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This invention relates to routine testing equip 
ment for dial telephone systems and has for its 
object to facilitate the testing of control circuits 
used in toll dial Systems. 
The testing equipment to which the present 

invention relates is particularly designed for the 
testing of incoming Senders of the type disclosed 
in Patent 2,564,441, granted to McKinn-Strickler, 
August 14, 1951. 
These incoming senders are arranged to register 

Subscriber designations having a maximum of 
eleven digits which include a three-digit area, 
code, a three-digit office code and a four or five 
digit numerical designation. In addition they 
may register three or four-digit operator codes. 
Under instruction from a marker, these senders 
may Send out the complete designation as re 
corded, or may be instructed to omit the area, 
code (skip 3), to omit both codes (skip 6) or to 
Substitute an arbitrary code for either or both 
of the registered codes. 

In accordance with the present invention the 
testing circuit, which is equipped with a set of 
keys for each digit which may be transmitted to 
a sender, distributor Switches for controlling the 
Sequential transmission of the digits and other 
distributors for checking the digits as sent out 
by the Sender, is arranged to automatically pre 
set the distributors on the first set of keys on 
which a digit is set up. 
Means is also provided, in connection with test 

calls which Would normally require the sender 
to send out a designation differing from that 
registered, for example to skip three digits, for 
making two Successive tests. on the same sender, 
one instructing the sender to send out the desig 
nation as recorded and a second permitting the 
Sender to Send out the altered designation. 

Since the senders to be tested may send out 
designations in the form of any one of a plu 
rality of types of pulses, for example, dial pulses, 
multifrequency pulses or direct-current code 
pulses, the testing circuit is provided with re 
ceiving means of each type, one of which is made 
effective for each test, with means for checking 
the Setting of the effective receiving means after 
the receipt of a digit against the setting of the 
corresponding key-set, and for advancing the re 
ceiving distributors only if the check is satis 
factory. 

In receiving multifrequency pulses, the receiv 
ing register not only checks that the digit received 
corresponds to the Setting of the key-set but also 
checks that the signal received is made up of two 
frequencies and no more or less than two before 
permitting the distributor to advance. . . 
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These and other features of the invention will 
be more clearly understood from a consideration 
of the following description in connection with 
the drawing in which: 

Figs. 1, 2, 9 and 10 show the sender selecting 
circuitS; 

Figs. 3, 4, 5, 11, 12, 13 and parts of Figs. 6 and 
14 show circuits for testing the sender control 
conductors; 

Figs. 7, 8, 15, 16, 23, 24, 30, 31, 32 and parts of 
Figs. 6, 14 and 22 show the key-sets and associated 
circuits; 

Fig. 17 shows the trunk closure delay testing 
circuit; 

Figs. 18, 25 and 26 show a plurality of control 
keys; 

Figs, 19, 20, 21, 27, 28, 29 and part of Fig. 22 
show the circuits for setting multifrequency 
senders; 

Figs. 33, 34, 38, 49, 50, 51 and parts of Figs. 45 
and 46 show the circuits for setting dial pulse 
SenderS; 

Figs. 35, 47 and parts of Figs. 45 and 46 show 
the marker connection checking circuit; 

Figs. 36, 37 and 48 show the circuits for re 
ceiving and checking digits received by multifre 
quency pulses; 

Figs. 39, 40, 41, 52 and 53 show the circuits for 
receiving and checking digits received by directs 
current code pulses; 

Figs. 42, 43, 44, 54, 55, 56 and 57 show the cir 
cuits for receiving and checking digits received 
by dial pulses; and 

Fig. 58 shows the manner in which the remain 
ing figures are to be arranged. 
In general the elements of the circuit have 

been given functional designations, but, for Con 
venience in locating the elements in the specifica 
tion, each designation is followed by the num 
ber of the figure in which it is located, set off 
by parentheses. Where conductors are grouped 
into a cable, the cable has been given a number 
made up of the numbers of the two figures in 
which the cable terminates. 
A brief description of the operation of an in 

coming Sender in connection with a Service call 
will assist in an understanding of the present 
disclosure. When an incoming trunk requires 
the services of a sender, it calls in the sender 
link control circuit which tests for a sender 
marked idle and connects the Sender with the 
trunk Over a plurality of circuits closed at the 
contacts of the cross-bar Switches constituting 
a sender link. Over these conductors the sender 
indicates to the trunk that it has been attached, 
receives an indication of the class of the trunk 
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and then splits the trunk to establish incoming 
and outgoing control and pulsing circuits. The 
wanted designation is transmitted to the Sender 
over the incoming pulsing circuit. After a nun 
ber of digits have been received the Sender calls 
in a marker or decoder and transfers the code 
or codes thereto. The marker or decoder trans 
lates the code for the purpose of controlling the 
selection of an outgoing trunk and the connec 
tion of the selected trunk to the incoming trunk. 
It also returns to the sender an indication of the 
type of out-pulsing required, an indication of 
the time to be measured by the Sender before 
establishing the out-pulsing circuit, an indication 
of any digits which are to be substituted for code 
digits registered, and an indication of the time 
of completing the connection between trunks. 
In response to these indications the Sender Sends 
out all or a part of the registered designation 
and then releases. The sender also makes a 
test of the outgoing Supervisory circuit, Which 
takes place before or after out-pulsing under the 
control of the class indication.S. 

GENERAL DESCRIPTION 

For a routine test of all of the Senders of an 
office, a test designation is selected and is set up 
on the various key-sets, the area code on the area 
code key-sets ACA(6), ACB (6) and ACC (14), the 
office code on the office code key-sets OCA (14), 
OCB (14) and OCC (14), the numerical designa 
tion on the numerical key-sets TH(14), H(22), 
T(22) and U(22) and if used, a stations digit or 
a fifth numerical digit on the stations key-Set 
STA(22). One of the keys MAN (25), DCR (25), 
MFR(25), LPD (43) or SXD (43) is operated ac 
cording as the Selected designation represents a 
call requiring that the Sender send out no pulses, 
direct-current code pulses, multifrequency code 
pulses, loop dial pulses or simplex dial pulses. 
One of the keys OTD (25), 3TD (25), 5TD (25) or 
TD (25) is operated according to the time inter 

wal which the Sender is required to neaSure 
before connecting with the Outgoing end of the 
trunk, in accordance With the type of outgoing 
trunk represented by the test designation. In 
addition, certain keys in the marker connection 
test circuit are operated in accordance with the 
assumed class of incoming trunk or other signal 
which the Sender should pass to a marker or ; 
decoder. 
The start key is then operated and the master 

Selecter MS(1) advances to the first Sender Selec 
tor after which the first Sender Selector advances 
to the first Sender, 
asSociated with a sender which is to be set by 
multifrequency pulses, relay IMF(18) is operated. 
The trunk closure delay timing switch TCD (17) 
is preset in position 1, the pulse checking switch 
is preset to the position corresponding to the first 
key-set in which a key has been operated and 
then the multifrequency pulsing Switch MFP (21) 
is set to the position corresponding to the first 
key-set in which a key has been operated. 
In the meantine, the circuit for operating the 

test connector relays in the sender has been 
tested and those relays operated. The conduc 
tors connecting the Sender with the test circuit, 
which are the same as those which connect the 
Sender With the trunk, are tested first for crosses 
and then for the proper condition. A class sig 
nal is then passed to the sender and the response 
of the sender thereto is tested. 
When the sender is ready to receive pulses it 

signals the test circuit and the code designation 

In this position, which is 
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4. 
set up on the code key-sets is transmitted under 
the control of the SWitch MEP (21). The marker 
Connection test circuit then functions to check 
the information passed from the Sender to the 
marker and a signal is passed back to the Sender 
simulating trunk selection and marker release. 
The trunk closure delay timing is then checked 
by Switch TCD (17) and for most forms of out 
pulsing the operation of the SL, relay of the 
Sender is tested. For dial type out-pulsing this 
test is delayed until after out-pulsing is con 
pleted. 

Following the trunk closure delay test the re 
maining digits are transmitted to the sender and, 
for most calls, following the SL, relay test the 
digits Sent out by the Sender are received and 
checked. 
When all the digits sent out by the sender have 

been checked, the operation of the sender in con 
trolling trunk cut-through and release are 
checked. 
The test circuit then advances the sender selec 

to to the next Sender and the same tests are 
made on that sender. When all of the senders 
Connected to the first Sender Selector have been 
tested, the master selector is advanced to the 
next sender selector. When the last multifre 
quency Sender has been tested the dial type send 
ers are tested, relay IDL (18) being operated and 
the designation sent to the Sender under the con 
trol of Switch DC (33). 

DEAIED OPERATION 
Complete cycle-ten-digit number-MF in 

pulsing IMF out-pulsing 
In order to illustrate the over-all operation of 

the test circuit, it will be assumed that the 
test circuit is located in an office of the type dis 
closed in the above-identified McKim et al. patent 
and that a complete test cycle is to be made on 
all Senders, using a designation made up of an 
area, route or systems code, an office code and a 
four-digit numerical line designation, and that 
all of the digits are to be out-pulsed by means 
of multifrequency pulses to an intertolhtrunk. 

ASSunning that all parts of the test circuit are 
normal and that a designation 403-652-1897 is 
to be used, the area code 403 will be set up on 
the area code key-sets ACA, ACB and ACC (Figs. 
6, 7, 14 and 15) by operating key OO (key 4 of 
ACA), key 600 (key O of set ACB) and key 500 
(key 3 of Set ACC). The office code 652 is set up 
on the Office code key-sets OCA, OCB and OCC 
(Figs. 14 and 15) by operating key 50 (key 6 
of set OCA), key 502 (key 5 of set OCB) and 
key 503 (key 2 of set OCC). The numerical des 
ignation is set up on the numerical key-sets TH, 
H, T and U (Figs. 14, 15, 22 and 23) by operat 
ing key 400 (key of set TH), key 2300 (key 8 
of set H), key 230 (key 9 of set T) and key 2302 
(key 7 of Set U). 
One of the trunk class keys VO(46) or 

NWO(46) must be operated and it will be assumed 
that key NWO(46) is operated. 
Key MFR, (25) is operated to prepare the test, 

circuit for checking the multifrequency pulses to 
be sent out by the Sender. 
One of the trunk closure delay keys OTD (25), 

3TD (25), 5TD (25) and TTD (25) is operated in 
accordance with the requirements of the trunks 
aSSociated with the area, code used for the test. 
These keys control the measurement of a trunk 
closure delay of 0 second, .375 second, 575 second 
or .775 Second, respectively. It will be assumed 
that the trunks associated with area code 43 re 



2,599,409 
5 

quire a 575-second trunk delay time interval and 
therefore key 5TD (25) will be operated. 

It will be understood that the selection of the 
area code keys, the code conversion keys and 
the skip digit keys to be operated for any test 
will be governed by the conditions existing at the 
office in which the test circuit is located. 
One of the dialing speed and per cent break 

ikeys corresponding to the desired in-dialing, to 
be used in testing dial type senders, is operated. 
These keys test the action of the sender in re 
sponse to slow or fast dialing with maximum or 
minimum length pulses with or without a Surge 
and should be used in rotation on Successive test 
cycles. For this description it will be assumed 
that key 4900, 7 P. P. S. Max. (49), is operated, 
Which tests the bias and adjustment of the 
pulsing relay in dial type senders and also the 
ability of the slow relay to hold over slow dial 
pulses. 

Selection of Sender 
After the designation keys and the above 

noted control keys have been operated, the start 
key ST (10) is operated. Key ST (10) closes a 
circuit for operating the locking cycle start re 
lay LCS(2) which may be traced from battery 
through the winding of relay LCS(2), conductor 
200, contact of key ST (10), conductor -0.00, 
to ground at the normally closed contact 4 of 
relay EC(2). Relay LCS(2) operates in this cir 
cuit and locks over its contact 6, conductor 20?, 
normally closed contact 3 of key RN (10) to 
ground over conductor 000. 

Relay LCS(2) closes a circuit from ground 
over its contact 3, conductor 22, contact 2 of 
key STC10), normally closed contact 2 of key 
PC(10), conductor 001, winding of relay 
FST(2) to battery. Relay FST(2) operates and 
locks over its contact 4, contact 3 of relay 
CA? (2), contact f of relay EC (2), conductor 
203, to ground at normally closed contact 2 of 
key RN (10). At its contact 5, relay FST(2) 
connects ground to conductor 204 which extends 
through cable 30-32 to battery through the 
winding of relay ON (30). 

Relay FST(2) also starts the operation of se 
lecting a sender by connecting ground to con 
ductor 205, and thence over the normal contact 
of brush MS4(1) of the master selector MS (1) 
and conductor if G0 to battery through the lower 
winding of relay MSS (10). Relay MSS (10) 
operates in this circuit and closes a locking cir 
cuit for itself extending from battery through 
its upper winding and over its contact 2, con 
ductor f002 to ground at contact f of relay 
LCS(2). Ground connected to conductor f00 
over the normal contact of brush MS4(1) also 
extends to battery through the Winding of relay 
MSC (10), operating that relay, and over the 
back contact and through the winding of step 
ping magnet MS(1) of the master selector to 
battery, operating magnet MS(1) which opens 
its operating circuit at its back contact and steps 
the master selector to its first operative position, f: 
thereby opening the above-traced operating cir 
cuit for relays MSS (10), MSC (10) and the step 
ping magnet MS(1). Relay MSS (10) is locked 
as above described but relay MSC (10) releases. 
“With the master selector in its first off-normal 

position, connections are set up with the first 
of a plurality of sender selectors, which control 
the connection of the test circuit to groups of 
senders to be tested. 
As soon as relay MSC (10) releases, circuits are 
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closed for advancing the first sender selector 
SS (1) into connection -With the first sender to 
which it has access. A circuit is closed for the 
Selector advance relay SA (10) which may be 
-traced from battery through the winding of relay 
SA (10), conductor 003, contact of relay 
STB (2), conductor 206, contact of relay 
MSB (10), contacts 2 and of relay MSC (10), 
contact 3 of relay MSS (10), contact 2 of relay 
MSA (10), conductor 002 to ground at contact 
- of relay LCS(2). 
RelaySA (10) operates in this circuit and closes 

a circuit from battery through the winding of 
relay SSG (1), conductor 10, contact 6 of relay 
SA (10), contact of relay DSG (10), to ground 
at contact f of relay TCN (10). Relay SSG.(1) 
Operates in this, circuit and locks over its contact 
4 and conductor f02 to ground at contact of 
relay SA(10). - 
With relay SSG-(1) operated, a circuit is closed 

from ground over contacts 2 and 3 of relay 
SSG(1) in parallel, over contacts 4 and 5 of relay 
SSC (1) in parallel, over the first off-normal ter 
minal of brush MS2(1) to battery through the 
Stepping magnet SS (1) of Sender Selector SSCI). 
A circuit is also closed from ground over contacts 
2 and 3 of relay SSG-(1) and over contact of 
that relay to battery through the winding of relay 
SSC (1) and resistance BF(1). A branch of the 
Operating circuit for magnet SS (1) extends over 
the back contact of that magnet, conductor 09, 
the first off-normal terminal of brush MS3(1) 
and contact 3 of relay SSC (1), to batterythrough 
resistance B.F(1) in shunt of the winding of re 
lay SSC (1). Magnet SS (1) operates in the cir 
cuit above traced, opening at its back contact 
the shunt around the winding of relay SSC (1) 
permitting that relay to operate. Relay. SSC (1) 
in Operating Opens the circuit of magnet SS (1) 
'Which releases to advance Switch SS (1) to its 
first-off-normal position. Relay SSC (1), at its 
contact 3, opens the shunt around its winding 
so that it remains operated after magnet SS (1) 
releases. At its contact 2, relay SSC (1) connects 
ground to conductor 03 thereby completing a 
circuit to battery through the Winding of relay 
DSG (10), operating the latter relay. 
Relay DSG (10) closes a circuit from battery 

through the winding of relay STB (2), conductor 
207, contact 4 of relay DSG (10), conductor 208, 
contact f of relay MSC (10), contact 3 of relay 
MSS (10), contact 2 of relay MSA (10), to ground 
over-conductor f002. Relay STB (2) operates in 
this circuit and locks over its contact 2, con 
ductor 208 and thence as above traced to ground 
on conductor f002. Relay STB (2) at its contact 
f opens the circuit of relay:SA(10) and the latter 
relay releases. 
The release of relay SA (10) opens the locking 

circuit of relay:SSG-(1) and that relay releases, in 
turn releasing relay SSC (1) and relay DSG (10). 
With switch SS (1) in position 1, sender lamp 

O(1) is lighted over brush SS2(1) and frame lamp 
Ff(1) is lighted over brush SS(1) to identify the 
'sender under test. As soon as switch SS (1) is 
advanced to its first-off-normal or operative posi 
tion, a circuit is closed for informing the test 
circuit as to the type of pulsing required for set 
ting the associated sender. This circuit may be 
'fraced from ground at contact of relay MSS (10), 
conductor 94, "brush MS6(1) in its first off 
normal position, brush SS3 (1) in position 1, con 
tact 2 of key DIO (1), conductor :04 to battery 
through the winding of relay IMF(E8). Relay 
IMF (18) operates to prepare the test circuit for 



2,599,409 
7 

sending multifrequency pulses to the sender un 
der test. All of the terminals of brush SS3(1) 
which are associated with Senders requiring mul 
tifrequency pulses, are strapped together and 
connected to the circuit for relay IMF(18), as 
are the similarly associated terminals of other 
sender selector Switches. Terminals of Sender 
Selectors associated with senders requiring dial 
pulses, are connected over conductor ff2, con 
tact 2 of key MFO (1) and conductor 05 to bat 
tery through the winding of relay IDL (18) to 
prepare the test circuit to transmit dial type 
pulses. Relay IMF(18) at its contact 8 lights 
lamp IMF (18) to indicate the type of sender 
under test. 
When relay SA(10), releases, following the 

advance of the sender selector SS (1), a circuit 
is closed for operating the test relays of the send 
er associated with position 1 of sender selector 
SS(1), which circuit may be traced from ground ; 
at contact 2 of relay FST(2), conductor 205, con 
tact 3 of relay MSC (10), contact 3 of relay 
SA(10), contact 8 of key PC (10), conductor 22, 
winding of relay TCN (10), conductor 005, brush 
MS (1) in position 1, brush SS5(1) in position 1, 
conductor 06 to the Sender indicated by, the box 
450. In the sender, conductor 06 extends in 

parallel to two test connector relays and battery. 
Relay TCN (10) is marginal so that it operates if 
the circuit is properly completed through two 
relay windings and fails to operate if the circuit 
of either or both test relays is open at the sender. 
Assuming that relay TCN (10) operates, a cir 

cuit is closed from ground over contact 2 of relay 
TCN (10), contact 6 of relay MSA (10), conduc 
tor 006, contact 9 of relay CA (2), conductor 
209, to battery through the winding of off-nor 
mal relay ON (11) to start the operation of the 
test circuit. 
When relay ON (30) operates, as above de 

scribed, it closes a plurality of circuits for Oper 
atting relays corresponding to the key-sets in 
which keys have been operated. These circuits 
may be traced as follows: 

Battery through the winding of relay ACA(8), 
conductor 800, contact of key 700, conductor 
TO to ground at contact 2 of relay ON (30); 
battery through the winding of relay ACB (8), 
conductor 80 , contact of key 600, to ground on 
conductor 7 O; battery through the winding of 
relay ACC (16), conductor 600, contact of key 
500, to ground on conductor 70; battery 

through the winding of relay OCA (16), conduc 
tor 60 f, contact f of key 50 f, conductor 40 
to ground at contact 6 of relay ON (30); bat 
tery through the winding of relay OCB (16), 
conductor 602, contact of key 502 to ground 
on conductor 40; battery through the Winding 
of relay OCC (16), conductor 603, contact of 
key 503 to ground on conductor 40; battery 
through the winding of relay TH(16), conduc 
tor f 604, contact f of key 400, conductor 402 
to ground at contact 3 of relay ON (30); bat 
tery through the winding of relay H(24), con 
ductor 2400, contact of key 2300 to ground on 
conductor 402; battery through the winding of 
relay T(24), conductor 240, contact of key 
230 to ground on conductor 402; battery 
through the winding of relay U (24), conductor 
2402, contact f of key 2302, conductor 2303 to 
ground at contact T of relay ON (30). Therefore 
relays ACAC8), ACB (8), ACC(16), OCA(16), 
OCB (16), OCC (16), TH(16), H(24), T(24) and 
U(24) are operated immeditaely after the Opera 
tion of relay ON (30). 
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Since no keys are operated in Sets CCH(7), 

CCT (7), CCU (7) and STA(22) the associated re 
lays are not operated and circuits are closed for 
lamps CCH(8), CCT (8) and CCU (8) over the 
back contacts of the corresponding relays and 
conductor 802 to ground at contact 4 of relay 
ONE (30) and for lamp STA(24) over the back 
contact of relay STA(24) to ground on conductor 
2303 to light these lamps. In addition, a circuit is 
closed from ground over contact 5 of relay 
ONE (30), conductor 3000 through cables 30-32 
and 8-24, contacts 3 of relays CCU (8), CCT(8) 
and CCH(8), conductor 804 through cable 8-24, 
to battery through the winding of relay NSKC32). 

Relay ON (11) when operated connects ground 
to conductors 00 to to Supply ground to 
various parts of the test circuit, the purpose of 
which will appear hereinafter. Ground on con 
ductor fi Of completes an obvious circuit for re 
lay CT (11). Ground on conductor f03 com 
pletes a circuit through resistance AC(3) and the 
lower winding of relay TST(3) to electrically po 
larize that relay and cause it to hold its contact 

closed. Ground on conductor 04 completes 
a circuit to battery through the winding of relay 
TDS (17). Ground on conductor 0 completes 
a circuit over contact 3 of relay TCO(4) to bat 
tery through the winding of relay XTT (4). 
Ground on conductor completes a circuit 
through cable 9-34 to battery through the wind 
ing of relay MCK(47). 
When relay TDS (17) operates in the above 

traced circuit it connects ground to conductor 
704 to light lamp MFR(25) over contact of 

key MFR, (25). It also connects ground over 
its contact through resistances AF(17) and 
BA(17) to battery to supply a reduced potential 
for the timing relays TDA(17) and TDT (17). 
This reduced potential is connected through 
resistance AE, contact f of jack TTDA(17), wind 
ing of relay TDA(17), contact 2 of jack 
TDA(17), contact of jack TDT (17), upper 
winding of relay TDT (17), contact 3 of jack 
TDT (17) through resistance BBC17) to full bat 
tery potential, thus energizing relay TDA(17) in 
a direction to close its contact 2. A second cir 
cuit extends from full battery potential over 
contact 3 of jack TDT (17) through the lower 
winding of relay TDT (17) over contact 2 of jack 
TDT (17) to ground through resistances AA(17) 
and AB (17) and condenser TDT (17). How 
ever, resistance AB (17) and condenser TDT (17) 
are shunted by a branch circuit extending over 
contact f of relay LMK(17) and conductor TOO 
to ground at contact 3 of relay TDS (17). The 
energization of the lower winding of relay 
TOT (17) in this circuit overcomes the effect of 
the upper winding and holds contact of relay 
TD(17) closed. 
Relay TDS (17) closes a circuit for checking 

the normal condition of the trunk closure delay 
checking apparatus and the Operative condition 
of relay TCK (17) by closing a circuit from bat 
tery through the winding of relay TCK (17), 
conductor 70, resistance KA(17), contact 2 of 
relay TDS (17), normal contact and brush 
TCD2 (17) of the trunk closure delay timing 
switch, contact 5 of relay DF2 (17), contact 5 of 
relay DFI (17), contact 6 of relay TDK (17), 
conductor f702 to ground at contact 6 of relay 
BLK (11). 
Relay TCK (17), if properly adjusted, operates 

and closes a circuit from ground over its con 
tact 2, conductor 703, terminal of brush 

5 TCD (17) in normal position, back contact and 
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winding of stepping magnet STEP(17) of switch 
TCE)(17) to battery and in parallel therewith 
through the winding of relay TOG (12) to bat 
tery. Relay TDG (17) operates but has no func 
tion at this time. Magnet STEP (17) operates, 
opening its back contact and releases to advance 
switch TCD (17) to its first off-normal position. 
The advance of brush. TCED2 (17) opens the cir 
cuit of relay TCK (17) which also releases: The 
trunk closure delay circuit now awaits action by 
other parts of the test circuit. 

Presetting the pulse checking switch 
Ground connected to conductor OO initiates. 

the presetting of the pulse check and control 
circuit required to check the designation as sent 
out by the Sender. It will be remembered that 
key. MFR(25) was operated on the aSSumption. 
that the test code requires multifrequency out 
pulsing by the senders. Therefore the connec 
tion of ground to conductor 00 completes a 
circuit over contact 2 of key MAN (25), contact 
f of key MFR(25), conductor 2500 to battery 
through the winding of relay. MFR(37). 

Relay. MFR(37) operates in this: circuit. 
its contact 4 relay MFR(37) connects ground 
over conductor 300, normal terminal of brush 
MFK (48), back contact and winding of step 
ping magnet MFK (48) to battery. A branch of 
this circuit extends over conductor 4823 to the 
winding of relay MKG (37) and over contacts 
and 4 of relay. PMR (37) to battery through re 
sistance BT (37). Relay MFR(37) at its con 
tact 6 connects ground to the Winding of relay 
PMR(37), resistance BT (37) and battery, but 
the circuit above traced to resistance BF (37) 
prevents the operation of relay PMR (37). Mag 
net MFK (48) operates in the circuit traced, open 
ing its own circuit to step switch MFK (48) to posi 
tion 1 in which the previously traced shunt 
around the Winding of relay. PMR (37) is opened. 
For tests in which Some or all of the code digits 
are not to be sent out, relay. MFR(37) at its con 
tact. 7 closes a shunt around the Winding of relay 
PMR (37), which extends over conductor 373. 
and brush MFK2 (48) in normal position and: 
position 1 to a back contact of relay ACA (8) and 
back to conductor 2508. This circuit also Serves 
to operate magnet MFK (48) to further advance: 
Switch MFK (48). Under the present aSSump 
tion, relay. ACA (8) is operated and no such 
shunt is closed. Therefore, relay PMER(37) 
operates as soon as switch MFK (48) advances 
to position 1, opening the circuit for operating 
magnet MFK (48), and leaving switch MFK (48) 
in position 1. Relay PMR(37) closes a circuit. 
from ground at contact 4 of relay TDS (17), con 
ductor 704, contact 3 of relay PMR(37), con 
ductor 370, contact to of relay IMF(18), con 
ductor 800 to battery through the winding of 
relay MFA(26) to indicate that switch MFK (48). 
has been preset. . . . . . 

Relay. MFR(37) at its contact , connects 
ground to conductor 3708 and battery through 
the winding of relay BAT (36) operating the lat 
ter relay which connects battery over its con 
tacts , 2, and 3 to conductors 48t?, 48 f2 and 
483 to prepare the multifrequency pulsing re 
ceiving circuit of Fig. 48 for operation. 

Presetting of in-pulsing. Switch. 

At 

10 
30-32, contact of relay MFA (26), conductor 
2600, through cable f8-22 to battery through the 
winding of relay ACU (22). 

O 

13 

30 

35. 

40 

45 

50. 

55. 

60 

0 5 

70 

Since relay ACA (8) is operated, the operation 
of relay MFA (26) closes a circuit which may be. 
traced from ground over contact 3 of relay 
ACA (8), conductor 803 through cables 8-24 and 75 

5. through the winding of relay PC2 (27). 

Relay MFA (26) also closes a circuit from 
ground at contact 3 of relay TDS (17), conductor 
700; contact 5 of relay MFA (26), conductor 

260 to battery through the winding of multi 
frequency start relay MFS (29). Relay MFS (29) 
operates in this circuit and closes a circuit from 
ground over its contact 3, conductor 2908, nor 
mal terminal of brush MFP (21) of the multi 
frequency pulsing control switch MFP(21), back 
contact and winding of stepping magnet MFP 
(21) to battery. Viagnet MFP (21) operates, 
opens its back contact and releases, advancing 
switch MEP (21) to position 1. This position is 
used for testing the reaction of the sender to a 
false key pulse under the control of keys 3FKP 
(22) or FKP(22). With neither of these keys op 
erated, a circuit is now closed from ground over 
contact 6 of relay MFS (29), conductor 290, 
brush ITFP2 (21) in position 1, conductor 2 00, 
contact f of key 3FKP(22), contact 4 of key 
FKP (22), contacts 2265, contacts 3 and 2 of relay 
MPS (29), conductor 2952 over the back contact 
and through the winding of stepping magnet 
MFP (21) to battery, operating that magnet. Re 
lay MFS (29) at its contact 5 closes a circuit from 
ground through the winding of relay MPS (29) 
and resistance BT (29) to battery, but a branch. 
of the circuits-traced for magnet MFP (21) ex 
tends over contact 5 of relay. MPS (29) to re 
sistance BT (29) in shunt of the winding of re 
lay MPS (29). Other branches extend to battery 
through the windings of relay MFG (29) to bat 
tery, operating the latter relay in parallel with 
the stepping magnet, but relay MFG (29) has no 
function at this time. When magnet MFP(21) 
operates, it opens its back contact, interrupting 
its operating circuit and releases to advance 
switch MFP(21) to position 2. When brush 
MFP2 (21) leaves position 1, the shunt around 
the winding of relay MPS (29) is opened and that 
relay operates, further opening the circuit of 
magnet MFP (21) and releasing relay MFG (29). 
When relay. MFS (29) operated, it also closed 

a circuit from battery through the winding of 
relay GL(29), contact 4 of relay MFS (29), con 
ductor 2903, contact of relay BLK (11) to 
ground on conductor ft 09. Relay GL(29) oper 
ates in this circuit and closes a plurality of cir 
cuits the purpose of which will appear here 
inafter. 

Relay MFS (29) at its contact closes an obvi 
ous circuit for operating relay AC (29). Relay 
AC(20) closes a circuit from ground over its con 
tact 6, conductor 2904, contact 2 of relay KS (20), 
conductor 2000, contact f of relay PC3A (27) to 
battery through the winding of relay PC? (27) 
and over contact f of relay FGK(27) to battery 
throughlamp FGK(27). 
Relay PC (27) operates, closing a circuit from 

ground connected as above traced to conductor 
2000, over contact of relay PC (27) to battery 

- Relay 

PC2 (27) operates and locks over its contact 2 
to ground on conductor 2000. At its contact 6 
relay PC (27) closes an obvious circuit for relay 
PCT(27). At its contact 7 relay PC? (27) con 
nects ground to conductor 2700 completing a 
circuit to battery through the winding of relay 
PR (28). Relays PCT(27) and PR (28) operate, 
relay PR (28) lighting lamp PR (27). The multi 
frequency in-pulsing circuit now awaits a signal 
to start pulsing. 



2,599,409 
11 

When relay CT (11) operates in response to 
the operation of off-normal relay ON (11), it 
connects battery through 8500-ohm resistance 
AA(11) over contact f of relay CA (11), Con 
ductor 2, contact of relay TC(3), contact 
of relay BTB (3), upper winding of relay TST(3) 
to --130-volt battery to test the adjustment and 
non-operate bias of the latter relay. Relay 
CT (11) also connects ground over its contact 4, 
conductor f 13, contact 7 of relay TC (3) to bat 
tery through the Winding of relay SR (3), oper 
ating the latter relay. Relay SR(3) at its Con 
tact closes a circuit for lighting lamp BY(3) 
over contact 4 of relay BTC(3). 

If relay TST(3) operates falsely in the above 
traced circuit it closes a circuit from ground at 
contact of relay SR(3), contact 2 of relay 
TST(3), conductor 300, contact f of relay AT 
(11), conductor i? 4, contact 7 of relay BTC(3) 
to battery through test operate failure relay 
TOF(3). Relay TOF(3) if operated locks over 
its contact 2 to ground on conductor ol, lights 
lamp TOF(3) over its contact 3 and at its con 
tact extends ground from conductor Of Over 
conductor 30, contact of relay SK2 (11) and 
conductor 508 to battery through the lower wind 
ing of relay BLKO11) to block the operation of 
the test circuit. 
Relay CT(11) at its contact 2 connects the 

protective network made up of condenser CD (11) 
and resistance CA (11) to terminal 2 of tube 
W (11) and at its contact 3 connects resistance 
AB (11) in parallel with the Winding of relay 
AT(1). 

Testing condition of sender 
Assuming that relay TST(3) does not operate, 

the Sender, with which the test circuit is con 
nected, is tested to determine whether it is idle, 
by closing a circuit from battery through the 
winding of relay BT (3), contact 4 of relay SR (3), 
contact 4 of relay HRP(3) to conductor 302 which 
extends through cable 3-4 to sender 450. If 
the sender is busy, conductor 302 is open in the 
Sender, but as Soon as the Sender becomes idle 
ground is connected to conductor 302, operating 
relay BT (3). Relay BTC3) locks over its con 
tact 2 to ground in the Sender independent of 
relay SR (3). 
Relay BT (3) closes a circuit from ground over 

contact f of relay SR (3), contact f of relay 
TST(3), contact 2 of relay TC(3), contact f of re 
lay BTC3) to battery through the winding of re 
lay BTA(3). 
Relay BTA(3) operates and at its contact , 

closes an operating circuit for relay BTB(3). 
Relay BTB (3) operated, closes a circuit from 
ground at contact f of relay SR (3), contact 4 of 
relay BTB(3) to battery through the winding of 
relay BTC(3) operating relay BTC (3). 

Relay BTC(3) at its contact 4 opens the cir 
cuit of lamp BY(3) and closes a circuit from 
ground at contact of relay. SR (3) over contact 
5 of relay BTCC3), contact 9 of relay TC (3) to 
battery through lamp DT(3). In addition relay 
BTC (3) closes a circuit from ground over its 
contact 3, contact 3 of relay BTB(3) to battery 
through the winding of relay DTC (3). At its 
contact 7, relay BTC (3) opens the circuit of re 
lay TOFC3) to prevent its operation when relay 
TST(3) operates subsequently. 

Relay DTC (3) when operated closes a circuit 
from ground on conductor 02, contact 2 of re 
lay DTC (3) to battery through the winding of 
relay BTT(3) and connects ground on conductor 
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02 over its contact 3 and contact f of relay 

BT(3) to the winding of relay BTA(3) to hold 
that relay operated. Relay DTC (3) at its con 
tact 4 connects -130-volt battery and resistance 
DTC (3) over conductor 303 to terminal of tube 
W (11). 

Relay BTT(3) closes a circuit from battery 
through the winding of relay BTK(11), conduc 
tor 5, contact 2 of relay BTT(3) to ground 
over conductor f02. 
A test is now made to determine whether a link 

controller circuit has selected this sender for use 
in connection with a service call. If the Sender 
has not been selected, negative battery will be 
connected to conductor 405, while, if a link con 
troller circuit is connected with the Sender, posi 
tive potential will be connected to that conductor. 
Conductor 405 is connected through cable 3-4, 
over contact 5 of relay BTB(3), conductor 304, 
through the Winding of relay AT(1) in parallel 
with resistance AB(11) and contact 3 of relay 
CT (11) to terminal 4 of tube W. (11). --130-volt 
battery is connected by relay DCT(3) as pre 
viously traced to terminal of tube V (11) while 
terminal 2 is connected over contact 2 of relay 
BTB(3) to positive battery through the upper 
winding of relay TST(3). 

If positive battery is connected to conductor 
1405, the test circuit waits until it has been re 
moved. If a controller tests at the Same time as 
the test circuit relay AT (11) operates the cir 
cuit Waits until the controller withdraws its 
test. With negative battery on conductor 405, 
tube V (11) breaks down, operating both relay 
TST(3) and relay ATC11). With these two re 
lays operated a circuit is closed from ground at 
contact f of relay SR (3), contact 2 of relay 
TST(3), conductor 300, contact 2 of relay 
AT (11), conductor 6, to battery through the 
winding of relay TC(3). 

Relay TC (3) operates in this circuit and locks 
over its contact 4 to ground on conductor 02. 
With relay TC(3) operated, ground from con 
ductor O2 is connected to conductor 305, and 

5 relay BTC (3) locks thereto over its contact 6, 
while relay BTK(11) also locks thereto over its 
contact f. At its contact 7, relay TC (3) opens 
the circuit of relay SR (3) which starts to re 
lease. At its contact 5, relay TC(3) connects to 
gether terminals f and 4 of tube V (11), quench 
ing the tube and releasing relays TST(3) and 
AT (11). 
When relay SRC3) releases and closes its con 

tact 2, it completes a circuit from ground at 
contact 6 of relay SK? (4), conductor 400, con 
tact 2 of relay SR(3), contact 2 of relay BTC(3), 
contact 5 of relay HRP (3), conductor 306 
through cable 3-4 to the sender 450, operating 
the make-busy relay of the sender which in turn 
removes ground from conductor 302, releasing 
relay BT (3). 
With relay BT (3) released, biasing circuits are 

closed for relays SN (3) and MG (3) extending 
from ground at contact of relay BTC(3), Con 
tact 5 of relay BT (3), upper winding of relay 
SNC3), contact iO of relay BTC (3) to battery 
through resistance BC (3) and from ground at 
contact of relay BTC(3), contact 6 of relay 
BTC3), lower winding of relay MG (3), contact 
9 of relay BTC(3) to battery through resistance 
BB(3). At its contact f, relay BT (3) opens the 
circuit of relay BTA(3) which releases slowly, to 
allow time for the link controller to disconnect 
from conductor 405. 

Relay BTA(3) when released, in turn releases 

s 
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relay BTB(3), followed by relay DTC (3) and re 
lay. BTT(3), the latter relay also releasing slowly. 
With relays. BTB (3) and DTC (3) released, con 
ductor 495. is connected over contact. 6 of relay. 
BTB (3), contact. 8 of relay. BTC (3), through the 
lower winding of relay SNC3) and the upper 
winding of relay. MG (3), contact. 2 of relay 
LK(3), conductor 30, contact of relay DTC (3) 
to ground on conductor C2. 

value; of the resistance connected to conductor 
f405 in Sender 450. 

Relays SNC3) and MG (3) are so adjusted that 
if the resistance connected to lead 405 is less. 
than 1800 ohms, both relays operate, if more 
than 1800 ohms but less than 5500 ohms, relay 
SN (3) operates alone and if more than 5500 ohms 
neither relay operates. With both relays oper 
ated; when relay. BTT (3) releases a circuit is: 
closed from ground on conductor. 2, over con 
tact. of relay. DTC (3), conductor 3G, contact. 2 
of relay BK (11), conductor f it, contact of 
relay. BTT(3), contact. 2 of relay. SN (3), contact 

Relays SN (3) and 
MG (3). Serve to make a marginal test of the 

5. 

O 

20 

2 of relay MG (3), contact 4 of relay LK(3) to 
battery through lamp-DT(3). If neither relay 
Operates a circuit is closed which extends as 
above traced to contact of relay. BTT(3) and 
thence over contact of relay SN (3), contact 
of relayLK(3) to battery through lamp --DT (3). 
In either case the test circuit cannot proceed with 
its operation, 

If the resistance on conductor 5 is satisfac 
tory and relay. SN (3) operates, alone, a circuit, 
is closed from ground as above traced to contact 
2 of relay SNC3) and over contact. of relay 
MG-(3)- to battery through the winding of relay 
LKC3). Relay LK(3) operates and locks over its 
contact, 3, conductor 39, contact . of relay 
DTCC3) to a ground on conductor 02. Relay 
LKC3), at its contacts' 4 and l, opens the circuits 
of lamps -DT (3) and --DT (3) and, at its con 
tact. 5; connects ground to conductor 38, con 
pleting a circuit. Over the contact of relay 
XII(4), to-battery through the winding of relay. 
XK (49 to initiate: a test of the sender selector 
multiple to determine that no crosses exist 
thereon. 

Test of control-conductors. 
With relay XK(4) operated, ground on con 

ductor - 0 is connected over contact of Irelay 
XK(4) to battery through the winding of relay 
TC0 (4). Relay TCO(4) operates and locks over 
its-contact 2 to ground on conductor 397. At its 
contacts 2 to 5 and T to 2, relay XK(4) connects 
conductors 408, 409, 403, 404; 440, 4 , 1412 
and 44 to. 46 of the sender, which are the 
conductors which appear in the sender selector 
multiple, to appropriate testing circuits. Con 
ductors. Af6, f4 f5, f4 -f and 410 which are nor 
mally open when the sender is seized are con 
nected over contacts 2, 3, 7, and 8 of relay XKC4) 
in multiple to 24-volt battery through the lower 
winding of relay XA(4). Conductors: 44, 412 
and 409 which are normally connected to 48 
volt battery in the sender, are connected over 
contacts 4,5 and of relay. XK(4) in multiple to 
48-volt battery through the upper winding of 
relay. X.A.(4). Conductor 403, which is normally 
connected to ground in the sender, is connected 
over contact. 10 of relay: XK (4) to ground 
through the lower winding of relay XB(4). Con 
ductors; 404 and 408 are differently connected 
in senders equipped to receive dial pulses and in 
Senders, equipped to receive multifrequency 
pulses: If the Sender under test receives. dial: 
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14 
pulses, relay IND (4) is operated, but since: the: 
Sender under test is assumed to be one that re 
ceives multifrequency pulses it is not operated: at 
this time. Therefore, conductor it 4, which is 
normally grounded in a multifrequency. Sendel, 
is connected over contact 9 of relay. XK (4) and 
contact of relay IND (4) to ground through the: 
lower winding of. relay XB(4). Condictor 98, 
Which is noi'nally connected to 48: Wolts...iii: a 
multifrequency sender, is connected over con 
tact - f2 of relay, XK(4); and contact 5 of relay. 
IND(4) to 48-volt battery, through the upper 
winding of relay XA(4). 

If any one of the leads tested is crossed with 
a foreign potential, relay. X.A. (4), or XB(4) wills 
operate. Relay. X.A.(4) operates relay. XB(4) if 
the latter relay is not operated and relay XB'(4): 
locks through its upper winding and over its con 
tact. 2, to conductor 30, lights lamp X(4), at its 
contact. 3- and prevents, the further operations of 
the test circuit. - 

Relay TCO(4), which operates following the 
operation of relay XK-(4) as above: described, 
opens the circuit of relay. XTT (4) but the latter 
relay is slow to release to allow time for relays 
XA (4) or XB(4) to operate before opening the 
circuit of relay XK (4) and causing that relay to 
release. Relay. TCO(4) at its contact-4 connects 
ground on conductor -d-to-to conductor. 492; come 
pleting a circuit over contact 2 of relay SC (129, 
conductor 20s, contact 2 of relay SK(5), con 
ductor 502, contact. 9 of relay COK (12), conducts 
tor 202 to battery through progress lamps 
CS(20), to indicate that the S-relay. of the sendel. 
is to be operated. 
When relay XK (4) releases, assuming that. 

relays XAC4) and XB (4) have not been operated; 
a circuit is closed from conductor. 412, over con 
tact 6 of relay. XK(4), contact. 2-of-relay. X.A.(4), 
contact f of relay XB(4), contact. 5 of relay. 
TCO(4), conductor 40 t, winding of relay SC (12), 
contact 4 of relay SCA (12), conductor 1200, con 
tact f of relay SCK(5), to ground on conductor 
if 0.7. Conductor 4E2 extends in the sender to: battery through the winding of the S relay which 
operates in series with relay. SC (12), relay Sc(12) 
also operating in the above-traced circuit. - 
Relay SC(12) at its contact. 2 opens the circuit. 

of lamp OS(20) and completes a circuit, from 
50 ground connected to conductor 402 as above. 

traced, contact 3 of relay. SC (12), conductor. 203, 
contact 6 of relay SK(5) to battery through, the 
winding of relay SK(5). Relay. SK(5) operates 
in this circuit and locks over its contact 7 to: 
ground on conductor f 107. Relay. SC(12) also: 
closes a circuit from ground at contact of relay 
SPKC12), contact 4 of relay. SC(12), conductor . 
1204 to battery through lamp OSP (20). 
Relay SK(5) closes a circuit from ground over 

its contact , conductor 503 to battery through: 
the winding of relay SK? (4). With relay SK.(5), 
operated, it extends its operating ground over its 
contact 5, conductor 504 and thence over con 
tact of relay SPC(12) and conductor 205 to 
battery through lamp OCL (20). Relay SK.(4): 
at its contact 6 disconnects ground from con 
ductor 306, releasing the make-busy relay of the 
sender but the cperations of the sender. S. relay. 
as above described prevents the reconnection. 
of ground to conductor. 302. 

Test of trunk class registration 
The test circuit is now ready to test the trunk 

class registration functions of the sender. In 
preparation for receiving trunk class registration 
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the Sender connects 48-volt battery to conductor 
409 and 24-volt battery to conductor f40. Dial 
Senders also connect 24-volt battery to conduc 
tor 4. With 48-volt battery on conductor 
409, a circuit is completed over contact 3 of relay 
SK (4), conductor 403, contact 6 of relay 
SPA(12), contact of relay CLC (12), conductor 
206, winding of relay TIK(4) and resistance 
TK(4) to ground, operating relay TKO4). With 
24-volt battery on conductor 40, a circuit is 
completed over contact of relay SK (4), con 
ductor 404, contact f of relay SP (12), contact 
5 of relay CIC (5), conductor 20 to ground 
through the Winding of relay KTK(4). Con 
ductor 4 is connected over contact 2 of relay 
SK (4), conductor 405, contact 7 of relay SEP (12), 
Contact 8 of relay CLC (12), conductor 208 to 
ground through the winding of relay KRKC4), 
but since a multifrequency sender is being tested 
this circuit is not completed, its contact being 
by-passed by a contact on relay IMF(18). 

Relays TIKC4) and KTK(4) operate if the 
class recording circuits are complete, and a cir 
cuit is closed from ground on conductor f O, 
contact 4 of relay TCO(4), conductor 402, con 
tact 3 of relay SC(12), conductor 203, contact 5 
of relay SKC5), conductor 504, contact 2 of relay 
TK(4), conductor 406, contact of relay 
IMF(18), which is operated to indicate that a 
multifrequency sender is being tested, conduc 
tor 80, contact 2 of relay KTK(4), conductor 
407, contact 2 of relay COKC12) to battery 
through the winding of relay SPC (12). Relay 
SPC(12) operates in this circuit and locks over 
its contact 3 to ground on conductor 05. With 
relay SPC (12) operated the circuit of lamp 
OCL (20) is opened, extinguishing that lamp, and 
a circuit is closed, extending as previously traced 
from ground to conductor 504, over contact 2 of 
relay SPC (12), contact O of relay COEK(12), con 
ductor 209 to battery through lamp OCO (20). 

Relay SPC(12) closes the testing circuit for 
the trunk splitting relays of the sender. This 
circuit extends from conductor f4 f5 leading to 
sender 450, contact 2 of relay ME(11), conduc 
tor if 8, contact 4 of relay SPC (12), contact 4 
of relay KWO (12), windings of relays SPKC12) 
and SP (12) to battery. The resistance ground 
initially Supplied by the sender to conductor 45 
operates relay SPK (12) and the associated 
Sender relay indicating that the circuit is Com 
plete, but marginal relay SP (12) does not op 
erate at this time. Relay SPK (12) at its con 
tact f opens the circuit of lamp OSP (20), ex 
tinguishing that lamp. At its contact 2, relay 
SPK(12) connects ground to the winding of relay 
SP (12) and battery, Operating the latter relay. 

Relay SP (12) completes a circuit from battery 
through the winding of relay CLC (12), contact 
2 of relay SP (12), conductor 2fO, contact 8 of 
relay SP2(4) to ground at contact of relay 
SK (4), operating relay CLC(12). 
The sender relay in operating causes the con 

nection of ground to conductors 412 and 46. 
Ground on conductor 42 shunts the winding of 
relay SC(12) which therefore releases. 

Relay SC (12) in releasing closes a circuit from 
battery through the winding of relay SCAC12), 
conductor 2ff, contact 3 of relay SKC5), con 
ductor 20, contact 2 of relay SC (12), conductor 
402, contact 4 of relay TCO(4) to ground on con 
ductor f O. Relay SCA (12) operates and locks 
over its contact 5, conductor 30, contact of 
relay DTC (3) to ground on conductor f02. 
Ground on conductor 4f 6-completes a circuit 
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over contact 5 of relay SK (4), conductor 408, 
to battery through the winding of relay COK (12). 
Relay COK (12) operates in this circuit and locks 
over its contact 5 directly to ground On conductor 
46. At its contact iO relay COK (12) opens the 

circuit of lamp OCO (20) extinguishing that 
lamp. At its contact 5, relay COK(12) connects 
a supplementary ground over conductor 22 to 
the winding of relay TCN (10). At its contact 7, 
relay COK (12) connects ground on conductor 

07 to conductor 23 and thence Over contact 
? of relay SP2(4) to conductor 406 leading to 
the sender to permit class registration to take 
place in the sender. 
The sender and test circuit are now awaiting 

class registration. When relay CLC (12) op 
erates as above described, it extends conductors 
408, f409, 40 and 4 over which class indi 

cations may be received by the sender to equip 
ment in the test circuit for producing such class 
indications. Conductor f408 is extended over 
contact 4 of relay SK (4), conductor 409, contact 
9 of relay SPA(12), contact 3 of relay CLC (12), 
conductor 214, to contact 7 of key 5BD (47). 
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Conductor f409 is extended over contact 3 of 
relay SK (4), conductor 403, contact 6 of relay 
SPA(12), contact 2 of relay CLC (12), conductor 
f2 f5, to contacts 7 of keys WO(46) and NWO(46). 
Conductor 40 is extended over contact of 
relay SK (4), conductor 404, contact of relay 
SP (12), contact 6 of relay CLC (12), conductor 
26 to the armature of relay OF (38) and the 
armature of relay AC (29). Conductor 4 fl is 
extended over contact 2 of relay SK (4), Con 
ductor 405, contact 7 of relay SP (12), contact 9 
of relay CLC (12), conductor f 27 to an armature 
of relay OF (38). 
Since key 5BD(47) has not been operated and 

relay OF (38) is not operated, no circuits are 
closed over conductors 408 and 4ff. With key 
NWO(46) operated as above mentioned, the cir 
cuit over conductor f409 is further extended over 
contact 7 of key NWO(46), conductor 4600, con 
tact 3 of relay LT (25), contact 4 of key ONO (25) 
to ground through resistance AJ (25). Since re 
lay AC (29) has been operated as previously de 
scribed, the circuit over conductor 4 0 is ex 
tended from conductor 26 over contact 9 of 
relay AC (29), conductor 2907, contact of relay 
CSR (25), contact 2 of key ITC25), contact 2 of 
key TC (25) to ground through resistance 
GH(25). 

Relay CLC (12) also closes a circuit from 
ground over contact 3 of relay SP (12), contact 7 
of relay CLC (12), conductor 28 to battery 
through lamp CLC (20). At its contact 4, relay 
CLC (12) connects ground to conductor 29 and 
battery through the winding of relay HGK(14). 
The completion of the class registration cir 

cuits above traced causes class registration to 
take place in the sender, which signals the com 
pletion of this registration by reducing the re 
sistance connected to conductor 45 So that relay 
SP (12) now operates. 

Relay SP (12) opens the circuit of lamp 
CLC (20) extinguishing that lamp as a signal 
that class registration is completed. At its Con 
tact 5, relay SP (12) closes an obvious circuit for 
operating relay SPB (12). In addition, relay 
SP (12) closes a simplex circuit to the winding of 
relay TCK (17) which may be traced from con 
ductors 40 and f4, over contacts f and 2 of 
relay SK (4), conductors 404 and 405, contacts 
2 and 6 of relay SP (12), conductors 220 and 
22, contacts O and 8 of relay SLK(13) conduc 
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tors 300 and 30 through cable 8-2, through 
resistances KC (18) and KB (18) and thence over 
conductor 70 to battery-through the winding of 
relay. TCK (17). 
the sender connectS high resistance ground 
through its SL relay to this simplex circuit but 
does not operate that relay. 
When relay SPB (12) operates as above de 

scribed, it closes a circuit from grounded con 
ductor CT, over contact of relay KWO (12), 
contact 2 of relay SPB (12) to battery through 
the winding of relay SPA(12), operating that re 
lay. In addition, relay SPB (12) closes a circuit 
from ground on conductor f05, over contact 5 
of relay. SPB (12), conductor 222, contact of 
relay SC (12), conductor f 223, contact 4 of relay 
SK (5), contact 2 of relay SGK(5), contact of 
relay. SCB (5), contact 5 of relay SR2 (5) to bat 
tery through the winding of relay SCB (5). Relay 
SCB (5) operates in this circuit and closes a lock 
ing circuit for itself which may be traced from 
battery through its winding over contact 5 of 
relay SR2 (5), contact 2 of relay SCB (5), con 
ductor 40 f, and thence as previously traced to 
ground connected by the sender to conductor 
42, before opening its operating circuit at its 

contact . 
Relay. SPB (12) also closes a circuit from 

ground on conductor f 105, over its contact. 7, 
conductor 224, contact 8 of relay SGK(5) to 
battery through the winding of relay TGC (5). 
Relay TGC (5) operates and locks over its con 
tact 2 to ground on conductor Ol. 
When relay SPA(12) operates as above de 

scribed it connects ground over its contact 2 and 
conductor 225 to battery through lamp SP (20) 
to indicate that the Sender has reduced the re 
Sistance connected to conductor 45 which 
would operate the trunk-splitting relay in con 
nection with a service operation, 
Relay SPA(12) also closes a circuit from 

ground on conductor O2, contact of DTC (3), 
conductor 307, contact 4 of relay SPA(12), con 
ductor 226, to batterythrough the winding of 
relay SP2(4). 
circuit and locks over its contact 9 to ground-on 
conductor iO7. With relay SPA(12) operated, 
conductors 48 and 409 are connected over con 
tacts 4 and 3 of relay SK (4), conductors 409 and 
493, and contacts 8 and 5 of relay SPA(12) to 
conductors 228 and 227 which extend to arma 
tures of relay MTR (37) when they are used for 
checking the multifrequency out-pulsing of the 
sender as will be described hereinafter. 
When relay SCB (5) operates as above de 

scribed, it closes a circuit from ground on con 
ductor , over its contact, to battery through. 
the winding of relay SCD (5). Relay SCD (5) op 
erates in this circuit, and locks over its contact 3 
to ground on conductor fol. 

Relay. TGC (5) in operating, prepares circuits 
for energizing tinning relay SCT(5). At its con 
tact 3 it connects battery to one side of the upper 
winding of relay SCT (5) and at its contact 4 
connects battery to one side of the lower wind 
ing of relay SCT(5). At its contact 5, it connects 
the other side of the lower winding of relay 
SC (5) to conductor 55 and over contact 3 of 
key SGK(6) to ground through resistances. GBC6) 
and GB (6). At its contact. , it connects the 
other side of the upper winding of relay SCT (5) 
Over conductor 506 to ground through condenser 
SCT (5) and resistance G.A. (5). However, direct 
ground is connected to conductor 506 at this time 
over contact 6 of relay SGEK (5), conductor 50 

This circuit determines when 

Relay SP2 (4) operates in this 
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18 
and contact 3 of relay SPB (12). Current flow in 
the lower winding of relay SCT(5) is in a direc 
tion to cause it to close its contact 2, while current 
flow through the upper winding is in a direction 
to cause the closure of contact and the current 
in this winding predominates. 
Relay SP2(4), when operated as above de 

scribed, at its contact I, disconnects ground from 
conductor 4G6 to simulate the operation of a 
trunk-splitting relay and extends that conductor 
over its contact 2 and conductor A G to battery 
through the winding of relay ISG (12) to test for 
the presence of false ground on the conductor. 
At its contact 8, relay SP2(4) opens the circuit of 
relay CLC (12) which releases, in turn releasing 
relay HGK(14). Relay HGK(14) is slow to re 
lease so that, if relay ISG (12) operates to indi 
cate a false ground, ground connected to con 
ductor 4.7 at the front contact of relay HGKC14) 
is extended over contact 3 of relay ISG (12), con 
ductor 229, contact of relay STE(5), conduc 
tor 508 to battery through the lower winding of 
relay BLKO11) which blocks the test as described 
hereinafter. 

Transmitting code designation to sender 
The test circuit is now ready to start to trans 

mit the line designation to the sender. When re 
lay SK (5) operates it extends the tip and ring, 
in-pulsing conductors 403 and 404 in parallel 
to the winding of relay FGKC27), the branch 
from conductor A403 extending over contact 8 of 
relay SK (5), conductor 500 through cable 18-21, 
contact 8 of relay GL(29), conductor 2905 through 
network C(20), contact 2 of key LL(20), network 
AC(2), contact 5 of key LL(20), contacts 7 and 5 
of key TWT(20), upper right winding of repeat 
ing coil AC (20), conductor 2001 to batterythrough 
the winding of relay FGKC27), while the branch 
from conductor 604 extends over contact 9 of 
relay SK(5), conductor. 50?, contact 8 of key 
SGK(6), conductor 60f through cable 8-21, con 
tact 3 of relay IDWO (26), conductor 2602, contact 
9 of relay GL(29), conductor 2906, through net 
work C(20), contact 7 of key LL(20), network 
AC(20), contact 4 of key LL(20), contacts 2 and 
4 of key TWT(20), lower right winding of repeat 
ing coil AC(20) to conductor 2001 and battery. 
through the winding of relay FGK(27). Until 
the sender is ready to receive pulses, it connects 
ground to conductors 483 and 404, holding re 
lay FGFK(27) operated. When relay SP2(4) oper 
ates to remove ground from conductor f406, the 
sender removes ground from conductors 403 and 
f404 permitting relay FGK(27) to release. 
While relay FGK(27) is operated, a circuit is 

closed from battery through the winding of relay 
KPC(19), conductor f$00, contact 4 of relay 
FGK(27), conductor 270 , to ground over contact 

of relay AC(29). Relay KPC(19) operates in 
this circuit and locks over its contact 2 and con 
ductor 90 to ground at contact 5 of relay 
AC(29). With relays PCT(27) and FGK(27) 
operated, lamp FGK(27) is lighted in a circuit 
over contact 2 of relay FGK(27) and contact 
of relay PCT(27). When relay. FGK(27) re 
leases, the previously traced circuit for lamp. 
FGK(27) is reclosed. - - - - 

When relay ACU (22) has been operated and 
Switch MFP (21) advanced to position 2 as previ 
ously described, a circuit is closed from battery 
through the winding of relay KP(19), conductor 
1902, contact 3 of relay ACU (22), conductor 220?, 
brush MFP3 (21) in postion 2, conductor 20, 
contact 2 of relay PSF(28), conductor 2800, con 
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tact of relay MFG (29), conductor 298 - to 
ground at contact 2 of relay KP5 (28). Relay 
KP (19) operates in this circuit and closes a cir 
cuit from ground over its contact 4, conductor 
903, to battery through lamp KP (21) and over 
contact 3 of relay PP (22), conductor 2202, con 
tact 2 of relay PC3A (27) to battery through the 
winding of relay PC3 (27). 

Relay PC3 (27) operates in this circuit and 
closes a locking circuit for itself from battery 
through its Winding and the Winding of relay 
PC3A(27), contact 2 of relay PC3 (27), conductor 
2703 to ground at contact 4 of relay AC (29). Re 
lay PC3A (27) does not operate, being shunted by 
the operating circuit of relay PC3 (27). 
The pulse generating circuits include relays 

KP (28), KP2(28), KP3 (28) and KP4 (28). 
With the test circuit normal, a charging circuit 
exists for condenser PLC (20) which may be traced 
from ground through condenser PLC (20), contact 
3 of relay SKP (20), conductor 2002, lower winding 
of relay KP (28), contact 5 of key SKPA(28) 
to battery through resistance BQ (28) in which 
condenser PLC (20) is fully charged. With relays 
AC(29) and PC2(27) operated as above described, 
the upper Winding of relay KP (28) is included in 
a circuit from battery through resistance BQ (28), 
contact 5 of key SKPA(28), upper winding of 
relay KPI (28), contact 4 of relay PR (28), wind 
ing of relay KP4 (28), winding of relay KP3 (28), 
winding of relay KP2 (28), contact 3 of relay 
PRC28), conductor 280, resistances ANC27) 
and AT(27), contact 3 of relay PC (27) to 
the mid-point of a voltage divider circuit 
which extends from battery through resistance 
BR(27), contact 3 of relayPC2 (27), resistance 
AU (27), contact 5 of relay PC (27), resistance 
AP(27), conductor 2702 to ground at contact 
2 of relay AC (29). 
Relay KP (28) is energized in this circuit in 

a direction to close its contact 2, while relays 
KP2 (28), KEP3 (28) and KP4 (28) close their con 
tacts 2. Ground is Supplied to the armature of 
relay KP (28) from contact 2 of relay AC (29), 
conductor 2702, contact of relay KS (20) and 
conductor 2802. Therefore, as Soon as relay 
KP (28) closes its contact 2, ground is connected 
in shunt of battery through resistance BQ (28) 
and the direction of energization of the upper 
winding of relay KP (28) and of relays KP2 (28), 
KP3 (28) and KP4 (28) is reversed. However, the 
lower winding of relay KP (28) is energized by 
the discharge of condenser PLC (28) holding con 
tact 2 closed for a measured interval, after which 
relay KP (28) opens its contact 2 and restores 
the direction of energization of the upper wind 
ing and of the auxiliary relayS. Condenser 
PLC (20) charges through the lower winding to 
hold contact 2 open for a measured interval. Re 
lay KP (28) closes and opens its contact 2 in 
this manner for a number of cycles before trans 
mission to the Sender is started. 
With switch MFP (21) in positions 1 to 5, 

ground is connected from brush MFP4 (21) and 
its terminals f to 5, conductor 202, contact 5 of 
relay GL(29), conductor 2909, to battery through 
the winding of relay CDY(22) operating the 
latter relay. 
When relay FGK(27) releases as above de 

scribed, it closes a circuit from ground over con 
tact 2 of relay KP5 (28), conductor 2908, contact 

of relay MFG (29), conductor 2800, contact 2 
of relay PSF (28), conductor 2 of, brush 
MFP3 (21) in position 2, conductor 220, contact 
3 of relay ACU (22), conductor 902, contact 3 
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20 
of relay KP(19); conductor 904, contact 5 of 
relay CDY(22), conductor 2203, contact 6 of re 
lay MPS (29), contact 6 of relay GL(29), con 
ductor 290, contact 7 of relay SPA(12), contact 
2 of relay SCA(12), conductor 230, contact 7 of 
relay AC (29), conductor 29, contact 3 of relay 
FGFX(27), contact 4 of relay PC3A (27), contact 
of relay PC3 (27), conductor 2704, contact 4 of 

relay KS (20), conductor 2003, winding of relay 
PLC (28) to battery through resistance BU (28). 
In Order to insure that the first pulse sent out 
Will be of full length, a circuit is closed in shunt 
of the winding of relay PLC (28) if relay KP4 (28) 
has its contact f closed, which circuit may be 
traced from ground over contact of jack 
KP4 (28), contact of relay KP4 (28), conductor 
2803, contact of relay PC2 (27), conductor 2705, 
contact f of relay PLC (28) to resistance BU(28). 
If contact of relay KP4 (28) is open or as soon 
as it does open, relay PLC (28) operates, opening 
this shunt and transferring the circuit controlled 
by relay KPA (28) over its contact 2 to the wind 
ing of relay PCA (28), so that at the next closure 
of contact of relay KP4 (28) relay PCA (28) op 
erates, locking over its contact 2 to ground at 
contact 3 of relay PLC (28). 
With relay PCA(28) operated the preliminary 

Or key pulse signal is transmitted to the Sender. 
The multifrequency current supply indicated at 
the upper left corner of Fig. 19 Supplies current 
of six frequencies to conductors f 90, 9, 92, 
f 94, 97 and 920 and ground to conductor 
92. Following is a table showing the frequencies 

Supplied to these conductors and the combina 
tions of these frequencies used to transmit in 
formation to the Sender. 

Signal or Digit Transmitted Coligors Frequences 

Cycles 
1914, 1917 1300,1500 
1910, 1911 700, 900 
1910, 1912 700, 1100 
1911, 1912 900, 1100 
1910, 1914 700, 1300 
1911, 1914 900, 1300 
1912, 1914 100, 1300 
1910, 1917 700, 1500 
1911, 1917 900, 1500 
1912, 1917 1100,1500 
1912, 1920 1100, 1700 
1917, 1920 1500, 1700 

It will be remembered that the in-pulsing con 
ductors 403 and 404 of the sender were ex 
tended through the right windings of repeating 
coil AC (20) to the winding of relay FGK(27). 
With relays KP(19) and PCA(28) operated, as 
soon as relays KP2 (28), KP3 (28) and KP4 (28) 
close their contacts 2, a circuit is closed from 
conductor 92, contact of relay KP(19), con 
ductor 1905, contact 4 of relay PCA(28), contact 
2 of jack KP2 (28), contact f of jack KP2 (28), 
conductor 2804, to the left windings of repeating 
coil AC (20) and from conductor 920, contact 
2 of relay KP(19), conductor 906, contact 3 of 
relay PCA (28), contact 2 of jack KP3 (28), con 
tact 2 of relay KP3 (28), contact of jack 
KP3 (28), conductor 2004, to the left windings of 
repeating coil AC (20). Current of frequencies 
1100 cycles and 1700 cycles is therefore trans 
mitted through the repeating coil to the sender. 
In addition, relay KP4 (28) closes a circuit from 

ground over contact of jack KP4 (28), contact 
2 of relay KP4 (28), contact 2 of jack KP4 (28), 
contact of relay PCA (28) to battery through the 
winding of relay KP5 (28). Relay KP5 (28) at 
its contact 2 opens the operating circuit of relay 
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KP(19) and at contact 4 connects ground Over 
contact 4 of relay PLC (28) to conductor 904 to 
lock relays KP (19) and PLC (28). Relay KP5 (28) 
is a mercury contact relay giving an instantane 
ous overlap between contacts 2 and 4 So that re 
lays KP (19) and PLC (28) are held operated. 
Relay KP5 (28), also closes a circuit from ground 
over its contact, 3, conductor 2395, contact 5 of 
relay. KP(19), conductor 93, contact of relay 
MPS (29) to conductor 292 and thence to battery 
through the lower winding of relay MFG (29) 
and to battery through the Widing of nagnet 
MFP (21). Magnet MFP (21) and relay AiFG (29) 
operate in this circuit. 
When relays KP3 (28) and EP2 (28) open their 

contacts 2, they terminate the key pulse signal, 
and When relay KP (28) opens its contact 2, it 
opens the circuit of relay KP5 (28) and the latter 
relay releases, in turn releasing relay KP (19), 
relay PLC (28), relay PCA (28), relay MFG (29) 
and magnet, MFP (21) advancing Switch MFP (21) 
to position 3. Relay KP (19) caniot remain op 
erated since its operating circuit is opened, first 
at contact of relay AIFG (29) and then by the 
advance of switch MFP (21). Relay KP(19) in 
releasing, extinguishes lamp KP (21) and OpenS 
the operating circuit of relay C3 (27), permit 
ting relay PC3A(27) to operate in the previously 
traced locking circuit of irelay C3 (27). 

Relay PC3A (27) in operating releases relay 
PC (27) and extinguishes lamp FGK(27). Relay 
PC (27) in turn releases relay PR, (28) and relay 
PCT (27). With relay PC (27) released, the re 
sistances included in the Voltage divider are re 
arranged to change the tinning of the pulses gen 
erated by relay KP (28). Relay PR (28) reverses 
the connection of relays KP2 (28), KP3 (28) and 
KPA (28) in the circuit of the upper winding of 
relay KP (28) to provide the desired timing of 
the subsequent pulses. Relay PCT(27) when re 
leased closes a link in a new operating circuit 
for relay PLC (28) but is made slow to release to 
permit the operation of the pulsing relays to 
become. Stabilized under the new conditions be 
fore the next pulse is transmitted. 
With Switch MFP (21) in position 3 and relays 

KP5 (28) and MFG (29) released, a circuit is 
closed for operating one of the relays MF (19) 
to MF9 (27) to control the pulse representing the 
first digit of the area, code under the control of 
the area, code key set ACA (7). This circuit may 
be traced from ground at contact 2 of relay 
KP5 (28), conductor 293, contact of relay 
MFG (29), conductor 28, contact, 2 of relay 
PSF (28), conductor 2 ( , brush INIFP3 (2) in po 
Sition 3, conductor 293, contact 3 of relay Gi (29), 
conductor 3 through cable 2-3, contact 2 
of key (), conductor 383 through cable 9-3 , 
contact 8 of relay KFC (19), conductor 97, to 
battery through the winding of relay. MF3 (27), 
operating the latter relay. Relay MF (27) closes 
a circuit from ground over its contact 5, con 
ductor 2706, brush MFP6(2) in position 3, con 
ductor 229 to battery through lamp ACA(21). 
When relay PCT(27) completely releases, the 

circuit of relay PLC (28) is closed, extending as 
previously traced to conductor 2703 and thence 
over contact. of relay PC3 (27), contact 3 of 
relay PC3A (27), contact 2 of relay PCT(27), con 
ductor 27, contact 3 of relay CDY (22), con 
ductor 224 to ground ai, contact of relay 
MFS (29). As previously inentioned, relay 
PLC (28), does not operate until pulsing relay 
KP (28), opens, its contact . At the next clo 
sure of contact of relay KP5 (23), relay PCA (28) 
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operates and locks under the control of relay 
PLC (28) and when relays KP2 (28) and KP3 (28) : 
close their contacts 2, with relays MF(27) and 
PCA (28) operated, a pulse made up of 700-cycle's 
and 1300-cycle current is connected. Over . Con 
ductors (9G and 94, contacts f and 2 of relay. 
MFA (27), conductors 95 and 96, contacts 4 
and 3 of relay PCA (28), contacts 2 of jacks. 
KP2 (28) and KP3 (28), contacts 2 of relays 
KP2 (28) and KP3 (28), contacts of jacks 
KP2 (28) and KP3 (28), conductors 294 and 2004 
to the left Windings of repeating Coil. AC (20). 
With contact 2 of relay KP4 (28) closed, relay 

KP5 (28) operates, locking relays MFA (27) and 
PLC (28) and operating relay MFG (29) and mag. 
net MFP (21). When relays KP3 (28) and 
KP2 (28) open their contacts 2, the first code. 
impulse is terminated and when relay KP4 (28) 
opens its contact 2 it releases relay KP5 (28). in 
turn releasing relays MF3 (27), PLC (28), PCA.(28) 
and MFG (29) and magnet WiF (21) advancing: 
switch MFP (21) to position 4. 

In a Similar nanner relays MF (19) and 
MF3 (27) are Operated under the control of area 
code keys 6 and 500, the corresponding multi 
frequency pulses are transmitted and Switch 
MFP (21) is advanced to positions 5 and 6. When, 
in testing a Sender of the present type, an area. 
code is set up on the key-set and relay ACC(16) 
is operated, a circuit is closed from ground at . 
contact 5 of relay ON (30), conductor. 3000 : 
through cables 30-32 and 8-24, contact 3 of relay 
ACC (16), conductor 605 through cables. S-25 
and 30-32, winding of relay DE8(47) to battery. 
Relay D3 (47) operates in this circuit. This 
circuit is shown with optional wiring since it is 
not required by certain other types of sender. 
In position 6, with relay D08 (47) operated, a 

circuit is closed from ground over brush 
MFP4 (21), conductor 264 through cables 2-33. 
and 33-47, contact 3 of key 2DTX(47), contact 
3 of relay D8(47), conductor 4700, through cable 
25-35, contact of key TRL(25), conductor 250, 
through cable 25-45, contact 5 of key UXD (55), 
conductor 553, to battery through the winding: 
of relay MKS (47). 

Relay MKS (47) operates in this circuit, locks 
over its contact 4 and conductor to ground at . 
Contact of relay MCK (47), and starts the 
marker engaged and marker check test. As soon 
as this type of Sender has received three digits, 
it calls in a marker and transmits these code dig 
its to the marker along with the trunk class in 
formation. In doing so, transmitting circuits 
Connecting the Sender and marker are at first 
all connected to ground either by the registration. 
Set up in the Sender or by checking ground sup 
plied by the marker. Conductors 4500 to 4504 and 
40 to 48 are connected to all marker circuits 
of the type used with the present type of sender. 
When the Sender has been connected to the 
marker, ground is connected to either conductor 
450 or conductor 4502 and to conductors 4500, 
4503, A583, 470 , 4792 and 4704 operating relays 
VO(46) or NV6 (46), TR2 (45), LIr(45), TX(46), 
IOC (47), 5BD (47) and PFC47) as well as to - 
checking conductors 75, 4706 and 477. Ground 
On conductor 40 lights lamp ME(35). Ground 
On conductor 4706 operates relay CK (35) and 
ground on conductor 4705 operates relay CK2(35). 
Relay CK (35) locks over its contact 3 and con 
tact 5 of relay CK3(35) to ground on conductor 
409. Relay CK2(35) locks over its contact. 3. . 
and contact 2, of relay CK3(35) to ground on: 
Conductor 49, 
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With relays CK (35) and CK2(35) operated, 
a circuit is closed from battery through the Wind 
ing of relay SRMC35), contact 4 of relay CK? (35), 
contact 4 of relay CK2(35), conductor 3500 to 
ground at contact 4 of relay MCK(47). Re 
lay SRMC35) operates in this circuit and locks 
Over its contact 3 and contacts 5 of relayS 
CK (35) and CK2(35) in parallel to ground on 
conductor 3500. 
As soon as relay MCK (47) operated, a circuit 

was closed from ground at contact 2 of relay 
MCKC47), conductor 47 0, contact 5 of relay 
LBE (47), conductor 47 t , contacts of relays 
CK (35) and CK2 (35) to battery through the 
winding of relay TBK (35) operating the latter 
relay. When relays CK? (35) and CK2(35) op 
erate as above described, they open the circuit 
of relay TBK(35), but that relay is slow to re 
lease and maintains its contact 2 closed for an 
interval. As Soon as relay SRM (35) operates, 
it closes a circuit from ground over its contact 4, 
conductor 350, contact f of key CD (26), con 
ductor 2603, contact 2 of relay TBKC35), conduc 
tor 3502, through cable -35 to battery through 
the winding of relay ME(11). With relay 
ME(11) operated, a circuit is closed to check 
that the registration transfer circuits are intact 
as indicated by the operation of relays TR2 (45), 
etc., which may be traced from ground on Con 
ductor 350, contact 4 of relay PF(47), contact : 
6 of relay 5BD(47), contact 6 of relay LOC (47), 
conductor 472, contact 6 of relay TX(46), con 
tact 6 of relay LIT (46), contact 6 of either re 
lay WO(46) or relay NWO(46), conductor 4.6G, 
contact 5 of relay TR2 (45), conductor 4505 
through cable f -35, contact f of relay ME(11), 
conductor 9 through cable -35 to battery 
through the winding of relay CK3(35). 

Relay CK3(35) operates and locks over its con 
tact , conductor 3507, contact 4 of relay PS (26), 
conductor. 2604, contact 6 of relay MCA (35) to 
ground supplied to checking conductor 4707 by 
the marker connector. At its contact 3, relay 
CK3(35) opens the locking circuit of relay 
CK2(35) and at its contact 5 opens the locking 
circuit of relay CK (35). In addition, relay 
CK3(35) closes a circuit from battery through 
the winding of relay MC (35), contact 4 of relay 
MCA (35), contact 6 of relay CK3(35), conduc 
tor 4709 to ground at contact of relay MCK (47). : 
Relay MC (35) closes a locking circuit for itself 
from battery through its winding, winding of 
relay MCA(35), contact 4 of relay MC (35) to 
ground on conductor 4709. Relay MCA (35) does 
not operate in this locking circuit, being shunted 
by the operating circuit for relay MC (35). 

If all of the registration circuits above men 
tioned are also complete in the marker, the 
marker responds by disconnecting ground from 
conductors 4705 and 4706 so that, with relay 
CK3(35) operated, relays CK? (35) and CK2(35) 
release. 
When relay TBKC35) releases after an inter 

val, if relays CK (35) and CK3 (35) have not re 
leased, a circuit is closed from ground at con 
tact 4 of relay MCKC47), conductor 3500, over 
contact 5 of either relay CK2(35) or CK (35) 
or both, contact of relay TBK (35), conductor 
3503 to battery through the winding of relay 
LBE (47) to block the test. 
Assuming that relays CK (35) and CK2(35) 

release as they should, they open the Operating 
and locking circuits for relay SRMC35) which re 
leases slowly to allow time for sender release in 
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case of trouble or for out-trunk class registra 
tion to take place. 
When relay ME(11) operates as above de 

scribed, it transfers the circuit of relays SP (12) 
and SPK (12) from conductor 45 leading to the 
Sender to ground through resistance GC (11). 
This opens the circuit of the splitting relay of 
the sender but that relay should be held operated 
under the control of the marker. If the split 
ting relay is not held operated the sender releases 
and blocks the Operation of the test circuit. 
ASSuming that the sender is held, the release 

of relay SRMC35) closes a circuit from ground at 
contact of relay MCK (47), conductor 4709, con 
tact 3 of relay CK3(35), contact f of relay 
SRMC35), contact 2 of relay CK? (35), contact 2 
of relay CK2 (35), conductor 3504 to battery 

Relay 
LU(45) in operating supplies locking ground for 
the registration relays of Figs. 45, 46 and 47. 
When the marker removed ground from con 
ductors 4706 and 4705 it also removed ground 
from conductors 4500 to 4504 and 470 to 4703, 
but under the assumed conditions, the sender 
maintains ground on conductor 4502. Therefore, 
relay NWO(46) is held operated, while the re 
maining relays TR2 (45), etc., release. Relay) 
NWO(46) locks in a circuit from battery through 
its upper winding, over its contact 3 and conduc 
tor 4602 to ground at contact 8 of relayLU (45). 
Conductor 4704 should be grounded if the 

Sender under test is located on an even-numbered 
frame and should not be grounded if the sender 
under test is on an odd-numbered frame. Since 
the testing circuit is testing a sender on the first 
or No. 0 frame, conductor 4704 should be ground 
ed, relay PFG47) operated and locked over its 
contact 3 and conductor 47 f3 to ground at con 
tact 6 of relay LUC45). 
Relay LUC45) closes two circuits for checking 

that the relays locked operated correspond to the 
conditions set up on the keys. One of these cir 
cuits operates relay LBE (47) in the case of a mis 
match. For example, suppose relay VO(46) is 

A cir 
cuit would be closed from ground on conductor 
4709, over contact f l of relay LUC45), conductor 
4506, contact 4 of relay W0 (46), contact 5 of key 
WO(46), conductor 4603, contact 3 of relay 
MKS (47) to battery through the lower winding 
of relay LBE (47). Similarly, if relay NVO(46) 
had failed to lock up, with key NWO(46) operated, 
as has been assumed, ground connected to con 
ductor 4506 as above traced would extend over 
contact 5 of relay NWO (16) and contact 6 of key 
NWO(46) to conductor 4603 to operate relay 
LBE (47). 
ASSuming that the operation of the registra 

tion relays has been correct, the second check 
ing circuit closed by relay LU (45) may be traced 
from ground on conductor 47 09, contact 2 of 
relay LU (45), conductor 4507, contact 5 of relay 
MKS (47), conductor 474 through cable f-47, 
brush SS4(1) in position 1, conductor 07 through 
cable f-47, contact 2 of relay PFC47), contact 
of relay R0 (47), contact of relay STIP(47), 
contact of relay 5BD(47), contact 2 of key 
5BD(47), contact of relay LOC (47), contact 2 
of key LOC (47), conductor 47 f, contact of relay 
TX(46), contact 2 of key TX(46), contact of 
relay LIT (46), contact 2 of key LIT (46), con 
tact 2 of relay NWO(46), contact 3 of key NWO(46), 
contact of relay W0 (46), contact 2 of key WO(46), 
conductor 4604, contact of relay TR2 (45), con 
tact f of key TR2 (45), conductor 4508 through 
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... cable 25-45, contact 4 of key TRL (25), con 
ductor 2502 to battery through the winding of 
relay MKC (17). 

It may be noted, in tracing this circuit, that 
in the case of a mismatch, the lamp correspond 
ing to the registration failure is lighted. For ex 
ample, if relay NWO(46) had failed to lock, this 
circuit Would extend as above traced to the upper 
armature of relay NWO (46) and Over contact 
of that relay and contact f of the operated key 
NWO(46) to battery through lamp NWO (46). 

Test of trunk closure delay timing 
With relay MKC (17) operated a test is made 

of the trunk closure delay timing of the Sender. 
The duration of the trunk closure delay is deter 
mined by class information transmitted from the 
marker to the sender. The timing operation in 
the sender is initiated by closing a circuit from 
ground over contact 3 of relay TDS (17), contact 
2 of relay MKC (17) to conductor 705 leading to 
the marker and thence to the Sender to simulate 
the trunk selected signal normally transmitted by 
the marker. A branch of this circuit extends to 
battery through the winding of relay LMKC17) 
which operates and locks over its contact 2, con 
ductor 706 through cable 8-2, contact of 
relay SLK(3), to ground on conductor if 05. 
Relay MKC (17) also closes a circuit from 

ground on conductor if 08, contact 3 of relay 
MKC (17), to conductor 707 leading to the 
marker and thence to the sender to simulate the 
release signal which the marker normally trans 
mits to the sender when it is ready to be released. 
The sender releases the marker in response to 
this latter signal, causing the removal of ground 
from conductor 4707, releasing relay CK3 (35) 
which opens the operating circuit of relay 
MC (35), permitting relay MCA(35) to operate. 
When the marker is released, relay ME(11) re 
leases restoring the connection of relays SP (12) 
and SPKC12) to conductor 45. 

Relay LMK(17) initiates the timing operation 
in the test circuit by disconnecting ground from 
condenser TDT (17) and resistance AB (17). Con- ; 
denser TDT (17) now charges in the circuit pre 
viously traced through the lower winding of relay 
TDT (17) continuing the energization of that 
winding, in a direction to hold contact closed, 
for a measured interval. With switch TCD (17) in 
position 1 to which it was advanced as previously 
described, the armature of relay TDT (17) is con 
nected over brush TCD2 (17) in position 1, Con 

... tact 5 of relay IDF2 (17), contact 5 of relay 
DF (17), contact 6 of relay TDK (17), conductor 
792 to ground at contact 6 of relay. SIK (11). 

When the charging current dies down, the cur 
rent in the upper winding of relay TDT (17) 
causes the closure of contact 2, connecting ground 
in shunt of battery through resistance BR (17), 3: 
reversing the direction of energization of relay 
TDT (17) and closing a circuit for discharging 
condenser TDT (17). The discharge current ein 
ergizes the lower winding of relay TDT (17) in 
a direction to hold contact 2 closed. When this 
current dies down the current in the upper Wind 
ing causes the opening of contact 2 and the 
closure of contact , whereupon the operations 
are repeated. Relay TDA (17) whose winding is 
included in the circuit of the upper Winding of re 
lay TDT (17) is polarized to close its contact 2 at 
the same time that relay TDT (17) closes its con 
tact 2. At each closure of contact 2 of relay 
TDT (17) a circuit is closed from ground over that 
contact, contact of relay TDS (17) to battery 
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ating that magnet and at each opening of that 
contact magnet STEP (17) releases to advance 
Switch TCD (17) one step. - 

Until the Sender has completed trunk closure 
delay timing it connects battery to conductors 
6:6 and 4 , and to the circuit previously traced 

for relay TCK(17). At the end of timing, the 
Sender connects ground to this circuit, operatin 
relay TCK (17). - 

Switch. TCD (17) in combination with keys 
TD (25), 3TD (25), 5TD (25) and TTD (25), sets up 
checking circuits which check that the delay 
measured by the sender is right, within certain 
limits. When relay TCK(17) operates to mark 
the end of the delay, a circuit is closed from 
ground over contact 2 of relay TCK(17), con 
ductor 703, contact of relay PRS (43), con 
ductor 4300, contact 2 of-relay UXD (44), conduc 
tor 440, contact 2 of key XDD (43), conductor 
301 to key -0TD(25) and thence to one of the 
bruSnes TCD3 (17) to . TCD6 (17) of switch 
TCD (17) in accordance with the key operated. 
Since it has been assumed that key 5TD (25) is 
operated the circuit closed by relay TCK(17) 
extends over contact 2 of key (TD (25), contact 
2 of key 3TD (25), contact 2 of key 5TD (25), con 
ductor 2503 to brush TCD5 (17). The terminals 
of brush. TCD5 (17) in positions 2 to 6 are con 
nected to the winding of relay. IDF (17), that in 
position 8 is connected to contact 2 and the wind 
ing of relay TDK (17) and those in positions 9 to 
12 are connected to the winding of relay DF2 (17). 
Therefore, if relay TCK (17) is operated too 

Soon, relay DF? (17) will be operated, if operated 
at the proper time, relay TDK (17) is operated 
and if operated too late, relay DF2 (17) will oper 
ate. The operation of any one of these relays or 
the advance of switch TCD (17) to position 12 
disconnects ground from the armature of relay 
TDT (17) and stops the timing. 

If either relay DFI (17) or relay DF2 (17) is 
operated to indicate an incorrect timing opera 
tion, the operated relay locks to conductor. 704, 
lights the corresponding lamp, and connects con 
ductor 704 to conductor 3G to close a circuit 
for Operating relay BLKO11) to block the test. 
Assuming that the Sender operates correctly 

and that, therefore, relay TK(17) operates, that 
relay locks. Over its contact 3 to conductor 704 
and opens the circuit of relay DF2 (17). Relay 
TDK(1) also closes a circuit from ground sup 
plied to conductor 254 by the multifrequency 
receiving circuit, contact 3 of key. MFR, (25), con 
ductor 2595, contact 4 of relay TDK(17), con 
tact 3 of relay DFA (17), contact 3 of relay 
DF2 (17), conductor f798, contact 3 of key 
MAN (25), contact 6 of key MFR, (25), conductor 
256, to Fig. 37 where it is used during the check 
ing of the pulses sent out by the sender. - 
Relay TDK (17) - also closes a circuit from 

ground on conductor 72 over its contact 5, con 
ductor 79, contact 2 of relay MC (35), conduc 
tor 3505, contact. 2 of relay D3 (47), conductor 
2:2 through cables 33-6 and 22-33 and thence 
as previously traced to the winding of relay 
CDY (22), operating the latter relay. 
With relay CDY (22) operated, the operation of 

the pulsing circuit for transmitting the office code 
digits is similar to that for transmitting the area 
code digits, relays MIF6 (27), MF5(27) and 
MF2(19) being operated under the control of the 
office code keys 50i, 582 and 563, and switch 
MPF (21) being advanced to positions 7, 8 and 9 
in the manner previously described. 
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The remaining digits are transmitted to the 
sender in the manner previously described, 
switch MFP (21) advancing through positions 9 
to 12 during the transmission of the thousands, 
hundreds, tens and units numerical digits. 
Lamps OCA(21) to U (21) are lighted over brush 
MFP6 (21) in the corresponding positions. When 
switch MFP (21) advances to position 13, corre 
sponding to the stations digit, since no key has 
been operated in the key-set STA(23), a circuit 
is closed from ground at contact 6 of relay 
MFS (29), conductor 290, brush MFP2 (21) in 
position 13, conductor 330 through cable 2-3, 
contact 3 of relay U(24), contact of relay 
STA(24), conductor 2403 through cables 8-24 
and 30-32, contact 2 of relay. MFA(26), conductor 
2605 through cable 8-22, contact 4 of relay 
MPS (29), conductor 294, contact 3 of relay 
MFA(26), contact of key W0 (26), contact 7 
of key PS (26), contact 7 of relay MFA(26), con 
ductor 2606, contact 3 of key CST (29), conductor 
295 to battery through the winding of relay 
STC (19). Relay STC (19) connects the start 
combination of frequencies to the pulsing circuit 
and lights lamp ST(21). With relay STC (19) 
operated, the operation of relay KP5 (28) op 
erates magnet MFP (21) to advance switch 
MFP (21) and relay MFG (29) as previously de 
scribed. When relay MFG (29) operates a circuit 
is closed from battery through the winding of 
relay EMF(29), conductor 296, contact 4 of relay 
STC (19), conductor 922 to ground at contact 
4 of relay MFG (29). Relay EMF(29) operates 
in this circuit and locks over its contact 3 to 
ground on conductor 90. It may be noted 
that, if a. stations digit is set up and sent out so 
that Switch MFP (21) advances to position 14, 
no start signal is sent out and relay EMF(29) is 
operated over brush MFP (21) in that position. 
When relay KP5 (28) releases, relay STC (19) 

also releases and a circuit is closed from ground 
on conductor 90, contact 3 of relay EMF (29), 
conductor 296, contact 3 of relay STC (19), 
conductor 923, contact 2 of relay EMF(29), 
conductor 297 through resistance AW (20) to 
condenser PLC (20) in shunt of the lower wind 
ing of relay KP (29) to stop the pulsing opera 
tion. At its contact 4, relay EMF(29) extends 
its locking ground over contact 4 of key CST (29), 
conductor 298, contact 4 of key TO (26), con 
ductor 2607 to battery through the winding of 
relay RLKC11). Relay RLK(11) operates to in 
dicate that the in-pulsing to the sender has been 
completed and locks over its contact 2 to ground 
on conductor f06. 
The connection of ground to conductor 709 

by relay TDK (17) also completes a circuit over 
contact 5 and through the winding of relay 
SLK(13) to battery. Relay SLK (13) locks over 
its contact 6 to grounded conductor 05 and 
initiates the test of the SL relay of the Sender. 
When the sender is set to send out multifrequency 
pulses, the high resistance winding of relay SL 
is connected to conductors 40 and 4 to test 
when the distant trunk is ready for pulsing, im- 6 
mediately after the end of the trunk closure delay 
timing. 

Relay SLKC13) at its contact opens the lock 
ing circuit for relay LMK(17) and that relay 
releases, Connecting ground on conductor 79 
Over its contact to resistance AB (17) and con 
denser TDT (17) to cause the relay TDT (17) to 
hold its ineffective contact closed. At its con 
tacts O and 8, relay SLK (13) disconnects con 
ductors 40 and 4 from relay TCK (17) and 
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at contacts 9 and 7 connects them to the windings 
of relays KT (13) and KR (13). 

If the sender has failed to operate relay 
ISG (12) as previously described, the operation 
of relay SLK (13) closes a circuit from ground 
over its contact 4, conductor 302, contact of 
relay ISG (12) to battery through lamp HG (12) 
and a circuit from grounded conductor 0 over 
contact 4 of key SGK(6), conductor 602, con 
tact of relay SLK (13), conductor f303, con 
tact f of relay SCD (5), conductor 509, contact 
4 of relay ISG (12), conductor 229, contact 
of relay STE (5), to conductor 508 to operate 
1'elay BLKO11) and block the test. 
When relay MC (35) operated as previously 

described, a circuit was closed from ground, con 
tact 5 of relay MC (35), conductor 3506 through 
cable 9-34, contact of relay MAN (11), con 
ductor 20, contact 9 of key MFR (25), con 
ductor 2507 through cable 8-2, contact 4 of 
relay MFT(13) to battery through the winding 
of relay HPTC13). With relay HPT (13) op 
erated, the windings of relays KT (13) and 
KR (13) are connected over conductor 304, con 
tact 4 of relay HPT (13), conductor 3, contact 
5 of relay KIR, (13) and conductor 306 to bat 
tery through resistance BD (6). 
The connection of conductors 40 and 4 to 

battery through the windings of relays KTC13) 
and KR (13) causes the SL, relay of the Sender to 
Operate but does not operate relays KT(13) and 
KR (13) in Series with the high resistance wind 
ing of the SL, relay. As a result of the operation 
of the SL relay of the sender, ground through the 
low resistance winding of the SL relay is con 
nected in parallel with the high resistance wind 
ing, operating relays KT (13) and KRC13). With 
relays KT (13) and KR (13) operated a circuit 
is closed from ground on conductor f09, contact 

of relay BLK (11), conductor 2903 through 
cable 9-34, contact of relay TCD (43), con 
ductor 4302 through cable 9-34, contact of relay 
KT (13), contact of relay KR(13), conductor 
307, contact of relay ROL (6), conductor 603, 

contact 5 of key GTO (14), conductor 48 to 
battery through the Winding of relay KTR (13). 

Relay KTR(13) operates in this circuit and 
locks over its contact 6 to ground on conductor 

05. At its contact f it closes an obvious circuit 
for operating relay MFT(13). At its contact 
5, it disconnects the windings of relay KT (13) 
and KR (13) from battery through resistance 
BD (6) and connects them over its contact 4, 
high resistance OFH(13), contact 3 of relay 
HPT (13), contact 5 of relay MFT(13), conductor 
2507 through cable 8-2, contact 9 of key 
MFR, (25), conductor 20, contact of relay 
MAN (11), conductor 3506 through cable 9-34 
to ground at contact 5 of relay MC (35). 
Between the opening of contact 5 of relay 

KTR (13) and the closure of contact 5 of relay 
MFT(3) there is a slight Opening in the circuit 
of the SL relay of the sender, which should be 
covered in the sender. The closure of ground 
to the circuit of the sender SL relay is a "stop' 
signal and no pulses should be sent out. If the 
opening of the circuit is not covered, the sender 
would start to pulse-out prematurely. 
Relay MFT (13) closes a circuit from ground 

On conductor 05, contact 4 of relay IBA(13), 
contact of relay MFT (13), conductor 308, 
contact 9 of relay MFR(37) to battery through 
the winding of relay PKL (37) in anticipation of 
the check of the first digit to be out-pulsed. At 
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its contact. 4, relay MFT (13) opens the circuit 
of-relay HFT (13) which releases slowly. 

Relay PKL (37) when operated, closes a circuit 
from ground over contact of relay. MFR(37), 
contact 4 of relay PKL (37) conductor 382, con 
tact 3 of relay LBID(36) to battery through the 
winding of relay CF (36). Relay CF (36) operates 
and completes the establishment of the out 
pulsing circuit from the sender to the multifre 
quency pulsing receiving circuit. This circuit 
may be traced from the sender over conductors 
40 and 4, contacts and 2 of relay SKi (4), 
conductors 44 and 405, contacts 2 and S of relay 
SP (12), conductors 229 and 22, contacts 9 
and 2 of relay MTR (37), conductors 33 and 
3704, contacts 3 and of relay CF (36), conduc 
tors 485 and 484 to the receiving circuit. At 
the same time the other pair of outgoing con 
ductors. 408 and 499, which are extended, over 
contacts 4 and 3 of relay SK (4), conductors 
409 and 493, contacts 8 and 5 of relay SPA(12) to 
conductors 22 and 228, are connected together 
over contact 4 of relay MTR (37), conductor 3795, 
contact 2 of relay CF (36), resistance AB (36), 
conductor 360 and contact 7 of relay MTR (37). 
Whenever an incoming Signal appears at the 

receiving circuit, ground is connected to con 
ductor 487, operating relay Q (37). If the sender 
starts to out-pulse prematurely, that is, before 
relay HPT (13) releases, a circuit would be closed , , 
from ground at contact 2 of relay MFR (37), con 
tact 2 of relay Q(37), conductor 386, contact 
2 of relay. MFT (13), contact, 2 of relay HPT (13) 
to battery through the winding of relay LBA (13). 
Relay LBA (13), if operated, lights lamp OFF (13), 
locks to ground on conductor 5 and extends 
ground from conductor fe5 over its contact to 
conductor 3C, over contact of relay SK2 (11) 
and conductor 58 to battery through the lower 
winding of relay BLKO11) to block the test. 
When relay HPT (13) releases it disconnects 

ground from the windings of relays KT (is) and 
KR (13) to terminate the “stop' signal and per 
mit the sender to start sending out the registered 
designation. 
Relay PKL (37) also closes a circuit from 

ground at contact of relay MFR (37), contact 
3 of relay PKT (37), contact of relay KG (37), 
winding of relay PK(37), conductor 378, and 
in parallel to battery through four parallel cir 
cuits, that is, through rectifier K(36) and resist 
ance BF (36), through rectifier H(36) and re 
sistance BE (36), through rectifier PK2(36) and 
resistance BD(36) and through rectifier PKI(36) 
and resistance BC (36). To each of these parallel 
circuits a branch circuit is connected at the point 
between the rectifier and the resistance, which 
circuits are later connected to ground as Will 
be described. Relay PK(37) is so adjusted that 
if any one of these branch circuits is open, relay 
PK(37) will operate. Assuming that relay 
PK(37) operates, it locks over its contact to 
ground at contact 2 of relay MFR(37). Relay 
PKC37) closes a circuit from ground on contact, 
2 of relay. MFR(37), contact, 3 of relay PK(37), 
contact of relay Q (37) to battery through the 
winding of relay KG (37). Relay KG (37) oper 
ates and locks over its contact 3 and contact 3 
of relay PK(37) to ground at contact 2 of relay 
MFR(37) and connects its locking ground over 
its contact 2, contacts and 2 of relay MKG (37), 
conductor. 37, contacts 2 of relays ST7 (36) and 
STO(36), conductor 380, contact of relay 
PKI (37) to conductor 488 to permit the channel 
relays of the receiving circuit to operate. 
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... When...the sender sends out the preliminary 
or KP signal it causes the multifrequency pulsing 
receiving circuit to prepare to receive the line 
designation. 
When relay BAT (36) operates it connects bat 

tery over its contact 4, over contact 3 of jack 
GA (36), to the left sides of the Windings of relay 
O(36). The right side of the lower winding 

of relay TO(36), is connected over contact 2 of 
jack GA(36) through resistance GA(36) to 
ground. The right side of the upper winding 
of relay T(36) is connected over contact of 
jack GA (36) to ground through condenser TO(36) 
and in shunt thereof through resistance ACC36), 
contact 6 of relay ST7 (36), contact 5 of relay 
STi (36) to conductor 48 S. to which ground 
is normally connected by the receiving circuit. 
Relay T(36) is energized by these circuits to 
hold its contact closed. 
When the key pulsing signal is received by the 

receiving circuit, ground is disconnected from 
conductor 486 and connected to conductor 43 , 
operating relay Q(37) and removing the shunt 
from condenser TO(36). Condenser T0 (36) 
charges through the lower. winding of relay 
T(36) and holds contact of that relay closed 
for a measured interval to test whether the key 
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resistance BC (36). 

pulsing signal is of proper length. 
Relay BAT(36) also closes a circuit from bat 

tery over its contact 4 through resistance AA(36) 
to ground through the winding of relay I BD(36), 
but the winding of relay LBD(36) is normally 
shunted over contact 2 of relayLBD(36), contact, 
A of jack GA (36), contact of relay Te (36) to 
ground on conductor 489 to which ground is 
connected unless a signal of other than two fre 
quencies is received. If the key pulsing signal is 
of insufficient length, relay TO(36) will operate 
and open this shunt permitting relay LBD(36) 
to operate, release relay CF (36), operate relay 
LMP (48) and connect ground to conductor 508 
to operate relay BLKC11). 

If the signal is of proper length the test circuit 
awaits the digits of the designation. As each 
digit is received by the receiving circuit, two of 
the code conductors 4800 to 480 are grounded, 
conductor 480 being used only for the start sig 
nal. Conductor 89 is grounded at all times 
unleSS a signal of more or less than two frequen 
cies is received; conductor 488 is grounded by 
the test circuit to permit the channel relays of 
the received circuit to operate; conductor 486 is 
normally grounded but is opened whenever a 
signal is present; conductor 48 T is normally 
open but is grounded when a signal is received 
and conductor 2594 which is extended to con 
ductor 2508 is grounded when a two-frequency 
signal is received. 

Since the first digit to be sent out is the area, 
code hundreds digit 4, conductors 4800 and 4804. 
should be grounded. Ground on conductor 4800 
extending over conductor 2360 through cable 
23-48, contact 4 of key 700, conductor 703, con 
tact 2 of relay NSK(32), conductor 32 through 
cable 32-48, brush MFK5(48) in position 2, con 
ductor 4829, contact 2 of relay STC36), to battery 
through resistance BD (36). Ground on con 
ductor 480 extends over conductor 2364 through 
cable 23-48, contact 3 of key 700, conductor 704, 
contact of relay NSK(32), conductor 320 
through cable 32-48, brush MFK4 (48), conductor 
482, contact of relay ST(36) to batterythrough 

Ground on conductor 2506 
extends over contact 2 of relay PKL (37), con 
ductor. 399 to batterythrough resistance...BE (36). 
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Ground on conductor 489 extends over contact 
8 of relay MFR(37), conductor 37 0 to battery 
through resistance BF (37). 
With ground connected in shunt of all of the 

battery supplies to relay PKC37) that relay re 
leases. The rectifiers in the battery supply cir 
cuit prevent ground on less than all of the branch 
circuits from releasing relay PK(37). There 
fore, the release of relay PKC37) indicates that 
for each multifrequency pulse, two frequencies 
are sent out, that the two frequencies check with 
the digit set up on the key-Set and that no more 
than two frequencies have been sent out. The 
removal of ground from conductor 48ff tests for 
the length of the pulse by means of relay T0 (36) 
as previously described. Relay PK(37) in releas 
ing opens the locking circuit of relay KG (37) 
causing that relay to release. 
When relay PKC37) operated as previously de 

scribed, it closed a circuit from ground over con- ; 
tact 2 of relay MFR(37), contact 3 of relay 
PK(37), contact 5 of relay PMR (37), contact 0 
of relay MFR (37), conductor 4822 to battery 
through the winding of magnet MFK (48), and 
over the back contact of magnet MFK (48), Con 
ductor 4823 to battery through the winding 
of relay MKG (37). Magnet MFK (48) and 
MKG (37) operate in this circuit, but as Soon as 
magnet MFK (48) opens its contact, relay 
MKG (37) releases. 
When relay PK(37) releases, to indicate that 

a correct pulse has been received, it in turn re 
leases magnet MFK (48) to advance switch 
MFK (48) into position to check the next digit, 
With relay PK(37) released, ground is connected 
over contact, 2 of relay MFR(37), contact 2 of 
relay PK(37), conductor 372, contact 4 of jack 
GA (36), contact 2 of delay LBD (36) to resistance 
AA(36) in shunt of the winding of relay LBE)(36) 
to prevent its operation after the reception of a 
correct digit. If relay PKC37) should fail to re 
lease, the operation of relay TO(36) would permit 
relay LBD(36) to operate and block the test. 
At the end of the pulse, ground is removed 

from code conductors 4800 and 4804, and from 
conductors 487 and 2506. Removal of ground 
from conductors 4800, 4804 and 2505 permits 
relay PK(37) to reoperate, while removal of 
ground from conductor 48 7 causes relay Q(37) 
to release. With relay PK(37) operated and 
relay Q(37) released, relay KG (37) operates and 
locks and magnet MFK (48) is operated. The 
test circuit now awaits the next digit. 
The remaining digits are received and checked 

in a manner similar to that described, switch 
MFK (48) advancing as each digit is checked. 
When switch MFK (48) is advanced to position 
11, since no stations digit key has been operated, 
a circuit is closed from ground over contact 7 
of relay MFR(37), conductor 373, brush 
MFK2 (48) in position 11, conductor 2380, 
through cable 23-48, contact 3 of relay STA (24), 
conductor 2404, through cables 824 and 30-32, 
contact 8 of key MFR, (25), conductor 2508, con 
tact 2 of relay PMR (37), conductor 374 to bat 
tery through the winding of relay ST(36). 

Relay ST(36) at contacts and 2 opens the 
checking circuits over brushes MFK4 (48) and 
MFK5(48) and at contacts 6 and 3 connects the 
windings of relays ST (36) and STO(36) to con 
ductors 4807 and 480 which should be grounded 
by the start signal from the sender. 
When the start pulse is received, relays 

ST7 (36) and STO(36) operate and lock over 
their contacts 3 to ground on conductor 3708. 

32 
With relays ST(36) and STO(36) operated 
ground is removed from conductor 488. Ground 
On conductor 3708 is extended over contact 6 of 
relay ST9 (36), contact 5 of relay ST7 (36) and 
resistance AC(36) to condenser T0 (36) to prevent 
the operation of relay TO(36). 
At the end of the Start pulse, when gi'Ould 

is reconnected to conductor 486 a circuit is 
closed from that ground Over contact 4 of relay 
STO(36), contact 4 of relay ST7 (36), conductor 
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relay STE (5). 

3602 through cable 8-2, contact 6 of relay 
SP2 (4), conductor 4 to battery through the 
Winding of relay SK2 (11). 
The sender is now ready to cause the trunk 

circuit to establish the talking circuit after which 
tline sender releases. 
It will be remembered that relay RLK(11) was 

operated at the completion of pulsing into the 
Sender. Relay SK2(11) has now been Operated 
at the completion of pulsing out by the Sender. 
In the Sender, at the completion of Out-pulsing, 
conductor 45 is opened to permit the splitting 
relay of the trunk to release and close the talking 
conductors. For an interval following the Open 
ing of conductor 45 the sender should hold 
round on conductors f42 and 406 to insure the 
olding of the switches by the trunk. 
The opening of conductor 45 releases relay 

SP (12) and relay SPK(12). The release of relay 
SPK(12) also releases relay SPI (12). The re 
lease of relay SP (12) also releases relay SPB (12), 
which in turn releases relay SPA(12). At its 
contact 3 relay SPB (12) disconnects ground from 
conductor 507 which extends as previously traced 
to the upper winding of relay SCT (5) in shunt of 
condenser SCT (5), thereby permitting condenser 
SCT (5) to charge through the upper winding of 
relay SCT (5) to measure off a time interval be 
fore relay SCT (5) closes its contact. When relay 
SCT (5) operates, if relay SCB (5) is still operated, 
it closes a circuit from ground on conductor O5, 
contact 6 of relay SPB (12), conductor 23, con 
tact 8 of relay SCB (5), contact 2 of relay SCT(5), 
conductor 50 to battery through the winding of 

Relay STE (5) operate in this 
circuit and locks over its contact 3 to ground on 
conductor ff0. 

If relay SCB (5) is released by the removal of 
ground from conductor 42, to which it is locked, 
before relay STE (5) operates, relay SCB (5) closes 
a circuit from ground over its contact 9, contact 
5 of relay SCD (5), contact 4 of relay STE (5) to 
to battery through lamp SGK(5). At its contact 
3, relay SCB (5) connects ground over contact 5 
of relay SGK(5) to conductor 506 to shunt con 
denser SCT (5) and prevent the operation of re 
lays SCT (5) and STE (5). In addition relay 
SCB (5) closes a circuit from ground on conductor 
f OT, contact 5 of relay SCB (5), contact 4 of 
relay SCD (5), contact f of relay STE (5) to con 
ductor 508 to operate relay BLKO11) and block 
the test. 

If the sender removes ground from conductor 
406 before relay STE (5) operates and relay 
ISG (12) releases, a circuit is closed from ground 
on conductor ft 07, contact 4 of key SGK(6), 
conductor 602, contact of relay SLK(13), con 
ductor 303, contact of relay SCD (5), conductor 
509, contact 4 of relay ISG (12), conductor 229, 
contact of relay STE (5) to conductor 598 to 
Operate relay BLKC11) and block the test. With 
relay ISG (12) released the circuit of lamp 
HG (12) is reclosed. 
If relay STE (5) operates and locks before 

either relay SCB(5) or relay ISG (12) releases, 
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the blocking circuits above traced are opened as 
well as the circuit for lamp SGK(5). Immediate 
ly after the opening of conductor 406, the Sender 
opens conductor its releasing relay COKCi2). 
With relay COKC12) released, a circuit is closed 
from ground on conductor 02, contact of relay 
OTC (3), conductor 397, 
SPA(12), conductor 232, contact 5 of relay 
SP2(4), conductor 42, contact of relay 
RLK(11), conductor 2, contact f of relay 
COKC12), conductor 233 to battery through the 
winding of relay CLK(11). The operation of re 
lay CLKC11) indicates that in-pulsing has been 
completed and that conductor 45 has been 
opened and that the relay in the sender which 
controls conductors 42 and 406 has been re 
leased. 
With relay CLKC11) operated a circuit is closed 

from battery through the Winding of relay 
CPT (11), contact f of relay BLKO11), conductor 

22, contact 7 of key TO (26), conductor 2608 
through cable 8-2, contact 4 of key NCHC14), 
conductor 49 through cable 30-32, contact 5 
of key 2DG (30), conductor 300 through cable 
30-32, contact 2 of relay STE (5), conductor 5 
through cable 39-4), contact 5 of key FB(53), 
conductor 539 through cable 39-48, contact 5 
of key FIF(14), conductor 422, contact of relay 
CLK(11), conductor f 27, contact 2 of relay 
SK2(11), contact 6 of relay MAN (11), conductor 

23, contact T of relay SP2(4), conductor 43, 
contact 3 of relay COK(12) to ground on Con 
ductor 05. 

Relay CPT (11) operates in this circuit as an 
indication that all the test functions in connec 
tion with the call in process have been SucceSS 
fully completed and that the test circuit is ready 
to advance the sender selector, restore and re 
start. FRelay CPT (11) locks over its contact 2 
to conductor f24 which is grounded at contact 6 
of relays TDS (17), at contact 9 of relay MFS (29) 
and at contact 5 of relay MFR(37). At its con 
tact 3, relay CPT (11) connects ground to con 
ductor 25, completing a circuit. Over contact 2 
of key REP (9), contact 4 of key REP2(9), contact 
5 of key CDK(9) to battery through register 
CT(9). 

Register CT(9) operates to register One com 
plete test and connects ground over its contact, 
conductor 900 and contact of key TA(10) to 
battery through the circuit advance relay CA (10). 
Relay CA (10) operates and locks over its contact 
it and conductor 07 to ground at contact of 
relay SSC (). 

Relay CA(10) at its contact 2 closes a circuit 
from ground over that contact, contact 5 of key 
PC(10) and conductor. 003 to battery through 
the winding of relay SAC10) and at its contact 3 
connects ground to conductor (08, completing a 
circuit to battery through the winding of relay 
CA? (2). 

Relay SA(10) operates and opens the circuit 
of relay TCN (10) and operates relay SSG-(1) as 
previously described. Relay SSG (1) operates 
magnet SS (1) followed by relay SSC (1) which 
releases magnet SS (1) to advance the Sender 
Selector to the next Sender. 

Relay CA (2) operates and closes a locking 
circuit over its contact 5 and conductor 20 which 
is completed only if relay CPT (11) has released 
or relays BTA(3), BTT(3), KTK(4) or KRKC4) 
have failed to release. Relay CA. (2) at its con 
tact 9 opens the circuit of relay ON (11) which 
releases, removing ground from conductors ff00 
to . At its contact 2, relay CA (2) discOne 

contact 3 of relay. 
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nects ground from interrupter TA(10) to stop 
the timing operation which will be described 
hereinafter. Relay CA? (2) also closes a circuit 
from ground over contact 2 of key RN (10), con 
ductor 203, contact of relay EC (2), contact. 
of relay CA? (2) to conductor 396 to hold the 
sender busy until it is freed by the release of 
the test relays or the advance of the Sender 
Selector. 
The release of relay ON (11) releases all relays 

which are operated or locked over conductors 
O) to . The removal Of ground from Con 

ductor G4 releases relay TDS (17) which, in 
releasing disconnects ground from the Voltage 
divider made up of resistances AF(17) and 
B.A(17). It also disconnects ground from con 
ductors 00, 704 and 24, to release the relayS 
associated with the trunk closure delay timing 
circuit. In addition it closes, a circuit from 
ground over its contact 5, the strapped off-nor 
mal terminals of brush. TCD (17) to battery 
through the winding of relay TDG (17) and over 
the normal contact and Winding of magnet 
STEP (17) to battery. Relay TDG (17) operates, 
to ground conductor f24 until the Switch 
TCD (17) has been restored to normal. Wagnet 
STEP (17) operates in the self-interrupting cir 
cuit advancing SWitch. TCD (17) to normal Where 
the circuit of magnet STEP(17) and relay 
TDCi (17) is opened, relay TDG (17) is released 
and ground removed at that point from con 
ductor 24. 
The removal of ground from conductor f00 

releases relay MFR(37) which disconnects 
ground from conductors 3708, etc., and from con 
ductor 24 releasing the relays associated with 
the multifrequency out-pulsing - checking cir 
cuit. At contact 3, relay MFR(37) connects 
ground over conductor 375, the strapped off 
normal terminals of brush MFK (48), and con 
ductor 4823 to battery through the winding of 
relay MKG (37) and over the back contact and 
Winding of magnet MFK (48) to battery. Relay 
MKG (37) operates, connecting ground over its 
contacts 3 and 4 to conductor 24. Magnet 
MFK(48) operates in a self-interrupting circuit 
to advance Switch MFK(48) to normal where 
the circuit of magnet MFK (48) and relay 
MKG (37) is opened and relay MKG(37) releases 
to remove ground from conductor 24. 
When relay TDS (17) released as above de 

Scribed, disconnecting ground from conductor 
700, it released relay MFS (29). Relay MFS (29) 

removes ground from a number of conductors 
releasing relays associated with the multifre 
quency in-pulsing circuit and also removing 
ground from conductor 24. Relay MFS (29) 
released, connects ground over its contact 2, con 
tact of relay MPS (29), conductor .299 over 
the Strapped off-normal contacts of brush 
MFP (21) to battery through the upper winding 
of relay MFG (29) and over the back contact 
and Winding of magnet MFP (21) to battery. 
Relay MFG (29) operates connecting ground 
from contact 2 of relay KP5 (28) over conductor 
2908 and contact 2 of relay MFG (29) to con 
ductor 24. Magnet MFP (21) operates in a 
Self-interrupting circuit to advance switch 
MFP (21) to normal when relay MFG (29) re 
leases, removing ground from conductor 24. 
Removal of ground from conductor re 

leases relay MCKC47) which in turn releases 
relay MKS (47) and other relays in the marker 
checking circuit, 
When relay ON (11) removed ground from con 
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ductor Of the operating circuit of relay 
CPT (11) is opened and when switches TCD (17), 
MFK (48) and MEP (21) have been restored to 
normal, the locking circuits of relay CPT (11) 
are opened and that relay releases slowly in 
turn releasing register CT(9). Register CT(9) 
opens the operating circuit of relay CA (10) and 
the operation of relay SSC (1) in the advance of 
the sender selector SS (1) opens the locking cir 
cuit of that relay so that relay CA(10) now re 
leases, in turn releasing relay SA (10) and relay 
CA (2). With relay SA(10) released, relay 
TCN (10) is connected to the test connector re 
lays of the Sender connected to position 2 of 
switch SS (1) and when relay TCN (10) operates, 
With relay CA (2) released, relay ON (11) re 
operates and the test of the next Sender is started, 
which takes place as above described. 
At the end of the test of this Sender, SWitch 

SSC) is advanced as described and in this man 
ner continues to test multifrequency Senders un 
til it is advanced to position. 19. In position 19 
a circuit is closed from ground at contact of 
relay MSS (10), conductor OO4, brush MS6 (1) 
in position 1, brush SS3(1) in position. 19, con 
ductor fo8 to battery through the winding of 
relay MSA (10). 
Relay MSA (10) operates and closes a circuit 

from ground at its contact 4 over its contact 5 to 
battery through relay MSB (10) and resistance 
BG (10). A Second circuit is closed from ground 
at contact 4 of relay MSA(10) over contact 2 
of relay MSB (10), conductor 009 to battery 
through the Winding of magnet MS(1) and over 
the back contact of magnet MS(1) and conductor 
OO to battery through the winding of relay 
MSC (10) and from conductor OO over contact 
3 of relay MSB (10) to battery through resistance 
BG (10) in shunt of the winding of relay 
MSB (10). Relay MSC (10) and magnet MS(1) 
Operate. When magnet MS (1) opens its back 
contact relay MISC (10) releases and the shunt 
around the winding of relay MSB (10) is opened 
SO that the latter relay operates. 
Relay MSB (10) in operating opens the circuit 

of magnet MS(1) which releases and advances 
the master selector MS(1) to position 2. The 
advance of Switch MS(1) opens the circuit of 
relay MSA(10) and that relay releases, in turn 
releasing relay MSB (10). 
With relays MSAC10) and MSB (10) released, 

relay SAC10) operates and advances the second 
Sender selector to position 1. In this manner the 
master Selector and sender Selectors are advanced 
until all of the multifrequency senders have been 
tested. If on the last Sender selector connected 
to multifrequency Senders, not all the positions 
are used, the Sender selector is advanced over 
these unused positions by connecting the corre 
Sponding terminals of brush SS3(1) to conductor 
09 to provide a self-interrupting circuit for mag 
net SS(i) to advance that sender selector to posi 
tion 19 after which the master selector is ad 
Vanced to the next Sender selector as above 
described. 
The test circuit then tests all of the dial type 

Senders as will be described hereinafter, the 
master Selector and sender selectors being ad 
Vanced as described. When the master selector 
is advanced to the first unused position, shown 
as position 14, a circuit is closed over brush 
MS5(i) in positions 14 to 19 over the back con 
tact and through the winding of magnet MS(1) 
to battery providing a self-interrupting circuit 
for advancing the master selector to position. 20. 
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In this position a circuit is closed from ground 
over brush MS5(1), conductor 0 to battery 
through the Winding of the end-of-cycle relay 
EC(2). Relay EC (2) operates, lighting lamp 
EC (2). 
Relay EC (2) at contact 4 opens the operating 

and locking circuits of relay LCS(2) releasing the 
latter relay and at contact opens the locking 
circuit of relay FST (2) which also releases. Re 
lay LCS(2) releases relay MSS (10). Relay 
FST(2) releases relay ON (30) which releases 
the key-set relays and extinguishes the key-set 
lamps. With the Sender Selector in an unused 
position neither relay IMF(18) nor relay IDL (18) 
is operated. Therefore, the end-of-cycle condi 
tion finds the test circuit with relay EC (2) oper 
ated and lamp EC(2) lighted. No other relays 
are operated and no other lamps are lighted. 
To restore the test circuit to normal, start key 

ST (10) is restored and return-to-normal key 
RN(10) is operated. A circuit is then closed 
from ground over contact of key RN (10), con 
ductor 90, contact 5 of relay LCS(2), contact 6 
of relay FST(2), conductor 2, off-normal con 
tacts of brush SS6 (1) over the back contact and 
through the Winding of magnet SS (1) to battery. 
Selector SSO (1) is advanced to normal in this 
circuit, where ground on conductor 2 is ex 
tended to the corresponding brush of the next 
sender Selector SS which is restored in turn. 
When the last sender selector, SS3, has been 
restored, ground is extended to conductor 
and the off-normal terminals of brush MS4(1) of 
the master Selector and Over the back contact 
and through the winding of magnet MS(1) to 
battery, advancing the master selector to normal. 
When the master selector steps to normal relay 
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EC(2) is released and lamp EC(2) is extinguished. 
It is, of course, possible to abandon a test cycle 

at any point and restore the equipment to normal, 
for example when it is necessary to use the test 
circuit to clear trouble in a particular circuit. 
When this is to be done, key STC10) is released 
and, When the test circuit stops at the end of the 
test call in progress, key RN (10) is operated until 
all of the frame and sender lamps are extin 
guished and the master selector is normal. 

Dial in-pulsing 

With the master selector in positions 7 to 13, 
a circuit is closed from ground over contact of 
relay MSS (10), conductor 004, brush. MS6 (1) in 
positions 7 to 13, over the brush corresponding to 
brush SS3(1) of sender selectors SS7 to SS3, to 
conductor 2, contact 2 of key MFO (1), con 
ductor 05 to battery through the winding of 
relayIDL (18) and to battery through the winding 
of relay IND (4). Relay DL (18) operated lights 
lamp IDL (18). 
The trunk closure delay test switch TCD (17) 

and the multifrequency out-pulsing test switch 
MFK(48) are preset as previously described. 
With switches TCD (17) and MFK(48) preset, 
relays TDS (17) and PMR(37) are operated and 
a circuit is closed from ground over contact 4 of 
relay TDS (17), conductor 704, contact 3 of relay 
PMR(37), conductor 37 0 , contact 8 of relay 
IDL (18), conductor 802 through cable 8-34 
to battery through the winding of relay DLS (46). 

Relay DLSC46) operates in this circuit and 
closes a circuit from ground on conductor O9, 
Over contact of relay BLK (11), conductor 2903 
through cable 9-34, contact 3 of relay DLS (46) 
to battery through the winding of relay G(46) 
Operating the latter relay. Relay DLSC46) at its 
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contact 6 connects ground to conductor 465, 
completing a circuit to battery through the wind 
ing of relay PSD(34) and resistance BA(34). 
Just prior to closing this circuit relay DLS (46) 
connects ground over its contact 7, conductor 
4606, brush DC2 (34) in its normal and first posi 
tion, conductor 320 through cables 3-34 and 
8-24 to the back contact of relay ACA (8) in a 
partial closure of a shunt for relay PSD (34) but 
since relay ACA (8) is operated as a result of 
setting up an area code, this shunt is incomplete. 
Relay DIS(46) also closes a circuit from ground 
over its contact 2, conductor 4607, normal con 
tact of brush DCf (34), over the back contact of 
magnet DCC34) to battery through the winding 
of magnet DC (34), through the lower winding of 
relay DCG (34) to battery and over contacts 2 
and 4 of relay PSD(34) to resistance BA(34) and 
battery in shunt of the winding of relay PSD (34). 
Magnet DC (34) operates, opens its back contact 
and releases, advancing switch DC (33) to posi 
tion , thereby releasing relay DCG (34) and 
opening the shunt around the winding of relay 
PSD(34), permitting that relay to operate. 
With switch DC (33) in position 1, relay G(46) 

closes a circuit from ground at contact 3 of relay 
EP(34), conductor 340?, brush DC4 (33) in posi 
tion 1, conductor 2 02, contact 3 of relay G (46), 
to battery through the winding of relay CD (46). 
Relay G (46) also closes a circuit from ground at 8: 
its contact 2, conductor 4608 to battery through 
the winding of relay STD(51), operating that re 
lay. 
Relay STD(51) in operating connects ground to 

conductor 5100, closing a circuit to battery 
through resistances K(51) and BC (51) providing 
a voltage divider, from the mid-point of which a 
circuit extends through the upper winding of re 
lay PLSG51) and the lower winding of relay 
CTG (51) through resistance BB(51) to full bat 
tery potential, thereby energizing relays PLS (51) 
and CTG (51) in a direction to close their con 
tacts . However, with relay INT (50) operated 
as described hereinafter, ground on conductor 
500 is connected over contact 2 of relay 
INT (50), conductor 5005 to the winding of re 
lay CTG (51) in shunt of battery through resist 
ance BBC51) energizing relays PLS (51) and 
CTG (51) in a direction to close their contacts 2. 
Ground on conductor 500 is also connected to 5 
battery through the winding of relay CTL (50) 
operating that relay. 
Relay STD(51) also closes a biasing circuit for 

relay R(51) which may be traced from ground 
through resistance GB (51), contact 3 of relay : 
STD(51), lower winding of relay R(51), resist 
ance JC51), contact i? of relay STD (51) to bat 
tery. Relay R(51) is energized in a direction to 
hold its contact closed. In addition, relay 
STD(51) closes a biasing circuit for relay BD? (51) 
which may be traced from ground through re 
sistance GC (51), contact of relay STD (51), 
lower winding of relay BD? (51), resistance H(51) 
to battery over contact 7 of relay STD(51). A 
circuit is also closed at this time from battery 
at contact T of relay STD(51) through the upper 
winding of relay BD (51), contact 6 of relay 
STD(51), to ground through condenser BD(51) 
and resistance GF(51) but condenser BD(51) is 
shunted over contact 6 of relay Rf (51), and 
ground at contact of relay SY(51) so that relay 
BDI (51) operates. At its contacts 4 and 10, re 
lay STD(51) connects ground through resistance 
GD(51) to battery through resistance G(51) to 
set up a second voltage divider, the mid-point of 
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which is connected through the upper winding of 
relay SRT (51), through resistance F(51) to full 
battery potential over contact. 9..of relaySID(51). 
Relay STD(51) also connects battery over its 
contact f2 through the lower winding of relay 
SRTC51) to one side of condenser S(51) and bat 
tery over its contact 9 through resistance F(51) 
to the other side of condenser S (51). 

It will be remembered that key 4990 was oper 
ated in setting up the test conditions for this 
series of tests. With key 4900 and relay STD (51) 
operated, biasing circuits are closed for inter 
rupter relays ENT(50) and INT1 (50), which may 
be traced from ground on conductor 590, upper 
winding of relay. INT(50), conductor. 5909, cons 
tact of key 4902, contact 2 of key 490, con 
tact of key 4900 to battery through resistance 
BH(49) and from ground on conductor. 509, up 
per winding of relay INTE (50), conductor. 599 f, 
contact f2 of key 4902, contact 3 of key 499. 
contact 4 of key 4980 to battery through resist 
ance BJ (49). Relay ENT (50) and relay. INT (50). 
operate to close their contacts 2 in these circuits. 
A circuit is closed from battery through resist 
ance BG (49), contact 9 of key 4900, contact 0 of 
key 490, contact 9 of key 4902, conductor. 4903, 
lower winding of relay INT (50), conductor 5992, 
contact 2 of key 4902, contact 3 of key 490?, con 
tact 4 of key 4900, condenser PC (49) to ground 
on conductor 500. However, battery through re 
sistance BG (49) is shunted at this time by ground 
connected to conductor 4903 over contact 2 of 
relay BD(51), and conductor 500. With con 
tact 2 of relay INTC50) closed, a circuit is closed 

5 from battery through the lower winding of relay 
INT (50), conductor 5004, resistance I (49), con 
tact 6 of key 4900, contact 5 of key 490, con 
tact f4 of key 4902, contact 5 of key 4902, con 
tact 6 of key 490, contact 5 of key 4900, con 
denser PB (49), conductor 4907, contact 2 of re 
lay INT(50) to ground on conductor 500, in 
which circuit condenser PB(49) is charged. The 
in-dialing circuit now awaits the completion of 
the sender busy test and the test of the control 
conductors, all of which take place as previously 
described. 
When relay SKC5) is operated during the test 

of the sender control conductors, the input tip 
and ring conductors 403 and 404 are extended 
to the in-dialing circuit, completing a loop cir 
cuit which may be traced from conductor 493, 
contact 8 of relay SKC5), conductor 500 through 
cable 8-2, contact 4 of relay DLS (46), con 
ductor 4609, contact 4 of key INCX(38), contact 
5 of relay. TG3(38), winding of relay TG (38). 
winding of relay OF(38), contact 3 of key 
INCX(38), conductor 3800, contact 7 of key 4902, 
contact 8 of key 490, contact 7 of key 4900, con 
ductor 4904, contact 0 of relay CX (38), contact 
4 of relay TG3(38), resistance AP(38), contact 1 
of relay TG3 (38), through retard coil C(38) and 
resistance B(38) in parallel, conductor 380, con 
tact 2 of jack PLS (51), contact 2 of relay 
PLS (51), contact of jack PLS (51), conductor 
50, contact of relay CX2 (38), conductor 3802, 
contact 5 of relay DLS (46), conductor 2602, con 
tact 3 of relay DWO (26), conductor 60f through 
cable 8-2, contact 8 of key SGK(6), conductor 
50 f, contact 9 of relay SK(5) to conductor 4G4. 
When the sender is first seized the current in 

this circuit is in Such a direction that relay 
OF (38) operates, but relay TG (38) remains-nor 
mal. Relay OF(38) in operating closes a circuit 
for relay OF (38) which operates and locks over 
its contact 4 and conductor 4607 to ground at con 
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tact 2 of relay DLS(46). When relay STD(51) 
operated, grounding conductor 500, a circuit 
was closed over contact 2 of relay TG2(38), con 
tact of relay CXS (38) and contact f of relay 
OF (38) to battery through lamp OPL (38). 
When relay OF (38) operates, it extinguishes 
lamp OPL (38) and extends the above-traced cir 
cuit over its contact 2 to battery through lamp 
RPL(38) causing that lamp to light. 
Relay OF (38) closes a class registration cir 

cuit from conductor 40, contact of relay 
SKI (4), conductor 404, contact f of relay SP (12), 
contact 6 of relay CLC (12), conductor 26, Con 
tact 3 of relay OF (38), conductor 290, contact 
of relay CSR (25), contact 2 of key ITC25), con 
tact 2 of key TC (25), resistance GH(25) to 
ground. No circuit is closed over conductor 4 
at this time. 
After the sender has completed class registra 

tion it reverses the connection of battery and 
ground to the above-traced loop circuit, releas 
ing relay OF(38) and operating relay TG (38). 

Relay TG (38) closes a circuit over its contact, 
contact 6 of relay OF (38) to battery through the 
winding of relay TG (38). Relay TGI (38) op 
erates and locks over its contact 4 to ground On 
conductor 4607. At its contact , relay TG (38) 
closes a circuit for relay TG2(38) which operates, 
in turn operating relay TG3 (38). 
With relays TGI (38) and TG3 (38) operated the 

loop circuit is changed from the trunk test condi 
tion to the dialing condition. The loop circuit 
now extends from conductor 403 as above-traced 
to conductor 4609, over contact 4 of key INCX(38), 
contact 6 of relay TG3 (38), contact 3 of relay 
TG (38), contact 3 of key INCX(38), conductor 
3800, contact 7 of key 4902, contact 8 of key 490, 
contact 7 of key 4900, conductor 4904, contact 0 
of relay CX (38), contact 7 of relay TG (38), 
resistance AMC38), resistance AP(38), contact 2 
of relay TG (38), conductor 380 and thence as 
previously traced to conductor 404. This circuit 
is closed at contact 6 of relay TG3(38) before the 
circuit through relays TG (38) and OF(38) is 
opened at contact 5 of relay TG-3 (38). With key 
4900 operated, a high resistance shunt is con 
nected around the contact of relay PLSC51) from 
conductor 380, resistance W(49), contact 2 of key 
4900, contact of key 490, contact f of key 4902, 
conductor 4905, contact 8 of relay TG3 (38) and ; 
contact of key INCX(38) of conductor 5 Of. 
With relay TG3 (38) operated a circuit is closed 

for operating the synchronizing relay SY(51). 
This circuit may be traced from battery through 
the winding of relay SY(51), conductor'502, con 
tact 3 of relay TG3 (38), conductor 3803, contact 
2 of relay DLK(34), contact 3 of relay AV (34), 
conductor 3402, contact 3 of key DSS (30), con 
ductor 3002, contact 5 of relay STD (51), con 
ductor f 230, contact 2 of relay SCA(12), contact 
T of relay SPA(12), conductor 290, contact 5 of 
relay LBB (45), conductor 4509, contact of relay 
G (46), conductor 460, contact 5 of relay 
PSD (34), contact of relay EP (34), conductor 
3403, contact 3 of relay CD (46), conductor 46 
to ground at contact of relay DCG (34). 

Relay SY(51) at contact opens the shunt 
around condenser BD(51) to the upper winding 
of relay BD? (51) causing that relay to start to re 
lease. At its contact 2, relay SY (51) closes an 
obvious circuit for relay SY (51) which operates. 
Relay SY(51) also closes a circuit from ground 
on conductor 5100, contact f of relay R(51), 
contact 3 of relay SY(51), conductor 5104, con 
tact 5 of relay DA (30), conductor 3003, contact 
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4 of relay CD (46) to battery through the wind 
ing of relay CD (46), operating the latter relay. 

In addition, relay SY(51) closes a circuit from 
ground on conductor 5100, contact f of jack 
CTG (51), contact 2 of relay CTG (51), contact 2 
of jack CTG (51), contact 4 of relay SY(51), 
conductor 55, brush DC3 (33) in position 1, con 
ductor 3 00, through cable 3-34, contact 2 of key 
700, conductor 344, through cable 3-50, contact 
6 of relay CTL (50), contact f of counting relay 
4' (50), winding of counting relay 4 (50), conductor 
5003, contact 3 of relay R. (51) to battery over 
contact 8 of relay STD (51). Relay 4 (50) op 
erates in this circuit and locks in a circuit from 
battery on conductor 5003, winding of relay 4 (50), 
winding of relay 4' (50), contact of relay 4 (50) 
to ground. Relay 4' (50) does not operate at this 
time being shunted by the operating circuit of re 
lay 4 (50). 

Relay CD (46) closes a circuit from ground 
over its contact 3, conductor 462 to battery 
through the winding of relay DLK(34), operating 
the latter relay. At its contact 2, relay CD? (46) 
connects ground to conductor 463 completing a 
circuit to battery through the winding of relay 
DCG (34) and to battery through the winding of 
magnet DC (34). Relay DCG (34) in operating 
opens the operating circuit for relay SY(51) but 
relay SY(51) is held operated in a circuit extend 
ing as previously traced to conductor 3803 and 
over contacts f and 4 of relay CD (34) to con 
ductor 3003 and thence as traced for the operat 
ing circuit of relay CD? (46) to ground over con 
tact of relay R(51) and conductor 500. 
When relay SY(51) opens the shunt around 

condenser BD(51), relay BD? (51) is held op 
erated for a time due to the charging current for 
condenser BD(51). This measures the interval 
between digits which are sent in rapid succession 
for testing the sender register advance. The re 
lease of relay BD? (51) disconnects ground from 
conductor 4903 and battery through resistance 
BG (49), thereby permitting condenser PC (49) 
to charge in series with the lower winding of relay 
INT (50) and cause relay INT (50) to close its con 
tact f. When condenserPC (49) is charged, relay 
INT(50) opens its contact f and recloses its con 
tact 2. The length of time that contact 2 of re 
lay INT(50) is open depends upon the values of 
the resistance and condenser connected in series 
with its lower winding by the keys of Fig. 49. 
When relay INT (50) opens its contact 2, it dis 

connects ground from the circuit through the 
lower winding of relay INT (50) and connects re 
sistance N(50) across condenser PB(49) dis 
charging the condenser. When relay INT(50) re 
closes its contact 2, condenser PB(49) recharges 
through the lower winding of relay INT (50), 
this charging current causing relay INT (50) to 
open its contact 2 and close its contact?, until the 
condenser is charged when contact 2 is reclosed. 
The interval during which contact 2 is open con 
tols the open period of the dial interrupter. 
While contact f is closed ground on conductor 
500 is connected to conductor 4903, to shunt bat 
tery through resistance BG (49) and permit con 
denser PC(49) to discharge through the lower 
Winding of relay INT (49), holding that relay op 
erated for a measured interval. When relay 
INT(50) reoperates, condenser PC(49) is re. 
charged delaying the reoperation of relay 
INT (50). The release time of relay INT (50) con. 
trols the closed period of the dial interrupter. 
When relay INT? (50) opens its contact 2 it 

disconnects ground from conductor 5005 and 
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causes relays PLS (51) and CTG (51) to release 
and when relay INT (50) recloses its contact 2, 
relays PLS (51) and CTG (51) reoperate. 
While relay INT (50) is released, condenser 

PB(49) is discharged, and when relay INT (50) 
reoperates, condenser PB (49) charges through 
the lower winding of relay INT (50), releasing 
relay INT? (50). Relays INT (50) and INT (50) 
continue to operate and release as long as the 
contact of relay BD (51) is open, the rate of 
pulsing being determined by the operation of key 
4900. Therefore relays PLS (51) and CTG (51) 
pulse at the same rate as relay INT (50). 
Each time that relay PLS (51) releases a sim 

ulated dial pulse is transmitted to the Sender. 
When relay CTG (51) releases, it opens the 

operating circuit of relay 4 (50) permitting relay 
4' (50) to operate in the locking circuit of relay 
4(50) previously traced. With relay 4' (50) oper 
ated, when relay CTG (51) operates, the counting 
relay operating circuit extends as above traced 
to conductor 344 and thence over contact 6 of 
relay CTL (50), contact 2 of relay 4' (50), contact 

of relay 3’ (50), winding of relay 3 (50), con 
ductor 5006, contact 4 of relay R (51) to battery 
at contact 8 of relay STD (51). Relay 3 (50) op 
erates and locks through the winding of relay 
3' (50) to ground. 
At the second release of relay CTG (51), relay 

3' (50) operates and advances the counting relay 
operating circuit, and when relay CTG (51) re 
operates relay 2 (50) is operated. In a similar 
manner relay 2' (50) operates in response to the 
third release of relay CTG (51) and relay f (50) 
operates on the reoperation of relay CTG (51). 
The locking circuit of relay (50) includes the 
windings of relays f' (50) and BD(50) which op 
erate in response to the fourth release of relay 
CTG (51). 
Relay BD (50) closes a circuit from ground at 

contact of relay BD2 (51), conductor 506, con 
tact of relay BD (50), conductor 5007, contact 6 
of relay STD (51), upper winding of relay BD (51) 
to battery over contact 7 of relay STD (51), re 
operating relay BD (51), which again connects 
ground to conductor 4903 preventing condenser 
PC(49) from charging when relay INT (50) re 
operates. When relays INT? (50), PLS (51) and 
CTG (51) operate at the end of the pulse, they 
stay operated until relay BD (51) again releases. 
The reoperation of relay CLG (51), recloses the 
counting relay operating circuit which extends 
as previously traced to the armature of relay 
4' (50) and thence over contact 2 of relay 4' (50), 
contact 2 of relay 3’ (50), contact 2 of relay 2' (50), 
contact 2 of relay (50), conductor 5008 in par 
allel to battery through the lower winding of re 
lay BD2 (51) and the upper winding of relay 
R2 (51). 

Relay BD2 (51) disconnects ground from con 
denser BD(51) and the upper winding of relay 
BD (51), so that relay BD (51) releases after an 
interval determined by the charging of condenser 
BD (51). 
Relay R2 (51) at its contact disconnects con 

denser R(51) from ground through resistance 
GE(51) and at its contact 2 connects the con 
denser through the upper winding of relay R. (51), 
to battery over contact of relay STD (51). Re 
lay R. (51) is operated while condenser R(51) is 
charging. Relay R. (51) in operating opens the 
locking circuit of relay SY(51) causing that relay 
to release, in turn releasing relay CD (46). While 
relay R. (51) is operated, it closes a circuit from 
ground on conductor 500, contact 2 of relay 
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R (51), lower winding of relay R2(51), upper 
winding of relay BD2 (51), to battery through the 
winding of relay Rf (51), holding relays R2 (51) 
and BD2 (51) operated and operating relay 
R. (51). Relay Ri (51) disconnects battery from 
the Windings of the counting relays and the Oper 
ated ones of these relays, including relay BD (50), 
release. When condenser R. (51) is charged, after 
an interval, relay R. (51) releases, in turn releas 
ing relays BD2 (51), R2 (51) and R. (51). 
When relay CD (46) releases it opens the cir 

cuit of magnet DC (34) advancing switch DC (33) 
to position 2, and at the same time releases relay 
DCG (34). It also releases relay DLK(34). With 
relays DCG (34) and DLK(34) released, the pre 
viously traced circuit for operating relay SY(51) 
is closed and that relay reoperates. With relay 
SY (51) operated the counting relay operating 
circuit is closed, extending as previously traced 
from ground on conductor 5100 to brush DC3(33), 
over conductor 30 f, through cable 3-34, contact 
2 of key 600, conductor 340 through cable 3-50, 
contact le of relay CTL (50), contact of relay 
O' (50), winding of relay 0 (50), conductor 5006, 
contact 4 of relay Rf (51) to battery over contact 
8 of relay STD (51). 
When relay BD (51) releases at the end of the 

interdigital interval, the interrupter relays 
INT (50) and INT (50) start pulsing and the Sec 
ond digit, zero, is sent out. In a similar manner 
the third digit is sent out. 
When switch DC (33) advances to position 4, 

following the transmission of the third digit, the 
circuit of relay CD (46) is opened, stopping the 
in-pulsing and a circuit is closed from ground 
over contact 3 of relay EP (34), conductor 340, 
brush DC4 (33), conductor 204 through cable 
33-47, contact 3 of key 2DTX(47), contact 3 of 
relay D08 (47), conductor 4700 through cable 25 
45, contact 7 of key TRL (25), conductor 250 
through cable 25-45, contact 5 of key UXD(55), 
conductor 5500, to battery through the winding 
of relay MKS (47). 

Relay MKS (47) initiates the test of the con 
nection. With the marker, which takes place as 
previously described, resulting if satisfactory in 
the operation of relay MC (35). The test of the 
trunk closure delay timing is also made, result 
ing, if satisfactory, in the operation of relay 
TDK (17). With relays MC (35) and TDK (17) 
operated, a circuit is closed from ground over con 
tact 6 of relay BLKO11), conductor f702, contact 
5 of relay TDK (17), conductor 709, contact; 2 
of relay MC (35), conductor 3505, contact 2 
of relay D08 (47), conductor 202 through cable 
33-47, contact 3 of relay G(46) to battery through 
the winding of relay CD (46). 
With relay CD (46) operated, the remaining 

digits are transmitted to the sender. During this 
time the test of the sender SE, relay is made as 
previously described. Since no stations digit key 
WaS Operated, when Switch DC (33) advances to 
position , a circuit is closed from battery 
through the Winding of relay EP (34), contact 3 
of relay PSD (34), conductor 803 through cable 
f8-34, contact 7 of relay IDL (18), conductor 2403 
through cables 30-32 and 8-24, contact of relay 
STA(24), contact 3 of relay U (24), conductor 
330 through cable 3 -34, brush DC2 (34) in po 
Sition 11, conductor 4606 to ground at contact 
of relay DTS (46). 

Relay EP (34) operates in this circuit and closes 
a circuit from ground at its contact 4, conductor 
3404, contact 2 of key DTO (45), contact 5 of key 
MKD(45), conductor 45 to through cable 8-34, 
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contact 6 of relay IDL (18), conductor 804, con 
tact 4 of key WO (26), contact 5 of key TO (26), 
contact 5 of key PS, conductor 2607 to battery 
through the Winding of relay RLK (11). 

Relay RKO11) operates to indicate that the 
transmission of the designation to the sender has 
been completed. With relay EP (34) operated the 
'dial pulsing circuit a Waits restoring to normal. 
. The checking of the designation as transmitted 
from the Sender and the restoration of the test 
circuit to normal takes place as for the multifre 
quency Sender. 

Dial Out-pulsing-loop dialing 
If it is desired to test the senders for their abil 

- ity to Send out dial pulses a corresponding desig 
nation Will be set up on the designation key-sets 
and either key LPD (43) or key SXD(43) Will be 
operated according to whether the desigraation 
requires loop dialing or simplex dialing, instead 
of key MFR(25). It will be assumed that loop 
dialing is required and that, therefore, key 
LPD (43) is operated. 
With key LPD (43) operated, a circuit is closed 

from off-normal ground on conductor floo, con 
tact 2 of key MAN (25), contact 2 of key MER(25), 
contact 2 of key DCR (25), conductor 250, con 
tact 3 of key LPD (43), to battery through the 
winding of relay DPR, (43). 

Relay DPR(43) operates in this circuit and at 
its contact 6 connects ground to conductor 4303, 
through the Winding of relay DKA(55) to bat 
tery. Relay DKA(55) operates, lighting lamp 
DPR (55). Relay DKA(55) also closes a circuit 
from ground over its contact 5, conductor 5507, 
contact 6 of relay DK(56), conductor 5607, to bat 
tery through the winding of relay LBC (57). 
At its contact 2, relay DPR (43) connects 

ground to conductor 4304, completing a circuit 
over brush DPK2 (42) in normal position, con 
ductor 4200, over contact 5 of relay PRS (43) to 
battery through the resistance BJ (43) in shunt 
of the Winding of relay PRS (43) and over coln 
tact 3 of relay PRS(43), conductor 4305, back 
contact of magnet DPKC42), conductor 42Of con 
tact 9 of relay PRS (43), conductor 4306 to bat 
tery through the winding of magnet, DPK(42). 
Magnet DPK(42) operates, opening its contact 
and thereby its operating circuit and advancing 
switch DPK(42) to position 1. Relay DPR (42) 
at its contact 3 closes a circuit from ground to 
battery through the winding of relay PRS (43). 
When Switch DPK(42) advances to position 1, 
the Shunt above traced around the winding of 
relay PRS (43) is opened and with a key operated 
in key-Set ACA (6) no shunt is closed in position 1 
of Switch DPK(42) and relay PRS (43) operates, 
leaving Switch DPK(42) preset in position 1. 

Relay DPR (43) connects battery through re 
sistance BD(43) over its contact 9 and conduc 
tor 4307 to ground through resistance GBCA2), 
these two resistances constituting a voltage di 
vider, from the mid-point of which a circuit ex 
tends over contact f of jack TMA(42), winding 
of relay TMA(42), contact 2 of jack TMA (42), 
conductor 4202, contact 2 of jack TMD(54), lower 
winding of relay TMD (54), contact 3 of jack 
TMD(54), conductor 5400, contact to of relay 
DPR (43), resistance BE (43) to full battery po 
tential. A circuit also extends from battery on 
conductor 5400 over contact 3 of jack TMD (54) 
through the upper winding of relay TMD(54), 
contact of jack TMD(54), through condenser 
TMC54) to ground. 

However, ground is also connected to conductor 
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5400 at this time overcontact 4 of relay TCD (43), 
conductor 4308 and contact f of relay L. (55) so 
that condenser TMC54) is discharged and relays 
TMD (54) and TMA (42) are released, that is, hold 
their contacts closed. 
In addition relay DPR (43) closes a circuit fron 

ground over its contact 5, conductor 430, contact 
of key LPD (43), conductor 43 ? , to battery 

through the winding of relay LP (55), operating 
that relay. Relay DPR (43), in grounding con 
ductor 430, also closes a biasing circuit for relay 
L(55) which may be traced from ground on con 
ductor 430, through the lower winding of relay 
L(55), conductor 550, contact of relay 
TCD (43), to battery through resistances BBC43). 
When relay PRS (43) operates after switch 

DPK(42) has been preset, if the sender is to be 
Set by dial pulses, it closes a circuit from ground 
at contact 4 of relay IDL (18), conductor 1805 
through cable f8-44, contact 6 of relay PRS (43), 
conductor 4309 to battery through the winding 
of relay DIN (42), which operates. If the Sender 
is to be Set by multifrequency pulses, relay 
DIN (42) is not operated. For this description it 
will be assumed that relay DIN (42) is not oper 
ated. 
The seizure of the sender, test of its condition, 

test of the class registration function, transmis 
sion of the designation to the sender, the marker 
test and the trunk closure delay test, all take 
place substantially as previously described. For 
calls requiring dial-type out-pulsing the SL relay 
of the Sender does not function until after Out 
pulsing has been completed and therefore the test 
of that function is also delayed. 
Trunk closure by the sender is tested for over 

conductors 409 and 408, conductor 409 extend 
ing over contact 3 of relay SK (4), conductor 
403, contact 5 of relay SPA(12), conductor 1227, 
contact 7 of relay OPT (43), conductor 43f2, con 
tact 2 of relay LP (55), contact of relay PS (55) 
to ground through resistance BA(55) and conduc 
tor 408 extending over contact 4 of relay SK (4), 
conductor 409, contact 8 of relay SPA(12), con 
ductor 228, contact 3 of relay LP (55), conductor 
5502, in parallel over contact 5 of relay TGT (42) 
and brush TM3 (54) of timing switch TM(54), 
conductor 4203, contact 4 of relay PS (55), to 
ground through condenser LPD (55) and over con 
tact 7 of relay LP (55), upper winding of relay 
(55), conductor 5503, over contact 2 of relay 
RES (44) to battery through resistance BCC44). 
When the sender closes the trunk, after trunk 

closure delay, relay L(55) operates and closes a 
circuit from ground over contact 2 of relayL (55), 
conductor 5504, contact 0 of relay PRS (43), con 
ductor 4300, contact 9 of relay UXD (44), conduc 
tor A400, contact 2 of key XDD (43), conductor 
430, contact 2 of key OTD (25), contact 2 of key 
3TD (25), contact 2 of key 5TD (25), conductor 
2503, brush TCID5(17) in position 8 (assurning 
that the trunk closure delay was correct), contact 
2 and winding of relay TDK (17) to battery. Re 
lay TDK (17) operates and closes a circuit from 
ground over contact 4 of key MFR(25), conductor 
2505, contact 4 of relay TDK (17), contact 3 of re 
lay DF (17), contact 3 of relay DF2 (17), con 
ductor 708, contact 3 of key MAN (25), contact 
5 of key MFR, (25), contact 4 of key DCR (25), 
conductor 25, contact 2 of key LPD (43) to bat 
tery through the winding of relay TCD (43). 
At its contacts 7 and 8, relay TCD (43) trans 

fers the biasing circuit of relay L(55) from bat 
tery through resistance BBC43) to battery 
through resistance BA(43) thereby increasing the 
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release bias on relay L(55), but relay L(55) re 
mains operated. 
With relayL (55) operated, the operation of re 

lay TCD (43) closes a circuit from ground over 
contact 2 of relay L(55), conductor 5504, contact 
f of relay LP (55), conductor 5505, contact 3 of 
relay TGT (42), conductor 4204, contact 3 of relay 
TCD (43), conductor 433, winding of relay 
I (57), in parallel to battery through resistance 
BH(57) and through the winding of relay 
RSR (57). Relay RSR (57) operates slowly and 
relay I (57) operates quickly to prevent a pre 
mature operation of relay RA(57). With both 
relay L (57) and relay RSR (57) operated, a cir 
cuit is closed from ground at contact 2 of relay 
RSR (57), contact 2 of relay L. (5) through the 
winding of relay L2 (57). Relay RSR (57) also 
closes a circuit from ground over its contact , 
contact 2 of relay RA (57) to battery through the 
winding of relay RA (57). 
circuit is now ready to receive dial pulses. 
For each pulse of a digit, the sender opens the 

connection between conductors 408 and 409, 
causing relay I (55) to release, opening its con 
tact 2 and closing its contact f. When relay 
L(55) opens its contact 2, relay L (57) releases 
but relay RSR (57) which is slow to release holds 
over the interruptions of its circuit due to dial 
pulses. Relay L. (57) in turn releases relay 
L2 (57). Relay L. (57) also closes a circuit from 
ground at contact 2 of relay RSS (57), contact 
of relay L (57), to battery through the upper 
winding of relay RA (57). Relay RA (57), be 
cause of its short-circuited lower winding is Slow 
to release and remains operated throughout the 
digit. Relay RA (57) opens the circuit of relay 
RA (57) causing the latter relay to release. 
When relay L(55) closes its contact f, it com 

pletes a circuit from ground over its contact f, 
contact 4 of relay LP (55), conductor 5506, con 
tact 4 of relay UXD (44), conductor 440?, contact 
? of relay DPS (43), conductor 4314, contact 3 of 
relay RSR (57), contact of relay L5(57) to bat 
tery through the winding of relay L3 (57). Relay 
L3 (57) operates and closes a locking circuit for 
itself from battery through its Winding, lower 
winding of relayL5(57), contact of relayL (57), 
contact of relay L3 (57), in parallel over con 
tacts of relay L2 (57) and contact 3 of relay 
RA (57) to ground at contact 2 of relay RSR (57). 
Relay I5(57) does not operate in this locking cir 
cuit since it is shunted by the operating circuit of 
relay L3 (57). 
At the end of the first pulse, relay L. (55) OpenS 

its contact and closes its contact 2, reoperating 
relays Li (57) and L2(57). The opening of con 
tact of relay L(55) opens the operating circuit 
of relay L3 (57) and permits relay L5(57) to Op 
erate. 
With relay L5(57) operated, a circuit is closed 

from ground at contact 2 of relay RSR (57), con 
tact 3 of relay RA (57), contact of relay 
BDT (57), conductor 570, contact 4 of relay 
DK (56), conductor 5600, contact 4 of relay 
L5(57), conductor 570, contact 6 of relay 
P4 (56), contact 6 of relay P2 (56), contact 2 of 
relay P3 (56), contact of relay P5 (56), to bat 
tery through the lower winding of relay P (56). 
Relay P (56) operates and locks over a circuit 
from battery through its upper Winding and its 
contact 3, contact 2 of relay P2 (56), contact 4 of 
relay P3 (56), contact 2 of relay P4 (56), contact 4 
of relay P5 (56), conductor 560, contact 2 of re 
lay RAt (57), to ground at contact of relay 
RSR (57.). A branch of this locking circuit ex 
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tends over conductor 5602 to contact 3 and the 
Winding of relay PA(57) operating that relay, 
which locks over its contact 4 and conductor 
5702 to ground at contact 8 of relay DPR (43). 
Relay PA(57) in operating closes a circuit 

from ground over contact of relay RSR (57), 
contact of relay RA (57), contact of relay 
PA (57), conductor 5703, to battery through the 
winding of relay RA2 (56). Relay RA2 (56) op 
erates and locks over its contact 5, conductor 
5603, contact 3 of relay PH(57), to ground on 
conductor 502. 
When relayL (55) releases at the beginning of 

the second pulse, relays Lt (57) and L2(57) again 
release, and ground is again connected to con 
ductor 43f4, completing a circuit over contact 3 
of relay RSR (57), contact 2 and upper winding 
of relay L5(57), upper winding of relay L4(57) to 
battery. Relay L5(57) is held operated and re 
lay 4 (57) operates, closing a locking circuit for 
itself from battery through its lower winding and 
Over its contact 2, contact 2 of relay L3 (57), con 
tact 3 of relay RA (57) to ground at contact 2 of 
relay RSR (57). At its contact f, relay L4(57) 
opens the locking circuit for relay L3 (57) which 
releases and opens the locking circuit for relay 
L4 (57) so that relay L4(57) is held only under 
the control of relayL (55). 
At the end of the second pulse, relay L(55) 

reoperates, opening the circuits of relays L5(57) 
and L4 (57), restoring these relays to normal. 
With relay L5(57) released, a circuit is closed 
from ground on conductor 5600, contact 3 of re 
lay L5(57), contact 3 of relay RA (57), con 
ductor 5704, contact 5 of relay P (56) to battery 
through the winding of relay P2 (56), Relay 
P2 (56) operates, locking over its contact 3, con 
tact 4 of relay P3 (56) and thence as traced for 
the locking circuit of relay P (56) to ground at 
contact of relay RSR (57). At its contact 2, 
relay P2 (56) opens the locking circuit of relay 
P? (56) which releases. 
With relays L3 (57), L4 (57) and L5(57) re 

leased, the release of relay L(55) in response to 
the third pulse operates relay L3 (57) and its re 
operation at the end of that pulse operates relay 
L5 (57). At the beginning of the fourth pulse 
relay L4(57) is operated, relay L3 (57) released, 
and relay L5(57) held operated, and at the end 
of that pulse relays L4(57) and L5(57) release. 
It Will be apparent, therefore, that at the end of 
each odd pulse relay L5(57) is operated, ground 
ing conductor 570 and at the end of each even 
pulse relay L5(57) is released, grounding con 
ductor 57 OA. 
Ground on conductor 576 at the end of the 

third pulse is extended over contact 6 of relay 
P4 (56) and contact 5 of relay P2 (56) to battery 
through the winding of relay P3 (56). Relay 
P3 (56) operates, locks over its contact 5, con 
tact 2 of relay P4 (56), and contact 4 of relay 
P5 (56) to ground over conductor 560, and opens 
the locking circuit of relay P2 (56) which releases. 
Ground on conductor 504 at the end of the 

fourth pulse extends over contact 6 of relay 
P3 (56), to battery through the winding of relay 
P4 (56). P4 (56) locks over its contact 3 and con 
tact 4 of relay P5 (56) to conductor 560 and 
opens the locking circuit of relay P3 (56) causing 
that relay to release. 
With relay P4 (56) operated, ground connected 

to conductor 570 following the fifth pulse is ex 
tended over contact 5 of relay P4 (56) to battery 
through the winding of relay P5(56) which oper 
ates. Relay P5(56) - locks over contact 6 of relay 
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P(56) and contact 5 of relay P5 (56) to con 
ductor 560 and releases relay P4 (56). 
With relay P5(56) operated, ground connected 

to conductor 5704 at the end of the sixth 
pulse is extended over contact 6 of relay P5 (56), 
to battery through the lower winding of relay 
P6 (56). Relay P6 (56) locks through its upper 
winding and over its contact 3 to conductor 560, 
and closes a circuit from ground over its contact 
4 to battery through resistance BK (56) and the 
winding of relay P6A(56) in parallel. Relay 
P5 (56) remains operated. 
At the end of the seventh pulse, ground con 

nected to conductor 570 is extended Over con 
tact 6 of relay P4 (56), contact 6 of relay P2 (56), 
contact 2 of relay P3 (56), contact of relay 
P6 (56) to battery through the lower winding of 
relay P (56). Relay P(56) opens the locking 
circuit of relay P5 (56) which releases, after 
which relay Pi (56) locks in the circuit previously 
traced. 
The eighth, ninth and tenth pulses cause the 

operation of relays P2 (56), P3 (56) and P4 (56) as 
described for the Second, third and fourth pulses. 
At the end of a digit, relay L(55) remains oper 

ated, holding relay I (57) operated for a Suf 
ficient interval to permit relay RA (57) to release. 
With relay RA(57) released, a circuit is closed 
to determine that the checking relays are normal. 
This circuit may be traced from ground over con 
tact 3 of key PAK(54), conductor 540, contact 
2 of relay PA(57), conductor 5705, contact 2 of 
relay RA2 (56), conductor 5604, contact 4 of relay 
RA(57), conductor 5706, contact of relay 
Ge (56), contact 2 of relay G (56), contact 5 of 
relay G2(56), contact 5 of relay G4 (56), contact 
3 of relay G7 (56), conductor 5605, contact 5 of 
relay PHC57), contact f of relay PKD(57), con 
tact of relay PKD (57), conductor 57 07, to 
battery through the winding of relay DK(56). 
Relay DK (56) operates in this circuit and locks 
over its contacts f and 7, contact f of relay 
RA2 (56), conductor 5606 to ground at contact 
of relay RSR (57). At its contact 6 relay DK (56) 
opens the circuit of relay LBC (57) but that relay 
is slow to release and remains operated for an 
interval. At its contact 5, relay DK(56) connects 
ground on conductor 550 to conductor 5608 and 
thence over contact f of relay RA(57) to battery 
through the winding of relay BDT (57). 
With relay DK (56) operated, two checking cir 

cuits are closed for checking the digit received 
against the digit set up on the key-set. Assum 
ing that the first digit of the code used for this 
call is the same as previously used, namely 4, and 
that relay P4 (56) was operated in response to the 
reception of four pulses from the sender, one cir 
cuit will be closed from ground Over contact 
of relay UXD (44), conductor 4402, contact 2 of 
relay DK(56), contact f of relay P4 (56), to bat 
tery through the winding of relay G4 (56) and in 
parallel therewith over contact 6 of relay 
RA2 (56), conductor 2364 through cable 23-56, 
contact 3 of key. O0, conductor 704, contact of 
relay NSK(32), conductor 320, through cable 
32-2, brush DPK3(42) in position 1, conductor 
4205, to battery through the winding of relay 
PKD(57). A Second circuit Will be closed from 
ground over contact f of relay UXD (44), con 
ductor 4402, contact 3 of relay DK (56), contact 4 
of relay Pi (56), contact 3 of relay P6A(56) to 
battery through the winding of relay G0 (56) and 
in parallel therewith over contact 9 of relay 
RA2(56), conductor 2360 through cable 23-56, 
contact 4 of key 700, conductor T 03, contact 2 of 
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relay NSKC32), conductor 32 through cable 
32-2, brush DPK4 (42) in position i, conductor 
4205, to battery through the winding of relay 
PKD (57). 

If relays PKD(57) and PKD. (57) both operate 
and two of the relays G0 (56) to G7 (56), neither 
more nor less, operate, a circuit is closed from 
ground over contact 3 of key PAK (54), conductor 
540, contact 2 of relay PA(57), conductor 5705, 
contact 2 of relay RA2 (56), conductor 5604, con 
tact 4 of relay RA(57), conductor 5706, contact 2 
of relay G0 (55), contact 5 of relay G. (55), con 
tact of relay G2 (55), contact 2 of relay G4 (56), 
contact of relay G7 (56), conductor 5609, con 
tact 2 of relay PKD (57), contact 2 of relay 
PKD (57), conductor 57 08, contact 9 of relay 
TCD (43), conductor 435 to battery through the 
winding of relay PH(57). 

Relay PH(57) operates and locks over its con 
tact 4, conductor 4305, back contact of Imagnet 
DPK(42), conductor 420, contact 8 of relay 
PRS (43) to ground at contact 4 of relay 
DPR (43). Relay PH(57) closes a circuit from 
ground over contact 4 of relay DKA(55), con 
ductor 5508, contacts and 2 of relay PH(57), 
conductor 4306 to battery through the winding of 
magnet DPKC42). At its contact 3, relay PH(57) 
opens the locking circuit of relay RA2 (56) which 
releases, in turn releasing relay DK (56). 
With relay PH(57) operated, to indicate a digit 

check, it closes a circuit from battery through the 
winding of relay LBC (57), contact G of relay 
PH(57) to ground over conductor 5507, which cir 
cuit becomes effective to hold 1relay LBC (57) 
operated before sufficient time has elapsed, foll 
lowing the operation of relay DK (56), to permit 
slow-to-release relay LBC (57) to release. 

Relay DK(56) in releasing also releases relays 
GO (56), G4 (56), PKD(57) and PKD (57), opens 
the circuit of relay BDT (57), which releases 
slowly, and recloses the circuit of relay LBC (57). 
The release of relays GO(56), etc., opens the oper 
atting circuit for relay PH(57). 
When magnet DPK(42) operates in the circuit 

above traced, it opens the locking circuit for relay 
PHC57) and that relay releases, in turn releas 
ing magnet DPK(42) to advance switch DPK(42) 
to position 2. 
When relay BDT (57) now releases the circuit 

is ready to receive the next digit. 
If the Sender starts to send out the next digit 

prematurely, that is, before relay BDT (57) re 
leases, a circuit is closed from ground Over Con 
tact 2 of relay RSR (57), contacts of relay L2(57) 
released, contact 2 of relay BDT (57) to battery 
through the winding of relay BDF(57). Relay 
BDF(57), if operated, lights lamp BDF(57), locks 
over its contact to ground at contact 2 of relay 
RSR (57) and connects the winding of relay 
BDT (57) to ground on conductor 5507, holding 
the latter relay operated. 

If the digit fails to check, relay LBC (57) re 
leases after an interval and connects ground to 
contacts of relays GO(56) to G7 (56) to light the 
lamps of Fig. 48 which correspond to the oper 
ated relays and indicate the digit received. It 
also connects ground On conductor 5702, contact 
5 of relay PA(57), contact 2 of relay LBC (57), 
conductor 23 through cable 9-34, contact 6 
of relay MAN (11), contact f of relay SK2 (11), 
conductor 508 to battery through the lower wind 
ing of relay BLKO11) to battery to block the test. 
ASSuming that the digit checks properly, the 

test circuit proceeds to check each of the suc 
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ceeding digits in substantially the manner de 
scribed. 
Assuming that no stations digit has been set 

up, when switch DPE(42) is advanced to posi 
tion f , a circuit is closed from ground Over con 
tact 2 of relay DPR (43), conductor 4304, brush 
DPK2 (42) in position f f, conductor 2380 through 
cable 23-42, contact 3 of relay STA(24), conduc 
tor 2404 through cables 8-24 and 30-32, con 
tact 4 of key LPD (43), contact 4 of relay 
PRS (43), conductor 436, contact 4 of key 
2OC (44), contact of key SXR (44), conductor 
3602, contact 6 of relay SP2(4), conductor 4 
to battery through the winding of relay SK2(11) 
to indicate the successful completion of the Out 
pulsing check. 
With relay SK2 (11) operated the test of the 

sender SL relay is made. Relay SLK (13) was 
operated and locked following the trunk closure 
delay test and relay RLK(11) was operated foll 
lowing the completion of in-dialing. With relay 
SLK (13) operated, conductor 40 is connected 
to the winding of relay KT (13) and conductor 
4 is connected to the Winding of relay KR (13) 

as previously described. When relay TCD (43) 
operated following the trunk closure delay test, 
the windings of relays KT (13) and KR (13) were 
connected over conductor 304, contact 9 of relay 
TCD (43), conductor 3 f , contact 5 of relay 
KTR(13), conductor 366 to battery through re 
sistance BD (6). When relay SK2 (11) operates, 
ground is connected over off-normal conductor 

9, contact of relay BLK (11), contact of 
relay RLK(11), contact 3 of relay SK2 (11), con 
ductor 4302, to the contact of relay KT (13). 

Battery through the windings of relays KTC13) 
and KR (13) connected to conductors 4) and 
4 operates the SL, relay of the sender through 

its high resistance Winding. When dialing is 
completed ground is connected through the low 
resistance winding of the SL relay in parallel 
with the high resistance winding of that relay 
and marginal relays KT (13) and KR (13) oper 
ate, completing a circuit from ground connected 
to conductor 4302 as above traced, over contact 
of relay KT (13), contact of relay KR (13), con 
ductor f307, contact of relay ROL(6), con 
ductor 603, contact 5 of key GTO (14), conduc 
tor 4f 8 to battery through the winding of relay 
KTR (13). 

Relay KTR (13) locks over its contact 6 to 
ground on conductor f 95 and disconnects bat 
tery from the windings of relays KT (13) and 
KR(13) to cause the Sender to release. The 
restoration of the test Switches and the advance 
of the Sender selector take place as previously 
described. 

Simplea dialing 
If the designation Set up on the key-set is one 

which requires simplex out-dialing, key SXD (43) 
is operated and relay SX(43) operated in place 
of relay LP(55). With relay SX(43) operated, 
the operating circuit for relay L(55) extends 
from conductor 498 to conductor 228 as above 
traced and thence over contact 4 of relay SX(43), 
contact 8 of relay OPT (43), contact 5 of relay 
TCD (43), conductor 43, 7, upper winding of relay 
L(55) and thence to battery. Conductor f4.09 
is not connected to ground at this time, but when 
the Sender closes the trunk for this class of call, 
it connects low voltage battery to conductor 408, 
operating relay L. (55) which operates relay 
TDK(17), relay TDK(17) in turn operating relay 
TCD (43). 
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Relay TCD (43) alters the bias on relay I (55) 

as described and transfers the operating wind 
ing of relay L(55) to conductor 227 over contact 
6 of relay TCD (43), contact 7 of relay SX(43) 
and contact 7 of relay OPT (43). Conductors 
408 and 609 to which conductors 227 and 228 

are connected, are connected in simplex in the 
Sender but are used separately in the test circuit 
to test each conductor for continuity. The 
change in the bias on relay L(55) under the 
simplex dialing condition is sufficient to cause 
relay L(55) to release and close its contact . 
With relay SX(43) operated, relays Li (57) 

and RSR (57) operate in a circuit which extends 
as previously traced to conductor 5505 and thence 
over contact 2 of relay SX(43) and conductor 
2308 to ground at contact of relay L(55). 
For Simplex pulsing, the Sender connects 

ground through a resistance to conductors f408 
and 409, operating relay I (55) at each pulse. 
When relay T(55) closes its contact 2, it con 
nects ground Over that contact to conductor 5504, 
over contact 3 of relay SX(43) to conductor 5506, 
and thence as previously traced to the winding 
of relay L3 (57). Relays L3 (57), L4(57) and 
L5(57) respond to closures of the front contact 
of relay L. (55) to count the incoming pulses as 
previously described, and the operation of record 
ing and checking the designation takes place as 
described for loop dialing. 

Direct-current code out-pulsing 
The Senders being tested are also equipped to 

Send out designations by means of direct-current 
code pulses. Since this type of pulsing is used 
to set outgoing senders which in general control 
local or tandem offices, it will be assumed that 
only the office code and numerical designation are 
to be sent to and received from the sender and 
that therefore no keys are operated in the area 
code key sets ACA(6), ACB (6) and ACC (14) so 
that relays ACA(8), ACB (8) and ACC (16) are not 
Operated. For convenience it will be assumed that 
the same office code and numerical keys are op 
erated, although it will be understood that, in 
practice, the keys to be operated will be deter- . 
mined by the codes corresponding to such calls 
in the particular office where the test circuit is 
installed. 
ASSuming also that the sender under test is to 

be set by multifrequency pulses, relay IMF (18) 
will be operated to control the setting of the 
Sender and key DCR (25) will be operated to pre 
pare the test circuit to receive direct-current code 
pulses. 
The seizure of the sender and the test of the 

control conductors and class registration take 
place as previously described. 
With key DCR (25) operated, as soon as off 

normal relay ON (11) operates, conductor OO is 
grounded, completing a circuit over contact 2 of 
key MAN (25), contact 2 of key MFR(25), con 
tact of key DCR (25), conductor 2509 through 
cable 39-40 to battery through the winding of 
relay DCR (41). Relay DCR (25) closes a circuit 
from ground over its contact 5, conductor 4 00, 
through cable 39-40, brush DCK (39) in its nor- . 
mal position, conductor 3900, back contact and 
winding of magnet DCKC39) to battery, operat 
ing magnet DCKC39) in a self-interrupting cir 
cuit to advance switch DCK(39) to position 1. 
Conductor 3900 also extends through cable 39-41 
to battery through the winding of relay DKG (4) 
which operates and then releases when switch 
DCK(39) advances to position 1. 



51 
Relay. DCR (41) closes a circuit from ground 

Over its contact 6 through the winding of Irelay 
PDC (41) to battery through resistance BH(41). 
However, Since relay ACA (8) is not operated, re 
lay DCR (41) at its contact 7, which closes before 
contact 6 closes, connects ground to conductor 
4f0 which extends through cable 39-4 over 
brush DCK2(39) in its normal position and posi 
tion 1, conductor 2370 through cables 23-39 and 
8-24, contact 2 of relay ACA(8), conductor 805, 
through cables 8-24 and 30-32, contact 3 of key 
AAC(30), conductor 2404, contact 3 of key 
DCR (25), conductor 25 2, through cable 39-4?, 
over contact 4 of relay PDC (41) to battery 
through resistance BH(41) in Shunt of the Wind 
ing of relay PDC (41) to prevent that relay from 
Operating and over contact f of relay PCD (41) to 
conductor 3900 and the Self-interrupting circuit 
of magnet DCKC39). Therefore when switch 
DCK(39) reaches position 1, magnet DCK(39) is 
again operated and released, advancing switch 
DCKC39) to position 2. 
In position 2, With relay AC3(8) not operated, 

the shunt and magnet operating circuit above 
traced extends over brush DCK2 (39), conductor 
237 through cables 23-39 and 8-24, contact 2 of 
relay ACB (8), to conductor 805. Brush DCK2(39) 
bridges its contacts so that the shunt does not 
open as the Switch advances to position 3. In 
this position, the shunt extends over brush 
DCK2(39), conductor 2372 through cables 23-39 
and 16-24, contact 2 of relay ACC(16) to con 
ductor 805 causing switch DCK(39) to advance 
to position 4, where the shunt is opened since re 
lay OCA(16) is operated, and relay PCD (41) op 
erates, opening the operating circuit of magnet 
DCK(39), leaving switch DCK(39) preset in po 
Sition 4. 
Relay PCD(41) operated closes a circuit from 

ground at contact 4 of relay TDS (17), conductor 
f704, contact 5 of relay PDC (41), conductor 370 I, 
Contac O of relay IMF(18), conductor 800 to 
battery through the winding of relay MFA(26). 
Relay. MFA(26) in turn operates relay MFS (29) 
which starts the presetting operation for switch 
MFP (21). Relay MFS (29) closes the circuit for 
relay MPS (29) and the operating circuit for mag 
net MFP (21) for advancing Switch MFP(2) to 
position 2 as previously described. In position 2, 
with no area code set up, an operating circuit for 
magnet MFP (21) and a shunt around the winding 
of relay MPS (29) is closed from ground at con 
tact 6 of relay MFS (29), conductor 290?, brush 
MFP2 (21) in position 2, conductor 32, through 
cables 21-3? and 8-24, contact of relay ACB (8), 
conductor 2403, contact 2 of relay MFA(26), con 
ductor 2605, through cable 8-22, contact 5 of re 
lay MPS (29) to battery through resistance 
BT (29) in shunt of the winding of relay MPS (29) 
and from conductor 2605 over contact 2 of relay 
MPS (29) and conductor 2902, to the back contact 
and winding of magnet MFP (21) and battery. 
Magnet MFP (21) operates and advances switch 
MFP(21) to position 3, where the circuit for mag 
net MFP (21) and the shunt around relay 
MPS (29) extends over contact 3 of brush 
MFP2(21), conductor 3 22, through cables 2-3 
and 6-24, over contact of relay ACC (16) to 
conductor 2403. Switch MFP(21) is therefore 
advanced to position 4 and then to position 5 
over the circuit by which it was advanced to po 
sition 1. In position 5 no shunt is closed around 
the winding of relay MPS (29) and that relay op 
erates, opening the circuit of magnet MFP (21) 
and leaving switch MFP (21) preset in position 5. 
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The transmission of the designation to the 
sender takes place as previously described, start 
ing with the first Office code digit. 
For this type of call, trunk closure is indicated 

- by the operation of relay TCK (17) as described 
for the multifrequency out-pulsing, relay 
TCK (17) operating relay TDK (17) if the trunk 
closure delay is Satisfactory. With relay 
TDK (17) operated, a circuit is closed from ground 
over contact 4 of key MFR(25), conductor 2505, 
contact 4 of relay TDK (17), contact 3 of relay 
DF (17), contact 3 of relay DF2 (17), conductor 
708, contact 3 of key MAN (25), contact 5 of key 
MFR(25), contact 5 of key DCR (25), conductor 
253 through cable 39-4, contact 3 of relay 
PDC (41), conductor 4f02 through cable 52-53 to 
battery through the winding of relay CTD(52). 

Relay CTD (52) closes circuits for Operating 
two of the relays CSO (52) to CST (40) under the 
control of the key-set to prepare for checking 
the first digit. These circuits may be traced from 
ground over contact 7 of relay CTD (52), con 
ductor 520 through cable 52-53, contact 2 of 
relay STT (41), conductor 4104 through cable 
39-40, to brushes DCK4 (39) and DCK5(39). 
With switch DCK(39) in position 4, the circuit 
over brush DCK4 (39) extends over conductor 
327 through cable 32-39, contact 8 of Telay 
NSK(32), conductor 3202, contact 4 of key 50, 
conductor 2362 through cables 23-30 and 39-52, 
contact 3 of relay CTD (52), conductor 5202 to 
battery through the winding of relay CS2(40). 
The circuit over brush DCK5(39) extends over 
conductor 326 through cable 32-39, contact T of 
relay NSK(32), conductor 3203, contact 3 of key 
1501, conductor 2364 through cables 23-39 and 
39-52, contact 4 of relay CTD(52), conductor 
5203 to battery through the Winding of relay 
CS4 (40). Relays CS2 (40) and CS4 (40) are op 
erated to indicate the digit set up on the first 
office code key-set. 
The test of the SI relay of the sender takes 

place as for multifrequency out-pulsing after 
which relay MFT (13) is operated as previously 
described. With relay MFT(13) operated, relay 
CTD (52) closes a circuit from conductor f4.08 
leading to the sender, contact 4 of relay SKI (4), 
conductor 409, contact 8 of relay SPA(12), con 
ductor 228, contact f f of relay CTD(52), con 
ductor 5200, contact of relay FB(53), conductor 
530, contact of relay LBF(41), contact 6 of 
relay KRL (41), contact 2 and winding of relay 
KC (41); contact of relay KR? (41), contact 3 
of relay KRL(41), conductor 403, through cable 
52-53, contact 8 of relay CTD(52), conductor 
f308, contact f of relay MFT (13), contact 4 of 
relay BA(3) to ground on conductor f05. 
Ground on conductor 403 extends over contact 5 
of relay KC (41) and contact f of relay CST (41) 
to battery through lamp AS (41). 
When the sender is ready to send out pulses, it 

first connects 24-volt battery to conductor 408, 
operating relay KC (41) which locks over its 
contact 3 to battery through resistance BU(41) 
and extinguishes lamp AS(41). At its contact 6, 
it extends the circuit from conductor 408 over 
conductor 465, contact of jack RP(40), wind 
ing of polarized relay RP (40), contact 2 of jack 
RPC40), Winding of marginal relay RMC40) to 
24-volt battery. Relay KCl (41) also closes a 
circuit from conductor 409 leading to the sender, 
over contact 3 of relay SK? (4), conductor 403, 
contact 5 of relay SPA(12), conductor 227, con 
tact 2 of relay CTD(52), conductor 5204 through . 
cable 52-53, contact 3 of relay FB (53), conductor 
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532, contact 4 of relay TBF (41), contact of 
relay KRL, (41), contact of relay KC (41), con 
ductor 46, winding of marginal relay TMC52), 
contact of jack TP(52), winding of polarized 
relay TP (52), contact 2 of jack TP(52), winding 
of sensitive relay TS (52) to 24-volt battery. 

Relay KC (41) also connects ground from 
conductor 43 over its contact A, contact of 
relay STK(41), contact 3 of relay STTC41), con 
ductor 47 through cable 39- to brush 
DCK6 (39) and over conductors of cable 3-39 to 
light the progress lamps of Fig. 31. 

Following is a table showing the conditions 
applied by the sender to conductors 408 and 
i09 for each of the digits, the relays operated 

in response thereto, as well as the relays operated 
over the test circuit key-sets for the correspond 
ing digits: 

Condition Con 
nected to Conductor Relays Op 

erated by 
Test Circuit 

Relays Operated by 
Sender Digit 

4.08 

TS-TM-TE 
TS 

In the foregoing table -- (light positive) in 
dicates ground through a high resistance, H 
(heavy positive) indicates ground through a low 
resistance, L- (light negative) indicates 48-volt 
battery through a high resistance and H- (heavy 
negative) indicates 48-volt battery through a 
OW resistance. 
When relay KC (41) operates, Substituting 

24-volt battery for ground on conductor 408, 
a relay in the sender operates to initiate the send 
ing of the designation, but relay TS (52) does 
not operate. 
When the sender sends out the first digit, 

which has been assumed to be the digit 6, aS 
shown in the above table, low resistance ground 
will be connected to both conductors 408 and 
49 and relays TS (52), TM(52) and RMC40) 

Will be operated. 
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Since relays TS (52), TM(52), iP(52), RMC40) 
and RP(40) differ as to type, code and adjust 
ment, it is necessary to delay the check of their 
armature positions until it is certain that the 
slowest of then Will have Operated. Since relay 
TS (52) is operated for every signal, this relay 
is used to obtain the delay. When relay TS (52) 
operates, it closes a circuit from ground at Con 
tact 5 of relay DCR (41), conductor 40, con 
tact of relay TS (52), conductor 5205, contact 2 
of relay FRR (53), conductor 533, contact G 
of relay DCR (41), contact of relay STT (41), 
conductor 8, in parallel. Over contact and 
through the upper winding of relay KKC53) to 
battery, and through the winding of relay 
FR(53), to conductor 52 and resistance BJ (53) 
to battery, 
Ground connected to conductor 48 as above 

traced also extends over contact f of relay 
KK(53), conductor 5304, through cable 52-53, 
contact 6 of relay CTD (52), conductor 396 to 
battery through the Winding of magnet DCK(39) 
and over the back, contact of that magnet to 
conductor 3990 which extends through cable 

55 

60 

65 

70 

75 

54 
39-4 in parallel to battery through the winding 
of relay DKG (41) and over contact 9 of relay 
DCR (41), conductor 5206, contact f of relay 
CTD (52), conductor 5207 through cable 52-53 
to battery through resistance BJ (53) in shunt of 
the winding of relay FR (53). 

Relay KK (53) operates, locking in a circuit 
from battery through its lower winding and over 
its contact 3 to ground on conductor 04. Relay 
KK(53) at its contact 2 connects conductor 
525 to conductor 5SC4 to render the circuit of 
magnet DCK(39) independent of relay FRR (53). 
Magnet OCK(39) operates, opening at its con 

tact the shunt around relay FR(53) which now 
operates. The Sequential operation of relay 
TS (52), magnet DCK(39) and relay FR(53) al 
lows Sufficient time for the pulse receiving relays 
to reach a steady State. 

Relay FR(53) at its contact 5 closes an oper 
atting circuit for relay FRR (53) which Operates. 
and locks over its contact 3 to conductor 5205 
under the control of relay TS (52) and then at 
its contact 2 opens the operating circuit for 
relay FR(53). 
At its contact , relay FR(53) connects ground 

through the upper winding of relay TMK(53) 
and resistance BQ (53) to battery. At its con 
tact 2, relay FR(53) connects ground thirough 
the upper winding of relay TPK (53) and resist 
ance BR(53) to battery. At its contact 3, relay 
FR(53) connects ground through the upper wind 
ing of relay RMK(53) and resistance BS (53). 
to battery. At its contact 5, relay FR(53) con 
nects ground through the upper winding of relay 
RPK (53) and resistance BT (53) to battery. 
With relays CS2(40) and CS4 (40) operated 

from the key-set and relays TM(51) and RMC40) 
Operated by the first pulse as above described, 
and relays TP(51) and RP(40) not operated, a 
Circuit is closed from ground at contact of 
relay CTD (52), conductor 520 through cable 
52-53, contact 2 of relay STT (41), conductor 
4 04 and thence in parallel over four paths, one 
OVer contact 3 of relay CS2 (40), contact 4 of 
relay CSA (40), conductor 4DCO, operated contact 

of relay TM(52), conductor 5208, contact 
of relay STT (41), conductor 409 to resistance 
BQ (53) in shunt of the winding of relay 
TMK(53). A second circuit extends from con 
ductor (4 over contact f of relay CS2 (40), 
contact 3 of relay CS4 (40), conductor G, nor 
mally closed contact 2 of relay TP(52), conductor 
5299 to battery through resistance BR(53) in 
shunt of the winding of relay TPIK (53). A third 
circuit extends from conductor 44 over con 
tact 8 of relay CS2(40), contact 8 of relay 
CS4 (40), operated contact 2 of relay RM(40), 
conductor 4902 to battery through resistance 
BS(53) in shunt of the winding of relay 
RMK(53). The fourth circuit extends from 
conductor it 4 over contact 6 of relay CS2 (40), 
contact 6 of relay CS4 (40), normally closed con 
tact 2 of relay RP(40), conductor 403, contact. 
9 of relay STT (41), conductor 4. , to battery 
through resistance BT (53) in shunt of the Wind- . 
ing of relay RPK (53). Therefore none of the re 
lays. TMK(53), TPK (53), RMK (53) or RPK (53) 
is permitted to operate. 

In this Way, for each digit the operation of 
the pulse receiving relays is checked against the 
digit Set up on the corresponding key-set. 

If any one of the shunts is not closed, the 
corresponding relay operates, locks, lights a lamp 
and operates relay LBF(41). For example, if 
relay TMK(53) operates, it locks through its 
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lower winding. and contacts 4 and 5, conductor 
5305. to ground at contact 2 of relay DCR (53). 
At its contact , it lights lamp TM (53) and, when . 
relay TS (52) releases, completes a circuit from 
ground on conductor 4 O3, contact. 2 of relay 
TS (52), conductor 520, contact. 2 of relay 
RPK (53), contact. 2 of relay. RMEK(52), contact 
3 of relay TMK (53), conductor 5308 to battery 
through the winding of relay LBF(41). Relay 
LBF(41), in operating, locks over its contact 3. 
to ground on conductor 5395 and extends its 
locking ground over, conductor 30 and contact 

of relay SK2(11) to conductor 568 to operate 
blocking relay BLKO11). In addition, if relay 
TMK(53) is operated, it connects ground from 
conductor. 5305 over its contact 5 to conductor 
525 to hold relay FRR (53) locked after relay 
TS (52) releases. 
A further check is made to insure that no false 

cross-connections exist, in the wiring of relays 
CSO (52) to CST (40). For this purpose, relays 
KRP(40), KRM(40), KTM(52) and KTP (52) are 
provided. The two sides of the winding of each 
relay are connected to battery through resist 
ances and to the two contacts of the associated 
pulse receiving relay. If only one contact of a 
pulse receiving relay is grounded the associated 
checking relay operates, whereas if, because 
of a false cross-connection, both contacts are 
grounded, the check relay cannot operate. For 
example, as above traced, conductor 400 was 
grounded over the contacts of relays CS2(40) and 
CS4 (40). Therefore battery through resistance 
BZ (52) is shunted by ground on conductor 400 
and relay KTP (52) operates in Series with re 
sistance BZ2 (52). If, because of some fault, con 
ductor 52 were also grounded, ground Would 
be connected to both sides of the Winding of re 
lay. KTP (52) and that relay could not operate. 
If relay KTP (52) fails to operate, when relay 
FRR (53) operates it connects ground from con 
ductor 404 to conductor 5307 and over contact 3 
of relay KRP (40), contact 3 of relay KRM(40), 
conductor 4004, contact 2 of relay KTM (52), 
contact of relay KTP (52) to conductor 5306. A 
and battery through the winding of relay 
LBF (41). Lamp PSY (40) is lighted whenever 
one of these check relays fails to operate, 
Assuming however that the digit is set up 

properly and that it checks, when relay FR(53) 
releases, it opens the operating circuit for relay 
FRR (53) and, if the digit checks, when relay 
TS (52) releases at the end of the pulse relay 
FRR(53) also releases. 
The release of relay TS (52) opens the circuit 

of magnet DCK(39) advancing switch DCK(39) 
to position 5 where the next digit is set up on 
relays CSO (52) to CST (40), the wiring checked 
and then the digit checked as described for the 
first digit. The check of the remaining digits 
takes place in the same manner. 
Since no station's digit key was operated, when 

switch DCK(39) reaches position 11, a circuit is 
closed from ground over contact 7 of relay 
DCR (41), conductor 4 of through cable 39-4, 
brush DCK2(39) in position 11, conductor 2380 
through cable 23-39, contact 3 of relay STA (24), 
conductor 2404, through cables 8-24 and 30-32, 
contact 3 of key DCR (25), conductor 252 
through cable 39-41, contact 2 of relay PDC (41), 
to battery through the winding of relay STT (41). 
Relay STT (41) prepares for the check of the 

start pulse from the Sender and opens the cir 
cuits for operating relays CSO (52) to CST (40) 
and relay FR(53). The start pulse comprises a 
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heavy positive pulse. on conductor 409. and a 
light negative pulse on conductor. 408, thereby 
operating relays TS (52), TMC52) and RPC40). 
With relay. STT (41) operated, the operation of 
relays TM (52) and RP (40) closes a circuit from 
ground at contact 5 of relay STT (41), conductor 
4 , contact of relay RP(40), conductor 4003, 
contact 8 of relay ST? (41), conductor 4000,-con 
tact 2 of relay TMC52), conductor 5208, contact. 6 
of relay STT (41), conductor 4 ff2, contact. 4 of 
key FB(53), conductor 5308, to battery through 
the winding of relay STK(41). Relay STK(41) 
operates in this circuit and locks over its contact 
2 to ground on conductor 5305. 
When relay TS (52) releases, at the end of the 

start pulse, a circuit is closed from ground. On 
conductor. 4 00, contact 2 of relay TS (52), con 
ductor 520, contact 2 of relay RPK (53), contact 
2 of relay RMK(53), contact 2 of relay TMK(53), 
contact 2 of relay TPK (53), conductor 5309, Con 
tact 3 of relay STK(41) to battery through the 
winding, of relay CST (41). Felay CST (41) op 
erates and locks over its contact 3 to ground on 
conductor 5.305. At its contact 4, relay CST (4) 
closes a circuit from ground over that contact, 
contact 2 of relay KRf (41) to battery through 
lamp KRL (41) and also over the back-contact of 
relay DR(41) to battery through the winding of 
relay RPT (41). 
Relay RPT (41) closes a circuit from ground: 

over contact. 4 of relay CST (41), contact f of re 
lay RPT (41), to battery through the winding of 
relay KRL (41). Relay KRL (41) operates and 
locks over its contact 4 and contact 2. Of... relay 
K.R (41) to ground at contact 4 of relay CST (41). 
With relay KRL (41) operated, the circuit of re 
lay KC (41) is opened and that relay. releases. 
In addition relay KRL (41) transfers the pulsing 
conductors 408. and 409, which extend as pre 
viously traced to the topmost armature and the 
inner lower armature of relay KRL (41), from 
the pulse receiving relays to 48-volt battery 
thirough resistance BKC41) and the lower-wind 
ing of relay DR(41) respectively. 
This connection of 48-volt battery to the 

pulsing conductors simulates the action of an 
outgoing sender in sending a key release signal 
to the originating sender. In response to this 
signal the sender should connect low resistance 
ground to conductor 409 and operate relay 
DR (41) but should not advance to its trunk cut 
through and sender release functions until the 
key release signalisterminated. 

Relay DR (41) in operating opens the circuit of 
relay RPT (41) which releases slowly to measure 
a time interval in which the sender may advance 
if it fails to wait for the end of the key release 
signal. If the sender fails to wait, relay SP (12) 
will be released before-relay RPT (41) closes its 
contact 2. Assuming that the sender does wait, 
a circuit is closed from ground at contact 4 of 
relay SP (12), conductor 43 through cable 
39-41, contact. 2 of relay RPT (41), contact 7 of 
relay KRL (41), to battery through the winding 
of relay KRI (41). Relay KRI (41), operates and 
locks over its contact 3 to ground at contact 4 
of relay CST (41). 
With relay RPT (41) released, the operating 

circuit of relay KRL, (41) is opened and with re 
lay KRf (41) operated the locking circuit of relay 
KRL (41) is opened and relay KRL (41) releases. 
Relay KRf (41) also opens the circuit of relay 
KCl (41) so that relay KC (41) cannot reoperate 
when relay KRL (41) releases. Relay KRL (41) 
disconnects the 48-volt key release signal from 
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the sender, permitting the Sender to advance and 
release. In addition relay KR (4) closes a cir 
cuit from ground connected to conductor 403 as 
previously traced, contact 5 of relay KC (41), 
contact 2 of relay CST (41), contact 4 of relay 
KRf (41), conductor 3602, contact 6 of relay 
SP2(4), conductor 4 to battery through the 
winding of relay SK2(11). 
The test of the release of the Sender and the 

advance to the next sender take place as previ 
ously described. 

Skip digits on out-pulsing 
Due to service requirements the number of 

digits pulsed into a Sender and the number of 
digits pulsed out from the sender may differ. The 
principal variations to be expected and provided 
for in the test circuit are Omitting the area code, 
or Omitting both area Code and Office Code where 
both area code and office code are sent to the 
sender, converting an office code to a different 
code, or adding an area, code. 
To prepare for omitting the area, code, the skip 

three key SK3 (30) is operated, while to prepare 
for omitting both the area code and the office 
code, the skip-six key SK6 (30) is operated. 
If the office code is to be converted into 
another code, a key in one or more of the 
key-sets CCH(6), CCT(6) and CCU (6) is oper 
ated. If an area, code is to be added key AAC(30) 
is operated. In making any of the above tests, 
in order to be sure that the omitted digits have 
been received correctly, key CDK(9) is provided, 
which causes the test circuit to make a no-skip 
test, prior to the skip test. 
ASSunning now that the test designation previ 

ously used represents a call requiring the pulsing 
out of only the numerical designation, keys 
SKS (30) and CDK(9) will be operated. In de 
Scribing the resulting operation it will also be 
assumed that the sender under test is one which 
is set by multifrequency pulses and is to send out 
multifrequency pulses, although it will be under 
stood that the operation would be similar for 
other in-pulsing and out-pulsing combinations. 
With key CDK(9) operated, a circuit is closed 

from ground over contact of relay RZ2 (9), con 
tact of relay RZ (9), contact f of key CDK(9), 
conductor 90 through cable 30-32, contact 4 of 
key AAC(30) to battery through the winding of 
relay NSKF (30). With relay NSKI (30) oper 
ated, the circuit of relay SK6 (30) is opened 
and the multifrequency pulse checking switch 
MFK (48) is preset as previously described. Re 
lay NSK (30) closes a circuit from ground over 
contact 2 of key SK (30), contact 3 of relay 
NSK (30) to conductor 3994 leading to the mark 
er SO that when the Sender is connected with the 
marker it will receive a signal to send out the 
designation as received. 
The test will progress as for the multifrequency 

test previously described. When the test is satis 
factorily completed, relay CPT (11) is operated as 
previously described. With key CDK (9) oper 
ated, instead of operating register CT(9), a cir 
cuit is closed from ground over contact 3 of relay 
CPT (11), conductor 25, contact 2 of key 
REP (9), contact 4 of key REP2 (9), con 
tact 6 of key CDK (9), contact 3 aid wind 
ing of relay RW (9), to battery through re 
sistance BD (9). Relay RW (9) operates in this 
circuit and locks in a circuit from battery through 
resistance BD(9), winding of relay RW (9) and 
its contact 4, conductor 962, contact 2 of relay 
CA3(2) to ground at contact 3 of relay FST(2). 
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Relay RW (9) also closes a circuit from battery 
through resistance BC (9), winding of relay 
RZ (9) over contact 4 of relay RW (9) to ground 
as above traced, but relay RZ (9) does not oper 
ate, being shunted by ground from the operat 
ing circuit of relay RWE (9) over its contact 2. 
In addition, relay RW (9) closes a circuit from 

ground over its contact 2, contact 5 of relay 
RZ (9), to battery through the Winding of re 
start register RST(9). Register RST(9) oper 
ates, registering one repeat test and closing a 
circuit from ground over its contact, conductor 
903 to battery through the winding of relay 
CA2(2). Relay CA2(2) operates, grounding con 
ductor 298 to provide an operating circuit for 
relay CAE (2). Relay CA (2) performs the func 
tions previously described for restoring the in 
pulsing and out-pulse checking switches to nor 
mal as well as the trunk closure delay Switch. It 
may be noted that no circuit is closed by relay 
CA2(2) for operating relay SA(10) such as was 
closed by relay CA (11) at the end of the single 
test so that the sender selector is not advanced 
and the test circuit remains connected with the 
Sane Sender. 
When the test switches have returned to nor 

mal, relay CPT (11) releases, opening the oper 
atting circuit of relay RW (9) thereby permitting 
relay RZ (9) to operate over the locking circuit 
of relay RW (9). Relay RZ (9) opens the cir 
cuit of register RST(9) and also the operating 
circuit for relay NSK? (30). The release of regis 
ter RST(9) releases relays CA2(2) and CA (2), 
permitting the second test to start. 
With relay NSK (30) released and key SK6 (30) 

operated, as soon as relay ON (3) operates, a 
circuit is closed over contact of relay ON (30), 
contact of relay NSK (30), contact of key 
SK6 (30) to battery through the winding of relay 
SK6 (30). Relay SK6 (30) operates and closes a 
circuit over its contact 2 for operating relay 
SK3 (30). 
The release of relay NSK (30) also discon 

nects ground from conductor 3084 SO that the 
sender Will function to send only the numerical 
digitS. 
To preset the pulse checking switch MFK(48), 

relay MFR (37) is operated, advancing switch 
MFK (48) to position 1. The circuit of relay 
PMR (37) is closed as previously described. With 
SWitch MFK(48) in position 1, an operating cir 
cuit for magnet MFK (48) may be traced from 
battery through the winding and over the back 
contact of that magnet, conductor 4823 over con 
tact f of relay PMR (37) to conductor 2508, this 
conductor being connected over contact 4 of relay 
PMR (37) to battery through resistance BTC37) 
in shunt of the winding of relay PMR (37). Con 
ductor 2508 is connected over contact 8 of key 
MFR(25), conductor 2406, contact 3 of relay 
SK3 (30), conductor 2370, through cable 23-48, 
brush MFK2 (48) in position 1, conductor 373 to 
ground at contact 7 of relay MFR(37). There 
fore switch MFK (48) is stepped to position 2 and 
relay PMR (37) remains unoperated. With 
Switch MFK (48) in position 2, ground on con 
ductor 33 is connected over brush MFK2 (48) 
to conductor 23 and over contacts 2 and 4 of re 
lay SK3 (30) to conductor, 24.04 to advance the 
Switch to position 3. In position 3, ground on con 
ductor 373 is connected over brush MFK2 (48) to 
conductor 2372 and over contact 5 of relay 
SK3 (30) to conductor 244 to advance switch 
MFK (48) to position 4. In positions 4, 5 and 6 of 
Switch MFK (48) ground is connected over brush 
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MFK2 (48) to conductors. 233,234 and 235 re 
spectively, these conductors extending through 
cable 23-43, contacts 3,4 and 5 of relay SK6 (30), 
contacts 4, 2 and 3 of relay CC (30) to conductor 
2404, causing the advance of switch MFKC48) to 
position 7. In position 7, although conductor 236 
is grounded, since relay TH(16) is operated, no 
circuit is closed over this conductor, Switch 
MFK(48) comes to rest in position 7, and relay 
PMR (37) operates. 
The remainder of the test is the same as de 

scribed, except that checking of the out-pulsing 
starts with the first numerical digit. 

Code comersion. 
To test the ability of the sender to substitute 

a different office code for the code registered, 
key SK3(30) and CDK(9) are operated. In addi 
tion, according as the test code requires the send 
ing out of one, two or three substitute digits, the 
corresponding keys are operated in set CCU(6), 
on sets CCT (6) - and CCU(6) or on sets CCH(6), 
CGT (6), and CCU(6). With any one of relays 
CCH(8), CCT(8) or CCU (8) operated in response 
to the operation of a key in the associated key 
set, a circuit is closed from ground over contact 
5 of relay ON (30), conductor-3000 through cables 
30-32 and 8-24, contact 2 of relay CCU (8), 
CCT (8) -or CCH(8), conductor 806, through 
cables 8-24 and .30-32, contact 2 of key AAC(30), 
to battery through the winding of relay CC(30). 
A send-as-received test is made as described 

for the skip-six test, except that, since one or 
more...of relays CCH(8), CCT(8) and CCU (8) are 
gperated, the circuit for operating relay NSK(32) 
extends over conductor. 804 through cable 39-32, 
contact 2 of relay NSKI (30) to ground at contact 
of relay ON (30). 
At the beginning of the second or code-conver 

sion test, relay NSKI (30) is released and relay 
NSK(32) cannot operate. A circuit is cloSed, 
Iwhen relay ON (30) operates for this test, from 
ground over contact of that relay, contact of 
relay NSK? (30), contact of key SK3(30), con 
ductor 3005 through cables 39-32 and 6-24 over 
contact. 5 of relay ACC(16), conductor 606, con 
tact 4 of relay ACB (8), contact 5 of relay ACA(8), 
conductor 807 through cables 8-24 and 30-32, to 
battery through the winding of relay SK6 (30). 
Relay SK6(30) operates relay SK3(30) as pre 
viously described. With relays SK6 (30) and 
CC(30) both operated, a circuit is closed from 
ground over contact of relay SK6 (30), contact 

of relay CC (30), conductor 3006 to battery 
through the windings of relays CCL (31) and 
CCA(32) in parallel, operating these relays. 
With relay. CCL (31) operated, the circuits nor 

mally used for lighting the office code lamps 
OCA (31), OCB (31) and OCC (31) are transferred 
to the code-conversion lamps CCH(3), CCT(31) 
and CCU (31). 
With no area code set up, the pulse transmit 

ting switch, for example switch MFP (21) is pre 
Set in position 4 to send out the first of the office 
code digits. 
With relay SK3 (30) operated, the pulsing 

checking switch, for example switch MFK (48) is 
advanced to position 4 under the control of relay 
SK3(30) as above described. Since relay CC (30) 
is operated, the circuits closed by relay SK6(30) 
for advancing SWitch MFK (48) through posi 
sition 4 is connected over contact 8 of relay 
With relay CCA (32) operated, ground connect 
ed to conductor 2373 over brush MFK2(48) in po 
sition 4 is connected over contact 8 of relay 
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CCA(32), conductor: 3204 through cable 8-24 to 
the back contact of relay CCH(8) and ground 
connected to conductor 2374 over brush 
MFK2(48) in position-5 is connected over con 
tact 7 of relay CCA (32) and conductor 3205 
through cable 8-24 to the back-contact of relay 
CCT(8). The other sides of these contacts are 
connected to conductor -2.04 and therefore, if 
less-than three code-conversion digits are to be 
pulsed out, switch MFK (48) may be advanced 
one or two steps into the proper position to check 
the first digit to be received. 

Relay CCA (32) also closes the pulse checking 
circuits, to be used in positions 4, 5 and 6 of switch 
MFK(48) or of other pulse checking switches, to 
the code-conversion key-sets. With these 
changes the operation of the test circuit is as pre 
viously described. 

Area, code added 
If the test designation requires that the Sender 

prefix an area code, to the designation as regis 
tered, when it is sent out, key AAC(30) is operat 
ed, no area code is set up on the area, code key 
Sets, but the code to be prefixed is Set up On the 
code-conversion key-sets. The test designation 
is set up on the office code and numerical keys 
in the uSual manner. 
With key AAC(30) operated and the code 

conversion key-set relays operated, a circuit is 
closed from ground Over contact 5 of relay 
ON (30), conductor 3000 through cables 30-32 
and 8-24, over contacts. 2 of relays CCA (8), 
CCB (8) and CCC(8) in parallel, conductor 806 
through cables 8-24 and 30-32, contact of key 
AAC (30), conductor 3CO7 to battery through the 
windings of relays AAL(31) and AAC(32) in 
parallel. Relay AAL(3) transfers the circuits 
used for lighting lamps ACA (31), ACB (31) and 
ACC (31) to lamps CCH(31), CCT(31) and 
CCU(31). 

Relay AAC(32) at its contact closes a circuit 
for relay NSK(32) which closes the pulse check 
ing circuits to the key-sets as previously traced. 
With relay AAC(32) operated the pulse check 

ing circuits closed by the pulse checking switch 
in positions 1, 2 and 3 are extended to the code 
conversion key-sets. The circuits prepared by 
relay NSK(32) and Which extend to the area, code 
key-sets in these positions are ineffective since 
no keys are operated in the area code key-sets. 
With the above-outlined changes in the check 

ing circuits, the test takes place as previously 
described. 

Synchronieed in and out-pulsing 
If the test circuit is used in an office of the type 

in which the in and out pulsing is synchronized, 
the optional wiring shown in Figs. 8 and 16 is 
Omitted and relay D98 (47) is not operated. 

If the sender under test is one which is set by 
multi-frequency pulses, the area, code digits are 
sent out as previously described. However, when 
Switch MFP (21) reaches position 6, a circuit 
is closed from ground over brush MFP5 (21), con 
ductor 204 through cables 2 f-33 and 33-4T, con 
tact 3 of key 2DTX(47), contact of relay 
D08 (47), conductor 202 through cables 33-47 
and 2-33, contact 5 of relay Gi (29), conduc 
to 299 to battery through the winding of relay 
CDY(22). Therefore, the first office code digit 
is transmitted immediately following the last 
area code digit. With Switch MFP (21) in posi 
tion 7, ground is connected over brush MFP4 (21) 
to conductor 205 which is connected over con 
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tact 2 of key 2DIX(47) to conductor 202 to 
operate relay CDY(22), while in position 8, 
ground is connected over brush MFP4 (2i) di 
rectly to conductor 202 to operate relay 
CDY(22) and the remaining office code digits are 
sent out in positions 7 and 8 in the manner de 
Scribed. 
When switch MFF (21) reaches position 9, 

ground is connected over brush MFP4 (21) to 
conductor 206 which extends over contact 4 of 
relay D08 (47) conductor 400, through cable 
25-45, contact of key TRL (25) conductor 250, 
through cable 25-45, contact 5 of key UXD (55) 
conductor 5500 to battery through the winding of 
relay MKS (47), operating the latter relay to 
intiate the marker test. No circuit is closed for 
relay CDY(22) in this position and that relay re 
leases, in turn releasing relay PLC (28). There 
fore, the thousands digit cannot be sent to the 
Sender at this time. 
The trunk closure delay test is made as previ 

ously described, followed by the SL, relay test 
after which the sender starts to send out pulses 
which are checked, for example by Switch 
MFK (48), which checks the area, code digits and 
the first two office code digits, advancing as pre 
viously described to position 6. The sender 
should not send out the last office code digit until 
it has received the thousands digit. Similarly 
it should not send the thousands digit until the 
hundreds digit is received, the hundreds digit 
until the tens digit is received, and the tens digit 
until the units digit is received. The units digit, 
must wait for either a stations digit or the start 
signal, and if a stations digit is received, the lat 
ter digit cannot be sent out until the start signal 
is received. 
With switch MFK (48) in position 6, ready to 

check the last office code digit, a test is made to 
see that that digit is not sent out prematurely. 
A circuit is closed from ground over brush 
MFK3(48) in position 6, conductor 4829 through 
cable 8-48, contact 7 of relay IMF(18), conduc 
to 806 through cable 8-22 to battery through 
the winding of relay A (22). Relay A (22) op 
erates and locks over its contact 3 to ground on 
conductor (0. With relay A (22) operated, a 
circuit is closed from ground at contact 6 of 
relay BLKO11), conductor 702, contact 5 of relay 
TDK(17), conductor 09, contact 3 of relay 
MFG (29), conductor 292 ), contact 2 of relay 
CDY(22), contact 4 of relay Ai (22), conductor 
2205, contact 2 of relay FFA (29) to battery 
through the winding of relay FP (29). Relay 
FP(29) operates and, at its contact 3 closes a 
circuit for relay FPA (29), which operates and 
locks over its contact 3 to conductor 2205 and the 
circuit above traced. When relay FPA(29) op 
erates it opens the operating circuit of relay 
FP(29) and connects that relay over contact 
of relay FPA (21), conductor f399, contact of 
relay HPT (13), contact 2 of relay MFT (13), and 
conductor 36 to the contact of relay Q (37). 
Relay Q(37) is operated, as previously described, 
whenever a signal is received and, if the last code 
digit is sent out by the sender at this time, relay 
FP (29) is held operated to close a circuit from 
battery through the winding of relay FPB (29), 
contact of relay FP (29), conductor 292 f, con 
tact of relay CDY(22), contact 2 of relay 
Al (22), conductor 2296, brush MFP5 (21) in posi 
tion 9, conductor 20, contact of relay 
SK3(30), conductor 3008, contact 6 of relay 
IMF(18), conductor 807 through cable f8-48 to 
ground over brush MFK3(48) in position 7, to 
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which position it has been advanced by the opera 
tion of relay Q(37) in response to the reception 
of the digit. If relay FPB (29) is operated it 
locks under the control of relay MFS (29), lights 
lamp SYF (29), operates relay BLK (11) and 
opens the circuit for advancing the test. 
ASSuming that the Sender Waits properly, relay 

FP(29) releases. Relay MF (19) has been op 
erated in the manner previously described under 
the control of thousands digit key 400 and the 
operating ground for this relay is extended over 
its contact 3, conductor 904, contact of relay 
A? (22), conductor 2207, contact 4 of relay 
FPA(29), contact 2 of relay FP(29), contact 4 of 
relay FPB (29), contact 6 of relay MPS (29), con 
tact 6 of relay GL(29), conductor 29f), contact 
of relay SPA(12), contact 2 of relay SCA(12), 

conductor 230, contact 7 of relay AC(29), con 
ductor 29ff, contact 3 of relay FGK(27), con 
tact 4 of relay PC3A (27), contact of relay 
PC3 (27), conductor 2704, contact 4 of relay 
KS (20), conductor 2003, winding of relay 
PLC (28) to battery through resistance BU(28). 
Relay PLC (28) causes the thousands digit to be 
transmitted to the sender in the manner previ 
ously described. When relay KP5 (28) closes its 
contact 3 to operate magnet MFP (21) to advance 
SWitch MFP (21) to position 10, it also operates 
relay MFG (29) which opens the locking circuit 
of relay FPA (29). When relay MFG (29) releases 
after relay KP5 (28) releases to advance selector 
MFP (21), relay FP(29) is reoperated, in turn 
operating relay FPA(29) which again connects 
relay FP (29) to the contact of relay Q(37). The 

5 last code digit should be transmitted at this time 
and relay FP(29) held operated but, since switch 
MFP (21) has now been advanced to position 10 
while switch MFK (48) is in position 7, no circuit 
is closed for relay FPB (29) and when relay Q(37) 
releases, relay FP (29) also releases to cause the 
hundreds digit to be sent out. In a similar man 
ner the remaining digits are sent out and 
checked. 

If the sender under test is one which is set by 
dial pulses, Switch DC (33) is used and when brush 
DC4 (33) reaches position 4, relay CD (46) which 
controls the sending out of the digits is operated 
in a circuit from ground over contact 3 of relay 
EP (34), conductor 340, brush DC4 (33) conduc 
tor 204 through cable 33-47, contact 3 of key 
2DTX(47), contact of relay D08 (47), conduc 
tor 202, contact 3 of relay G(46) to battery 
through the winding of relay CD (34). With re 
lay CD (34) operated the first office code digit is 
Sent to the Sender and Switch DC (33) advanced 
to position 5. In this position, conductor 205 is 
grounded over brush DC4 (33) which is connected 
over contact 2 of key 2DTX(47) to conductor 
292 to operate relay CD (34), and control the 
sending of the second office code digit. Switch 
DC (33) is advanced to position 6 where conduc 
tor 202 is grounded over brush DC4 (33) and the 
last office code digit sent to the sender. 
When switch DC (33) arrives in position 7, pre 

paratory to sending the thousands digit, no cir 
cuit is closed over brush DC4 (33) for operating 
relay CD (46) and the thousands digit is not sent 
out at this time. However, a circuit is closed from 
ground over brush DC5(33) in position 7, conduc 
tor 226, contact 9 of relay DLS (46), conductor 
464, to battery through the winding of relay 
AMK(33). With relay AMK(33) operated a cir 
cuit is closed from ground over contact 2 of relay 
AMKC33), conductor 206 through cable 33-47, 
contact 4 of relay D08 (47), conductor 4700 and 
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thence: as above traced to battery through the 
winding of relay MKS (47) to start the marker 
eheck. 

Following the marker check, the trunk closure 
delay test is made, after which the sender sends 
out the area code digits and the first two office 
code digits. When the pulse checking SWitch, for 
example switch MFK (48) has checked these 
digits it is advanced to position 6. In this posi 
tion a circuit is closed from ground over blush 
MFK3 (48), conductor 4829 through cable 8-48, 
contact 3 of relay IDL (18), conductor 808 
through cable 3-34 to battery through the wind 
ing of relay AD (33). Relay AD (33) operates 
and locks. Over its contact and conductor 46 
to ground.at contact 2 of relay DLS (46). 
When relay TDK (17) operates at the end of 

trunk closure delay timing, it closes a, circuit from 
ground at contact 6 of relay BLKO11), Conductor 
f02, contact 5 of relay TDK (17), conductor 79, 
contact 5 and winding of relay SLK(13) to bat 
tery. Relay ST Ex(13) operates and locks over its 
contact 6 to ground on conductor 5. With re 
lay. SLK(17) operated, when relay AF) (33) is 
operated as above described a circuit is closed 
from ground on conductor 5, contact 2 of re 
lay SLK (13), conductor 32, contact of relay 
AMK(33), contact 2 of relay AD(33), conduc 
tor. 3403, contact of relay EP (34), contact 5 of 
relay PSD (34), conductor 460, contact f of relay 
G(46), conductor 4509, contact 5 of relay 
LBB (45), conductor 29f), contact of relay 
SPA(i2), contact 2 of relay SCA (12), conductor 
230, contact 5 of relay STD.(5), conductor 3092, 
contact. 3 of key DSS (30), conductor .302, con 
tact 3 of relay AW (34), contact 2 of relay 
DLK(34), conductor 3833, contact 3 of relay 
TG3 (38), conductor SO2 to battery through the 
winding of relay. SY (51). 

Relay SY (51) initiates the sending of the next 
digit, and operates relay SY (51) as previously 
described. In addition it closes a circuit from 
ground at contact 2 of relay STD (51), conductor 
500, contact of relay R(51), contact 3 of relay 
SY(51), conductor 504, 
DA (30), conductor 3903, contact 5 of relay 
CD (46), conductor 46 5, contact 2 of relay 
AW (34) to battery through the Winding of relay 
AW (34). Relay AW (34) operates in this circuit 
and locks in a circuit from battery through its 

... winding, winding ef relay AW (34), contact 2 of 
relay AV(34), contact 4 of relay DLK(34), con 
ductor 3405 to ground at contact 8 of relay 
DES(46). Relay. AW (34) cannot operate being 
shunted by the operating circuit of relay AW (34). 
When relay R. (51) operates at the end of the 

digit, relay AW (34) operates and closes a circuit 
from ground at contact of relay AW (34), con 
tact of relay. AW (34) to battery through the 
lower winding of relay DCG (34) and the winding 
of magnet DC (34). At its contact 3, relay 
AW (34) opens the circuit of relay SY(51) caus 
ing that relay to release. Relay DCG (34) in op 
erating closes a circuit from ground at its contact 
3, contact 4 of relay AW (34) to battery through 
the-winding of relay iLiK(34). Relay DLK(34) 
operates and locks over its contacts and 6, over 
the back contact of magnet DC (34) to ground 
ever contacts of relays AW (34) and AWC34). 
Relay DLK(34) at its contact 4 opens the locking 
circuit for relays AW? (34) and AV (34), and at 
contact 5 connects ground from conductor 3405 
to the winding of magnet DC (34) to insure its 
complete operation and to the winding of relay 
DCG (34). When the magnet DC (34) has opened 
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its contact and relays AW (34) and AW (34) have 
released, relay DLK(34) releases, in turn releas 
ing relay DCG (34) and magnet DC (34) to ad 
vance switch DC (33) into position to Send out the 
next digit. 
With Switch DC (33) in positions 8, 9, 10 and 

11, the circuit for Operating relay SY(51) may be 
traced fron ground at contact, 3 of relay EP (34), 
conductor 34, brush DC4 (33), contact 2 of re 
lay AED (33), conductor 34 G3 and thence as above 
traced to the winding of relay SY (5). (The op 
tional wiring through key HPD (33) would not be 
furnished in offices of the type employing Syn 
chronized testing of the type being described.) 
Therefore the transmission of the remaining dig 
its to the sender takes place without further in 
terruption, 

For either type of Sender, if it, is desired to Set 
the sender without delays, the cancel delay key 
CD (26) may be operated. With relay MFA(26) 
operated for multifrequency pulsing, a circuit is 
closed from ground over contact 2 of key CD (26), 
contact 4 of relay MFA (26) to conductor. 202 to 
operate relay CDY(22) and that relay remains 
Operated throughout the test. For dial pulse 
Senders, With relay IDT (18) operated, ground 
from contact 2 of key CD (26) is connected over 
conductor 2609, and contact 9 of relay IDL (18), 
to conductor 22 to operate relay CD (46) 
tiricughout the test. 

Montal calls 

Ivanual calls are of two kinds, those directed 
to a B Operator Who completes a connection and 
those to a traffic assistance or IX operator. For 
calls to a B operator an office code is sent to the 
Sender while for calls to a TX operator a special 
code comprising the digits 1-1 and one or two 
other digitS is sent to the Sender. For this class 
of Call, no digits are Sent out by the Sender. 
To prepare the test circuit for testing the 

Senders for Such calls, key MAN (25) is operated 
as Well as key CD (26). For a B operator call, the 
office code is set up on the office Code key-sets 
OCA (14), OCB (14) and OCC (14). For a TX 
operator call the TX code is set up on the area. 
code key-sets, ACA(6), ACB (6) and ACC (14) 
together With one of the oice code key-sets if a. 
four-digit code is used. In addition, if the test 
circuit is used in an office of the type disclosed 
in the McKinn et al. application, where the op 
eration of a key in area code key-Set ACC (14) 
operates relay D88 (47), key 2DTX(47) must also 
be operated. In addition, key TX(46) must be 
operated, since relay TX(46) will be operated by 
the grounding of conductor 4504 to tell the marker 
that a TX code has been registered. 
With key MAN (25) operated, a circuit is closed 

from ground at contact 4 of relay TDS (17), con 
ductor 704, over contact 4 of key MAN (25) to 
battery through lamp MAN (25). A circuit is 
also closed from ground on conductor 100, con 
tact of key MAN (25), conductor 28 to battery 
through relay MAN (11). Assuming that the 
Sender under test requires multifrequency pulses 
for Setting, relay IMF(18) will be operated as 
previously described. With relay IMF (18) op 
erated a circuit is closed from ground on con 
ductor 104, contact 5 of key MAN (25), conductor 
30, contact 0 of relay IMF (18), conductor 
800 to battery through the winding of relay 
MFA (26). Switch MFP (21) will be preset in 
position 6. Relay CDY (22) is operated in a 
circuit which extends as previously traced to con 
ductor 202, contact 4 of relay MFA(26) to 
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ground at contact 2 of key CD (26). Assuming a 
B Operator call, the digits set up on key-sets 
OCA (14), OCB (14) and OCC (14) are sent out in 
positions 6, 7 and 8 of Switch MFP (21) as pre 
Viously described. When Switch MFP (21) ad 
Vances to position 9 (since no key is operated in 
key-set THC14), and consequently relay TH(16) 
is not Operated, a circuit is closed from ground 
at contact 6 of relay MFS (29), conductor 290, 
brush MFP2 (21) in position 9, conductor 326 
through cabies 2-3 and 6-24, contact 3 of relay 
OCC (16), contact of relay TH(16), conductor 
243 through cable 30-32, contact 2 of relay 
MFA (26), conductor 2605 through cable 8-22, 
contact 4 of relay MPS (29), conductor 294, con 
tact 3 of relay MFA (26), contact f of key WG (26), 
contact of key PS (26), contact of relay 
MFA (26), conductor 2606, contact S of key 
CST (29), conductor 295 to battery through the 
winding of relay STC (19) to battery. With relay 
STC (19) operated the start signal is Sent out as 
previously described, relay STC (19) also operat 
ing relay EMF (29) which locks under the control 
of relay AC (29) and operating relay RLKC11). 
When brush MFP (21) is in position 9, relay 
MKS (47) is Operated to initiate the marker tests, 
after Which the trunk closure delay test is made 
followed by the SL relay test. With relay 
MAN (11) operated, battery is connected to the 
windings of relays KRC13) and KT (13) for the 
SL relay test over conductor 304, contact 3 of 
relay MAN (11), conductor 3, contact 5 of relay 
KTR (13) and conductor 306. 
Immediately after the ST relay test, the Sender 

functions to permit the trunk to complete the 
talking circuit and is ready to release. After 
checking these functions as previously described, 
a circuit is closed for relay CPT (11) which may 
be traced from battery through the winding of 
relay CPT (11), contact of relay Bf K(11), con 
ductor f 22, contact 7 of key TO (26), conductor 
26G3, through cable 8-2, contact 4 of key 
NCH(14), conductor 49 through cable 30-32, 
contact 5 of key 2DG (30), conductor 300 
through cable 30-32, contact 2 of relay STE (5), 
conductor 5 , through cable 39-4, contact 5 
of key FB(53), conductor 5300 through cable 
39-5, contact 5 of key FIF(14), conductor 420, 
contact of relay CLK(11), conductor 27, con 
tact 3 of relay KTR(13), conductor 313, contact 
5 of relay MAN (11), conductor 23, contact 
of relay SP2 (4), conductor 43, contact 8 of relay 
COK(2) to ground on conductor 0. 
The restoration of the test circuit and the ad 

vance to the next sender take place as previously 
described. 
For a three-digit TX code the operation is 

the same as above described except that On 
marker test, ground on conductor 4504 is checked 
against operated key TX(46). 
For a four-digit TX code the operation is the 

same, except that relay STC (19) is operated in 
a circuit which extends as above traced to con 
ductor 243 and thence over contact of relay 
OCB (16), contact 3 of relay OCA(16), conductor 
324, through cables 6-24 and 9-3, brush 
MFP2 (21) in position 7, conductor 29 Of to ground 
at contact 6 of relay MFS (29). 

For an office of the type disclosed in the McKim 
et al. patent, relay D08 (47) is operated because 
of the operation of a key in key-set ACC (14) and 
key 2DTX(47) is also operated. Switch MFP (21) 
is preset in position 3 and the first three digits 
are sent out as previously described. Conductor 
202 is connected over contact 4 of key 2DTX(47) 
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to conductor 204 to operate relay CDY(22) to 
control the Sending of the fourth digit in posi 
tion 6. When Switch MFP (21) advances to po 
sition 7, ground is connected over brush MFPA (21) 
to conductor 205 which is connected over con 
tact of key 2DTX(47) and contact 3 of relay 
D08 (47) to conductor 469, completing the cir 
cuit previously traced for relay MKS (47) to 
initiate the marker test. 

Time Oli 

AS Soon as relay FST(2) operates following the 
operation of start key ST(2), a circuit is closed 
from ground at contact 8 of relay BLKO11), con 
ductor 26, contact of relay FST(2), contact 2 
of relay CA (2), conductor 22, contact 2 of key 
TA(10) to interrupter TA (10). At the first 
closure of the interrupter contact a circuit is 
closed from ground as above traced over the 
interrupter contact, contact 8 of relay CTA(10), 
conductor Gil, contact 3 aind winding of relay 
TW (9), to battery through resistance BE (9). 
Relay TW (9) operates and locks over its contact, 
i, conductor 925, contact 3 of relay CTA (10), 
contact 2 of key TA (10) to ground over conduc 
tor 22 as above traced. Relay TW (9) closes a 
circuit from battery through resistance BE2(9), 
winding of relay TZ (9), contact A of relay TW (9) 
to ground over conductor 905 as traced. How 
ever, ground from the interrupter contact is con 
nected over contact of relay TZ (9) to battery 
through resistance B.E.2 (9) in shunt of the Wind 
ing of relay TZ (9) preventing its operation. 
When the interrupter contact opens, relay 

TZ (9) operates. At the next closure, ground on 
conductor of is extended over contact 2 of relay 
TZ (9) to battery through resistance BE (9) in 
shunt of the winding of relay TW (9) and relay 
TW (9) releases, relay TZ (9) being held operated 
over contact 3 of relay TW (9) and conductor 
Off. With relay TW (9) released and relay 
TZ (9) operated, a circuit is closed from battery 
through the winding of relay TW (9), contact 
of relay TW (9), contact 3 of relay TZ (9), con 
ductor 905, contact 6 of relay CTA(10), contact 
3 of key TA(10) to ground on conductor 22. 
Relay TW (9) operates and locks over its con 
tact 2 to ground on conductor 9. 
When the interrupter contact again opens, 

relay TZ (9) also releases. The third closure of 
ground to conductor again operates relay 
TW (9), and the following removal of ground 
from conductor operates relay TZ (9) as 
above described. With relay TW (9) operated, 
the Operation of relaySW (9) and TZ (9) closes 
a circuit from battery through the Winding of 
relay TW2(9) and over its contact 3, contact 3 
of relay TW (9), contact 2 of relay TW (9), con 
tact 3 of relay TZ (9) to ground on conductor 
995. Relay TW2(9) operates, locking over its 
contact 4 to off-normal ground on conductor 66 
and extending this locking ground to conductor 
508 to operate relay BLKO11). Relay TW2(9) 
also closes a circuit for lamp TA(9), which lights 
in parallel. With lamp BLK (11) from ground at 
contact of relay BLKO11). 

Relay BLKO1) at its contact 8, renoves 
ground from conductor 22 to stop the timing 
operation. The timing is stopped and recycled 
each time that relay CA (2) is operated and re 
leased when the test circuit advances to the next 
sender. A normal test is completed prior to the 
time that relay TW2(9) would be operated. The 
timing Operation ray be canceled by the opera 
tion of key TA (10) when a test is being made 



2,599,409 
67 

under close observation. It is also canceled by 
the operation of relay CTA(10) in connection 
With certain special tests involving time out by 
the Sender. 

Relay BLKO11) is operated in response to the 
occurrence of a number of specific circuit failures 
as described hereinbefore and is operated in re 
sponse to the timing operation as a result of 
other failures which prevent the normal comple 
tion of a test. 

Relay BLKO11), when operated for any reason, 
locks over its contact 5 and conductor 6 to 
ground at contact 7 of relay ON (11) and extends 
its locking ground over its contact 4 to battery 
through the winding of relay BLKO11), operat 
ing the latter relay. At its contacts 2 and 3, re 
lay BLKO11) operates an audible and visual 
alarm. At its contact f, relay BLK (1) OpenS 
the circuit of relay CPT (11) to prevent the test 
circuit from advancing to another sender. At its 
contact 6 it removes ground from conductor 792 
to stop the trunk closure delay pulsing and at 
contact 9 closes a circuit for relay CA2(2), if re 
lay BT (3) operates after relay BLKO11) has been 
operated while connected to a busy sender, to 
cause the test circuit to recycle and make an 
other busy test on the same Sender. 

Relay BLK (11) cancels sender time out and 
stops inpulsing. Key CST (11) when operated 
also prevents the sender from timing out. 

Special tests, etc. 
In addition to the general tests described above, 

the test circuit is equipped with keys for modi 
fying the tests for various purposes. Among 
these the following may be mentioned: EXey 
MFO (1) causes the test circuit to test only multi 
frequency senders by providing circuits for auto 
matically advancing the master switch MS (1) 
over the positions corresponding to dial-type 
Senders. Key MFO (1) also opens the circuit for 
operating relay IDL (18). Similarly key DLO (1) 
causes the test circuit to test dial-type senders 
only. 
Key ACO (2) may be used to silence an alarin 

while determining the cause. Key APB (2) oper 
ated permits the test circuit to advance over busy 
SenderS. 
Key REP (9) is used to make repeated test.S on 

the same sender. In conjunction with this key, 
key HRP (3) may be used to prevent the Seizure 
of the Sender for Service. Key REP2(9) causes 
the test circuit to make two tests on each Sender 
before advancing to the next Sender. If key 
CDK(9) is also operated, to make the two tests 
on each Sender as described, both tests Will be 
repeated. 
Keys PC (10), ASA(1) and PCS (1) are used in 

selecting a particular sender for test. 
Key DSS (30) places the setting of the sender 

under manual control which is exerted by the use 
of key AV (30), or by remote control, using a cord 
inserted in jack RC(9). 
Key CA(2) is used to advance the test circuit 

to start a new test after a test failure. If key 
REP (9) is operated the new test is made on the 
same sender, if not, the test circuit advances to 
the next sender. 
Key RN (10) restores the test circuit to normal. 
Key INCX(38) is used when the dial-type 

sender should be set by composite signaling. Key 
SKPA(28) causes the multifrequency in-pulsing 
to be done very slowing to permit observing the 
operation of the Sender. 
For some routes the sender is arranged to 
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transmit a ringing signal, either 20-cycle or sim 
plex and to test the sender for this function, when 
using the proper designation, keys 2CO(44), 
SXR (44) and the equipment of Fig. 44 is pro 
vided. - - 

Key PS (26) tests the sender for reaction to a 
permanent signal condition. 
Key PSF(28), preliminally single frequency, 

key FKP (22) false key pulse, key 3FKP(22) three 
frequency key pulse, key 3FD (22), three-fre 
quency digit, and key SPE (26) start pulse error, 
test the Sender for response to unstandard multi 
frequency in-pulsing. 

Keys UXD (55) unexpected delay, XDD (43) 
expect digit delay and XSG (44) expect stop-go, 
arranges the test circuit to test the Sender for 
Out-dialing delays. These key function with the 
timing switch TM(54). 
Key MKD(45) and Switch DD (45) are used in 

testing the interdigital timing by the Sender, 
while key DTO (45) and switch DD (45) test the 
ability of the sender to treat a prolonged inter 
digital interval as the end of dialing. 
What is claimed is: 
l. Tn a testing circuit for testing register Seld 

ers of a telephone system, means for connect 
ing Said testing circuit With a Sender, a plurality 
of roWS of keys including one roW for each poS 
Sible digit of telephone designations, a transmit 
ting circuit including a digit distributor for 
transmitting digits to the connected Sender in ac 
cordance With a designation Set up On Said roWS 
of keys, a receiving circuit including a digit dis 
tributor for receiving digits from Said Sender, and 
means for presetting the digit distributors of Said 
transmitting circuit and said receiving circuit in 
accordance with the first row of keys in which a 
key is operated. 

2. In a testing circuit for testing register send 
ers of a telephone system, means for connecting 
said testing circuit with a sender, a plurality of 
rows of keys including one row for each possible 
digit of telephone designations, a transmitting 
circuit for transmitting digits to the connected 
sender in accordance with a designation set up 
on said rows of keys, a stepping Switch in Said 
transmitting circuit having a position correspond 
ing to each of said rows of keys, and means under 
the joint control of unoperated rows of keys and 
said switch to preset said stepping switch in the 
position corresponding to the first row of keys 
in which a key is operated. 

3. In a testing circuit for testing register send 
ers of a telephone system, means for connecting 
said testing circuit with a sender, a plurality of 
rows of keys including One roW for each possible 
digit of telephone designations, a transmitting 
circuit for transmitting digits to the connected 
sender in accordance with a designation set up 
on said rows of keys, a stepping Switch in said 
transmitting circuit having a position corre 
sponding to each of said roWS of keys, and means 
to preset said stepping Switch in the position cor 
responding to the first row of keys in which a 
key is operated comprising a stepping magnet for 
said switch, a relay, means for simultaneously 
closing a circuit through the winding of said re 
lay and through the winding of Said stepping 
magnet over a normally closed contact of said 
relay, and means under the joint control of said 
Switch and unoperated rows of Said keys to pre 
vent the operation of Said relay to permit, said 
stepping magnet to operate and advance said 
Switch until said switch reaches a position cor 
responding to an operated row of keys. 
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4. In a testing circuit for testing register send 
ers of a telephone System, means for connecting 
Said testing circuit With a sender, a plurality of 
rOWS of keys including one row for each possible 
digit of telephone designations, a transmitting 
circuit for transmitting digits to the connected 
Sender in accordance With a designation set up on 
Said roWS of keys, a stepping Switch in said trans 
mitting circuit having a position corresponding to 
each of Said roWS of keys, and means to preset said 
Stepping SWitch in the position corresponding to 
the first rows of keys in which a key is operated 
Comprising a stepping magnet for said Switch, a 
relay, means for simultaneously closing a circuit 
through the Winding of Said relay and through 
the Winding of Said stepping magnet Over a nor 
mally closed contact of Said relay, and means un 
der the joint control of said Switch and unoperated 
rOWS of Said keys to close a shunt around the 
Winding of said relay to prevent its operation and 
means for maintaining said shunt Over said 
SWitch and contacts controlled by unoperated 
keySets to permit said stepping magnet to oper 
ate and advance said SWitch until said Switch 
reaches a position corresponding to an Operated 
row of keys. 

5. In a testing circuit for testing register send 
ers of a telephone System, means for connect 
ing Said testing circuit With a Sender, a plurality 
of rows of keys including One row for each possible 
digit of telephone designations, a plurality of 
transmitting circuits each including a digit dis 
tributor, means for Selecting one of Said trans 
mitting circuits in accordance With the Sender 
to Which the testing circuit is connected, a plu 
rality of receiving circuits each including a digit 
distributor, means for Selecting One of Said receiv 
ing circuits, and means for presetting the digit 
distributors of Said Selected transmitting circuit 
and said selected receiving circuit in accordance 
with the first row of keys in which a key is oper 
ated. 

6. In a testing circuit for testing register send 
ers of a telephone System, means for connecting 
said testing circuit with a Sender, a plurality of 
rows of keys including one row for each poSSi 
ble digit of telephone designations, a transmit 
ting circuit for transmitting digits to the con 
nected sender, a plurality of receiving circuits, 
means for selecting one of said receiving circuitS, 
means for presetting said transmitting circuit 
and said selected receiving circuit in accordance 
With the first row of keys in which a key is Op 
erated, means in said transmitting circuit to 
transmit the digit corresponding to said operated 
key, means in said receiving circuit to register the 
digit received from the sender, and means in 
cluding said register and contacts on Said Op 
erated key to advance said receiving means if 
the digit received corresponds to the operated 
key. 

7. In a testing circuit for testing register Send 
ers of a telephone system, means for connect 
ing said testing circuit with a sender, a plurality 
of rows of keys including one row for each possi 
ble digit of telephone designations, a transmit 
ting circuit for transmitting digits to the con 
nected sender, a plurality of receiving circuits, 
means for selecting one of Said receiving circuits, 
means for presetting said transmitting circuit and 
said selected receiving circuit in accordance with 
the first row of keys in which a key is operated, 
means in said transmitting circuit to Successive 
ly transmit the digits corresponding to said op 
erated keys, means in said receiving circuit to 
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register each digit as received from the sender, 
and means including Said register and contacts 
on said operated keys to advance said receiving 
circuit if the digit received corresponds to the 
operated key. 

8. In a testing circuit for testing register send 
ers of a telephone System, means for connecting 
Said testing circuit with a Sender, a plurality of 
roWS of keys including one row for each possi 
ble digit of telephone designations, a transmit 
ting circuit for transmitting digits to the con 
nected Sender, a plurality of receiving circuits, 
means for Selecting one of said receiving cir 
cuit.S, means for presetting said transmitting cir 
cuit and said selected receiving circuit in ac 
Cordance with the first row of keys in which a 
key is operated, means in said transmitting cir 
cuit to Successively transmit a plurality of digits 
Corresponding to operated keys, means operated 
following the transmission of said plurality of 
digitS to stop said transmitting circuit and to 
cause said Sender to transmit digits, means in 
Said receiving circuit to regster the digits as 
received from the Sender, means to compare each 
digit as received with a digit set up on the corre 
Sponding roW of keys, means operated if the 
digit received is the same as the digit set up to 
prepare Said receiving circuit to receive the next 
digit, and means operated following the reception 
of a predetermined number of digits to cause said 
transmitting circuit to transmit the remaining 
digits to said Sender. 

9. In a testing circuit for testing register Send 
ers of a telephone system, means for connecting 
Said testing circuit with a sender, a plurality of 
rOWS of keys including one row for each possible 
digit of telephone designations including code 
digits and numerical digits, a transmitting cir 
cuit for transmitting digits to the connected send 
er, a plurality of receiving circuits, means for 
Selecting one of said receiving circuits, means for 
presetting said transmitting circuit and said se 
lected receiving circuit in accordance with the 
first row of keys in which a key is operated, means 
in Said transmitting circuit to successively trans 
mit the code digitS Corresponding to operated 
keys, means operated following the transmission 
of Said plurality of digits to stop said transmit 
ting circuit and to cause said sender to trans 
mit digits, means in Said receiving circuit to 
register the digits as received from the Sender, 
means to compare each digit as received with a 
digit set up on the corresponding row of keys, 
means Operated if the digit received is the Sane 
as the digit Set up to prepare said receiving cir 
cuit to receive the next digit, and means operated 
When said receiving circuit is prepared to receive 
the last code digit to cause Said transmitting cir 
cuit to transmit the numerical digits to said 
Sender. 

10. In a testing circuit for testing register 
Senders of a telephone System, means for con 
necting said testing circuit with a sender, a plu 
rality of rows of keys including one row for each 
possible digit of telephone designations, a trans 
mitting circuit for transmitting digits to the con 
nected sender, a receiving circuit for receiving 
digits from said sender, means to transmit a des 
ignation to said sender in response to which the 
sender normally causes a translation to be per 
formed resulting in sending out a different desig 
nation, and means to successively cause Said 
sender to send out the designation registered and 
to send out the translated designation. 

11. In a testing circuit for testing register 
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senders of a telephone system, means for con 
necting said testing circuit with a sender, a plu 
rality of rows of keys including one row for each 
possible digit of telephone designations, a trans 
mitting circuit for transmitting digits to the 
connected sender, a receiving circuit for receiv 
ing digits from said sender, means in Said re 
ceiving circuit to compare each digit as received 
With the digit set up on the corresponding roW 
of keys, means to advance said receiving circuit 
if the same digit is received and set up, means to 
render said receiving circuit effective to COripare 
the digits received with the proper roWS of 
keys, means to transmit a designation to Said 
sender in responce to which the Sender normally 
causes a translation to be performed resulting in 
sending out a different designation, and means to 
successively cause said sender to send out the 
designation registered and to send out the trans 
lated designation. 

12. In a testing circuit for testing register 
Senders of a telephone system, means for Con 
necting said testing circuit With a Sender, a plu 
rality of rows of keys including one row for each 
possible digit of telephone designations, a trans 
mitting circuit for transmitting digits to the con 
nected sender, a receiving circuit for receiving 
digits from said Sender, means to Successively 
connect said receiver circuit with said rows of 
keys, means in said receiving circuit to compare : 
each digit as received with the digit Set up on the 
corresponding row of keys, means to advance 
said receiving circuit if the same digit is re 
ceived and set up, means to render said receiving 
circuit effective to compare the digits received 
With the proper rows of keys, means to transmit 
a designation to said sender in response to Which 
the sender normally causes a translation to be 
performed resulting in sending out a different 
designation, means to make two successive tests 
on each sender, means operated during the first 
of said tests to cause said Sender to Send out the 
designation as registered, means operated during 
the second of said tests to cause said sender to 
send out the translated designation, and means 
also operated during said second test to alter the 
connections between said receiving circuit and 
said rows of keys to cause said receiving circuit 
to compare the digits received with the digits set 
up on other roWS of keys. 

13. In a testing circuit for testing register 
senders of a telephone system, means for con 
necting said testing circuit with a Sender, a plu 
rality of rows of keys including one row for each 
possible digit of telephone designations, a trans- : 
mitting circuit for transmitting digits to the 
connected sender, a receiving circuit comprising 
a register for receiving digits from said sender, 
and a digit distributing switch for connecting 
said register and said rows of keys, means to 
transmit a designation to said sender in response 
to which the sender normally causes a transla 
tion to be performed resulting in sending out 
only a part of the digits transmitted to the 
sender, means to make two successive tests on 
each sender, means operated during the first of 
said tests to cause said Sender to send out the 
designation as registered, means operated during 
the second of said tests to cause Said Sender to 
send out the translated designation, means oper 
ated during said first test to preset the digit dis 
tributing switch of said receiving circuit in con 
nection. With the first row of keys on which Said 
designation is set up, and means: operated during 
said second test to preset the digit distributing 
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switch of said receiving circuit in connection with 
the row of keys on which the first digit to be 
transmitted by the sender is set up. 

14. In a testing circuit for testing register 
senders in a telephone system, means for con 
necting said testing device with a Sender, a plu 
rality of rows of keys including one row for each 
possible digit of telephone designations, neans 
for transmitting designations to a connected 
sender, a receiving circuit for receiving digits as 
received from said sender in accordance With a 
code which comprises two out of a plurality of 
alternating-current frequencies, means for Con 
necting said receiving circuit with said roWS of 
keys, means to register the identity of the two 
frequencies received, means to indicate that the 
two frequencies received correspond to the digit 
set up on the connected row of keys, means to 
indicate that no less than two frequencies are re 
ceived, means to indicate that no more than 
two frequencies are received, and means undel 
the control of all of said indicating means to ad 
vance said receiving circuit only if the digit re 
ceived comprises the correct two frequencies 10 
Ore and no leSS. 
15. In a testing circuit for testing register 

Senders in a telephone System, means for Con 
necting said testing device with a Sender, a plu 
rality of rows of keys including one row for each 
possible digit of telephone designations, means 
for transmitting designations to a connected 
Sender, a receiving circuit for receiving digits as 
received from Said Sender in accordance With a 
code which comprises tWO Out of a plurality of 
alternating-current frequencies, means for con 
necting said receiving circuit With Said roWS of 
keys, means to register the identity of the two 
frequencies received, means to indicate. that the 
tWo frequencies received correspond to the digit 
set up, on the connected row of keys, means to in 
dicate that no less than two frequencies are re 
ceived, means to indicate that no more than two 
frequencies are received, and means to advance 
said receiving circuit only if the digit received 
comprises the correct two frequencies no more 
and no less comprising a relay, an operating cir 
cuit for said relay extending to battery through 
a plurality of asymmetric conducting devices, and 
means to connect ground between said relay and 
each of said asymmetric conducting devices under 
the control of Said indicating means. 

16. In a testing circuit for testing register 
Senders in a telephone system, means for con 
necting said testing device with a sender, a plu 
rality of rows of keys including one row for each 
pOSSible digit of telephone designations, means 
for transmitting designations to a connected 
Sender, a receiving circuit for receiving digits as 
received from Said Sender in accordance with a 
code which comprises two out of a plurality of 
alternating-current frequencies, means for con 
necting said receiving circuit with said rows of 
keys, means to register the identity of the two 
frequencies received, separate circuits for indi 
Cating that the tWo frequencies received core 
Spond to the digit Set up on the connected roW of 
keys, a circuit for indicating that no less than 
tWo frequencies are received, a circuit for indicat 
ing that no more than two frequencies are re 
Ceived, and means to advance said receiving cir 
cuit. Only if the digit received comprises the cor 
rect tWO, frequencies no more and no less com 
prising a relay, an operating circuit for said re 
lay extending to battery through four asymmetric 
conducting devices and means to connect ground 
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between said relay and each of said asymmetric 
conducting devices over said indicating circuits. 

17. In a testing circuit for testing register 
Senders in a telephone system, means for con 
necting said testing device with a Sender, a plu 
rality of rows of keys including one row for each 
possible digit of telephone designations, means 
for transmitting designations to a connected 
sender, a receiving circuit for receiving digits as 
received from said sender in accordance with a 
code which comprises two out of a plurality of 
alternating-current frequencies, means for con 
necting said receiving circuit With Said roWS of 
keys, means to register the identity of the two 
frequencies received, separate circuits for indi 
cating that the two frequencies received corre 
spond to the digit set up on the connected roW 
of keys, a circuit for indicating that no less than 
two frequencies are received, a circuit for indi 
cating that no more than two frequencies are re 
ceived, and means to advance said receiving cir 
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cuit only if the digit received comprises the cor 
rect two frequencies no more and no less, com 
prising a relay, an operating circuit for said re 
lay extending to battery through four rectifiers, 
and means to connect ground between said relay 
and each of Said rectifiers over said indicating 
circuits. 

CHARLES O. PARKS. 
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