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SPECIFICATIONS *

FCC Filing Designation ER'4]'A

Frequency Range 132-174 MC

Audio Output 2 watts at less than 10% distortion !
(using Speaker Model 4EZ16A10)

Sensitivity

12-db SINAD (EIA Method) 0.35 pv

20-db Quieting Method 0.5 pv
Selectivity

EIA Two-Signal Method -85 db (adjacent channel, 30 KC channels) "1

20-db Quieting Method -100 db at *15 KC 2
Spurious Response -100 db lh
Frequency Stability +.0005% (-30°C to +60°C) =i
Modulation Acceptance +6 KC (narrow-band) l>

Squelch Sensitivity

Critical Squelch 0.15 pv
Maximum Squelch Greater than 20 db quieting (less than 2 uv)
Intermodulation (EIA) -60 db

Maximum Frequency Separation 0.4%

Frequency Response +1 and -8 db of a standard 6-db per octave
de-emphasis curve from 300 to 3000 cps
(1000-cps reference)

*These specifications are intended primarily for the use of the serviceman. Refer to the appropriate Certified and Guaranteed Specification
Sheet for the complete specifications.
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DESCRIPTION

General Electric MASTR Progress Line Receiver Type ER-41-A is a
double conversion, superheterodyne FM receiver designed for operation
on the 132-174 megacycle band.

The receiver is of single-unit construction and is completely
housed in an aluminum casting for maximum shielding and rigidity. The
top part of the casting contains the front end through the 1lst Low IF
Amplifier stages and the Noise Blanker Board. The bottom portion of
the casting contains the Audio Squelch Board and the optional Channel
Guard Board.

CIRCUIT ANALYSIS

The MASTR Progress Line Receiver is completely transistorized,
using a total of 26 silicon transistors. Input leads to the receiver
are individually filtered by the 20-pin feed-through by-pass connector
J443.

A regulated +10 volts is used for all receiver stages except the
audio PA stage which operates from the 12-volt system supply.

Centralized metering jack J442 is provided for use with General
Electric Test Set, Model 4EX3A10, for ease of alignment and servicing.
The Test Set meters the oscillator, multiplier, and limiter stages as
well as the discriminator, audio PA, voice coil and regulated 10 volts.

RF AMPLIFIERS (A301/A302 and A303/A304)

The 1lst RF Amplifier A301 (132-150.8 MC) or A302 (150.8-174 MC)
consists of three tuned helical resonators and an RF amplifier stage
(Ql). The RF signal from the antenna is coupled by RF cable W441 to
a tap on L301/L304. The tap is positioned to insure the proper imped-
ance match to the antenna. RF energy is coupled through the three
coils by openings in the shield walls, to the base of RF amplifier Ql.
The output of Ql is LC coupled through transformer T1/T2 to helical
resonators L307/L309 and L308/L310, and then to a second RF amplifier
stage A303 (132-150.8 MC) or A304 (150.8-174 MC).

The output of the A303/A304-Ql is coupled through transformer T1/T2
to helical resonator L112/L113, and then to the base of the lst mixer
(A305-Q1l) . Neutralizing for the 2nd RF amplifier stage is provided by
A303/A304-C7.
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Figure 1 - Receiver Block Diagram
1ST OSCILLATOR AND MULT-1 (A308-A313)

The receiver 1st oscillator operates in a transistorized Colpitts
oscillator circuit. The oscillator crystal operates in a fundamental
mode at a frequency of approximately 14 to 18 megacycles. The crystal
is cut to provide temperature compensation at the high end of the tem-
perature range and is thermistor compensated at low temperatures. This
provides *,0005% frequency stability as soon as the receiver is ener-
gized--without the warm-up time required by crystal ovens or warmers.

In single-frequency receivers, a jumper from P6 to C31l1 connects
the regulated 10 volts to the crystal circuit, which forward biases
diode CR1l. Forward biasing the diode reduces its impedance, so that
the crystal frequency is applied to the base of oscillator transistor
Ql. Feedback for the oscillator is developed across C21/C22. The
oscillator output is fed through C24 to the base of the 1lst multiplier

Q2.

Multi-frequency receivers use only one oscillator transistor, and
up to three additional crystal circuits, identical to the F1 crystal
circuit, can be added. The 10-volt Jumper is removed, and the proper
frequency is selected by switching the desired crystal circuit to +10
volts by means of a frequency selector switch on the Control Unit.

RoISE
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CIRCUIT ANALYSIS LBI-3595

The output of the 1lst multiplier (tripler Q2) is transformer-
coupled (T1/T2) to the 2nd multiplier assembly. The 1lst multiplier
tank is tuned to three times the crystal frequency. This stage is
metered at centralized metering Jack J442-4 through metering network
CR5, R16, R303 and C32.

2ND MULTIPLIER (A306/A307)

Coupling from the 1lst multiplier tank is through A306-T1/T2 to the
anode of multiplier diode A306-CR1. Three resonant LC circuits (T3/T4,
T5/T6 and T7/T8) follow CR1 and are tuned to nine times the crystal
frequency. The 2nd multiplier output is fed through C13 to the base of
the first mixer.

1ST MIXER (A305) AND CRYSTAL FILTER (A314)

‘The RF signal from the RF amplifiers and the low-side injection
voltage from the 2nd multiplier are applied to the base of 1lst mixer
A305-Ql. The mixer collector tank (L1l and C3) is tuned to 5.30 mega-
cycles (5.26 MC in Revision A and B receivers), and provides impedance
matching to the high IF filter.

The highly selective, two-stage crystal filter (A314) following
the 1lst mixer provides the major selectivity for the receiver. The
output of the filter is fed through impedance matching transformer A316-
Tl to the base of the 2nd mixer.

2ND OSCILLATOR, 2ND MIXER AND 1ST IF AMPLIFIER (A316)

The 2nd oscillator A316-Q2 operates in a Colpitts oscillator cir-
cuit, with feedback supplied through C2. The oscillator frequency is
4845 KC (4805 KC in Revision A and B receivers) with the low-side in-
jection voltage fed to the base of the 2nd mixer.

The Hi IF signal from the filter is fed to the base of 2nd mixer
A316 (Ql) with the 2nd oscillator output. The 455 KC 2nd mixer output
is fed to three tuned low IF circuits (L1, L2, L3). L1, L2 and L3 are
required for shaping the nose of the IF waveform, and also reject the
undesired output frequencies from the mixer.

The low IF signal is coupled through Cl4 to the base of the lst
low IF amplifier A316-Q3. The output of A316-Q3 is RC coupled to the
base of the 2nd IF amplifier,

2ND IF AMPLIFIERS AND LIMITERS (A325)

Following A316-Q3 are two additional RC coupled low IF amplifiers
(A325-Q1 and -Q2). The 2nd IF amplifier stage is metered at J442--2
through metering network C8, CR1 and R12.

After the IF amplifiers are three RC coupled limiter stages (A325~-
Q3, -Q4 and -Q5). First limiter metering is provided at J442-3 through
metering network C1l3, CR2, R18 and C15,
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DISCRIMINATOR (A325)

The receiver utilizes a Foster-Seely type discriminator. The out-
put of the 3rd limiter is connected to a tap on the primary tuned cir-
cuit of discriminator T1l. This allows the discriminator to operate at
a higher level. Diodes CR5 and CR6 rectify the 455 KC IF signals to
recover the audio. The stage is metered at J442-10 through metering
network R27 and C22.

1ST AUDIO AMPLIFIER (A325)

The output of the discriminator is fed to the lst audio amplifier
(Q6). This stage operates as an emitter-follower to match the imped-
ance of the discriminator to the noise amplifier stage and VOLUME con-
trol., Q6 also provides some power gain.

AUDIO AMPLIFIERS

When audio is present in the incoming signal, it is taken off the
emitter of Q6 and connected to the VOLUME control through A325-J9. The
VOLUME control arm connects to A325-J8 which feeds the audio signal to
the base of the 2nd audio amplifier, Q9. C(C34, C36, C37 and L4 make up
the de-emphasis network, The collector current of Q9 should be adjust-
ed to 650 milliamps by potentiometer R47 as indicated by a reading of
0.65 volts at metering jack J442-1, This adjustment should be made with
the VOLUME control fully counterclockwise., Thermistor RT1 keeps the out-
put current constant over wide variations in temperature after R47 has
been set.

Following Q9 is a Darlington circuit, which consists of compound-
conhected transistors Q10 and Q310. The Darlington circuit provides a
higher input impedance than is normally encountered in transistor ampli-
fiers. Also, this circuit has a more linear operation, with less dis-
tortion at maximum power output.

The output of the amplifier stage is coupled by audio transformer
T301] to the loudspeaker. Audio high and low are present at the central-
ized metering jack (J442). When the General Electric Test Set is con-
nected to J442, these leads are connected to the black and green jacks
for sensitivity, frequency response, distortion, power output and other
measurements.

SQUELCH

Noise from audio amplifier Q6 is used to operate the squelch cir-
cuit. When no carrier is present in the receiver, noise is coupled to
the base of noise amplifier Q7. The gain of the noise amplifier is de-
termined by the SQUELCH control, which varies the bias on the base of Q7.

The noise amplifier output is fed through a high-pass filter (C30
and L1) which attenuates frequencies below 3 KC. Thermistor RT2 keeps
the critical squelch constant over wide variations in temperature.




CIRCUIT ANALYSIS LBI-3595

Noise from the high-pass filter is rectified by CR3 and CR4, and
the negative DC output of the noise rectifiers is fed to the base of
DC amplifier Q8.

DC amplifier Q8 acts as a squelch switch. A negative output from
the noise rectifiers cuts off the DC amplifier. When cut off, the col-
lector is at the +10 volt supply potential. This positive voltage is
fed to the base of Q9, a PNP transistor, cutting it off. Since audio
stages Q9, Q10 and Q301 are DC coupled, Q10 and Q301 are cut off also.
The positive voltage from the collector circuit of the DC amplifier is
used as feedback through R33 to the base of noise amplifier Q7, causing
it to conduct more heavily. This feedback helps to sharply cut off Q8,
providing sharp, rapid switching action.

When the receiver is quieted by a signal, noise voltage from the
noise rectifiers is reduced; and the DC amplifier conducts. While
conducting, the collector potential of Q8 is negative; and negative
feedback to the base of noise amplifier Q7 causes it to conduct less.

This negative voltage is applied to the base of PNP transistor Q9,
causing it to conduct. Now, all the audio stages are turned on and
sound is heard at the loudspeaker,

With the receiver squelched, the final audio amplifiers are cut
off; and the receiver drain is less than 50 milliamps in 12-volt systems,

It should be noted that a hysteresis effect was designed into the
squelch circuit and, as a result, the squelch does not operate in the
same manner as other conventional squelch circuits. The circuit is
designed so that a weak signal will open the squelch. The signal may
be reduced by 3 to 5 db without the squelch closing. This limits squelch
"flutter" or "picket-fence'" operation.

NOISE BLANKER (A320/A321 - FIGURE 2)

An RF signal and noise pulse from the antenna is fed simultaneously
to the Noise Blanker and receiver RF amplifier section. The signal and
noise is transformer coupled through T1/T2 to the base of the first of
three RF amplifier stages. The three amplifier stages (Q1, Q2 and Q3)
raise the level of the noise pulse which is coupled through T9/T10 and
L13 to the base of pulse detector Q4. A metering network consisting of
R13, C21, C22 and CR2 permits the blanker to be metered at centralized
metering jack J442-11,

Base bias for the pulse detector is established by R12 and CR1.
CR1 is normally conducting, which keeps Q4 in a barely conducting state.
A noise pulse applied to the base of Q4 causes it to conduct heavily.
This results in a negative pulse at the output (collector) or Q4. Fol-
lowing Q4 is a low-pass RF filter (C23 and L14).

The output of the filter is fed to the base of pulse amplifier,
Q5. This stage is biased by CR3, R16 and R18 so that it is just con-
ducting. The negative-going pulse from the pulse detector cuts CR3
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Figure 2 - Noise Blanker Block Diagram

off, which biases Q5 on, and a positive pulse appears at the output
of Q5.

Q6 and Q7 form part of the one-shot multivibrator circuit. Bias
voltage through R24 keeps Q6 normally turned on. The positive voltage
at the collector of Q6 keeps Q7 turned off. The amplified positive-
going pulse from the pulse amplifier (Q5) is fed to the base of Q6,
cutting the stage off. As Q6 cuts off, Q7 is turned on; and the out-
put is a positive-going blanking pulse. The positive blanking pulse
is fed to the emitter of A303/A304-Ql1, which cuts off that stage for
the duration of the noise pulse.

The blanking pulse width is determined by R24 and C34. Diode CR6
keeps the output pulse a square wave. CR5 prevents oscillation at
temperature extremes,

At the same time the blanking pulse is fed to the receiver, samples
of the pulse are fed to the automatic repetition rate switch consisting
of C29, C33, CR4, R17, R18 and R21. The pulse sample is coupled through
C33 and rectified by CR4. This voltage charges C29 and then discharges
through R17 and R18, turning off pulse amplifier Q5. The time constant
of C29, R17 and R18 are selected so that output pulses from Q7 will
never exceed two kilocycles. This prevents blanking the receiver for
a long enough time to keep the desired signal from being heard,.




CIRCUIT ANALYSIS

LBI-3595

As the noise signal from the antenna is applied to the Noise
Blanker, the RF signal is applied to the receiver RF amplifier

(A301/A302) ,

The six tuned circuits in the receiver provide a time

delay for the RF signal, which enables the blanking pulse from the
Noise Blanker to cut off the RF amplifier in the receiver before the

noise pulse can get there.
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Figure 3 - Removing Top Cover

To service the receiver from the
top--

1. Pull locking handle down and
pull radio about one inch out
of mounting frame. ‘

2. Pry up cover at rear of re-
ceiver,

3. Slide cover back and lift off.

Figure 4 - Removing Bottom Cover

To service the receiver from the
bottom--

1. Pull locking handle down.
Pull radio out of mounting
frame,

2. Remove screws in bottom cover.

Pry up cover at back of receiver.

3. Slide cover back and lift off.
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To remove the receiver from the system frame--—

1.

Loosen the two Phillips-head retaining screws in front casting (see
Figure 3), and pull casting away from system frame,

Remove the four screws in the back cover.

Remove the two screws holding the receiver at each end of the sys-
tem frame,

Disconnect the antenna jack and the 20-pin connector from the front
of the receiver, and slide the unit out of the system frame,



