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As compact as a modern “ordinary” receiver, the F. M. receptor is simple to operate and build.

PDesign Notes on a

FREQUENCY MODULATION
RECEPTOR

SYSTEM of radio broadcasting
A and reception that practically

eliminates all natural and man-
made interference has been known to
radio engineers for several years. Only
lately has the news of this new system
reached the public through the me-
dium of newspaper and news magazine
articles. Few people, even well-in-
formed Servicemen, Amateurs or Ex-
perimenters, have a sufficiently clear
idea of the operation of the system to
be able to explain wherein the new and
the old systems of broadcasting differ
and what eliminates the static and in-
terference in the new system.*

The purpose of this article is to
bring out the fundamental differences
in the two systems of transmission and
reception and to explain how the static
is truly eliminated, a feat “proven im-
possible” by several noted and capable
engineers.

The results achieved by the use of

Frequency Modulated transmission
* Swicdy speakior, M. I8 not noY sed Ea- banes

«principles  of Radio
824-828, Ed.

by F. W.

WALTER

M. Carmel, Illinois

Frequency Modulation seems here to stay and so

we present a very line

are located within the

(the new system) are so marvelous
that they must be witnessed to be be-
lieved and fully appreciated. For ex-
ample, in the densely populated sec-
tions of New York City where there is
every conceivable type of elevator con-
trol, and many other types of electrical
equipment producing a regular bar-
rage of electrical noise, programs
transmitted by the new system are re-
ceived with perfect satisfaction in
places where the older type of set was
useless.

Unlike regular broadcasting, fre-

receptor for those who

range of these stations

quency-modulated broadcasting is now
being done on frequencies around 40
megacycles. It is notably free from
interference of all kinds and has, with
a few watts of transmitter power, de-
livered a cleaner signal than hundreds,
or in some cases even thousands, of
watts at broadcast frequencies over
equal distances. In addition, the fidel-
ity obtained with the new system has
been exceptional.

There are two basic characteristics
of a receiver for frequency-modulated
signals that enable the receiver to re-



produce program material without
static. First, the receiver is so de-
signed that it will not respond to am-
plitude variations in the received sig-
nal; therefore, static impulses are not
reproduced because a static discharge
appears as a voltage (or amplitude)
variation. Secondly, the program is
transmitted by means possessing none
of the amplitude modulated charac-
teristics which are similar to static or
other electrical interferences of the
usual type.

Of course, a man-made interfering
signal can be produced intentionally,
but no man-made interference of the
type resulting from sparking electri-
cal equipment, or from automobile ig-
nition systems can generate that char-
acteristic of a Frequency-Modulated
transmission.

Since the explanation of the per-
formance of a receiver for Frequency-
Modulated signals requires a circuit
diagram, the Meissner Frequency
Modulation Receptor was chosen as a
typical example for discussion, and its
particular suitability for illustrating
the various points in the explanation.

Since, as stated above, the first re-
quirement for the elimination of inter-
ference is that the receiver should not
respond to amplitude variations, a por-
tion of the receiver must be designed
to reproduce every signal at the same
level.

Referring to Fig. 2, a portion of the
diagram is labeled “Limiter.” It is the
function of this tube to deliver all sig-
nals (above a certain minimum level)
to the detector at the same level. It
is this tube that “cuts off” (so to
speak) all static, or similar impulses.

Those experimenters who have used
Automatic Noise Suppressors will
have some idea of how this tube works,
but in the case of the A.N.S., the prob-
lem was to cut off only those interfer-
ence peaks that exceeded the modula-
tion peaks. When the interference was
of the ignition noise type, considerable
improvement could be made by the
use of the A.N.S., but when this was of
a continual grinding type of noise, only
a little louder than the desired signal,
the A.N.S. would hardly begin to sup-
press the noise before it would seri-
ously distort the signal.

In the Frequency Modulation Re-
ceptor, the Limiter tube does not have
to distinguish between the difference
in signal strength of the desired pro-
gram and an undesired interfering
noise; its function is to deliver every-
thing, signal and noise, to the detector
at the same level. Harmonic distor-
tion of the signal is of no consequence.

In order to be most positive about
delivering all signals at the same level,
the d.c. voltages applied to the Limiter
tube are such that the tube overloads
easily, and an AVC circuit operated by
this tube is designed to keep it over-
loaded as long as the signal is above
a certain low level. Since very few
AVC circuits hold the output of an
amplifier to a sufficiently uniform level
to suppress all amplitude modulation
and static pulses (even amplified AVC
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Top view of the frequency modulation receptor of commercial make.

Note that it

is not very much different from the ordinary radio superheterodyne receiver.

systems), the overload condition is se-
lected for the Limiter tube. When
once the tube reaches its full output
it can not give more output regardless
of how much more signal is applied to
its grid. The one point that must be
guarded against in the design of the
Limiter is to see that the output of the
overloaded tube does not decrease as
the input signal is increased.

By means of this overload character-
istic, all signals come out of the Limi-
ter tube at the same level. Conse-
quently, if a broadcast signal using the
conventional (Amplitude) Th
type of modulation is €
tuned in on a receiver de-
signed for Frequency
Modulation, the “Limiter
Tube” completely and
thoroughly spoils the pro-
gram. The problem then
to find means for passing
a signal through the
“Limiter Tube” without
having it garbled and dis-
torted. If the conven-
tional (Amplitude) type
of modulation is ruined
by the “Limiter Tube” it
is obvious that some other
type of modulation must
be employed.

Since the frequency of
the signal is not changed
by passing through the
“Limiter Tube,” a type of
signal is transmitted in
which sound-pressure va-

in all uhf work, the leads must be short.

riations in front of the microphone are
translated into frequency variations in
the transmitted carrier. After hearing
of crystal control for the frequency of
transmitters for so many years, and
hearing boasts about frequency sta-
bility within one or two cycles per
million, the idea of working with a
signal whose frequency is inten-
tionally made to shift as much as 75
ke. (75,000 cycles) to either side of
its nominal frequency is nothing short
of revolutionary, but it is the basic

underchassis view indicates that as
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idea .of a frequency-quulated signal. g % AVC voltage to be developed. At first
and is thg char:acterlstlc of the SIgpal 8 60 N glance it might seem peculiar to allow
from which this type of broadcasting this grid to draw current since such

takes its name.

In the receiver, the signal fed into
the Limiter tube varies in frequency
and may vary also in amplitude be-
cause of fading. The signal coming
out of the “Limiter Tube” varies only
in frequency but has constant voltage.

The frequency modulation receptor

installed in a fine large console.

Since all detectors converting i.f. sig-
nals into audio signals are devices that
work solely through voltage varia-
tions, some device is necessary to con-
vert the frequency variation of the sig-
nal back to voltage variations so that
the detector may have a voltage varia-
tion to rectify.

2.0 2.1 2.2 23
FREQUENCY IN MC AT INPUT OF LIMITER

The transformer connecting the
plate of the “Limiter Tube” to the
diode is the device which performs this
function. In fact, it is like the dis-
criminator transformer used in sets
employing A.F.C. (Automatic Fre-
quency Control), but it is working at
a higher frequency (2100 kc.) than the
conventional A.F.C. transformer and
accommodates a wider frequency va-
riation.

It is the characteristic of this cir-
cuit that, at the frequency to which
both primary and secondary are tuned,
no voltage is developed across the
diode load resistors but, as the fre-
quency departs from exact resonance
in one direction, a positive voltage is
developed across the load resistors
while, if the frequency departs from
exact resonance in the opposite di-
rection, a negative voltage increases.
This transformer, together with the
double-diode detector, converts fre-
quency variations back into audio volt-
age variations, which are amplified in
the normal manner and reproduced by
a conventional loudspeaker.

Limiter AVC

An examination of the circuit feed-
ing the grid of the “Limiter Tube” will
show a striking similarity to the con-
ventional diode AVC circuit with the
exception that, in place of a diode at
the high-potential end of the i.f. trans-
former secondary, the grid of the 1852
tube is used.

Those familiar with diode AVC ac-
tion will realize that this grid must
draw grid current in order for the
B63K7

01140

6SK7 01140

action in a normal receiver would re-
sult in considerable distortion, but it
must be remembered that amplitude
variations do not accompany the car-
rier in a frequency-modulated signal,
and therefore, amplitude distortion in
this part of the receiver is entirely
permissible. From the low-potential
end of this transformer secondary, a
conventional circuit of AVC resistors
and condensers connects to the pre-
ceding amplifier tubes to regulate the
gain of the i.f. amplifier to an amount
that will keep the “Limiter Tube”
overloaded as described in a preced-
ing section.

Characteristics of the Signal

It has been said in many places in
the preceding part of this article that
the principal difference between this
signal and the conventional broadcast-
ing signal is that the program mate-
rial is transmitted by wvariations in
frequency instead of by wvariations in
amplitude. It has not been brought
out in so many words until now, how-
ever, that the loudness of any partic-
ular tone in the program is propor-
tional to the amount of the frequency
shift.

In other words, during a pause in
the program, that is, a moment of si-
lence, the carrier is fixed in frequency,
and as modulation is applied, increas-
ing from a whisper up to full volume,
the amount of carrier shift increases
from zero up to a maximum of 75 ke.
(according to present standards of op-
eration.) The frequency of the audio
note corresponds to the number of

(Concluded on page 45)
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F. M. Receptor
(Concluded from page 12)

times per second that the carrier shifts
from its lowest frequency to its high-
est frequency and back.

The frequencies utilized at the pres-
ent time for this type of program lie
between 39 megacycles and 44 mega-
cycles. Those familiar with television
performance will recognize that these
frequencies give reliable performance
only slightly beyond the optical hori-
zon but in certain cases travel very
long distances. These long-distance
transmissions can not be relied upon to
be consistent, however.

In the Frequency Modulated Re-
ceiver, a stage of r.f. amplification,
easily identified in the circuit diagram,
has been employed to give high sensi-
tivity and signal-to-noise-ratio and to
provide a much better
than could be obtained without its use.
As in television receivers, the r.f. am-
plifier tube employed is an 1852 giving
very high gain, but because the pass

image-ratio :

band, 150 kc., is much narrower than
the 2 to 3 megacycle pass band of a |
television receiver, it is not necessary

to broaden the r.f. circuits by connect-

ing resistances across them as in the .

case of television r.f. circuits.

There is an interesting point in the

circuit diagram to observe in the cath-
ode circuit of the r.f. amplifier. There
are two resistances in series, one of
which is 110 ohms, bypassed to ground
in the normal manner, but the other
resistor is not bypassed. This un-by-
passed resistor introduces some degen-
eration into this stage and stabilizes
the action of the tube. It also reduces
the effect of the plate on the grid cir-
cuit and reduces the loading of the
grid. If the tube had its entire cath-
ode resistor bypassed, it would act as
a resistance shunted across the tuned
circuit, a phenomenon associated only
with operation at very high frequen-
cies.

The circuit of the i.f. amplifier looks
very much like a television amplifier
circuit, inasmuch, as all transformers
have resistors connected across both
windings. This is done to smooth out
the humps in the tuning curve after
the transformers have been “overcou-
pled’ to give the width of band pass
necessary for proper operation.

Because of the number of stages
used to obtain the selectivity charac-
teristics desired, it is not necessary to
use tubes with extremely high gain.
The tubes used are therefore, not tele-
vision amplifier tubes, but tubes more
commonly used in normal receiver de-
sign, type 6SK7. These tubes perform
much like the more common 6K7 but
have a little more gain, and have the
convenience of the single-ended con-
struction with no grid cap on top. As
explained in a preceding section, the
gain of the amplifier is controlled
automatically by voltage fed back
from the “Limiter Tube” for that pur-
pose.

The translator tube (combined os-
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Now Yo casn enfoy radio!
with the New Meissner

FREQUENCY MODULATION RECEPTOR

o Tl

Biggest Achievement of the Decade!

The most outstanding development since the beginning of radio
—staticless, interference-free reception is now a practical reality.
Frequency Modulation has eliminated the biggest obstacle to
real quality reception and now provides the only system capable
of true High-Fidelity reproduction. Dozens of F-M stations are
now operating — many more are under construction.

— And again Meissner is first with this
ten-tube Receptor for Frequency Modula-
tion! Use it as a “'Tuner’’ with your present
radio set or with any good external audio
amplifier to begin immediately enjoying
this amazing new method of reproduction!
The Receptor is complete, except tubes,
factory-wired and aligned -—ready to
operate. Just hook up the antenna, connect
its output to the audio system and you're
ready to go. Frequency range is 39 to 44
megacycles — vernier type dial with 714"
linear scale for easy, accurate tuning.
Only two other controls — volume and
tone. Fully self-powered with positive
voltage regulation for maximum stability.
Operates on 110-volts, 60 cycles.

INSTRUCTION MANUAL
Get your copy of this big NEW 168-page
book, “"How to Build Radio Receivers'.
Contains added material on Frequency
Modulation theory and design principles
as well as complete instructions on the
Receptor. See your Jobber or send 50c at
once to the address below. Order it today!

The F-M Receptor chassis provides space
and punchings for two additional tubes so
that a high-fidelity audio system may be
built right into the unit if desired, thus
making it a complete twelve-tube receiver.
Complete instructions and diagrams are
turnished with each Receptor for the addi-
tion of the built-in audio system — a simple
half-hour job for anyone. In order to com-
plete the picture, Meissner has made avail-
able a specially designed, two-toned wal-
nut console cabinet with large bass-reflex
tone chamber, — a truly beautiful piecz of
furnituretohousethe complete F-Mreceiver.

See this remarkable unit at your Jobber's
today or write at once for further details!

COMPLETE CATALOG FREE
Meissner's entire line of receiver com-
ponents and complete kits is described
and illustrated in this big 48-page catalog.
Over 600 items of vital interest to the serv-
iceman and experimenter. Write for your
free copy today. A postal card will do!

ADDRESS DEPT. N-§

MT. CARMEL
ILLINOIS

“A FAMOUS NAME FOR TWO DECADES "
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The JENSEN line of speakers is
the most complete available.
Starting with 4 and 5-inch light-
duty sizes, it includes 8, 10 and
12-inch light-duty and heavy-
duty models as well as repro-
ducers (incorporating 2 or more
speakers) for the most critical
listener, and heavy-duty combi-
nations intended for the largest
audiences. All these new speaker
systems incorporate multicellular
horns. Your JENSEN Distributor
can supply any speaker need—at
no premium for JENSEN quality.

'SPEAKERS

RADIO NEWS

cillator and first detector) is a type
6SAT, noted for its freedom from oscil-
lator frequency shift. The feedback
necessary to make the tube oscillate is
obtained by connecting the cathode to
a tap on the tuned circuit. It is a
peculiarity of this tube that the lead
from the cathode of the tube to the tap
on the coil must be very short when
working at high frequencies.

Since the proper functioning of the
detector circuit requires the mid-fre-
quency of the if. system to remain
tuned to the center of the i.f. response
curve, every effort has been made to
prevent drift in any of the important
circuits.

Although it is most convenient to
aligh the receiver with a frequency-
modulated oscillator, a satisfactory job
can also be done with an accurately-
calibrated signal generator or oscil-
lator covering a range in the vicinity
of 2.1 mc. The object of alignment is
to adjust the i.f. trimmers so that the
i.f. system has a pass band from 2.0 to
2.2 mc., and then to adjust the detec-
tor coil to cover exactly the same
band.

Proceed as follows:

1. Disconnect the mixer coil, the

. center coil on the r.f. assembly from

terminal No. 8, control grid, of the
6SA7 tube. This is point “C” on the
circuit diagram.

2. Connect the “hot” outpui termi-
nal of the generator or oscillator to
this grid, and the ground terminal to
the chassis.

3. Connect a 0-50 or 0-200 microam-
meter in series with the ground end of
the 100,000 ohm resistor R1 which con-
nects the black wire from the 3rd if.

; coil to ground. This will measure the

grid current of the 1852 “Limiter
Tube.” Thirty to 100 microammeters
is all that should be expected at this
point. If an Analyst or electronic volt-
meter is available, it can be connected
directly to the grid return lead (black

- wire) of the same transformer with-

out disconnecting the resistor. This
measures the Limiter grid bias volt-
age. A reading of 3 to 10 volts should
be considered normal.

4. Set the oscillator at 2,175 ke. and
align the if. trimmers for maximum
response. Then go over all trimmers
and tighten (turn clock-wise) them
very closely until, on each trimmer,
a barely perceptible decrease in Lim-
iter grid current or bias voltage is
noted. Then adjust the oscillator dial
to 2,025 ke. The grid current (or volt-
age) should be approximately the
same as at 2,175 kc. If it is not, ad-
just the if. trimmers for maximum
response, leaving them in the loosest
position which will give this response.
Then repeat the previous adjustment
at 2,175 ke. The output should remain
nearly the same when tuning between
the two frequencies, and should begin
to decrease on each side of the two
frequencies. The approximate i.f. re-
sponse curve is shown in Fig. 1.

5. Remove the microammeter and
re-connect the 100,000-ohm resistor as
it was before.

6. Connect the microammeter in se-
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ries with the ground end of the 100,-
000-ohm resistor, R2, which joins the
2-megohm resistor in the detector load
circuit to ground. A high impedance
electronic voltmeter, such as that in
the Analyst or similar device, can be
connected between the junction of the
100,000-ohm and the 2-megohm resis-
tor and ground. (Point B.) This
measures the detector output current
or voltage.

7. Adjust the test oscillator to 2,200
ke. Adjust both trimmers on the de-
tector coil (01142) for a peak. Re-
adjust the oscillator to 2,000 ke. Re-
verse the connections to the micro-
ammeter or electronic voltmeter or
read reversed voltages. Again ad-
just the two trimmers for a peak,
turning them only a small amount
one way or the other. Then slowly
tune the oscillator to 2,100 kc.; the
detector-output current or voltage
should decrease. Carefully re-adjust
the trimmer nearest the 6H6 tube un-
til the current or voltage is zero. An
insulated screwdriver is essential; this
is an extremely important operation.
Turning the oscillator dial one way
should make the voltage positive and
the other way negative. Again set the
oscillator to 2,200 kc. and adjust the
trimmer nearest the 1852 tube for a
peak. Repeat the previous operation
of centering the zero reading on 2,100
ke. as was done with the other trim-
mer. This completes the alignment of
the i.f. channel. Re-connect the 100,-
00-ohm load resistor R2 to restore the
circuit to its original condition. An ap-
proximate detector response curve is
shown in Fig. 2.

8. Re-connect the control grid of the
6SA7 to the mixer coil and disconnect
the generator from this point. (Point
C.)

9. Connect an antenna to the Re-
ceptor and again prepare to measure
the Limiter grid current or voltage.

10. Set the dial of the Receptor to
the frequency of any ¥-M transmitter
that is within receiving range. The
oscillator trimmer is the small varia-
ble condenser, provided with a screw-
driver adjustment, on the sub-chassis
near the dial. This should-be adjusted
so that the received signal produces a
current or voltage reading on the Lim-
iter grid. Then adjust the trimmers
on the mixer and antenna coils for
maximum reading at the Limiter grid.

These trimmers should align rather
loosely. If they are tightened so that
the frequency of the r.f. circuit equals
the oscillator frequency, spurious os-
cillations and responses are produced.
The oscillator frequency is normally
2,100 kec. lower than the signal fre-
quency. When the above adjustments
are completed and the 100,000-ohm
Limiter grid load resistor is again
grounded, the Receptor has been
aligned. Do not attempt to operate
the Receptor without an antenna.

Inverse Feedback Amplifier

Some receivers, like the one shown,
are manufactured as a self-powered
tuner to be used with an external am-
plifier. Such an amplifier may be a
regular public-address unit.



