William Nagle W3DUQ
2| Powell Lane
West Chester, Pennsylvania

The Synchronous Detection Process

If you want to get the most out of AM or DSB communi-
cations, try the synchronous detector. With a synchronous
detector at both ends of an AM communications link, the
system is as effective as single sideband.

Synchronous detection, when adapted to
a communications receiver with an if band-
pass of six kHz or better, provides an excel-
lent means of single signal reception, along
with the capabilities of almost complete re-
jection of non-synchronous components such
as single sideband, RTTY, unmodulated car-
riers, static, and most spurious sideband
splatter emanating from off-frequency sig-
nals. It provides a means of phase locking
the detector on synchronous type transmis-
sions such as DSB with carrier, DSB without
carrier, NBFM, and phase modulation

A block diagram, shown in Fig. 1, gives
the basic elements of the system used at
W3DUQ. Blocks marked with an X are the
ones necessary for basic synchronous detec-
tion if the stereo synthesizer, as will be de-
scribed later, is not desired. The basic sys-
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The synchronous detector.

6

tem utilizes eleven dual purpose tubes.
Following the block diagram, the signal
input is applied to each 7360 demodulator
(V1, V2), and the local 455 kHz oscillator
voltages are applied to each demodulator in
phase quadrature (90° apart), Assume, mo-
mentariy, that the “I” channel local oscillator
injection voltage is the same phase as the
carrier (transmitted or suppressed) com-
ponent of the AM signal. Then the in-phase
or “I” channel will contain the demodulated
signal, while the “Q" channel will contain
no audio, as its injected local oscillator volt-
age is shifted 90°, Now, if the local oscillator
or signal drifts slightly, the “I” channel will
be unaffected, but the “Q” channel will pro-
duce some audio. This will have the same
polarity as the “I” channel audio for one
direction of local oscillator or signal drift,
and opposite polarity for the opposite direc-
tion of local oscillator or signal drift. The “Q”
channel level will be proportional to the
oscillator drift, for shifts of 300 Hz or less.
By simply combining the “T” and “Q” audio
in an audio phase discriminator (V4 and
associated circuitry), a de control signal is
obtained. This control voltage tunes the os-
cillator (V5B) via the reactance tube (V5A),
and returns or locks the oscillator to the cor-
rect phase where audio is present only in the
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Fig. | Block diagram of the synchronous detector

“I” channel.

The audio phase detector delivers a dc
voltage only when the “I” and “Q” signals
have in-phase (synchronous) components.
Since the “I” and “Q” audio will be in phase
quadrature in any case, where the like side-
bands do not exist on each side of the car-
rier, the phase detector provides no AFC
voltage for SSB, static, or CW signals, and
is therefore totally unaffected by this type
of interference.

If the “I” and “Q” audio outputs are
taken through alpha and beta networks re-
spectively (90° audio phase-shift networks),
interference rejection on the order of 60 dB
may also be obtained. When locked on a
signal containing interference on the lower
sideband, for example, the “I” channel pro-
duces audio resulting from both locked sig-
nal sidebands plus lower sideband interfer-
ence, while the “Q” channel contains only the
interfering audio on the lower sideband.
Phase cancellation, by combining the two
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audio outputs from the alpha and beta net-
works, will remove the interference while
still adding the desired information contained
in both sidebands. By simply reversing the
take-off points from the alpha and beta net-
work outputs, similar rejection is obtained
for interference contained in the upper side-
band.

With the addition of the stereo synthesizer
circuits, one output channel will contain the
synchronous signal plus interference con-
tained in the lower sideband, while the other
channel contains the synchronous signal plus
interference contained in the upper sideband.
Bv phase cancellation, the brain (being the
ultimate comvputer), picks out the syn-
chronous signal while rejecting the undesired
interference contained in both of the side-
bands, and all vou hear, basically, is the
synchronous signal you want to hear!

Similarly, by unlocking the dc correction
signal, SSB signals may be received in much
the same manner of the good old standby—
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Fig. 2 Schematic diagram of the synchronous detector. Tl is a capacitor tuned 455 kHz if #trans-
former wilh one winding removed and 150 turns of #36 enamelled wire wound over the primary.
Transformers T5 and Té are 5-watt output units, 5k primary, 8-ohm secondary.

the sideband slicer, with over 60 dB of re- demodulators are placed in a minimum ac

jection on the unwanted sideband! !

Construction notes
Care must be taken to ensure that the 7360

field, or hum in the system will result, due
to the high sensitivity of these beam deflec-
tion tubes.

Standard wiring procedure should be fol-
lowed, with leads as short as possible, and
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Tube No.

DC Voltages—Synchronous Detector Without if Signal

Type 1 2 3 4 5 6 7 8 9
Vi 7360 5 150 Fil Fil 80-100 80-100 25 25
V2 7360 5 150 Fil Fil 80-100 80-100 25 25
V3 12AU7A 75 35 Fil Fil Fil
V4 12ZAUTA 240 I Fil Fil 240 | Fil
V5 6ANS 60 — 4.7 Fil Fil 200 100 3
Vé I12ZAUTA 247 8 Fil Fil 0-50 0-12 Fil
V7 12AT7 240 5.5 8 Fil Fil 212 6.5 10 Fil
V8 12AT7 240 5.5 8 Fil Fil 212 6.5 10 Fil
Y9 12ZAT7 212 6.5 10 Fil Fil 120 7 Fil
VIO 12AT7 212 6.5 10 Fil Fil 120 Y Fil
Vil 1ZAUTA 75 3.5 Fil Fil 246 2.5 Fil
Vi2 bAQ5BA |5 Fil Fil 246 250
Vi3 OB2 250 150 150 250 150
Vi4 QA2 |50 150
Vi5 6AQ5A 15 Fil Fil 246 250
Vié 12AX7 240 3.2

Notes: Oscillator injection at VI, V2 is 6V p-p; maximum signal at V4 grids to be set at 8Y p-p with RI;
audio at V9b, VIOb grids 100 mVY p-p; adjust R2 for — I volt dc on oscillator grid; set AVC depth
control for 8-10 volts p-p at V4 grids with external BFO on and detuned | kHz.

the oscillator-reactance tube and associated
circuitry should be kept away from the rest
of the circuit as much as possible, to avoid
455 kHz pick-up by audio circuits.

Receiver modification and avc set-up

Take if out of the receiver (455 kHz) at
the plate of the last if amplifier stage,
through a 20 pF capacitor to RG62/U
coaxial cable, to the grid of V16.

Modity the receiver ave switch to provide
an external input position for the detector
audio hang AVC voltage. Peak the if trans-
former in the plate of V16 with the rf gain
wide open, the AVC switch in external re-
ceiver AVC, the receiver bfo or crystal cali-
brator on, and the detector oscillator detuned
one kHz from the center of the if passband.
Note the S-meter reading. Now switch the
receiver to internal AVC, and note the S-
meter reading. If the two meter readings are
more than 5 dB apart, adjust the value of R1
(33k) until the meter readings agree.

Quadrature set-up

Tune the local oscillator to the center of
the receiver if passband (you can use the
receiver bfo for this), and set-up the oscil-
lator injection quadrature, and alpha-beta
networks as follows.

With the receiver tuned 1 kHz from an
unmodulated carrier, set switch S1 to the
position giving the least audio output, and
alternately adjust the 8-50 pF trimmer in the
oscillator quadrature circuit, and R8 for
minimum audio output at “Q” preamp out-
put. Now adjust R7 for minimum audio out-
put on its rejected sideband at “I” preamp

10

output.

If the 8-50 pF trimmer adjustment is not
the same for the opposite sideband selection
on S1 (retune receiver to 1 kHz on the other
side of zero beat for this test), the alpha
and beta networks are off balance and can
be brought in by judiciously trimming the
7k and 2k plate and cathode resistors on
V7a and V8a, while adjusting the 8-50 pF
trimmer and R8 until a minimum audio out-
put results on either sideband.

Audio phase discriminator set-up
1. Short R3 to ground.
2. Tune the receiver 1 kHz from an un-
modulated carried (crystal calibrator works
fine here) and adjust the rf gain for four
volts rms audio on the plates of V3a and
Vlla.
3. Connect a de VITVM or dc oscilloscope
to TP1 and adjust R4 for minimum dc.
4. Move the VIVM to TP2 and adjust
R5 for minimum de.
3. Move the VTVM to TP3 and adjust R9
for minimum ac.
6. Remove ground from R3 and adjust
R6 for minimum ac at TP3.

7. Repeat steps 3 and 4 until step 6 vields
no ac output.

Notes

1. The output at the preamp output jacks
is approximately 200 millivolts peak to
peak.

2. For stereo reception, adjust the two
500k volume controls and the speaker
phasing switch (using stereo headphones),
until minimum interference on a locked
synchronous signal is observed.
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3. Adjust the compression depth control
(500k) along with R1 for best synchronous
locking. Value should come out on the
depth control to about 400k.
4. S1 positions, starting at full counter
clockwise:
a. Reject upper sideband.
b. Reject lower sideband.
c. Stereo (reject lower “Q”, reject upper
“I” on earphones).
d. Receive lower sideband-AFC off.
e. Receive upper sideband-AFC off.
2. For best synchronous locking on double
sideband signals, the receiver should be
tuned 100 Hertz or closer to signal zero
beat.
6. Set VR current (V13, V14) for 2.2
volts dc across the 100-ohm resistor at
V13 pin 1 using the 2.5k, 25-watt adjust-
able resistor.
7. Set plate voltage for V12, VI15
(6AQ5’s) for 270 volts, using the 3k, 25-
watt adjustable resistor.
8. If the stereo feature is not desired,
eliminate V9, V10, V12, V15, and take
the audio output from the center tap of
RS.
Now sit back and enjoy QRM free recep-

tion.

In 1965, a test involving over two hundred
students was conducted at Cambridge Uni-
versity, in England. Under controlled con-
ditions, two transmitters were put on the
air; one AM, the other SSB. The SSB

transmitter was running twice the power out-

put of the AM transmitter. Two identical re-

ceivers were set-up, one with a product
detector for SSB reception, the other with a

synchronous detector for AM reception. Each |

student was to copy a message, first from one
receiver, then the other.

Then white noise was injected into both
receivers, 3 dB at a time. In the end, the
AM signal, running one-half the power out-
put, was easily copied with over 6 dB more
white noise injected into the receiver, while
the SSB signal was completely washed out.
So vou see, it’s not the mode of transmission
so much as it is the method of detection.

Let’s get rid of those outdated, wideband.
distorted telephone quality single sideband
gizmotchies; and put some good, narrow,
maximum intelligibility advanced modulation
back on so we mav soon rid the bands of
30 kHz wide signals and once again enjoy
agood, solid communications.

... W3DUO
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VALUABLE books from E.&E.

D SINGLE SIDEBAND:
THEORY AND PRACTICE

by Harry D. Hooton, W6TYH. The
one-source guide fo ssb.
Covers the origin and
principles of ssb, deriva-
tion of ssb signals, car-
rier suppression tech-
niques, sideband selec-
tion, carrier generators,
speech amplifiers and filters, ssb generators,
balanced mixers and converters, low-power
ssb transmitters, linear r-f amplifiers, ssb
communications receivers, transceivers, tests
and measurements. Includes chapters on how
to build air-tested linear amplifiers. 352 pages.
Hardbound. Order No. EE-350, only . . . $6.95

~ NEW 17TH EDITION OF THE FAMOUS
" RADIO HANDBOOK ey

Tells how to design,
build, and operate the
latest types of amateur
transmitters, receivers,
transceivers, and am-
plifiers. Provides ex-
tensive, simplified theory on practically every
phase of radio. Broadest coverage; all origi-
nal data, up-to-date, complete. 816 pages.

Order EE-167 ,0nly.................. $12.95

RADIOTELEPHONE LICENSE MANUAL

Helps you prepare for all commer-
cial radio-telephone operator’s
license exams. Provides complete
study-guide questions and answers
in a single volume. Helps you un-
derstand fully every subject you
need to know to obtain an opera-
tor’s license. 200 pp. Order EE-030,0nly.$5.75

LEADING BOOK ON TRANSISTORIZED
COMMUNICATIONS EQUIPMENT

TRANSISTOR RADIO HANDBOOK, by
Donald L. Stoner, W6TNS, Lester
A. Earnshaw, ZL1AAX. Covers a
wide range of communication uses
. for both amateur and commercial
applications. Includes audio and
speech amplifiers, VHF transmit-

BACIOTELEPATR
LICENSE WANLR]

ting and receiving equipment, SSB exciters,
and complete SSB transceivers. 180 pages.
Order EE-044 ,0nlY.cccvviinineescenas.. $9.00

Order from your electronic parts
distributor or send coupon below.

P EDITORS and ENGINEERS, Ltd.
I

P.0. Box 68003, New Augusta, Ind., Dept. 739 |

| Ship me the following books: |

| ] No. EE-350 [J No. EE-030 |

f | [] No. EE-167 [] No. EE-044 $ encl. l

| Name |

: Address it - I

| City. State Zip |

L- ——————————— — e ey EE—— —-_--J
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Fig. 2 Schematic diagram of the synchronous detector. Tl is a capacitor tuned 455 kHz if trans-
former with one winding removed and 150 turns

of #36 enamelled wire wound over the primary.
Transformers T5 and Té are 5-watt output units,

5k primary, 8-ohm secondary.
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