






























































































































































































age peak is directly proportionate in size to the modulating audio 
voltage. 

Operation Below the Center Frequency 
Fig. 7-4 shows the important currents and voltages in this cir­

cuit when the carrier is below the center frequency. Tuned cir­
cuit L3-C3 will now be operating more nearly at its resonant fre­
quency. The oscillation of electrons in that tank becomes stronger, 
and more current flows through diode V3 and resistor R2. This 
results in a much greater voltage drop across R2. 

At the same time, the oscillation in upper tank L2-C2 will be 
drastically weakened because it will be operating far from its 
resonant frequency. The response curve of Fig. 7-5 which applies 
to this tank indicates a very low response. So only a small current 
will flow upward through Rl and develop only a small voltage 
across this resistor. This voltage will be positive at the top of Rl. 

The output is the sum of the two voltages across Rl and R2. 
The junction of these two resistors is at a fairly large negative 
voltage with respect to ground, by virtue of the larger current 
flowing through R2. Thus the total output voltage, measured at 
the top of Rl, will also be negative. Again this is consistent with 
Fig. 7-1, which indicates that a negative audio peak voltage is as­
sociated with a lower operating frequency. It is also consistent 
with Fig. 7-5, which illustrates that a lower operating frequency 
leads to negative output voltages. 

Summary 
From the foregoing discussion it is evident that the output volt­

age varies from positive to negative at an audio rate which de-: 

RESONANT 
FREQUENCY OF 

TANK 
L3--C3 '-.... 

RESPONSE CURVE OF TANK L2-C2 

\ 
RESONANT FREQUENCY 
OF TANK L2-C2 

RESPONSE CURVE OF TANK L3-C3 

Fig. 7-5. Response curve of the detuned discriminator. 
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pends on the excursion frequency of the carrier. The latter is of 
course the same as the frequency of the modulating audio voltage. 
Thus the audio frequency has been reproduced by this type of 
demodulation. 

The amplitude of the audio-output voltage depends on how 
greatly the carrier deviates from the center frequency. A devia­
tion toward a higher frequency causes a positive voltage at the 
output point, and a deviation toward the lower frequencies causes 
a negative voltage. In either case the size of the deviation deter­
mines the size of the output voltage. Since the amount of fre­
quency deviation is controlled by the amplitude of the modulat­
ing audio voltage within the transmitter, this discriminator circuit 
can accurately reproduce the intended audio amplitude as well as 
frequency. 

TUNED DISCRIMINATOR 

Figs. 7-6, 7-7, 7-8, and 7-9 represent four quarter-cycles in the 
operation of a tuned discriminator circuit at the center frequency. 
As with the detuned discriminator discussed previously, the func­
tion of this circuit is to demodulate a frequency-modulated signal. 
Unlike the detuned discriminator, however, two tuned circuits 
are used instead of three, and the primary and secondary tuned 
circuits are coupled inductively and capacitively. (The signifi­
cance of this dual coupling will be discussed later.) The operation 
of this circuit is somewhat more difficult to visualize than it is for 
the detuned discriminator. 

Identification of Components 
The tuned discriminator includes the following necessary cir­

cuit components: 
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Rl-Cathode biasing resistor for Vl. 
R2-0utput resistor for V2. 
R3-0utput resistor for V3. 
Cl-Primary tank tuning capacitor. 
C2-Coupling capacitor between two tank circuits. 
C3-Secondary tank tuning capacitor. 
C4-Filter capacitor for V2. 
CS-Filter capacitor for V3. 
LI-Primary tank inductor. 
L2-Secondary tank inductor. 
VI-Final IF amplifier tube, usually a pentode. 
V2-Upper-diode detector tube. 
V3-Lower-diode detector tube. 



Identification of Currents 
The following electron currents are at work in this circuit: 

l. Plate tank current (solid red). 
2. External current driven by plate tank current (dotted red). 
3. Secondary tank current (dotted blue). 
4. Upper-diode current (solid blue). 
5. Lower-diode current (green). 

Details of Operation 
To understand the operation of this circuit, it is necessary to 

review its operation on a single-cycle basis at the center fre­
quency, and also above this frequency. Figs. 7-6 through 7-9 show 
the four successive quarter-cycles of operation at the center fre­
quency, and Fig. 7-10 the significant voltage waveforms during a 
single cycle. 

Operation at the Center Frequency 
It is not readily apparent from the circuit diagrams, but induc­

tors Ll and L2 are two halves of a radio-frequency transformer. 
Hence, any change in the amount of current flowing through Ll 
will induce a voltage and a companion current in secondary wind­
ing L2. Also, any changes in the voltage at the top of the primary 
tank circuit simultaneously will be coupled-via capacitor C2-
to both sides of the secondary tank and to both detector diodes. 

It is a well-established fact that when two tuned circuits are 
operated exactly at resonance, the two tank voltages will be ex­
actly 90°, or a quarter of a cycle, out of phase. Usually the sec­
ondary tank voltage is said to lag the primary tank voltage by a 
quarter of a cycle-meaning the voltage at the top of the second­
ary tank circuit will reach its positive peak a quarter of a cycle 
after the voltage at the top of the primary tank reaches its posi­
tive peak. 

The resonant frequency of these tank circuits is the center fre­
quency. In the amplifier volume of this series, the chapter on 
radio-frequency amplifiers contains a detailed discussion of tuned 
circuits and their operation in the vicinity of their resonant fre­
quency. The entire discussion will not be repeated here; any 
readers wishing to learn more about tuned circuits are referred to 
this volume. 

Looking at Fig. 7-10 in conjunction with the four quarter-cycle 
diagrams, you will see that the voltage across primary tank circuit 
Ll-Cl is positive during the first two quarter-cycles, reaching its 
peak at the end of the first quarter-cycle. During the last two 

99 



PRIMARY 
TANK 

VOLTAGE 

PRIMARY 
TANK 

CURRENT 

CURRENT 
COUPLED 
THROUGH 

C2 

SECONDARY 
TANK 

CURRENT 
(SUPPORTED 

BY INDUCTION) 

RF 
CHOKE 

OUTPUT 
CURRENTS 

FLOW 
CONTINUOUSLY 

Fig. 7-6. Operation of the tuned discriminator at the center frequency­
first quarter-cycle. 

quarter-cycles, the tank voltage is negative, reaching its peak at 
the end of the third quarter-cycle. This oscillatory voltage across 
the primary tank is accompanied by an oscillatory current (red) 
through it. During the first quarter-cycle (Fig. 7-6), this current 
flows downward through coil Ll and delivers electrons to the 
lower plate of tank capacitor Cl, leading to a negative peak volt­
age on the lower plate and a positive one on the upper plate. 

During the second quarter-cycle (Fig. 7-7), this tank current 
reverses and flows upward through the coil. The charge ( elec­
trons) stored in the capacitor is redistributed, taking a half-cycle 
to do so, and the tank voltage reverses polarity. The voltage at the 
top of the primary tank reaches its negative peak at the end of 
the third quarter-cycle (Fig. 7-7) . 

The purpose of capacitor C2 is to couple this tank voltage di­
rectly to both sides of the secondary tank circuit. This is accom­
plished by connecting C2 to a center tap on coil L2. The resultant 
current flow, shown in dotted red lines, flows to the left during 
the first two quarter-cycles and to the right during the last two. 
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Fig. 7-7. Operation of the tuned discriminator at the center frequency­
second quarter-cycle. 

Called an "external" current to the oscillation in the primary 
tank, it constitutes a load on the primary tank oscillation and, like 
any other loss or load current, should be kept as small as pos­
sible. 

This current provides the necessary function of simultaneously 
transferring the polarity of the voltage at the top of the primary 
tank to both sides of the secondary tank. This positive polarity­
indicated by the red plus signs on both plates of capacitor C3 dur­
ing the first two quarter-cycles-results from the fact that the 
external current from the primary tank is drawing electrons away 
from both sides of the secondary tank. These electrons, which 
make up the external current, will continue to be drawn toward 
the primary tank during the first two quarter-cycles as long as 
the voltage across the primary tank is positive. During the third 
and fourth quarter-cycles, the tank voltage across the primary 
tank circuit has a negative polarity at the top and these electrons 
will be repelled. This accounts for the red minus signs on both 
sides of capacitor C3 in Figs. 7-8 and 7-9. 
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A primary function of coupling capacitor C2 is to isolate-or 
"block"-the high positive voltage of the power supply connected 
to the bottom of Ll and Cl from the plates of the two diode de­
tectors. This coupling function can always be performed better by 
a piece of straight wire than by a capacitor. It should be under­
stood that neither side of the primary tank ever reaches a true 
negative voltage; instead, the voltage varies between a low and a 
high positive value. Thus, on alternate half-cycles, each plate of 
capacitor Cl is shown as being negative, but actually it is nega­
tive only with respect to the other plate. 

The oscillating voltage in the secondary tank circuit is sup­
ported by induction between Ll and L2. These two coils are in 
reality two windings of a radio-frequency transformer. Fig. 7-10 
indicates that this oscillation of electrons leads to a peak of posi­
tive voltage on the upper plate of capacitor C3, and to a peak of 
negative voltage on the lower plate, at the end of the second 
quarter-cycle. 

To determine the total voltage applied to the plate of the upper 
diode at any moment, it is necessary to add the amplitudes of the 
two separate voltages at that point. Since the amplitudes are rep­
resented by the waveforms labeled A and Bin Fig. 7-10, the sum 
of the two can be represented by waveform E. Observe that the 
positive peak of this voltage sine wave occurs midway in the sec­
ond quarter-cycle-after the peak of coupled voltage but before 
the peak of oscillatory voltage. This is the moment when upper 
diode V2 will conduct the most electrons. This diode current 
(solid blue in Fig. 7-7) flows from cathode to plate within the 
tube, downward through coil L2 to the center tap, and back 
through the RF choke to the bottom of resistor R2. From here it 
flows upward through R2 and returns to the cathode. This current 
causes a positive voltage at the top of R2, and also on the upper 
plate of capacitor C4. This positive voltage becomes a portion of 
the discriminator output voltage. The balance of the output volt­
age is developed across resistor R3 by the other diode current. 

The sine wave (labeled waveform C in Fig. 7-10) represents the 
amplitude of the oscillatory voltage at the bottom of tuned sec­
ondary tank L2-C3. Obviously, this voltage should always be a 
half-cycle out of phase with the oscillatory voltage at the top of 
the tank. From waveform C we can observe that the oscillatory 
voltage at the bottom of the tank reaches its positive peak at the 
start of the first quarter-cycle. 

The total voltage at the bottom of the tank is found by adding 
waveforms A and C together, giving the waveform labeled E in 
Fig. 7-10. This voltage reaches its positive peak midway in the 
first quarter-cycle-after the oscillatory tank-voltage peak but 
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before the voltage peak due to the capacitive coupling from the 
primary tank circuit. This is the moment when maximum conduc­
tion occurs through lower diode V3. The complete path of these 
electrons is indicated (in green) in Fig. 7-6 only, since this is 
probably the only quarter-cycle in which the lower diode con­
ducts at all. The complete path takes the electrons from cathode 
to plate within the tube, upward through the lower half of coil L2 
to the center tap and out, through the common return line to the 
upper end of R3, then downward through this resistor and back 
to the cathode. This current flow develops a voltage across R3 
which then becomes part of the output voltage. Since the lower 
end of R3 is connected to ground, the upper end must be more 
negative. The downward flow of electrons toward the more posi­
tive lower end verifies this statement. 

The detector output voltage is the algebraic sum of the voltages 
across output resistors R2 and R3. When the discriminator circuit 
is operated exactly at resonance-which is the center frequency­
these two voltages will be equal in value but opposite in sign, so 
their sum will be zero. Recall that Fig. 7-1 related the modulating 
audio-voltage waveform to the carrier-frequency waveform. Here 
you can see that when the modulating audio voltage is crossing 
its own reference line and is therefore zero, the carrier will be 
exactly on its center frequency. Thus, when the modulating audio 
voltage is zero, so is the demodulated ( detected) output voltage. 

The Filtering Actions 
C4 and C5 act as conventional filter capacitors, in conjunction 

with output resistors R2 and R3, respectively. When upper diode 
V2 conducts during the second quarter-cycle, it draws electrons 
from the upper plate of capacitor C4, making this plate positive 
(electron deficiency). This positive voltage, which persists 
throughout the entire cycle, accounts for the continuous upward 
flow of electron current through R2. 

By somewhat analogous reasoning, we can show that the upper 
plate of C5 assumes a negative voltage by virtue of the electrons 
delivered there during the first quarter-cycle. The negative volt­
age on the upper plate of C5 will drive electrons downward 
through resistor R3 during the entire cycle, as depicted in each 
quarter-cycle diagram. 

The fact that the two resultant voltage waveforms of Fig. 7-10 
are exactly 90°, or a quarter of a cycle, apart stems directly from 
the original assumption that the oscillating tank voltage (shown 
in dotted blue) and the capacitively coupled voltage (shown in 
dotted red) are equal in amplitude. Otherwise, the phase of the 
resultant voltages would be shifted. As a result, both peaks of 
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Fig. 7-8. Operation of the tuned discriminator at the center frequency­
third quarter-cycle. 

positive voltage (waveforms D and E of Fig. 7-10) would shift in 
phase and occur closer in time to the positive peak voltage of the 
larger driving voltage. 

As an extreme example, imagine the inductive coupling be­
tween coils Ll and L2 were reduced until the oscillation of elec­
trons in the secondary tank ( the current shown in dotted blue) 
could barely be sustained and almost vanished. The amplitude 
of waveforms Band C of Fig. 7-10 would progressively diminish, 
too. Should oscillation cease, these two waveforms would be 
straight horizontal lines coinciding with the reference line. The 
sum voltage waveform A and each line would give a waveform 
equal in size and phase to voltage waveform A. Obviously, then, 
the two diodes would conduct at the same instant. This would oc­
cur at the end of the first quarter-cycle, when the primary tank 
voltage (represented by waveform A) had reached its positive 
peak. 

As another extreme example, consider what would happen if 
the voltage coupled from the primary to the secondary tank via 
104 



@ 

@ 

PRIMARY 
TANK 

CURRENT 

CURRENT 
COUPLED 
THROUGH 

C2 

SECONDARY 
TANK 

CURRENT 
(SUPPORTED 

BY INDUCTION) 

R• 
CIIOt<E 

OUTPUT 
CURRENTS 

FLOW 
CONTINUOUSLY 

® 

Fig. 7-9. Operation of the tuned discriminator at the center frequency­
fourth quarter-cycle. 

capacitor C2 were reduced almost to the vanishing point. Voltage 
waveform A would decrease in amplitude and, if no voltage were 
coupled across C2, would become a straight line coinciding with 
the reference line. Obviously, if this hypothetical waveform A 
were added to C, the resultant waveform would be in phase with 
C and also have the same amplitude. The upper diode would then 
have maximum conduction at the end of the second quarter-cycle. 

By the same token, the algebraic sum of waveform B and a 
waveform of zero amplitude (a straight line) will give a wave­
form which is in phase with waveform Band has the same size. 
The lower diode will thus have its maximum conduction at the 
end of the fourth quarter-cycle. 

Operation Above the Center Frequency 
Figs. 7-11 and 7-12 show two successive half-cycles in the opera­

tion of the tuned discriminator. Here the operating frequency is 
higher than the center frequency. From Fig. 7-1 we see that the 
carrier frequency is modulated by the audio voltage, so that fre-
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quencies higher than the center frequency represent positive 
peaks of audio voltage and lower frequencies represent negative 
troughs. 

The voltage polarities applied to the two diode plates are indi­
cated by red and blue plus and minus signs on both plates of tank 
capacitor C3. The blue signs represent the voltage polarity result­
ing from the oscillating tank current. Observe that during the 
first half-cycle of Fig. 7-11, this voltage makes the upper plate of 
C3 positive and the lower plate negative. But something else oc­
curs during this same half-cycle-both plates are made negative 
by virtue of being coupled capacitively to the voltage at the top 
of the primary tank. The coupling current, shown in dotted red 
lines, alternately delivers electrons to both sides of the secondary 
tank during the first half-cycle, making both sides of the tank 
negative. During the second half-cycle, it then withdraws elec­
trons and both sides are made positive. 

As a result of these two voltages acting independently on the 
secondary tank circuit, neither diode can conduct electrons dur­
ing the first half-cycle. The reason is that the lower-diode plate is 
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Fig. 7-10. Waveforms in the tuned discriminator cir­
cuit when operated at the resonant frequency. 



at a high negative voltage, while the upper-diode plate remains at 
a neutral voltage. (In essence, the positive and negative com­
ponents cancel each other at the upper-diode plate.) The lower 
diode conducts electrons during the second half-cycle because 
both applied voltages are positive. The upper-diode plate is again 
at a neutral voltage, and the positive and negative applied volt­
ages cancel each other as before. Thus we have a means of assur­
ing that the lower diode will conduct more electrons than the 
upper diode when the circuit is operated above the center fre­
quency. This fact has a direct bearing on the voltages developed 
across output resistors R2 and R3-and on the sum of these two 
voltages, which is the discriminator output voltage. 

Under the conditions shown in Figs. 7-11 and 7-12 (the upper 
diode not conducting), no current will flow through resistor R2 
and no voltage will be developed across it. Consequently, the total 
output voltage across both resistors will equal the voltage drop 
across R3 resulting from the lower diode current flowing through 
it. Therefore the output voltage, measured at the top of the re­
sistor combination, will be negative. 

The results indicated by this discussion would appear to con­
flict with the classical response curve of an FM detector in Fig. 
7-5. As shown, the voltage is positive above the center frequency 
and negative below it. This discrepancy is not of great signifi­
cance. It stems from the assumptions made at the outset, and in 
particular from the manner in which these assumptions were de­
fined and interpreted. It is accepted, for instance, that when two 
tank circuits are inductively coupled together and operated at 
resonance, their oscillatory voltages will be a quarter of a cycle 
out of phase with each other. However, it was an act of interpreta­
tion to assume that the points for measuring and comparing these 
two voltages would be the tops of the two tank circuits, as they 
are drawn in the various circuit diagrams in this chapter, begin­
ning with Fig. 7-6. 

Depending on the manner in which a particular transformer is 
wound or is connected into the circuit, we might just as naturally 
be comparing the voltage at the bottom of the secondary tank with 
the voltage at the top of the primary. If this were done, the output 
voltage of this tuned discriminator would then be consistent with 
the classical response curve of Fig. 7-5. 

Actually, the human ear cannot differentiate between the nega­
tive and positive half-cycles, so it makes no difference whether 
they are reproduced in accordance with the original modulating 
signal or not. Also, each stage of amplification following the de­
tector will shift the phase of the signal 180°. Therefore, if it is 
desired to have the same polarity as the original modulating signal 
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Fig. 7-11. Operation of the tuned discriminator above the center frequency 
-first half-cycle. 

at the output, all that is required is to use an odd number of ampli­
fying stages following the detector. 

Simplifying Assumptions 
The example in Figs. 7-11 and 7-12 is a special case in which 

two assumptions have been made to simplify the discussion. These 
assumptions are that (1) the two voltages applied to the diodes 
are equal in amplitude or strength, and (2) although exactly in 
phase on one side of the secondary tank, the two voltages are ex­
actly out of phase on the other side. Fig. 7-13 shows this phase 
relationship. 

Waveform C represents the amplitude of the oscillatory tank 
voltage a.t the 1.ower side of the tank, and waveform A, the ampli­
tude of the voltage coupled to the tank by capacitor C2. These two 
waveforms are essentially equal in amplitude and phase, and 
their algebraic sum is the waveform shown at E. (Note. that it has 
twice the amplitude of either applied voltage.) This voltage is 
applied to the plate of lower diode V3 during the second haH-
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Fig. 7-12. Operation of the tuned discriminator above the center frequency 
-second half-cycle. 

cycle. As a result, the plate is made positive and is able to conduct 
electrons. 

Waveform B of Fig. 7-13 represents the amplitude at any in­
stant when the oscillatory tank voltage is measured at the upper 
side of the tank. This waveform is assumed to be essentially equal 
in amplitude to voltage waveform A but 180° (half a cycle) out 
of phase with it. The algebraic sum of these two waveforms is a 
sine wave of extremely low amplitude ( waveform E) . If the two 
applied voltages were exactly equal in amplitude, waveform E 
would have zero amplitude and thus be a straight line. This sine 
wave of voltage is applied to the upper-diode plate and prevents 
this plate from becoming sufficiently positive that the tube will 
conduct. 

There is only one occasion when two inductively coupled tuned 
circuits like these will have two tank voltages with the precise 
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phase relationship shown. This is when the two coils are slightly 
overcoupled and when the operating frequency has one particular 
value which is somewhat higher than the true resonant frequency 
to which the circuits are tuned. What this operating frequency is 
depends both on the degree of coupling between coils and on the 
respective circuit Q's. 

The response curve for overcoupled circuits indicates that new 
resonant peaks occur at two particular frequencies, one above 
resonance and one below. It is precisely at these two new fre­
quencies that the two tank voltages are either 180° out of phase, 
or exactly in phase, with each other. 

Figs. 7-11, 7-12, and 7-13 apply to operation at the one and only 
frequency above resonance at which the two tank voltages are 
exactly 180° out of phase. 

In these examples, the terms "in phase" and "out of phase" 
mean the phase relationships of the two tank voltages are being 
compared as measured at the tops of the two tanks. In considering 
the phase of a tank voltage-particularly at each end of a tank­
it is always desirable to clarify which voltage is under discussion, 
since the ones at the top and bottom of any oscillating tank arc 
themselves 180° out of phase with each other. 

INDIVIDUAL QUARTER 
CYCLES -I 1ST 

I 

C 

B 
TANK VOLTAGE AT 

l • ,-c_ __ TOPOFTANK 

VOLTAGE ~PLED FROM I I , ... 1 ... , 
PRIMARY TANK VIA I \ 

iAPACITOR C2 1' I 'l,,'; !I \,,, 
RESULTANT FROM ADDING ~ 
WAVEFORMS A AND B. 

(THIS VOLTAGE IS APPLIED TO 
UPPER DIODE PLATE) +~~===~.,...;;;;;;:~.::;;;_...)!--

\ i /i RESUtANT FEROM ADDING 
\ I I I • WAVEFORMS A AND C \ t 'TT(THIS VOLTAGE IS APPLIED 

\ ,' TO LOWER DIODE PLATE) 

" , I 

Fig. 7-13. Waveforms in the tuned discriminator circuit when operated 
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Operation Below the Center Frequency 
Figs. 7-14 and 7-15 show two successive half-cycles in the opera­

tion of the tuned discriminator, when the operating frequency is 
below the center frequency. The same simplifying assumptions 
have been made as in the previous example. The two tank volt­
ages are now assumed to be exactly in phase, with their positive 
voltage peaks (measured at the tops of the tanks) occurring at 
the same instant. This is portrayed in Fig. 7-16, where voltage 
waveforms A and B are in phase with each other and have es­
sentially the same amplitude. Their algebraic sum is shown by 
waveform D, which reaches its positive peak during the middle 
of the first half-cycle. This is the moment when the most elec­
trons are conducted through upper diode V2. Fig. 7-14 shows this 
tube current in solid blue. It follows the expected path from 
cathode to plate within the tube, then downward through the 
upper half of winding L2 to the center tap. Here it exits from the 
coil and returns, via the external line, to the junction of output 
resistors R2 and R3. This upward flow signifies that the voltage is 
more positive at the top of R2 than at the bottom. 

This positive voltage (indicated in Fig. 7-14 by the blue plus 
sign on the upper plate of capacitor C3) is preserved throughout 
the half-cycle of Fig. 7-15, when diode V2 has a negative plate 
voltage and does not conduct electrons. Fig. 7-15 shows this posi­
tive capacitor voltage continuing to draw electron current upward 
through resistor R2 in an attempt to discharge itself to zero volts. 

Waveform C of Fig. 7-16 represents the oscillatory tank voltage 
as measured at the bottom of the secondary tank circuit. Since it 
is exactly out of phase with waveform A and essentially of equal 
amplitude, the algebraic sum of the two is of very low amplitude, 
as shown by waveform E. In the hypothetical example where the 
two applied voltages have the same amplitude, their resultant 
will be a straight line coinciding with the reference line. 

Since waveform D achieves no significant amplitude, the plate 
of diode V3 has a very low positive voltage applied to it during 
the second half-cycle. Hence, no appreciable current flows 
through it during the entire cycle. Thus, the output voltage of the 
discriminator is made up entirely of the negative voltage de­
veloped across resistor R2 by virtue of the electron current flow­
ing through upper diode V2. 

The examples used here--where upper diode V2 does not con­
duct when operating above the center frequency, and the lower 
diode does not conduct when operating below the center fre­
quency-are extreme cases which might not be desirable or even 
realized in practice. Nevertheless, the output voltage achieved 
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Pig. 7-14. Operation of the tuned discriminator below the center frequency 
-first half-cycle. 

across the two output resistors, when the upper diode does not 
conduct, would clearly be the maximum attainable negative volt­
age. Likewise, the output voltage achieved when the lower diode 
does not conduct would clearly be the maximum attainable posi­
tive voltage. The resultant audio voltage, as the output varies be­
tween these two positive and negative peaks, would have the 
maximum amplitude attainable and would correspond to the 
waveform in Fig. 7-lC. 

Audio voltages of lower amplitude, corresponding to the wave­
form of Fig. 7-lA, would be achieved with smaller deviations of 
the carrier from the center frequency. In all such cases, the op­
erating conditions shown in Figs. 7-11, 7-12, 7-14, and 7-15 would 
be modified. The 180'' phase relationships between the two ap­
plied voltages would of course not exist, and each diode would 
conduct some electrons above and below the center frequency. 

Referring to Fig. 7-10, note that the phase relationships be­
tween the two applied voltages represent the normal condition 
when no modulation exists. Consequently the carrier does not 
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l<'ig. 7-15. Operation of the tuned discriminator below the center frequency 
-second half-cycle. 

deviate from the center frequency. When two tuned tank circuits 
are inductively coupled and are operating exactly at resonance, 
their tank voltages will be 90° out of phase with each other. 

When applied to the carrier frequency at the transmitter, an 
audio voltage of small amplitude causes the carrier frequency to 
deviate slightly in both directions. At the positive audio peak it 
goes above the center frequency, and at the negative audio trough 
it goes below. Any variation from this resonant, or center, fre­
quency destroys the precise 90 ° phase relationship between the 
two tank voltages. Inevitably, voltage waveform A is moved 
closer to waveform C (when above the center frequency) and 
farther from waveform B. 

Under these conditions waveform D would increase slightly in 
amplitude, causing a slightly greater current flow through the 
lower diode than existed at the center frequency. At the same 
time, waveform E would decrease slightly in amplitude, and fewer 
electrons would flow through the upper diode. At this instant, the 
output voltage has a small negative value. 
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When the carrier deviated slightly below the center frequency, 
an opposite set of conditions prevails. Waveforms A and B move 
closer together in phase. The amplitude of their resultant (wave­
form E) increases slightly and a few more electrons flow through 
upper diode V2. Waveforms A and C move farther apart in 
phase. Their resultant (waveform D) decreases slightly in ampli­
tude, and not as many electrons flow through lower diode V3. At 
this instant, the detector output voltage will have a small positive 
value. 

For greater frequency deviations, the detector output voltage 
will increase. Since it goes from positive to negative whenever the 
carrier frequency goes from below to above resonance, the fre­
quency of the modulating audio voltage as well as its amplitude 
will be accurately reproduced. 

The key to the operation of this type of circuit is to understand 
the phase relationships between two tuned radio-frequency cir­
cuits which are inductively coupled together and are operated 
near their resonant frequency. The significant fact is that under 
these conditions the tank voltages of two circuits will be exactly 
one-quarter cycle out of phase at resonance. As the frequency 
increases above resonance, this phase difference will increase to a 
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Fig. 7-17. How variations in phase between the two driving 
voltages will increase the voltage applied to the lower diode 
and decrease the voltage applied to the upper diode when 

operating above the resonant, or center, frequency. 

maximum of half a cycle, or 180". Conversely, as the frequency 
decreases below resonance, this phase difference will decrease 
from 90° toward zero, meaning the two tank voltages are exactly 
in phase. 

The phase relationships between these two oscillatory tank volt­
ages are important in this circuit only because of what happens 
when the two voltage waveforms are added algebraically. The use 
of both capacitive and inductive coupling provides the means for 
adding these two voltages. Fig. 7-17 shows several sample wave­
forms resulting when the carrier frequency deviates farther and 
farther above the resonant, or center, frequency. It can be seen 
from this figure that the amplitudes of the waveforms at D in­
crease as the frequency excursion does, whereas the amplitude 
of the waveforms at E decrease in like amounts. 

The waveform, shown as curve Al in Fig. 7-17 and correspond­
ing to waveform A of Fig. 7-10, reaches its positive peak a quarter 
of a cycle after waveform B (the latter is the oscillatory voltage 
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measured at the top of the tank), and a quarter of a cycle before 
waveform C (the oscillatory voltage measured at the bottom of 
the tank). These phase relationships exist only at the resonant, or 
center, frequency. 

Curve A2 shows how the phase of the capacitively-coupled 
voltage waveform has shifted slightly to the right as the frequency 
deviates above resonance. This reduces the phase difference be­
tween waveforms A2 and C and increases the amplitude of their 
resultant (the curve labeled E2). This phase shift of waveform 
A2 also increases the phase difference between it and waveform 
B, and thus decreases the amplitude of their resultant (the curve 
labeled D2) . 

Waveform A3 represents a further deviation in phase of the 
primary tank voltage when compared with the phase of the sec­
ondary tank voltage. Waveform A3 moves closer to coincidence 
with waveform C. As a result, their sum-shown as curve E3-
undergoes another increase in amplitude. Curve A3 also moves 
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farther away from coincidence with waveform B, so that the 
amplitude of their resultant (labeled curve D3) again decreases. 

A similar set of waveforms has been drawn in Fig. 7-18 to il­
lustrate the phase relationships between the two applied voltages 
when operating below resonance, and the changes in amplitude 
of the resultant voltages applied to the two diode-detector plates. 
With such a set of curves, waveform A shifts to the left instead of 
the right, bringing it toward phase coincidence with waveform B 
and toward phase opposition with waveform C. Under these con­
ditions, waveform D progressively increases in amplitude as the 
frequency excursion does, while waveform E progressively de­
creases in amplitude. 

In Fig. 7-18, waveforms Al, B, and Care identical to the wave­
forms having the same designations in Fig. 7-17. Waveforms A4 
and AS, however, represent the progressive shifts in phase of the 
directly-coupled voltage with respect to the phase of the second­
ary tank voltage. 

Inspection of Fig. 7-18 should reveal that the various waveforms 
are related as follows: 

Al plus C combine to produce waveform El. 
A4 plus C combine to produce waveform E4. 
AS plus C combine to produce waveform ES. 
Al plus B combine to produce waveform D1. 
A4 plus B combine to produce waveform D4. 
AS plus B combine to produce waveform DS. 

Waveforms D and E represent the total voltages applied to the 
plates of the upper and lower diode-detector tubes, respectively. 
Consequently, their amplitudes will be roughly proportionate to 
the amount of electron current through each diode, and therefore 
to the voltages developed across R2 and R3 during any RF cycle. 

Because of the opposing polarities of the voltages developed 
across R2 and R3, the total output voltage across the two resistors 
will always be negative when operating above resonance and 
positive when operating below. 
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Chapter 8 

RATIO DETECTOR 

Both the detuned and the tuned discriminators discussed in the 
previous chapter share a disadvantage-the FM signal being de­
modulated must be of constant amplitude when it reaches the dis­
criminator. In addition, the discriminator stage must be preceded 
by several amplifier stages, in order to build up even the weakest 
signal enough that the audio output from the discriminator will 
have sufficient volume. After this elaborate amplification process, 
the frequency-modulated signal must also be passed through one 
or more limiter stages. Here, any traces of amplitude modulation 
caused by atmospheric or propagation conditions are removed. 

Unless these conditions are met by the two previous discrim­
inators, they will respond to amplitude as well as frequency 
modulation. The result will then be a distorted audio output. This 
statement may be clarified with the aid of an example. In the 
tuned-discriminator operation, the assumption was made that at 
some frequency above resonance, the secondary tank voltage and 
the directly coupled voltage (also known as the reference volt­
age) were exactly in phase with each other. This caused the 
upper-diode detector to conduct heavily, and prevented the lower 
diode from conducting at all. The amount of electron current flow­
ing through the upper diode then determined the amount of in­
stantaneous output voltage developed across the appropriate out­
put resistor. This amount of electron current depended of course 
on the strength of the tank and reference voltages. 

A little reflection on the nature of these alternating voltages 
will reveal that both will be large when the received signal is 
strong, and small when it is weak. Furthermore, these changes in 
signal strength will be independent of the resonant tank fre­
quency, and also of those frequencies both above and below reso­
nance when the three voltage waveforms are exactly in or out of 
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phase. Consequently, when a strong FM signal is received, the 
amount of electron current through either diode will be caused 
partly by the frequency deviations of the carrier (which is good) 
and partly by the excessively strong amplitude of the carrier 
(which is bad). 

CIRCUIT DESCRIPTION 
The ratio detector (Figs. 8-1 through 8-4) is one of the most 

widely used circuits for demodulating FM signals. One reason is 
that it responds only to frequency deviations of the signal; it re­
mains unaffected by any amplitude variations caused by unusual 
propagation phenomena. The fact that the ratio detector is able 
to do this without additional amplifier or limiter stages makes 
it possible to build FM receivers which are competitive in price 
and in size with conventional AM broadcast receivers. 

Circuit Components 
The components and their functional titles in the ratio-detector 

circuit include: 

Rl-Output resistor. 
R2-A VC resistor. 
Cl-Final IF tank capacitor. 
C2-Capacitor for coupling the reference voltage to the detec-

tor tubes. 
C3-Tuned tank capacitor. 
C4-Filter capacitor for Vl. 
CS-Filter capacitor for V2. 
C6-Large capacitor for stabilizing the voltage across C4 and 

C5. 
C7-Coupling capacitor for the audio output. 
Ll-Final IF tank inductor. 
L2-Tuned tank inductor. 
L3-Radio-frequency choke. 
Vl and V2-Diode-detector tubes. 

Identification of Currents 
The various electron currents at work in this circuit include: 

1. Final IF tank current oscillating at the intermediate fre­
quency between Ll and Cl (solid red). 

2. Current which is directly coupled from the top of the pri­
mary tank to the center tap of the secondary tank inductor 
(dotted red). 

119 



DIRECTLY 
COUPLED 
CURRENT 

(DEVELOPES 
THE 

REFERENCE 
VOLTAGE FOR 

DIODES l 

FINAL IF 
TANK 

CURRENT 

@ 
SECONDARY TANK 

CURRENT(SUPPORTED 
BY INDUCTION l 

.... -~ . 

LOWER 
DIODE 

CURRENT 

STABILIZING 
CURRENT 

@ 

® 

r® 
AUDIO 

OUTPUT 

@ 

Fig. 8-1. Operation of the ratio detector-at center frequency, during a 
period of normal signal strength. 

3. Secondary tank current which oscillates between L2 and C3 
and is supported by induction between Ll and L2 (blue). 

4. Current through upper diode Vl (solid green). 
5. Current through lower diode V2 (dotted green). 
6. Stabilizing current flowing out of C6 and down through R2 

(solid green). 

CIRCUIT OPERATION 
This type of circuit differs from the discriminators discussed in 

the previous chapter in three important particulars. They are: 

1. The position of the lower diode, V2, is reversed, so that elec­
tron current flows in the opposite direction. This is called a 
series-aiding connection. 

2. Both diode currents flow through output resistor Rl, whereas 
in the discriminator circuits they flowed through separate 
load resistors. 
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Fig. 8-2. Operation of the ratio detector-above center frequency, during a 
period of normal signal strength. 

3. A long time-constant combination, consisting of R2 and C6, 
has been added so the circuit will not respond to undesired 
modulations in signal amplitude. 

The same waveform diagrams shown in the preceding chapter 
on the detuned discriminator also apply to this ratio detector. 

The fact that the lower diode, V2, has been reversed means of 
course that its current flows clockwise around the lower portion 
of the detector circuit. The important difference between the op­
eration of this circuit and the tuned discriminator is that diode 
V2 conducts during different portions of the whole cycle. How­
ever, the quantity of electrons conducted during any individual 
cycle is the same in each circuit. Because of this, the waveform 
diagrams of the tuned discriminator will not be repeated here. 

Fig. 8-1 depicts the conditions when this circuit is operated at 
its center frequency. The upper-diode current (solid green) and 
lower-diode current (dotted green) will now flow in equal 
amounts. Since both diode currents are equal but flow through 
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output resistor Rl in opposite directions, no output voltage is 
developed across Rl. 

The complete path for the electron current through upper di­
ode Vl is clockwise through Vl, then downward through R2 to 
ground. From ground, the path is upward through Rl and to the 
left, through L3, to the center tap of L2. From here it flows up­
ward through the upper half of L2 and returns to the cathode. 
A steady negative voltage builds up on the upper plate of capaci­
tor C4 as a result of this current flow. 

As the frequency deviates above resonance, this negative volt­
age on the upper plate of C4 will increase proportionately. Fig. 
8-2 depicts this condition. Vl conducts more and more as the 
frequency increases, and V2 conducts less and less. Although 
Fig. 8-2 does not show any current through V2, some current 
usually will be flowing through it. However, the current through 
Vl predominates. 

Fig. 8-3 depicts conditions when the ratio detector is operated 
at any reasonable frequency lower than the center or resonant 
frequency. As the frequency deviation below resonance increases, 
diode V2 will conduct more electron current anrl diode Vl will 
conduct progressively less. (As before, the current through Vl 
is not shown.) The complete path of the electron current through 
V2 is also clockwise, from cathode to plate and upward through 
the lower half of inductor L2 to the center tap. Here it flows to 
the right through L3, and down through Rl to the common ground 
connection, through which it has easy access back to the cathode. 

At any frequency below resonance, more current flows through 
V2 than through Vl. The difference between these two currents 
increases as the frequency deviation does. Because more current 
flows through V2 than through Vl, more current will flow down­
ward through Rl than upward. This establishes the fact that the 
voltage at any point along Rl is negative with respect to ground. 

Figs. 8-2 and 8-3 represent positive and negative half-cycles of 
audio-output voltage, respectively. Capacitor C6 (usually 8 or 
10 microfarads) operates in conjunction with resistor R2 to form 
a long time-constant combination. Its purpose is to restrict the 
amount of current through the two diodes when the signal is ex­
cessively strong, but to encourage their flow when the signal is 
weak. In this respect, the combination functions somewhat like 
the A VC combination discussed in a previous chapter. 

Fig. 8-4 depicts operating conditions during a signal build-up 
at a frequency above resonance. Now the received carrier signal 
is stronger. When this occurs, both of the principal currents 
through the two diodes will be increased proportionately. Since 
these currents flow in opposite directions through resistor Rl, 
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the voltage developed across Rl will depend on the difference 
between these two currents, As both currents are increased pro­
portionately, so does the difference between them. Consequently, 
a signal build-up-one of the commonest forms of undesired am­
plitude modulation, along with signal fade-will change the in­
stantaneous audio-output voltage across RI. Hence, the circuit 
will now respond to amplitude modulation. 

This undesirable state of affairs is prevented by the voltage 
accumulated on the upper plate of capacitor C6. As you can see, 
capacitors C4 and C5 are connected in parallel with C6; there­
fore, the instantaneous voltages on the upper plates of C4 and 
C5 must always add up to the voltage on C6, even though these 
voltages are themselves constantly changing in step with the fre­
quency deviations of the carrier. It is the presence of this fairly 
stable voltage on capacitor C6 which biases both diodes so they 
will conduct enough current to produce the two voltages on ca­
pacitors C4 and C5. 

In summary, the voltage across capacitor C6, and simultane­
ously across resistor R2, will always be equal to the sum of the 
voltages across capacitors C4 and C5. This is inevitable, since 
the tops of C4 and C6 are connected together, as are the bottoms 
of C6 and C5. The voltages across C4 and C5 always add up to the 
voltage on C6, but will change individually so that their differ­
ence is always proportionate to the frequency deviation of the 
carrier. 

When both diodes in Fig. 8-1 are conducting equal amounts of 
current, the voltage at the top of resistor Rl will be zero, since 
its bottom is connected to ground (zero) and equal currents flow 
in opposite directions through it. A negative voltage will exist 
at the top of capacitor C4. This is due to the accumulation of 
electrons on its upper plate as a result of the plate current 
through diode VI. The sarne negative voltage will exist from top 
to bottom of capacitor C6 because it is the sum of these two volt­
ages, one of which is zero. 

When operating above resonance, in Fig. 8-2 diode Vl conducts 
more current and delivers more electrons to the upper plate of C4. 
As a result, the negative voltage across C4 increases. However, 
because diode Vl is conducting more electrons than V2, the top 
of resistor Rl must be more positive than the bottom, which is 
connected to ground. The reason is that more current is flowing 
upward through Rl than downward. 

Because of the long time-constant of R2 and C6, the voltage 
across them does not change during the one-quarter of an audio 
cycle between Figs. 8-1 and 8-2. This voltage is represented by 
the electrons stored on the upper plate of C6. In Fig. 8-2 this 
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Fig. 8-3. Operation of the ratio detector-below center frequency, during a 
period of normal signal strength. 
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Fig. 8-4. Operation of the ratio detector-above center frequency, during a 
period of signal build-up. 
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voltage is the sum of the large negative voltage across C4 and the 
smaller positive voltage across C5. 

When operating below resonance, diode V2 in Fig. 8-2 conducts 
more electrons than Vl. Therefore, the top of resistor Rl must 
be more negative than the bottom. This negative voltage is indi­
cated by the green minus sign at this point in the figure. The 
voltage across C6 and R2 is still unchanged and is now equal to 
the sum of the reduced negative voltage across C4 and the nega­
tive voltage which now exists across CS. 
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