
Technology 

Telephones and 
Their Repair 

Part I 

How telephones work and 
how you can troubleshoot 
and correct most common problems 

By TJ Byers 

With the words, "Mr. Wat- 
son, come here, I want 
you," Alexander Graham 

Bell established forever a revolution- 
ary way of communicating. 

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- 
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Fig. I. The telephone is basically a 
carbon microphone in series with a 

battery and a remote speaker. Sound 
pressure on the carbon element varies 
ils resistance and, thus, the current 
flowing 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 
circuit to the speaker. 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 

phone company runs two wires to 
each subscriber and selectively 
switches between them to complete 
the loop when a call is placed. 

At the subscriber's end of the line 
is a pair of wires with a voltage across 
them. The telephone company calls 
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's instrument, to create the loop 
required for communications. Lim- 
ited at the exchange, the current is 
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nominally 30 mA but can vary from 
20 to 80 mA. 

When you lift your phone's hand- 
set, a switch inside the instrument 
closes a circuit that causes current to 
flow. A relay at the central exchange 
detects the current and puts you on- 
line. A load of 600 ohms (which just 
happens to be the impedance of the 
telephone handset's carbon mike) or 
less is needed to assure that sufficient 
current flows to trip the relay. 

Once the circuit is made, the cen- 
tral exchange acknowledges the off - 
hook condition by emitting a dial- 
tone. The dialtone consists of 350 - 
and 440 -Hz signals. It remains in ef- 
fect for approximately 10 seconds as 
long as there's no activity. At the end 
of the 10 seconds, if no activity oc- 
curs, the phone company issues an 
off -hook warning signal made up 
1400 -, 2060 -, 2450 -, and 2600 -Hz 
tones that are pulsed at a rate of five 
times per second. 

If a call is placed before the off - 
hook warning, the central exchange 
rings your party with a high- voltage 
ac signal. The ringer signal is a 20 -Hz 
voltage superimposed across the ring 
and tip lines and is nominally 86 volts 
but can vary in amplitude from 65 to 
130 volts ac. The ring voltage is also 
normally pulsed by an interrupter 
that provides a short burst of ringing 
with a pause between burst se- 
quences. Although the ringing se- 
quence varies from company to com- 
pany, it is generally 2 seconds on fol- 
lowed by 4 seconds off. When the an- 
swering party lifts the receiver, the 
second leg of the current loop is com- 
pleted and the ringer voltage is dis- 
continued. The exchange then con- 
nects the two parties together. 

Should the called phone already be 
on -line when a call is placed to it, a 
busy signal consisting of 440- and 
620 -Hz tones is fed back to the caller. 
The busy signal is pulsed at a 50 -per- 
cent duty cycle, with 0.5- second on 
and off times. 

As you can see, the telephone sys- 
tem is no more complicated than a 
simple dc circuit with a little ac super- 

Fig. 2. A central telephone exchange is used to connect together subscriber 
phones. Inside the exchange is a bank of batteries and the switching circuits 

needed to connect together the phones. 

imposed on it from time to time. The 
system is so simple, in fact, that it 

takes little more than a multimeter 
and some common sense to fix most 
telephone problems. This being the 
case, let's take a look at the more 
common ailments. 

No Diakone 
The most common complaint, ab- 
sence of a dialtone, can be created by 
a number of conditions. These in- 
clude deliberate discontinuation of 
service by the phone company for 
any of a number of reasons or inter- 
ruption of service as a result of a 
storm or other circumstance. Bear in 
mind that the phone company re- 
serves the right to discontinue service 
at any time if you connect equipment 
that interferes with its system. So 
make sure you have service before 
jumping to conclusions. 

If you have no dialtone, suspect 
the telephone instrument first. More 
often than not, it's the source of the 
problem. Your best service tool in 
this situation is an auxiliary tele- 
phone. A "cheapie" phone like those 
selling for $10 or so is an adequate 
piece of test equipment in this case. 
While the tonal quality of these in- 
struments leaves much to be desired, 
they do serve the purpose and sure 

Installing Modular Jacks 

If your system doesn't presently have 
modular outlets, you should convert to 
them. The conversion involves a simple 
installation procedure. (Modular out- 
lets can be purchased from any number 
of places, including your local tele- 
phone center or Radio Shack. A good 
jack will run you about $2.00.) 

To install the modular jack, remove 
and discard the plastic cover o' the 
block where your telephone wires go in- 
to the wall. Remove the telephone wires 
from the block. Do not remove the in- 
coming system wires. Now connect the 
wires from the modular jack to the 
screw terminals of the wall block, care- 
fully matching the colors. Finally, 
mount the modular cover in place of the 
original block cover. 

beat the $25 or so most companies 
charge for a service call. 

You begin troubleshooting by re- 
moving the suspected telephone and 
replacing it with your test phone. If 
the system you're servicing isn't 
equipped with a standard RJ -11 or 
RJ -14 modulator outlet, now is a 
good time to install one. (See the "In- 
stalling Modular Jacks" box.) If you 
hear a dialtone in the test phone, 
you've narrowed the problem to the 
original telephone or its cord. 

Should the test phone also be dead, 
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An Inespensise Line Tester 

Red 

Green 

2.7K 

Tricolor LED 

MARKED CATHODE 

A simple line tester can be made using 
a single resistor and a tricolor LED (the 
LED actually contains a red 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 a ring voltage, 
causes both LEDs to light on alternate 
half -cycles, producing a yellow glow. 

you'll have to go into 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 

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- 

Tips & Tricks 

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 the incoming 
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 volts and can be 
as high as 150 volts. There are two 
ways to test for a ring 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 to ring, 
chances are there's a problem in the 
system, since the ringer isn't polarity 
sensitive. If you do obtain a ring 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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Fig. 3. Use a multimeter and 
capacitor to measure ring voltage. 

here -a misdiagnosed problem could 
cost you a service call. The best meter 
for the job is a cheap multimeter with 
an rms scale. 

Also be aware that extension 
phones can create ring problems. 
Ring current is limited. In most cases, 
the phone company guarantees to 
service only five extensions -and 
balk at that. If you have several ex- 
tensions with ringers, begin elimi- 
nating them one by one until the 
problem is resolved. If necessary, 
you can permanently disconnect the 
bell without affecting performance 
of the telephone. 

Tips & Tricks 

A neon lamp in series with a limiting 
resistor makes a simple ring detector. 
Neon lamps like the NE -2 have a thres- 
hold potential of approximately 65 volts 
and, therefore, respond to only the 
higher ringing voltages. 

Coming Next Month 
This ends Part 1 of this article. In 
next month's conclusion, we'll zero 
in on what to do if the problem is iso- 
lated to the telephone instrument.AE 
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MUST LIQUIDATE 
AT BIG SAVINGS TO YOU! 

Interstate by FOX 

Radar Detector 

Extremely sensitive 
SUPERHETERODYNE 
circuitry! 
Proven in lab tests to 
be as good (or even 
BETTER) than models 
by Escort, Cobra and 
Whistler' 

So why pay up to 
TWICE as much 
for their units 
when you can buy 
our Interstate by 
FOX at such a 

low price? 

PUBLIC NOTICE! 

INVENTORY ADJUST- 
MENT BY A MAJOR 
RADAR DETECTOR 
MANUFACTURER 

REQUIRES REDUC- 
TION OF STOCK. 

C.O.M.B. now author- 
ized to liquidate limited 

supply of Radar 
Detectors at HUGE 

savings! 

One of the smallest, 
most sensitive and most selective 
radar detectors in the world! Superheterodyne 
system is superior to non -superhet units in seek- 
ing out and alerting you to police radar up to 5 
miles away ... around curves or over hills. It's 
very reliable for over -the -road protection! 

What an opportunity! Our special arrangement with the man- 
ufacturer allows us to liquidate this Interstate Radar Detector 
by Fox at about halt what you'd normally pay for an Escort, 
Whistler or Cobra with comparable sensitivity! 

MORE RANGE! Superheterodyne detector is extremely sensitive! 
It detects fringe signals more reliably. It even picks up the 
signal from pulse radar hand guns! 

COMPACT! Just 33/4" x 13/4" x 31/4" 

MORE SELECTIVE! False alarms are reduced by narrower band- 
width and video signal processing. Built -in dielectric lens for 
additional sensitivity and false alarm protection! Horn -shaped 
antenna aids in "pulling in radar signals. 

3-WAY SWITCH! For Off, City or long range highway use. 

DOUBLE ALARMS! When radar signal is received the red LED will 
light, and remain "ON" until radar signal is below detectable 
levels. Buzzer is heard when radar signal is detected. At long 
ranges, the alarm sounds with a slow, lower tone which in- 
creases in rate as the radar source is approached. 

LOUD ALARMI Warning signal can be heard even above noisy 
road traffic. And that's VERY important to you! 

NOTE: The unit may either be clipped to your visor, or attached 
to the dash (hardware included). Also included are D.C. power 
(fused) cigarette lighter plug and instruction manual. 

RADAR DETECTOR COMPARISON CHART' 
(Sensitivity measured in dBM /sq. cm.). 

K Band 
Interstate (Highway) - 

-103 
Escort (Highway) -101 
Whistler (Filter Off) -100 
Cobra (Highway) -94 

'Tests conducted in accordenee with industry 
standard procedures in the Fox Labs. Note that the 
higher the negative number. the greater is the unit's 
sensitivity. 

Credit card customers can order by phone. 
24 hours s day. tttttws4. 
7 days r week rs,r.ea. 

t . 
Toll-Free: 1- 800 -328 -0609 

isYour check is welcome' 
No delays $n orders paid by check 

C.O.M.B. Direct Marketing Corp. 

Authorized Liquidator 
14605 28th Avenue North 

Minneapolis, Minnesota 55441-3397 

X Band 
-106 
-107 
-107 
-101 

Void 
where 

prohibited 
by law. 

One Year Limited 
Factory Warranty! 

WHY IS THIS RADAR 
DETECTOR SO GOOD? 

Police radar devices are restricted to 
two frequencies: 10.525GH5 (X 
band) and 24.150GHZ (K- band). 
both of which the Interstate by FOX 
alerts you to. But, there are at least 
four different types of radar guns in 
police use. Some are very easy to 
detect. as they emit a strong. con- 
tinuous signal. Others are very dif- 
ficult to detect with conventional 
radar detectors. These are the new 
hand -held radar guns used by police 
only when they are attempting to 
clock a suspected violator. This type 
of signal is registered on the Inter- 
state by Fox by buzzer and LED in- 
dicator long before you are close 
enough to that radar. 

Manufacturer's 
Suggested Retail 

$239.95 
OUT THEY GO AT ONLY: 

$119 
Item H-1018-62999-00 Ship. handling. $3.75 

Sales outside continental U.S. are subject to special 
conditions. Please cal or write to inquire. 

r.O.M.B. Direct Marketing Corp. Item H -1017 
14605 28th Ave. N. /Minneapolis, MN 55441 -3397 

I Send Radar Detector(s) Item H- 1018 -62999 -OOH $119 each 
plus $3.75 each for ship. handling. (Minnesota residents add 6'- 

Isales tax. Allow 3 -4 weeks for delivery. Sorry. no C.O.D orders.) 

lO 
My cheek or money order is enclosed. (No delays in processing 
orders paid by check. thanks to TsiChaek. ) 

I Charge. O MasterCard,, O VISA! 

I Acct No Exp 
PLEASE PRINT CLEARLY 
Neme 
Address 
City 
State ZIP 

Phone 
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