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Explore the use of electronic
“scalpels” in the operating room

Hunt for stray signals with the
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Chase Down Signals

With the

AF/RF SIGNAL CHASER

Having difficulty troubleshooting a circuit where the signal goes in but doesn’t come out? This simple
tool will help you pinpoint the problem for both audio- and radio-frequency systems.

icture this: You have a radio or

amplifier on the bench that has
no output, Obviously, frying to find
the “break in the chain® where the
signal stops on its trip from input to
output can be frustrating and time-
consuming without the right test
eqguipment.

The best way fo find the bad
component is to start checking in
those parts of the circult where you
know the frouble is. So how exactly
do you do that? By injecting a known
signal into the circuit and tracing its
path, you can quickly and easily
find the point where it disappears.

You can use an oscilloscope and a
signal generator, but what if you
don't have ready access to those
iterns? That's where the AF/RF Signal
Chaser presented here comes to the
rescue. With care and proper con-
struction techniques, this low-cost
project can fit on a piece of perf-
board small enough tfo fit in a shirt
pocket, Powered by a 9-volt battery,
it can be used "in the field” as well as
on the bench. If a piece of equip-
ment can be ecslly diagnosed and
fixed where it stands, you won't have
to drag It back to your bench,

The AF/RF Signal Chaser is useful
for finding problems in AM and FM
radics, CD players, common ampli-
fiers, multimedia audio systems, and
televisions. However, electronics hob-
byists and technicians aren’t the only
ones who can make use of this pro-
Ject: there are many more non-
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obvious applications for the AF/RF
Chaser. For example, the amateur
scientist or the high school or col-
lege student looking for a different
type of science project can use this
circuit as a light-to-sound converter
or a sound- and RF-"sniffer” to per-
form some Interesting experiments
involving physics, chemistry, and nat-
ural sclences—to name a few. By
connecting a coil fo the input, you
can pick up audio and RF signals
Inductively from transformers or low-

power transmitters. To use the AF/RF
Signal Chaser as a light-to-sound con-
verter connect a photocel fo its input
instead of the coil mentioned above.
Now you can listen to lightoulbs, the
sun, stars, or any other modulated
light source, whether visible or not,

How It Works. Any signal detector
like the AF/RF Signal Chaser needs
the ability to work with weak, low-
level signals; some form of amplifi-
cation is required. To that end, we'll
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Fip. 1. The LM386 is a simple yet versatile
audio amplifier in an 8-pin package (A). Its
basic circuit is very simple, requiring few exter-
nal parts to drive an 8-okm speaker (B).

be using National Semiconductor’s
LM386 low-voltage audic amplifier.
Criginally designed for small radios
with headphones or small loud-
speakers, the LM384 Is a complete
audic amplifier in an 8-pin dual-
inline package. Fectures that we will
be taking advantage of include a
very low quiescent current (4 mA),
a wide supply-voltage range (4 fo
12 volts), and the ability to drive 8-
ohm speakers at up to 325 mwW on
a é-volt supply. What's more, those
features are designed so that few
externdl components are needed.
The LM3856s pinout Is shown in Fig. 1A,

Figure 1B shows a typical applica-
tion circutt for the use of an LM386 as
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Fig. 2. By varying the capacitor value across
pins 1 and 8, you can set the LM386's gain as
high as 200.
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Fig. 3. The output power of an LM386 is a fune-
tion of its supply voltage. The curves shown here
are for an 8-ohm load.

an audlo amplfier. Note that connect-
ing a capacitor fo pins 1 and 8 sets the
output gain. With a 10-pF capacitor
the voltage gain k 200, You can see
the effect of the gain capactter in the
response chart of Fig. 2.

If you need more “"oomph” from
the LM386, simply boost the supply
volfage. The relationship between
output power and supply voltfage
can be seen in Fig. 3.

Another feature In signal-tracing
that Is very important 1o perfor-
mance is the Input impedance.
Unfortunately, the LM386 has aninput
resistance of only 50,000 ohms. Any
high-impedance circuit that we try
to test will be loaded down and
stop working: it will see the AF/RF
Signal Chaser as a short circutt, What
we need to do s increase the cir-
cuit’s input impedance to the point
that it will be undefectable by
whatever circult we're testing. To
do that, we’ll use a field-effect

transistor as an input buffer. Those
devices can have very high input
impedances; the one we’llbe using
is rated at about 10 megohms. That
amount of loading (cr lack thereof)
should be good for the majority of
circuits that we’ll be testing.

Circuit Description. The schamatic
diagram for the AF/RF Signal Chaser
is shown in Fig. 4. The signal from J1
is amplified by @1 with R1 and R2
providing a bicss for the FET. The ampli-
fied signal is capacifively coupled
to R4 (volume control) and D1.

The purpose of D1 is to act as a
demodulator for RF signals, If you're
working with audio signals, find D1
has no effect on the signal. On the
other hand, when working with RF sig-
nals, the dicde acts like an old- style
crystalset demodulater. The inclusion
of D1 gives the AF/RF Signal Chaser its
versatiity, Both frequency-modulat-
ed (V) and phase-modulated (PVD
signals can be detected; D1 acts as
a slope detector. However, the audio
will be poor in fidelity.

The remainder of the circuit is a
standard LM386 amplifier with a
gain of 200 and an 8-ohm oufput,
Any suitable speaker or earphone
can be connected o J2.

Note that §1 and R4 are coupled
so that the AF/RF Signal Chaser’s
volume conftrol also turns it on and
off ike a battery-powered radio,
The power supply Is a set of four AA
batteries in an appropriate holder,

Construction. In spife of its sensitivi-
1y, the AF/RF Signal Chaser can be
built on a piece of perfboard using
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Fig. 4. The AF/RF Signal Chaser uses a field-effect transistor to increase the input impedance of the
LM386. Because of its sensitivity, use shielding on any cable connected to J1.



Ce6 g
100uF -
I B1
I 6V
F2
— .
Fig. 5. Adding a “power-on” LED indicator is
simple and straightforward.

standard construction techniques—
the method used In the cuthor’s
prototype. If you'd like to use a PC
board, you'll have fo design one
yourself,

Wwith the exception of J1, J2, B,
and the R4/51 combination, ol com-
ponents mount on the perfboard. If
you like, you can use a small piece of
universal printed-circult board that
matches modular breadboard sock-
ets with predriled connection poinfs.

Keep the connections as shorf as
possicle. When you are finished wirng
the board, check your work against
Fig. 4 for any wirng mistakes or wrong
components. Use solid bus wire for
any short jJumpers that you might
need; use insuldted wires for the
longer runs. Stranded 22-gauge wire
connects the external components,
such as the jacks, battery, and vol-
ume conirol, fo the board,

It i3 advisable to use a plastic or
other non-metallic box to house the
project. Many small plastic boxes
can be found at electronics stores
like RadioShack or many mail-crder
firms; choose one that can hold all
of the componants,

Dill appropricte holes for the
board, jacks, volurne control, and
battery case. Be careful when driling
holes in plastic boxes—too much
pressure can crack the plastic. In
additien, plastic has a tendency to
“kick up” during drilling; be sure to
hold it firmly. An alternate method
for making holes in a plastic box is
with the sharp point of a hot solder-
ing iren. Melt the tip through the
plastic and make circular moticns
to enlarge the hole fo the needed
size. Be careful not fo apply too
much hsat. This method should only
be done in a well-ventilated area—
outdoors if possible. The furmnes that
the melting plastic might give off
can be harmful. Don’t forget to
clean the soldering iron’s point
after the “diiling” operation.
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Fig. 6. Here’s a typical portable-transistor radio with numbered test poinis showing where to use

the AF/RF Signal Chaser.
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The AF/ RF Signal Chaser can be built on a
piece of perfboard. It fits neatly into a small
plastic case.

Mount the PC board with two or
three machine screws, nuts, and wash-
ers. You may use coupling nuts to
act as spacers to hold the board
away from the case.

You can put additional input
connections in parallel with J1. One
suggestion is a pair of wires with an
aligator clip on the ground wire
and a meter prcbe on the other.
You can dlso bulld that as an "acces-
sory” tferminated with & ¥-inch phone
plug. That way, you can plug in the
probe aftachment when needed
instead of having it dangle from
the unit all the time.

While we suggest a %-inch jack
for J2. you should choose an appro-
pricte jack to match the type of
plug on your speaker wire or ear-
phone. If you are using sterec head-
phones, J2 should be a stereo jack,
Although the olbvious choice would
be to wire the two stereo channels
In parallel, it's better t¢ wire them in
series. That way, the headiohone Imped-
ance is higher and reduces current
drain on the battery.

An option that you might want to
consider is an LED "power-on” indi-
cator. Simply wire a 1000-ohm resis-
for and an LED across Cé; the
details are shown in Fig. 5.

If you're satisfied with your work, snap
a set of four fresh AA batteries info the
holder and close up the case; the
AF/RF Signal Chaser Is ready for use.

Using the AF/RF Signal Chaser. NO
adjustments are needed. Plug an

appropriate probe (such as the two-
wire arrangement we mentioned
befare) into J1 and a set of head-
phones info J2. Clip the ground wire
to circuft ground near the point of
the circuit that you're testing (a
radio, for example), tum R4 to «
comforfable listening level, and
probe away!

To learn how to use the AF/RF
Signal Chaser, you should lock at
the schematic diagram (Fig. 6), it
shows some test points In a com-
mon portable transistor radio.
Simply start at the front end and
work your way through the circuit
fo the output.

The high input impedance of the
AF/RF 8ignal Chaser means high sen-
sitivity, which allows some unusual
applications, Including the sugges-
fions at the beginning of this article.

With grounding probe and headphones attached,
the AF/RF Signal Chaser is ready to chase sig-
nals no matter what their source.

Here are more with a few detdils on
how to do them:

« Connect a coll to J1 for an
inductive pickup. You can lis-
ten to the audio fransformers
in audio amplifiers or to the IF
fransformers In AM/FM recelvers.
The coll is either an audio trans-
former’s primary winding without
the core or a felephone plck-up
coll. You can also use the circult
o get the signal from a telephone.

fransistor to the input and you
can listen to light bulbs, fluores-
cent lamps, TV screens, cormputers
screens, etfc. That simple exerclse
can grow into an involved pre-
gram of scientific experiments In
converting light fo sound.

s Connect a 200- to 800-ohm ceram-
ic or crystal microphone 1o J1. The
resul: a sensiive electonic stetho-
scope. You will be able to hear
the sounds of leaking plumbing
or animate sounds—including the
chomping of termites!

* Use a piezo-ceramic disc protect-
ed against water to hear the sounds
of marine life (see the “Marine Life
Acoustic Sersor” arficke inthe Octoboet
1997 issue of Elechronics Now).

* Place a microphone connected
to J1 in the center (focus) of a
parabolic reflector. You can hear
birds and other wildlife from a
distance without disturbing them.

Once vyou start experimenting
with the AF/RF Signal Chaser, you'll
never look af It again as "just anoth-
er piece of test equipment!” P



