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pound it =

soak it

freeze it
heat it

nothing
affects the

You’'ve never seen a tubular perform like this one.

We really put it “through the mill” in the worst abuse tests
our engineers could devise. Grueling temperature and
moisture tests showed no effect on the Vikane
impregnation. A lead-to-section stress pull
strained the wire without a sign of
loosening the connection to the capacitor
section! Imagine a case so hard that even
hammers bounced off | Here’s a C-D molded
tubular you can stack up against any

other capacitor on the market, and come
out on a big plus side on every count.

Type PTE Tubulars are now available at

no extra cost over ordinary types. See

this better paper tubular at your local C-D
jobber now, or write direct for full details.

CORNELL-DUBILIER ELECTRIC CORPORATION, 1910 {:
South Plainfield, New Jersey. Gther plants in New
Bedford, Worcester and Brookline, Mass;

Indianapolis, Ind. and Providence, R. I. *Reg. U. 5. Far, OF.

For your nearest C-D disiributor, consult your local Classified Teiephone Directory
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The signal tracing technique is well
cstablished at this time in radio and
amplifier trouble shooting. Untuned
tracing instruments enjoy wide popu-
larity because of their comparative sim-
plicity and the speed with which they
may be used. The radio service litera-
ture has described many signal tracer
designs during the last two years.

The instrument described in this art-
icle is an untuned signal tracer having
important advantages: (1) It possesses
unusually high, adjustable sensitivity;
(2) its single test probe may be used
without switching of any kind to pick
up signals from eitherr.f.i.f. or audio

S

~  HIGH-SENSITIVITY AF-RF SIGNAL TRACER

stages; and (3) it provides audible
(loudspeaker) as well as visual (me-
ter) indications. The latter features
enable the trouble shooter to determine
not only the strength of the signal in a
circuit stage, but the nature of the sig-
nal (or interference) as well, by listen-
ing tests. Using miniature tubes in all
except the power rectifier stage, this in-
strument is small in size, lightweight,
and may be built economically by the
radio man. It is not a complicated de-
vice.

The sensitivity of this signal tracer is
such that a signal of slightly less than
1 millivolt applied to the pickup probe

Fig. 1.
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Fig. 2.
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List of Parts

C,—>5 ufd. 50 d. ¢. w. v. midget tubu-
lar electrolytic ~— C-D BRS550

0.1 ufd. 400 v. tubular — C-D
PTE-4P1

Cy—0.006 ufd. mica — C-ID 1D 5D6

Ci—8 ufd. 450 d. c. w. w.
electrolytic — C-D BR845

Ce—>5 ufd. 50 d. ¢. w. v. midget tubu-
lar electrolytic — C-D BRS550.

Ce—0.1 ufd. 400 v. tubular — CD
PTE-4P1

C—0.006 ufd. mica — C-D 1W-3D6

Ce—10 ufd. 50 d. c. w. v. midget tubu-
lar electrolytic — C-D BR105

C‘J, Cm—o.l de. 400 V.
C-D PTE-4P1

Cu, Cp—Dual 8-ufd. 450 d. c. w. v.
tubular electrolytic — C-D BRL
8845

CH—Midget 15-henry, 100-ma.
choke — U. T. C. R-19

J—Miniature closed-circuit phone jack

@

tubular

tubular —

filter

M-—0-200 d. ¢. microammeter

Ri—li-megohm potentiometer —
I. R. C. Type CS with switch

R:—1,000 ohms 1 watt carbon —
I. R. C. BT-1

R:—200,000 ohms 15 watt carbon ~—
I. R. C. BT-14

R+—100,000 ohms 1 watt carbon —
I. R. C. BT-1

R+—50,000 ohms 1 watt carbon —

I. R. C. BT-1

Re—V5 megohm 15 watt carbon —
I'R. C. BT-l,

R:—1,000 ohms 1 watt catbon —
I. R. C. BT-1

Rs—200,000 ohms I/ watt carbon —
1. R. C. BT-),

Re—100,000 ohms 1 wati catbon —
I. R. C. BT-1

Riw—l4 megohm 14 watr carbon —
I. R. C. BT-l,

Ri;—250 ohms 2 watts carbon —
I.R. C. BT-2

Ri>—25,000 ohms 15 watt carbon —
I. R. C. BT-,

Riy——10,000 ohms 23 watts wirewound,
with slider — I. R. C. DHA

S—S. p. s. t. switch attached to poten-
tiometer R,

SPKR-—4-inch PM dynamic speaker —

Quam 40PM

T,—Output transformer: 8 watts 5,000-
ohm plate to voice il — Utah
7364

T.—Pcwer transformer:
160 ma.; 6.3 v, 3 A.,

— U. T. C. R8

IN34—Sylvania Type 1N34 german-
ium crystal diode (Caution: Do
nct use a silicon diode in this ap-
plication)

375-0-375 v,
5 v, 3 A.

will produce full-scale deflection of the
indicating meter and will give full
loudspeaker output when the sensiti-
vity (gain) control is set to its maxi-
mum position. This high degree of
sensitivity permits adequate signal pick-
up by the instrument even at the anten-
na terminals of a receiver or the input
terminals of an amplifier under test.
The signal may be followed easily
through every stage, the operator being

required only to transfer the pickup
probe from point to point through the
circuit and to reduce the gain control
setting as the signal strength increases
in the various stages

A conventional transformer-type a. c.
power supply is employed. This re-
moves completely the electric shock
hazard and tendency to pick up hum in-
terference which are experienced with
AC-DC-type signal tracers.
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Fig. 3.

The output meter is linear in indi-
cation, which means for example that
a 2-to-1 increase in meter reading at a
given setting of the gain control shows
a 2-to-1 increase in signal voltage.

Figure 1 is an external view of the
completed signal tracer. Visible in this
photograph are the pilot light and
probe jack on the left-hand side of the
face, speaker grille in the center, and
2-inch output meter and sensitivity con-
trol knob on the right-hand side. This
illustration shows the instrument to be
of small size, requiring very little bench
space.

Instrument Circuit

Figure 2 shows the complete circuit
diagram of the signal tracer. Figure 3
is the circuit of the external AF-RF
test probe.

The shielded shell-type handle of the
test probe contains a shunt-diode de-
tector circuit based upon a type 1N34
germanium crystal. Silicon-type crystals
(such as 1N21, etc.) are not recom-
mended for this application, since they
are damaged easily by the high signal

voltages which often are accident-
ally encountered in signal tracing.
The purpose of the probe detector

is to demodulate the test signal of
the modulated r. f. signal generator
used in the signal tracing operation.
When shooting trouble in PA amplifier
systems, an audio oscillator is substi-
tuted for the signal generator, and the
probe detector merely separates the pos-
itive peaks from the audio waveform.
It accordingly need not be switched out
of the circuit when making AF tests.
The output of the probe detector is fed
through a shielded cable to the input of
the tracer circuit, through jack J.

The main circuit (See Figure 2) will
be recognized as that of a high-gain
audio amplifier. Resistance, capacitance,
and voltage values in the two GAUG
pentode voltage amplifier stages have
been chosen to give a practical overall
gain of approximately 10,000 for the
two stages. The sensitivity (gain) con-
trol, R,, is placed in the input grid cir-
cuit.

The 6AQ5 beam power output stage
drives the loudspeaker. The output
voltmeter circuit, comprised by a second
IN34 germanium crystal diode, multi-
plier resistor Ry, and 0-200 d. c¢. mi-
croammeter M, monitors the audio out-
put voltage across the speaker voice
coil.
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The power supply portion of the cir-
cuit is entitely conventional, being of
the transformer type with capacitor-
input filter. The voltage divider, Ry,
allows the d. ¢. output voltage to be
set exactly to 250 volts. The powert-
line bypass capacitors, Cy and Ci, re-
duce hum and interference pickup from
the line and are essential in a high-gain
circuit of this type. A decoupling filter
(made up of C, and R;) eliminates in-
teraction between the two 6AUG stages.

Construction

The tracer is housed in a wooden
¢'intercom” cabinet, 11 inches long, 7V5
inches high, and 5 inches deep. While
the author found it convenient to use
this type of enclosure chiefly because
it had a ready-cut speaker opening, the
reader may use any other form of case
or cabinet he prefers. The unit is built
on an 814" x 414”7 x 114" metal
chassis. The loudspeaker is a 4-inch
PM dynamic unit.

The test probe is made from a 3l4-
inch length of 17-diameter aluminum
tubing provided with metal end caps
and an insulating end disc. The probe
prod is made of 1/16"-diameter brass
rod threaded at one end and pointed at
the other.

The power transformer (T:), filter
choke (CH), and 5W4 rectifier tube
must be mounted on the end of the
chassis nearest the 6AQ5 tube, in order
that they will be spaced as far as pos-
sible from the first 6AUG tube. The
output transformer (T,) is placed close
to the 6AQS5 tube and is mounted with
its core at right angles to the cores of
the power transformer and filter choke.

The two GAUG tubes and the 6AQS
must be mounted in shielded sockets
with tube shields. Wiring from input
jack J to potentiometer R, and from
R: to the grid of the first GAUG tube
must be enclosed in shield braid ground-
ed at both ends of its length. The metal
plate on the back of potentiometer R,

must be grounded to the chassis by
means of a heavy lead.

For maximum stability and minimum
hum pickup, all ground returns in each
of the 6AUG stages must be run to one
common point, such as a lug bolted
tightly to the chassis. By this, we mean
that in the first stage, the “ground re-
turn” leads of J, Ry, Ry, G, G, and Cs
must be connected to one chassis lug.
And in the second stage; Rs, Ri G,
and Cs similarly must be returned to
one lug. All tube heater leads must be
twisted tightly together and held snugly
to the chassis by means of soldering
lugs bent to serve as clamps. One side
of the 6.3-volt heater line is grounded
solidly to chassis to remove heater hum.

Interstage wiring must be kept as
short and direct as possikle. Use in-
sulated, solid hookup wire for rigidity.
Wherever possible, leads of the circuit
components  themselves should be
connected directly between tube socket
contacts  without additional  wires.
Thus, one pigtail of coupling capacitor
Cs is connected directly to the plate
( No. 5 contact) of the first 6AUG
socket, while the second pigtail goes to
the grid (No. 1 contact) of the second
6AU6. Make all connections tight
mechanically before applying solder to
them.

Take the time to mount all parts
solidly. This applies particularly to the
transformers and filter choke which
must be bolted tightly to the chassis,
using lock washers and screws not
smaller than 10-32.  This will save
much future annoyance which might
arise from vibration of these compon-
ents It is, of course, highly desirable
to have any instrument which is to be
used for trouble shooting in other de-
vices completely trouble-free itself.

Observe correct polarities of the mi-
croammeter (M) and the I1N34 crystal
lead marked CATH must be connected
diode which supplies it. The diode
toward the positive termuinal of the

DECEMBER, 1949

Page 7




meter. If either the diode or the meter
is reversed, the meter will be deflected
backward by a signal.

In the test probe (See Figure 3),
keep all wiring rigid. A 2-foot length
of standard microphone cable will be
satisfactory for connection between the
probe and the phone plug. This cable
is very limp and accordingly facilitates
handling of the probe during tests. A
metal-shelled plug, such as used with
crystal microphones, is suitable for the
end of the cable.

Testing and Using the Tracer

After the wiring has been completed;
place the tubes in their sockets, plug
the unit into an a. c¢. power line, and
switch-on the power keeping sensitivity
control R; turned all the way down.
With a high-resistance d. ¢. voltmeter
(at least 1,000 ohms per volt, but pre-
ferably higher), set the slider on resi-
stor Ry to give exactly 250 volts be-
tween the slider and ground (chassis)
when the tubes are fully heated. (To
prevent electric shock, turn the power
off each time the slider is to be moved,
and switch it on again to read the volt-
age at the new slider setting).

Now; advance R, to its maximum
setting. At this point, very little hum
or tube hiss should be heard in the
loudspeaker, and meter M should not
be deflected from =zero. Insert the
probe-cable plug into jack J. Connect
the output of an AM signal generator
to the probe input terminals. Set the
generator to any convenient frequency
and be sure that the signal is modu-
lated. As the output control of the
generator is turned up, the audio modu-
lation tone should be heard in the
loudspeaker and the meter should be
deflected upward.

For tracing signals in a radio re-
ceiver; connect a modulated signal gen-
erator to the antenna input terminals
of the receiver under test. Set the gen-
erator to any convenient frequency

within the tuning range of the receiver.- .

Set the receiver dial to the generator
frequency. Clip the ground clip of the
signal tracer probe to the receiver
chassis. Touch the probe prod first to
the receiver antenna terminal, noting
the amount of meter deflection and the
loudness of the signal in the tracer
speaker. Advance setting of R, if nec-
essary to obtain a readable deflection.
Now; transfer the prod to the grid of
the 1st detector or 1st r. f. amplifier
(whichever is the antenna stage in the
receiver under test), retune the dial i.
necessary for maximum swing of the
meter, and note new peak meter read-
ing. Touch the prod successively to thd
grid and plate terminals of each tube in
the receiver, working systematically
through the receiver starting with the
antenna stage and ending with the
audio output stage. To check the final
output, connect both the prod .and clip
to the two voice coil terminals of the
loudspeaker in the receiver. In each
successive stage, the signal normally
will undergo some amplification, nec-
essitating reduction to the R, setting to
prevent “pinning” the meter.

The tracer is used in the same way to
check an audio amplifier, such as a PA
system, except that the signal must be
supplied in this case by an audio oscil-
lator. Work through the amplifier cir-
cuit, stage by stage, successively from
the low-gain input to the output stage.

CHANGE OF ADDRESS:

At least 30 days before the date
of the issue with which it is to
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Post Office will not forward cop-
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