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For most of us, the telephone has
become such an indispensible part of
daily living that when something goes
wrong with it, we view it as a crisis
situation. Fortunately, telephones
and telephone systems aren’t diffi-
cult to repair. Armed with an under-
standing of basic electricity and a few
details about the telephone system
and how it works will help you get an
ailing phone or line back into work-
ing condition in almost no time at all.

Basic Telephone Technology

Since its introduction, the basic de-
sign of the telephone hasn’t changed
much. In fact, today’s telephones
work pretty much the same as did
Bell’s invention 100 years ago.
Basically, the telephone consists of
a carbon microphone in series with a
battery and a remote speaker (Fig. 1).
The mike works by varying the resis-
tance of a loosely-packed carbon
granules. A thin diaphragm across
the carbon granules alternately com-

24 / MODERN ELECTRONICS / March 1986

Fig. 1. The telephone is basically a
carbon microphone in series with a
battery and a remote speaker. Sound
pressure on the carbon element varies
its resistance and, thus, the current
Sflowing through the circuit. The
speaker translates these currents
back into sound.

presses and expands the granules, va-
rying the resistance according to the
frequencies and amplitudes of the
sounds intercepted. As the resistance
varies, there’s a proportional change
in the current flowing through the
circuittothespeaker. This current, in
turn, is translated into mechanical
motion (cone movement) to repro-
duce the original sounds in the
speaker.

In actuality, the microphone/
speaker combination is no longer in
use. In modern systems, the circuit
has been rearranged (Fig. 2). Now,
the battery is in a central location
called an exchange, from which the

these the ‘‘tip’* and ‘‘ring’’ wires.
(These names have deep-rooted
meaning in telephone history but
have little significance today.) The
open-circuit voltage across this line is
approximately 48 volts, but this can
range from 42.75 to 52.50 volts.

In the most elementary terms,
when you place a call, all you’re real-
ly doing is connecting a microphone
across your particular tip-and-ring
wire pair. All else is accomplished at
the phone company.

In reality, things are a bit more
complicated than that. For instance,
the phone company must be able to
detect when you wish to go on-line. It
does this with a current-sensing relay
at the exchange.

Since the telephone is essentially a
current-operated device, when you
go on-line, current flows through
your instrument, into the central ex-
change, and through your intended
party’sinstrument, to create the loop
required for communications. Lim-
ited at the exchange, the current is
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A simple line tester can be made using
a single resistor and a tricolor LED (the
LED actually contains ared LED and a
green LED wired in reverse parallel).
Depending on the nature of the voltage
applied, the LED will glow one of three
colors—red, green or yellow.

If line polarity and voltage are cor-
rect the LED tester glows green. Re-
verse polarity causes the LED to glow
red. An ac signal, such as aring voltage,
causes both LEDs to light on alternate
half-cycles, producing a yellow glow.

you’ll have to gointo the system itself
for further troubleshooting. Begin
by removing the outlet cover to gain
access to the phone company’s wires.
Residential lines have red, green, yel-
low, and black wires, while commer-
cial lines have these plus an addition-
al two wires (six altogether) for a sec-
ond line.

The red and green wires are identi-
fied as ring and tip, respectively. In
some systems, the yellow wire is ring
ground return. To avoid confusion,
simply short the yellow and green
wires together.

With the telephone disconnected
from the circuit, measure the voltage
across the red and green lines; it
should be approximately 50 volts.
(Not all systems adhere to the green/
red color code. So check all possible
combinations for the source volt-
age.) If you don’t obtain a 50-volt
reading, the problem is further up the
line. In installations with more than
one outlet, check the voltage at each
outlet. The problem could be a
broken line between extensions.

Trace the problem as far as you
can, all the way up to the terminal
junction box (where the phone line
enters your house), if necessary. If
the problem appears to be beyond the
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junction box, responsibility for re-
pair lies with the phone company, at
no charge to you. If there’s no volt-
age coming into the terminal box, call
the phone company’s repair service.

If you have voltage at the outlet
but still no dialtone, the problem can
be two-fold. It might be that the po-
larity of the line (green and red wires)
is reversed or that not enough load is
being placed across the line to acti-
vate the off-hook relay.

A quick way to test for dialtone is
to clip a small 8-ohm speaker across
the phone line and listen for a tone.
The speaker’s low impedance will al-
low maximum current to flow to acti-
vate the system. Additionally, the
speaker isn’t polarity sensitive.

If you hear a tone through the
speaker, reverse the green and red
wires and try your test phone again.
Still no dialtone means that the prob-
lem is somewhere in the relay located
at the central exchange or in the lines
leading to it, like that caused by a
high-resistance splice. It’s best to
perform this test at the terminal box
—not an outlet—as the problem may
lie in the wiring between the terminal
junction and your outlet. If you real-
ly want to get technical, use the am-
meter function of a multimeter to test
your line; you should obtain a read-
ing of 18 mA minimum. This is the
triggering current that activates the
off-hook relay.

Static on the line can also be attrib-
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A quick way to test for presence of a
dialtone without elaborate equipment is
with a small 8-ohm speaker. Simply
connect the speaker across theincoming
line. The speaker’s low impedance rep-
resents a virtual short circuit, which
guarantees to engage the off-hook re-
lay. Besides, the speaker isn’t polarity-
sensitive.

uted to bad connections. They’re a
little more difficult to detect, but the
ammeter method works well when
the noise is severe. It can tell you if
the problem is before or after the ter-
minal junction in most cases. A fluc-
tuating line current normally indi-
cates a bad connection that can lead
to static. But don’t be fooled by
periodic signal changes, such as those
created by an off-hook warning.

No Ring

Remember that the ring function is
activated by a high-voltage ac signal
put on the line over the dc voltage.
It’s never less than 65 voltsand can be
as high as 150 volts. There are two
ways to test for aring signal, both re-
quiring the assistance of a second
party, either the operator or a friend.
First gain access to the wiring and
have another person call you.

In the first method, you simply
substitute the test phone for the
original instrument. If it fails toring,
chances are there’s a problem in the
system, since the ringer isn’t polarity
sensitive. If you do obtain aring with
the test phone, you’ve pinpointed the
problem to the original telephone.
Not all telephones respond equally to
ringer voltage, however; so it could
be that the ringer voltage may acti-
vate one phone but not another.

To test this theory, a second, more
sophisticated test must be used,
shown schematically in Fig. 3. Mea-
sure the voltage across the incoming
line with the phone disconnected.
Each time a ring signal is received,
the voltmeter will indicate a voltage
somewhere in the range between 60
and 200 volts.

If it appears that the ring voltage is
too high or too low, contact your
local phone company representative
and ask what the voltage should be.
An out-of-spec ring voltage should
be reported to your telephone repair
service  facility after you’ve
thoroughly tested the system. Be-
cause different voltmeters measure
ac voltage differently, tread lightly
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