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DETECTORS 1

A MODULATED wave is one in which the amplitude, frequency or phase f a peri dic
wave carrier is varied in sccordance with a modulating signal.

MOIULATION is the process by which the variation is accomplished.

DEMODULATION or DETECTION is the process by which the original modulating signal is
recovered from the modulated carrier wave. Any NON-LINEAR impedance may be used
for detection.

An amplitude modulated wave contains the following frequencies:

(1) The carrier frequency.

(2) The upper sideband frequency. (carrier plus modulating frequency)

(3) The lower sideband frequency. (carrier minus modulating frequency)
The RF and IF stages preceding the detector must be able to pass the carrier and
both sideband frequencies without attenuation.

DETECTOR CHARACTERISTICS

1. SENSITIVITY: The ratio of the peak to peak audio swing to the amplitude var-
iation of the modulation envelope. It is a measure of detector gain.

2. SELECTIVITY: A measure of the asbility of the circuit to pass desired signals
and reject undesired signals.

3. FIDELITY: A measure of the ability of the detector to reproduce the EXACT f rm
of the modulation in the audio frequency output.

4, NORMAL SIGNAL STRENGTH: The input signal strength with which the detector is
normelly used.

Typical diode detector circuits are shown below:
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RECE I VERS

Arrangement #1 is generally used because it offers all the following advantages:

1. A negative DC voltage is available for use as an automatic volume control.
2, The cathode is at ground potential reducing hum pickup caused by leakage between
cathode and filament.
3. The circuit is easily adapted to the use of multi-purpose tubes as detectors and
audi amplifiers.
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R.M S T. . OCTOBER 25,1945
DIODE DETECTOR CHARACTERISTICS
1. SENSITIVITY: Poor. Detector gain is less than one.
2. SELECTIVITY: Poor. Diode conduction current loads the tuned circuit. _
3. FIDELITY: Good. Distortion may be kept very low by the use of large signal
amplitude and by careful choice of circuit component values.
4. NORMAL SIGNAL STRENGTH: Strong. The diode is able to stand large voltages.



THE DIODE DETECTORS 3

On the positive RF signal swing, C charges through the diode and the tank circuit.
The sum of these two impedances is less than the value of R (Fig. 601-2). When the
RF signal drops from the peak value, C discharges slightly through the large resist-
ance, R. A negative voltage is thus maintained on the diode plate until nearly the
peak of the next RF cycle. When the positive RF swing overcomes the vol tage across
C, the diode will conduct recharging C. The charge across C must leak off suffici-
ently before the next RF pulse in order that the bias voltage will follow the
carrier enve lope at its maximum slope. These relationships are illustrated in
Fig. 601-2,
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The RF ripple present in the output of the Diode Detector might be coupled to other
stages resulting in undesired oscillations. Such oscillations may be prevented by
the use of shielding and an RF filter network such as illustrated in Fig. 601-3. A
low pass filter will allow the modulation frequency to pass and will shunt the RF to
ground. The Capacitors, Cl and C2, should have low reactance at radio frequencies
and high reactance at the modulation frequencies. The series RF choke or resistor
should have much higher impedance at the RF than Cl or C2. The maximum size of the
resistor is limited by the amount of audio frequency loss that may be sacrificed for
the purpose of filtering out the RF,

Fig. 601-3 shows the diode detector with the addition of an RF filter, and AVC filt-
er and an audio output coupling network. Both C3 and C4 charge to the average neg-
ative voltage across the load resistor R. On the modulation trough C3 and C4 wiil
attempt to discharge through R3 and R4 respectively. This discharge current would
place a negative voltage on the diode plate preventing conduction for a number of RF
cycles in the trough of the modulation envelope. This would result in clipping off
the part of the audio cycle which corresponds to the trough or negative modulation
peak. Such distortion is called NEGATIVE PEAK CLIPPING. In order to minimize the
magni tude of this effect, the resistors R3 and R4 are made many times larger than the
value of the load resistor R.
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The diode plate voltage plate current characteristic is essentially linear over a
considerable portion of its extent. However, there is a marked curvature of the
characteristic for very low plate currents. This curvature of the characteristic
causes distortion of the audio output. When the carrier amplitude is small, as with
weak signal reception, this distortion is very marked for all percentages of mod-
ulation. Increasing the amplification of the signal ahead of the diode detector
will then reduce the percent distortion produced in the system.

Distorti n will always be encountered if the modulation factor approaches one, as
under this condition the trough of the modulation cycle always reaches the curved
portion of the diode characteristic.

Distortion resulting from curvature of the diode characteristic may be practically
eliminated by the use of large signal amplitude and modulation factors of eight
tenths or less.

The diode plate resistance, in the conduction region, varies appreciably, but its
magnitude is never very large. The use of a large resistance for the diode load
will then make the percentage variation of the TOTAL resistance fairly small. For
this reas n, increasing the size of the diode load resistor is effective in reducing
the distortion resulting from the curved diode plate voltage plate current char-
acteristic.
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DIAGONAL PEAK CLIPPING

It is necessary that the diode load resistor be bypassed for the RF signal. Also in
order to increase the efficiency of detection it is desirable to make the diode load
resistor as large as possible. There are practical limits imposed upon the size of
both resistor and capacitor which are a compromise between increased efficiency of
detection and increased distortion. The bypass capacitor should be of the same size
as the capacitor resonating the secondary of the transformer driving the diode.
When this condition is met there is a maximum transfer of energy from the trans form-
er to the diode and its load. With the size of the capacitor determined in this
manner, increasing the value of the diode load resistor will increase the time con-
stant of the capacitor discharge circuit until this rate of discharge may not be
great enough to follow the modulation envelope at its steepest rate of change. If
this condition is encountered, diagonal peak clipping will result and the audio out-
put will be distorted.

The rate of discharge is determined by the time constant of the load resistor and
its bypass condenser. The rate of change of the modulation envelope increases with
increasing modulation frequency and modulation index. Therefore the effects of
diagonal peak clipping are most pronounced for high percentages of modulation and
for high frequencies. These considerations impose an upper limit on the value of
the diode load resistor. Its value should be so chosen that no diagonal peak clip-
ing results when the highest modulation frequency to be handled by the system has a
modulation index of about eight tenths.
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R.M.S T NOVEMBER 11,1945

601-6

GRID LEAK DETECTOR
SENSITIVITY: Very good. Amplification after detection may be very high.
SELECTIVITY: Fair. Grid current flow produces some loading of the grid tank.
FIDELITY: Poor. Considerable distortion results from detection on the curved
grid voltage grid current characteristic and amplification on the curved portion
of the grid voltage plate current characteristic. The circuit is also subject

to diagonal peak clipping and to blocking on strong signals.

NORMAL SIGNAL STRENGIH: Weak. This detector is easily overdriven, producing
severe distortion.




THE GRID LEAK DETECTOR 7
OPERATION:

The circuit elements in the grid circuit of the grid leak detector act in substanti-
ally the same manner and are determined by the same factors as are the corresponding
circuit elements in the diode detector. The GRID CIRCUIT of the grid leak detector
acts as a DIODE DETECTOR. The non-linear grid voltage grid current characteristic
is quite pronounced and considerable distortion results from detection in the grid
circuit. The signal which has been detected in the grid circuit is then amplified
in the plate circuit. The bias on the grid is only that resulting from the rectifi-
cation in the grid circuit and is generally small. This places the operating point
of the tube on a curved portion of the grid voltage plate current characteristic and
distortion is thus produced in the amplification process. If the RF signal strength
is great enough, the negative peaks of the instantaneous grid voltage swing will
extend into the lower curved portion of the tubes grid voltage plate current char-
acteristic. When this happens, partial plate detection results. This reduces the
audio output voltage and aggravates the distortion.

LIMITATIONS:

In the absence of a signal, the grid current is zero. The detector is then oper-
ating with zero bias. For this reason the plate voltage in the case of a triode or
the screen voltage in the case of a pentode must be kept low. This limits the use-
ful plate swing. The range may be extended by operating the detector from a high
voltage supply and using resistance coupling or by using transformer coupling and
inserting a resistor in series with the load and bypassing it for audio frequencies.
This is the function performed by C3 and R3 of Fig. 601-6. The carrier frequency
components of the plate current are filtered out by the action of the RF filter, L,
Cl and C2.

DISTORTION FACTORS:

The grid leak detector is particularly subject to distortion. Since the grid cir-
cuit is the same as a diode circuit it suffers from the same inherent faults. The
grid leak detector is subject to diagonal peak clipping, and to distortion due to
operation over the curved portion of the grid voltage grid current characteristic.
Also strong signals, by increasing the average bias, will block the tube over a
portion of the modulation cycle, causing severe distortion. The grid leak detector
is essentially a weak signal detector. This means that the bias rectified in the
grid circuit will be small and the operating point of the tube will be at the upper
curved portion of the grid voltage plate current characteristic. Further distortion
is then introduced in the amplification process. Signals strong enough to swing the
grid to the lower curved portion of the grid voltage plate current characteristic
will also cause partial plate detection reducing the output and increasing the dis -
tortion.
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PLATE DETECTOR
1. SENSITIVITY: Fair. Some amplification, but not as much as in the grid leak de-
tector,
2. SELECTIVITY: Good. Very little loading of the tuned circuit.
3. FIDELITY: Fair. Not as good as the diode, but considerably better than the
grid leak detector.
4, NORMAL SIGNAL STRENGTH: Medium. Signal should be strong enocugh so that the

region of operation is not confined t the lower bend of the grid voltage plate
current characteristic, but not so strong as to exceed the grid bias on modula-
tion peaks.




PLATE DETECTOR 9
OFERATION:

The plate detector employs a sharp cutoff tube which is biased nearly to cut ff. A
sharp cutoff tube is essential in order to avoid excessive distortion, resulting
from detection on the lower curved portion of the grid voltage plate current charac-
teristic. Bias is ordinarily obtained from the use of a large cathode resistor,
which is bypassed for the lowest modulation frequency to be handled by the system.
A modulated RF signal applied to the grid will then produce pulses of plate current
which are approximately half sine waves. The tube is cut off during the negative
half cycles of the RF grid voltage. The average values of these KF puises increase
and decrease as the magnitude of the RF envelope increases and decreases under modu-
lation. The averaging of these RF pulses produces the audio voltage in the load.
go RF components of the plate current are filtered out by the action of L, Cl and

LIMITATIONS:

The values of signal strength which can be handled by this detector without ob-
jectionable distortion are severely limited. If the signal strength isweak detection
will take place on the lower curved sectionof the grid voltage plate current charac-
teristic. This produces a large amount of distortion. Even strong signals with
a high index of modulation are distorted from this cause, as operation on the trough
of the modulation cycle will be over the lower bend of the characteristic curve.
Very strong signals will drive the grid into the positive grid region on the p aks
of the modulation cycle. This also results in severe distortion. Satisfactory
operation will be obtained with signals of medium strength and with modulation
indices of eight tenths or less. If the signal strength is low enough s that the
grid is never swung positive, the power drawn from the tuned circuit will be negli-
gible and the selectivity will not be adversely affected.
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INFINITE IMPEDANCE DETECTOR
1. SENSITIVITY: Poor. No amplification. About the same as for the diode.

2. SELECTIVITY: Good. No grid current flow for signal voltages up to a peak
to peak value almost equal to the DC supply voltage.

3. FIﬂELITY: Excellent. A proper choice of R and C permits full modulation with-
out peak clipping.

4. NORMAL SIGNAL STRENGTH: Strong. The signal amplitude that can be handled is
limited only by the plate supply voltage available.



INFINITE IMPEDANCE DETECTOR 11
OPERATION:

The infinite impedance detector consists of a sharp cutoff tube biased close to cut-
off by a very large cathode resistor. The cathode resistor is bypassed for the
radio frequency but not for the audio frequencies. A modulated RF signal applied to
the grid will cause pulses of plate current to flow on each positive grid swing.
The tube is non-conducting on the negative grid swings. The rectified plate current
increases the bias voltage developed in the cathode circuit, moving the operating
point of the tube back as the amplitude of the modulation envelope increases. Since
the cathode resistance is very large, a relatively small change in average plate
current will produce a large variation in cathode voltage. The result of these
factors is to limit the grid swings to the lower portion of the tube’'s grid voltage
plate current characteristic, and to produce an asudio output voltage in the cathode
circuit which is practically equal in amplitude to the envelope of the modulated RF
signal on the grid. If the amplitude of the RF voltage applied to the grid of the
detector i$ kept large the effect of the curvature of the grid voltage plate current
characteristic at the point of operation may be made small in comparison to the
amplitude of the audio voltage produced and the distortion produced in the stage
will be small. The plate and cathode of this detector are both at RF ground. The
iqpedance presented by the tube to the driving circuit under this condition is the
sum of the grid to plate and the grid to cathode capacities. The tube is then a re-
active or non-dissipative load on the signal source. The same statement may be made
for the plate detector. An advantage of the infinite impedance detector is that
large signal swings may be handled before grid current flows.

LIMITATIONS:

Weak signals will be somewhat distorted as the curvature of the grid voltage plate
current characteristic is appreciable at the low static currents employed in this
type of detector. As the signal strength is increased the effect, of this non-
linearity becomes smaller, and at large signal strengths the distortion is very
small. One of the main disadvantages of the infinite impedance detector is the fact
that AVC voltage is not obtainable. Improper choice of constants for the cathode
circuit will result in diagonal and negative peak clipping, but a proper choice of
values with regard to the static DC plate current will allow the infinite impedance
detector to follow the modulation envelope for any modulation index up to nine-
tenths.
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REGENERATIVE DETECTOR
RM.S. T.1. NOVEMBER 7, 1945
REGENERATIVE DETECTOR
1. SENSITIVITY: Excellent., Largely due to effects of regeneration.
2. SHECTIVITY: Excellent. Largely due to the effects of regeneration.
3. FIDELITY: Very poor.
4. NCRMAL SIGNAL STRENGTIH: Weak.
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HETERODYNE - DETECTION 15

Essentially the same classes of non-linear devices are used for frequency conversion
and detection of amplitude modulated waves. In each process the waves to be com-
bined or resolved are applied to circuit elements which have non-linear voltage
current characteristics. These circuit elements may simply be rectifiers such as a
diode or copper oxide rectifier, or they may be multi-element tubes operated on a
curved portion of the characteristic curve. The output circuit of a modulator is
arranged to transmit the carrier and its side bands. The output circuit of a fre-
quency converter passes the difference frequency (IF) and its side bands. The
output circuit of a detector is designed.to respond to current components at the
frequency of the original signai. In each case the current components at frequen-
cies other than those desired are eliminated by filtering in the output circuit.

HETERODYNE DETECTION is a means of detecting modulated or unmodulated signals by
mixing the incoming signal with a locally generated signal and then applying the re-
sultant to a non-linear impedance.

In Fig. 601-10 the two original signals, one of which is periodically interrupted,
are shown added together point by point. This composite wave is then applied to a
detector. The current components at the RF and at the modulation or beat frequency
can readily be distinguished in the diode plate voltage diagram. The undesired RF
variations are eliminated by filterihg and only the audio voltage variation, which
occurs at the difference frequency between the two original signals, is present in
the output. »
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THE FIRST DETECTOR 17

The first detector employs the prinéiple .of heterodyne action to convert the fre-
quency of the incoming si;gal to the intermediate frequency. The Modulation of the

incoming signal is retained as an identical modulation of the intermediate frequency
wave,

The manner in which this is accomplished is illustrated in Fig. 601-11. The origi-
nal incoming modulated wave is shown first. Below At is shown the output of the:
local oscillator. These two signals are added point by point and the resultant
signal shows the beat frequency between the two original signals, modulated in ampli-
tude in the same manner as the modulation envelope of the original incoming sig-
nal. Detection, and filtering in the plate circuit, will produce this amplitude
modulated beat frequency in the output as shown in the last line of the Figure. A
second detection applied to this wave will recover the original modulating fre-
quencies. : " ‘

The functions performed by the first detector are:
1. To mix the incoming signal and the locally generated oscillation.

2. To detect tﬁe resultant combined signal.

3. To separate the desired modulated intermediate frequency component from the
undesired signal components. '

A first detector in which the local oscillator is a separate tube is called a MIXER.
The name OONVERTER is applied to a circuit in which one tube performs the functions
of both oscillator and detector. '
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_MIXERS, AND. CONVERTERS 19
THE 6L7 MIXER:.

Referring to Fig. 601-12, the 6C5 is an Armstrong oscillator. The local oscillator
signal, present on the grid of 'the 6C5, causes’ grid current to ‘flow, producing grid
leak bias which is also present on grid #3 of the 6L7. The local oscillator signal
is injected on grid #3 of the mixer tube, and the incoming signal is applied to
grid #1 of the mixer. Mixing takes place in the 6L7 due to the double modulation of
“the eiectron stream by the incoming signal and the 1lécal oscillator signal. “The
bias developed across the cathodé resistor is sufficient-to;p}event the incoming
signal from overdriving grid #1. The total bias for the tube holds the 6L7 at pro-
jected cutoff, and the combined signal is detected in the plate circuit. The differ-
ence frequency which is the desired modulated IF signal is separated from the other
signal components by the tuned transformer in the plate circuit.

THE 6K8 TRICGDE HEXODE CONVERTER:

The triode section is a shunt fed Armstrong oscillator. The oscillator signal and
the bias on the oscillator grid will also be present on grid #1 of the hexode mixer
section, because of the internal connection to the oscillator grid. The incoming
signal is introduced on grid #3 of the hexode mixer section. Mixing takes place due
to the double modulation of the electron stream by the incoming signal and the local
oscillator signal. The total bias places the tube operating point at projected
cutoff, and the mixed signals are detected. Separation of the IF signal from the
other signal components takes place in the plate circuit.

THE 6SA7 PENTAGRID CONVERTER:

Grid #2 is the anode of a grounded anode Hartley oscillator. Grid #1is the oscilla-
tor grid. The incoming signal is applied to grid #3. Mixing is due to the double
modulation of the electron stream by the incoming Signal and the oscillator signal.
The total bias is sufficient to place the operating point at or beyond cutoff and
detection results. On the positive swing of the oscillator tank voltage, grid #1 is
driven positive causing the tube to conduct. The cathode is connected to .a tap on
the oscillator tank, and is driven slightly positive by the same positive swing of
the oscillator tank voltage.. While the tube is conducting, the positive voltage on
the cathode supplies bias for grid #3, preventing the signal voltage from causing
grid current to flow. "Separation of the IF signal from the other signal components
takes place in the plate circuit.



20 OSCILLATOR TRACKING

Most modern superhetrodyne receivers are tuned by means of a single control. This
requires special provisions to be made to obtain proper tracking. That is, a con-
stant frequency difference (IF) between the local oscillator and the RF circuits
must be maintained as the tuning control is varied.

Perfect tracking is illustrated in Fig. 601-13. Here an example of a typv.ical
broadcast receiver is illustrated. The exact frequency difference can not be
obtained for all positions of the tuning control. This is illustrated by the
dotted curve of Fig. 601-13 below.

- TYPIGAL RE GIRGUIT
1950KC |-~ {500 KC-1500KC})

TYPICAL OSCILLATOR TRACKING
AFTER BEST ADJUSTMENTS

SHUNT -
42 runine &
OSCILLATOR TRIMMER onzd'  TUNING  —&
FREQUENCY FOR CONDENSER

PERFECT TRACKING

I500KCH~——~—=~— e e e e e e e

TYPICAL OSCILLATOR TANK GIRCUIT
(950K -1950KC)
W

——— e —— e e A

Al )
SERIES PAPDER .
.
.
————— SHUNT |, rumin .27
TRIMMER ON 7 - S
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esoKC =" — e~

FREQUENCY OF R.F STAGES
(BROADGAST BAND)

ANOTHER TYPE CF OSCILLATOR
TANK CIRCUIT N

a1

BOOKC | e e e -

TUNING DIAL (OR GANGED CONDENSERS) ROTATION

SHUNT
TRIMMER 3¢ TUNING
on co 7] CONDENS

7T

601-13
OSCILLATOR TRACKING
RMS.  TL  DECEMBER 1, 1948

The components used as tuning elements vary with different receivers depending on
the IF chos n and whether the local oscillator frequency is made above or below the
carrier frequency. For example, in most broadcast sets and short wave receivers the
local oscillator frequency is chosen above the carrier frequency. This permits the
us f a reasonable size tuning capacitor eand coil design. As can be seen from the
curves of Fig. 601-13 the frequency ratio between maximum and minimum values is
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different for the RF range and the local oscillator range. This means that the
capacity change from maximum to minimum will be different for the two circuits. To
obtain the proper over-all capacity range in the local oscillator circuit, using a
normal size tuning capacitor, a ‘padder’ is added in series with the main tuning
capacitor. Then in addition small capacitors'called ‘trimmers', in parallel with
the RF and local oscillator main tuning capacitors are used to improve the tracking
between the two circuits. Trimmers and padders are illustrated in Fig. 601-13.

Hence a padder in series with the tuning capacitor and a trimmer shunted across the
tuning capacitor are both needed to assure proper tracking of the oscillator cir-
cuit., Shunt trimmers are needed to assure tracking of the RF circuits. The oscil-
lator and RF trimmers are adjusted at the high frequency end of the band for proper
alignment. The oscillator padder is adjusted at the low frequency end of the band.

As can be seen from the curves in Fig. 601-13 it is not possible to get perfect
tracking over the entire band. The amount of imperfection is dependent to a large
extent upon proper coil design. However, with proper design and adjustment of
trimmers and padders it is usually possible to obtain the proper IF at three dif-
ferent points in the band. Tracking in a single band receiver may sometimes be im-
proved by bending the end plates of the RF tuning capacitor.

Adjusting of multi-band receivers is similar to that of a single band receiver.
Usually in multi-band receivers each RF and local oscillator coil will have indi-
vidual trimmers or padders, making it possible to adjust each band separately.
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Automatic volume control is used to compensate for variations in signal strength
such as are caused by fading. It is accomplished by automatically varying the bias
of the RF and IF amplifiers in such a way as to compensate for the variations in
signal strength.

The diode detector in Figure 601-14A is an example of one method of obtaining AVC
bias voltage. A detected signal produces a voltage drop across Ry whxch is varying
at audio frequencies but whose average makes the top of Ry negative thh respect to
ground. The audio filter R3C3 prevents the AVC voltage from varying at audio fre-
quency. Hence C3 charges to the average value of the negative voltage across Rl'
C3 can charge and discharge at a slow rate to follow ordinary fading but will not
vary its charge with the relatively fast variations of the modulated carrier. The
time constant R3C3 determines the speed with which the AVC voltage responds. This
is often made faster for high frequency receivers than for ordinary broadcast sets
where good fidelity is more important. In all cases an increase in carrier strength
results in more negative AVC bias and a decreased carrier strength produces a tess
negative AVC bias.

The AVC bias is applied to RF and IF amplifiers which use variable-mu tubes. As
shown in Fig. 601-14B weaker signals are amplified to a greater degree than are
stronger signals due to the tube characteristics.

The simple AVC system shown in Fig. 601-14A has the fol Jowing disadvantages:
(a) AVC reduces the receiver sensitivity.
(b) "Between stations” or with no incoming signal considerable back-ground
noise will be heard.
(c) The AVC coupling network causes distortion (negative peak clipping) of
the audio output from the detector.
(d) A diode is the only type of second detector that can be used.
It is possible to eliminate the last two disadvantages by using a separate diode to
provide AVC voltage.

Two methods of AVC feed, series and shunt, are shown in Fig. 601-14. 1In Fig. C,
R4C4 and RSCS form decoupling networks. In Fig. D, Ry and R2 prevent an RF short to
ground for the tuned circuits, and the condensers act as DC blocking capacit rs for
the AVC voltage.

The use of full AVC in the last IF stage of a high gain receiver and in the first
detector is not recommended, though sometimes used. The application of full AW to
the first detector causes oscillator frequency instability and using AVC on last IF
stage of a high gain receiver results in distortion. Partial or fractional AVC re-
duces these troubles. By using part of the voltage developed across Rl (in Fig.
601-14A) fractional AVC can be obtained.

The sensitivity of receivers which employ a beat frequency oscillator for the re-
ception of ICW signals is reduced by AVC action because of the large AVC bias built
up by the BFO signal. Also the intelligence of ICW signals may become distorted by
AVC action. Most receivers of this type are provided with a means of removing the
AVC during the reception of ICW signals. :
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AUTOMATIC VOLUME CONTROL 25

Fig. 601-15A illustrates the use of a'Sepérhteldiode as an AVC detector which has
the advantage of reducing distortion in the audio signals due to AVC action. In
this circuit the capacitor C charges during the positive half of the IF signals
through the diode. During the negative half of each cycle C discharges through the
resistor R. This produces a negative voltage across R that varies at the audio fre-
quency variations of the IF modulated signals. Rj and C3 form an audio filter with
a time constant that results in C3 charging to a DC voltage which is the average of
the audio voltage across R. This is used for AVC bias.

Because of reduced receiver sensitivity due to AVC bias action it is sometimes de-
sirable to prevent its action during weak signals but still have it function to re-
duce the gain for strong signals. Delayed AVC is used in this type of design. With
DAVC the manual receiver gain can be set at maximum value for weak signals and the
AVC will not function. However, when the carrier voltage reaches a certain strength
sufficient to overcome the "delay® voltage on the AVC detector the AVC begins to
function to reduce the receiver gain. Fig. 601-15B jllustrates this type of cir-
cuit. The positive bias voltage in the cathode circuit of the second diode section
is known as the delay voltage. The diode is cut off until a signal strength which
is greater than this delay voltage exists. When this signal voltage is great enough
the diode functions as in any other AVC circuit,

Amplification of the AVC bias voltage will result in improved AVC action. As shown
in Fig. 601-15C, a plate detector is used to produce an AVC bias voltage. A plate
detector circuit may be used to an advantage as an AVC detector due to its inherent
amplification characteristics. The AVC detector plate is grounded through R;. The
cathode is negative with respect to ground. The grid is more negative than the
cathode and sufficient to cut off the tube. This bias beyond cut-off causes a de-
laying ‘action for the AVC. The IF signal is eoupled to the AVC detector through C.
A signal strong enough to overcome the negative bias on the grid will cause the
plate detector to conduct and will produce. a negative voltage across Ry. R3 and C3
form the audio filter and C3 charges up to the average negative voltage across Rl'
This charge on C3 is used as the AVC bias voltage.
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RECEIVERS
GENERAL NOTES
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| RECEIVERS - GENERAL REVIE'

The receivers covered in this cou:sgvgte”qommqhipatign type, for receiving CW, MCW

(a-1) f‘————* NO GARRIER —

MR R

IMWHWWHMWMWWWMW

AMPLITUDE MODULATED PHONE (A-3) ’ je——— uNmoODULATED —

Mo i o SR

601 - I8

Fig. 16 Waveforms of'thrée'tyﬁes of emiséidﬁ.
RECEIVER CHARACTERISTICS

1. SENSITIVITY: Ability of receiver to pick up weak signals and deliver a useable
output.
(8) Determined by signal-to-noise ratio.
(b) 10 microvolts is the minimum sensitivity for Navy receivers.
(1) Standard sensitivity is determined by internal noise only.
(2) Overall sensitivity is determined also by.-external noises
and by the width of the receiver band-pass.

2. SELECTIVITY: Ability of receiver to discriminateagainst undesired signals.
(a) Exceptionally good selectivity required in communication receivers.

3. FIDELITY: Ability of receiver to reproduce incoming signal without distortion.
(a) Fidelity is sacrificed in communication receivers to 1mprove the sen-
sitivity and select1v1ty

4. STURDINESS: Ability of receiver to withstand shock and to givé reliable service
under dif ficult operatxng conditions.
(a) Sturdlness is essentxal in m111tary receivers.



28 COMPARISON OF TRF AND SUPERHETERODYNE

RF STAGES:

BEAT FREQUENCY

OSCILLATCR:

AF STAGES:

ADVANTAGES :

DISADVANTAGE:

RF STAGES:

LOCAL OSC. :

1st DETECTCOR:
(MIXER)

IF STAGES:

2nd DETECTCR:
AF STAGES:

ADVANTAGES:

DISADVANTAGE:

2.
3.

1.

1.

1.
2.

1.

1.

1l
2.
3'

TUNED RADIO FREQUENCY RECEIVER

Amplify the desired signal. (Pentode tubes).
Amplification should be linear. (Class A operation).
Reject undesired signals. (Tuned circuits).

Produces an RF signal at a frequency about 1,000 cycles ab ve
or below that of the incoming signal.
signal to produce an audible frequency.

Mixes with the incoming

(Demodulation).
(By-pass filter).

Removes the audio component.
Eliminates the RF carrier.

Amplify the audio frequency signal.

Simplicity.
Good sensitivity and selectivity at frequencies lower than about
800 kes.

Sensitivity is not constant over any one band.

SUPERHETERODYNE RECEIVER
Same as in TRF.

Generates a sine wave which when mixed with the incoming signal
will produce a difference frequency which is the receiver inter-
mediate frequency.

Produces the IF by mixing the incoming RF signal and the local
oscillator signal,

Amplify the IF signal. (Pentode tubes).
Amplification should be linear. (Class A operation).
Reject undesired signals. (Fixed tuned circuits).

Produces a signal at a frequency about 1,000 cycles above or
below the IF which mixes with the IF to produce an audible fre-
quency.

Seme as detector in TRF.

Same as in TRF.

Better sensitivity and selectivity over entire frequency range.
Constent sensitivity and selectivity over the entire frequency

range.

Image response.
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INPUT KEYED CW
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Fig. 17 TRF block diagram.
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Fig. 18 Superheterodyne block diagram.



30 RECEIVER ALIGNMENT

PURPOSE: T cause all tuned circuits t perate simultaneously at c rresp nding
frequencies. Alignment is NOT a trouble-shooting procedure. Never try to align a
receiver unless it definitely needs aligning. F llow any special alignment‘proced;
ure given in the manufacturer's instruction book for each receiver,

ALIGNING TRF, GENERAL PROCEDURE

SIGNAL 2 2 2
=I5 6B 3168
~ ~ ‘METER
oR
woo, : VOLTMETER
| e L 1
" REF RF DETEGTOR ar 5; @
- 600 n
801 ~19

Fig. 19 Aligning IRF

Connect the equipment as in Fig. 19,

Turn of f all special circuits (noise limiter, output limiter, ete.)

Set the receiver gain control at maximum, ‘

Tune the receiver to a frequency near the high end of the band,

Set the signal generator to the same frequency reading as the receiver.

Adjust sig. gen. attenuator control until output meter reads about % scale.’
Adjust the trimmers in all RF stages and in the DETECTOR for maximum output.
Reduce input signal as necessary to keep output meter reading on the scale.

- .

NN W
.

ALIGNING SUPERHET, GENERAL PROCEDURE

SIGNAL
GENERATOR

P L A
| o £ 58 Fo of 3B Ho

VOLTMETER

®

187, T 2ND. pmmmnngpd AR s
DETECTOR DETECTOR <

1 400 A

LOCAL
08C.

VWA,

601 -20

AN 71 DEG.R, 44

Fig., 20 Aligning IF transformers.

Connect the equipment as in Fig. 20.

Turn off all special circuits (AVC, noise limiter, output limiter, etc.).
Set the receiver gain control at maximum,

Set the signal generator to the receiver IF, (See instruction b ok).

Adjust sig. gen. attenuator ¢ ntrol until output meter reads about % scale.
Adjust the IF trimmers for maximum output, in the order shown in Fig. 20.
Reduce input signal as necessary to keep output meter reading on the scale,

bW N e
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SIGNAL
GENERATOR

60! - 21

ANS T DEC.EZ, 64

moo. yp koo
RF. ===

000,
LLLA
N
TTRA
32 ‘_®

@ééi‘;@ e
. - . OoR

_ VOLTMETER
D.A.F= 187 4
R.F, DETEGTOR LF e AF. 2
{MIXER) B ’ 9

> . €00n

G1-400uuf
[~ SERIES PADDER

A T c3-40uut
7~ _TRIMMER

LOCAL c2
08s¢C. 400 uuf

Fxg 21 Aligning tuner unit.

7. Connect the equipment as in Fig. 12.

8. Tune the receiver to a frequency near the high end of the dial.

9. Set the signal generator to the same frequency reading as the receiver.
10. Adjust sig. gen. attenuator control until output meter reads about % scale.
11. Adjust trimmers (5), (6) and (7) for maximum output. )
12, Set the receiver dial to a frequency near the low end of- the bands .
13, Repeat steps 9 and 10.

14, Adjust the series padder (8) for maximum output.

15, Repeat steps 8, 9, and 10.

16, Adjust trimmer (5) for maximum output.

VISUAL ALIGNMENT

1

FM is cantered ot the receiver |F, Audio, depending on @
F and is modulated £ 10ke ot 60 cycles. IF response.
MODULATED oV SN
SIGNAL o
GENERATOR

m LE 2nD AF.
s n:v:cma STAGES DETECTOR STAGES

60 CYCLE SYNCHRONIZING VOLTAGE

Test
Scope

Fig. 22 Typical ho kup f r visual alignment.




VISUAL ALIGNMENT

-

PRELIMINARY  STEPS

I, MAKE REGEIVER LOCAL OSCILLATOR INOPERATIVE

2. APPLY 60 CYGLE SIGNAL TO SCOPE VDP (BY
PLAGING FINGER ON VOP GOINECTION )
ADJUST SWEEP AND
GONTROLS FOR CROSSOVER AT G!NTtl OF
SCREEM AS SHOWN BELOW.
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SENSITIVITY MEASUREMENTS

PURPCSE: To compare the receiver sensitivity with a normal rating. Sensitivity is
rated as the minimum number of microvolts of signal input capable of causing a
desired value of signal output. The rating differs with various equipments, and in
each case it is necessary to consult the instruction book. For example, test con-
ditions for a typical Navy receiver, the Model REB, are:

1. SET NOISE REFERENCE LEVEL.

E ANT. RECEIVER
>4

INPUT

3
S 600 ouTPUT
_‘\"": ouTPUT $ NON-INDUGTIVE METER

crd

! SENSITIVITY OR RF. GAIN
CONTROL
NOISE REFERENCE LEVEL 80 MICROWATTS

601 - 24 Corresponds to .19  volts
(0 db in most Navy equipment)
. v wcues

Fig. 24 Hookup for setting noise reference level.

(a) Disconnect the antenna from the receiver antenna post.

(b) Turn off all special circuits (noise limiter, output limiter, silencer).

(¢) Adjust the sensitivity (RF gain) control so the receiver noise level is equiva-
lent to 60 microwatts on the output meter. If the internal noise is less than
60 microwatts, set the RF gain at maximum.

2. MAKE SENSITIVITY MEASUREMENT.

20 uh
SIGNAL 200 uut ANTL
GENERATOR — | koo
——w— L
:'\“", 400 it 400 RECEIVER E;GOOI\. 3:;::7
) STANDARD

CALIBRATED DUMMY ANTENNA .
ATTENUATION
GONTROL
DESIRED  OUTPUT

L 6  MILLIWATTS
60\ — 28 Gorresponds o 1.9 volts

- n oentas (20 db above Noiss Referance Level)

Fig. 25 Hookup for making sensitivity measurement.

(a) Without changing the setting of the receiver sensitivity control, connect the
equipment as in Fig, 25. If no standard dummy antenna is available, substitute
a 200 uuf capacitor instead.

(b) Adjust the receiver and the signal generator to the specified frequency, and
modulate the RF signal 30% at 1000 cycles.

(c) Adjust the signal generator attenuator control until the receiver output is
equivalent to 6 milliwatts on the output meter.

(d) The reading of the signal generator attenuator control (which is calibrated in
microvolts) is the sensitivity of the receiver.
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VARIABLE MU T1
PENTODE . g E
%“
% g ’ 13ma T l :: E: I
hd RI & ¢ .
300 T
R2 R3
20K ‘!‘lK
601 - 28 + 300 v
RESTRICTED
Fig. 26 Typical RF amplifier.
STATIC CONDITIONS (NO INCOMING SIGNAL)

1. FPLATE CIRCUIT: 10 ma of plate current flowing through the 5,000-ohm decoupling
resistor R-4 causes a 50-volt drop which subtracts from the 300-volt supply,
leaving 250 volts on the plate with respect to ground.

2. SCREEN GRID CIRCUIT:

(a) Bleeder resistor R-2 is 20,000 ohms and passes 5 ma of current.

(b) Screen dropping resistor R-3 is 25,000 ohms and passes a total cur-
rent of 8 ma (5 ma bleeder current and 3 me screen current), causing
a drop of 200 volts, leaving 100 volts on the screen,

3. CATHODE CIRCUIT: The cathode (or minimum bias) resistor R-1 is 300 ohms. The
total tube current of 13 ma through R-1 causes a drop of 3,9 volts, which is
bias between the control grid and cathode. (The grid is at DC ground).

TROUBLE SHOOTING ANALYSIS
1. PLATE CIRCUIT:
(a) If either R-4 or the primary of T-1 opens: ‘
. (1) Plate voltage and plate current both will be zero.

(2) Screen current will increase slightly.

(3) No voltage drop across R-4.

(4) Less total tube current causes less voltage drop across R-1.

(5) The gain of the stage will be zero. Signals may be trans-
ferred through the stage due to tube capacity.

(b) If C-3 shorts:

(1) Plate voltage and plate current both will be zero.

(2) The voltage drop across R-4 will increase to the total B+
voltage, and current flow through R-4 will increase.
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(3) Screen current will increase slightly.
(4) Less total tube current causes less voltage drop acrossR-1.
(5) .The gain of the stage will be zero.

2. SCREEN GRID CIRCUIT:

(a) If R-3 opens:
(1) Screen voltage, screen current, and the voltage drop acr ss
R-2 and R-3 all will be zero.
(2) Plate current and total tube current through R-1 will de-
crease., Plate voltage will increase.
(3) The gain of the stage will decrease.

(b) If C-2 shorts:
(1) Screen voltage, screen current, and the drop across R-2 all
will be zero. '
(2) The drop across R-3 will be the total B+ voltage.
(3) Plate current and total tube current through R-1 will de-
crease. Plate voltage will increase.
(4) The gain of the stage will decrease.

(c) If R-2 opens:
(1) Current flow through R-3 will decrease and the voltage drop
across R-3 will decrease.
(2) Screen voltage and screen current both will increase.

3. CATHCDE CIRCUIT:

(a) If R-1 opens:
(1) Tube current will cease.
(2) Plate voltage will be 300 volts.
(3) Screenvpltage will be less than 300 volts by the drop
across R-3 due to bleeder current continuing to flow.
(4) The gain of the stage will be zero.

(b) If C-1 shorts:

(1) Bias on the tube will be zero.

(2) Plate and screen currents will increase.

(3) Plate and screen voltages will decrease.

(4) The control grid will draw current, causing distortion
which will be more noticeable on strong signals than on
weak ones.

(c) If C-1 opens:

(1) The cathode voltage across R-1 will swing with changes in
the incoming signal, because changes in plate current which
previously flowed through the low reactance path provided
by C-1 now flow through R-1.

(2) This causes degeneration because the cathode swings posi-
tive at the same time the control grid swings positive re-
sulting in decreased output from this stage.
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VISUAL CHECKS
1. PURPOSE: To isolate the source of trouble to a defective stage.
2. PROCEDURE:
(a) Obtain information on the trouble symptoms. Ask the operator some
questions, For example: Is the receiver dead, or how does it act?
Did the trouble develop suddenly or gradually? Was the receiver
smoking, smelling hot, or showing other obvious signs of trouble?
IF ANY INDICATION SUGGESTS A SHORT OR EXCESSIVE CURRENT DRAIN ON THE
POWER SUPPLY, LEAVE POWER OFF AND TAKE RESISTANCE MEASUREMENTS.
(b) Operate the receiver yourself. See if all meters, indicators, and
controls are operating normally and are properly adjusted.
(¢) Check all external connections (antenna, ground, power, plugs, ete.).
(d) Remove the chassis and look for obvious troubles (broken tubes, loose
or broken leads, burnt or charred resistors, leaking wax, mechanical
defects, f‘nlty insulation, etc.).
SIGNAL INJECTION
i. PURPOSE: To isolate the defective stage, if visual checks fail.
SIGNAL GENERATOR
_____ Tmm-swem s
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Fig. 27 Signal injection.
2. PROCEDURE:

(2) Be sure there is a ground connection between the receiver and the

signal generator.

(b) Apply signal to test points in the order shown, being sure that the

signal applied at any p int is f proper frequency, and of amplitude
comparable to normal signal at that point. Too strong a signal may
be forced through dead or defective stages.
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MOD. LF A.F. A.F._
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Fig. 28 Signal injection in 2nd detector.
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MOD. R.F. 3
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Fig. 29 Signal injection in lst detector and local oscillator.

VOLTAGE AND RESISTANCE MEASUREMENTS

1. PURPOSE: To find the faulty PART in a defective stage.
{a) To be used only after isolating the defective unit or stage.
(b) REMOVE ALL POWER before taking resistance measurements.
(c¢) Compare readings with those previously taken when the equipment was
OK, or with those in the instruction book (not with tube manual data).
(1) Allow for the shunting effect of the meter unless using the
same type as listed in the instruction book.
(2) Normal tolerance of most readings is * 20%, even when the
line voltage is correct.
(d) Use the wiring diagram as well as the schematic in taking point-to-
point continuity checks. '
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INSTRUCTION BOOKS

Two instruction books should accompany each equipment. If not packed with the
equipment, the instruction books may be mailed to the Commanding Officer. Ask for

them through the Communications Officer. Study the instruction books and the equip-
ment. Learn all the important points, and know where to find additional details.
While the equipment is in good operating condition, take readings with the ship’s
own test equipment and compare with those listed in the instruction books. Record
all discrepancies, and make additional tests if necessary to obtain complete test
data for future trouble shooting. From the instruction books and the actual instal-
lation, make your own functional block diagrams, simplified schematics, etc., so all
technicians in the crew can thoroughly understand the equipment and especially the
installation aboard ship.

UPKEEP ROUTINE

Establish and follow a detailed routine, carefully prepared to fit each unit of
equipment, from basic requirements determined by:

(a) BuShips Manual (Manual of Engineering Instructions), Chapter 31.

(b) Manufacturer's maintenance specifications.

(¢) Individual installation. Provide for any special care made necessary
by unusual exposure to weather or shock, limitations of space, poor ventilation;
weaknesses discovered in actual use or from equipment history, service bulletins,
et cetera.

Record in an appropriate log or equipment history file all inspections, unusual
performance, casualties, replacement of parts, adjustments, and any other data of
possible future reference value. Following is a skeleton outline of the very min-
imum general inspections and tests to be made and logged: ‘

(a) DAILY. Test all idle receiving equipment for operation. Make a
visual check of the antenna system for obvious defects.

(b) WEEKLY. Check frequency meters for accuracy against Bureau of Stand-
ards transmissions as per current instructions from Bu Ships. Check all access door
safety devices.

(c) MONTHLY. Install a complete set of tested vacuum tubes in one half
of all receiving equipment. Test replaced tubes and retain satisfactory ones for
future use. Check radio direction finder calibration curves on at least 5 points
and at least 3 frequencies, using transmissions from stations on visible or accur-
ately known bearings. Measure receiver noise level in each band as per current
instructions from BuShips. Lubricate all sliding mechanical contacts with vaseline
or non-fluid mineral oil. Follow the manufacturer's recommendations for lubricating
all rotating machinery.

(d) QUARTERLY. Make sensitivity measurements of all receivers as per
current instructions of BuShips. Record in the Receiver Log all results of tests
before and after any corrective action. Check the operation of volume limiter,
audio tuning, and all other special controls. Infrequently used switches and con-
trols may oxidize enough to fail, especially in weak signal circuits. Check the
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calibration of each receiver for the frequency in use, or for which the receiver is
standing by. Check inventory of tubes and spare parts, and requisition the neces-
sary parts to fill the allowance for each equipment.

(e) ALTERATIONS. Permission from your Commanding Of ficer must be obtained
before making any alterations to either the inside or outside of any equipment.

(f) SPARE PARTS BOXES. - Those furnished with each equipment contain only
parts that are most likely to fail. Complete or Btender" spares are furnished with
each 4, 10, or 20 equipments, and usually are kept on a tender or at a supply base.
Keep spare parts boxes filled to full quota -- an empty or depleted spare parts box
may mean a Court Martial for the technician. When any part is removed, order a re-

placement immediately. List all parts removed, and leave the list in the top of the
box until all parts are replaced.

SUPPLY WORK

COMMUNICATION EQUIPMENT INDEX. A record of each unit of equipment must be kept on
file in the appropriate station aboard. The required data is shown on the sample
form in Fig. 30. A new book form of equipment log is being issued by BuShips, but
if the log book is not available cards similar to this sample may be obtained from
the nearest Radio Materiel Officer (RMO) or Navy Yard.

Mode! Name of Equipment RAP/ o RfC'E/ VER Serial No. Custody Card No.
RBB-/ | ano RecriFier Power Unsr 738 Ty
COMMUNICATION EQUIPMENT INDEX v.8.8. £ms, T I, ?
(RESTRICTED) .
THS INDEX AND HISTORY MUST BE TRANSFERRED WITH THE BQUIPMENT.
[¢ FCA Mre. Co. . /~c. Contract No. P/ 265 {
Date of acceptance by LNM, £~ 25 -4 .3 Date placed in service 6 - 24 — 424C
3 Guaranteed for: 2 years from t ; / Years of service
Typical form,  Installed by & T _RT % at oeMS, T L
half size. AR R B et 2K Bomiithe Front
. . Y] (‘-q) or Comm’n. Officer) l/. ¢
Namme Plate Data of Assemblage and Component Parts. (Give location. Use additionsl blank cards ss necessary.)
RAbI0 RECEIVER RECTIFIER POWER UMIT
TYPE CRV #6/47 TyPE CRV 20130
FRER. RANGE O.S 18 #me. SERIAL 15€
| NPUT INPUT
6.3v- Lo, 17V~ Gow, /05V- 0C, 200V-DC 110, //.r/{;o v-6a~, [00 WATTS
S50 A. Lo A. L00SA. (O7TPA. ovTPYT
6.3V-Gow, /]v-Eow, 105V-0C, 200 V-OC
wT. §2 rounvs 5. A.  L6A. .005A. .07PA.

WT, 52 PouNpDsS

v P.S.N.Y. 32144 18M Parts Bo:
Typical form, Spare res
, Box No. General Contents | Location
half size. / RESISTDRS AnD CAPACITORS iSToREROOM C-40/-A B k
2 TYUPES AND TRANSFORMERS STORERcoM_C-#06-A ac

Index of Correspondence, Bulletin of Engineering Information Articles, Circular Letters, etc., pertaining to this
equipment i—

Comm YN ICAT 108 FQuiPMenT MainTenance Bowerin, Fiee C Issve 4

DI S

Fig. 30 Typical Communication Equipment Index Card,
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EQUYPMENT HISTORY: This is a continuation of the equipment index record, and may be
kept conveniently on cards like the sample in Fig. 31, on blank cards, or in the
equipment log book. The complete index and history record must accompany the equip-
ment when it is transferred. The history should include a record of the original
installation, normal readings, maintenance routine, repairs, adjustments, tests,
inspections, and especially peculiarities of value to other technicians.

EURFECT OR PART CONCERVED D.

-y 27 Nov. (744
sen 735 l IF-AF Unir, 3o IF Staee =7,

COMMUNICATION EQUIPMENT HISTORY R
Casualty, Defect,
S: Mygol’!‘rozbla RPecEIvER Smorxines — No ovTP/T™

Vypical form, Work Done: C-335 rouNp SHORTED, CAVSING R-317 To BORN 007
half size (clude Wi REFLACES BoTH FRoM SPARES.,

Reca,vER SENSITIVITY FOUND PooR oON ALL BANDS
REPLACED WEAK TUPE V-302 Awp PEAKED vF
AL IGNMENT ADJUSTMENTS IN TF oHannEL.

SewnsiTivViTY MEASURES OK,

References: RESTRICTED

Cheek Furm(s) Applisshle—lnsert flerial No. aad Date Scbemiited) PERSONNEL ON JOB (NAMES AND RATRS)

T Pom N s s | -27-¢%| o-e. er} woths | = Arios alm_

V| Sa&A¥omas |43 _//-27- ¥4 ’ < 4 C.t.&lo-—wl e
1 cRT 4'*8

Fig. 31 Typical Communication Equipment History Card.

GUARANTEES: Receiver vacuum tubes are usually guaranteed by their individual manu-
facturers for from 90 days to 1 year, whether in storage or in actual service. Some
are guaranteed for a certain number of hours of actual service. Receiving equipment
other than tubes is usually guaranteed for 1 year of gservice within 2 years after
acceptance by the Inspector of Naval Materiel, or for 2 years of service within §
yeurs after acceptance. Guarantees may expire before the equipment is installed.

PARTS FAILURE: The new simplified failure report card shown in Fig. 32 is to be
filled out and mailed to BuShips according to instructions on the back of the card
for every failure of parts other than tubes, regardless of guarantees.

Front Official Forms NBS 383, about one-third size Back

SRS uRE 15LAND, LA

BLESTRONIC EQUIRGST VST

i B D 1Y

| b APNEAT WAL DT NATG o -'] AL G e

Bf'/_ L 738

o u uw. -

s vk of N Torea YO 304 arg S8, et s peicling o thesrgarosen nd ubin of
e and e aroaniod o Somr 1> Sorta Broceure

11 fous sl b wiad o repoit ey ol oo s elvor o s of sl aqgmes g (et and o
el sm';. bl b wind o sepot immaciatly ol lms (e SRR P o PR

1 ot b coum and st o e, vl o o b by yngmemenl e ond ot sl
o e e L e tors wib Lo e Darwerh Suorimg sepresenianves of oo

e

“ TTIRB F
K‘ESIJ‘ fol-

e R T ) Gt R T e s L b a nms" XTI ot sl o oo, w4 e b SSCURITY REGULATIONS. TYPE and MODEL DESIGNA.
1a NOT caufidmbn
[ i P FT L ’ onrt o scRe P R-3i§ FanEr BifA ”" or LT 5 Thi e 1a MO eusnon scylavements st by i 8 trum yous Tuador. Supply Desel Buigly Olicwr, or Radio Matarial Qitiosr,
" g r.m »M“ ] W " - U OVERLOAD AFTER €335 ) € Selact oppre w10 dopcr.po TYPE OF FAILURE. i procedure will pocitfailurs caotyats by 18 machines.)
[— R P T [ 1 Beckan
SHORT & D b
N ! ' .
crwsnm g e o ot s » ; ¥
- \ VAIFE O MONTHS, i L i com 4 wumber o B auarn st e damned o he ol o w-.nam.m.amm The dotecl vcomiance by by
AL o AL s e ot M M 9, & ovcE | ! b fowa o w e e B et oo cad oult el
AME FAILVRE OCCURAED Vo availu e wia morked 48 obeys; Roney 15 dota aem] 20
Pt — i ordenen it o Boss
o e I C BRFoRE ONW /- 3]~ ¥Y, . e soad B i oo o '.’)"’1.'. e ek g
- T et oot o vt acman il ba taben by o N hpien o sk
s gty . J
i

Fig. 32 New Official Parts Failure Reports, NBS 383. (Rev. 3-45)
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RBQUISITION FOR REPLACEMENT PARTS. Immediately after making a replacement from the
spare parts box, requisiti n a duplicate part fr m the ship’'s Supply Officer.
If the parts are carried in stock by the ship’'s supply department, they may be
obtained immediately with a stub requisition, S and A Form 307 (See Fig. 35), If
the parts are not carried by the ship, the technician must fill out S and AF rm 303
shown in Fig., 33, or at least must furnish the Supply Officer with the equivalent
technical informatien. From this, the Supply Officer makes out an official requi-
sition. The surest way of getting the parts is for the technician t take the
approved requisition personally to the nearest tender, supply pool, or Navy Yard,
and bring the parts back with him. Otherwise the Supply Officer will send f r them.
Oniy enough parts to fill the ship’s quota will be supplied for any one equipment,
List parts for each equipment separately. Any part ordered for unofficial equipment
will cause the entire requisition to be canceled. File in your Communication Equip-
ment History a record of requisition similar to the sample shown in Fig. 34,

Samahrooman  MEMORANDUM REQUEST FOR RESTUISITION AND STUB REQUINITION
MEMORANDUM REQUEST FOR SURVEY

From: (COMMYNLCATIONS.... Depe, (ox otioss e 2.7 Mot 1
To: Supply Offeer, Stub No.
It Is requested that & Requisition/Smey, be prepared for the following article or services:

Brandard Stock ] DESCRIPTION
i Mook | Quantity Required Unie | I% REQUISITIONGive detailed spocifications for oach item end roason if roquesting noa-
Clams No. erial.

o to be Surveyed mat Vaige
IF SURVEY—Give reascns therefor, and Custody Card No. and iocation.

Official Form | /RO L |- fesiios, ey, caxasy a0 il

S and A 303, | S i o

half size, 1 for apae parte: o RBEB-(. RALIO RECEIVER, SERIAL.]3E
Spare past box N _.....Z. by: Name RCA. MFE. Co., LN,
J. 0. No. Title D-K-P, Address CAMPEN, /\/.

Replacement is/ncE desired.

Wl K. Lometd,

(Head of depariiat) L:. el

g isiti No. dated If Stub: Iseued by
If Survey: No. dated Received by
o coviament saniinG OTPICE 1010047

Fig. 33 Official Request for Requisition for replacement parts.

)
(Tear off this part, except for tab, before filing.) ! INCOMPLETE

—— | REQUISITION
BAMNY. bal-a 1M RECORD OF REQUISITION FOR COMMUNICATION MATERIAL
(RESTRICTED)
Attach this form to related Fquipment History Sheet. vss. RMS, 777,
TAB to be d only after this £ i leted,

0 removed only T 8 form ia compl DATE 27 ”.V. / 7#
Rmm:i_ umn:u Specifications and omm:: Completed Forms Submltted to Supply Office Material to be Ordersd From; | Authority for Ordering:
/I.Q’;B:u; / 00 e’;?gz AA/S ";‘7’” Navy Yard «MARE IS, AL S

OHN L/OE, T AR OMITH 0V. | Direct trom Factory... LAKLD.
ser. 738 4 S A AL TR —— —]

DESCRIPTION: (This Description shouid be a Carbon Copy of Description given on S. and A. Form No, 803.)
Typical form, 16 -R-b33b0 ! Ao RESISTOR, FIXEp, CARBON, 4700 snms F10J
: ‘ /4 WATT, INSULATED, TYPE BT
half size. 2 . ‘
ize ITEM Mo, 65, RCA OWE v PART No.
K- E5078/~T0, seHEM. SYMBOL R-3/7
RBB-/ RADIO RECEIVER, SERIAL 738

RCA MFs. Co, /nc,
OAMPEN/ M. V.

RECEIVED ON BOARD AND TITLE
By: ‘ Date: \ Coudition !

Installed or Checked
B stowed in:
c Br: Date: Apgproved

Fig. 34 Typical record of requisition.
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VACUUM TUBE FAILURE: Receiver and general purpose tubes costing less than $5.00 may
e replaced from spares without special report. Replacements should be requisi-
tioned immediately from the ship’'s Supply Officer on S and A Form 303 (Fig. 33).
WORK REQUESTS: When radio or other equipment needs repair or servicing beyond the
scope f the ship's own facilities, a work request signed by the head of the depart-
ment and approved by the Commanding Officer must be submitted to the tender or Navy
Yard, Unless the tender or yard furnishes blank forms, this work request may be in
*hs. ‘ocm of an official letter, and must contain the following information:

(a) The ship from which it comes.

{b)y The dates between which the ship will be available, and its location.
{(¢) The bureau having cognizance (BuShips for all electronic equipment).
(d) Whether the work is urgent repairs, desirable repairs or alterations.

(e) A complete and easily understandable description of the work required
Usually the work must be done by men who are unfamiliar with the ship
or the complete installation on which the repairs are to be made.
Therefore, it is very important that all necessary information be
given in sufficient detail. Drawings, blueprints, sketches and other
references should be included wherever they will aid in the explana-
tion.

(1) If a defective unit or part is to be repaired separately,
it is best to take the unit and the approved work request
personally to the tender or yard so that any additional
information the repair shop may need can be given promptly.

{t) What assistance the ship's force will provide, and who will be avail-
able for consultation or supervision.

(g) A statement that the work is beyond the scope of the ship's force.

(h) The signatures of the head of the department and of the Commanding
Officer.

M.encver possible, the tender or Navy Yard should be notified well in advance of the
date actual repairs are requested, especially if the ship must be docked during
repair. ‘

The responsibility of the technician in prepas ing work requests will vary with the
size of the repair job and of the ship. In any case, the technician must furnish a
clear and exact description of the technical requirements of the job, written in a
nanner that workmen in other trades can understand.
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MISCELLANEOUS SUPPLIES. Any supplies or parts carried in stock by the ship's
general store room (GSK) may be drawn with a Stub Requisition, S and A Form 307,
signed by the head of the department requesting the supplies. Regular equipment
spare parts usually are turned over to the radio department and are stored near the
equipment, but GSK may carry some of them, or may have equivalent stock parts.

ol .na‘vl'-d"f:nlx'u"i il 8tub Requisition No..__ ...
ves. KM, T/ 29 Nov _ oHY

To SurrLy Orrickr: Request following stores be delivered to bearer for use in ,
Department. ﬂ ?

By aulhority of Head of Doparimend.

100K Carazon ey | Tamor
0. a Oass M. DESCRIPTION OF ARTICLE &.Sv;"n Quiwrey | Ukt Paxa Exranson

CREWS, BRASS, §-32, /vy |/
Nurs, BRASS §-33 Hex. /
PLiERS, LINEMAN, b incH |/
S and A 307, ; g é g
half size.

4 2 2 4
¢ ) <12

Of ficial Form

Received the above material.

ToraL
Issvro Br: Charged .
arged on Ledger, .. ...
= ey s Allotment charged,

Fig. 35 Official Stub Requisition for Miscellaneous Supplies.

OBSCURE TROUBLES IN RECEIVERS °

‘These are troubles which cannot readily be detected by abnormal current, voltage,
or resistance readings. Important symptoms and causes are:

1. LACK OF SENSITIVITY, due to:
(a) Defective coupling (open coil or coupling capacitor).
(b) Misalignment.
(c¢) Faulty connections (high resistance joints or corroded joints).
(d) Defective tubes which check good on tube checker.
(e) Defective parts, especially intermittent defects.

2. OSCILLATION:

(a) The combination of an incoming signal and an undesired oscillation in
the receiver IF stages may produce an audible beat note. As the
receiver is tuned nearer to the incoming frequency, the pitch of the
beat note will decrease.

(b) Interference between two stations also may cause an audible beat note
in the receiver output, but in this case the pitch of the note will
not change as the receiver is tuned.

(c) The removal of the antenna, or insufficient antenna, may decrease the
receiver input loading enough that the energy fed back from following
stages may cause oscillation.

(d) Interstage coupling between plate and screen circuits, or unintended
feedback in any circuit may cause oscillatijon.

(e) Excessive plate or screen voltage may cause some stages to oscillate.
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IMAGE RECEPTICN (SUPERHETS ONLY): The frequency of the interfering signal
differs from that of the desired signal by twice the IF of the receiver. When
mixed with the output of the local oscillator, both incoming signals produce the
receiver IF, and both are reproduced. Causes are:

(a) Insufficient selectivity in the RF.stages.

(b) Poor shielding.

(c) Excessively strong interfering signal.

INTERMITTENT RECEPTICN: This usually is due to momentary shorts or opens in
trans formers, resistors or capacitors; leaky capacitors, high resistance con-
tacts or joints, etc. May be caused by:
(a) Voltage breakdown of insulation.
(b) Expansion of parts from heat.
(c) Mechanical failures such as broken leads, poor connections, loose
shielding, bent capacitor plates, etc.

When checking for obscure troubles or intermittent operation, take nothing for
granted. Check everything thoroughly and systematically.

1.

NOISE"

TESTS TO DISTINGUISH BETWEEN INTERNAL AND EXTERNAL NOISE:

(a) Disconnect the antenna lead-in, and short the receiver antenna and
ground terminals. A reduction in noise indicates that external noise
is picked up by the antenna.

(b) If the noise remains, remove the ground lead to eliminate the pos-
sibility that the ground lead is feeding in noise.

(c¢) If the noise still remains, it is either entering through the power
supply or is being generated within the receiver.

(1) Internal noise may be isolated by removing and replacing
tubes one at a time.

INTERNAL NOISE: May be caused by:
(a) Thermal agitation, mainly in carbon resistors.
(b) Shot effect due to uneven or irregular space current in vacuum tubes.
(c¢) Microphonic effects, mainly from mechanical vibration of tubeele-
ments.

The amount of internal noise in the first RF stage determines almost entirely what
the standard sensitivity of the receiver will be.

4,

EXTERNAL NOISE:
(a) Natural, due to atmospheric conditions such as electrical storms

or Mstatic®.
(1) No practical method of eliminating natural static has been
discovered.
(b) Man-made, due to buzzers, blinkers, switches, relay contacts, medical
apparatus, motors, generators, etc. ’

METH(DS OF ELIMINATING NOISE:
(a) The most effective method of tracking down the noise source is to
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station one man at the receiver to note any change in noise, while
another man starts and stops each piece of equipment and checks any
other possible source.

(b) After the noise source has been found, check the offending equipment
to make sure it is operating properly and does not require adjustment
or overhauling. ‘

(1) If noise persists when the offending equipment is in good
condition, a filter will be necessary.

(2) Filters should be placed as close to the noise s urce as
possible.

EQUIPMENT EGQUIPMENT EQUIPMENT

T ETE

i

RELAY OR
VIBRATOR
CONTACTS

LINE [ LINE [ LINE

0 ® ® ' ®

Wy c o atc e

Fig. 36 Typical noise filters.

TYPE 1: Capacitors alone are easy to install, and usually are sufficient for small
equipment where the noise is not of high amplitude. Comma sizes of capacitors for
all four types of filter are from .1 to 2 pf, with voltage rating at least twice the
operating voltage.

TYPE 2: Inductances alone are much less effective, but can be improvised easily,
and may help considex"ably if no suitable capacitors are available. The inductances
must have sufficient current-carrying capacity and insulation, should have high
impedance to noise frequencies but low impedance to the line frequency.

TYPE 3: Combined series inductance and shunt capacity is by far the most effective
line filter. This type may be made resonant to eliminate even high amplitude inter-
ference at any one frequency. More sections may be added if necessary.

TYPE 4: This resistance-capacity combination is very effective for suppressing arcs
at contacts such as relay, buzzer, vibrator, etc. The resistor must have ample
wattage rating, and approximately one ohm per volt. Less resistance suppresses the
noise better, but causes the contacts t burn.
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COMPARISON OF RBA, RBB AND RBC RECEIVERS
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DC POWER DISTRIBUTION OF RBA RECEIVER
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VARIABLE-MU TUBES FOR GAIN CONTROL:

tivity may be varied by changing the bias, either manually

RECEIVER SERVICING

Used in RF amplifiers so the gain or sensi-

i with AVC,

iy r
N
\
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Fig. 42 Comparison of the characteristics of remote and sharp cutefi pentodes,

REGENERATION: Decoupling networks are necessary to prevent voltage surges or signal

P tentials from coupling
the power supply.

from one stage to another through the common impedance of
The ratio of the reactance of C to

R at the lowest signal fre-

quency should be approximately 1 to 10.

"\ \/ﬂ /\/
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Fig. 43 Decoupling filters to minimize feedback through the: power supply,



PURPOSE:

AUDIO FILTERS 53

To improve the overall sensitivity and selectivity of the

receiver.

FREQ.
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2000 3000

Attenuation

t
—20 -
! 1
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Fig. 44 Basic

and RBA audio filters.



54 NOISE LIMITERS

The purpose of a noise limiter in a radio receiver is to suppress strong noise
impulses of a short duration such as those caused by sparking contacts and atmos-
pheric static. A pgood noise limiter will enable the operator to obtain intelligence
from the signal under adverse conditions.

SHUNT, TYFE NOISE LIMITER:

and wetzetor
J
T£ i
7 —
-
ST
10
AU VLT
+ LON CATHOT T . V)
250K
A P ANA e AAA—————4
_ +1- AN
AN

e
Diode AVERAGE

c ) S - e M T
.0l I /7777 Noise Limiter é

) VOLTAGE
NOISE PEAKS AGROSS C

601-45

RMS. T0 DECEMBER 3i, 1945

Fig. 45 Shunt type noise limiter,

1, Gmﬂ.iAL CIRCUIT OONDITIONS:

(a) V1 is the second detector.

(b) V2 is the noise limiter diode.

(c) With a signal present C will charge up to the average negative voltage
at point A, The voltage charge uu C is applied to the plate of V2.
The plate voltage on V2 will pgt vary with modulation,

(d) The cathode voltage of V2 will vary with modulation as shown above but
V2 will not conduct as long as the cathode voltage is less negative
than th.e plate voltage.

2. OPERATION:

(a) Under normal conditions, no noise present, the noise limiter diode,
V2, will not conduct and the audio signal is coupled to the next stage.

(b) A noise pulse strong enough to drive the cathode negative in respect
to the plate (the plate voltage is fixed to the charge on C) will
cause V2 to conduct. ,

(c) When V2 conducts the noise pulse will be shunted through the diode and
C to ground.

(d) The noise voltage pulse applied to the output will be limited to a
value that causes the diode to conduct,

3. RESULT: The limiting of str ng noise pulses will improve reception.
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2ND DETECTOR
V3058

22
ﬁ'] ﬁ Lene

AUDIO VOLTAGE
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AMPLIFIER
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7309 : AVEC;?E :: D
SHARP 3 L] ( a c)
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1 o320 ~.
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$ 270k 4 '
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c328
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RBB NOISE LIMITER

601 — 46

AMs  TI DEC.2,44

Fig. 46 Series type noise limiter.

1. GENERAL CIRCUIT CONDITIONS: V-306B (pins 5 and 8) is used as a séries type
noise limiter, so named because the diode is in series with the audio path and
must be conducting for the audio signal to pass.

2. OPERATION:
Normal signal, no noise peaks:
(a) The voltage drop across the 2nd detector load resistors R-347 and
R-348 causes the plate of V-306B to be positive with respect to its
cathode.
(b) V-306B will conduct and will remain conducting under normal signal
conditions.

Signal with high noise peaks:

(a) The voltage drop across the 2nd detector load resistors R-347 and
R-348 increases sharply during noise peaks. o

(b) R-345 and C-320 form a filter network to prevent the voltage on the
cathode of V-306B from changing instantaneously.

(¢) The voltage on the plate of V-306B follows the instantaneous changes
in voltage across R-348, and swings sharply negative with respect
to the cathode so V-306B will not conduct during the noise surge.

(d) With V-306B not conducting, the audio line is open for the duration
of the noise surge.

3. RESULTS: The receiver output is turned off during the brief noise periods and
in some cases during part of the modulation cycle which causes some distortion.



56 RBL RECEIVER OUTPUT LIMITER
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RI23
500K
601 — 47
P MR
Fig. 47 RBL Receiver output limiter.
1. PURPOSE: To limit all audio peaks to s definite maximum value determined by

the setting of the OUTPUT LEVEL control R-120.

OPERATION: Normal signal condition (no limiting action):
(a) R-120 is so adjusted that both halves of the 6H6 limiter tube V-10%
are conducting all the time, thus allowing the audio signal to pass.

. OPERATION with limiting action:

(a) A positive swing in signal on the plate (pin 5) of V-105 increases
current flow through R-118. The cathode (pin 4) of the other half
of the tube now will be positive with respect to its plate (pin 3),
causing this half of the tube to be non-conducting and to open the
audio line for the remainder of the positive peak of signal.

(b) A negative swing in signal causes the plate (pin 5) to become neg-
ative with respect to its cathode (pin 8), causing this half of the
tube to be non-conducting and to open the audio line for the remain-
der of the negative peak of signal.

RESULTS: Both the positive and negative signal peaks are limited by the push-
pull action of the double diode, thus maintaining a practically constant utput
for signal inputs exceeding normal strength. This circuit is very effective in
limiting high instantaneous peaks of noise.
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Fig. 48 RAD output limiter

1. RUIRPOSE: To limit peaks of audio signal and noise above a value determined by
the setting of Limiter control R-158,

2. OPERATION:

(a) The limiter tube must be conducting at all times to pass audio vari-
ations. Audio variations of the current flowing from cathode to grid
of the limiter and down through the grid resistor produce an audio
voltage across R-118 which is applied to the audio-frequency amplifier.

(b) The setting of R-158 determines the amplitude of negative voltage on
the limiter cathode.

(c) Positive signal swings which exceed the value of negative voltage on
the limiter cathode will cause the limiter tube to stop conducting,
thus opening the audio line during high positive peaks of signal or
noise,

3. RESULTS: Since this type of limiter affects only the positive peaks of signal,
the action will not be as great as in a limiter which functions on both halves
of the audio cycle. However, this circuit is effective in limiting high
instantaneous peaks of noise.
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RECEIVER SERVICING
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Fig. 49 RBB output limiter.

PURPOSE: To limit the output of the receiver to:a level determined by the set-

ting of the OUTPUT LEVEL control.

(Reception switch in CW-OL position).

GENERAL CIRCUIT CONDITIONS: Two diodes operating as a full wave rectifier are

shunted across R-350, the plate load resistor of V-308.

V-306A limits the

positive peaks, and V-309A limits the negative peéks.

OPERATICN:

(a)
(b)
(e)
(d)

(e)

The OUTPUT LEVEL control R-363B varies the cathode potential of
V-306A from O to approximately +65 volts.

V-306A and V-309A are connected in series between ground and the
positive voltage determined by the setting of R-363B.

The average voltage at point X will be approximately half the voltage
applied to the cathode of V-306A.

Since point X is in the audio path, any changes in audio voltage
greater than the average voltage at point X will cause V-306A to con-
duct on positive peaks, and V-309A to conduct on negative peaks.

The limiting action comes from the shunting effect the diodes have
on the plate load resistor R-350 of V-308. The more the diodes
conduct, the lower their plate to cathode impedance, and the greater
the shunting effect on R-350.

RESULTS: The receiver output is held constant for wide variations of input,
and instantaneous noise impulses are limited.
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RECEIVER SILENCER CIRCUITS

601—50 B- ' AN —AY ﬂ‘-‘r WA B+
TBS -RECEIVER SILENCER l I

R.M.S T JANUARY 4, 1946

NOISE SILENCER
SWITCH

\
75 }— AF

)
L]

f
|

W

vlk—)j

L
3RI2

il
—

_R3 . _ R4 _R5, _ R6 4

PURPOSE: To eliminate background noise from the receiver while awaiting the
transmission of a signal. To make the receiver audio section inoperative when
no signal is present at the antenna while the receiver is turned on.

GENERAL CIRCUIT CCNDITIONS: Noise silencer switch open.
OPERATION: With no incoming signal the AVC action increases the ampli-
fication of electrical interference noises. Noise voltages are developed
across R2 and are coupled to the grid of the 6C6 through C2. Class A bias
for the 1st AF stage is developed across R5. The noise will be amplified
and heard in the receiver output. An incoming signal also will be heard in
the receiver output.

GENERAL CIRCUIT CONDITIONS: Noise silencer switch closed.
OPERATION: (Noise present, no signal): C4 and C3 charge to part of the
positive voltage across R3 and make the grid of the 75 tube slightly posi-
tive. The 75 tube plate current flows dowmn through R8 and increases the
6C6 bias. The 6C6 plate current cuts off thus preventing the noise from
getting through to the receiver output.

OPERATION (Strong signal tuned in): A large negative voltage produced
across R2 by the signal causes C4 and C3 to discharge and recharge to the
opposite polarity. The negative charge on C3 cuts off the 75 plate current
flow reducing the bias on the 6C6. The 6C6 is unblocked and the audio
signal is amplified in a normal manner.

NOTE: The noise silencer should not be used while tuning for signals (in vari-
able tuning receivers) because: (1) weak signals will not get through the re-
ceiver and (2) the operator may tune past the station before the receiver has
had time to unblock. The noise silencer should not be used during the reception
of CW signals.
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Fig. 51 RBB silencer circuit.
1. PURPOSE: To render the audio section of the receiver inoperative when no

signal is present at the antenna.

GENERAL CIRCUIT CONDITIONS:
the silencer diode V-309B (pins 5 and 8).
with the audio line.

When V-309B is not conducting, the audio line is open.

ing, so the audio line now is open.

(a) A high positive voltage is applied to the cathode of V-309B.

2.

3.
(b)
(c)
(a)
(b)
(c)
(d)

4.

V-308 is a DC amplifier used as a control tube for
V-309B serves as a switch in series
When conducting, V-309B allows the audio signal to pass.

OPERATION: No-signal condition: V-308 conducting maximum. V-309B not conduct-

The setting of the SILENCER control R-369 is such that V-308 conducts.
V-308 plate current through R-351 causes sufficient drop across R-351
to keep the plate of V-309B negative with respect to its cathode.

SIGNAL OONDITION: V-308 not conducting. V-309B conducting.

The negative signal voltage developed across the detector load
resistors R-347 and R-348 drives the control grid of V-308 to cutoff.
No current through R-351 allows the voltage on the plate of V-309B to

become positive with ‘respect to the cathode.

V-309B now is conducting and the audio line is closed.
R-358 and C-372 form an audio filter to prevent the negative bias on
the control grid f V-308 from varying at the audio rate.

RESULTS: The silencer circuit prevents noises from being heard between messages

when the receiver is tuned to a station that transmits only intermittently.
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AET SOME

CONTROL OPERATIVE IN POSITION SHOWN
ZERO SET R321
OUTPUT LEVEL R363A R3638B
SILENCER R369
FREQ. VERNIER ¢30\
GAIN R 361A AND B

all other controls are
operative in all positions
of the REGEPTION switch.

601-52 '
RM.S. T.I 2DEC 1944 RECEPTION

Fig. 52 RBB front panel controls.
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Fig. 56 Details of multiple contact switches.
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Fig. 57 RBB Receiver, simplified schematic, with IF Section drawn in



RBB RECEIVER

IF SECTION of IF —AF UNIT , witw,

ION 4=4¢> 5304 10 KOD.=AVC position
4l 5306, 5307 and 5308 1 SHARP poution,
WOISE LIMITER suitch $303 inOFF pomstion

2n0.DET. AVC
V308

AVC
Yy 3 o0
o
Ogurpur
: o
CATHODES 2
AVC BUS AVC T 39CK s
— g o soua wsn | HYE
e30 «2z0v 13, cars
190K I.oaa IAM!'
i
w7
e R321
2
AUDIQ SECTION ofF IF —AF UNIT, with:
AF OUTPUT
c353L Lcass l
T30 L0058 T “T.005 J 303
SELECTIVITY - w05 T.005 PHONE  JAGK
2w AF T aoout 080 - on tront ponal
,
:
,
!
Losss 3302 )
“T-or N
L3048 For additional
2

A 3a2
560 n

601~ 370

R329
14K

R330
36

L3 10)
12

5 AUD DECIBELS

ouTPUT

each of

two positions of RECEPTION switch

(CW and MOD-AVC positions).




68 RECEIVER SERVICING
1sT R.F. 2no RF 1st I.F. 2n0 IF 3rp I.F.
VIOl Y102 V301 V302 V303
6SKT 6SK7 6SK7 6SK7 [3:2.94
I,"\\ ’,"\\ //‘\\ //‘\\
) \ ) ‘) p—
RIZ4T RI2S ,r_‘ p 4
220 220 ﬂ ¢330 ‘r__j_ C333
"R30 .0 R3N Kol
,__1 r———_L 680 470~ I 470~ I
pe 3 T omed TW
) )
GAIN
c363 l c352 o
0l X ’ _ £
1 l 5:5306: b3 l e ::MA
$ o 1 : ‘I—————“ﬂ + 200V
[ < 10K
_.[ C346 ;;i&
1
= 2 R328
6.8K
NOTE: Reception Switch S—304 [
in MOD, CW, or CW—OL Position " ; R320
< 3K
601 -58 =
Fig. 58 REB GAIN control.
1, PURPOSE: To provide for manual control of the receiver gain to avoid over-
1 ading the RF and IF stages with strong incoming signals.
2. GENERAL CIRCUIT CONDITIONS: The gain of the RF and IF amplifiers is controlled
by varying the cathode potentjals, and conssquently the bias,
3, OPERATION:
(a) R-361A and B are part of a bleeder network between ground and B+,
(1) Rotating R-361 so the potentials on the cathodes are more
positive applies more fixed bias and causes a decrease in
sensitivity.
4., RESULTS: The GAIN control permits the operator to adjust the receiver sensi-

tivity to compensate for unusual‘values of signal strength and background noise,
This provides better reception over a wider range of signal strength than would
be possible with only automatic control.
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Fig. 59 RBB RADIO SELECTIVITY control and compensating circuits.

PURPOSE: To vary the IF band-pass, and consequently the overall sensitivity
and selectivity of the receiver, for different types of reception.

GENERAL CIRCUIT CONDITIONS: A wide band-pass gives broad selectivity and less
sensitivity, but passes the widest band of audio frequencies. The width of the
IF band-pass depends on both the coupling betwee}a primary and secondary of the
IF transformers, and the Q of the circuits. The physical construction of all
four IF transformers is the same as that shown for T-304. The selectivity of
all IF stages is controlled from the RADIO SELECTIVITY front panel control
through the ganged switches S-306, S-307 and S-308. 4
OPERATION:

(a) BROAD position: Maximum cOupling' is used, and a 22-ohm damping
or Q-lowering resistor is switched in series with each secondary to
provide a wide band-pass. This position usually is best f rprelim-
inary tuning and voice reception.

(b) MEDIUM position: Medium coupling and only 10-ohm series resistors
are used to provide a medium width band-pass.

(c) SHARP position: Minimum coupling and highest Q are used t provide
the narrowest band-pass. This position is used primarily for CW and
MCW reception.

(d) The capacitive voltage divider C-302 and C-304 equalizes the receiver
output between MEDIUM and BROAD pusitions.

-(e) The tap on the primary of the last IF transformer equalizes the
receiver output between MEDIUM and SHARP positions.

RESULTS: By controlling the band-pass of the IF stages, side band noises may be
reduced, and the overall sensitivity and selectivity of the receiver increased.
The compensating circuits give practically a constant receiver output for all
three positions of the RADIO SELECTIVITY control.
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Fig. 60 RBB delayed AVC and input meter.

DELAYED AVC
1. PURPOSE: To allow full amplification of weak signals, but to automatically
reduce the gain of the receiver for stronger signals.

~

GENERAL CIRCUIT CONDITIONS: A separate diode detector V-305A (pins 3 and 4)
is used to obtain AVC voltage.

3. OPFRATION:
(a) Weak signal condition:
(1) V-305A not conducting.
(2) No negative voltage developed across R.35§ and R-338.
(3) No AW voltage being applied to any of the stages.

(b) Strong signal condition:
(1) V.305A conducting on positive half cycles of IF signal.
(2) Rectified IF current flows through the AW diode load
resistors R-355 and R-338, producing a voltage drop which
is negative with respect to ground.




(c)
4. RESULTS:

(a)

(b)
1. PURPOSE:

tuning the

RBB DELAYED AVC AND INPUT METER o

(3) This negative voltage is applied, through the filter R-354
and C-342A, to the control grids of the Ist and 2nd RF and
the 1st and 2nd IF amplifiers.

(4) The smaller negative voltage across only R-338 is applied
to the control grid of the 1st AF amplifier as partial AVC.

(5) The AVC voltage increases in amplitude with an increase in
signal strength.

Delay action:
(1) The positive voltage across R-325 and R-321 is applied to
the cathode of V-305A as delay bias, to prevent AVC action
until the signal exceeds a predetermined level.

AVC automatically regulates the output of the receiver according to
the strength of the incoming signal. This helps to overcome the

effects of fading, and prevents strong signals from blasting in while
the receiver is being tuned.

The delay action permits the receiver to operate with maximum sensi-
tivity for the reception of weak signals.

INPUT METER

To provide a visual indication of the input signal strength to aid in

receiver.,

2. GENERAL CIRCUIT CONDITIONS: The input meter M-302 operates in the cathode

circuit of

the 1st IF stage, will deflect only when AVC action is taking place,

and is calibrated in db above 1 microvolt.

3. OPERATION:
(a)

(b)

(¢)

(d)

(e)

Tune the receiver approximately to the desired signal.
Detune from the signal to remove AVC action.

Rotate ZERO SET control R-321 until the input meter reads zero. In
this condition, the potential across the meter is balanced; the drop
across R-309 equals the drop across the lower part of R-321.

Retune to the signal. AVC voltage applied to the control grid of
V-301will allow less current to flow through V-301 and R-309.

Less voltage drop across R-309 unbalances the voltage across the
input meter, causing deflection. The stronger the incoming signal,
the greater the deflection of the meter.

4. RESULTS: Maximum deflection of the input meter indicates that the receiver is
tuned correctly to the incoming signal. The meter is more accurate than theear.
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AND OUTPUT LIMITER

AMPLIFIED AVC,
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Fig. 63 RAO Receiver tuning meter,

1, PURPOSE: To provide s visual indication to aid in tuning the receiver.

2, GENERAL CIRCUIT CONDITIONS: AVC action must be operative, and the manual RF
gain control rotated to the extreme clockwise position (maximum gain),

3. OPERATI(N:
(8)

(b)

(e)

With the antenna connected, but the receiver not tuned to a signal,
the screwdriver adjustment of R-155 is initially set so the potential
across the bridge is balanced and the meter reading is zero.

As the receiver is tuned to a signal, AVC action causes a reduction
in current through the 2nd IF tube., The plate voltage of this stage *
increases, unbalancing the potential across the meter and causing it
to deflect,

The more nearly the receiver is tuned to the incoming signal, the
greater the deflection of the tuning meter. A

4., RESULTS: Maximum deflection of the tuning meter indicates that the receiver is
tuned correctly. This method is more accurate than tuning by ear,



AUTOMATIC FREQUENCY CONTROL 77

PURPOSE:: In most selective superhetrodyne receivers, especially those employ-
ing AWC, it is quite difficult for the operator to tune the receiver to exactly
the frequency of the incoming signal. Even with the receiver properly tuned
there .is apt to be a certain amount of drift of the lotal oscillator frequency
due to line voltage fluctuations or temperature and humidity effects. The
latter case is especially true at high frequencies. An automatic frequency
control (AFC) system is used to correct these defects in tuming.

COMPONENTS NECESSARY: An AFC system must include a device capable of determi-
ning how much the IF varies above or below its proper value. This is called
a discriminator. This device will produce a DC voltage output whose magnitude
and polarity varies in accordance with the deviation of the IF signal fr m the
resonant frequency of the IF stages. The DC voltage developed by th discrimi-
nator is used to vary the frequency of the local oscillator. This is d ne by
using the DC voltage to vary the bias on the grid of a vacuum tube called a
control or reactance tube, This reactance tube is connected int the 1 cal
oscillator circuit such that when its plate current varies it will change the
apparent inductance of the LC resonant circuit of the local oscillator. The
amount that the apparent induotance of this circuit is varied is proportional to
the magnitude and polarity of the DC voltage fed to the grid of the reactance
tube. By this method it is possible to tune the local oscillator asutomatically
in the direction which will correct the IF to its proper value. The block dia-
gram below shows a typical AFC system.
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AP A ET—— 1F, —

L.0. MIXER TRANSFORMER
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Reactance
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Control
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| DISCRIMINATOR I.F. Amp. ‘

!

BIAS HERE CMANGES AS
LF. AT @ VARIES FROM
RESONANT  VALUE,

601 -
AFC — SYSTEM BLOCK DIAGRAM

R.M.S T.1. NOVEMBER 9,1948
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THE DISCRIMINATOR: Below is shown a discriminator circuit which is commonly used in
modern receiving sets employing AFC:

F. Amp. ‘ '
LF Amp. 1 ‘ O E, - AFC

A VOLTAGE TO

ek o g Lo
. % l -
I

LA

IF. SIGNAL

(}I.G‘,S(}5 SHORT GIRCUIT
TO I.F. SIGNALS.

e —
b .
o
L‘(RFC)

- ::R S

et

-
EQUIVALENT CIRCUIT SHOWING HOW EQUIVALENT CGIRCUIT OF RECTIFIER NETWORK.

El APPEARS AGROSS L, 0L4 AT 1F

601—65
TYPICAL DISCRIMINATOR CIRCUIT
RMS T NOVEMBER 13,1948

Consider first the transformer whose primary and secondary are tuned to the proper
IF. The capacitors Cl’ C4 and CS are large enough to offer a very low reactance
path t IF signals., Therefore, the primary voltage, El' across Ll' is also present
across the radio frequency choke, L4. This is shown in the equivalent circuit above.

As a result of the mutual or inductive coupling between the primary and secondary, a
voltage will be induced in the secondary coil L2 + L3' This will be designated as
Eind' The phase relation of this voltage with respect to the primary voltage El'
will be essentially independent of the frequency. Eind will cause a current I., to
flow through the tuned circuit compriledosz + L3. C2, and the resistance present in
the circuit. The secondary will appear as a resistive, inductive, or capacitive
load to E; deperding on the frequency of the voltage impressed across the primary.
E, and ES will be 180 degrees out of phase with respect to the center tap of the
transformer, and 90 degrees out of phase with the current 1.

The rectifier network secti n will produce, through diode action, a positive DC
voltage at A and C with respect to the center tap between Ry and R,. This is shown
in the equivalent circuit f the rectvifier network.
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E{ and E2 will add together vef:torily across the diode Dy, resultingina DC voltage,
EAB' across RI' In like manner E1 and E, will add together vectorily and pr duce a
DC voltage ECB'across R2. The resultant of these-two voltages will produce Eo' th
DC output voltage of the discriminator. Eo is applied as a bias voltage t the grid
of the reactance tube.

ACTION OF DISCRIMINATOR AT RESONANT FREQUENCY:
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R4 OUE TO INDUGED CURRENT I

k4
£, -’-/- ———————————————————
4 |
SECONDARY GURRENT ~xl
BUE TO E,, (IN - I'~<yvoLTAGE AcROSS DIODE D
nd 90 { 2
PHASE AT RESONANCE.) x &y |
\ o ty |
\ ® |~ |
NS T, '
\ / y
Y D 1 L €, * Eppimery (REFERENGE VEGTOR )
ll T ‘\i
\
/ N [~ voLTace acmoss rfe, [
4 ‘o e, i
/ ~ < S I
’
INDUGED VOLTAGE IN 3 :
SECONDARY OUE TQ | ~VOLTAGE AGROSS DIODE O,
MUTUAL COUPLING. 3 e
\ i
L) ‘
L R et
W

A)

VOLTAGE ACROSS TOP HALF
OF TRANSFORMLR UUE TO
INDUGED CURRENT 1.,

€'V

¥
_I-_r . (TO GRID OF

T
REFER  TO  CIRGUIT DIAGRAM F0. o, REACTANGE TuBE)
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DISCRIMINATOR  AGTION ]

AT \RESONANT FREQUENCY
TQUIVALENT  CIAGUIT

{VOLTAGE OQUTPUT ZERO) OF 0I0DE SECTION
AND QUTPUT,

>

LA AN T NC'/EMBER. 14, 1945

1. In all the vector diagrams in this discussion the resistive components (or vec-
tors) have not been shown. The resistance in the circuit is a function of the ‘Q* f
the transformer as well as the effect of the rectifier network load. These factors
control the amount I, lags or leads Eind' For this discussion some arbitrary value
has been assumed in constructing the vector diagrams.

2. It will be assumed that there is a 180 degrees phase shift through the trans-
former.

. El' the voltage across the primary or the RFC, L4. will in all cases be used as
the reference vect r. The length of the vectors are arbitrary.

4. A study of the vect r diagram above and the circuit diagram of Fig. 601-65 will
reveal that the vector sum of El + E2 is equal t E; + E3 in magnitude. Therefore
DC voltage developed hcron.Rl and R2 will be equal and opposite. The resultant AFC

‘v ltage, By will be zero.

-
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ACTION OF THE DISCRIMINATOR ABOVE RESONANT FREQUENCY: .
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R.M.S T NOVEMBER 18,1948

1. Comparing this diagram with Fig., 601-66 the change in the relative magnitudes of
the vectors with change in frequency has not been shown. The primary purpose being
to illustrate the phase shift of E2 and E3 with respect to El‘ Actually the more
the IF differs from the resonant frequency the greater the output of the diserimi-
nator. The output varies from zero at resonant frequency to a maximum at the limits
of the band pass characteristics of the circuit. Beyond these limits the output
decreases very sharply and the AFC ceases to function. The range over which this
system will function is also governed by the band pass -characteristics of the stages
preceding the discriminator. If more then one signal is present within the limits
mentioned, the discriminator will select that signal which will produce the greatest
output. This is dependent on the strength of the signal and the amount its fre-
quency varies from the resonant frequency. The band pass characteristics of this
circuit is primarily a function of the transformer design, and the reflected load of
the rectifier network into the primary.

2. Above resonance the secondary of the transformer appears as an inductive load
causing Is to lag Eind' The amount Is lags depends upon the amount the IF differs
from the resonant frequency. The voltage developed across the bottom diode ED2’ is
greater than Epg» the voltage across the top diode. Therefore, the DC voltage
across R2 will exceed that across R1 and the resultant AFC voltage out will be

negative with respect to ground.
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ACTION OF THE DISCRIMINATOR BELOW RESONANT FREQUENCY:
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1. Below resonance the secondary of the transformer appears as a capacitive 1 ad
causing I. to lead Eind' The smount which I. leads Eind depends upon the amount the
IF is below the resonant value.

2. A study of the vector diagram will reveal that the summation of the voltages a-
cross the top diode is of greater magnitude than the summation of the voltages across
the bottom diode.

3. Therefore, the voltage drop across Ry will be greater than across R,, and the
resultant AFC voltage E, will be pogitive with respect to ground.
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REACTANCE TUBE: Below is shown a circuit diagram of a typical reactance tube. The
equivalent diagram shows only those elements which are important to the discussion
of the action of the circuit.
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1. The frequency of the local oscillator is controlled primarily by the LC combi-
nation in its grid circuit. Neglecting other small factors which influence the
resonant frequency, the formula that shows the relationship between L, C, and the

resonant frequency fr is
fr = 1721 /IC

2. Any variation in the inductance. L. will change the resonant frequency. Based
on the fact that the current through an inductance lags the voltage across the in-
ductance, it is possible to produce the effect of changing the inductance of the
coil by passing a lagging current through it,
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3. In the oscillating state an AC voltage Eosc’ is built up across the oscillator
tank circuit as indicated in the equivalent circuit of Fig. 601-69., Referring to
the vector diagram, Eosc will be used as the reference vector.

4, Eosc causes a current I to flow through the branch including R and C. R is made
large compared to the capacitive reactarce composed of C and the grid to cathode
capaci tance, C , of the tube. Therefore, { will lead EOSC by a few degrees as in-

dicated in the vector diagram.

5. The AC voltage, Eg, developed across C by 1, will lag I by 90 degrees.
6. This AC voltage from grid to cathod: will cause an AC plate current to flow
which is in phase with this grid vultage Eg and is represented by the vector Ip.

7. This plate current can be split into two components, one in phase with Eosc' and
the other 90 degrees lagging Eosc' The magnitude of this plate current is governed
by the mutual conductance of the tube and will vary with the grid bias on the tube.
This requires the proper self-biasing of “he tube to operate on the lower curved
portion of the ec-ib characteristic curve. Hence, the in-phase component and the
quadrature component will also vary with the grid bias voltage.

8. This plate current flows through the inductance of the oscillator circuit and
therefore the tube may be considered in parallel with the oscillator tank circuit.

9. The in-phase component of I_ is equivalent to a resistor across the inductance
of the tank circuit of the oscillator. That is, a resistor placed across the coil
would draw the same type (in-phase) of current through the coil. Therefore, the re-
actance tube tends to load the oscillato' circuit and the load will vary with the
grid bias on the tube.

10. The 90 degree lagging componerit draws the same type of current through the coil
of the oscillator as a pure inductence would draw if placed across the coil. Hence,
the reactance tube can be considered also as an inductance in parallel with the
oscillator coil., The value of this apparent parallel inductance will vary with the
bias voltage on the grid of the tube.

11, By connecting the output of the discriminator to the grid of this reactance
tube, the grid bias will vary in accordance with the DC AFC voltage output of the
discriminator. The magnitude of the place current, I_, will vary accordingly.
Hence, the value of the apparent inductance in the oscillator tank circuit will
change with the change in the discriminator output. This change will be in such a
direction as to correct the local oscillator frequency to the proper value.

12. The reactance tube is always present across the tank coil so that a certain
value of inductance is present as determined by the cathode bias when the AFC volt-
age is zero. Then when an AFC voltage is developed, the apparent inductance in-
creases or decreases above or beiow this zero-voltage-value depending upon the
magnitude and polarity of the AFC voltage.
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PURPOSE: A detector which has extremely high gain characteristics for the reception
of MODULATED RF signals usually in the VHF range.

SENSITIVITY: Extremely high.

SELECTIVITY: Poor, due to the large number of side-band fregquency components
present.

FIDELITY: Poor. Due to the 'quenching’' action and the non-linear detecting charac-
teristics, there is considerable audio distortion in addition to the amplification
of background noise. This type of detector is limited primarily to speech modulated
signals.

OPERATION :

(1) In a super-regenerative detector the regenerative coupling between the plate
and the grid circuits of the tube is great enough so that self-sustained oscil-
lations can be produced. However, these oscillations are periodically quenched by
applying to the circuit an alternating voltage having a frequency much lower than
that of the oscillations. A sine wave or square wave can be used for this quenching
voltage or by the proper choice of circuit elements it is possible to produce a
self-quenching circuit. 1In all cases the circuit must be properly adjusted for
optimum quench frequency and quench voltage in order to obtain the high gain pos-
sible from a regenerative circuit. The build-up of oscillations are initiated by
anyssignal present in the grid circuit, The rate at which oscillations build up is
8 function of the amplitude of the initiating signal. By utilizing this property it
is possible to reproduce in the output of the detector a voltage which will vary
approximately in accordance with the amplitude of the modulations of the received
signal. The three important methods of operation are: one, allowing the oscillations
to build up to a maximum before quenching; two, quenching before maximum is reached;
and three, self-quenching.

(2) In Fig. 601-70(A) a typical super-regenerative detector circuit is shown in
which a square wave voltage varies the plate supply above and below the critical
oscillation point which starts and stops the oscillations periodically at a low RF
rate, such as 25KC. An example of how oscillations might build up in the grid cir-
cuit during the positive cycle of the quench voltage is illustrated in Fig. 601-70(B).
Oscillations will start only during the positive half of each quench voltage cycle
and then only from some initiating pulse or signal present in the grid circuit.

(3) No Signal Present: During the condition when no RF carrier signal is being
received, the build up of oscillations is started by any thermal agitation, shot
effect, or random noise voltage present in the.circuit. As illustrated in the wave
forms of Fig. 601-70(C), oscillations start at irregular times during the positive
cycles of the quench voltage. The size of the initiating voltage (noise voltage in
this case ) and the time during the positive half cycle at which it occurs, de-
termines how fast and at what value oscillations build up in the grid tank cirecuit.
As these voltages occur at random, the amount of plate current will vary in rough
proportion resulting in a hissing noise in the output of the receiver. This random
effect is illustrated in Fig. 601-70(C). It can be seen that the average plate
current which is a function of the area beneath the envelope of the RF current
oscillations, will vary at random when oscillatinns are initiated by noise pulses.
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(4) Modulated RF Signal Present: When the RF signal has a greater amplitude than
the random noise signal, it then becomes the initiating pulse and the noise or hiss
present is suppressed to some extent. The starting of the oscillation and the rate
at which they build up is a function of the amplitude of the initiating pulse or in
this case the amplitude of the modulated signal present. Referring to the curves
drawn in Fig. 601-70(C), the area beneath the envelope of the oscillating plate
current during each positive pulse of the gquench voltage is roughly proportional to
the amplitude of the modulated RF signal at that .instant. Hence the AF developed is
roughly a reproduction of the modulations of the original.RF signal.

MISCELLANEOUS DATA AND LIMITATIONS:

(1) The use of a separate oscillator for quenching purposes may be eliminated if
the. grid leak resistor is increased to a size that will result in intermittent
oscillations. The size of the grid resistor should be such that the guench fre-
quency will be far above the audible frequency range. Such a detector is.called a
sel f-quenched super-regenerative detector. The theory of operation for this de-
tector is slightly different than that for a separately quenched super-regenerative
detector in that the strength of the received carrier helps to determine the quencﬁ
frequency, and the variation in this frequency caused bv the modulation changes in
carrier strength, results in an audio output from the detector.

(2) All super-regenerative circuits are characterized by higher sensitivity for
weak signals than for strong ones. The ever present hiss in the output makes its
use impractical for broadcast use, but this type of detector has a tendency to sup-
press external noise peaks. Also the circuit coupled to an antenna will radiate,
causing undesired interference. It is useful for the amplification of VHF where
ordinary methods of amplification cannot be ehploved. '



