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CIRCUIT DESCRIPTION 
STATION APPARATUS DEVELOPMENT DEPARTMENT 

CD~69091 ~01 
Issue 17D 

Dwg, Issue 17D 

STATION SYSTEMS 
KEY TELEPHONE SYSTEM NO, lA 

LINE AND SIGNALING CIRCUIT 

0, c;HANGES 

0. 1 CHANGED AND ADDED FUNCTIONS 

'None, 

0, 2 CHANGES IN APPARATUS 

Apparatus Superse ded Superseded By 

KTU 13B l3C 
Figs. 29, 32 52 

Inductor 307J 274AH 
2AKTU 
Fig. 11 

KTU 12A l2B 
Fig. 19 

0. 3 CHANGES IN CIRCUIT REQUIREMENTS 
(Not Associated with 0. 2 Above) 

None. 

0. 4 DESCRIPTION OF CIRCUIT CHANGES 

(a) Fig. 52, using the 13C KTU, superse des 
Figs. 29 a nd 32, 

(b) The 12A KTU has b een r a ted Mfr. Disc, and 
r eplaced by the 12B KTU. , 

(c) The 307J inductor has been rated Mfr. Disc, 
for use in the 2A KTU and r e placed by the 

2 7 4AH inductor. 

(d) 'Provision has been made on Figs. 45, 46, 50, 
a n d 51 for j oint use with the Key T elephone 

Syst em No. lAl central offi c e an d PBX line 
circuit, 

1. PURPOSE OF CIRCUIT 

This circuit provide s a mea ns for signaling ·a 
subscrib er's sta tion on a line f rom a centra l. office 
or PBX, for h ol ding that line , for a utomatic cutoff 
of stations on that line, f or a winki ng visual signal 
to indicate a h eld line, a nd for lighting a b usy lamp 
whenever that line is bus y in conn e ction with key 
and keyless sta tions of the Key T eleph one S ystem 
No. lA. It also provides a privat e line circuit, a 
private line and intercomm unicating batte ry feed 
circuit, an_intercommunica ting line circuit, and an 
intercommuni ca ting code s ignaling c i r c uit for the 
Key T elephone System No . lA. It also provides 
for time out of locked-in signals. 

2. WORKING LIMITS 

The working limits are shown in the Station 
Systems Range Chart. 

3. FUNCTIONS 

3. 1 ON CENTRAL OFFICE, PBX, OR PRIVATE 
LINES 

This circuit provide s for: 

(a) Nonlocked-in or locked-in line lamps on in~ 
coming calls. 

(b) Flashing combined line and busy lamps on in­
coming calls, and lighting t h em steadily 

wh en th e line is busy. 

{c) Extinguishing the l o cked-in line lamps when 
the call is answered. 

(d) Preventing the locked-in line lamps from re­
mainin g lighted on a n abandoned call by 

means of a batte ry cuto££ key. 

(e) Releasing locked-in line signals automatically 
a fter a time interval, 

(f) Individual and common audible signals on in­
coming calls, · 

(g) Starting t h e flashing circuit functioning on in~ 
coming calls . 

(h) Pre venting the line la mps and the line and 
busy la mps from lighting falsely on discon~ 

n ections. 

(i) Lighting the busy lamps when the lin e is busy. 

3. 2 ON CENTRAL OFFICE OR PBX LINES ONLY 

This circui t provides: 

(a } A winking visual signa l while the hold condi­
tion is on the line. 

(b) For holding th e line _by means of a l ocked-in 
rela y. 

(c ) For r emoving the hold condition on th e line 
wh en th e line is aga in picked up at any sta ­

tion or when the line i s momentar ily open ed at 
the central offic e or PBX. 
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3. 3 ON PRIVATE LINES ONLY 

This circui.t provides: 

(a) For connecting ringing current to the line for 
signaling the distant private line station. 

(b) Talking battery for stations arranged for pri .. 
vate line set:vice. 

3. 4 ON INTERCOMMUNICATING LINES 

This circuit provides: 

(a) Talking battery for stations a rranged for 
intercommunicating service. 

(b) For intercommunicating code or selective 
signaling. 

(c) 2 -way automatic line signals between two 
intercommunicating lines, 

(d) For busy signals. 

(e) Glick reducer when head r eceivers are used 
at listening-in stations. 

(£) A resistance lamp as a protective device in 
series with the ringing supply. 

3 • 5 ON CENTRAL OFFICE OR PBX LINES 
(AUTOMATIC CUTOFF) 

This cir cuit provides for: 

(a ) Gutting off other stations. 

{b) Preventing a station from being cut off aft.er 
it has be en connected to the line. 

(c) Cutting off' a station after it has been con­
nected to a line. 

4. CONNECTING CIRCUITS 

When this circuit is listed on a key sheet, the 
connecting information thereon i s to be followed. 
The following are typical connecting circuits: 

(a) Standard central office subscriber line 
circuits . 

(b) Standard PBX station line circuits. 

(c) Standard PBX long lin e circuits. 

(d) Power Rectifier Circuit J86205A and H. 

(e) P ower Plant per J 86731. 

(f) Standard Key and Telephone Circuits of Key 
Telephone Sy stem No. l A - SD- 69133 -01, 

SD- 69188- 01, SD-69206-01 , SD-692.07-01 , 
SD-692 08- 01, a nd SD-692.19-01. 

(g) Attendant's Telephone Cir cuit -SD-69 196-01. 

P age Z 

(h) Standard telephone sets and subscriber sets. 

(i) Continuous r inging supply. 

(j) Automatic Exclusion ·circuit - SD-69140-01. 

(k) Speakerphone System No. lA -SD-69255-01, 

(1) Station Busy Lamp Circuit- SD-69241-01. 

5. DESCRIPTION OF OPERATION 

5. 01 INCOMING SIGNALS ON CENTRAL OFFICE, 
PBX, OR PRIVATE LINES . 

5. 01. 1 Individual Ringer 

When ringing curr ent is appHed to the line at 
the central office , PBX, or distant end o£ a private 
line, t h e individual r inger associated with the line 
will opera te in the usual m a nner. If the ringer in 
the key telephone set shown on the key and tele­
phone circuit is associated with the line, . the (L) re­
l ay, F ig. 8, 38, or 49, may oper a t e on ringing 
current but will pe r form no functions . 

5. OZ A NSWERING OR ORIGINATING A CENTRAL 
OFFICE OR PBX CALL 

When a talking connection i s established on a 
central office or PBX line, the (L) relay, if the 
holding circuit is provid ed, will operate. The (L) 
r e lay, however, performs no function at this time, 
The (L l) relay will also operate if the auxilia ry 
hold circuit, Fig. 9, is provided as described 
in 5. 03. 

5. 03 AUXILIARY HOLD CIRCUIT, FIG. 9 

The a uxilia r y holding circuit is r equired only 
when a s tation n ot arr anged for holding excludes 
stations arranged fo r holding , o1· when a cutoff ke y 
is used to cut off stations ar ranged for holding. 
When a connect ion is e s tablished f rom one of the se 
sta tions, which may b e excluded or cut off, to a 
c entral offic e or PB X line, the (Ll) relay will oper­
ate and close through the "H" and "B" l eads to that 
station. When the station is excluded or cu t off, 
the "H' ' a nd " B " leads to that station are open at the 
(Ll ) rela y contacts. · 

5. 04 AUTOMATIC CUTOFF CONTROL CIRCUIT 
AND AUTOMATIC CUTOFF CIRCUIT, 
FIGS. 39 AND 36 

5. 04. 1 Stations Which Gut Off Other Sta tions, 
"Z P " and " Zl " Wiring 

When a ca ll is answered or originated at such 
a station, the (L2 ) relay operates, operating the 
(CT) r elay. The operating circ uit for t h e (LZ) re­
lay is thr ough t he b ack contacts of t he (CO) relay, 
Fig. 36. The (CT) r elay closes the "T," "R," 
"B, 11 a nd "H" leads through to the station and oper• 
ates the (CO) r e lay. The (CO) re la y opens the "T'.f 
and "R" l eads t o a ll stations which are arranged to 
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be cut off, and operates the {SR) relay, Fig. 25, 
40, 41, 43, 44, or 49, or the (SW) relay, Fig. 37. 

5. 04.2 Stations Which Cannot Cut Off Other 
Stations but Can Be Cut Off Except 
When on the Line, 11Z P" and 11ZJ 11 

Wiring 

When a 'Call is answered or originated at such 
a station, the (LZ) relay operates, operating the 
(CT) relay. The {CO} relay, Fig. 36, does not 
operate. Therefore, other stations can come on 
the line. The (CT) relay closes the "T," 11R ," 
11H, 11 and 11B" leads through to the station so that 
should another station which operates a (CO) re­
lay come on the line, the station which was first 
connected to the line would not be cut off. The 
(CT) relay, by means of "ZJ" wiring, operates the 
(SR) relay, Fig. 2.5 , 40, 41, 43, 44, or 49, or the 
(SW) relay, Fig. 37. 

5. 04.3 Stations Which Cannot Cut Off Other 
Stations but Can Be Cut Off at Any 
Time, 11ZJ" W1ring 

When a call is answered or originated at such 
a station, the (LZ) relay operates, operating the 
{CT) relay. The {CT) relay, by means of "ZJ" wir­
ing, operates the {SR) relay, Fig . 2.5 , 40, 41, 43, 
4 4, or 49, or the ' (SW) relay, Fig. 37 . The (CO) 
relay, Fig. 36, does not operate. Should a station 
which operates the (CO) r elay come on the line, 
the station which was first connected to the line 
would be cut off. The operation of the .(CO) relay 
would open the tip and ring leads to the first sta­
tion since 11ZP" wiring is omitted. 

5. 04.4 Effect of Automatic Cutoff on Signaling 
Circuits 

When stations are connected through the auto­
matic cutoff control circuit , Fig. 39, the {B) rela y 
in the 6B, C, 18D, or E KTU of the signaling cir­
cuit, Fig. 2.2., 2.3, 24, 25, 26, 40, 41, 42, 43, or 
44, or in the ~8D or E KTU, Fig. 49, is bypassed 
and does not operate on calls answered or origin­
ated by these stations. This (B) relay, however, 
does operate over the holding bridge when the line 
is held, as described in 5 . 05.1 or 5. 05. 2. With 
signaling circuit 22, 23, 24, 26, or 42, the {SW) 
relay in Fig. 37 operates as previously described 
and performs the same function as the (B) relay 
in the signaling circuit. 11ZL11 wiring in the signal­
ing circuits is provided for this purpose where in­
dicated. With signaling circuit 25, 40, 41, 43, or 
44, or when Fig. 49 is used, the func tion of this 
{B) r elay is taken by the (CO} or (CT) rela y which 
operates the (SR) relay in the signaling circuit di­
rectly, as previously described. The function of 
the relays in the signaling circuit is described 
in 5. 09. 2. through 5. 09. 12. 

5. 05 HOLDING ON CENTRAL OFFICE OR PBX 
CONNECTIONS 

5. 05.1 For Fig. 8 or 38 

The line is held by the operation of the hold 
key in the key telephone' set shown on the key and 

telephone circuit. The hold key , when operated, 
?pens the operating path for the (L) relay, releas":' 
m g it, and closes a circuit which ope rat es the (H) 
relay t hrough its primary winding, in series with 
the central' office or PBX loop and the station set. 

5. 05. 11 For Fig. 8 

The {Ll) relay, F ig. 9, if used, releases 
when the hold key at the station is released. When 
the (H) relay operate s, its holding t ertiary winding 
is connected across the line in s e rie s wit h its non­
i nductive quaternary winding and in paralle l with 
its prima ry winding. When the hold key is re­
l eased, the operated pickup key in the key tele­
phone set will r e lease, the operating primary 
winding circuit of the (H) r e lay will be opened, the 
(H) relay will be held operated by its tertiary wind­
ing, and the key telephone set will be dis connected 
from the line. The secondary winding of the {H) re­
l ay a nd the "B" lead is us ed to ba lance the line to 
prevent crosstalk interference. 

5. 05.1 2 For Fig. 38 

When the (H) relay operates, it will be con­
nected a c ross the line in serie s with the 80- to 
85-ohm 19GB resistor for holding the relay oper­
ated when the hold key is r e leased. T he "B" lead 
and the 85 ohms are used to balance the line to 
prevent c rosstalk interfer ence . 

5. 05. 2. When Visual Holding Signal Is Provid ed, 
Fig. 49 

When the wink signal is p rovided to indicate 
a hold condition, the operation is the same as de­
scribed in 5. 05.1, with options 11ZX11 and "ZY" 
corresponding, respectively, to Figs. 8 and 38 •. 
However, in this ca se, the winding of the (B) relay 
of the 18D orE KTU {H) is included in t he h olding 
bridge and operates t o start the winking circuit 
when the line is held. 

5 . 05 . 3 Lamp Winking Circuit, Fig. 50 

When the line is held, as described inS. 05. Z, 
a nd the {B) relay of the 18-type KTU (H) operates, 
this (B) r e lay operates the (SR) relay o£ the same 
18-type KTU to ground the "HA" lead and the reby 
also the "L" lead of Fig. 50. The 11H A" l ead ope r .. 
ates the (SW) relay of the 17B KTU, whiclf grounds 
lead "1. 11 Lead "1" carries ground through Fig. 49 
to Fig. 45 to hold the {TO) relay of Fig, 45 oper­
ated. The (SW) relay al so grounds lead 11 2 11 to start 
the fla shing circuit of F ig. 46. The ground on l ead 
"L" of Fig. 50 is connecte d to a contact on the 
(B) relay o£ Fig . 46. When the (B) relay of Fig. 46 
ope rate s, it connects this ground over the "B"lead 
to operate the {W) r elay of Fig. 50 , under control 
of the (WT) relay. The {W) relay, when operated, 
extinguishes the signal lamps and operates the 
(WT) relay. The (WT) relay locks operated under 
control of the (B) relay of Fig. 46, and releases 
the (W) l"elay of F i g. 50, which lights the lamps 
again. When the {B) relay of Fig. 46 releases , it 
r e leases the (WT) relay of F ig. 50, and the cycle 
repeats for each operation of the {B) relay. The 
lamp circuit is opened for approximately 30 milli­
seconds, once per second. 
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5. 06 RELEASE OF HOLDING BRIDGE WHEN 
CALL IS AGAIN PICKED UP 

When the call is again picked up at any station, 
the (L) ·relay will operate, thus. shorting the holding 
tertiary winding of the {H) relay if Fig. 8 or option 
''ZX" of Fig. 49 is used, or shorting the primary 
Winding of the (H) relay if Fig. 38 or option 1'ZY 11 

of Fig. 49 is used, releasing the {H) relay. This 
removes the holding bridge from across the line. 

5. 07 RELEASE OF HOLDING BRIDGE FROM 
CENTRAL OFFICE OR PBX 

In case the hold circuit is not removed by a 
station picking up the call, the hold condition may 
be l."eleased from the central office by opening the 
line momentarily, which releases the (H) relay, 
restoring the circuit to normal. 

5. 08 ANSWERING OR ORIGINATING A PRIVATE 
LINE CALL ON PRIVATE LINE CIRCUIT, 
FIG. 7 

The pickup keys shown on the key telephone 
set drawings are employed to complete the talking 
circuit, The operation of a pickup key will cause 
no operation in Fig. 7 but will operate relays in 
the signaling circuit, if provided, as described 
in 5, 09. However, on outgoing calls, the signaling 
key in the telephone set is operated, which oper­
ates the (PL) relay. This connects ringing current 
to the private line for signaling the station at the 
distant end of the private line. 

5, 09 SIGNALING CIRCUITS FOR CENTRAL 
OFFICE, PBX, OR PRIVATE LINES 

5. 09. 1 M anual and Dial Areas 

Fig. ZZ provides equipment indicated for 
manual o r dial areas . Figs . 42 and 44 a re desig­
nated for manual areas, and Figs. 40, 41, and 43 
are designated for dial areas. 

The manual area circuits and e quipment are 
required for use with long line circuits in manual 
offices because a large number of these long line 
circuits provide for ringing through repeating 
coils which will not work satis factorily with the 
15-type KTU circuits. Manual a rea c ircuits can 
be used for other lines in manual areas where 
14A KTUs are available. However, except for the 
above cases, the dial area circuits and equipment 
are intended for use in both dial and manual areas. 

5. 09. Z Nonlocked-in L amps, Figs. 5 and 6, or 
Fig. 22 

When ringing current is applied to the line a t 
the central office, PBX , or distant end of a private 
line, t h e (R) relay will operate which will opera te 
the common ringer or buzzer a nd light the individ­
ual line lamps , Fig. 2, when Fig. 5 is used, or the 
line l amp in Fig. 28, o r in the key telephone set 
when Fig. 22 is used. This common ringer or 
buzzer will operate and the lamps will light onl y 
while the ringing current is applied to the line . 
The ringer in the.key telephone set, shown on the 
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key and telephone circuit, or the external ringer 
may be used as the common ringer, Also, both 
individual ringers and common ringers may be as­
sociated with the same line. When the line is busy, 
because a station has been connected to the line or 
because the hold condition has been placed on the 
line, the (B) relay will be operated, lighting the 
busy lamps. With uzun wiring, in Fig. 22., the 
operation of the (B) relay will a lso disconnect 
ground from the ringup relay to prevent a noise 
condition after ringing stops. This has been ex­
perienced in a few locations due to a temporary im­
balance of the 15-type KTU, after ringing stops. 
11ZL 11 wiring is required i n connection with "Z U" 
wiring when Fig. 37 is provided for automatic cut­
off (see 5, 04, 4). 

5, 09. 3 Locked-in Line Lamps - Dial Areas, 
Fig. 2.3 

When ringing current is applied to the line at 
the central office, PBX, or distant end of a private 
line, the (R) relay will operate on current passing 
through the secondary winding to ground direct or 
through the (Rl} relay and (Rl) var istor combina­
tion, The (R) relay will l ock, operated, on its 
primary winding under control of the (B) relay and 
the battery cutoff key. The operation of the {R) re­
lay lights the line lamps, and, if the (Rl) relay is 
not used, operates the common ringer or buzzer, 
If the (Rl) relay is provided, the common ringer or 
buzzer will operate only while this relay is oper­
ated. The (Rl) relay is used only to provide an 
intermittent signal. 

When the line is busy, because a stat ion has 
been connected to the line or because the hold con­
dition has been placed on th e line, t he (B) r elay will 
operate lighting the busy lamps, and a l so will re­
lea se the (R) relay if it is o perated, extingui shing 
the line lamps and silencing the common ringer or 
buzzer , 

5, 09.4 Locked-in Line Lamps - Manual Areas, 
Fig . 24 

When ringing current i s applied t o the line at 
the central office, PBX, or distant end of a pr ivate 
line, the {R) relay will operate through its s econd­
ary winding. The (R) relay will l ock, operated, 
through its primary winding, the {AU) re lay, and 
the battery c utoff key. The (R) relay a lso lights 
the line lamps. The (AU) relay operat es t he 
common ringer or buzzer . When the line is busy, 
because a station has been connected to the line or 
because the hold condition has been placed on the 
line, the {B) relay will operate, lighting the busy 
lamps, and a l so will release the {R) and (AU) relays 
if they are operated, extinguishing t he line lamps 
;'!,nd silencing the common ringer or buzzer. 

5, 09.5 Combined Line and Busy L amps - Dial 
Areas, Fig. ZS 

When ringing current is applied to the line a t 
the central office, PBX, or distant end of a private 
line , the (R} re lay will operate, current passing 
through its secondary winding direct to ground or 
through the (Rl) relay and {l'U) varistor combination. 
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The (R) relay will lock, operated, on its primary 
Winding under control of the (SR) relay and the bat­
tery cutoff key, The operation of the (R) relay 
starts the flashing relays functioning, and, i£ the 
(Rl) relay is not used, operates the common ringer 
or buzzer, The flashing relays cause the line and 
busy lamps to flash. I£ the (Rl) relay is provided, 
the common ringer or buzzer will operate only 
while this relay is operated. The (Rl) relay is 
operated only while ringing current is applied to the 
line and is us.ed to provide an intermittent signal. 

When the line is busy, because a station has 
been connected to the line or because the hold con­
dition has been placed on the line, the (B) relay will 
operate, operating the (SR) relay. The (SR) relay 
will light the line and busy lamps steadily, and also 
Will release the (R) relay which stops the flashing 
relays and silences the common ringe:t' or buzzer. 
The (SR) relay is a slow releasing relay and is used 
to prevent the flashing of the-line and busy lamps 
during dialing. When the automatic cutoff circuit 
is used, the (SR) relay ope:t'ates directly from that 
circuit or the automatic cutoff control circuit. The 
(B) relay does not operate in this case. 

5. 09.6 Combined Line and Busy Lamps - Manual 
Areas, Fig. 2.6 

When ·ringing current is applied to the line at 
the central office, PBX, or distant end of a private 
line, the (R) relay will operate through its second­
ary winding. The (R) :t'elay will lock, operated, 
through its primary winding and the battery cutoff 
key di:t'ectly or th:t'ough the (AU) relay. The (AU) 
relay operates the common ringe r or buzzer, and 
is used if the audible signals are to operate on 
60-cycle 16- through 2.1-volt a c OX' 105 -volt ac sup­
ply. The operation of the (R) r elay starts the flash­
ing relays which flash the line and busy lamps. The 
(R) relay also operates the common ringer or 
buzzer if the (AU) relay is not provided. When the 
line is busy, because a station has been connected 
to the line or because the hold condition has been 
placed on the line, the (B) rela y will operate, 
lighting the line and busy la mps steadily, stopping 
the flashing relays, and silencing the common 
ringer or buzzer. I£ the line and busy lamps are 
ope:t'ated on alternating current or if the lamps are 
in key telephone sets operating on either alternat­
ing current or di:t'ect current, the 17 A KTU i s pro­
vided and will control the lamps. 

5. 09.7 Battery Cutoff K ey, Figs . 2.3 through 2.6 

When the battery cutoff key is ope:t'ated, the 
(R) relays will ope:t'ate only while :t'inging current 
is applie d to the line. This provides a means for 
preventing unnecessary current drain in the case 
of abandoned calls when the system is unattended. 
In Fig. Z4, when this key is operated the common 

, audible signal will not sound, 

5. 09.8 Combined Line and Busy Lamp with 
Automatic Time Out for Dial /l..reas , 
Fig. 40 

Fig. 40 is designed to make it possible to 
obtain time out with existing !SA, B, and 18B and 
C KTUs. It is rated Mfr. Disc. because these 

key telephone units are rated Mfr. Disc. It pe:t'­
forms the same function as Fig. 43, except that 
it does not protect against a noise condition ex­
perienced in a few l ocations due to a temporary im­
balance of the 15-type KTU a fter ringing stops. 

When ringing CU:t'rent is applied to the line 
at the central office, PBX, or dis tant end of a pri­
vate line, the (R) relay will operate on current 
passing through the secondary winding direct to 
g:t'ound or through the (Rl) relay and (R l) varistor 
combination, The (R) rel ay w ill (a) lock up 
th:t'ough its primary winding under control of the 
(SR) and (TO) relays; (b) start the flashing rela y s 
(A) and {B) causing the line and busy lamps to fla sh; 
(c) operate the common ringer OX' buzze:t', if a com­
mon steady audible signal is provided; and (d) close 
the ci:t'cuit t o the thermal winding of the (TO) relay 
to start this relay timing, provided no line is busy 
at the time. I£ the (Rl ) relay is provided, the com­
mon ringer or buzzer will operate only while this 
relay is operated. The (Rl) relay is therefore used 
to provide a common intermittent audible s ignal. 

When the line is busy, because a station has 
been connected to the line or because the hold con­
dition has been placed on the line, the (B) relay 
will operate, operating the (SR) re lay. The (SR) 
relay will (a) light the line and busy lamps steadily; 
(b) release the (R) relay, i£ operated; and (c) oper­
ate the (TO) rel ay to prev ent this relay from timing 
out when any line is busy. The (SR} relay is a slow 
releasing relay in order to prevent the line and 
busy lamps from flashing during dialing. The (R) 
relay, released, stops the flashing r elays and 
silences the common ringer or buzzer in cas es 
where the (Rl) relay is not provided. When the 
automatic cutoff circuit is used, the (SR) relay 
operates directly from that circuit or from the auto­
matic cutoff control circuit. The (B) relay does 
not operate in this case. 

5, 09, 9 Locked-in Line Lamp Only with Auto­
matic Time Out for Dial Areas, 
Figs. 41 and 45 

When ringing current is a pplied to the line at 
the central offi ce, PBX, or distant end of a private 
line, the (R) relay will operate on current passing 
through the s e condary winding dire ct to gr ound or 
through the (Rl) relay and (Rl) varistor combination. 
The (R) relay will lock up through its p:t'imary wind­
ing under control of t h e (SR) and (TO) relays . The 
operation of the (R) relay will (a) light the line 
lamps; (b) complete the circuit of the thermal wind­
ing of the (TO) :t'elay to start thi s relay timing , 
provided no line is busy at the time; and (c). cause 
the common ringer OX' buzzer to operate when a 
common steady audib le signal is provided. If the 
{Rl) relay is provid ed, the common X'inger or 
buz zer will ope:t'ate only while this r elay is oper­
ated. The (Rl) r elay is therefore used to provide 
a common intermi ttent audible signal. 

When the line is busy, because a station has 
been connected to the line or because the hold con­
dition bas been placed on the line, the (B) r elay will 
operate, operating the (SR) relay, The (SR) relay 
will (a) releas e the (R) relay, extinguishing the line 
lamps and silencing the common ringer or buzzer 
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when the common steady audible s ignal is provide d; 
(b) disconnect the ground connection for the ringup 
r elay circui t to prevent a possible noise condition 
due to an imbalance of the 15C KTU after ringing 
stops; and (c) operate t he (TO) relay to pr event 
this relay from timing out while any line is busy. 
When the a utomatic c utoff circuit is used, t he (SR) 
relay operates d i rectly !rom t ha t circu it or from 
t he automati c cutoff cont rol cir cuit. The (B) r elay 
does not o perate in this case ex cept on h old. 

5 . 09. 10 Locked-in Line Lamps Only with A uto­
matic Time Out for Manual Areas, 
Figs. 42 and 45 (See 5. 09.1) 

When r inging current is applied to the line a t 
the central office or PBX, the (R) relay will operate 
through its secondary winding. The (R) r e lay will 
l ock, operated, t hrough its prima r y windin g under 
control of the (B) a nd (TO ) relays , a nd will operate 
t he (SW) relay of t he 17-type KTU (A) which w ill 
ope r ate ·the (SW) relay of KTU (B), when provide d, 
to cause the common steady audible signal to oper­
ate . The 1 7-type KTUs (A) and (B), or (A) a lone, 
will also (a) light the line l amps; and (b) complete 
the circuit of the thermal winding of the (TO) relay 
to start t his relay t iming, p rovided no line is busy 
a t t he time. 

When the line i s busy, b ecause a station has 
b een c onnected to the line or t he hold condition has 
be en placed on the line, the (B) relay will operate. 
T he (B) relay will release the (R) relay i! it i s 
operated, and will also operate the (TO) relay to 
prevent this relay from timing out while any line 
is busy. The (R) relay, rel easing , will r elease 
t h e two (SW) relays , extinguishing the line lamps 
and s ilencing the common ringer or buzz e r . When 
the a utomatic cutoff cir c uit is used, the fu nction s 
of the (B ) rel ay are performed by the (SW) r e lay 
of Fig. 37. The (B) relay does not op erate in this 
case, except on hold. 

5 . 09 . 11 Combine d L ine and Busy Lamps with 
Automati c Ti me Out for Dia l Ar eas, 
F i gs. 43 , 45, a nd 46 

When ringing current is applied to the line a t 
the central office , P BX, or distan t end of a p rivate 
l ine, the (R) relay will operate on current passin g 
t h r ough the secondarv winding direct to ground or 
through the (R l) r elay and (Rl) varistor combina­
t ion. The (R ) relay will (a ) l ock up through its 
primary w inding und er control of the (SR) a nd (TO) 
r el ays ; (b ) s t art the flashing relays (A ) and (B) 
causing the line and busy lamps to flash; (c) oper­
ate t he common ringer or buzzer if a common 
steady audible signal i s provid ed; and (d) c lose the 
circuit t o the thermal winding of the (TO) relay to 
star t this r e lay timing, provide d no line is busy a t 
the time. If the (Rl ) r elay is provided, t he com­
mon r inger o r buzzer will operat e only while this 
relay is oper ated . The (R l ) r el ay is th e refore used 
to provide a common intermittent audible signal. 

When the line is busy, b ecause a station ha.s 
been connect e d to the line or because the hold con­
dition has been p laced on the line, the (B ) relay 
will operat e , operating the (SR) r elay. The (SR) 
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relay will (a) light the line and busy lamps steadily; 
(b) release the (R) relay, i£ operated; (c) discon­
nect the ground connection from the r ingup relay 
circ uit t o p r event a possible no i se condition due to 
a temporary imbalance of the 15-type KTU after ring­
ing stops; a nd (d) operate t he (TO) relay to pre vent 
this relay from timing out .when any line is busy. 
T he (SR) r e lay is a slow r e l eas ing r e lay t o prevent 
the line and busy lamps f r om flas hing du ring d ial­
ing. The (R) relay , released, stops the flashing 
relays and silences the common ringer or b uzzer 
in cases whe r e the (Rl) r elay is not pr ovid ed. 
When th e automatic cutoff circuit is used, t he (SR ) 
r elay operates directly from that circuit or fr om 
the automatic cutoff contro l ci r cuit. The (B) rela y 
does not operate in this case, except on hold . 

5. 09. 12. Combined Line and Busy L a m ps with 
Automatic Time O ut for Manual Areas , 
Figs. 44, 45, a nd 46 (See 5. 09. 1) 

When ringing current i s applied t o the line at 
the central office or PBX, the (R) relay will ope r­
ate t h rough its secondary winding , oper a ting the 
(SW) r elay of the 17 -type KTU (A ) which will oper­
ate the (SW) r elay of t he 17-type KTU (B), when 
provided, to cause the comm on steady audible 
signal to operat e . The 17-type KTUs (A ) and (B) , 
or (A) a lone, will also (a ) comple t e the circui t to 
the the r mal winding of the (TO) r e lay to s t art this 
r e lay timing, provided no line i s b usy at the t ime, 
and (b) start the flashing r elays causi ng the l ine 
and busy lamp s to flash . 

When the line is busy, because a station has 
been connected t o the line or b ecause t h e hold con-' 
dition has been placed on the line , the {B) r elaywill 
ope rate , ope rating the {SR) r elay. T he (SR) r e lay 
will (a) light the line and busy lamps steadily; (b) 
r e l ease the (R) rel a y if ope r a t ed; a nd (c ) operate 
the (TO) r e lay to prevent th is relay from timing 
out when any line is busy. The (R) relay, rel eas ed, 
releases the two (SW) relays whic h s top the flash­
ing r elays, and s ilences the common ringer o r 
buz z er . When the automatic c utoff circuit i s u sed, 
the (SR ) r ela y operat es directly from that cir cuit , 
or from the automatic cutoff control circuit . The 
(B) r elay does n ot op erate in t his case except on 
h old. 

5. 09.1 3 Priva t e Line Signaling a nd B a ttery F eed 
Circ ui t for Combined Line a nd Bus 
Lamps or L oc nly, 
Fig. 48 

5. 09 . 13. 1 Ar ranged for Combined Line and 
Busy L a mps with Figs. 45 and 46 

When the privat e lin e circuit a t the distant 
end applies ringing current over the line, the (R)· 
relay will operate on c u rre nt passing through its 
seconda r y winding direct to ground or throu gh t h e 
(Rl ) rel a y a nd (R l) varistor combination. The 
(R) r elay wi ll (a) l ock up thr ough i t s pr imary wind­
ing under control of the (BF ) and (TO ) relays; 
(b) start the flashing relays (A) a nd (B ) causing 
the line and busy l amp s to fla sh; {c) operate the 
common ringer or buzzer if a comm on steady 
audible signal is provided; and (d ) close the circuit 
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to the thermal winding of the (TO) relay to start 
this relay timing, provided no line is busy at the 
time. If the (Rl) relay is provided, the common 
ringer or buzzer will operate only while this relay 
is operated; that is, only while ringing current is 
connected to the line at the dis.tant end. 

On an outgoing call one o:£ the stations at this 
end o:£ the line operates a signaling key, either in 
a key telephone set or separate ly mounted, oper­
ating the (PL) relay through Fig. 21. The (PL) re­
lay, operated, connects ringing currents to the 
private line to signal the station at the distant end 
of the private line. 

When one o:£ the stations at this end of the line 
removes a hands-et to answer or originate a call, 
the (BF) relay will operate. The (BF) relay will 
(a) light the line and busy lamp steadily; (b) release 
the (R) relay, i f operated; (c) disconnect ground 
from the ringup relay circuit to prevent a possible 
noise condition due to a temporary imbalance of the 
15-type KTU after ringing stops; and (d) operate 
the (TO) relay to prevent this relay from timing 
out when any line is busy. The (R) relay release 
stops the flashing relays and silences the common 
ringer or buzzer. 

5. 09.13. 2 Arranged for Locked-in Line Lamps 
Only with Fig. 45 

The circuit operation is the same in this case· 
except that the operation of the (R) relay will cause 
the line lamps to light steadily, and there will be 
no flashing relays. The operation of the (BF) relay 
will not light any lamps, but the release of the (R) 
relay will extinguish the line lamps. 

5. 09. 14 Time-Out R elay 

When a locked-in signal closes the circuit to 
the thermal winding of the (TO) relay, as described 
in 5. 09. 8 through 5. 09. 13, and this circuit is not 
broken by the operation of any (SR), (B), (SW), or 
(BF) relay within 20 seconds, the thermal winding 
of the (TO) relay will cause bottom contacts 1 and 
2 to open, releasing any locked-up (R) relays. 

5. 09. 15 Purpose of (T) and (R) Thermistors and 
the . (R) Varistor, Figs. 22, 23, 25, 40, 
41, 43, 48, and 49 

The (T) and (R) thermistors in Figs. ZZ, 23, 
25, and 40 are used to prevent a false operation of 
the (R) relay on reversal of curr ent which may 
occur on disconnections. Also, they prevent the 
false operation of the (R) relay on dial pulses. 

In Figs. 41, 43, 49, and in Fig. 48 when the 
16A KTU is not provided, ground is disconnected 
from the ringup relay circuit whenever the (SR) 
r elay is operated. However, the (T) and (R) therm­
istors are both retained to prevent trouble in case 
the (SR) relay drops down during dial pulses. 

The thermistors are thermal devices which 
ordinarily have a resistance in the order of 
50, 000 ohms . When the ringing voltage is applied 
to the line, it causes enough current to flow through 

one of the thermistors , according to which side of 
the line ringing current is impressed; and the re­
sistance of the thermistor changes in approximately 
1/2 second from 50, 000 ohms to about 3, 000 ohms. 
The path for the current through the thermistors is 
through varistor (R) and relay (R), direct to ground 
or through the (Rl) relay and the (Rl) varistor com­
bination. Only one-half of t he ringing cycl e passes 
through varistor (R). The other. half is blocked 
and will pass through relay (R). When the therm­
istor resistance drops to about 3 , 000 ohms, suffi­
cient current flows on the half-cycle through relay 
(R) to cause it to operate. 

5. 09. 16 L ine Indicator , Fig . 17 

When the line indicator is used as a visual 
signal, it responds to each cycle of ringing current. 
Under certain line conditions it may flash during 
dialing and switchhook operation, 

5.10 SIGNALING CIRCUIT FOR CENTRAL 
OFFICE AND PBX, WITH HOLDING 

5. 10. 1 Combined Line and Busy Lamps with 
Automatic Time Out , Fig. 49 

When ringing current is applied to the line 
at the central office, PBX, or distant end of a pri­
vate line, the (R) r elay will operate on current 
passing through the secondary winding, direct to 
ground or through the (Rl) relay and (Rl) varistor 
combination. The (R) relay w ill (a) lock up 
through its p r imary winding under control of the 
(SR) and (TO) r e lays; (b) start the flashing relays 
(A) and (B) causing the line and busy lamps to 
flash; (c) operate the common ringer or buzzer if 
a common steady audible signal is provided; and 
(d) cl ose the circuit to the thermal winding of the 
(TO) relay to start this relay timing, provided no 
line is busy at the time. If the (Rl) r elay is pro­
vided, the common ringer or buzzer w ill operate 
only while this relay is operated. T he (Rl) relay 
is therefor e used to provide a common intermittent 
audible signal. 

When the line is busy because a station has 
been connected to the line , the (B} relay of the 
18-type KTU (B) operates, operating the (SR) re­
lay of the same unit. The (SR) relay will (a) light 
the line and busy lamps steadily; (b) release the 
(R) relay, if operated; (c) disconnect the ground 
connection from the ringup relay cir cuit to prevent 
a pqssible noise condition due to a temporary im­
balance of t he 15 -type KTU, after ringing stops; 
and (d) operate the {TO) relay to prevent this r elay 
from timing out when any line is b usy. The (SR) 
relay is a slow releasing relay in order to prevent 
the line and busy lamps from flashing during dial­
ing. The (R) relay, released, stops the !lashing 
relays and silences the common ringer or buzzer 
in cases where the (Rl ) relay i s not provided . 
When the automatic cutoff circuit is used, the (SR) 
relay operates directly from that circuit or the 
automatic cutoff control circuit. The (B) relay 
does not operate in this case except on hold. 
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WJ:en the line is in the hold condition, the (B) 
relays of t h e 18-type KTUs {B) and (H) operate, 
and the (SR ) r elays of both units operate. The (SR) 
r e l ay o:£ unit (H) starts t he winking circuit. 

5 . 11 INTERCOMMUNICATING SIGNALING 
CIRCUIT, FIG. 10 

The buzzers of Key Telephone System No. lA 
can b e arranged £or both code and selective signal­
ing. If both code and s elective signaling are r e ­
quired for any buzzer a t a n installation, the (S) 
r elay, Fig. 10, i s provided. When the (S) r el ay is 
provided, those signaling keys in the key telephone 
sets,Ol' separately mounted,which are arranged 
for code signa ling will operate the (S) relay, which 
in turn will operate a ll the buzzers that are to be 
operated by code. For selective signaling, t he 
signaling key when oper a t ed will operate the 
buzze r dir ectly. Any buzzer may be connect ed for 
both code and selective signaling. I£ the (S) relay 
is not provided, the buzzer will operate eith er on 
a code or selective basis directly fr om the signal­
ing keys. 

5.12 INTERCOMMUNICATING LINE CIRCUIT 

5.12 . 1 Without Battery Feed Relay, Fig . 13 

There are no circuit operations that take 
plac.e in t hi s .circuit. However, on outgoing calls 
t he signaling key in the key t e l ephone set or the 
key p e r F ig. 14 is operated, which will operate 
the buzzers dh·ectly or by means of the (S) relay, 
Fig. 10. · · 

5. lZ. Z With Busy La mps and Control of Time­
Out Relay, F ig. 47 

When the intercommunicating line is picked 
up at any station, the {BF) r elay operates, lighting 
the busy lamps, i f provided, and operating the time­
out r elay (TO) in Fig. 45 to prevent it from timing 
out a nd rel easing any incoming signal on another 
line, as long as the intercommunicating line is 
in operation. 

5.13 INTERCOMMUNICATING LINE CIRCUIT 
WITH ONE-WAY AUTOMATIC SIGNALING, 
FIG. 12. 

When the intercommunicating line is picked 
at the calling station, the (AL) relay will operate 
which will operate t he buzzer at the called station, 
When the called station answers, t h e (BL) relay 
will operate which will r eleas e the (AL) relay. 
This in turn silences the buzzer . The (BL) relay 
r emai ns operated until both t he calling and called 
stations disconnect. 

5.14 TWO-WAY AUTOMATIC SIGNALING INTER­
COMMUNICATING LINE CIRCUIT 

5. I-4. 1 With S eparate Line an d Busy Lamps, 
Fig. 20 or 29 

When Fig. 2.0 or 2.9 is used to provide means 
for in tercommunica t i on b etween two stati ons , t h e 
battery supply is ·furnished in series with the (Al) 
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relay to the A station and through the (Bl) relay 
to the B stat ion. In case the A station removes 
the handset from its mounting, the {Al) r e lay oper­
a tes, closing a path through th e make contact ofthe 
(AI) r elay and the b reak contact of the (Bl) relayto 
operate the buzzer a:nd light the line lamp at the 
B station. With Fig. 29 when eithe r the (Al) or 
(Bl) relay is operated, a circuit is cl osed for oper­
ating the busy lamps at either or both stations. 
When the B station responds by r emoving the hand­
s et from its mounting, the (Bl) rel ay operates, 
silencing the buzzer and extinguishing the line lamp, 
With both the (Al) and (Bl) r elays operated, the . 
tips of the two lines are connected together , a nd 
the rings of the two lines a r e connected together so 
that when either station disconnects, both relays 
are held operated by the last station to disconnect . 
This prevents a recall by additional buzzer and 
line lamp operations . T he ope r ation of the (Al) 
and (Bl) r elays is identical so that station A may 
call station B, or vice versa. 

This circuit will n ot provide control of the 
time-out relay circuit provided b y Fig. 45 (see 
5 .1 2. . 2 ). 

5.14. Z With Combined Line and Busy Lamps, 
Fig. 32. 

Fig. 32. p~ovides the same service as Fig. 29, 
except that Fig . 32 is used with combined line and 
busy lamps, whereas Fig. 29 is used with separate 
line and busy lamps. As in the case of Fig. 2.9, 
the removal of the handset at station A w i ll cause 
the (A. l) relay to operate. The (Al) r elay operates 
the {SW) relay in the (A) KTU and operates the 
buzzer at station B. The (SW) r ela y lights steadily 
the line and busy lamp at station A, causing the 
flashing relays, Fig. 25, 26, 40, or 46 to flash 
the line and busy lamp at station B. When station 
B a nswers , the (Bl) r e lay will operate, silencin g 
the buzzer a t station B and operating the {SW) r e,.­
lay in the (B) KTU. This (SW) relay stops the 
:funct i oning of the flashing relays of Fig. 25, 2.6, 
40, or 46 and lights steadily the line and busy lamp 
at station B as a b usy s i gnal. 

With both the (Al) and (Bl) rela ys operated, 
the tip s of the two stations and the rings of the two 
stations a r e conn e cte d togethe r so that when either 
station disconnects first, all relays will r emain 
operated. When the last stati on disconnects, all 
r e lays release. This prevents a r ecall by addi­
tional buzzer and line lamp operation. The oper­
ation o:£ the (Al) and (B l) relays a re identical so 
that station A may call station B, or vice versa,· 

This circuit will not provide control of the 
time-out relay circuit provided by Fig. 45 {s ee 
5.12. 2). 

5,14. 3 With Combined Line and Bus y L amps, 
F ig. 52 

When Fig. 52 is use d to provide means for 
inte rcommunic ation between t wo stations, the bat­
t ery supply is furnished in serie s with the (Al) re­
lay t o the A station and through the {Bl) relay to 
t he B station. In case the A station r emoves the 



handset from its mounting, the (Al) relay operates, 
closing a path through the make contact of the (Al) 
relay and the break contact of the (Bl) r ela y to 
operate the buzzer at B station. The operation of 
(Al) a lso lights the combined line and busy lamp 
steadily at station A and causes the flashing relays 
of Fig . 25, 26, 40, or 46 to function, thus flashing 
the lme and busy lamps at station B. 

When station B answers, the (Bl) relay will 
operate, silencing the buzzer a t station B; stop the 
flashing relays of Fig. 25, 2.6, 40, or 46; and light 
steadily the line and busy lamps at station B as a 
busy signal. 

With both the (AI) a nd (Bl) relays operated, 
the tips of the two stations and the rings of the two 
stations are connected together so that when either 
station disconnects first, all relays will r e main 
operate d. When the last station disconnects, all 
r elays release. This prevents a recall by addi~ 
tiona! buzzex- and l ine lamp operation. The oper­
ation of the (Al) and (Bl) relays are identical so 
that station A may call station B, or vice versa. 

This circuit will not provide control of the 
time-out r elay circuit provided by Fig. 45 (see 
5.12. 2). 

5.15 SWITCHING RELAY CIRCUIT, FIG. 27 

This (SW) relay is used wherever it is re­
quil"ed to switch two leads. 

5.16 AC POWER SUPPLY FOR LAMPS AND 
BUZZERS, FIGS. 30 AND 31 

Fig. 30 provides the ac power supply for . 
buzzers . Px-ior to i ssue 15D, it was also used for 
supplying (A3) or (B2.) lamps in lamp indicato.rs. 

Fig. 31 provides the ac supply for the lamps 
in key telephone sets where a voltage of 7 to 
11 volts is r equired at the lamps, and for (G2.) or 
(51A) lamps in indicators . 

5.17 LAMP RESISTANCE CIRCUIT, FIG. 33 

Fig. 33 is required where a. de power supply 
is used for the l amps in the key telephone sets, or 
for (K2.) lamps in indicators operating on 48-voltdc 
supply. (The de supply is used only where an ac 
supply cannot be provided.) A resista nce is us ed 
in series with each lamp so that the voltage across 
the lamps will not be excessive. 

Where three or more stations are located 
near each other, the "L" and "LG" leads for these 
stations, from Fig. 33, may be conne cted to com­
mon "L" and "LG" leads at the apparatus box to 
serve these stations, provided the t otal x-esistance 
of the common "L" and "LG" leads does not exceed 
10 ohms (which is the maximum total resistance 
for single 11L' 1 and 11LG11 leads) divided by the num~ 
ber of stations in the group. This circuit is re­
quired when a de power supply is u sed or for (KZ) 
lamps in indicators on 48-volt de supply for use 
with a station busy lamp circuit. 

5.18 NOISE SUPPRESSION CIRCUIT, FIG. 34 

The 500-u£ capa citor in Fig . 34 is used to 
suppress noise interference in the battery supply 
l eads . 

5.19 BATTERY SUPPLY INFORMATION 

Formula No. 1 with Tables No. 1 and 2 
covers the method of computing f e eder resistance 
b etween a central office or building battery a nd a 
Key Telephone System No. IA. Formula No. 1 
shows the method for computing the feeder r esist• 
ance to maintain a minimum of 14 volts at the sta~ 
tion equipment when the load is maximum and the 
voltage of the central office or building battery is 
minimum. Table No. 1 shows the minimum and 
maximum voltages of the centr al office a nd build­
ing batteries , the feeder voltage droppin g to main­
tain 14 volts at the station system. Tab le No. 2. 
shows the current thx-ough the r elays, buzzers , 
and lamps , at maximum load when the voltage is 
14 volts. 

Figs. 101 to 107, inclusive, formula No. Z, 
and associated note s, provide information for de­
termining the proper fusing to use in a Key Tele· 
phone System No . l A when direc t feeders ar e used. 
The maximum curr ent which may be supplied to 
the system when the voltage at the central office or 
building battery is maximum is computed by 
formula No. 2.. The current in a 2.-ampere fuse, 
under maximum load and voltage condition, is 
limited to 1. 6 ampex-e s to provide adequate lif e for 
the fuse since fuses deteriorate rapidly if they 
carry current close to their r ated capacity. If the 
combined feeder resistance is more than· 14 ohms, 
fus es should not be used at the station end. The 
reason for this is that should the resista nce be 
more and the wiring at the station end become 
grounded, the fuses would not operate even if the 
battery voltage were maximum. 

Formula No. 3, Table No. 3, and the other 
data on the same sheet cover the method for com~ 
puting the charging rate , the battery fee der re­
sistance, and the fusing when local batteries are 
used at a Key T elephone System No. l A. Wh en a 
local batte ry is used, the fuses a re to be located 
at the battery. The battery charging curr ent is 
computed by formula No. 3 and is based on 6 b usy 
h our s per day, which should be satisfactory for 
m ost insta llations , especially those located i n 
business establishments operating 8 hours p e r day. 
If definite busy-hours-per-day information is 
a vailabl e, then the available value should be sub­
stituted for Fig. 6 in the formula. The busy-hours­
per-day value is obtained by dividing the tota l 
daily calls by the total calls in t he busiest hour. 
The 1. 25 value in the sec ond part of the form ula 
provides for a· 25 pel" cent a llowance to take care of 
battery losses . 

5, 20 LAMP AND BUZZER SUPPLY INFORMA­
TION 

When (A3) lamps, mounted in lamp indicators· 
only, are used in an installation and power is 
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supplied from a battery, one set of feeder s between 
the battery and the apparatus cabinet or box may 
s upply both the lamps and relays . When lamps in 
the key telephone sets are u sed and power is sup" 
plied from a battery, one set of feeders is re­
quired for lamps only, and one set of feeders for 
the rel ays. Formulae Nos . 4 and 5 provide infor" 
mation for computing feeder resistance for the 
ac and de power supplies fo r the lamps in the key 
tel ephone sets. 

Formula No. 4 shows the method for comput­
ing the feeder resistance from a local batte ry, a 
building ba.ttery, or a 48-volt central office battery 
to maintain a minimum voltage of 7 volts at the 
lamps when the load is maximum and the voltage of 
t he battery is minimum. 
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Formula No. 5 shows the method for com put" 
ing the maximum resistance of the wires bet ween 
the tra nsformer and t he apparatus cabinet, to main­
tain a minimum vol tage of 7 volts at the lamps 
when the load is maximum. 

Formula No. 6 shows the m ethod for comput­
ing th~ maximum current requirement for 10- volt 
ac supply. 

Formula No. 7 shows the method for comput­
ing the maximum curr ent requirement for the 
15- to Z5 - volt ac suppl y. 

Formula No. 8 s hows the method for comput­
ing the minimum resistance load on the de supply. 
This formula is used for determining whether or 
not t he minimum resistance of the l oad is less than 
the allowabl e minimum of a particular power supply. 


