and is wound on the same tube as L-4. A good arrange-
ment is to have the two sets of coils mounted so that the distance between them
can be changed for variable coupling.

The Colpitts oscillator circuit is illustrated at "Ef+ Here elsctrostatic
(capacity) coupling is used between the plate and grid circuits to obtain oscilla-
tion. This circuit is used chiefly in transmitters where a practically fixed
frequency is generated. It is not so well adapted for receiving circuits or
measuring inetruments, The oscillating circuit consists of the coil L-1 and the

two condensers C-1 and C-2, 1-2 is an R,¥, choke,
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THE PENTAGRID CONVERTER - 2A] AND 6AJ

The pentagrid converter is a mlti-electrode tube designed to perform
similtaneously the functions of first detector and oscillator in a super-
heterodyne receiver, It is a direct outgrowth of the successive attempts that
had been made to improve the performance of the superheterodyne and to increase
its operating efficiency by reducing the number of tubes required. Through a
special arrangement of the internal eélements in this tube it became possidle to
realize more fully the four operating features that were being sought, namely,
more stable oscillator action, better modulation, higher conversion gain, and
grid bias gain control. The tube is of an entirely new type and has circuit
applications gquite different from those of any other tube.

The tube has an indirectly heated cathode, a plate, and five operating
grids, therefore the term pentagrid (penta meaning five). Since with its
assoclated circuits it forms a complete frequency conversion unit, it is called
the pentagrid converter. The arrangement of the elements in the tube from the
heater outward is as follows: Cathode, oscillator grid or grid No. 1, anode
grid or grid No, 2, screen grid or grid No. 3, control grid (modulator grid) or
grid No, 4, another screen grid or grid No. 5 (internally comnected to grid No. 3),
and the plate,

The 2A7 and 6A7 tubes have a small 7-pin base with the following connections
(looking at the bottom of the base and proceeding clockwise from the left heater
pin): Heater, plate, screen grids (No. 3 and 5), anode grid (No. 2), oscillator
grid (No, 1), cathode, heater, The top cap on the tube is the modulator grid

(Ro. 4) connection,

ACTION OF THE PENTAGRID CONVERTER

The arrangement of the elements within the pentagrid converter and the
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customary method of connecting these elements into a circuit system are
illustrated in the diagram in Fig. 3. The cathode "EK" ig raised to an emitting
temperature by the filament or heater "H", Next to the cathode is grid No, 1
generally called the oscillator grid, and surrounding it 1s grid No, 2 known as
the anode grid. The two screen grids, No, 3 and No, 5, that are connected to-
gether within the tube, serve to decrease the control grid to plate capacity as
in any screen grid tube, and grid No. 4 or the control grid receives the in-

coming radio frequency signals,

PENTAGRID CONVERTER

RF INPUT

§ GRID #4 GRIDS #385
> 0 T GRID #2
P—W GRID I
I J l CATHODE HEATER
— === = == & = é¢'
Fig. 3. IHustrates skeleton construction of 2A7 pentagrid gonverter and typical converter circuit aystem.

The action within the tube is of a peculiar dual nature, The cathode and
grids No.,land No. 2 operate in one associated group and function as a triode,
with grid No, 1 acting as the normal or oscillator grid and grid No. 2 as the
plate. @Grid No, 2 provides the feedback effect and carries a positive potential,
It is therefore referred to as the anode grid. As illustrated in Fig, 3, these
three elements are comnected into a standard feedback oscillator system in which
"L" is the tank coil tuned by condenser "C": (ondenser C-i and resistor ®R" form
the grid condenser and leak, while "I" is the tickler coil. The oscillation fre-
gquency is determined by the value of "L" and "C¥, As a result of the oscillator
action, a contimuously pulsating stream of electrons is emitted that fluctuates

according to the oscillation frequency. In other words, these three elements act
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like a composite cathode that emits or supplies a variable pulsating stream of
electrons, with the outbursts or puffs of electrons occurring at a frequency
that 1a determined by the oscillator tuning,.

The received signal comes in through the radio fregquency tuner R.¥.T., and
is impressed on tne control grid or grid No, 4 of the converter tube. As the
pulsating stream of electrons coming from the oscillator section travels toward
the plate, it is further influenced or modulated by the sgignal voltage on grid Y.
In other words, the electron stream which is already oscillating has an additional
frequency impressed upon it by thepotential variations on the coatrol grid, with
the result that a new oscillating frequency 1is produced which is egqual to the
difference between the two, It is this beat fregquency at which the electrons
i:inally reach the plate, and in effect is the intermediate frequemncy at which the
plate current fluctuates and the value at which the intermediate amplifier
operates, This beat fregquency plate current then flows through the primary of
the intermediate frequency transformer I.F.T, and by induction transfers the
signal on to the secondary circuit to bo~ impressed on ths grid of the intermediats

frequency amplifier tube.

TYPICAL PENTAGRID-CONVERTER CIRCUIT SYSTIM
A typical superheterodyne circuit system employing thes pentagrid coaverter
in a combination first detector-oscillator stage is illustrated in Fig., 4.
A standard feedback oscillator system is employed, with the anode grid
(grid No. 2) providing the feedback action. This grid in effect acts like the

plate of an ordinary triode; that is why it is termed the anode grid, The in-
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corminz signal 1s received through the tuned antenna coil and impressed on the
control grid (grid No., 4) of the converter tube, The pulsating stream of
electrons coming from the triode oscillator section is then further modulated

by the signal potential on grid 4, and an intermediate or beat frequency of

456 kilocycles per second is produced. This frequency is then passed on through
the doubly tuned I.F, transformer to the control grid of the type 58 intermediate
amplifier tube, Volume is controlled mamually by means of a 10,000-obhm potentio-
meter that regulates simultanecusly the bias on the grid of the intermediate
amplifier tube and on the comtrol grid of the modulator section of the pentagrid
converter. By increasing or decreasing the bias on grid 4 of the converter the
modulating effect of the incoming signal voltage on the variable electron stream

is weakened or strengthened.
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The remainder of the circuit is-of standard design and varies in different
commercial receivers according to the desires of the manufacturers, Some circuit
systems, it will be seen in the next paragraphs, employ a tuned radio frequency
stage ahead of the pentagrid converter stage, but that does not affect the

functioning of the oscillator-mixing system.

THE FAIRBANKS-MORSE MODEL 51 CEHASSIS

The Fairbanks-Morse Model 51 chassis which is used in a number of their
receivers, employs a H-tube superheterodyne circuit with a type 247 tube in a
combination lst-detector-oscillator stage. The circuit arrangement is illugtrated
in Fig. 5. The cathode and grids No, 1 and 2 comprise a typical triode oscillator
system of the feedback type. The incoming signal is received through a tuned
antenna coupler and supplied to the control grid or grid 4 of the converter,

The signal potential on this grid then modulates the pulsating stream of electrons
coming from the oscillator section, and it reappears in the plate circuit at an
intermediate frequency of W56 kilocycles per second, The signal is then passed
on through a doubly tuned I,F, transformer to the control grid of the I.F, ampli-
fier tube, a type 58, and through anotkher I.F., transformer to the diode plates
(connected in parallel) of a type 246 double-diode high mu triode, which performs
the three functions of detection, automatic volume control, and aundio amplifica-
tion. The triode section of thies 2A6 tube is resistance coupled to a type 245
power output pentode,

The mamual volume control consists of a 500,000-ohm variable grid leek in the
triode gection of the 2A6 tube. In the plate circuit of the ocutput pentode is a
tone control consisting of a .05-mfd. condenser in series with a 50,000-ohm
variable resistor. An interesting feature of the circuit is the wave trap acroes

the antenna primary. This trap is tuned to 456 kilocycles, the operating frequency
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of the intermediate amplifier. 1Its function is to trap out the signals from
commercia’ stations which are operating near 56 kilocycles so that interference
from tr.ese stations will not be experienced as does happen in many cases when

these signals leak through the input tuning system.
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Fig. 5. Fairbanks-Morse Model 5l—Illustrates use of 2A7 pentagrid converter as composite lst detector-oscillator.

TEE KINGSTON MODEL 600A
The Kingston Models 600A, 600B and 610B radio receivers mamfactured by
the Kingston Radio Compeny at Kokomo, Indians, employ a 6-tube superheterodyne
circuit with a type 6A7 pentagrid converter in a combined firet detector-oscillator
stage. The incoming signal is received through a tuned antenna coupler and sent
through a preliminary radio frequency amplifier stage equipped with a type 78
pentode before it ie impreesed on the control grid (grid 4) of the modulator

gection of the converter tube, The oscillator section, consisting of the cathode
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and grids 1 and 2, is connected into a typical feedback type oscillator system,
4 single intermediate-frequency stage is used, also equipped with a type 78
pentode, and this is coupled to a type 75 duo-diode (similar to the 246), which
performs the three functions of detector, automatic volume control, and audio
amplifier. The triode section of .th:ls tube is coupled to a type 42 power output

pentode (similar to the 2A5),

R-5=4-0M
L270F Rg=som

182.5 K.C. Below $C-1100
172.6 K.C. Above #C-1100 Models 600A
6008 & 6108

nnunj< i
—_——=
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Kingston Radio Company, Inc.

Fig. 6. Kingston Model 600—[ilustrates use ‘of pentagrid converter as composite lot detector-osciliator.

THE STEWART-WARNER R-123 CHASSIS

The Stewart-lame.r Model R-123 chassis which is used in their receiver
models 1231 to 1239, employs both the 6A7 and the 6F] tubes in an interesting
arrangement., The circuit is illustrated in Pige. 7. The 6A7 pentagrid converter
is used in the customary combined first detector-oscillator stage, with the
triode section (cathode and grids land 2) comnected into the familiar feedback
oscillator system, The incoming signal ie received through a tuned antenna
coupler and impressed on the control grid (grid 4) of the modulator section,

where it further modulates the pulsating electron stream and reappears in the
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plate circult at an intermediate frequency of 456 kdlocycles. It is then trans-
ferred through a doubly tuned I.F. transformer to the input circuit of the next

tube.

BA7 e
'isT DEY. & OSC. . 6F7
! 1.F. & 2NODET.

FF. FREQUENCY 456 K.C.

FILAMENT S CONNECT TO X SPEAKER
; s = ==

STEWART-WARNER MODEL R-123 CHASSIS

Fig. 7.  Stewart-Warner Model R-123—Ilfustrates uge of 6A7 pentagrid converter as composite 1t detector-oacillatoe and also the 6F7 as 1. F. amplifier
and 2nd

deector.

The second tube, the 6F7 triode-pentode, is also used in a dual role, but
this time as an intermediate frequency amplifier and second detector. ¥rom the
secondary of the I,F. transformer the signal is impressed on the comtrol grid
of the pentode section. Here it is amplified and passed on through the second
I,F. transformer to the grid of the triode section, the latter now acting as
second detector or demodulator. It is resistance coupled to a type 41 power
output pentode.

The marual volume control consists of a 7500-ohm potentiometer in series
with a 350-ohm limiting resistor., This potentiometer controls both the antenna
input to the receiver as well as the bias on the control grid of the modulator
section of the 6A7 tube, Varying the biae on this grid controls its effectiveness
in modulating the stream of electrons coming from the oscillator section and in
this manner controls the volume of the receiver.
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GRUNOW MODEL 460 RECEIVER

The Grunow Model 460 radio receiver also émploys the type 6A7 and 6F7
tubes in a novel circuit system. A circuit diagram of the receiver is given
in ?1g. 8. The pentagrid converter is comnected in the usuasl manner with the
triode section in a feedback oscillator system and the incoming signal impressed
on the control grid of the modulator section, The output of the converter, at
an intermediate frequency of 455 kilocycles, is then tr;neferred through a
doudbly tuned I.F. transformer to the grid of the pentode section of the 6F] tube
which serves as the intermediate frequency amplifier, The amplified output of
this pentode section is then impressed on the grid of the triode which acts as
second detector. This in turn is resistance coupled to a type 42 ocutput pentode.
Volume is controlled by means of a 7500-ohm potsntiometer that regulates the
antenna input and the bias on the control grid of the modulator section of the

6‘7 tube,

6F7
6A7 /F & 2¥°DET
/ATDET40SC.

L.] 20m i_,,
T ]

. 1.F. - 455 K.C. - w80 RECT
Grunow Kadic
Model 460

Fig. 8. Grunow Model 460—Illustates use of 6A7 converter as composita lst detector-oscillator and 6F7 as composite I. F. amplifies snd 2nd detector.
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