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F.M. BROADCAST TRANSMITTERS

Direct F.M. Transmitters with Electro-

Mechanical Center

E HAVE already studied the

basie circuits used in f.m. trans-
mitters. Now let us study in more de-
tail various commercial units used in
f.m. broadcasting.

We will consider four general types
of f.m. transmitters: 1, direct f.m.
with  electro - mechanical (motor-
driven) center frequency control sys-

tems; 2, direct f.m. transmitters with

electronic center frequency controls;
3, indirect f.m. transmitters using the
Phasitron tube; and 4, miscellaneous
types of indirect f.m. transmitters. In
addition, we will study the frequency
monitors and modulation meters used

~in f.m. stations.

WESTERN. ELECTRIC
F.M. TRANSMITTERS

The essential circuits and sections
of the basic Western Electric f.m.
transmitter are shown in Fig. 1. This
is a direct f.m. transmitter that uses
a balanced reactance tube circuit.

The audio signal from the pre-

- emphasis unit is applied to the react-
" ance tubes (VT; and VT:) through

T;. The reactance tubes are connected
across Lo, which is the plate tank coil
of the push-pull LC oscillator using
VT, and VT,. Condensers C3 and C,

Frequency Controls

are used to tune this oscillator, whose
resting frequency is 7% the desired car-
rier frequency (for example, 6.18125
me. for a 98.9 me. carrier). C; and Ca,
in parallel with C; and C,, are me-
chanically coupled to a motor that, as
we will later see, is used to correct any
frequency drift from the correct rest-
ing frequency of the LC oscillator.
The r.f. output, which has a maxi-
mum deviation of 4.16 kec. at 100%
modulation, is coupled through L; to
the first r.f. buffer stage (VTj). Part
of this r.f. voltage is also applied

- through Lz and C; and Cg to obtain

the 90° phase shift in the r.f. voltage
applied to the grid of VT; and VT,
that is necessary to make them act as
reactances. The output of the buffer

. is applied to the first frequency doubler

(VTg). This output is in turn ap-
plied to three more frequency doublers
(VT4, VT, and VTy), which produce
the desired carrier frequency.

R.F. Power Amplifier. The power
amplifier section starts with the inter-
mediate power amplifier (VT;, VT11),
a grounded-cathode class C amplifier
with resonant lines for.the tank cir-
cuit. C; is used-for -tuning this stage.
To neutralize the tetrode tube screen-
lead inductance (which would prevent
the screens from being at r.f. ground
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and hence cause inadequate shielding
of the input r.f. from the output r.f.
circuit), condensers Cg and Cq (called
“neutralizing” condensers) are used to
series-resonate these inductances.

The final r.f. power amplifier (using
triodes VT;2 and VT;3) has resonant
lines in both the plate and grid tank
circuits. Coils L; and Lg form high-
impedance parallel resonant circuits
with the undesired C,, of VT;, and
VT;s and thus minimize the feedback
from output to input circuits in these
triodes. The output of this stage is one
kilowatt, the basic power unit in the
Western Electric series.

Center Frequency Control. The
center resting frequency of the LC
oscillator is stabilized by eircuits in
which its frequency of operation is
compared to that of a highly stable
reference oscillator. If there is any
drift in the LC oscillator, the fre-
quency-correcting circuits operate a
motor that varies C; and C., to cor-
rect the drift. Let us see how this
operates.

The erystal reference oscillator uses
VT4 A duplex crystal is used that has
such a high frequency stability that
no heater oven or temperature control
is needed. This oscillator operates at
a frequency 1/1024 that of the LC
oscillator (6.03638 ke. in the example
given above.) This signal is applied
through buffer stage VTy; and trans-
former T, to the motor control circuit.

A sample of the LC oscillator output
is taken from the first r.f. buffer stage
by means of coil Ly and applied to ten
regenerative modulation frequency di-
vider circuits, (We will study this cir-
cuit, shortly.) Since each of these cir-
cuits divides the frequency by 2, the
output will be 1/1024 that of the
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LC oscillator. This output is applied
through T3 and Ty to the motor con-
trol circuit. When the crystal reference
frequency and that obtained through
the frequency dividers from the LC
oscillator are the same, the motor will
not operate; however, any drift in the
LC oscillator will cause the motor to
operate, tuning C; and C. to correct
the drift.

Before we take up this motor con-
trol circuit, let us study the regenera-
tive modulation frequeney divider used
in this cireuit.

Frequency Division by Regen-
erative Modulation. The divider is
shown in the box marked FRE-
QUENCY DIVIDER in Fig. 1. The
four rectifiers (marked RV;) in this
circuit form what is called a “ring
modulator 7 (We will explain how a
right 1 now, “we want you to learn"ﬁow
the whole circuit operates, without
bothering with details.)

Let us assume, to use a numerical
example, that the input - frequency
across R; and Rs from L4 is 6 me.
Further, let us assume that Lg and
Cy2 are tuned to a frequency of 3
me. (exactly half the input frequency),
and that this tuned circuit has been
shock-excited so that a 3-me. signal
appears across Lg. This 3-me. signal
is picked up by L; and fed into the
ring modulator along with the 6-me.
R;-R» signal.

The ring modulator combines the
two signals, producing a double-side-
band suppressed-carrier signal across
Rz and R4. The two side bands have

'frequencies of 3 me. (6 me. —3 me.)

and 9 me. (6 me. 43 me.). These side
bands are amplified by VT;e. The am-
plified 3-me. side band sustains the

oscillations in the Lg tuned circuit.
Therefore, a 3-me. signal continues to
appear across Lg, inducing 3-me. volt-
ages in"L; and Ly. The signal induced
in Ly constitutes the output of the fre-
quency divider stage, since it is half
the input (6 me.) signal; it is fed to
another divider stage. The signal in-
duced in L; is fed back to the ring
modulator, where it again combines
with (modulates) the input signal, thus
permitting the action of the stage to
continue, This feedback action is the
reason why the term “regenerative
modulation” is used to describe the
operation of this circuit.

The Lg-C;s circuit must be tuned
to exactly half the input frequency for
the frequency dividing action to occur.
To see why, let’s suppose it is tuned
to some other frequency—to 4 me.,
for example. The side bands produced
by the ring modulator are now 2 me.
(6 me. —4 me.) and 10 me. (6 me.
+4 mc.). Neither of these is of the
same frequency as that to which Lg
and C;» are tuned; therefore, the os-
cillations in Lg and Cjs are not sus-
tained, and the circuit has no output.
In other words, this circuit will either
halve the input frequency or not oper-
ate at all it will not produce unde-
sired frequencws This is the chief ad-
vantage of a frequency divider of this
sort.

Ring Modulator. The basic prin-
ciple used in ring modulation for ob-
taining a double-side-band suppressed-
carrier signal is shown in Fig. 2A. In
it, a switch S, operating at the carrier
frequency, alternately switches the
modulating signal to the two sections
in the output transformer, thereby
continually reversing the polarity of
the modulating signal. Let’s say that

the modulating signal is a sine wave,
as shown in Fig. 2B, and that the car-
rier frequency is 5 times the modu-
lating frequency; then the output has
the form of the solid line in Fig. 2C.
Notice that during one cycle of the
modulating signal, the direction of its

T
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FIG. 2. A double side-band suppressed-car-
rier signal (C, D, and E) can be produced by a
switch S, (shown in A) operating at the de-
sired carrier frequency that changes the polarity
of the modulating signal (B) at the carrier rate.

current flow through the circuit is re-
versed 10 times by the operation of
switch S.

This method of combining the car-
rier frequency with the modulating
signal produces an amplitude-modu-
lated signal with the ecarrier sup-
pressed. (The operation of switeh S
introduces the carrier frequency into



the circuit, but the carrier voltage
itself is never applied to the circuit;
therefore, a suppressed-carrier signal
is produced.) Thus, the output shown
as the solid line in Fig. 2C essentially
consists of two side bands, one (Fig.
2D) whose frequency is the sum of
the carrier and modulator frequencies,
and a second one (Fig. 2E) whose fre-
quency is the difference between them.
(Actually, if only these two side bands
were present, the output wave form
would have the shape of the dotted
curve in Fig. 2C; the sharp breaks in
the solid curve are caused by high-

FIG. 3. How a ring rectifier can be used to
produce a double side-band carrier suppressed
a.m. signal.

frequency components that can be neg-
lected in this basic discussion.)

Let us see how the ring modulator
of Fig. 3 produces this same type of
output. A carrier signal applied through
T, to the rectifiers will cause them to
conduct alternately in pairs and thus
replace the switch S of Fig. 2A. For
example, when terminal 5 is negative
and 6 is positive, rectifiers 1 and 4 will
conduct and rectifiers 2 and 3 will not
conduct. On the next half eycle of the
carrier signal, rectifiers 2 and 3 will
conduct and 1 and 4 will be effectively
open circuits. None of the carrier sig-
nal is applied to the output transformer
Ty on either half of the carrier fre-
quency- . i RIS
—
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Now assume that the modulating
signal applied through T is so small
(about 1/10 of the carrier amplitude)
that it cannot cause any of the recti-
fiers to conduct. The direction of the
modulator current flow is therefore
determined by the rectifiers that are
conducting because of the presence
of the carrier. When terminal 8 of
winding h of the modulation trans-
former is positive and terminal 7 is
negative, electrons flow as shown by
the arrows, On the half of the carrier
cycle when rectifiers 2 and 3 are con-
ducting, the electron flow (indicated
by the solid black arrows) is through
winding e of T, rectifier 3, and wind-
ing n of T3. On the next half cycle of
the carrier, (when rectifiers 1 and 4
are conducting) the outlined arrows
indicate that winding m of Tj is ener-
gized through rectifier 1 by the modu-
lating signal. Thus, in this ring modu-
lator, the direction of flow of the modu-
lating signal current is reversed by the
carrier, just as it was in the circuit in
Fig. 2A. As a result, the output of the
ring modulator is a double-sideband
suppressed-carrier signal similar to
that shown in Fig. 2C.

Motor Control Unit. The control
circuit used to operate the frequency
correcting motor is shown in Fig. 4.
(This is the same circuit as that
shown in Fig. 1 except that it has
been redrawn for greater clarity.)

A two-phase motor is used. Its wind-
ings, Wy, Wo, W3, and Wy, form the
plate loads for tubes VT;, VT,, VTj,
and VT, respectively.

Each pair of these tubes (VT;-VT.
and VT3-VTy) is arranged in a cir-
cuit that is practically identical with
the Foster-Seeley frequency diserim-
inator you have already studied ex-

cept that the tubes are used to am-
plify signals rather than just to rectify
them. Each circuit is fed both the
crystal reference frequency and the
transmitter frequency; the former is
fed in through phase-shifting circuits
that, as Fig. 4 shows, create 45° phase
shifts in it.

When the transmitter frequeney and

TRANSMITTER
FREQUENCY

FIG. 4. Basic circuit for motor driven automatic
frequency control circuit of direct f.m. trans-
mitters, When the transmitter frequency drifts
from the crystal reference frequency, the voltage
and phase unbalance in the four windings of
the motor (W1, W2, W3, and Wy) will cause
the armature to rotate. This turns the shaft of
Co to correct the frequency drift.

the crystal reference frequency are
identical, this motor control circuit is
perfectly balanced, and the currents
flowing through the motor windings
create equal and opposite magnetic
fields that cancel one another and so
cause no rotation of the motor arma-

-)

ture. If the transmitter frequency
drifts even slightly, however, a con-
siderable unbalance will occur; the
magnetic fields of the motor windings
will then no longer cancel, and the
motor armature will rotate, The torque
produced on the armature will depend
on the amount of frequency drift, and
the direction of rotation will depend
on whether the drift is above or below
the reference frequency.

The armature of the motor, acting
through a reducing gear, rotates the
shaft of a trimmer condenser (C. in
Fig. 4) that is connected across the
tank circuit of the LC oscillator. This
adjustment will correct the original
frequency drift that caused the motor
to operate. If the transmitter fre-
quency is too high, the value of C,
will increase; if the frequency is too
low, C, will decrease. When full cor-
rection is made, the motor will stop.
Thus, the frequency of the LC oscil-
lator is kept practically as stable as
that of the crystal reference oscillator
at all times.

One prinecipal advantage of this
method of frequency correction is that
the d.c. operating points of the react-
ance modulator tubes are not affected
by the amount of correction applied.

The motor control circuit of Fig. 1
is quite similar to the basic circuit
shown in Fig. 4. The 4-45° phase shift
in the crystal reference frequency is
obtained by making the capacitive re-
actance of C;y equal to the resistance
of Rg, and the —45° phase shift by
making R; equal to the reactance of
Ci1.

» The frequency deviation of 4.16
ke. of the LC oscillator is also re-
duced by the frequency divider so
that it is only 4.15 cycles. Thus, even



100% modulation of the carrier can
produce only a very slight variation
of the speed of the correcting motor.
Actually, because of the motor iner-
tia and viscous (oil) damping, the
motor speed is independent of modu-
lation. This damping and the gear-
ing also prevents the motor from
“overshooting” the correct frequency.
There is, therefore, no ‘“hunting,”
even when large values of frequency
drift are corrected. =
High-Power F.M. Transmitters.
The 1-kw. transmitter just described
is' the basic unit in Western Electric
f.m. transmitters. When more power
is needed, this unit is used as a driver
for a higher power amplifier. For ex-
ample, in the 3-kw. transmitter, it
drives a grounded-grid 3-kw. ampli-
fier. If 10 kw. of power is needed,
the 1-kw, transmitter drives a
grounded-plate (cathode
r.f. amplifier. For higher powers of

follower) -

25 kw. or 50 kw,, the 10-kw. amph-

fier is used as 4 dfiver.c 191 T1MI2

Performance Specxﬁcauons. The=

spemﬁcaﬁons and’ performance of
most standard f.m. broadcast trans-
mitters are similar despite variations
in the method used for obtaining fre-
quency modulation.

The specifications for the Western
Electric series are: :

Audio-Frequency Response: =0.25
db from 30 to 15,000 cycles.®

Harmonic Distortion for =+75-ke.
swing: Less than 0.5% from 30 to
15,000 cyecles.

+100-ke. swing: Less than 0.75%
from 30 to 15,000 cycles.

Intermodulation for +75-ke. swing:

* The response is always given in refer-
ence to the standard 75-microsecond pre-
emphasis curve.

STEAM POWERED RADIO.COM

-

Less than 0.5% for 80% at 50 cycles
and 20% at 1,000 cycles; less than
1.0% for 80% at 50 cycles and
20% at 7,000 cycles.

F.M. Noise Level: 65 db down at
+75-ke. swing. :

A.M. Noise Level: 50 db down at
100% amplitude modulation.

Carrier-Frequency * Stability: Less
than 2,000 cycles deviation (no erys-
tal heater is used).

Modulation Capability: All f.m.
broadcast transmitters are capable of
100-ke. deviation, which corresponds
to 133% modulation.

RCA F.M. TRANSMITTERS

The 250-watt RCA f.m. transmitter
is shown in block diagram form in
Fig. 5. Notice that it and the West-
ern Electric are quite similar in that
each uses a-balanced reactance tube
modulator and a frequency stabiliza-
tion system consisting of a series of

»frequency  dividers, a piezo-electric

reference oscillator, and a_two-phase

2synchronous motor that drives the

LC tuning condenser to correct for
frequency drifts.

In the RCA transmitter, the LC
oscillator frequency is 1/18 that of
the final carrier; this is multiplied by
9 in the exciter unit and doubled in
the final power amplifier stage.

The frequency - correcting system
consists of a four-stage frequency di-
vider whose output frequency is
1/240 that of the LC oscillator—in
other words, between 18.75 ke. and
25 ke., depending on the station as-
signment in the 88-108 me. band.
Since highly stable crystals are avail-
able in the 100-ke. region, the refer-
ence crystal oscillator operates from

AUDIO,
INPUT

g RERYSTAL. — =5
Jw 1240, OSCILLATOR

TO 25KC.

FIG. 5. Block diagram of the exciter unit of RCA direct f.m. transmitters.

90.75 to 125 ke. and is stepped down
by a five to one frequency divider.

F.M. Modulator and Oscillator.
Let us now study the basic circuits
in the RCA f.m. transmitter. The
reactance tube modulator and LC os-
cillator are shown in Fig. 6. The LC
oscillator is a single-ended Hartley
with a plate tank consisting of L; and
Cy, Cj, and Cq; Cy4 and Cs are con-
trolled by the frequency-correcting
motor.

The 90° phase shift in r.f. voltage
applied to the reactance tube grids
is obtained inductively by link I,-Ls
and tuned circuit Iy, Ls, C;, C,, and
Cs.

This reactance tube circuit in-
creases the linear operating range of
the modulator, because many irregu-
larities in modulation are eliminated
by the balanced circuit.

Switch S; is used to produce a fixed

frequency deviation in the transmit-
ter. When the switch is in the center
position, the circuit operates normal-
ly with the audio signal being ap-

plied through T;. When it is in
either of the two side positions, how-
ever, a positive d.c. voltage. through
R; and R, or Ry will, change the
operating point of one of ‘the react-
ance tubes and hence produce a fixed
reference frequency deviation.

Frequency Divider Stages. The
frequency divider stage used in these
transmitters is shown in Fig. 7. It is
an oscillator in which the coupling
from L; and L. supplies the in-phase
voltage necessary to maintain oscilla-
tions, and La and its distributed ca-
pacitance Cy determine the frequency
of oscillation. R, is used to )lmmt. the
positive grid excursions,

To produce frequenc division; th 18
cireuit is adjusted to oscillate at some
frequency that is f‘T‘ﬂT’/JM hily below
sired “submultiple of the input fre-
quency, which is fed nto it from the
precedmg stage through C,. For ex-
ample, if the input signal is 100 ke.
and a frequency division of five is

~desired, the values of Ly and Cj are

chosen so that the natural frequenecy



of the oscillator is somewhat lower
than 20 ke., say about 19 ke. The
oscillator will then “lock in” with
the input signal so that on each fifth
cycle one output cycle will be pro-
duced. This gives an exact division
of the input signal by 5. The output
of the frequency divider is fed to the
next stage through C,.

The advantage of this type of fre-
quency divider is that ratios of 2, 3,
4, or 5 can be obtained. The main
disadvantage is that it is possible for
the tube characteristics or circuit
parameters to change and produce
the wrong frequency division ratio,

either continuously or intermittently.

The operation of such a stage must
therefore be carefully and frequently
checked.

Motor Control Circuits. The motor
control cireuit is quite similar to that
shown in Fig. 4. In Fig. 5, the 445°
and —45° phase shift in crystal refer-
ence voltage is produced by I,,C; and

~

REACTANCE TUBE
MODULATOR

L,C, rather than by RC circuits.

Monitor Scope. A two-inch moni-
tor oscilloscope is built into each
transmitter. It can be connected to
various stages by means of a selector
switch to check their operation and
adjustment by Lissajous figures. For
example, when the oscilloscope is
switched to observe the output of the
first tripler stage, the LC oscillator
voltage is used as the sweep voltage
and the tripler output is applied to
the vertical plates. If the oscilloscope
screen then shows a 3:1 Lissajous
pattern, the tripler stage is properly
adjusted. Other multiplier and di-
vider stages can be checked and ad-
justed in a similar manner.

Higher Power. The basic unit
just described is the exciter unit. To
obtain a 250-watt output, a power
amplifier consisting of a 4-125A fre-
quency doubler driving a pair of
4-125A’s in parallel is used. This
complete unit is econtained in one cab-
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FIG. 6. The balanced reactance tube modulator and LC oscillator used in RCA f.m. transmitters.
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inet. When 1-kw. output is desired,
a separate grounded-grid 7C24 power
amplifier is used; it is mounted in a

FIG. 7. The basic frequency divider stage used
in RCA f.m. transmitters. It is a "free-running”
oscillator that will ""lock in"' at some sub-multiple
of the inutput frequency; frequency division of
3, 4, and 5 can be obtained by using this circuit.

cabinet that matches the 250-watt
driver. For 3-kw. operation, another

7C24 grounded-grid amplifier, driven
by the 1-kw. transmitter, is used;
this is mounted in a third matching
cabinet.

RCA power amplifier stages haye
variable power-supply _voltages for
operating at reduced input or at’ 68(1
values—of power. For “example, “the

1-kw. transmitter can be varied from
250 watts to 1 kw. in output.

Performance Specifications.

Audio-Frequency Response: =1 db
from 30 to 15,000 cycles.

Audio-Frequency Distortion: 30-
100 cycles 1.5%; 100-7500 cycles
1.0% ; 7500-15,000 cycles 1.5%.

F.M. Noise Level: Down 65 db.

A M. Noise Level: Down 50 db.

Carrier Frequency Stability: Less
than 2000 cyecles.

Direct F.M. Transmitters with
Electronic Center Frequency Controls

Some types of f.m. transmitters use
a variation in the d.c. level applied
to the modulator tube to correct elec-
tronically any frequency drift of the
master LC oscillator. The Federal
f.m. transmitters (block diagrammed
in Fig. 8) are examples of this type
of f.m, transmitter.

FEDERAL F.M. TRANSMITTERS

Basically, the operation of the cen-
ter frequency control is as follows:
The output of the buffer following the
LC oscillator is fed to a frequency
divider where an output 1/256 that
of the input is obtained. This signal
is then applied to a phase discrimina-

11

tor where it is compared with a sub-
multiple of the crystal oscillator fre-
quency. Any frequency drift of the
LC oscillator will produce a d.c. volt-
age in the phase discriminator output,
the polarity of the voltage depending
on the direction of drift and the am-
plitude of the drift. This d.c. voltage
is applied to the reactance tube, where -
it acts to correct the drift of the LC
oscillator. We will take up this control
in more detail in a moment, but let us
first learn how the frequency modula-
tor itself works.

Miller-Effect Frequency Modula-
tor. The frequency modulator is
shown in Fig. 9. The LC oscillator



is a Hartley using VT, as the oscil-
lator tube. The oscillator tank coil L,
is tuned by its distributed capacitance
and by the shunt capacitance from its
tap to ground. This shunt capacitance
is essentially the effective plate-to-grid
capacitance C, of VT3, because C, and
Cg are r.f. by-pass condensers. As you
know, a d.c. change in the grid voltage
of VT3 will cause a change in the effec-
tive size of C; (this is called the Miller
effect). Thus, frequency modulation

of VT, can be obtained by applying
an audio signal to the grid of VTj,
and any undesired frequency drift of
the LC oscillator can be corrected by
changing the d.c. level of the signal
applied to VT;s. The r.f. voltage across
L, is applied to VT;, which is the
buffer r.f. amplifier.

The r.f. exciter unit consists of three

frequency-doubler stages using type
1614 tubes and a tripler stage using
an 815 tube. In the 250-watt transmit-
ter, another 815 is the buffer-driver for
two 4-250A. tetrodes used as push-pull
class C r.f. output amplifiers.

Center Frequeney Control. The
frequency divider in the center fre-
queney control system consists of a
series of multivibrator frequency di-
viders. The basic multivibrator eir-
cuit used is shown in Fig. 10. When
no synchronizing signal is applied to
it, the frequency of operation depends
essentially on the values of C;, R;,
C,, and Ro.. If a frequency division
of 5 is desired, the multivibrator is
designed to operate at a frequency
somewhat less than 1/5 that of the
input signal. If a synchronizing signal
from the preceding stage is applied
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FIG. 8. Block diagram of Federal f.m. broadcast transmitters.
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across Rg, the multivibrator will “lock
in” on every fifth pulse of the incom-
ing signal and will send one pulse to the
next stage. In a similar manner, fre-
quency divisions of 3 and 4 can be
obtained when desired.

Phase Discriminator. The output
of a multivibrator is a rectangular
wave, but the phase discriminator
operates best with a sine-wave input.
This is why the low pass LC filters
indicated in Fig. 8 are used; they re-
move the higher harmonics and leave
essentially the fundamental sine-wave
output of the frequency dividers. As
long as the erystal reference frequency
and the output of the LC oscillator are
equal, the phase relationship between
them will remain constant; however,
any slight drift in LC oscillator fre-
quency will appear as a change in phase
difference between the two signals.
(Any large difference between the two
signals is, of course, a ‘“beat note”
rather than a phase difference.) Thus,
a phase discriminator that will detect
small changes in phase angle and pro-
duce a d.c. voltage corresponding to
this phase difference can be used as a

AUDIO SIGNAL
AND DC. FREQUENCY-
CORRECTING SIGNAL

FIG. 9. The oscillator and Miller effect modulator of Federal f.m. broadcast transmitters.

sensitive oscillator-drift control, be-
cause the d.c. voltage can be applied
to the modulator tube to correct the
drift.

The circuit of the basic phase dis-
criminator used in Federal f.m. trans-
mitters is shown in Fig. 11. As you
can see, it is the same as the Foster-
Seeley frequency discriminator used
in f.m. receivers. In our discussion of
this diseriminator in an earlier les-
son, you learned that when F. and F,
are the same frequency but 90° out

B+

R4 Rs
>
| ]
et {b—=svnen
i 3 A ==, TO NEXT
RI Ra
SIGNAL
FROM
PRECEDING i
STAGE =
R3 '
?

FIG. 10. The basic frequency divider multi-
vibrator circuit used in Federal f.m. transmitters.



of phase, the vector sum of the voltage
(p to o to m) applied to VT, is the
same as the vector sum of the voltage
(p to o to n) applied to VTs; the recti-
fied d.c. voltages across R;-C; and
R,-C, are then equal in amplitude and
opposite in polarity, and therefore pro-
duce no d.c. output. Any drift in the
LC oscillator frequency, however, will
cause a phase difference between F,
and F. that is not 90°, and the vector
sums of the voltages applied to VT,

is the maximum that the phase detec-
tor can accommodate. From the for-
mula
dF = 0175 0 Fy

we know that the phase angle () of
the LC oscillator, when the modulating
frequency (Fy) is 30 cycles and the
frequency deviation (dF) of the LC
oscillator is 3.125 ke., will be about
5900 degrees. Obviously, then, this
phase discriminator would be unable to
control any drift of the resting fre-

G. | 1. The phase discriminator used in Federal
.m. transmitters. Any slight change in the LC
oscillator frequency will produce a d.c. output
which, when applied to the frequency modulator,

will correct the original drift.

and VT, will no longer be equal. This
will cause a d.c.voltage to appear at
the discriminator; its polarity will de-
pend on the direction of frequency
drift and its amplitude on the amount
of drift. The low-pass filter (R3-Cs),
which passes only frequencies that are
below about 10 eyeles, prevents varia-
tions caused by the audio modulating
voltage from appearing in the discrimi-
nator output. Thus, when the discrimi-
nator output is applied to the modula-
tor tube, the audio modulation will not
affect the resting frequency.

The response characteristic of the
phase detector is shown in Fig. 12.
Notice that a_drift of 90° in either
direction (a total variation m)

STEAM POWERED RADIO.COM
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quency of the LC oscillator if it op-
erated at the same frequency as the
LC oscillator, because the deviation
under modulation is far more than the
phase discriminator can accommodate.
That is why a frequency division of
256 is used in this frequency control
system. This division brings the phase
difference due to modulation down to
a value that can be handled by the
frequency control system (23°, in the
example given):

Higher Power. The basic 250-
watt transmitter can be used as a
driver for either a 1-kw. or a 3-kw.
power amplifier. The 1 kw. amplifier
is identical with the 3-kw. power am-
plifier except that the former uses a

plate voltage of 2000 volts, whereas
the latter uses 3000 volts. Each is a
conventional grounded-cathode cross-
neutralized amplifier using two triode
tubes. Resonant lines are used in both
the plate and grid ecircuits.

If still higher power is desired, the
3-kw. amplifier can be used to drive
a 10-kw. amplifier, which, in turn, can
drive other high-power amplifiers.

Performance Specifications.

Audio-Frequency Response: +1 db

OUTPUT

LC oscillator. (Using diode tubes re-
duces ‘the possibility of microphonic
noises in the modulator system.) Part
of the frequency-modulated output of
the oscillator is fed back to a frequency
diseriminator. The output of this stage
is applied to the audio amplifier; this
provides negative feedback that im-
proves both the audio-frequency re-
sponse and the linearity of frequency
deviation. ;

Circuit Operation. The diagram

VOLTAGE

O, === d

&

g

90"

PHASE DIFFERENCE

FIG. 12, Res-ponse characteristics of the phase
detector used in Federal f.m. transmitters.

from 30 to 15,000 cycles.
Audio-Frequency Distortion: 0.5%.
F. M. Noise Level: 65 db below
100% modulation.
AM. Noise Level:
carrier level.
Frequency Stability: Within .001%
(#1000 cycles).

WESTINGHOUSE F.M.
TRANSMITTER

Another type of direct f.m. trans-
mitter with electronic center frequency
stabilization is the Westinghouse
transmitter shown in the block dia-
gram in Fig. 13.

The master oscillator in this trans-
mitter operates on 1/9 the final r.f. fre-
quency. Two tripler stages are used
in the frequency multiplier. Frequency
modulation is obtained by using two_
duo-diodes for r_gsmtance ‘tunmgz of the

N — —

60 db below
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of the a.f. amplifier, modulator con-
trol, resistance modulators, r.f. oscil-
lator, and negative feedback discrim-
inator is shown in Fig. 14, Let us
observe the action of these units in
more detail.

The audio input signal is applied
through T; and VTy, the a.f. ampli-
fier. Ry, C;, and R, form the pre-
emphasis circuit. This a.f. signal is
then applied to VT,, the modulator
control tube, whose plate voltage is
supplied through R;, VT3 and Ry,
VT4. The a.f. signal on the grid of VT.
will, by varying its plate current,
cause the a.c. resistance of both VT,
and VT, to vary. Since C, is an r.f. by-
pass condenser, these variations in re-
sistance will be eﬂ'ectlvely a varléb"lo

isiance will
reSISjg.ll_ce acrossTTf, therefme
change the frequency of the r.f. oscil-
lator and thus produce the desired f.m.
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: INTERMEDIATE
MODULATOR RESISTANCE M. ) _Two #
CONTROL | MODULATOR [ 7| MASTER OSC. _.| TRIPLERS # .  aatl
”miﬁ"“ (.. g 18 DIFFERENTIATOR
FEED BACK
DISCRIMINATOR
PULSE DET.

FIG. 13. Block diagram of the Westinghouse f.m. transmitter.

The r.f. oscillator uses VT and VT
in a push-pull, tuned-grid, tuned-plate,
shunt-fed oscillator ecircuit; its fre-
quency of operation is controlled by
Cs and C,. Ly is the output tank coil.
The modulated r.f. signal is applied to
the first tripler stage from L.

Part of the modulated r.f. signal is
coupled by L, to a Foster-Seeley dis-
criminator circuit using VT'7 and VTs.
The demodulated a.f. voltage across
R¢ and R is coupled through C; and
Rs to the grid of the a.f. amplifier. This
feedback voltage is out of phase with
the original modulating signal. The
results of this negative feedback are
that the a.f. response is improved and
irregularities in modulation are greatly
reduced, producing a very linear fre-
quency deviation.

To operate the frequency-correcting
cireuit, a portion of the modulated r.f.
is coupled to it from L. The d.c. out-
put of the frequency corrector is ap-
plied through Rj to stabilize any drift_
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of the LC. oscillator.

~ Center Frequency Control Sys-
tem. The center frequency stabilizing
circuit, shown in Fig. 13, uses pulses
for obtaining the desired d.c. correct-
ing voltage.

At this time we have not studied the
pulse-generating, differentiating, limit-
ing, and integrating circuits used in
this frequency-correcting circuit, We
will study them in a later lesson, at
which time you should be able to un-

derstand the operation of any of the -

circuits in Fig. 13. For the present
time, let us just go over its operation
briefly.

The output of the master osecillator
and the erystal reference oscillator are
combined in two mixer circuits, A and
B in Fig. 13. Since it is fed through
R;-C; and R,-C,, the crystal reference
voltage applied to one mixer is 90°
out of phase with that fed to the other.
The output of each mixer is a beat
note with a frequency equal to the

difference between the frequencies of
the two signals. The beat note from
mixer A is applied to a square wave
generator and differentiator, where

- one positive and one negative pulse of

voltage is produced by every cycle of
the beat note. Because of the 90° phase
shift in R;-C; and Rs-Cs, the beat
frequency output of mixer B will lead
the output of A by 90° when the master
oscillator frequency is higher than the
crystal reference frequency, and will
lag when the master oscillator fre-
quency is lower. The output of mixer
B, when applied along with the pulses
from the differentiator to the pulse
detector and limiter circuit, will cause
only the positive pulses to be ampli-
fied when the frequency is too high
and only the negative pulses when the
frequency is too low. Positive pulses

applied to condenser C will increase
its woltage, negative pulses will de-
crease it. The d.c. voltage across this
condenser is applied (as indicated be-
fore) to the modulator control tube to
correct any frequency drift,

The advantages of this frequency
correcting..circuit_are that there are
no tuned circuits and no frequency

dividers.
‘-—-—-‘/ T

Performance Specifications.

Audio-Frequency Response: -1 db
from 50 to 15,000 cycles.

Audio-Frequency Distortion: 50-
100 cycles and 7500-15,000 cycles, less
than 1.5% ; 100-7500 cycles, less than
1.0%.

F.M. Noise: At least 65 db down.

A M. Noise: At least 50 db down.

Frequency Stability: 1000 cyeles.

FIG. 14. The amplifier, modulator, oscillator, and negative feedback di:crin‘inafor of the West-
inghouse f.m. transmitter.
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Phasitron F.M. Transmitters

General Electric, Gates, and Collins
manufacture f.m, transmitters that use
a special “Phasitron” tube to obtain
wide-angle phase modulation.

“wide-angle” we me large phase

shifts occur—in other words, that the

By

frequency and amplified to the re-
quired power level.

THE PHASITRON MODULATOR

The 2H21 Phasitron tube is a spe-

angle of phase shift is wide.) The block —ecial tube for producing wide-angle

diagram of transmitters of this type
is shown in Fig. 15. ‘

A single crystal of the required fre-
quency stability dlrectly controls the
output carrier frequency Although
the Phasitron tube is phase-modu-
lated, the charactenstlcs of the mag-
netic field controlling the modulation
are such that the output is frequency-
modulated. The use of the Phasitron
tube results in an extremely simple,
direct, and reliable method of gen-
erating crystal-controlled frequency

modulation waves. Because wide-angle
phase shift is possible, much less fre-

quency multiplication is needed to
obtain 753-ke. deviation than is needed
in other forms of phase shift modu-
lators.

As the block diagram in Fig. 15
shows, the crystal escillator output is
modulated directly by the Phasitron
tube. The r.f. output of the tube is
then multiplied ‘to the output carrier

CRYSTAL
OSCILLATOR
AND AMPLIFIER

3-PHASE
NETWORK

phase modulation of radio frequencies
up to 500 ke. The basic phase modu-
lator using this tube is shown in Fig.
16.

Fundamentally, the tube and ecir-
cuit are designed to produce a rotating
sheet of electrons in the Phasitron
tube whose rate of rotation can be
either increased or decreased by a
varying magnetic field. When the de-
sired modulating signal controls the
magnetic field, the result is a fre-
quency-modulated signal. This circuit,
when a 203.9 to 249.7 ke. r.f. signal
is applied to it, will deliver to subse-
quent stages, at low distortion, a fre-
quency-modulated signal having a fre-
queney deviation of +175 cyeles per
second from the primary center fre-

| quency. Frequeney multiplication of
| 432 yields an output frequency of 88.1

to 107.9 mec. (the highest and lowest
channels in the f.m. band) with a fre-
quency deviation of +75 ke. The

TO AMPLIFIER
99.36MC.E75KC,

MULTIPLIER
X432

AUDIO
INPUT

FIG. 15. The general block diagram of a Phasitron f.m. transmitter.
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maximum audio-frequency power re-
quired to produce this modulation is
approximately 50 milliwatts,

The operation of the tube can best
be studied by referring to its construc-
tion. Fig. 17 shows the entire structure
of the tube; Fig. 18 shows an enlarged
cut-away view of the tube elements
with each of the parts labeled.

Producing the Electron Dise.

220
19 220 KC.
FROM CRYST)

connected together, and all the C wires
are connected together. These three
combinations of A, B, and C deflecting
grids are brought out to the base of the
tube and constitute the three deflec-
tors, #1, #2, and #3. The neutral
plane is connected to another pin on
the base of the tube and is called
deflector #4.

A three-phase, crystal-controlled

aa 8 le'3 19 220 KC.
[ i *175CPS
—I

g

FIG. 16, Basic GL-2H21 Phasitron circuit.

Anodes number one and two are at
positive d.c. potentials and draw elec-
trons from the cathode. The two focus
electrodes form this electron stream
into a thin sheet or disc. This electron
dise, with the cathode as its axis, lies
between the neutral plane and the de-
flector grid structure and strikes anode
number one.

Rotation of the Electron Disc.
The deflectors consist of thirty-six
separate wires, the active portions of
which run radially out from the cath-
ode. These wires are labeled A, B, and
C in Fig. 18. All the A wires are con-
nected together, all the B wires are

STEAM POWERED RADIO.COM
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voltage is applied to the deflectors, one
phase to each of the first three deflec-
tors. This is done to produce a rotation
of the electron disc. The deflecting
action these three-phase voltages have
on the disc of electrons passing be-
tween the neutral plane and the de-
flector grids is shown in Fig. 19. At
instant one, the grid wires A are posi-
tive with respect to the neutral plane
while grid wires B and C are negative.
This causes a distortion of the rim of
the electron dise, making it appear,
when viewed from the side, like curve
D in Fig. 19. Fig. 20 shows how the
disc would look in perspective if you

""" Courtesy General Electric

FIG. 17. A cut-away view of the Phasitron tube

used in many phase-modulated indirect f.m.
systems.

could see it. Notice that it is distorted
into twelve sine waves.

At instant two, one-third of a cycle
later, deflector wire B is positive and
A and C are negative. This gives the
dise rim the shape shown as curve E
in Fig. 19, which is the same shape
as curve D but has moved to the right
by the space between adjacent grid
wires. The dise, if it were visible, would
therefore have the same appearance
that it has in Fig. 20, except that it
would appear to have rotated to the
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right a distance equal to the space
between two grid wires.

Similarly, at instant 3, when deflec-
tor wire C is positive and A and B
are negative, the disc would appear to
have shifted to the right another grid
spacing. Curve F of Fig. 19 represents
the shape of the disc edge under these
conditions.

Thus, a three-phase voltage applied
to the deflecting grids will cause the
distorted electron disc to rotateat.a
rate determined by the applied. fre-
quency and the number of deflector
wires, (In this case, the speed of ro-
tation is 1/12 the frequency of the
r.f. voltage; for example, if the r.f. is
240 ke., the rotation is 20 ke.)

R.F. Output Circuit. A view of a
portion of anode number one is shown
in Fig. 21. This anode has twelve
holes punched above the line where
the undeflected electron disc strikes
and twelve punched below. The rotat-
ing edge of the electron disc therefore
meets this series of holes when the dise
is deflected by the deflector grids. At
an instant when the dise edge has the
shape shown by the solid line, most, of
the eleetrons pass on through the holes

HOLES IN
ANODE 13

FIG. 18. Cut-away view of tube elements.



to anode number two. One half cycle
later, the edge of the disc has moved
on to the position shown by the dotted
line, At this instant, few, if any, elec-
frons get through to anode number
two. Thus, the current flowing to anode
" number two varies sinusoidally at the
crystal frequency, and any variation in
the angular velocity of rotation of the
electron disc will result in a phase vari-
ation of this output r.f.

3 @ VOLTAGE FROM OSCILLATOR

the current. This displacement of the
electron dise causes a phase shift in
the output r.f. current while the dis-
placement is going on.
Audio-frequency current, flowing in

the coil of Fig. 22 causes angular dis-
placements that vary at the audio-

frequency rate to be superlmpnsed on

we obtain phase shlfts varymg at the
audio-frequency rate in the output cur-

#30——
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DISC BETWEEN-NEUTRAL
PLANE AND DEFLECTORS

FIG. 19. Grid structure and neutral plane of a Phasitron tube.

Phase Modulation. The modulat-
ing agent is a magnetic coil or sol-
enoid placed around the tube as shown
in Fig. 22. The magnetic field resulting
from current flowing in this coil is
perpendicular to the plane of the elec-
tron disc. The magnetic field of the
electrons “in the electron disc reacts
with the magnetic field of the coil; as
a result, the dise undergoes an angular
displacement. The direction of dis-
placement depends on the direction of
current flow in the coil. and the amount
of displacement on the amplitude of

STEAM POWERED RADIO.COM
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rent. This current flowing through a
load impedance develops a phase-
modulated r.f. voltage whose average
frequency is that of the crystal.
Inherent Pre-Distortion. To con-
vert this phase modulation to fre-
quency modulation, the amount of
phase shift (as you learned in our

study of pre-distorters.in a-previous
lesson) must be inversely proportional
to the frequency of the modulatingsig-
nal /NG special circuit is required to
produce this effect in the Phasitron
cireuit, because the coil of Fig, 22 is

essentially inductive over the entire
audio range. Since the amount of cur-
rent, through a_coil is.inversely pro-
portional to the frequency, and the
amount of phase shift in the Phasitron
is proportional to. the current. flowing,
the output of a Phasitron phase medu-
lator is a frequency-modulated signal.
Effectively, the coﬂ does the pre-
dhtox ting. 0 5

FIG. 20. Perspective view of deflecting action
of 3-phase voltage on electron disc as used in
Phasitrons.

Magnetic Shielding. Since the
Phasitron tube is affected by mag-
netic fields, a magnetic shield is placed
around it and the deflecting coil. Raw
a.c. applied to the f_ilament heaters
would produce a varying magnetic
field in the tube that would cause un-
desired frequency modulation that
would appear as hum in the receiver
output. To prevent this, Phasitron fila-
ments are generally-operated.on d.c.
» Wide-angle phase deviation is pos-
sible in the Phasitron circuit. Since
there are twelve r.f. eycles on the elec-
tron dise, a displacement of only 1/12
cycle of the rotating electron dise is
360° (one eycle) of the r.f. signal. This

makes it possible to obtain wide phase
deviation, and therefore, high  fre-
quency deviation, so. that fewer-fre-
quency multiplier stages need be.used.
i1 HOLES PUNCHED IN ANODE * 1
/mooe"x

Ymm. CURRENT ANODE *2 \uux, CURRENT ANODE*2

FIG. 21. A portion of anode #1. Only the
current passing through the holes reaches

anode #2.

than in other indirect f.m, systems.
Although deviations in excess of
360° are possible practically, a 330°

" used. This produces the 175- cycle fre-
- queney deviation already mentioned.

Three-Phase R.F. Voltage Source.
Let us now see how the necessary

FIG. 22. Modulating coil placed aroind tube.

three-phase r.f. voltage for the three
sets of deflection grids is obtained. The
circuit is shown in Fig. 16.

As shown in the vector diagram of
Fig. 23, points m and n in Fig. 16
are 180° out of phase with respeet to
0. A portion of the voltage between
m and o is taken from R; to the #1
set of deflector grids. The RC combi-



nations R;C; and R.C, are used to
obtain the other two phases. The values
of Ry and C; are chosen so that the
current through them leads by 30° the
voltage between o and n. Since the
voltage aeross the condenser lags the
current through it by 90°, the voltage
between o and p (across Cy) will lag
the voltage between n and o by 60°,
as shown in Fig. 23. R, and C. are pro-
portioned so that the current through

switch for controlling oven tempera-
ture is connected between terminals
6 and 7 in each oven assembly. Lamps
LA; and LA, indicate when the two
oven heaters are on. Notice that the
heater voltage is supplied by Tg and
that the main power switch 8; does not
turn these heaters off ; Sg is kept closed
at all times to keep both crystals at
the proper operating temperature.
Switeh S; is used to switeh from one

FIG. 23. How the phase shifting network of
Fig. 16 produces a three-phase r.f. voltage.

them leads the voltage beween n and
o by 60°. The result is that the de-
sired three-phase voltage (equal am-
plitude and 120° out of phase) is
obtained at p, q, and r with respect
to o.

GATES F.M. TRANSMITTERS

The complete circuit diagram of the
Gates 250-watt Phasitron f.m. trans-
mitter is shown in Fig. 24. (Because
of its size, this diagram has been placed
on pages 19-21.) Let us study it in
detail.

Circuits. Two crystals and erystal
ovens are used; one is a spare for
emergency use. The thermostatic
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crystal to another. The erystal oscil-
lator stage (VT;) is a form of Colpitts
oscillator in which C; and Cs provide a
fine control of oscillator frequency.

The second stage (VT:) is an r.f.
amplifier and buffer. The single phase
output of this stage is converted to a
three-phase output to operate deflec-
tor grids of the Phasitron by the net-
work Lys, Cgs, Ris, Cos, Run, Cége, and
Ri2. The action of this network is like
that of the similar net in Fig. 16 that
we have already studied.

R]:,, Rm, Rn, and R]g are used to
adjust the d.c. level of the elements in
the Phasitron. Ry; controls the d.c.
voltage on the three sets of deflecting
grids, and R,; the d.c. level on the

neutral plane. Ri¢ and R;s are used to
adjust the first and second focusing
anodes respectively.

The frequency-modulated output of
the Phasitron is fed to five doubler
stages, three tripler stages, and three
amplifier stages (VTy through VTy4)
and the output drives the intermedi-
ate power amplifier using VT35, which
is an 815. This exciter drives the two
4-125A’s (VTyg and VT;y) used as the
final power amplifier.

The audio modulating signal is ap-
plied through T; to the first audio
amplifier stage (VT7). The output of
this stage is then applied through the
pre-emphasis networks to VT;s, from
which the audio signal is applied
through Tg to L4, the Phasitron modu-
lator coil. -

Power Supplies. There are three
power supplies in this transmitter.
The Phasitron tube filament is oper-
ated on d.c. to reduce the hum level.
This d.c. is provided by step-down
transformer Tj, bridge rectifier Ay,
and filter condenser Cyo3. The Phasi-
tron filament voltage and, incidental-
ly, the filament voltage on the final
r.f. amplifier can be econtrolled by
varying Rjoo.

The d.c. voltage for all other cir-
cuits except the plates of the final
power amplifier is obtained from the
low voltage power supply using two
5723’s (VT23 and VTzz). A choke in-
put filter is used. The scereen voltage
on the final power amplifier stage can
he varied by Rioes.

The high voltage supply for the
plates of the final power amplifier em-
ploys two 8008 tubes (VTan, VTo).
A choke input filter is also used in
this supply. Meter My indicates the
d.e. voltage output and My the current

supplied by this stage. Rio is a fine
controf of the high voltage.

The three rheostats Rio1, Rioe, and
Rios permit the r.f. power output of
this transmitter to be varied from .50
to 320 watts. T5

Adjustment Indicators. A series
of jacks (Jy, J, ete.) are used to per-
mit observation on an oscilloscope of
the voltages at various points in the
circuit. Meter M; is used to measure
cathode voltages and hence cathode
currents of the various stages. Both

" of these are very useful in adjusting
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the transmitter, anticipating troubles,
or in repairing any breakdowns that
may occur.

Protective Features. Several pro-
tective relays are used in this trans-
mitter to proteet the equipment while
it is being started, operated and
stopped.

When the main switeh S; is turned
on and the low voltage ON button S,
(normally open) is momentarily de-
pressed, the holding coil E; will be en-
ergized so that the circuit will remain
on even after the ON button is re-
leased. Notice that the OFF button
and the low voltage overload relay
contacts are normally closed. The
low voltage d.c. supply; the Phasitron
filament supply, the a.c. filaments to
all stages (including the final), and
the blower A for air-cooling the final
stage are now operating and the time
delay relay (Ejz) is started. After the
proper time delay, the normally open
contacts on this relay (E;) are closed.
Since the high-voltage overload con-
tacts are normally closed, it is now
possible (presuming the door interlock
switch is closed) to turn on the high-
voltage supply and operate the com-
plete transmitter. ’



If at any time there should be an
overload on the high-voltage supply,
the overload relay (E;) contacts will
open, removing the high voltage. The
transmitter door may then be opened
to locate the trouble. The other d.c.

voltages and filaments will remain on,
and all stages except the final will
continue to operate. However, an over-
load in the low voltage source will
open the contacts of reiay E,; and turn
the entire transmitter off.

Miscellaneous Indirect F.M. Transmitters

We will study two other types of
indirect f.m. transmitters; first, the
cascade phase shift modulator made
by Raytheon, and second, the dual-
channel phase shift Armstrong f.m.
transmitter made by Radio Engineer-
ing Laboratories.

RAYTHEON F.M. TRANSMITTERS

The block diagram of the Raytheon
f.m. transmitter is shown in Fig. 25.
In it, the desired phase modulation
is obtained by a caseade phase-shift
circuit.

Phase Shift Circuits. The net-
work L, C,, and R, of Fig. 26 forms
the basic phase-shifting network. (C.
is an r.f. and audio by-pass condenser
and R. is the output impedance of
cathode follower VT,, which is essen-
tially R; in shunt with a resistance
whose value is the reciprocal of the
transconductance of the tube.) The
reactance of C; is twice that of L,
at the operating frequency. When R,
is high, the network is essentially in-
ductive and the voltage to VT, leads
the input voltage. However, if R, is
low in value, more current flows
through C; than L;; the output volt-
age then lags the input yoltage.

An audio voltage applied to VT,
will vary the value of R. and there-
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fore shift the phase of the r.f. output
voltage in aecordance with the am-
plitude of the audio signal. Theoreti-
cally, 490° to —90° phase shift is
possible; practically, 25° on either
side of the reference point is the limit
usable without obtaining excessive
distortion. At a modulating frequency
of 30 cycles, this corresponds to a
13-cycle change in the r.f. carrier.®
Using six of these stages in cascade,
that is, connected so that the phase-
shifted output of one stage is applied
as the input of the next phase-shift-
ing stage and the audio inputs to the
cathode follower stages are in parallel,
gives a frequency deviation of 78
cycles. The frequency multiplier sec-
tion multiplies this by a factor of 972,
producing a frequency deviation of
over 75 ke.

R.F. Multiplier and Amplifier.
Because of the multiplier action, the
crystal oscillator must be 1/972 the
desired output frequency. For exam-
ple, the crystal should operate at
95.5761 ke. for a 92.9-me. carrier.

The frequency multiplier section has
a 6SJ7 doubler, 6SJ7 tripler, 6SJ7 am-
plifier, 6SJ7 doubler, 6AC7 tripler,

*dF =0175x 6 x Fm
=0.175 x 25 x 30 =13 cycles.

100KCE 7716~
100 KG. 6 STAGES

g72mcE7sKC. 972MCE75KC.

CASCADE
CRYSTAL
osciLator [~ FESE R [T

FREQUENCY POWER
MULTIPLIER = e
X972 AMPLIFIER OUTPUT

FREQUENGY
NETWORK -
(“PRE-DISTORTER")

AF. —  SECOND te- AR
AMPLIFIER PRE-EMPHASIS INPUT

FIG. 25. A block diagram of the cascade Phaseshift f.m. transmitter built by Raytheon.

6AC7 tripler, 6AC7 tripler, and an
829-B tripler. The intermediate power
amplifier is an 829-B, and the final
amplifier uses two 4-125-A’s.

Performance Specifications.

Audio-Frequency Response: +1 db
from 50 to 15,000 cycles,

Audio-Frequency Distortion: Less
than 1% % from 50 to 100 cycles and
from 7500 to 15,000 cycles; less than
1% from 100 to 7500 cyecles.

F.M. Noise Level: At least 65 db
below 100% modulation.

AM. Noise Level: At least 50 db
below 100% modulation.

Frequency Stability: Better than
-+ 1000 cycles (well within the =+
2000-cycle variation allowed by the
FCC).

ARMSTRONG-REL F.M.
TRANSMITTER

The Armstrong dual-channel phase-
shift type of f.m. transmitter is man-
ufactured by Radio Engineering Lab-
oratories. This type of f.m. transmit-
ter uses a.m. to produce p.m., which
in turn produces f.m. Let us see how
it is done.

Using A.M. to Produce F.M. The
vector diagrams in Fig. 27 illustrate
the principle used to produce f.m. by
the Armstrong system. You have

studied this in a previous lesson, but we
will review it briefly now to refresh
your memory.

If we have a constant-frequency
constant-amplitude r.f. ecarrier V,
(Fig. 27A), and add to it an r.f. car-
rier V, that leads V; by 90°, then the
resultant V will also lead V;. If the
amplitude of V. varies, the amount of

FIG. 26. The basic phase-shift circuit used in
Raytheon f.m. transmitters.

lead of the resultant V will also vary
in the same manner (increasing as the
amplitude increases), Variations in the
lead angle of the resultant appear as
variations in the frequency of the out-
put signal.

Similarly, as shown in Fig. 27B, a
voltage V, 90° behind the carrier volt-
age V; will produce a lagging resultant
V. If V, varies in amplitude, the lag
angle of resultant V will vary in the
same manner, producing variations in



the frequency of the output signal.
The diagram in Fig. 28 shows the
circuit used to, produce f.m. by the
Armstrong system A 200-ke. constant-
amplitude and constant-frequency sig-
nal is coupled to I.;. This voltage is
applied through Ry and R4 to the tuned
circuit, La, Cg, €y, and Cy. The volt-
ages-across Cy and-Cg are 180° out
of phase. The r.f. voltage across L is
also applied through R,C; and RsC.
to the grids of the two modulator tubes
VT, and VT,. The capacitive react-
ances of C; and C. are much higher

with respect to the carrier signal across
L.

The carrier voltages across C, and
Cp are 180° out of phase; the side
bands supplied from the VT;-VT, cir-
cuit and added across C, and Cg are
in phase with each other and 90° out
of phase with respect to the carrier
voltages to which they are added. The
result is that the signal across C,,
consisting of the resultant of the car-
rier and a varying-amplitude side band
90° out of phase with the carrier, is
increasing in amount of phase lag at

FIG. 27. Vector diagrams showing how a fre-
quency-modulated signal can be produced by
the Armstrong phase-shift method.

than the resistancées-of R; and Ra, so
the grid voltages of VT, and VT, lead
the voltages aeross each end of the eoil
by 90°. One grid voltage thus leads the
input r.f. across L; by 90°, the other
lags by 90°.

Since the grids are fed in push-pull
and the plates of VT; and VT, are
connected in parallel, the r.f. voltage
outputs of VT; and VT, cancel when
there is no audio modulation applied to
them. However, when a push-pull
audio signal is applied to the screen
grids of VT; and VT,, an unbalance
occurs that permits part of the carrier
to be applied to the output through
Lz and Cs. As a matter of fact, the
output is a double-side-band sup-
pressed-carrier a.m. signal; however,
because of the phase shift in R,C, and
R.Cs, these side bands are shifted 90°
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the same time that the phase lead of
the resultant across Cp increases. Thus
the frequency across C, decreases at
the same time that the frequency
across Cp increases. On the next half
cycele of the audio modulating signal,
the signal frequency across C, in-
creases as that across Cy decreases.

Frequency Multiplication. The
amount of frequency deviation pro-
duced by this method is quite small;
9.65 cycles is the maximum, which is
only an 18° phase shift at 30 c.p.s. To
multiply this deviation to a value of
75 ke., a dual-channel frequency mul-
tiplier chain is used.

Each chain consists of four triplers,
producing a multiplication of 81. The
output of each is therefore 16,200 ke.
with a deviation of 781 cycles. The
deviation of one chain, however, is
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FIG. 28. REL-Armstrong modulator and multiplier chains.

781 cycles above 16,200 at the same
time that the other is 781 cycles below
16,200 ke., so the total swing is 1562
cycles. A multiplication of 48 is still
needed to make this into a swing of
over 75 ke., but the 16,200 ke. carrier
is too high to be multiplied by 48 and
still be in the 88-108 mec. band. To
overcome this difficulty, the frequency
deviation of 1562 cycles is superim-
posed on a much lower carrier and the
16,200 ke. carrier is removed.

For example, if a 96-mec. output
resting frequency is desired, the 1562
cycle deviation is superimposed on a
2000-ke. carrier, then the composite
signal is multiplied by 48. This is done
by  applying a 2000-kc. crystal-
stabilized signal and the output of one
tripler chain to mixer No. 1 (Fig. 28).
The difference frequency in the output
of this mixer is 14,200 ke. with a devia-
tion of 781 cycles. The output of mixer
No. 1 is applied to mixer No. 2, where
it is mixed with the output from the
other tripler chain to produce a dif-
ference frequency of 2000-ke. (the
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original 2000-ke. signal applied to mix-
er No. 1) with a total frequency devia-
tion of 1562 cycles. This signal is ap-
plied to four doublers and a tripler
(multiplication factor of 48), produc-
ing the desired 96-me. carrier with g
frequency deviation of 75 ke.

A major advantage of this system
of dual-channel, frequency multiplica-
tion is that the frequency stability of
the output carrier depends only on the
stability of the 2000-ke. oscillator. Any
drift in the original 200-ke. signal will
cancel in the two mixers. Even so, the
200-ke. signal is usually erystal-con-
trolled to prevent a large drift from
causing the tripler stages to operate
too far off resonance.

Higher Power. The output of the
modulator stage of the REL trans-
mitter is 30 watts; this is used to drive
an amplifier using two 4-125A tubes
for 250 watts output, This can in turn
be used to drive either a 1-kw.
grounded-grid or a 3-kw. grounded-
cathode amplifier.

For still higher powers, the 1-kw



transmitter can drive a 10-kw. ampli-
fier and that, in turn, a 50-kw. am-
plifier.

Performance Specifications. The
system of using phase modulation to
produce f.m.; it is claimed, results in
very low noise and distortion. The per-
formance specifications are:

Audio-Frequency Response: 1 db

from 50 to 15,000 cycles.

Audio-Frequency Distortion: Less
than 11%% between 50 and 15,000
cycles.

F.M. Noise Level: At least 70 db
below 100% modulation.

A M. Noise Level: At least 60 db
below 100% modulation,

Frequency Stability: Less than 2000
cycles.

F.M. i\dodulaﬁon Monitor and Frequency
| Deviation Meters

The FCC requires that all broad-
cast stations be continuously moni-
tored to indieate frequency drift and
the percentage of modulation of the
transmitter at all times. In f.m. broad-
cast stations, one combination instru-
ment usually performs both these
functions and provides an aural moni-
toring signal as well. Before we study
this instrument, let us learn something
about! the general requirements of f.m.
monitors.

MODULATION MONITORS

A modulation monitor must have a
modulation peak indicating device
that can be set to any pre-determined
value from 50 to 120% modulation
and that indicates either positive or
negative swings.

The scale of the modulation meter
is similar in appearance to a standard
VU meter and has a 133% modulation
mark (100-ke. deviation) indicated on
it. A meter scale meeting these require-
ments is shown in Fig. 29. The FCC
requires that the f.m. modulation meter
be much quicker in action than a VU
meter. It, therefore, has different dy-
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namic characteristics from a standard
VU meter and is calibrated in db
rather than in VU,

Considerably more power is neces-
sary to operate this quicker respond-
ing meter. A VU meter with a bridge
rectifier has an impedance of 7500
ohms and can be connected across a
600-ohm line without excessive load-
ing, but an f.m. meter would take con-
siderable power if it were connected
across a 600-ohm line. Generally,
therefore, a rectifier and d.c. amplifier
are used to operate the meter.

FREQUENCY DEVIATION
MONITORS

Any frequency deviation monitor
should be more stable than the source
it is to measure. The FCC require-
ments for f.m. broadcast monitors are
that they have less than 1000 cyecles
variation under all ordinary changes
of temperature, humidity, power sup-

ply voltage, and other conditions af-

fecting the frequency monitor’s accu-
racy that are encountered in the
United States. The frequency varia-
tion of most monitors is generally far

less than this limit—values of 100 or
200 cycles are obtained in practice.

G.E. MODULATION AND
FREQUENCY MONITOR

The General Electric F.M. Modu-
lation and Frequency Monitor is an

»  MODULATION

FIG. 29. The scale used on f.m. modulation
monitor instruments.

example of the type of monitor used
in fm. broadcast stations. A front
view of it is shown in Fig. 30. The
left hand scale indicates the center
frequency deviation from --3000 to
—3000 cycles and the right hand scale
indicates the percentage modulation.
The modulation peaks control can be

set to any value from 50% to 120%;
the OVER MOD lamp will flash to in-
dicate when this value is exceeded.
(75-ke. deviation is considered to be
100%.)

General Operation. The block dia-
gram of this combination f.m. moni-
tor is shown in Fig. 31. The r.f. input
is applied to a 6J6 mixer tube. There
it is combined with a harmonic out-
put of the crystal oscillator (when the
switeh is in the RUN position, which
is its normalone) and a difference fre-
quency of 5.4 me. is obtained. After all
amplitude variations are effectively re-
moved in the p.a. limiter stage and the
compensation circuit, thls 5.4-mc. is
fed to the diseriminator.

When the transmitter is om fre-
quency, the average d.c. output of this
discriminator is zero, and the zero
center scale frequency meter will indi-
cate no deviation. (The diseriminator
is calibrated by connecting it with the
switch in the CALcposition to the 5.4
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esy General Electric :
FIG. 30. This is a front view of the General Electric combination FM Modulahon and Frequency

Monitor. The frequency deviation meter is on the left; the modulation percentage meter is on the -

right.



me. reference crystal oscillator and
adjusting for zero output.)

A drift in the f.m. transmitter will
cause a d.c. output; its polarity will
indicate the direction of drift and its
amplitude the amount of drift. This
will be shown on the center frequency
meter.

The audio-signal output of the dis-

hF.lNPUT

4

MIXER
6J6

also applied through a polarity revers-"
ing switch (MOD POL) and through
an amplifier using a 6SL7 to a 6SL7
rectifier and d.c. amplifier. The output
of this amplifier operates the per cent
MOD meter.

The amplified d.c. can also be used
to trigger a GL-502-A thyratron as a
gas relay tube to operate the OVER-

by MOD. AMP
o

L, 600.0.2V.

5.4 MC. AF OUTPUT
6H6 . I Agxra

»20V-HI=IMP.

OUTPUT

FIG. 31. Block diagram of the GE f.m. monitor.

criminator is applied through a stand-
ard de-emphasis network to a 6SN7
audio amplifier. The output of this
stage can be used for aural monitoring
of the f.m. signal.

The total harmonic distortion of the
diseriminator and audio amplifier is
less than 0.25%. This low value per-
mits this output to be used in measur-

.ing the over-all distortion of the f.m. -

system being monitored. The output is
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MOD flasher and, if desired, an ex-
ternal alarm or counter circuit.
Detailed Operation of Important
Circuits. The limiter, compensator,
and diseriminator circuits of this f.m.
monitor are shown in Fig. 32. The
5.4 me. signal is applied to the grid
of the 6AG7 limiter stage; the stage
output is applied inductively through
L;C, and directly through C; to LoLs
and C; and thence to the diserim-

inator using the 6H6. The voltage
at point d is the vector sum of the
voltage across L, and the r.f. voltage
through Cj; the voltage at point e is
the vector sum of the voltage across
Ls; and the r.f. voltage through Cs.
Since the L, and L; voltages are 180°
out of phase with each other and
90° out of phase with the voltage
through C; at resonance, the voltages

C3
1
jl—_‘
N

voltages are equal as long as the volt-
ages at d and e are equal. The com-
mon point between the two con-
densers is connected to ground. The
frequency adjustment potentiometer
Ry is adjusted until there is no cur-
rent flow through the frequency meter.

However, when the input i.f. differs
from 5.4 mec., the voltage at d and e
will be unequal. The d.c. voltages
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FIG. 32. The limiter, compensator, and discriminator circuits of the GE f.m. monitor.

at points d and e are equal as long
as the input has a frequency of 5.4
me. (the resonant frequency of the
Ly-L3-Cy circuit). (The action of the
circuit to this point is exactly the
same as that of a Seeley discrimina-
tor.)

Since d is connected to one diode
plate of the 6H6 and e connected to
the cathode of the other diode, the
current flow through the two diode
sections is such that the voltages
across C; and Cg will add. These two

across C; and Cg will no longer be
equal—that is, the ratio of the two
voltages will change. There will then
be current flow from the arm on R,
through the frequency meter and to
ground through the polarity switch.
This will cause a meter deflection that
will indicate the amount of frequency
deviation. This form of ‘ratio” de-.
tector frequency discriminator is used
in this circuit because it permits. the
frequency deviation to be indicated

directly on a meter without d.c. am-
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plification. (Since the voltages across
Cs, Ce, Rs, Ry, and R; all vary in
accordance with the amplitude of the
audio modulating signal, C; is used
to by-pass audio variations around
the meter so that it indicates only
the average frequency deviation of
the transmitter—that is, the drift.)
The audio signal across Re indi-
cates the frequency deviation at any
instant. This signal is applied to the
audio amplifier and operates the
modulation percentage meter as indi-
cated before.
» The compensation circuit is used

to counterbalance any amplitude va-
riations in the input i.f. to the limiter
stage. Harmonics are generated by
the limiter action of the 6AG7, and
their amplitude will vary when the

input i.f. level changes even though

the output amplitude does not vary.
The discriminator output will be
affected by these harmonics. It has
been found that a part of the 6AG7
rectified grid” voltage across C; can
be coupled to the frequency meter to
correct this slight amplitude varia-
tion. R; and Rg are used to control
the amount of compensation.
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Lesson Questions

Be sure to number your Answer Sheet 47RC.
Place your Student Number on every Answer Sheet.

Most students want to know their grade as soon as possible, so they

mail their set of answers immediately. Others, knowing they will finish
the next Lesson within a few days, send in two sets of answers at a time.
Either practice is acceptable to us. However, don’t hold your answers too
long; you may lose them. Don’t hold answers to send in more than two
sets at a time or you may run out of Lessons before new ones can reach you.

_ot

10.

. What is the main advantage of the regenerative ring modulator used for

frequency division?

What amount of frequency deviation corresponds to 133% modulation
in standard wide band f.m. transmitters? —

Over what range of phase differences will the ordinary phase discrimina-
tor operate?

What is the practical limit of phase shift per stage usable in the basie
cascade phase shift modulator? :

Why is a three-phase r.f. signal required in a Phasitron tube ecireuit?

Where does the pre-distorting occur in a Phasitron indirect f.m. trans-
mitter?

What would occur if raw a.c. were applied to the filament heaters in a
Phasitron tube?

What is the limit of the amount of phase shift used in practical Phasitron
modulators?

Why is the f.m. modulation percentage meter calibrated in db rather
than VU? '

Why is a form of the ratio f.m. detector used, as shown in Fig. 32, instead
of the conventional Foster-Seeley discriminator in f.m. frequency monitors?

i



TAKE TIME

Here is a quotation from the Santa Fe Magasine
which appealed to me as containing much good, com-
mon_ sense, | hope you too will enjoy it—perhaps
profit by it:

“Take time to live. That is what time is for.
Killing time is suicide.

“Take time to work. It is the price of success.
“Take time to think. It is the source of power.
“Take time to play. It is the fountain of wisdom.

“Take time to be friendly. It is the road to happi-
ness.

“Take time to dream. It is hitching your wagon
lo astar.

“Take time to look around. It is too short a day
to be selfish.

“Take time to laugh. It is the music of the soul.

“Take time to play with children. It is the joy
of joys.

“Take time to be courteous. It is the mark of a
gentleman.”

J. E. SMITH
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