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| NTRODUCT! ON

Up until the early 1960s Anerica’s heritage of early tel ephones was
| argely ignored by collectors. Unusual , carefully crafted old tel ephones
wer e di scarded as "ol d-fashi oned". Now, however, a new awareness of the

val ues of the past has devel oped, and coll ectors have turned so avidly to
t el ephones that many fascinating early nodels are practically unavail abl e.

Col l ecting tel ephones is a rewardi ng hobby, not just because of the
charm of early instruments, but also because the phones thenselves can be
adapted to operate on nodern circuits, doubling the enjoynment of the collec-
tor. (However, check |ocal regul ations before connecting an instrument to
conpany lines.)

Thi s booklet is intended for hobbyists who wish to restore early phones
and preserve themfor future generations to enjoy. It describes the theory of
operation of various types of instruments, repair of damaged instrunents,
repl acenent of substandard or defective parts, and adaptation of early magneto
and manual instruments to work on nodern dial systenms. No mpbre is required
than a know edge of basic electrical circuits, hand tools, a soldering iron
perhaps a voltneter, and enthusiasm Those unfamiliar with the circuit sym
bol s enpl oyed here should refer to a text on electrical fundanentals, avail -
able at any local library.

MAGNETO TELEPHONES

Theory of operation

Magnet o tel ephones were the first w despread type of instrument. They
derive their name fromthe use of a magneto (small hand generator) to devel op
an alternating current of about 100 Volts to signal the other party or opera-
tor. The advant ages of magneto circuits are sinplicity, ruggedness, and
ability to operate over long and poor-quality lines. The disadvantages are
the requirement of separate batteries at each location (hence the use of the
term"local battery" to describe nagneto instrunments) and inefficient swtch-
board use.

The basi c di agram of a magneto phone is given in Figure 1, and a slight
variant in Figure 2. There are three parts: the talking circuit; the receiv-
ing circuit; and the signalling circuit.

Tal king circuit

The talking circuit consists of the transmitter (m crophone), the hook-
switch, the primary of the induction coil (transfornmer), and the battery. The
transmitter is a carbon m crophone, conposed of |oosely packed carbon granul es
affixed to a netal (later a fiber or inpregnated cloth) diaphragm The dia-
phragm vi brates in response to the sound waves from the speaker’s voice,
alternately conpressing and releasing the carbon granules, thereby varying



their resistance. The varying current produced, flow ng through the primry
of the induction coil, induces a current into the secondary, which is carried
by the line (connected to L and Lz) to the receiver of the distant party.

The purpose of the hookswitch is to interrupt the battery current when
the instrument is not in use, extending the life of the battery.
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Figure 2: Alternate magneto wall telephone circuit (redrawn from Northern
Electric diagram). Note the addition of the pushbutton, which permits the
user to ring either the switchboard or other parties.



Recei ving circuit

The receiving circuit consists of the receiver (earphone), secondary of
the induction coil, hookswi tch, and external line. The receiver is a dia-
phragm of magnetic nmaterial, separated by a small distance fromthe permanent
magnet which is also the core of a winding of fine-gauge wire. Alternating
current reaching the receiver fromthe external line, through the induction
coil and hookswitch, varies the magnetic field produced by the permanent
magnet core, setting the diaphragmin notion to reproduce the sound waves
i mpi nging on the transmitter di aphragm of the distant tel ephone.

The purpose of the hookswitch in the receiver circuit is to renove the
phone fromthe Iine when not in use. Wre this not done, energy would be
absorbed by the transmtter and receiver circuits, dimnishing the power
recei ved by other instruments on the line, and interfering with the ringing
si gnal s.

Signalling circuit

The signalling circuit consists of two parts: the nagneto and the ring-
er. \Wen cranked the magneto generates 80 to 100 Volts a.c., at about 20
Hertz (cycles per second). It also contains a switch which disconnects the
magneto fromthe circuit when not being cranked (possibly thereby connecting
the ringer--see Figure 1b).

The ringer is a bell resonating at 20 Hertz with a high inpedance at
voi ce frequencies to prevent |oss of tal king power.

There are several possible configurations of the signalling circuit.
One nethod (solid lines in Figure la) shows the ringer connected across the
two Iline wires, and the nagnheto connected fromLl to ground. The distant
instrument in such a system (or the sw tchboard) would use the configuration
shown by the dashed |ines. In this way one party rings the other across the
line wires, and the other rings the first from L to ground. Thus neither
rings his own bell

An alternative is shown in Figure 1b. Here the magneto swi tch di scon-
nects the bell when the magneto is cranked. The solid lines thus are identi-
cal to the circuit shown in Figure la. However, if the novable magneto wire
is transferred fromground to L, the systemis adapted to a nulti-party line
(i.e. one without switchboard). Any party can ring all other parties, while
not ringing his own bell. Each instrument is then wired identically.

Candl estick and cradle instrunment circuits

The basic circuit shown in Figures 1 and 2 is used in wall-nmounted magne-
to phones having a separate transmtter and receiver. Later types used a
candl estick instrument with a separate wall-nmounted ringer box, and still nore
"nodern" types used a cradle phone with separate ringer box. The circuit for
the former is shown in Figure 3 and for the latter in Figure 4. Theory of



operation is identical for each, the major difference being in the hooksw tch
configurati on.
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Figure 3: Candlestick circuit; use with
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Figure 4: Cradle circuit; use with
wall-mounted ringer box at right

Rebui | di ng and troubl eshooti ng

Magneto i nstruments may be checked out and inproved for operation on
magneto |lines as foll ows.

Tal king circuit

O d-style carbon granule transmtters can still be used, but verify
that they are not open; resistance should nmeasure between 50 and 300 ohms.
However, nore clarity can be obtained by replacing old-style transmtters
with new "capsule" units used in nodern telephones. Either F-1 units (2-
1/4 inches in dianmeter) or T-1 units (1-3/4 inches) may be used, dependi ng
on space. FElectret units, providing even greater clarity, are packaged in T-
1 form and sold by Wal ker Equi pment and others for G style handsets. The
even smaller N1 units, only 1-1/4 inches in dianeter, are sold by Roanwell as
Model 200 for use in Model 52 operator sets. Leads should not be soldered to
their termnals due to the risk of heat damamge; instead utilize electrically
conducti ve epoxy.

Eur opean-styl e desk and wall phones with "French" handsets have | ess
i nternal space for the transnmitter, which may be replaced if necessary with
t he above-nmentioned N-1 unit. Care should be exercised in renmoving the front
cap of such transmitters: in certain units the carbon granules are |oose and
will spill out if the handset is not held with the transnitter opening upward
during di sassenbly.



The induction coil should also be checked for continuity if the phone is
not working. The primary should measure between one and four ohns and the
secondary between 10 and 40 ohns.

Defective cords are a common source of trouble on old phones. Resis-
tance of each wire should be no nore than five ohns and should not vary when
the cord is flexed.

Recei ving circuit

Common difficulties are accunulation of dirt between the di aphragm and
magnet faces on | ong-pole receivers; too little or too much gap; | oss of
magnetisn or open coils. Units can be checked by tenporarily substituting a
receiver froma nodern instrument; if there is a substantial difference in
vol ume, a new recei ver can be purchased.

Remenber in replacing or remounting cords to anchor the cord in such a
way as to provide a strain relief.

Low vol ume capsul e or non-capsule receivers in handset instruments can
usual |y be replaced by an HC-3 capsul e receiver, only 1-9/16 inches in diamnet-
er. (See rear of this booklet for suggested suppliers of these parts.)

Signalling circuit

Bell s can be checked for continuity--coil resistance should neasure a
few hundred to a thousand ohnms. A common difficulty is accunulation of dirt
or magnetic filings between the magnet cores and the armature which noves the
cl apper.

Magnet os shoul d produce between 80 and 100 V. Failure nmay be due to an
internal open circuit or sinply to dirty or inproperly gapped contacts on the
swi tch which connects the magneto when cranked.
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COWON BATTERY MANUAL TELEPHONES
Theory of operation

Commmon battery systenms pernmit nore efficient switchboard use because
the Central Ofice can detect automatically whether an instrunment is off the
hook. This is indicated by a conplete direct current path through the trans-
mtter circuit, and so there is no need to "ring off" as on magneto systens.
In addition, transm ssion quality is higher because an assured tal king current
is provided all instruments fromthe Central Office. The price, however, is
the need for a better quality Iine and nore conplex sw tching equi prent.

There are two types of common-battery circuits: sidetone and anti -
sidetone. Sidetone is the sound in the receiver of the speaker’s own voice,
which can interfere with comunication if the speaker is in a noisy |ocation.
Anti-sidetone circuits, introduced |later, reduce the sidetone.

The basic sidetone circuit is shown in Figure 5.

YELLOW DL? Tal king circuit
c
e When the hookswi tch is closed,
RED 2 1 @1 the first contact to nmake conpletes
) R INGER a circuit from L, t hrough the
RCUR  GREEN |4"'3| Q transmitter and induction coil
WHITE c ' pri mary back to L and the Central
1 . 1 .
A Ofice. The low d.c. resistance of
TRANS. ) the instrument (200 to 300 ohnms)
>D— + GND operates a relay in the Central
HOOK SWITCH Ofice, flashing a light on the
ON SOME UNITS IND.COIL MAY BE MARKED 1=L1, 2=R,3=C, 4=GN swi t chboard. Tal ki ng power is provid-

\RoTFIcos. Pix  ed fromthe same source.
Figure 5: Basic common battery manual circuit
(drawn from WE wall phone ["hotel phone'])

Recei ving circuit

The last contact to make on the hookswitch conpletes the receiver cir-
cuit through the transmtter, capacitor (condenser in earlier tern nology),
and secondary of the induction coil. Voice current fromthe distant party
i nduces a current in the secondary which is heard in the receiver. The ca-
pacitor prevents direct current from passing through the receiver, which night
weaken its permanent nagnet.

Signalling circuit

As with the magneto system ringing may be either bridged (from L to
Lz) or divided (fromone line to ground). In the bridged circuit, used on
private lines, the solid ringer connection in the schematic diagrans is used.
In the divided circuit, used on party lines, enploy the wiring shown in the
dashed connecti ons. The capacitor performs double duty by also preventing



line current

from flowi ng through the ringer,

giving the Central Office a

fal se indication of off-hook condition.

| f
t ape.

ringing is not desired,

sinply disconnect the two ringer |eads and

Candl estick and cradl e instrunent circuits

Figures 6 and 7 illustrate different

t he candl estick instrunent,

Not e that sidetone cir-
cuits require only a three-
conductor cord from desk
instrument to wall box.
Note also that all comon
battery instruments re-
gquire an induction coil
(either in the phone or on
the wall). Simply wiring
transnmtter and receiver in
series will destroy the
recei ver magnets in tinme.
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Figure 7: Common battery candlestick
circuit (drawn from early WE desk set)
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while Figure 8 illustrates a cradle phone circuit.
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Figure 6: Common battery candlestick circuit with separate
ringer box (drawn from 1926 Kellogg desk set)
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Figure 8: Common battery cradle circuit
(drawn from WE 202 desk set)

AT LEFT: Circuit of WE 634A ringer
box with 46B induction coil; for
use with the two above circuits

This is a sidetone ringer circuit.
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Anti-sidetone circuits

Figures 9 and 10 illustrate two Western Electric anti-sidetone circuits.
The major differences fromthe sidetone circuits are:

1. an additional winding in the induction coil, which provides an
i nduced voltage counter to that set up by the local transmtter,
cancel ling out part of the sidetone;

2. a different hooksw tch arrangenent;
3. an additional capacitor;
4. a four-conductor cord.

Western Electric anti-sidetone induction coils are numbered 146B and
101B. Other manuacturers’ units may be checked to determ ne whether they
contain the additional w nding by measuring the resistance between the 1-2 and
3-4 (Ll-R and C-CGN) windings. |If open, it is a sidetone coil; if a lowre-
sistance (indicating the additional winding) it is an anti-sidetone coil.

It should be noted that ringer boxes containing an anti-sidetone induc-
tion coil can be used only with candlestick and cradl e instruments having a
four-conductor line cord and two separate parts to the hookswitch (e.g. Figure
9 as opposed to Figure 7). On the other hand, ringer boxes with sidetone
i nduction coils nmay be used with anti-sidetone-wired candl esticks and cradl e
instruments by omitting the black cord connection at the ringer box and wiring
as a sidetone unit. Oherw se any manufacturer’s ringer boxes and instruments
may be interm xed so | ong as the conmponents conformto the circuits shown.
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WH BB
v TOOKSHETER Figure 9 (left): WE manual anti-sidetone candlestick circuit
TRANS .
>D_ RED Figure 10 (below left): WE manual anti-sidetone cradle circuit
Y BLACK Below right: WE 634A ringer box with 146B or 101B anti-
|—B'— HODKSWITCH sidetone coil (use with circuits in Figures 9 and 10)
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Rebui | di ng and troubl eshooti ng

Transmitter, receiver and bell may be rehabilitated as noted under
magneto circuits. Comon battery induction coils should nmeasure between 10
and 20 ohns in each w ndi ng.

COMMON BATTERY DI AL TELEPHONES

Theory of operation

Addition of a dial to a common battery manual instrument permts au-
tomatic operation of Central Ofice equipnment. The dial consists of two sets
of springs (netal |eaf contacts):

1. pulsing springs: these interrupt the conplete d.c. path through the
i nstrument a nunber of times corresponding to the digit dialed (10
times for "0" in the United States and in nost other countries);

2. shunting springs: these short out the rest of the instrunent while
pul sing in order to provide squarer pulses to the dial equipnent
and in order to prevent unpleasant clicks in the receiver. (Wstern
Electric dials open the receiver circuit instead of shunting it.)

Figures 11 through 18 provide typical circuits for various manufactur-

ers
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D: WE2A i Figure 11: WE 553A
Y PuLsiNg |% 3 : wall telephone
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B Figure 12: WE dial candlestick; use with WE
- vy| (BB 634A sidetone ringer box shown on page
E: 8 by omitting leads "B" and "RR"
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Figure 14: WE 202 cradle instrument,
wired for sidetone circuit (use with
WE 634A ringer box shown on
page 8); uses WE 4H or 5H dial

ERICSSON DIAL

Figure 13: Ericsson dial candlestick; use
with WE 634A ringer box shown on
page 8 except that "black/yellow"=Y,
"black/red"=R, and "black"=GN
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Figure 16: WE candlestick instrument
wired for anti-sidetone circuit (use
with anti-sidetone ringer box shown
on page 9). Uses WE 2A dial.
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Figure 15: WE 202 cradle set
YEL wired for sidetone circuit with
with AE dial; identical circuit
used in AE "monophone” (use
with ringer box on page 8)
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LINE CORD

A

R GN BK LoY
HOOK HOOK . . .
SHITCH o| ST Figure 17: WE cradle set wired for anti-
GN . . . . -
3 . o 3 sidetone circuit (use with anti-sidetone
ringer box shown on page 9). Uses WE
WHITE 4H or 5H dial.
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RED GN BK Y
HOOK HOOK .
SHITCH o| ST Figure 18: WE or other manufacturer’s
GN . . .
4 y cradle instrument wired for anti-

sidetone circuit, using AE dial.
(Use with anti-sidetone ringer box
shown on page 9)
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Restorati on and troubl eshooti ng

Several difficulties comonly occur with aged dials. Patience and
i ngenuity are essential in repair.

1. Bent finger wheel, striking fingerstop or frame: renove and strai ghten.

2. Dust and corrosion: renove with al cohol and pipe cleaners or cotton swab.
The governor is particularly sensitive to the slightest anmount of dirt.
Lightly oil metal parts (except governor).

3. Loss of spring tension on finger wheel shaft: this is provided by a coi
spring wound around the shaft itself in the center of the dial. The
problemis rectified by adding one or a fewturns to the spring. On Vi
dials this is done fromthe front, renoving the fingerwheel, nunber
plate, and finally the plate which stops the finger wheel shaft from
rotating nore than one turn. Wth this latter renoved, the shaft can be
rotated to provide additional tension. On AE dials tension is increased
fromthe rear by renoving the end of the coil spring fromthe slit in
the shaft, twi sting, and reinserting.

In any case, take care not to release the coil spring and be certain to
clear any inpedinments to free novenment before increasing spring tension.

12



4. M sadjusted contact springs: this may occur fromloss of fiber or rubber
pushers (whi ch nust be replaced or refabricated) or [oss of tension
(whi ch nust be added by bendi ng springs carefully).

Pul si ng springs: observe operation while finger wheel is rotated: they
shoul d open and cl ose a nunmber of times corresponding to the nunber
pul I ed, ending cl/osed

Shunting springs: they should shift just as the dial is rotated, and
remai n operated for the entire tinme the pul sing springs pulse. They
should return to their normal position just as the finger wheel returns
to rest.

Conver si on of nanual to dial

Manual instrunments having a dial blank may easily be converted to dial
operation by adding a dial, using the appropriate circuit shown on the preced-
i ng pages, depending on the hookswitch configuration, whether handset or
separate transnmitter and receiver, and whether sidetone or anti-sidetone.

Instruments without physical provision for a dial may al so be converted
to dial use, by nounting the dial on an appropriate home-made adapter. Alter-
natively if one does not wish to alter the original condition of an old tele-
phone, the dial can be nounted separately in a wood or metal case, and con-
nected to the instrunent by a four-conductor |ine cord.

"Pi ngi ng" of the bell when dialing can be overcome by reversing the bel
| eads, or by increasing the spring tension on the clapper.

13



CONVERTI NG MAGNETO | NSTRUVENTS TO COMVON
BATTERY MANUAL OR DI AL

Fortunately magneto instruments can easily be converted to conmon bat -
tery circuitry, so as to be functional as well as attractive. GCircuit differ-
ences necessitate rewiring, however, and the follow ng parts must be purchased
for each conversion: sidetone induction coil; condenser (if magneto phone does
not have one--sonme did); and a dial if dialing out is desired in addition to
receiving calls. The follow ng steps should be performed.

1. Disconnect the nagneto and renpove magneto connecting wires to prevent
acci dental shorts.

2. Check receiver for satisfactory operation and if substandard, replace as
noted in section on magneto instrunents. (This may not be apparent
until unit is tested in operation.)

3. Check the transmitter for satisfactory operation, and if substandard
repl ace as noted in section on nagneto instruments. (This also may not
be apparent until tested in operation.)

4. An inmportant difference between nagneto and common battery circuits
is that in the latter all accessible nmetal conmponents are isolated
electrically fromthe internal wiring. In nagneto instrunments, on the
ot her hand, nagneto handl es, netal handsets, and other netal parts nmay
be connected to the circuit. Since this could result in a dangerous or
at | east annoyi ng shock when adapted to common battery use, it is
important to isolate all components fromthe internal wiring. This can
be checked by measuring resistance fromthe component in question
(e.g. two transmtter terminals) to the exposed netal parts (e.g.
transmitter arm netal handset). It should be open (infinity); if
not, the part nust be insulated by remounting to elininate contact
(use ingenuity).

This problemw |l be regularly experienced with European "French"
handsets where one transnmitter |lead is connected to the netal handset
frame. In this case it is necessary to replace the transmitter with a

smal | capsule (e.g. the NN1) with both connections isol at ed.

5. A magneto induction coil uses a different turns ratio between primry and
secondary than a conmon battery induction coil, resulting in poor vol ume
i f used. Consequently a conmon battery induction coil, such as the W
46B, nust be used.

Anti - si detone induction coils cannot be used with the commonest hookswi tch
configuration in nmagneto instrunments and so are not considered here to
simplify the discussion

6. Some magneto instrunents have one | eaf of the hookswitch in electrical
contact with the exposed stirrup, permtting a shock as noted above. If

14



your phone has such a hooksw tch, you
must inmprovise a way to insulate the

¢— HOOKSWITCH

contact springs fromthe stirrup. SPRINGS

One approach i s suggested at right.

@4
7. Most magneto instrunents do not use a

;PUT INSULATION HERE IF

i X ELECTRICAL CONTACT IS MADE
capacitor, and one rmust be included BETWEEN STIRRUP AND

for common battery use. If the
magnet o i nstrument has one but it is

REAR SPRING

not clearly marked "1 nfd" or "1 MF" replace it as it m ght
wrong value. Any one microfarad 200 Volt (or nore) paper--not

el ectrol ytic--capacitor may be used.

b

\ ROTFI G20. PI X
e the

8. If dial operation is desired a dial may be installed in several ways.
For European-styl e desk phones, it may be nounted either directly on the
case, or else on a separate base of wood or nmetal and connected to the
phone by a cord. If the latter is chosen, only an AE dia
as shown in Figure 15 may be used, with a four-conductor cord. (WE dials

woul d require a five-conductor cord, not readily available.)

with contacts

For magneto wal | phones, the dial may be nounted in three places. First
and easiest is directly on the face of the instrunent, but this alters
the original appearance. An alternative on "two box" phones is to hinge
the top of the bottombox, with the dial easily accessible in the box,
but not visible in normal use. A third possibility is to place the dia
i nside the case, replacing the screwcatch with a magnetic or friction
ki t chen- cabi net catch. The front panel of the phone may be pulled out

to dial, and returned to normal position at other tinmes.

Grcuits \ ROTFI @1. PI X
Wal | instrunents with an acceptabl e hookswitch of the forn1rr|can be re-

wi red for manual service using the circuit
shown in Figure 5. Wen rewiring for dial GND L2\ RoTFI GL9. PI X

RINGER

use Figure 19 below, with WE 4H or 5H dial . q&?
|
|
|

Magnet o desk phones with handset may
be rewired for manual service using the

1MFD.

circuit shown in Figure 8, conbined wth

L1 c
the associated ringer box circuit. For E WE 468 COIL !
di al service use Figure 14 for WE dials
and Figure 15 for AE dials. R GN
——
Magneto wall ringer boxes can be

TRANS .

WE 4H or GH
DIAL

rewired to conformto the one shown on j)
page 8 for use with either cradle or
candl esti ck manual or dial instrunents. RCUR

It should be noted that bells in-
tended for magneto use wll "ping" when

adapted to common battery circuits, due to Figure 19: Suggested circuit for rewiring
| ack of a bias spring. If ringing is not magneto set with three-spring

desired sinply disconnect the ringer |eads hookswitch to dial service

and t ape.

15



SUGCESTED SUPPLI ERS- - OLD PHONES AND PARTS

Billard's Tel : +1 408 252-2104
21710 Regnart Road E-mail: jess97@at eway. net
Cupertino CA 95014
Steve Hil sz Tel : +1 520 859-3595
66776 East Hwy 60 URL: http://sites. netscape. net/
Sal one AZ 85348 st evehi |l sz/ homepage
A dPhones. com Tel : +1 412 371- 3507
E-mail: j on@l dphones. com
URL: www. ol dphones. com
Phoneco Inc. Tel : +1 608 582-4124
PO Box 70 Fax: +1 608 582-4593
Galesville W 54630 URL: www. phonecoi nc. com
Pl ay Things of Past Tel : +1 216 251-3714,
3568 West 105th Street Fax: +1 216 251-3714
G evel and OH 44111 URL: www. ol dr adi oparts. com
E-mai |l : gbsptop@ol . com
Vi nt age Phones E-mai |l : mail @i nt agephones. com
URL: www. Vi nt agephones. com

SUGCESTED SUPPLI ERS- - NEW PHONES AND PARTS

BECO Manuf act uri ng Cor p. Tel : +1 518 537-6213

PO Box 218 Fax: +1 518 537-5426
Germant own NY 12526 URL: www. becophones. com
M ke Sandman Tel : +1 630 980-7710
390 East Irving Park Road E-mail : m ke@andnman. com
Roselle, IL 60172 URL: www. sandman. com
Wal ker Equi prrent Tel : +1 706 861-2212
4009 d oud Springs Road Fax: +1 706 861-5069

Ri nggol d GA 30736 URL: www. handset . com
Roanwel | Tel : +1 212 989-1090
180 Varick Street Fax: +1 212 989-3285
New York NY 10014 URL: www. r oanwel | cor p. com
Tel ephone Engi neering Co. Tel : +1 717 282-5100

786 Main Street
Si npson PA 18407
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RESOURCES

1. A. Mchael Noll, | NTRODUCTI ON TO TELEPHONES AND TELEPHONE SYSTEMS,
second edition, Artech House, Boston and London, 1991.

Artech House Tel : +1 781 769-9750

685 Canton Street Fax: +1 781 769-6334

Nor wood MA 02062 E-mmil : artech@rt echhouse. com
URL: www. ar t ech- house. com

2. Stephen J. Bigel ow, UNDERSTANDI NG TELEPHONE ELECTRONI CS, 3rd edition,
SAMS Conput er Publishing Division of Prentice Hall, Carnel 1A 1992.

Sans Techni cal Publ i shing Tel : +1 800 428-7267
5436 West 78th Street Fax +1 800 552-3910
I ndi anapolis IN 46268 URL: wwv. sanmswebsi t e. com

3. BLACK MAG C!' TELECOM DESI GN TRI CKS, downl oadable from
<ww. canbl ab.conflit/lit.htnp.

Canbri dge El ectronics Labs Tel : +1 617 629-2805
20 Chester Street Fax: +1 617 623-1882
Sonerville MA 02144 E-mai | : canbl ab@tt gl obal . net

Details of operation of power, ringing and talk-battery circuits
and their design.

4. "Direct Connection: Interfacing to the Tel ephone Network",
Application Note 102, Conpliance Engi neering, 1990.

Conpl i ance Design Inc. Tel : +1 978 264- 4668
70 Codman Hi |l Road Fax: +1 978 263- 7086
Boxborough MA 01719 URL: wwv. et | senmko. com

Succi nct description of theory and practice of tel ephone instrunents
and system operation, signalling and interfacing; also includes
regul atory conpliance and safety issues.

5. TELECOM DESI GN SAO.UTI ONS, Teltone Corporation, Issue 1, Fall 1990

Tel tone Inc. Tel : +1 800 426- 3926

22121 20th Avenue SE Fax: +1 425 487-2288

Bot hel | WA 98021 E-mail: info@eltone.com
URL: www. t el t one. com

Especially Application Note SC-1: "Applications for DTMF and Pul se
Tel ephone Dialing", which provides a conprehensive overvi ew of
swi tched network interface standards, nethods, and typical circuits.

17



=REG STRATI ON TO RECEI VE LI TERATURE UPDATE | NFORMATI ON=
Submit by post, facsimle or e-mail to:
Canbri dge El ectronics Laboratories
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