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FM 1000

Ohms
CONSTRUCTION EMITTER Load
for Powaer
TYPE USE Plate Negative Plate | Screen | Plate | Transcon- | Ampli- | Stated | Output
Bulb Size Basing Diss. | Plate rid | Screen | Current | Current | Reais. | ductance |fication | Powsr | Milli-
or Style Class Diag.! | Volts | Ampa. Watts? | Volts | Volts | Volts Ma. Ma. Ohms | Micros. | Factor | Qutput | watts
nIL/M7GT  T-9 Diode Beam 840 117 0.090 H-W Rect. 6.6 117 A.C. Volts, RMS, 75 Ma. Qutput Current. Condenser Input to Filter.
Peantode Power Amp. 105 5.2 105 43 4.0 17000 5300 P 4000 850
11723 T-5% Diode _4CB 117 0040 H-W Rect. .... 17 Volts Per Plate (RMS), 90 Ma. DC Output.
H117Z6GT T-9 Duadiode 7Q 117 0.075 Volage Dblr. .... 117 AC. Volts Per Plate, RMS, 60 Ma. Output Current.
407A T-64% Duotriode 407TA 40 0.050 Amplifier 135 150 2400 - 8.2 e 6370 5500
GB-407A (3} 20 0.100
408A T-514 Pantode 78D 20 0.050 Amplifier 1.7 120 200" 120 7.0 2.2 340000 5000
GB-408A(3) i
417A T-61% Triods )Y 6.3 0.300 UHF R-F Amp. 4.0 Charantnristir_zg Same as Typs 5842.
807 8T-16 Baam Pant. 5AW 6.3 (.900 P.P.AB1 Amp. 25 400 45 B 60-140t e (Current, Qutput for 2 Tubes) 3000 15000
807W (3) T-12 P.P.AB2 Amp. 400 25 300 90-240t  2.15t  (Current, Qutput for 2 Tubas) 3200 55000
P.P.AB2 Amp. 600 30 300 60-200t 0.7-16% (Current, Qutput for 2 Tubes) 6400 BOOOO
884 §T-12 Qas Triode  6Q 63 0600 Relay Tuba .. 300 .... 75 For Relay Operation Limit Time to 30 Secs. 300 Ma. Pe
Currant. 16 Valt Tube Drop.
FM1000 Lock=in Heptode FM 1000 6.3 0.300 F-M Det,
1216 (3) T-544 Duotriode 7BF 6.3 0.300 Computer 0.55 100 470" Cee 4.8 - 7950 3400 27 . A
GB-1216 (3) 150 0 ..v. 48 Min. Plate Res. = 20K Ohms. Grid Ras. = 47K Ohms.
o ) ~ 15 10 ... 04 Max. Plate Res. = 20K Ohms. Grid Res. = 47K Ohms.
1217 (3) T-54 Heptode 7CH 6.3 0.300 Dual-Control 1.0 67.5 0 87.5 Grid No. 3 = 0 Volts 2400
GB-1217 (3) Computer 67.5 4 67.5 Grid No. 3 = 0 Volts 171

0 o T S
150 0 75 58 9 Ab=20K, RG3=47K, RG1 = 47K, RG2-4= 470 Ohms

FM1000



F-M Simplified by Milton S. Kiver
D. Van Nostrand Company, Inc. 1947
Excerpt from Chapter 7, F-M Detectors

The Philco Single-Stage F-M Detector. There has recently appeared an F-M
receiver which utilizes a locked-in oscillator in a manner somewhat similar to the
Beers receiver. However, due to the nature of the feedback between the mixer
section of the unit, and the oscillator, no discriminator is required. Instead, the
audio output 1s obtainable directly from the plate-current variations of the mixer
tube.
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FiG. 7.32. The Philco single-stage F-M detector

The basic circuit of the F-M detector is shown in Fig. 7.32. The tube, which was
specially designed for this purpose, is a heptode. The cathode and the first two
grids serve as an electron-coupled oscillator with grid 2 as the plate. Grids 2 and 4
are connected together, but both grids are at [.LF. ground potential. The input L.F.
signal is fed in at grid 3, whereas the feedback or quadrature circuit is connected to
the plate of the tube. Both the oscillator and the quadrature circuit are resonant to
the LLF. In order to insure the proper kind of feedback, the quadrature circuit is
damped with a relatively low resistor (4700 ohms) so as to have a bandwidth which
is roughly six times that required by the F-M signal.

The oscillator grid is closest to the cathode and it will exert the greatest influence
over the flow of electrons. The oscillator functions class C and permits electrons to
flow past grid 1 only in short pulses. Throughout the remainder of the cycle the
grid is biased beyond cut-off. The second controlling element in the tube is grid 3.
Its voltage will determine how much of the pulse passed by the first control grid
reaches the plate. There are thus two factors controlling the amount of plate current
that flows to the quadrature circuit. As we shall see presently, it is through this dual
control that the circuit is able to function.

The basic operation of the circuit depends upon the fact that the pulses of current
that the oscillator grid permits to flow is further modified in magnitude by the
second (or signal) control grid 3. If, at some instant, the potential of grid 3 is more



positive than its normal value, an increased plate current will flow through the
quadrature coil. Conversely, if grid 3 is more negative, less than the average current
will flow. Through the intersection, of the oscillator and the quadrature coils, the
change in current will alter the frequency of the oscillator. From the oscillator
frequency variation, F-M demodulation occurs. Essentially, then, lock-in between
the oscillator and the frequency variations of the incoming F-M signal must occur.
In this respect, the circuit is similar to the Beers receiver. However, here the
similarity ends.

The circuit consists of three main sections: the oscillator, the quadrature circuit, and
the second control grid (No. 3) where the incoming signal is applied. The oscillator
is a Hartley, designed to generate a frequency equal to the center frequency of the
I.F. band. This is in the absence of any signal voltage. However, when a signal
appears (assume for the moment that it is not modulated) , the oscillator adjusts
itself to lock-in with the signal. Throughout the lock-in range, the frequency of the
oscillator and the signal will be identical.

The lock-in of the oscillator is brought about by the transfer of energy (coupling)
between the oscillator coil and the quadrature coil. The quadrature coil is designed
so that its impedance does not appreciably change over the range of frequencies of
the incoming signal. To insure this, the coil is made to possess a bandwidth
approximately six times that which is actually required. This is the reason for the
low-valued damping resistor (4700 ohms) .

The quadrature coil is inductively coupled to the oscillator and any change in plate
current in the quadrature circuit is reflected immediately into the oscillator. The
reflected impedance consists of two parts, a resistive component and a reactive
component. The resistive loading remains constant because of the low-valued
resistor; The reactive component, however, will vary directly with the plate current.
It is this reflected component which causes the oscillator frequency to vary. It is
important that only the reactive feedback vary; otherwise, the amplitude of the
oscillator signal will fluctuate producing an additional A-M component which is
not part of the original signal.

The incoming signal controls the flow of plate current and this, in turn, because of
the quadrature circuit, affects the oscillator frequency and causes it to lock-in with
the incoming signal. The oscillator frequency is thus kept the same as the signal.
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FIG. 7.33. Interation between the signal voltage and the oscillator pulses to
regulate the oscillator frequency. In (A) the two signals are identical; in (B) and C)
the signal frequency is either slightly higher or lower than the oscillator.
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FIG. 7.34. (A) The proper response characteristics from the demodulator.
(B) and (C) are the result of an improper adjustment.



The control of the plate current by the signal grid (No.3) is illustrated in Fig. 7.33.
In A of Fig. 7.33, the incoming signal has the same frequency as the oscillator and
the pulse of current passes through the tube when the signal grid is going through
zero. Under this condition the two frequencies are locked together and the average
plate current (of the pulses) is such as to maintain this condition. If, upon
application of the signal, the exact phase relationship between the signal and the
oscillator pulses is not as shown in Fig. 7.33A, then the average value of the plate
current will change sufficiently to swing the oscillator into line. Thereafter, the two
are locked in synchronization and the situation shown in Fig. 7.33A prevails.

When the signal frequency changes frequency — with modulation — the phase of
the signal voltage (with respect to the pulses of plate current) changes, either
increasing or decreasing the average value of the current. This change, reflected in
the oscillator circuit, appropriately increases or decreases its frequency to the new
value. When the new frequency is attained, the phase between signal voltage and
oscillator is again as shown in Fig. 7.33A.

Now the question is: How do these variations in oscillator frequency bring about
demodulation of an F-M signal? Simply this — the average value of the current
over any cycle is directly proportional to the peak value of the fundamental
component of the pulse. (A pulse will contain a strong fundamental and many
weaker harmonics. The fundamental, of course, is the oscillator frequency.) Now, if
the signal frequency rises, so will the oscillator frequency and the average value of
the plate current will change. In this circuit, the current decreases. See Fig. 7.34.
Conversely, if the signal frequency decreases, the oscillator frequency will
decrease. This time Fig. 7.34 indicates that the plate current rises. Thus, plate
current will vary with frequency and the circuit is designed so that the current
varies in a linear manner (see Fig. 7.34). By placing a resistor in the plate lead, R of
Fig. 7.32, we can obtain an audio voltage to feed the audio amplifiers that follow.

Note that the entire action will prevail only so long as the oscillator is locked-in
with the incoming signal. If the signal voltage is too small (below one-half volt for
full 75-ke deviation) or the signal frequency shift too large, then the oscillator will
slip out of control and return to its free-running frequency. This is shown in Fig.
7.34 by the series of broken dashes at the extremes of the discriminator response
curve. An advantage of the requirement of a minimum voltage needed for control
of the oscillator is the elimination of interstation noise. This is common with the
conventional limiter discriminator arrangement. Its disadvantage is the loss of
control that may occur with weak signals. However, weak signals tend to be noisy
(even with F-M) and therefore the loss may not be too disadvantageous. With
sufficient strength, amplitude variations in the signal do not cause change in the
average plate current. What happens is that with a change in signal amplitude, the
oscillator phase readjusts itself slightly to maintain the plate current required for
that frequency.

Adjustment of the circuit consists in aligning the quadrature circuit for a lincar
response characteristic, Fig. 7.34A. If the circuit is detuned, the nonlinear curves of
Figs. 7.34B and 7.34C are obtained.



Excerpt from Chapter 13, Commercial F-M Receivers:
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The Philco F-M type of detector, using the specially designed F-M 1000 tube,
follows the third I.LF. amplifier. It is the same detector which was described in
Chapter 7. Plate-current variations, due to the fluctuations in oscillator frequency,
produce the demodulated audio voltage across the 47,000-ohm resistor in the plate
circuit of the F-M 1000 tube. The output is taken through a 0.03-mf condenser and
100,000-ohm resistor to the F-M push button and from here to the 2-megohm
volume control. B+ voltage is applied to the various electrodes through the F-M
push button and is active only when the switch is on.



