The verrier tuning dial on the right is a now-obsolete

National sometimes found in surplus. The straight dial to

the left controls the r.f. amplifier tuning. Below are
the r.f. and audio gain controls.

Balanced Detector in a T.R.F. Receiver

A Novel Tuner for 40. and 80-Meter
C.W. and S.S.B.

BY JAMES R. WHITE, * W2WBI

In this reeeiver., the principle of the
product detector is used to obtain better

n~electivity and freedom from blocking in
a simple t.r.f. receiver.

g GREW to know amateur radio in the carly 1U30s
[ when the t.r.f. regenerative-detector receiver

occeupied a position of prominence in neurly
every ham shack. The sensitivity of these rela-
tively simple receivers was remarkable and many
hams have fond remembrances of rare DX con-
tacts on the then relatively unoccupied bands.
UTnfortunately, regenerative detectors have in-
adequate selectivity and are unable to reject
overriding strong signals. Morcover, strong sig-
nale pull the detector frequency and even block
the oscillation. As a consequence, aumateurs today
generally use superheterodyne recejvers, some
with two or three separate converter stages, and
the simpler early receivers are of little more than
historie interest.

Product Detectors

With the introduction of single-sideband tech-
niques to amateur radio in the late 1940s, meth-
ade of detection came under new scrutiny. Prod-
uct detectors soon came into use. Thesc detectors
are frequently mixers, mixing the needed local
currier in with the received sidebands, at the same
time responding poorly as rectitiers for all signals
simultancously present in the i.f. pass band.

An carly paper by Villard, W6QYT, ! describes
the differences between diode or linear detcctors
and frequeney-converter detectors, later dubbed
product detectors. In particular, this paper de-

*# 118 Cedar Lune, Princeton, N. J.

U Villard, “ Selectivity in 5.8.8.C. Reception,” QN7 April.
1948,

¥ The signal grids being in parallel.
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seribes 2 balanced detector exceptionally  well
suited for use as an s.s.h. detector in superhetero-
dyne receivers. In this detector, comprised of two
frequency-converter tubes as shown in the dia-
gram of Kig. 1, “each tube produces the same
amount of audio output, from rectification caused
by nounlinearity of the control-grid-voltage. plate-
rurrent curve. But since the tubes are connceted
in push-pull as far as their outputs are concerned,
these andio signals cancel out.? The local-oscilla-
tor voltage, on the other hand, is fed to the two
tubes in push-pull, and conscquently the audio
outputs resulting from the beat between this
oscillator and the incoming signal add up in phase
at the output transformer.”’” Villard pointed out
that in 2 detector of this sort the only signals
offectively detected are those that beat with the
local oscillator and that the selectivity is then de-
termined by the andio pass band.

While Villard’s detector was originally in-
tended us wun s.8.b. detector in superheterodyne
receivers, after some recent experimentation it
hecame apparent that such u detector could so
effectively reject all signals except those heating
with the local vscillator that it could form the
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Fig. 1—Balanced detector circuit described by W6QYT.
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hagis for an s.s.b. and c.w. receiver that has nn
r.f. selectivity whatsoever nhead of the detector.
At this point, a simple t.r.f. recciver, differing
only in the detector from the receivers of the
1930s. was built. Expericnce with this simple
receiver has been so favorable that it was felt
that others might be interested.

Keceiver Circuit

The circuit diagram of the receiver is shown
in Fig. 2. The 65K7 r.f., stage is conventional
in every respect. It is gang-tuned with the
detector grid circuit by (2. Both circuits use
plug-in coils to permit band changing. \While
these eircuits provide some smull r.f. selectivity
along with gain, the selectivity is unnecessary and,
in fact, it is helpful to stugger-tune these circuits
slightly, thus creating a broad-banding effeet
that unnihilates the r.f. selectivity. The receiver
is tuned exclusively by varying the frequeney of
the locul oscillator, und 2 is adjusted solely for
peaking-up incoming signals. (Y2 need not be re-
adjusted, after peaking for oscillator frequency
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changes of at [east =50 ke. The r.f. and detector
tuned circuits are made to track by adjustment
of ceramic trimmers () mounted inside each
r.f.-stage coil form.

The balaneed detector is similar to Villard's ex-
cept thut 6GSB7Ys are cuployed in the frequency-
conversion circuitry. Thesc tubes permit a much
higher conversion gain than obtainable with the
6L7s used by Villard. 63A7s have been tested
and also work well in this circuit. The balancing
adjustment for this detector is easily made by
coupling an amplitude-modulated signal into the
detector grids and, with the loeal oscillator dis-
conneeted or detuned to a frequency where it
does not beat with the signal, adjusting the
cathode-balancing potentinmeter, K, for no audi-
hle detection of the signal modulation in the
headphones. This condition occurs roughly at the
center of the potentiometer range. Once the ad-
justment has been made it necd not be repeated
unless the detector tubes change characteristics,

The osrillator circuit is also conventional ex-
cept that a push-pull output signal is obtained
from the center-tapped coupling coils, L7 and Lio.
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Fig. 2—Circuit of the tr.f. receiver using a balanced

detector.
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Ci—Ceramic trimmer mounted in each plug-in coil.

C2—Dual midget variable {Hammarlund MCD-140-M).

C3—35-uuf. midget variable with one stator plate
removed.

<

Cq—See text.

J1—Open-circvit headphone jack.

L1, Lz, L3, Ls4—Wound with No. 26 enameled wire on
1Va-inch 4-prong plug-in forms with % inch
between primary and secondary windings
(Allied Radio type 24-4P forms).

3.5 Mc.—Li, La— 9 turns close-wound.
=Lz, Ls+—38 turns, length 12 inches.

7 Mc.—L;, La— 8 turns close-wound.
—12, L+—20 turns, length 1V2 inches.

Ls—Lioinc.—Wound with No. 30 d.c.c. wire on Y2-inch
iron-slug forms (Miller 22A000RB1). Center-
tapped secondaries are wound over center
portion of primaries, insulated by layer of
Scotch tape; feedback coils ls and Lls are
similarly wound and insulated at ground ends
of primaries, with turns wound in the same
direction as the latter and bottom ends connected
toward plate.

Ls—15 turns, length 1 inch.
Ls—4 turns close-wound.
L7—10 turns, c.t., close-wound.
Lx—45 turns close-wound.
Lu—10 turns close-wound.
Lio—10 turns, c.t., close-wound.

Rt—20,000-0hm control.

R2—200-ohm wire-wound control.

R, Re, Rs, R7, Rs—See text.

Re— 1-megohm control, audio taper.

S1—2-section 4-pole 2-position rotary switch (Centralab
PA-2011).

Ti—Interstage audio transformer: push-pull plates to
single grid, ratio 1:3, full secondary used
(Thordarson 20A24).

<

To permit reception of both 40- and 80-meter
signals, S; sclects one of two separate tuned cir-
cuits. These tuned circuits spread each band
over about 150 degrees of dial rotation. No at-
tempts were made to compensate this oscillator
for temperature changes, so a small warm-up
drift oceurs. By choosing ceramic capacitors in
the grid circuits with proper temperature charac-
teristics, this drift could he largely corrected.
More stable v.f.o.-tvpe ecirenitry could also be
used to advantage. The frequency to which the
recciver is tuned is determined exclusively by this
oscillator, and there is no discernible interaction
with the other tuned cireuits. As a result, the
stability and calibration precision can be as good
as the best v.f.o.

The oscillator operating voltage, amount of
feedback, and the coupling coils are chosen to
provide the eorreet current for the 6SB7Y injee-
tion grids. This current should range between
0.25 and 0.35 ma. for each grid. It can be con-
veniently measured by measuring the voltage
appearing across Rz with o high-resistance
voltmeter.

Since the oscillator frequency is the same as
the resonant frequency of the r.f. tuned cireuits,
some care must be exercised to prevent the strong
local oscillator signal from blocking the r.f.
amplifier. Accordingly, the oscillator is enclosed
in a shielding hox. Plate and filament leads to the
oscillator are shielded and bypassed inside the
shielding box. The two leads from the oscillator
to the 6SBYT injection grids are constructed of
short lengths of RG-58/U/ cable with the shield
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braid grounded. By these techniques the directly-
radiated signal rom the oscillator is reduced un-
til it is burcly audible in a high-gain receiver
in an adjacent location on the operating table, and
causes no blocking difficulties in the r.f. stage.
The audio cireunitry is straightforward. To con-
serve tubes, the two sections of a 6UURA are used
in successive pentode and triode stages. The
over-all audio guin is quite high. A tendency to-
ward audio feedback was corrected by the re-
ststors Rz, R4 and 25, and the eapacitor 4. [n
addition, to insure stability, the gain of the pen-
tode section is slightly reduced by choosing a
smaller than optimum plate load resistance, 27.
Because of this large audio gain, the transtormer,
1", must be located away from the hum fields of
neighboring transtormers. Thus the power supply
for the receiver is loeated on a separate chassis.
Many other audio amplifier designs would serve
equally well. Because « large fraction of the over-
all gain of the reeciver is obtained ut the audio
level, a high-gain amplifier should be employed.

Construction

The receiver is built on an 11 X 7 X 2-inch
chassis to which un 11 X 7-inch panel is bolted
and braced with aluminum side angles bent in
n vise. The front-view photograph shows the
vernier oscillator tuning dial on the right and
the r.f. peaking control on the left. The small
knobs at the bottom control the r.f. und audio
vain. The top view on a following page shows the
component luyout. The oscillator components
are in the shield box on the left. The 65B7Y de-
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tectors are in the center rear, the 6SK7 r.f. stage
i adjacent to the front panel, and 7'y and the
G6URA are on the far right. The plug-in coil for
the r.f. grid circuit is shielded in the removable-
top wluminum e on the right. The detector
plug-in grid coil is unshielded. The band-changing
switch 8y is at the rear of the oscillator box,
beside the uadjustment screws for the permea-
bility-trimmed oscillator eoils.

The receiver requires a power supply of 225
to 250 volts at 30 ma., 150 volts at 8 ma. (regu-
lated by a VR tube) and 6.3 volts at 1.5 amperes.

Adjustment

The receiver is most conveniently adjusted for
operation with the aid of a signal generator with
modulated output. If the generator is not. avail-
able, the alignment can be done hy listening on
the ham bhands. ‘The principal adjustments re-
quired are (1) the setting of the oscillator perme-
ability-trimmed coils to center up the 40- and
80-meter bands on the dial, {2) the adjustment
of the r.f. trimmer capacitors to sccure rough
tracking of the r.f. and detector tuned cireuits,
and (3) the adjustment of the detector balancing
potentiometer. This latter adjustment, with the
aid of a modulated oscillator, has been previously
mentioned: it can also be made by tuning in a
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Fig. 3—Simple audio filter for better selectivity, Capa-
citances are in uf., inductance in millihenrys and resis-
tances in ohms.
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In this view of the receiver, the
oscillator is enclosed in the alu-
minum box to the left. The band
switch is mounted on the rear
wall of this box. The plug-in r.f.
stage coil is enclosed in the shield
can in the upper right-hand cor-
ner. Audio and detector com-
ponents are to the rear.

very strong a.m. signal, using (‘2. With the oscilla-
tor tuned to a different frequency, the potentio-
meter is adjusted for minimum detection ot the
a.m. signal.

This receiver tunes in much the same manner as
a superheterodyne receiver with a fairly broad
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Fig. 4—Frequency characteristic of the
filter of Fig. 3.

i.f. pass band and a good product detector. Bach
c.w. carrier will produce two audio signals, one
on each side of zero beat. By the use of a peaked
andio filter, such us the Selectoject, following the
receiver, these two signals can ecach be made to
oceupy a band a few hundred cyeles wide. Single-
sidebaud signals are received when the local oscil-
lator frequency coincides with the needed carrier
injection frequency. Double sideband signals are
also reccivable. A.m. signals ure receivable but

OST for



Bottom view of the balanced-detector receiver.

only when the loeal oscillator frequeney coin-
cides precisely with the a.m. carrier. When the
frequency devintes even slightly, the a.m. modu-
lution flutters at the difference frequency snuffi-
ciently to render proper reception difficult.

More Selectivity
A rather simple audio filter following the re-
cetver, such as that shown in Fig. 3, adapted from
A design in the 1940 ARRL Handbook, produces
the over-all selectivity characteristic of Fig. 4.
This particular filter, although it attenuates more
than might be desired, has proven to be very

effective in receiving s.s.b, =ignals.

There ig, of course, no disecernible pulling of the
oscillator by the received signal. Morcover, the
modulation on strong signals adjacent to those
which are being detected does not *‘ride through.”
[lnder the worst. circumstances, when a pery
strong modulated signal is present wdjucent to
weuk signal being received in the broad r.t. pass
band, a slight background hash can be heard.

When provided with a 25- or 30-foot. antenna,
the sensitivity of the recciver is more than ade-
quate for reception of -40- and 80-meter signals.
Since relatively few stages are used, however, the
recoiver does not Lave the gain of a multistage
superheterodyne receiver. [asF—]

o Yow Apparatus

Transistorized Signal

HE interesting gadget shown in the photograph

is culled the ** Mosquito " und is manufactured
by the Don Bosco Eleetronies, Inc., Hanover,
New Jersey. It's a transistor oscillator powered hy
a single 1 14-volt penlight cell. The oscillutor runs
at about 2000 eyeles but, since the wave shape is
square, it puts out harmonics well up into the
r.f. range. It ean be used us a test-signal souree
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for both transistor or vacuum-tube equipment
and is useful at audio, intermediate and radio
frequencies. Only 534 inches long, 14 inch in di-
ameter and weighing but 1 ounce, the chrome-
plated **Mosquito " is in the shape of & mechani-
c¢al pen or pencil, and even has a elip, which
doubles as the on-off switch, for attaching it to
the inside of a pocket. The injector is turned on by
moving the clip holder down and is put into op-
eration by touching the tip to the circuit under
test. For some applications, it is necessary to
ground the shell to the equipment. The deviee
can also be inductively coupled to magnetic de-
viees by placing it a few inches away from the
unit under test. We c¢onnected the * Mosquito”
to the terminals of o vacuum-tube communica-
tions receiver and the harmonics were still loud
and clear at 30 Me. ~ K. L. C,
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