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CHANGES 

coP'f 

CROSSBAR SYSTEMS 
NO. 1 

FULL SELECTOR 
TERMINATING SENDER CIRCUIT 

D. Description of Changes 

D.l Note 110 revised to show AE option as 
Standard at Issue 36D and Note 111 and 

Fig. 1 and N corrected to remove AP option 
reference at various contact protect networks 
in order to bring circuit schematic into 
agreement with manufacturing drawings. 
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CIRCUIT DESCRIPTION 

CROSSE.AR SYSTEMS 
NO. 1 

FULL SELECTOR 
TERMINATING SENDER CIRCUIT 

CHANGES 

B. Changes in Apparatus 

B.l Removed 

Relay EF, ID.57, 
Fig. N and P 

Replaced By 

Relay EF, Ul57, Fig. Q 
Relay EF, U25 8, Fig. R 

D. Description of Changes 

D.l Relay EF has been removed from Fig. N 
and P and it is now shown as a separate 

figure, Fig. Q, rated "Mfr Disc.", and Fig. Q 
is replaced by Fig. R. 

D.2 In Fig. 1 a multiple connection note 
is added to NSO and NSl leads. 

D.J Circuit Note 110 is changed and Circuit 
Note 118 is added to reflect the changes 

noted in D.l. 

D.4 OAD Fig. IK has been revised and CAD 
Fig. IR is added to reflect the changes 

noted in D.2. 

BELL TELEPHONE LABORATORIES, INCORPORATED 
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CIRCUIT DESCRIPI'ION CD-25013-01 
ISSUE llD 

APPENDIX 2D 
' DWG' ISSUE 45D 

CROSSBAR SYSTEMS 
NO. 1 

FULL SELECTOR 
TERMINATING SENDER CIRCUIT 

CHANGES 

A. Changed and Added Functions 

A.l Office brush and office group selections 
can be used to generate five DID num­

ber series for direct-in-dialing type oper­
ation to PBX stations using LLP. 

A.2 Dedicated trtink group indications 
OA and OB or FOO and FlO and number 

series indications NSl can be used to 
generate tWo DID number series for direct­
in-dialing type operation to PBX�stations 
using LLP. 

B. Changes in Apparatus 

B.l Added Apparatus 

OBA Relay J729, Fig. 1, "AU" Option 

B.2 

D. 

sc3.· Relay u69. 9, N
. 
s
. 

o R.e. la
·
y

· 
.. u1318, 

NSl Relay U694, Fig. 1, "AV", "AW" 
Options 

Superseded 

324c Crossbar 
Switch - Fig. 1 
"AR" Option 

Superseded By 
324AR Crossbar 
Switch - Fig. l 
"AX" Option 

Descri;ption of Circuit Changes 

D.l In Fig • .  l the six vertical crossbar 
switch "AR" option is rated "Mfr 

Disc.11. and superseded by an eight vertical 
crossbar switch, "AX" option, which.is 
needed for DID operation when office brush 
and office group selections a.re used to 
generate DID number series. 

D.2 In Fig. l, "AY" option is specified 
and rated "Mfr Disc." and superseded 

by "AZ" option in order to provide the pro­
per contact protection networks for the DID 
circuit sections. 

D.21 Circuit Note 117 is added to show the 
correct method of applying options 

11AZ 11 and 0AY". 

D.3 In Fig. 1, "AT" option is designated 
to show the present wir1.ng and its 

alternate option "AU" i.s designated to show 
the wiring required to generate DID number 
series from office brush and office group 
selections. 

D.4 In Fig. 1, "AV" option is designated 
to show wiring necessary to generate 

DID nUJ11ber series from OA and OB indications 
and its alternate "AW" option is designated 
to show wiring necessary to generate DID 
number series from FOO and FlO indications. 

D.41 Circuit Note 116 is added to exp,lain 
the correct use of "AV" and "AW ' 

options. 

D.5 Cross-connection Note 400 is added 
to show DID cross-connections for 

options "AV", "AW", and "AU". 

D.6 New leads "Nso", "NSl", "NS2", and 
"NS4" fro� Fig. l, to the terminating 

marker connector a.re added. -

D. 7 New leads "Ns·o '' and "NSl" from Fig. 1 
to the terminating sender link a.re 

added. 

D.8 CAD Fig. 51, 53, 54, 62, 63, and 64 
are modified to include the above 

changes. 

D. 9 Option "AP" designations are added to 
four option "AE" locations to bring 

the SD and the T drawings into agreement. 

F. Changes in CD Sections 

F. l Add the following para.graphs to 
SECTION III: 

3.31 To provide for direct-in-dial type 
operation to PBX stations using LLP. 

3.311 To provide means to receive office 
brush and office group selections and 

to translate them to a DID number seri.es 
which is then transferred to the termi.nating 
marker connector on a two-out-·of-four leads 
grounded basis. 

Printed in U. S.A. Page l 
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3.312 To provide means to translate OA and 
OB indications or FOO and FlO indi­

cat1.ons to 9. DID number series which is 
transmitted to the terminating marker con­
nector on a. two-out-of-four leads· grounded 
hanls. 

3.313 To operate the TT relay if an improper 
OB and OG selection is made. 

F.2 Change the second sentence of 5. 4 to 
read: 

About 38 wires are involved in this connec­
tion • • • •  
F.3 Change the first sentence of 7.4i to 

read: 

{.41 �his registers the 5 or 7 selections 
sent by the originating sender, office 

brush and office group for DID type operation 
and incoming brush, incoming group, final 
brush, final tens and final units for DID 
�nd standard tY.Pe operation. 

Change the fourth sentence to read: 

The swHch has eignt verticals designated F 
for the frame, and OB, OG, IB,, IG,, FB, FT, 
a.nd FU for the selections. 

F .1+ Add 7. 55 : 

7�55 The OA and OB or FOO and FlO indications 
along with a number series indication 

from the ·terminating sender link can be 
used to generate two DID number series • . The 
"NSl" lead from the TSL must be grounded to 
indicate a DID type call and NSO must be 
grounded for a non-DID call. If neither or 
both leads are grounded the TT relay will 
operate when the IG hold magnet operates. 
If the "NS1" lead from the TSL is grounded 
and an OA; OB, Foo, or FlO indication is 
cross--connected to renresent . a DID nuaber 
series , leads "NSO'', 1'NS1", "NS2", and 
"Nsl+" are grounded in a two-out-of-tour 
code to trans fer the intonnation to the 
terminating marker connector. 

F.5 Change the first sentence of 11 .l 
to read: 

11.l The five or seven selections 
registered • • • 

!>age 2 

F.6 Change the first sentence of 11.61 
to read: 

11.61 Five or seven selections are reg-
istered on each call, office brush 

and office group for DID type operation 
only and incoming brush, incoming group, 
final brush, final tens and final units, 
in that order, for all calls. 

F.8 

Change paragraph number 11.62 to 
11.621. 

Add 11.622. 

11.622 When OB and OG selections are used 
to generate DID number series, the 

sender must be able to receive both 7 
selection DID and 5 selection regular 
calls. The first selection is always reg­
istered on the OB crosspoints and the follow­
ing action depends on the level of the first 
selection. If it is a 0-4th level selection 
the call is a 5�selection call, the OG se­
lection is skipped and the same level cross­
points on the !B vertical are closed when 
the OBA relay operates. A 7 -selection call 
is indicated if the first selection is a 
5-9th level selection. When a level from 
5-9 is cross-connected for DID operation 
the selection is stored on the OB vertical 
only and the call proceeds to the office 
group selections. If the OG selection is 
a 4th level selection the call proceeds 
to the remainiilg 5 selections. If the 
first selection is a 5th to 9th level se­
lection indicating a 7-selection call but 
it is cross-connected as a non-DID call 
the OG selection is skipped a�d it is reg­
istered on the IB vertical where it is 
handled as an improper IB selection• If 
the 5th to 9th level is properly chosen 
for the first selection and the IB selection 
is not a 4 the TT reiay is operated. 

F.9 Add the following sentence to 13.31 : 

Leads "NSO", "NSl", 11NS2", and "NS4" are 
grounded in a two-out-of-four code to give 
the nwnber series selection used for DID 
type operation• 

F.10 Add 13.37: 

13.37 The OB and OG registers �round the 
leads "NSO 11, "NSl 11, "NS2 n; a.nd 11NS4" 
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as shown below when cross-connected for a 
particular number series: 

Number Office Brush Office ... Leads 
3'er1es Cross-conn. GrouE G�ounded 

2 4 "NS01NS2" 

� 
one of 5 4 "NS11NS2" 
through 9 4 "NSO,NS4" 

5 per number 4 "NS1,NS4" 
6 series 4 uXS2,NS4" 

F.11 Add 13.38: 

13.38 The OA anq OB or FOO and FlO indi­
cations when combined with relay NSl 

BELL TELEPHONE LABORATORIES, INCORPORATED 

DEPI' 5615-RFB-TKD-WP 

operated can be cross-connected to indicate 
number series 2-6 and Q.:round leads "Nso" 
"NSl", "NS2", and "Ns4lf as shown below: ' 

Number 
Series 

Leads to TMC 
Grounded 

'iNSO, NS211 
"NS1, NS211 
"NSO, NS4" 
"NS1, NS4" 
"NS2, NS4" 
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CIRCUIT DESCRIPTION 

CROSSBAR SYSTEMS 
xo •. 1 

FULL SELECTOR 
TERMI11ATI1'0 SENDER CIRCUIT 

CHAJIGES 

B. Qhan1•• In Anaratu1 
B.1 � 

Rl Reliator, 18DJ, R2 Re 1iator, 
Fig. P. 

D. De1crietion or CircU:it Ch&n&H 

18DJ-

D.l Rea1atora Rl and R2 are added to Fig. P 
in eerie• with relay L and re1iatance 

lamp L to enable the L rela7 to hold over 
pulsing thus avoiding the registration or 
tal..ae numbers. 

BELL TELEPHO.NE LABORATORIES i INCORPORATED 

DEPT 5615-RFB-T:RL-AA 
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CIRCUIT DESCRIPTION 
svnrgu:l'm SYSTElvIS DEVELOPMEN T  DEPARTMEN T 

' CD-25013-01 
Issue 11-D 

Dwg. I s sue 43-D 

CROSSBAR SYSTEMS 
NO . 1 

FULL SELECTOR 
TEfilJIINATING SENDER CIRCUIT 

CHA MG ES 

A. CHANGED AND ADDED FUNCTIONS 

A. l Provi sion is made t o  indi c ate t o  the 
traffic  usage recorder circuit s erv­

ic e bus y ,  t est  busy and maintenan c e  busy 
conditions. 

C .  CHANGES IN CIR CU I T  REQ UIREMENTS OTHER 
THAN THOSE APPLYING TO ADDED OR REMOVED 
APPARA TUS 

C. l Sheet -015 

C. 11 On page 3 of the circuit requir ement s 
table und er relay ( L )  of Fig . P the 

N . O. t est requirem ent forme rly read 0. 6. 

C. 2 She et 016 

C. 21  On page 8 of the c ircuit requir em ents  
table under relay ( SS )  of Fig. P the 

N. O .  t est requirem ent formerly read 22 . 6. 

C. 2 2  On page 9 of the c ir cuit requi rem e nt s  
table under relay ( STP ) of Fig . P the 

N. O. t est requirement forme rly read 0. 6. 

C. 23 On .page 12 of the c ircuit requi re­
m ents  table t est note . 1 fo rmerly 

read : 

l� C onnec t  sender ( T )  jack as described 
in BSP. Block ( ON2}, ( Ll )  operat ed. 

Block (TM) n on-operat ed . Block ( GR )  op ­
erat ed t o  s et current fl ow , unblock ( GR )  
for int . t est . 

D .  DESCR I PTION OF CI RCUIT C HANGES 

D. l Sheet 011 

D. 11  In c ir cuit not e 104 a break int erval 
of the TS interrupt er forme rly shown 

in c orr e ctly as 2 .  $ s econds is c hang ed t o  
28 sec onds . 

D . 12 In the  contact prot e ction �able , 
cir.c uit not e 111 , the following 

changes and additions are made: 

The location of contact pr ot e ct ion C 
was formerly shown as Fig. 1 .  

The informati on conc erning prot e ct ed 
contacts for c ontact protections Ll , Ll 
relay 1 J and S was formerly shown as 
1T-2T \ 1 ) . 

The c onne c t  t erminal G or D column 
for c onta ct  prot ect i on R Vl , option AB, 
formerly showed ST ( RVl ) .  

Information for Fig. P c o ntact pro­
t e ct ion ( RV2 )  relay is  added . The l ocati on 
of c ontact prot ect i on RV4 was forme rly 
shown as Fig . 1 .  

D . 13 Opt i on "AS"  is added to  the Opt i ons 
Used table. 

D. 2 Sheet 012 

D. 21  Leads SB  and SBM , opt i on "AS", a r e  
added to  Fig. 1 and shown conn ect i ng 

Fig . 1 t o  the traffi c usage recorder c ir� 
cuit. 

D. 22  The l ead connecting 6T ( FU ) , 8B ( L2 )  t o  
Figs . G or H ,  L o r  M ,  and N o r  P was 

formerly shown as a· heavy dashed lin e . 

D. 23 Leads grounded by 9-lOT ( ONl) , 3 - 4T 
( ON2 ) an d 8-9BB· ( ON2 ) were formerly 

shown as s olid line s. 

D. 3 Sheet -013 

D. 3 1  In Fig. N the lead grounded by oper­
at ed c ontacts 3 -4T (GR) relay was 

formerly shown as a dashed line . 

D. 3 2  In Fig. N the l ead whi ch conne c t s  
4 T  ( lFl ) relay t o  Fig. C o r  D and t h e  

lead whic h  conne cts 2 T  ( lFl) relay t o  
Figs . C o r  D ,  Figs . J o r  K and Fig. 1 w ere 
form erly shown as s olid lin e s . 

D. 3 3  Leads 24 and 2 5  of Fig . D were for­
merly shown as s olid lines. 

D. 4 Sheet 014 
D. 41 Lead 3 of Figs. L and M was form e r ly 

shown as a dashed line. 
D . 42 Option AI in Figs. H an d G was for­

merly in correctly shown c onnecting B 
ground to Fig. 1. 

D. 43 The w iring at 2T-1T ( RV2 ) rf,H�y was  
forme rly shown revers ed . 

D.44 The wiri ng at 5 B-4B ( RV4 ) relay :was 
forme rly shown revers�d. 

D. 45 Capac itor C was formerly i nc orrectly 
shown in s eries with the winding of  

relay ( GR }  in Fig . P. 
All other headings under Changes , no chang e. 

Page 1 
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INDEX 

1. PURPO�E UF CIHCIJIT 

;(. WUH.Kl!JG 'LlJJll'l10 

J. FUNC'l'lON3 

4. CuNNECTING CIRCUITS 

5. TRANSIENT CCJNNECTIONS TO OTHER CIRCUITS 

6. GENERAL METHOD Olf OPERATION 

7. PRINCIPAL PARTS OF SENDER AND OPTIONAL 
FEATURES 

7.2 General Control Circuit 
7.3 Pulsing Circuit 
7.4 Frame and Selection Register-
7.5 Multi-Office Operation 

8. SEIZURE, HOLD ING AND RELEASE OF SENDER 

8.2 Sender Seized and Held for a Service 
Connection 

8.3 Sender Seized and Held for Test 
8.4 Sender Released After Service or Test 
8.5 Sender Made Busy for Maintenance 

9. 

10. 

11. 

11.2 

11. 3 

11.4 

11.5 
· 11 . 6 
11.7 
11.8 
11.9 

12. 

13. 

13 .1 
13.2 
13.3 
13.� 

14. 

14.1 

14.2 

14.3 
14.4 
14.5 
14.6 

INCOMING FRAME AND DEMAND FOR SPECIAL 
MARKER REGISTERED IN SENDER 

REGISTRATION OF OFFICE DESIGNATION 

PULSING AND REGISTRATION OF SELECTIONS 

Preparation of Originating Sender for 
·Each Selection 
Preparation of Incoming Trunk for 
First Selection 
Preparation of Terminating Sender for 
Each Selection 
Pulse Counting 
Selections Registered 
Selections Synchronized 
Incoming Advance 
Test Circuit at Incoming Advance 

TRUNK CLOSURE 

TERMINATING MARKER ENGAGEMENT 

General 
Marker Seized 
Information from Sender to Marker 
Connection Establi�hed and Marker 
Released 

IRREGULARITIES AND TROUBLE CONDITIONS 

D�fective Frame Indication from Link 
Control Circuit 
Trouble Release by Link Control Cir-
cuit \, 
Trouble Release 'by Marker Connector 
Premature Disconnect 
Telltale 
Stuck Sender Timeout 

Page 2 

14.7 

14.8 
14.9 

Cross Between D & ST Leads in Incom­
ing Trunk 
Bridged (STP} Contacts 
Tern1inating Sender Overload Control 

15. PROVISIONS FOR SPECIAL TESTS 

16. FIGURES AND OPTIONS 

17. INTERDIGITAL TIMEOUT 

18. TAKING EQUIPMENT OUT OF SERVICE 

19. ALARM INFORMATION 

1. PURPOSE OF CIRCUIT 

1.1 The purpose of this circuit is to 
provide means for s�tisfying any 

originating sender circuit which may have 
to complete a call to a crossbar office on 
a revertive pulse basis. This circuit re­
ceives information from the originating 
sender and transmits this information with 
necessary translations to a terminating 
marker circuit. 

2 • WORKING LIMITS 

2.1 External Circuit Loop 

2.11 The maximum external circuit loop is 
3115 ohms, including not more than 32 

miles of cable. 

2.12 The minimum external circuit loop is 
900 ohms, exclusive of the relays in 

the originating sender, 

2.2 Insulation Resistance 

2.21 The minimum trunk insulation resist­
ance is 30,000 ohms. 

2.3 Voltage 

2.31 45-50 volts. 

2.4 Panel Multiple Bank Capacity 

2.41 The equivalent of 50 frames in 
multiple at the originating office 

(on the basis of .006 mf. mutual capacity 
per appearance). 

3. FUNCTIONS 

3.01 To recognize the selection of the 
sender by the link circuits, and to 

register the number of the associated in­
coming trunk frame. . 

3 �02 To provide a 
·�/rcui t path to enable 

the link circuit to check for con­
tinuity of the lead over which the holding 
ground for the hold magnets is furnished. 

3.03 To recogni�e that the associated link 
circuit �ai closed the cross-points 

) 
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between the incoming trunk circuit and the 
sender circuit. 

3 . 04 To furnish ground to the sender busy 
relay in the link circuit. 

3. 05 To recognize that the sender busy re­
lay in the link circuit has operated. 

3. 06 To open the frame indication leads as 
soon as the frame registration is 

completed. 

3. 07 To furnish ground for holding the 
hold magnets of the primary and 

secondary switch es of the link circuit. 

3 . 0g To furnish ground to the link circuit 
as a signal that the sender is ready 

for the link to release, but not to do so 
in case the link has grounded too few or too 
many frame indication leads. 

3 . 09 To supply a ground for operating a 
cut-off relay in the incoming trunk 

circuit. · 
J . 10 To prevent a false pulse from being 

recorded by the originating sender 
circuit at the time that the line and step­
ping relays are connected to the trunk. 

3. 11  To provide pulses with which to satisfy 
the originating sender circuit. 

3. 12 To record the incoming brush , incoming 
group, final brush ,  final tens and 

final units sele9tion. 

3. 13 To· supply a reverse battery condition 
to the originating sender circuit 

after selections have.been recorded, first, 
testing with direct battery for the closure 
of the fundamental in the originating· 
sender. 

· 

3.13 1  To send reverse battery signal on 
telltale and to prevent premature 

termination of the reverse battery signal: 
maintaining this signal until the funda­
mental circuit has been closed for a suffi­
cient period. 

3. 14 To inform the incoming trunk circuit 
that the reverse battery condition 

has been terminated. 

3. 15  To release the cut-off relay in the . 
incoming trunk circuit and to prevent 

its reoperation under certain conditions. 

3.i6 To recognize that the trunk has been 
closed through to the incoming trunk 

circuit. 

3 . 17 To furnish battery for starting the 
associated m�rker connector circuit. 

3 . 1$ To establish connection with a marker 
through the marker connector after 

registrations have been comoleted. 

3 . 19 To transmit to the marker the in.for-
mation recorded on the sender regis­

ter switch. This information is transmitted 
by groundirig a selection of leads, and this 
is done in such a way as to check all of 
the leads for absence of· opens or grounds 
any trouble encountered preventing the ma;ker . 
-from returning information· to the sender. 

3. 20 To release under control of the link 
circuit in case the link encounters 

certain trouble conditions. 

J .2 1  To release under contr6l of an auto-
matic priming feature in case o.f 

trouble after the sender off-normal relay 
has operated. 

3 .22 To release under control of the marker 
circuit on a normal call. 

3.2J To differentiate between a "regular" 
incoming and a "special" incomi ng .  

j.2 4  To prevent the circuit from restoring 
to normctl when held for maintenance. 

3. 2 5  To prevent the circuit from restoring 
to normal if ground fails to be re­

moved from the sleeve lead. 

J.2 6  To send current through the contact of 
the stepping rel�y in one directi on 

when connected to an incoming trunk mounted 
on an odd�numbered frame, and to reverse the 
current when connected to an incoming trunk 
on an even-numbered frame, 

J .27 To indicate the ·engaged or made busy 
condition of the sender to an auto­

matic test circuit attempting to seize it. 

3.2$ When the test circuit is making a 
non-operate test of the (L) relay to 

time for reversed battery and at the end 
of a specific time it furnishes reversed 
battery. 

· 

3.29 To provide for multioffice operation. 

3 . 291 To receive a signal .from the sender 
link and control circuit over leads 

OA and OB. 

3 . 292 To receive a signal from the originat­
ing sender, recognized by incoming 

group selection under or over 5 .  

3. 293 To signal the terminating marker for 
selection of number series, normally 

over the OAB lead, but in some cases over 
the FlO lead. 

3. 294 To signal the terminating marker over 
the OAB lead when the sender is u sed 

to discriminate between physical trunk 
groups and theoretical trunk groups. 

3 . 295  To timecvt in 3 to 6 seconds if the 
Terminat.t ng Sender Timing Control Cir­

cuit indicates a probable sender overload. 

P<ige 3 
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J. 296 To re�ogni�e an all t erminating 
s_end e r  busy condit ion , as i nd i c at ed 

by the T erminati ng S end er Timing C ircuit, 
and then t o  s end reverse batt ery to the 
originati ng s end e r , aft er inc oming brush 
selection, as an indic ati on o f  the terminat ­
ing sender overload c ondi t ion. 

J . JO To provide over two leads plugged 
busy, t est bu s y  and service  busy 

information for the us e of the traffi c 
usage rec order c ir cuit. 

4 .  CONNECTING CIRCU ITS 

This c ircuit will function wit h the 
following c rossbar system circuit s :  

4.01 Terminating Send er Link and Control­
ler - SD-2545 9-01 . 

4.02 Terminati ng Marker Connector . ­
SD-25036-01. 

4 . 0J Terminating Trouble Ind ic ator Fram e -
SD-2 5064-01 . . 

4. 04 Interrupter Frame - SD- 25062-01. 

4 . 05 Terminati ng Sender Frame 
SD-25053-01. 

4.06 Tenninating Sender Test -
SD-25159-01. 

4. 07 Tenninating S ender Timing C ontrol -
SD- 2547 1-01. 

4.0a Terminati ng Sender and B Sender 
Selection - SD-2 5437-01 . 

4�09 Holding Time Recorder - SD-90246-01 . 

4. 10 Traffic Usage Recorder - SD-9573S-Ol . 

DESCRIPI'ION OF OPERATION 

5. TRANSIENT CONNECT ION TO aI'HER CIRCUITS 

5 . 1 The senders m ounted on 2 frames c on-
stitut e a g roup of 10 senders, and 

all  the send ers in a number of such groups 
are us ed in c ommon as a large group t o  
functi on with a number o f  inc oming trunks 
and associat ed tenninating s ender links. 
The total number of senders whi c h  c an be 
us ed in one large group is limit ed by the 
fac t  t hat they are arranged to funct ion 
with a maximum of 20 incoming frames. Only 
one suc h large group c an be us ed with one 
group of t erminati ng marke rs . The 10 
senders in a smal l group may cons ist  pa�t ly 
of these t erminating senders, and party of 
"B" position s enders . 

5. 2 Each  group of 10 senders is c onnect ed 
to the s ender link and c ontrol c ircuit 

by 19 wires, whi c h  are c onne ctea into any 
one indi vidual sender for a short time when 
it is first s ei z ed for s ervic e .  These are 

Page 4 

the "GS" , " SL" , "RL" and "TR " leads whi ch 
ass ist the link control. c ircuit in its 
functions; 12 numbered "F" leads for regis ­
t eri ng in the sender the number of the in­
coming frame , arid the "EF" lead whi ch indi ­
cates wh en the frame number is even , and 
the "0A " and "OB" leads whi ch indi c ate 
whi ch off i c e  is  required on multi-offi c e  
operation . 

5 .) Each send er is individually c onne cted 
to the s end er link and c ontrol c ir­

cuit by 9 leads, "T " ,  "R", )'CO" , "D" , "FC ", 
11 S 11 , 11SC 11 , "SB "  and "BS ". 

5. 31 Lead s "T" and "R" are conne ct ed 
straight throug h the link switch 

c ontacts to the i n c oming trunk� and serve 
to transmit revertive pul s e s  over the trunk 
line to the originati ng sender. 

5. 3 2  Leads "CO", "D" and 11FC 11 are also 
conne cted. straight through the link 

swit c h  c on�acts t o  the i ncoming trunk , and 
serve for mutual c o ntrol whi le the sender 
is  engaged. 

5. 33 Lead "S" is c onne c t ed through the 
iink swi t c h  c ontacts .t o hold the 

switches operat ed while the s ender is  
engaged. 

5.3� Lead "SC"  operat e s  relays in  the 
sender while the link c ontrol cir­

cuit is engaged in s ei z i ng the s ender , 
principally for the purpos e of connecting 
the common leads into the s ender. 

5. 3 5  While the s ende r  is either engaged 
or plugged busy, it operat es a relay 

individual to it self in the link control 
circuit over lead 11 SB" , and that relay re'."" 
turns an indi cation of its own operati on to 
the s ender over l ead "BS " . 

5.4 The s ender is c onn e c t ed through the 
t erminating marke r  c onnector to  a 

t erminating marker for a fracti on of a 
second on eac h  call. About 3 4  wires are 
involved in this c onne ction , but mutual 
control and for transmitting informati on 
from the sender to t he marker. 

6. GENERAL METH OD OF OPERATI ON 

6 . 1  When a s ender is s eiz ed by a sender 
link and c ontrol c i rcuit to s erve on 

a call, -it immediat ely registers the num'Qer 
of the incoming fram e i nvolved, and whether 
that number is odd or e ven; by indi cati on 
from the link c ontrol  circu it over one of 
the numbered "F"  leads and the "EF" lead. 
If the kind of inc oming trunk requ i res the 
s ervices of a special marker , that fact is 
reg istered by indi c ati on from the trunk 
over the "FC" lead . 

6. 2 The sender then prepares the incoming 
trunk circuit not to interfere with 

the transmission of revertive pulses to the 
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originating s ender; and pr o c e eds to s end 
su c h  pulses  under t he c ontrol of the origi­
nating s ende r ,  for the fiv e incomi ng an d 
fina l s e lect ions , c ount ing the puls es of 
each select i on and regist ering the s e l e c­
ti on .  I t  then s ends a puls e i n  the r e vers e 
d ir ection. In sending directing pulse for 
the fiv e s elections, and t hen  a revers e or 
in coming advance  pulse , the t ermi nating 
sender a cts t oward the originating s ender 
just as would an incoming and a final s e­
le ctor of the panel t ype . 

6.3 Th e s ender then rest ores the i ncoming 
trunk c i rcuit t o  a con dition where  

it is i n  control of supervis ion over the  
trunk , and awaits trunk closur e at  the ori­
ginating end . When the inc oming trunk not es 
thi s t runk c losur e ,  it s ends a s ignal to 
the s ender . 

6.4 Not ifi ed of trunk c losure , the s ender 
conne cts to a marker and s ends it the 

number of the incoming frame and t he c al led 
num ber , which the s ender translat e s  from 
the i ncoming and final selecti ons it ha s 
r egist ered . The marke r then c onne ct s  the  
incoming trunk t o  the called line , obta i n­
ing conne ct  ion with the particular incom.i ng 
trunl<: by way of the sender . The marker 
then c ause s  the s ender  t o  r el ea s e  its 6on� 
nection w i th both- marker and i n coming trunk, 
and to ret urn to normal . 

6.5 In case  of abandoned call, part ial 
dial ing� or t roul;Jle c on dit ion , the 

conditi on either become s a pparent at onc e 
or els e the s e nder i s  stu c k  and t imes out 
by it s t iming c ii cui t. It g enerally s ends 
a revers e puls e to the origi nati ng s ender  
to  e stablish an  o verflow indi cati on , a nd i s  
releas ed . If  s o  desired, a j ack  may be  
plugged up whi ch wi ll c aus e the s end er in 
ca�e  of trouble to be relea s ed from its 
external c onnections , but held bus y.wit h  
operat ed relays locked u p  unt i l  i t  can b e  
examined . 

7 .  PRINC IPAL PARTS OF SENDER AND OPTI ONAL 
FEATURES 

7.1 . The element� of this s ender may be  
divided , in resp ect t o their fi.mc­

t i ons, into three princ ipal part s. Each of 
the following subsections is a brief general 
stat ement of th e function of one of these  
pri nc ipal parts and a li st of the re lay s 
compris ing it, and also desc rib�s a ny of 
its features whic h ma y be opt ional . 

7i2 Gene ral Control Circ uit 

7.21 Thi s c ontrols the conn e ctions  between 
. the s.ender and .t he s ender l i nk and 

� o ntrol circuits and the incoming t runk 9n 
the one hand , and the c onne ctio ns between 
the sender and the mark er conne ct or and 
marker, on the other hand . It c onsists  of 
the following r elays whe n fu lly equ ipp ed: 
S e nder co ntrol ( SCl ) and ( SC 2}, o ff-normal 

( ONl ) and ( ON2 )  make busy (MB} , t runk 
clo sure ( TCl) ,  rTC2) and (TC3) spec i a l  
marker ( SPL ) , release ( RL), t rouble rele a s e  
( TRL ) ,  t iming ( 'l'Ml ) ,  (TM2) and ( TMJ ). 

7.22 Relay (MB} is required only when a 
t erminating sen d er test c ircu i t  is  

provided . 

7.3 Pulsing Circuit 

7 . 3 1  Thi s generates  and c ount s the pulse s  
whi c h  are sent for each se le c t ion to 

sat isfy t he count ing relays in the origi­
nating s ender, and g enerates a rev erse 
puls e to advan ce the originat ing s ender 
when the selections have been c ompleted . 
It cons ists  of the followin_s relays: Line 
( L )  , ( 11 ) , ( 12 ) , ( LJ ) , ( 14 )  and ( 15 ) ; 
stepper ( STP}; grounding ( GR ); pulse ( Pl ), 
(P2), (P3), ( P4}, ( P5 )  and ( P6 ) · t e lltal e 
( TT ) f and rev ers ing ( RVl �, ( RV� j , (RVJ), 
( RV4J and ( RV5} . Whe n  Fig . P is equ ipped 
an additional relay ( SS )  is required . 

7 . 4  . Fram e  and S election Regist er 

7 .41 Thi s regist ers the five s elect i ons 
s ent by the origi nating s ender, i n­

coming brush, incom ing group , final brush , 
final tens a nd final unit s .  It al s o  regis­
t ers the number of the inc oming frame i n­
volved  and whether it is odd or even . 
Bes id e s  a c ross bar· sw itch whi ch reg i st ers 
the s ele c t i ons and the uni t s  digits of' t he 
in coming fram e num ber , th ere are relays to 
regist er the t ens digit of the frame nwn b e r  
and whether it. is  odd o r  even , and relays 
to c ontro l  the act ion of the switch . The 
switch has six verti cals des ignated (F) for 
the frame , and ( IB} , ( IG ), ( FB), ( FT )  and 
( FU )  for the s electi ons . The full comple­
ment o f  relays is a s  follows: Inc om i ng 
frame ( FOO ) , ( FlO ) and ( EF ) , s elect magnet 
( SM ) , cro s s ed select magnet (XSM) 1 h old 
magnet ( HM} and regist er advance \RAl ) and 
(RA2). 
7 . 42 The ( FOO} and ( FlO ) relays are s hown 

as A apparatus, asso c iat ed with A 
wiring . Thi s equipment is prov ided a c c ord­
ing to c ir cuit not e 107. 
7�5 Mult i-Offic e  Operat i on 

7 . 5 1 Number Series I ndi c ation 

The OA and OB relays are designat ed 
"X" apparatus and are required when the 
s ender rec e ive s informati on from the s ender 
link and c o nt roller c ircuit ov er leads OA 
and OB . The s e  leads , together with inc om­
i ng group r egi ster , are us ed to signal the 
terminat i ng marker over the OAB lead t o  
d istingui sh b etwee n two 10000 numb er 
serie s . 

When  it i s  de sired to us e th e OAB 
lead to d i sc riminat e betw een  physi cal t runk 
groups and theoret i cal trunk groups, t h e  
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number s er ies iq enti fic at i on is passed over 
the FlO l ead . 

7.52 11Y" wir ing is  us ed i n  connecti on wit h  
th e signa l v i a  incom ing group s e lec� 

tion to distingui sh between two number 
serie s ,  o r  between phys i cal and th eoret ical 
offic e s  .. 

7. 53 " Z "  wiring is  us ed wher e the OAB lead 
is u s ed for s ignaling in c ombinati o n  

with X or  Y wi ring , but th e OA and O B  rela ys 
are not r equired . 

7.54 "W" wiring is us ed for operation of 
the ( ON2) relay whe n  th e { OA )  an d ( OB )  

relays o r  11211 wiri ng are omit ted . 

8. SEIZURE, HOLD I NG AND RELEASE OF SEN DER 
8.1 The sender ma y b e  seiz ed  by a sender 

lin k  for servic e ,  or by a s ender t est 
circuit for t est . It is held busy wh en in 
servic e or under test; an d is made bus y whe n 
in troubl e .  

8.2 Sender Seiz ed and Held for a Service 
Conne ction 

8 .21 The t en s end ers on two f rames are as-
s o c iated together in a.group and are 

c onn e ct ed to th e a ssoc iat ed s ender link and 
control c ir cuit by two sets o f  leads , on e 
set indivi dual to each s ender , and one s et 
c ormnon t o  all t en send er s . 

8.22 Wh en an inc oming trunk c alls for a 
s ender , th e sender l ink c ontrol cir­

cuit choo s e s  an idle sender and grounds its 
indi vidua l  " SC"  Jead . R e lay ( SCl ) operates 
from ground. on the ( SC )  lead· to battery 
through t he resistanc e lamp , th is  b eing of 
great importan ce at a latar s tage in th e 
c onne ct i on . When operated , ( SCl ) c o nne cts 
c ommon leads "SL" , " GS " , 11RL" and "TR " into 
this send er .  

8.23 Aft er grounding the "SC"  lead , th e 
link control cir cuit  proc eeds to oper­

ate th e l ink switch es wh ich c lose s ix indi­
vidua l leads to  the sender. Five of these  
leads , 11T11, "R " , 11FC 11 ,  "CO" and "0" are con­
nected straight th rough from s ender to in ­
c oming trunk . The s ixth lead "S" is  c onnec ­
ted to th e hold magnet s of the link switche s. 

8.24 Th e operating ground f or the link 
swit ch h old magnet s get s a c i r c uit 

int o th e s ender over th e individual "S" lead 
and bac k  to th e l ink c ontrol c ircuit over 
the common "SL" lead . Sat i sfi ed by this 
that th e sender is ready f or th e next st ep 
and that th e "S" lead is goo d ,  and first 
making a t est to guard agaihst a double con­
necti on , th e link c ircuit then gr ound s com­
mon lead "GS "  and so  operat es relay ( ONl ) 
after ( RV5 ) has operat ed as descri bed in a 
lat er paragraph. 
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8.25 ( ONl ) op erat ed grounds the individual 
l ead "S B" , and that c auses the l ink 

control c ircuit to ground individual lead 
" BS"  and so  operat e relay ( ON 2 )  aft e,r ( RAl ) 
has operat ed a s  desc ribed in paragraph 9 .4. 

8 .26 ( ON2 ) operated connects grourid t o  the 
indi vidu al "S"  lead to hold the l ink 

switch hold magnet s aft er the link c ontrol 
cir cuit has r eleased , and it also grounds 
the c ommon "RL " lead to release the link 
control c ircuit . 

8.27 The relea� e of th e link control cir-
cuit breaks ground from th e 1isc11 

lead, and relay ( SCl ) releases to break the 
conne c t i on of th e c ommon leads into th e 
sender , but the s end er remains conne cted to 
the inc oming trunk by the indi vidual leads 
through th e link swit ches unt il it ha s com­
pleted its  work . Relays ( ONl ) and (ON2 ) 
lock each other up , ground off-normal 
ground leads to h old oth er relays and th e 
cross bar reg ist er h old magn ets  in th e sen­
der , hold the link switch e s  by groundi ng 
the "S"  lead , and guard against the intru­
sion o f  other links_and the test c ircuit by 
grounding the 11SB11 lead . 

8. 28 ( RV3 } operat es over th e "FOO" or the 
"FlO" lead from th e link c ontrol c ir­

cuit aft er ( SCl ) and eith er ( FOO ) or ( FlO ) 
operates , and is held by an off-riormal · 
ground after ( ON l) operates , until  it i s  
re leas ed after th e c ompletion o f  selection� 
Th e operat i on of (RV3) caus e s  th e operation 
of  ( RV4 )  and ( RV5) in turn whi ch operat es 
( ONl ) previ ous ly described . 

8.3 Sender Seized and Held for Test 

8.31 All the indi vidual and common leads 
from the s ender and the group of t en 

senders which run to th� sender link and 
c ontrol cir cuit run also to the s ender t� est 
cir cuit , exc ept the individual ·leads " S B" , 
"BS"  and "SC " . 

8.32 The test c irc�it s e i z es a sendei for 
t e st in the samB way th at the s ender 

link and c ontrol cirriuit s e i z es it for 
service , exc ept that it demands c onnect i on 
with a particular sender inst e�d 6f choos­
ing an idle  sender more or less  at random . 
Before it c an s e i ze the desired �ender , the 
latt er must  be idle , and to  determine th is 
c ondition it �akes a t est on the "$" lead , 
wh ich is not made . in th e case of a servic e 
conne ct i on . 

S.33 If the sender is engaged on a c all 
the " S "  lead is grounded by the { ON2 ) 

re lay . If the s ender is made busy , the "$" 
lead is c onnected to resistance batt ery . 

8.34 Th e t est c ircuit first t est s the "S"  
lead for  batt ery and then for ground, 

Finding neith er , it connects to the sender; 

) 
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otherwise  it:wait s unt i l  the batt ery or 
ground disapp ears . . · 
8.35 When the t est c ircui t sei zes  the 

sender , the relays ope rate as  on a 
servi ce call. 

8.4 S�nd er Released Aft er  Servic e or Test 

8.41 Wh en a c onn ection has bee n  e stablished 
. or a t est c ompleted , o r  when the at-

tempt has defi nit ely fa iled , e ith er relay 
(RL ) or ( TRL ) is  ope rat ed a nd l o c ked  to an 
off-norma l ground. 

B.42 (RL } operating break s batt ery from 
the "ST" lead to rel ease  the mark e r  

conne ctor . (RL ) also .break s the local 
ground connection which lock s ( ONl ) and 
holds the link switch es  over  l ead " S" , but 
th e s e  do not release �t onc e  because they 
ate also held by ground over lead "HLD" 
from th e marker conne ctor . · When that re­
leas es (ONl) and the link s�i tches  al�o 
release , and the sender  is freed from its  
ext ernal connections . Th e reasons for h old­
ing over the "HLD 11 lead is to pr event the 
br eaking of current on the c ros s p o int of 
th e reg i ster . When (ONl ) releases , it is 
followed by ( ON2 } • .  The reg i st er and all 
locked up relays relea s e , and the s ender is 

. norma l a nd ready for reus e. 

8�43 (TRL ) Ope�at ing breaks bat t ery from 
the "ST " lead to releas e  the mark er 

conn e ctor and breaks the local  ground con­
nect i on which locks (ONl )  and holds the 

. link switch es  over lead 11 S 11 , but th ey are 
held over th e 11HLD11 lead to  th e marker con­
n�ct or. The marker c onn e c t or i s  relea s ed , 
and in doing s o  break s its grou nd from the 
"HLD" lead , so  t h ere is  no longer:- any ground 
on the "S" lead or the primary winding of 
(ONl} . Th e link swi t ches  rel ea s e  and the 

sender is fr eed from its - e xt ernal c onne c­
t�cns . If th ere is no plug in the ( HL D )  
j a c k  (ONl} also releases  and t he s ender re­
stores t o  normal jus� as if (RL ) had oper­
ated inst ead of (TRL). But if t here is  a 
mak e- bu sy plug in the (HLD) jack , (ONl} will 
hold on its s econdary w i nd ingJ th e reg i ster 
and all loc k ed up relays will hold , and the 
sender will t est busy  wit h grou nd on the 
"SB" lead , unt i l  it is  restored by withdraw­
ing th e plug . The (HLD) ja ck  i s  plugg ed up 
when i t  is de sired to h old t he s ender for 
examinati on aft�r any timeout. 

8. 44 Wh ile it is operat ed (R L )  grounds the 
" SB "  lead . 'The purp ose of this i s  in 

c onne ct ion wit h  a spe c ial test whi ch the 
s end e r  test  c i rcuit makes over t h e  c ornmon 
"TR" lead from the link c ontro l  c ircu it. 

Gr ounding the " TR" lead , it checks for 
ground on t he "SB" lead to mak e  sure  that 
(RL )  operat e s . 
S. 5 Sender Make Busy for Maint en;, -�t� e 

S.51 The scnd�r is made busy wh en it is  
in troubll� or for -:_;t.he r  purpos es of 

maintenanc e  by ins erting a make busy  pl�g 
in  the make bus y jack . This operates relay 
(MB ) i f  that is pro vided , othe rwi se it 
s imply  grou nd s  th e 11SB" lead to indicat e 
that the s e nder is bus y ,  just as relay (ONl ) 
would do . The (MB ) relay if provided 
grounds the "SB" lead and al so c onnects re­
s istance batt ery t o  the "S"  lead to serve 
as a bus y  s ignal t o  the s ender t est c ircu it. 

8. 52 If a marke r c onnect or s ervi ng fiv e  
s enders time s out for trouble , each 

of the five s enders is mad e busy by ground­
ing t h e  "MB" lead from the marker connect0r. 
This has t h e  same effect on each sender as 
plugging up t he make busy  jack •. 

8.53 The g r ounding of the " SB "  l�ad when 
the  s ender is  made busy not only pre­

vents link c ircuits  from s e i z ing it, but it 
al so caus e s  the "B S" lead to be grounded in 
the link c o ntrol c ircuit. 

8.54 The "BS" lead is carried thru a mak e  
cont act�of t h e  (ON l ) relay. This i s  

t o  prevent the (ON2 ) relay from opera t i ng 
and putt i ng a ground on the " S" lead. This 
would int erfere with the link fals e  g r ound 
t est if t he s ender should be ma de busy j us t  
aft er being se i zed by a link. 

8.55 In c ase  there is a fal s e  ground on 
the "S" lead , holding the .link 

sw itche s engaged aft�r re lay (RL) has op er­
ated to  releas e t he s ender from a connect ion, 
this ground wHl hold ( ONl )  from releas i ng ,  
and that in  t urn will hold (ON2). The r eg ­
ister and all operat ed relays will hold , and 
the t iming c ircu it will t ime out and eventu­
a lly g ive a n  alarm . 
9. INCOMING FRAI�E AND DEMAND FOR SPE CIAL 

MARKER REGISTER IN SENDER 
9�1 The frame informati on c om e s  from t h e  

s ender l i nk and c ontrol circuit i n  
the form of grounds on t w o  or three of t he 
thirt een  leads c ommon t o  t en senders an d 
des ignat ed "EF" "FOO" " FlO" and "FO" t o  
"F9", and i s  reii st ereJ on relays (EF ) and 
( FOO J or ( FlO ) and on the  "F" vert ical of 
the c rossbar reg i s t er . The spe c ia l  marker  
ind i c at i on cane3 from the inc oming trunk 
ov er the i ndividual lead 11FC" through t h e  
link , and i s  regist ered o n  relay (SPL ) . 
When 'the s ender is under test, t he t e s t  
c i r cu it �end:.c to t h e  s ender a frame ind i ca­
t ion, and if desired a spe c i al marker i ndi­
cat ion , by m�ans of key s  set  up i n  th e t e st 
c i r cuit. 
9.2 Wh e n  t he s e nd er is  s eized for s ervi c e  

b y  the link c ont rol cir cuit , t h e  first 
act i� t o  ope rat e relay (SCl) as prev i ously 
descri bed . Th is c onnects the common leads 
11F00" and FlO'' to the wiwi:i.ng; s of relays 
( FOO ) and (FlO), and one of them op era t es 
from a ground in the l ink c ontrol c ircuit, 
according t o  whether the nurntier of the in­
coming frame is under or ovE:.!r 10. The relay 
OJ-·'' ca te::l will  locK Lu an off-normal ground 
wl- \.)Il relay ( ONl} ope rates . 
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9 . 3 Whe n  r,elay , ( SCl ) has ope rat ed ,  ( SC2 ) 
al so operat es to the " SC "  lead , and 

it conne c t s  the c ommon leads "EF" and 11F0"  
to  "F9 " t o  the wi ndings of  r elay ( EF )  and 
o f  the c ros s bar register select  magnet s .  
R e lay ( EF } operat es from a ground in the 
l ink cont ro l  circuit and locks to  an i off­
n orma l ground when ( ONl ) operat es . The 
( EF ) relay is  us ed t o  ext end th.e life o f  
t h e  ( STP )  re lay contacts , · and ·i s operat ed 
on approximat ely one half of the c alls 
which engage the s end er . One of t h e  sele c t  
magnets ope rates from a ground in the link 
c ontrol c ircu it , according t o  the uni ts 
d ig it of t he . incoming frame number ' and it 
pas s es t he operati ng ground on to operat e 
relay ( SM ) . 

9 . 4  ( SM )  cl oses  a circuit to  ope rat e 
( RAl ) and t o  shunt the ( RA2 ) so that 

it c annot ope rate . ( RAl ) locks up . The 
ground whi ch operates and locks ( RAl ) i s  
furnishe d from the link cont ro l  c ircuit 
o ver lead "FOO" or "FlO " at first , and 
lat er through the front c ontact o f  ( ON l )  
whi ch lock� "FOO" o r  "FlO " . · 

9 . 5  ( RAl ) operat ed conne c t s  the winding 
of the ( F )  hold magnet t o  both wi nd­

ings of relay ( HM ) . The s e  wi ndings are 
d Hferent ially c onnect ed a nd s o  proporti oned 
-t hat the relay wi ll not operat e or hold 
w ith the same cur rent in both  windings , be­
fore a hold magnet is  conne cted to them , 
n or will it operat e with the c ombi ne d cur­
�ent through the hold magnet and the s e c ­
ondary windi ng pas s ing t hro ugh t h e  primary 
winding . The hold magnet  operate s  under 
the latt er condition as soon as t he ( ON 2 ) 

· operates  t o  ground the p rimary winding of 
( HM ) . 
9 . 6 The hold magnet c l os es t he c ontacts 

of the c rosspoints at the level of 
the  operated s e le ct magnet � The locking 
c ontact of t he hold magnet not only locks 
LlP the h old magnet , but also caus e s  relay 
{ HM )  t o  operat e with full current through 
it s s e c o ndary wind ing and n one  through it s 
primary . 

9 . 7 When ( ON2 ) operat ed ,  whi ch it had to  
do  prior to  the  operat io n  of the hold 

magnet , it releas ed ( SC2 ) , and that broke 
the operat ing path to the s elect magnet . 
But the s e le c t  magnet and r elay { SM )  remain 
locked up through parall el fro nt c o ntacts 
of ( SM )  unt il ( HM ) operat es, and fur ther , 
unt il t he c losure of the "T" and "R tr leads 
through the stepp er relay of the . or iginat ­
ing s ender c aus es ( L ) , ( Ll )  and { L2 }  t o  
ope rat e .  

9 . 8  When ( SM )  releas e s , aft er the ( L£ )  
has operated , the  shunt i s  r emo ved 

from the ( RA2 ) whi c h ·  operate s  and holds. 
along with ( RAl ) , di sconnecting the wind ing 
of the ( F ) hold magn et from the winding of 
( HM ) , ( HM) thereupon release s . 
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9 . 9 An inc oming t runk which requires the 
serv i c e  of a spe c ial marker c onne cts  

ground t o  the . "FC"  lead . whi le in it s normal 
condi t io n . When such a trunk is f irst c on­
nected t o  the s end.er t hrough the " link 
swit c he s , and ( ONl ) op erates , relay ( SPL ) 
operates t o  this  ground. The front c ontact 
of ( ONl ) is  to make the fina l circuit clo­
sure and s o  prevent wear on t h� link sw it c h  
contacts . When ( ON2} op erat es ( SPL ) locks  
to  an  off-normal ground . Later on , when 
lead "FC " is  requ ired for it s princ ipal 
function as a path b etween incoming trunk 
and marke r ,  it is disc onnected from ground 
by a relay in the incoming t runk , and from 
the winding of ( SPL ) by the operat ion of 
relay ( RVl ) . 

10 . REG I STERING DESIGNAT ION FOR NUMBER 
SERIES 

10 . 1  Fig . B arid the ( OA )  and ( OB )  relays 
will be furnished when the sender is 

arranged to  c omplet e  calls over common 
trunks to two 10 , 000 number s eries . While 
the ( SCl ) rela y i s  o p erated as  described 
above , the ( OA J  or { OB} relay will b e  oper­
ated from ground in the associated link 
c ircuit . The s e  relays loc k  to off-normal 
ground a nd the¥ c los e the c ircuit for oper­
ati ng the ( ONZ ) relay . The · arrangement 
provided is such that one of the s e  relays 
must be operate d  and the other one normal 
in order to clos e the path for operating 
the ( ON2 ) relay and t hi s  arrangement is  to 
make sure that one of t he s e  relays is  oper­
at ed but not both of them . I f  the ( OB )  re­
lay is operat ed , it al so c onnects ground to 
th e " OAB" lead to the t erminating marker . 
The ( OA )  relay  however connect s the "OAB" 
lead to t he i ncoming group vertical of the 
regist er switch . · 
10 .2 Originating s enders whi c h  are arranged 

to c omplete c all s over common trunk 
groups to two number s eries  are arranged t o  
s end over o r  under five incoming group 
puls e s , that i s , t ransmit the norma lly re­
qui red number of puls e s  for incaning group 
when one of the number s eries  is wanted 
whi l e  for the othe r ,  t hey will transmit 
five add iti o nal puls e s  to the normally re­
quired number of pul s e s  for i nc oming group 
selecti on . If the originating s ender 
transmit s  the normal number of puls e s  and 
the ( OA )  relay is ope rat ed , the "OAB" lead 
will be c onne c t ed t o  the  "CK) " lead which 
will caus e the t ermi nat i ng marker t o  ·s et up 
the · c onnec t i on up t o  o ne of the number 
serie s . If the or iginating s ender trans ­
mitted  five addit iona l pulse s  for incoming 
group s e l ect i on , t he · " 0AB" lead wlll have 
ground conne cted to it and th e termin�ting 
marker will acc ordi ng ly s et the c onne ction 
up t o  the  other number s erie s . Orig inat ing 
send ers that are not arranged to c omplete 
calls over c ommon .t runk groups will always 
transmit the normal number of i nc oming 
group pul s e s  and therefore the "0AB"  lead 

) 
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wi ll be c onne ct ed to  the "CK3 " lead with 
the ( OA )  relay operated . · 
10 . 3  The ( FOO ) and ( FlO ) relays and "FlO " 

lead may also be us ed to  transmit t o  
t h e  marker th e number s erie s  designat i on .  
I n  this cas e the s e  relay s  canriot als o  be 
used for i ncoming _ fram e number t ransmi ssi on. 

11 . PULSI NG AND REGI STRATI ON O F  SELE CTI ONS 

11 . 1  The five s elect ions reg i st ered in the 
originati ng s ender are trans ferred t o  

the t erminati ng s ender by batt ery pulses  
g e ne rat ed in the  lat t er artd t ransmitt ed 
over the trunk condu ctors . They are reg is ­
t er ed on the c r os s bar regi st er o f  t h e  t er­
minating sender . The latt er s ends a reverse 
batt ery puls e to notify the originati ng 
s ender that all select ions have been re­
c e i ved . The  actions of  the originati ng and 
t erminati ng senders are sync hroni zed and 
the  pulsing kept in s t ep wit h the r eg istra­
t i on . 

11 . 2 Preparat i on of Origi nati ng Send e r  
f o r  Eac h  Selection 

11 . 21 The originati ng s ender  is ready for 
sele cti ons or for the r e c e i pt of the 

revers e batt ery pulse , when its  st epping .. 
relay and it s polari zed overflow relay are 
conne cted in s eries across t he t ip and ri ng 
of the t runk . · 

11 . 22 The . or iginati ng s ender is  ready for 
the first selection before t h e  t er­

minati ng sender is s ei z ed . It c aus es t he 
inc oming t runk t. o  not ify the  l ink c ontrol  
circuit t o  s e iz e  a terminati ng s ender and 
attach it to  the t runk . · · 

11 . 23 As s oon  as the originati ng s ender 
rec eives the correct  number of  

puls es , on �dch s electi on , it ope ns the 
funda�nental c ir cuit , which is he ld open 
for a measured int erva l and the n r e c lo s e s  
for .the next s e le ction . 

11 . 3  Preparation of Inc oming Trunk for 
First Selection 

11 . 3 1 At the t ime the t erminating s ender is 
s ei zed and attache d to the incoming 

t runk , the latter is  holding ground on the 
r ing c onductor , and batt e ry through the 
winding of its t runk relay on the t ip .  The 
t runk relay and the distant st epp ing rela y 
are operat ed . This ground and batt e ry mus t 
be dis c o nne c t ed before puls i ng begi ns , but 
before they are di s c onnec t ed anoth er ground 
and batt ery in the t e rminat ing sender must 
b e  c onn e c t ed t o  the same c o nduc tors other ­
wi s e , the distant st epping r e lay would re­
l ea s e  and record a false  pulse . 

1 1 . 3 2  Relays ( RV3 ) , ( RV4 ) and ( RV5 ) operate 
over the "FOO"  or "Fl O "  l ead when the 

terminati ng s ender is first s ei z ed , and 
hold up throughout pulsing . Whe n the link 

c ontrol r el ea s e s  ( SCl ) , a ground t hr o ugh 
it s bac k  c ontac t , a front contact of ( RV4 ) , 
back contact ( TC2 ) , Fig . D ,  and a f r o nt 
c ontact of ( ONl ) , is appli ed t o  the " C O "  
lead . B y  t h i s  t ime it i s  c ertain that the 
l ink. c o nt ro l  c ir cuit has made all i t s  
che c ks and defini t e ly decided t o  us e t h is 
particular s end e r , that the l ink swit che s 
have had t ime t o  c los e through the " T " and 
"R " leads t o  the sende r ,  and that ( ONl ) has 
ope rated to c l os e through the "T" and "R " 
leads t o  the windings of relays ( L )  and 
( STP ) , whi ch are resp e ct ively conne c t e d  to 
batt ery and to ground in Fig .  N ,  and are 
c onnected through wi ndings of relays { ST P )  
and ( L )  in  s eries  with lamp ( L )  t o  batt ery  
and ground in  Fig . P .  Grounding th e "CO"  
lead operat es a r elay in the incoming t runk 
whi ch d i sc onne c t s  t he batt ery and g r ound 
conne cti ons existing there from the t i p  and 
ring conductors t hroughout puls ing . 

11 . 4  Preparati on of Terminating Sender for 
Eac h  Sele c ti on 

11 . 41 Unbalanc e d  Revert ive Pulsing - Fig . N 

11 . 411 The t erminat i ng s ender is ready for 
a select i on when  th e ope rati ng wind­

ing of relay ( L )  is c onn ected to the " T "  
lead , wit hout being shunted b y  its non induc­
t i  ve winding , and the winding of relay ( STP) 
i s  c onn ect ed t o  the "R " lead , without being 
shunt ed by s;round thr ough back c ontacts of 
( Ll )  or ( 12 ). Alt hough ready when i n  that 
c onditio n , it will not begin pulsing on t he 
first s e le ct ion IB  unt il the inc oming t runk 
has removed ground from the ring conductor , 
becaus e this  shunts the ( STP ) , or on any 
subs equent s e l e c t ion unti l  the origi nat ing 
s ender i s  r eady with th e c ircuit c lo s ed 
through i t s  st epping and overflow relays . 

11 . 412 �t ready for the first s el e c t i on �'\  ON'l must first opera�o c ut the 0-
l eads t . gh t o  the t1fth and , $ j1P relay§__. Ji 
The reason  for t hi s  ts--t"o insu agai ns t  · L 
int erferenc e with another  � erminati ng ::>rf7 
s ender  in case  of a double c onnect i o n  at 
the sender l inks . \ ( ONl ) will  not operat e : 
unt i l  the  link control c ir cuit has s a t i s fi e'd' 
itself that a double c onne c t i on doe s  not 
exist . 

11 . 413 Because  of the variabl e resis tan c e  
of t he t runk loop the ( L )  may or  may 

no.t operat e on the first s election a s  s oon 
as it is cut t hrough t o  the trunk , or it 
may wait unt i l  the inc aning is ready with 
it s t runk relay cut off . On lat er s el e c ­
ti ons ( L ) operat es a s  s o o n  a s  t he ori g inat ­
ing s ende r  is  r eady . It ope rat es with its  
nonindu ct ive winding shunt ing it s act i ve 
winding . This i s  unimportant on the first 
selection , but on l at e r  selecti ons the non­
induct i ve wind ing smooths out the des c end­
ing s ide of a c able capac ity surge wh� c h  
has a t end ency t o  caus e t h e  distant s t e pper 
to moment arily release , and then reoperat e 
which would gene rat e a fals e  puls e .  When 
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( Ll )  ope rate s  it cut s off the noninductive 
winding in order to  speed the subs e quent 
operations of t he distant st epper .  

The ( L )  is _perman ent ly shunt ed by 4250 
ohm res i s tanc e ( J ) and 0 . 5  mf condens er ( B ) 
in series  with 2000 ohm res istance  ( F) t o  
insure that the ( L )  wi ll hold o n  all lengths 
of cable at the end of each ground puls e .  

ll . 4i4 ( L ) o erat es Ll 
a c t  o 12 and a front c ontact of 

( SM ) , and"then ( Ll )  locks direc.tly  to  the 
conta: ct- oi'··- u �-)-;--- ( Ll ) operates ( �gJ__and then 
( 12 ) 1-o cks· ··t-o- a··-f-rom----rohUc'Cof ( SM ) • The 
purpos e  o f  the s e  c on�e 6tions is to prevent 
a s ele c t ion from starting before the pre� 
c eding one has progressed far enough in its 
registration to avoid possible int erference , 
and yet t o  allow th e two s elect ions t o  over­
lap one an other as much as possibl e  and s o  
save t ime . Thi s is explained in  d etai l un­
der SELECTIONS SYNCHRONI ZED . 

11 . 41 5  When ( 11 )  and ( 12 ) have bo th operat ed 
the t ermi nating s ender is ready for 

selec t i on , a bac k  contact on ( Ll )  dis c on­
nec t ed t he noninduct ive winding of ( L )  from 
the "T" lead , and a back cont act on each re­
lay dis conne cted separat e ground c onnections. 
which  short ed relay ( STP ) on the "R " lead . 
The rea s on for having paralle l ground-- con­
nect ions through back c ontacts .o f ( Ll )  and 
( L2 )  is as follows : On the ir operat i on , 
ground must be finally removed by { 12 ) , be­
caus e if it were r emoved by { Ll )  at t he same 
t ime ( Ll )  break s off the nonindu ct ive wind­
ing of ( L ) , the ·st epp ing relay of the o rigi ­
nat ing s ender might mak e a fal s e  release  
rrom having t o o  much  inductanc e thrown into 
it s c ircuit at one t inie . On the other hand ,  
on the r e leas e of the relays { 12 )  may be de­
layed s ome time , and tt i s  ne c es sary to 
short out { ST P }  at onc e when { L )  and ( Ll )  
releas e ,  t o  p revent a c hanc e of s tarting the 
next select · o J..:,,...,,.. __ 
11 . 42 Puls e s  Generat ed 
�� 1 �421 · rcu s ,  t runk , o rigi · 

nat ing and t erm inati ng s ender are 
ready to  start a s elect ion , relay ( L j and 
the st epping relay of the ori gi nati ng s ender 
wil l be operat ed in serie s , ( Ll )  and { 12) L will operat e fo ll owing ( L )  the n  { ST P } . 

11 . 422  When { STP ) operat es , it caus e s  { GR ) � -?_ 
t o  operat e . ( GR )  grounds t he ttT " . v­

lead thus short - c ircuit ing and re leasi ng �� 
( STP J and the di stant st epping r elay , while r () 
st ill holdi ng { L )  operat ed and t he r efore � �  
( Ll )  and { 12 ) . This operation and r elease 
of the st epp i� relays constitut e t he first 
puls e . When { ST P )  releases so does  { GR ) , 
removing the ground from the "T " lead and 
allowing { ST P )  and the distant st epper t o  
reoperat e .  ( GR )  then reoperat es and agai.n 
grounds the "T"  lead , releas ing { ST P )  and 
the distant st epping r elay . Thi s  puls ing , 
or alternat e ope ration and release of the 
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two st epping relays , continues as l ong as 
the c ircuit is kept c los ed in the originat ­
ing s ender , or until  11 puls es have been 
c ount ed . 

In orde r to ext end the iife of the 
conta ct of ( STP ) , the dir ect ion o f  current 
flow through the c ontact is rever s ed on 
the approximat ely half of the calls , ( EF )  
being operat ed by alt ernat e inc oming "frame s. 

11 . 43 Balanced Revert ive Puls ing - Fig . P 

11 . 43 1  As explai ned previ ously , the L relay 
may operat e when the ( RV) ) conne ct s 

the two primary windings of t he { L )  to the 
tip and ring l eads t o  the t runk , or it may 
wait unt il the line relay of the trunk is  
disconne cted from the t ip by  the ope rat ion 
of the ( T )  relay . The { SS )  operat e s  when , 
the ( GR )  operat ed c l osing auxiliary shunt 
paths on the stepper line windings . 

11 . 43 2  The ( L )  relay consists of three wind-
ings , two primary wind ings in serie s, 

and a biased s e c ondary winding . ( L ) oper- · 
at es over the t ip and ring leads on its  two 
primary windings i"n s erie s �  The b i as ed 
secondary winding is  energi z ed whe n ( ONl } 
operat es . It i s  us e d  for providi ng a non­
operat e requireme nt for t he ( L }  to prevent 
its false operat ion on cable surges and t o  · 
pr event it s non-ope rat e on c ertain trunk 
t est circuit c onditions . Sinc e the ( L )  re­
lay has no  bias i ng s pring the armatur e may 
make contact with e it her front or back c on­
tact or may float between them when the 
c ir cuit is  normal and no . current is flowing 
in any of t he windings . . For this reason 
the ground i s  c onnected to the armatur e 
spring only aft er ( ONl )  operates . 
11 . 43 3  With both ( L )  and ( ON2 ) operat ed , 

( Ll )  operates through a bac k  contact 
of { 12 )  and a front contact of { SM )  whi ch 
operates during reg_istrat ion of the trunk 
link frame number . . { Ll )  locks dir ectly to 
the front cont act of { L ) . ( Ll )  also oper­
at es ( 12 )  whi c h  opens one lock ing path of 
( SM) and the operat ed s ele ct magnet . The 
( SM )  relay a.nd t he s e le ct magnet release 
when an addit ional  locking path is  remo ved 
by operat ion of .t he { HM) relay fol lowing 
c losure o f  t he ( r )  h old magnet and when 
their operating c i r cuit is removed by re­
lease  of relays in the link when the ( ONl ) 
relay operat es . The { SM )  re lay released , 
permits operat ion of the (RA2) relay which 
releases the { HM } relay . The c ircuit i s  
now ready for r egistration of inc oming 
,brush s elect i on although puls ing may start 
before c omplet i on of all of the foregoing 
operat i ons w�thout a ny advers e cir cuit re ­
action . The - purpos e Qf t; he remai Qi� c on­
tacts of the ·t L ) ., ( Ll ) ,  l 12 ) and ( SMJ re­
lays i s . t o control registrati on and t o  
prevent a s el e c t i on from start ing b efore 
the preceding one has progressed far enough 
in its regist rat ion t o  avoid poss ible in• 
t erference , and yet to allow the two s e le c ­
t ions to  overlap one anothe r as muc h  a s  
poss ible so as t o  s ave t iine .  

) 
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11 .434 When { 12 )  has operat ed indi c at i ng \ 
that the loop i s  c l os ed sat i sfac -. ; 

torily , { S S )  releases . Whe n { 11 )  and ( SS )  i 
have removed their shunts from the { ST P )  \ 
:celay , STP operates ove r  the loop . · { STP J 
1ik e the . { L )  relay ha s three windings two \ / 
primary and a sec ondary . { STP )  ope rates on \ /  
�ts two primary windings iq y �eries . The U 
s e c ondary is used as a bias� windi ng t o  pre- � 
v ent its false  operat io-r< on cable surg es \) 
and to ins ure its reJease on lead curre nt s . l 
This winding i s  <:.ve r�i zed . whe n { ONl ) oper- l \  
ate s . The ( C )  c.apacito r is c onne cted be - I ;  
tween the ju_:}O'tion of the bi as res ist or and ).1 
the second<;.!Y winding an d the winding of r / 
the ( GR )  r"ela y .  Thi s ( C )  c apa c it or provi- \ r 
d es a 1?,:J.l'lse help action to i nsure tha t  onc e \ ' 
( STP l �perat e s , it remains ope rated for � � 

m inimum int erval and once it releas e s , re- ) 
ma£'.'ns unoperat ed for a minimum int erval . / 
11 .44 Puls es Generat ed - Fig . P 

11.441 When the ( ST P )  relay operat e s , it 
. ope rates the ( GR )  relay t hrough con-

tac t s  of re lay ( EF ) . In order t o  extend t he 
life of the ( STP ) contacts ,  the d ir e c t i on 
of current flow t hrough the c o nt acts  i s  re­
versed on approximately half the c alls by 
revers ing t he c onne cti ons to th e ( ST P )  c on­
tact s depe nd ing on wh ether the inc oming 
frame number registered is odd or even . 

1 1.442 ( GR )  i n  operating , shorts the t ip 
and ring le aqs between the ( 1 )  and 

{ STP ) relays .  Th i s  s hort ac ros s the tip 
and r ing h olds ( L )  ope rat ed and t he refore 
( Ll ) . and { 12 ) • { GR )  also ope rat e s  ( SS )  

which shunts and releas es the ( ST P )  and the 
d istant st epping relay . This operat i on and 
r elease of the st epping relays c onstitut e s  
t he first puls e .  When { STP } releases so 
d oes ( GR )  removing the short from t he tip 
and ring leads allowing { STP ) and the di s­
tant st epper t o  reoperat e . { GR )  then reop­
erate s  and again operat e s  ( SS }  which s hunt s 
and release  ( ST P )  and th e � i stant stepping 
re lay . Thi s  puls ing , or alt ernat e operat i on 
and. release  of the two st epp ing relays , 
c ontinues as long as th e cir cuit i s  k ept 
c los ed in the originat ing s ender or unt i l  
eleven puls es have be en count ed to  init iat e 
a t elltale cond it i on .  

· 

11 . 443 ( SS )  i s  under c ontrol of GR when 
pulsing and when ope rat ed appl ies 

shunt s to  both line windings of the STP re­
lay . This act ion di sables the line windings 
of { STP)  momentari ly aft er each rele a s e  of 
( GR )  and prevent s a false  op erat ion o� { STP) 
t o  the cable c apa c ity at the end of a t ra in 
of pul ses wh en th e loop is opened by the 
s ender at the distant end . 

11 . 5  Pulse C ount ing - Fig . N or P 

11 . 5 1  the · ,s c ounting relays and 
c ircuit st opping the gene rati on 

'b't'-ou:t'Sl?':s--wfl:,e-n--cl predetermined number from 

l t o  10 has been g ene rat ed and c ount ed . In 
cas e of an abandoned call or a troubl e c on­
dit ion the originat ing s ender may fai l  t o  
c ount the puls e s  and t o  break the c ircui t 
aft er the predetermine d number ha s been 
generat ed . In tha� cas e ,  the t e rminati ng 
s ender will g enerate eleven pulses b e fo re 
st opp ing of it s e lf . 

1 1 . 5 2 The t erminating s ender c ount s t h e  
puls es o n  relays { Pl )  to  { P6 ) , ac tu­

at ing them by relays { 13 ) , { 14 ) and ( L5 ) • 
The per iodical operat ion and rele a s e  of 
( GR )  caus es ( LJ ) ,  { 14 )  and ( 15 )  t o  ope rat e 
and release in a recurr ent cyc le o f  h a lf 
the frequenc y ,  a s  follows : Th e ope rati o n  
of ( GR )  o n  t h e  f ir st o r  any odd-numbe r e d  fuls e operat e s

. 
{ 13 ) ; it s release permit s 

15 ) to operat e in s eries with ( 13 ) ;  th e 
operat ion of ( GR }  on the second or any even 
numbered puls e ope rat es { 14 )  i n  s erie s with 
the s e c ondary winding of ( 15 ) , whereupon 
( 13 ) releases but { 15 ) holds ; ( GR ) ' s r e l e a s e  
causes ( 14 )  and ( 15 )  t o  re leas e . Thus ( L5 )  
operat e s  at the end of each odd puls e , and 
releases  at the end of each even puls e . . 
The ground connection for holding { 13 )  and 
{ 15 )  in s eries  and { 14 } is furnis hed by 
front c ontacts  of ( 11 )  and ( 12 )  in paral l e l, 
The reason for having parallel ground c on­
ne cti ons thr ough fro nt c ontacts o f  both 
( 11 )  and { 12 ) is as follows : On their op ­
erat ion { 11 )  operates first , and by hav i ng 
i t  supply a l o ck ing ground there i s  bet t er 
assuranc e that it will be ready in time t han 
if relianc e were placed on a poss ibly v i­
brati ng c ontact of { 12 ) .alone . On the 
ot her hand , on t he releap e  of the rela y s  
{ 12 )  may be de layed s ome time and it i s  
nec es sary to h o l d  t h e  locking ground unt i l  
i t  releas e s , o r  e ls e  an add it.ion · ( P )  re la y  
migh t be  ope rat ed from the back c ontact o f  
( 15 )  when i t  r e le as e s . 

11 . 53 The ope ration o f  ( 15 )  on the first 
puls e c au s e s  ( Pl )  to operat e and 

lock . Th e re lease of ( 15 )  on the s e c ond 
pulse  c aus e s  ( P2 } to operat e ,  l o.ck , and un­
lock ( Pl ) , wh i c h  re leases . Simi larly t he 
operation or rel�ase of { 15 )  on subs equent 
puls es operat es other { P } relays , and on 
the 11th puls e operat es relay { TT ) . The 
re lays left lock ed up after eac.h puls e , any 
one of whi ch may be the last puls e of  a 
s e le ct ion are a s  fo llows : 

Puls e  Relays Pulse Relays 

1 l Pl 6 P5 -P6 
2 P2 7 Pl-P6 
3 PJ 8 P2-P6 
4 P4 9 P3 -P6 
5 P5 10 P4-P6 

11 P4-:P6-TT 

11 . 54 The operating ground for the ( P ) r e ­
lays is c ontrolled thro ugh a front 

c ontact of ( 12 )  to allow suffic ient time to  
. operat e t he last ( P ) relay on the last 
pulse of a s ele ct i on . For t h i s  r eason ( L2 )  
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is made slow release .  ( 11 )  must be fast 
release however , because it mu&t get down 
before l 1 )  reoperat es on the next select ion . 

11 . 5 5 The loc king ground �or the ( P ) relays 
is supp l ie d  through a front c ont act 

of ( 12 )  and bac k  contact of ( SM )  in parallel. 
The c ontact of ( SM )  holds the locking c ir ­
cuit unt i l

. 
t h e  select magnet is  op erat ed and 

loc ked . The c ontact of { 12 }  holds the lo ck ­
ing circuit through the int erval during 
which ( SM ) has not yet re leas ed from the 
previ ous selection , and ( 12 )  i s  he ld oper­
ated unt il ( SM )  shall releas e .  

11 . 56 If ( TT )  i s  operat ed by an eleventh 
puls e ,  it locks to off-normal g�ound ; 

and repres ents t elltale . 

11 . 6  Selections Regi st ered 

11 . 61 Five s e lect ions are reg i st ered on eac h  
call , inc oming brush , inc oming group , 

final bru sh , final tens and f ina l unit s ,  
regist ered in that order . Each · s elec t i on 
is regist ered by operati ng one of the  ten · 
select magnet s and then  operating the h old 
magnet appropriate to  that s e le ction , aft e r  
which the s elec t  magnet is  releas ed and the 
hold magnet is  held . This c los es the c ros s­
points whi c h  are at the lev el of the oper­
ated s elect  magnet . 

11 . 62 Whe n  the originati ng s ender has. c ount ed 
the proper number of pulses it breaks 

the fundament al circuit . Relays ( L ) , ( Ll )  
and ( 12 )  release ,  and �12 ) clos e s  a c ir cuit 
from back  c o ntacts of ( SM ) , ( TT )  and ( RVl )  
i n  s eri es thr ough a front or back contact of 
( P6 )  and one of the front co ntacts of one of 
the other ( P ) re lays to  operat e a s ele ct 
magnet , that one whos e numbe r  is one le ss 
than the number of puls es whi c h  had bee n 
counted . The front c ont act of that select 
magnet pas ses  the operati ng ground on .to  
operate relay ( SM ) , whi ch locks it s elf  and 
the s elect magnet . The operating c ircuit 
from a front or bac k contact of ( P6 )  for the 
select magnets is taken thro ugh two different 
back contacts o f  ( 12 )  instead of a s i ngl e 
back contac t , so that i f  ( 12 )  operat es to  
start the next s el ection while a s elect mag­
net and relay ( SM) are s t i l l  loc ked up , and 
two adjac ent ( P ) relays are for a moment 
both operat ed , the locking ground for the 
operat ed select  magnet c annot find a path to 
operat e anothe r select magnet . The operat ­
ing c ircuit fo r the select magnets  is taken 
through a bac k  c ontact of ( SM J  s o  that if 
( P6 )  releases  faster  t han t he other operat ed  
( P ) re lay , momentarily clos i ng an operating 
path to another s e lect magne t , there wi ll be 
no ground on that path . The ope rating cir­
cuit for the s e lect  magnet i s  tak e n  through 
a back contact of . ( TT )  so t hat wh en e leven 
pulses are c ount ed for a t ell tale c ondition , 
no s elect magnet will operate .  

11 . 63 When ( SM )  operat ed the fir st t ime t o  
register t h e  inc oming frame number , 
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it o�erat ed ( RAl ) , and wh en ·it released 
( RA2 ) operated . When ( SM )  operat es the 
sec ond t ime to register the first ( inc oming 
brush ) select ion , it shunts down ( RAl ) , and 
then wh en ( SM )  releases , .( RA2 } release s . 
That complet es one c yc le of relays ( RAl ) 
and ( RA2 ) , and on the four subsequent se­
lections the� go through the  same cycle 
twi c e  more . 

11 . 64 Each  t ime ( SM )  operat es , it e ither 
operat es ( RAl ) and leaves ( RA2 ) nor­

mal , or it releases ( RAl ) and leaves  ( RA2 ) 
operat ed . In eithe r  cas e , the effect is  
to connect the  windings of ( HM ) to the 
winding of the first nonoperat ed hold mag ... 
net , caus ing the same t ci  ope rat e . The hold 
magnet closes the c ontacts of the cross­
point at the level of the operat ed s elect 
magnet , lo cks up to a front c ontact of 
( ONl ) , and _ by conn e cting the locking ground 
to �he winding s of ( HM } , caus es that t o  op­
erate . 'When ( HM ) has ope rat e d  on one se�  
lection an d ( 12 )  on  the  next s election , 
( SM )  and the ope rat ed select magnet releas e. 

11 . 6 5 Eac h  t ime ( SM )  releas es  it eith er 
operat es ( RA2 ) and l eave s  ( RAl } oper­

ated , or it releas es ( RA2 ) and lea1es ( RAl ) 
normal . I n  e ither case the effect is to 
dis c onnect the windings of .( HM )  from any 
hold magnet , and ( HM ) releases . 

11 . 7  Sele cti ons Synchroniz ed 

11 . 71 The control of the s elections is pri -
mar ily · in  the orig7. nati ng s ender . It 

holds the fundamental c ircuit closed unt i l  
i t  has . c ount ed the c orrect number o f  pulses,  
then it holds it open while  prepa ring for 
t h e  next s election , then r e c loses it . But 
in order to prevent selecti ons from suc ­
c eeding one another t oo rapidly to be reg­
ist e red properly in the t ermi nating sender , 
the latt er must exerc ise  some check on the 
operations . 

11 . 7 2  The operati ons ne c ess ary t o  transmit 
. and rec ord eac h  selection c ons ists  of 

two p art s . The first part is the puls ing , 
whi ch consume s widely varying t ime s depend­
ing upon the number of 'pulses and the spe ed 
of puls ing , which ih t urn depends upon the 
l ength of t runk . The second part is the 
registrat i on of the cro s s bar regist er , 
which  c onsume s a fairly constant t ime . 

11 . 73 There are two requ irements to be met . 
The first is t hat s electi ons shal l 

not follow each other .t o o  r api dly to be 
pr operly regist ered . The second is to keep 

. down the average total t ime needed to  t rans­
mit and re cord all five s electi ons . 

11 . 74 If c ontrol were left s ole ly i n  the 
originat ing s ender , with no check by 

the terminati ng sender , the s e cond require­
ment would be met to  the great est · possible 
ext ent . If all sele ct ions were of maximum 
length , this  might work sat isf� ctorily on 
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the as sumption that pulsing would tak e mor e  
time than regi stration . Then  eac h  s e l e ct i on 
would �e . registered while the suc c e ed ing one 
was being puls ed , and the total t ime re­
quired would be th e sum o f  the t imes re­
qui red for puls i ng , plu,s the  t imes t aken out 
betwe en s elections by t he originati ng s ender. 
But a s eries  of succ e ssive s elections of 
minimum length would run through t oo rapidly 
for registration on the c ros sbar reg i st er 
anq in such cas e , the f irst requir ement 
�ould be violat ed • .  
11 . 7 5  In ord er to  meet the f i rst requirement 

th.e t erminating s ender c ould be ar­
rang ed· s o  as not to  permit any s e l ec-t ion to 
start pulsing unti l  the prec eding s el e ct i on 
had been completely r egist er ed .  With a fair 
proportion of l ong s ele cti ons thi s would make 
the total t ime required longer t han if puls­
ing and registrati on were allowed to  proc eed 
simultaneously . Thi s c ircuit is arrang ed  
t o  allow a c ertain amount of overlappi ng 
�ut with suffic i ent control by the t ermi�at - . 
1ng s ende r t o  prevent the los s o f  any regis ­
trat i on .  

11 . 76 In c a s e  o f  a s er i es of short s e l e c �  
tions , the  ori g i nati ng sender c ount s 

the first set  of puls es , br eaks t he c ir cuit , 
then clos e s  it again for the s econd s et of 
pulses . The Pulses  wer e  als o c ount ed on t he 
( P ) relay s ,  and when the c ircuit is broken 
( L ) , ( Ll }  and ( 12 )  releas e , a s elect magnet 
and ( SM }  operat e , ( RAl ) either  operat e s  or 
releases , a hold magn�t and ( HM) operat e . 
Before this c an oc c ur the  circuit i s  c l os ed 
again and ( 1 )  operates . The next s et of 
pulses  must not start unt i l  the ( P ) relays 
are released , and �hey must  n ot r elea s e  be­
fore the select magnet and ( SM )  are safely 
operated . Ther.efor e the r e lease  of t h e  ( P )  
relays and t h e  operati on o f  ( Ll }  are both 
delayed unt il ( SM )  ope rat es , by locki ng t he 
( P) relays t hrough a back c ontact of ( SM } , 
and operating ( Ll )  through a front c ontact 
of ( SM ) . 

11 . 77 Wh en ( SM ) operat es for th.e first s e -
lection , ( Ll )  and ( 12 )  operat e and 

pulsing start s for t he second s electi on . 
The origi nating s ender c ount s the  puls e s , 
breaks the circuit , then c los e s  it agai n  
for the t h ird s et of puls e s . The puls es  
were also  count ed on  the  ( P ) relays and 
wh en the circuit i s  broken ( L }  and t 11 ) re­
leas e . The s ec ond reg i st rat i o n  c annot be 
permitt ed to proc eed to the  p oint of operat ­
i ng a s e le ct magnet until a hold magnet has 
been operat ed on the first r eg istrat i on .  
Therefor e l the releas

. 
e of ( 12 )  is delay ed 

unt il ( SM J releas e s , by lo cking it t o  a front 
c ontact of .( SM ) ; and the releas e of ( SM )  i s  
delayed unt i l  ( HM ) operat e s , b y  locking it 
to  a back contact . of ( HM) � 

11 . 78 ( 11 )  can operate only when ( SM )  i s  op-
erat ed . When a s elect i on is complet ely 

regi st ered before t he originati ng  s ende r  
c loses  t he c ircuit for t he next s electi on , 
( HM }  wi ll have operat ed and broken its 

c ir cuit for locking ( SM ) , but if ( SM )  
sh ould be pe�mitted t o  relea s e  at th at t ime 
there would be no c ircuit to operat e ( Ll ) ' 
lat er when ( 1 )  operat es for the next s el e c ­
t i on .  T o  prevent that , ( SM )  is also locked  
t hrough a back c ontact of  ( 12 ) , so  that 
( SM ) cannot release from one s elect i on be­
fore ( 1 ) , ( 11 )  and ( 12 )  have operat e d  f or 
the  next . 

11 . 79 ( 12 )  can release only when ( SM )  i s  
normal . This rr�ght lead to a s it ua­

tion where t he _ origin�ti ng s erider breaks 
the circuit and rel eases  ( L }  and ( 11 ) , but 
( 12 )  cannot immediat ely release becaus e 
( SM }  i s  operat e d .  Before t his  s ituat i on 
chang e s , the originating sender clos e s  t he 
circuit and operat es ( L }  and ( 11 ) , wi th out 
( 12 }  havi ng had any opportuni ty to r el e a s e  
and start a registration . One r egist rati on 
would then be los t .  To  prevent this p o s si ­
bility , the operati ng path for ( Ll }  i s  
taken through a back c ontact of ( 12 ) . 
11 . 8  Inc oming Advanc e  

11 . 8 1  ,Unbalanced  Puls i ng Circuit - Fig . N 

11 . ·Bil Wh en the last s el e c t i on ( final unit s ) · has been t ransferred from the ori g i -
nat i ng s ender t o  t he t erminating sender , 
the forrpe r .closes  the c ir cuit again t hrough 
its st epping and overflow relays arrd await s 
the rever s e  batt ery puls e .  

11 . 812 ( 1 ) , ( 11 )  and - ( 12 )  re leas e  pre para-
tory to r egist ering final unit s s e ­

lecti on , and operat e again when the origi ­
nati ng s ender clos es  t he c ircuit to r e c eive 
a revers e batt ery pulse .  (RVl ) then op er­
ate s , through front c ontacts of t he (FU ) 
hold magnet and ( 12 ) , and lock s . The ( RVl ) 
operat ed r emoves t h e  operati ng ground for 
the s elect magnet s AI . option . 

11 . 813 Before ( RVl ) operated , ( RV2 ) bei ng 
normal , with ( RV3 ) ( RV4 ) and ( RV5 ) 

operat ed ,  the wi nding of (L L  was c onn e c t ed 
"to  t he "T " lead , and t he 11R 11 lead was 
ground ed through a front c ontact of t h e  
( FU )  hold magnet . This furnishe d a dir e ct 
batt ery whic h operat ed the di stant stepper , 
but with no ot her acti on in the originating 
s ende r . When  ( RVl ) has operat ed , the wi nd ­
ing o f  ( L )  i s  transferr ed t o  t h e  "R" lead , 
and t he 11T "  lead is grounded at the ( RVJ ) 
operat ed , now both "T " and "R " leads are  
grounded . · During the  short spac e of  t ime 
while the se  conne ct i ons are maintained the 
cable is  di s charg ed ,  t he distant stepper 
loses  it s e nergy and relay ( 1 )  is  held in 
local c ircuit through ( RV2 )  normal and ( FU )  
hold magnet operat ed . 

11 . 814 S low operat e relay ( RV2 ) operate s  
from a front c ont act o f  ( RVl ) and 

breaks ground from the "R " lead , whic h was 
also c onne cted t o  the wind ing of ( L ) . Re­
ver s e  c urrent which start s with a surge due 
to the previous soak of the ( L ) , is applied 
t oward the  originati ng s ender t o  o perat e . 
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the d i stant st epper  and overflow relay . The 
purpo s e  of the proc edure described in this 
and the preceding paragraph is t o  compensate 
for a t endency under c ertain c onditions for 
the overfl ow relay t o  operat e faster than 
it s asso ciat ed st epper . 

ll , 8i5 Slow release relay ( RVJ ) starts t o  
deenergi ze when it s c ircuit is broken 

by bac k  contacts of both ( RV2 } and ( L )  
( Fig . D). The releas e of ( RVJ ) relay breaks 
the c onnec tions to t h e  "T" and "R " leads 
terminati ng the reverse  batt ery puls e  and 
allowing the distant st eppe r to release . 

11 . 82 Balanced Puls i ng . Circuit - Fig . P 

11 . 821 When th e ( L ) , ( Ll )  and ( 12 )  relays 
release upon c omplet i on of p ulsing 

of the final units s el ecti on , registrati on 
of thi s s election is c omplet ed by operation 
of the ( FU )  hold magnet . ( FU )  operat ed , 
operates the stepp er shunt relay ( SS )  wh i ch 
put s a shunt on bot h l ine winding of the 
( STP ) prevent ing any further operat i o n .  
( FU )  als o  c l o s e s  g round t o  operat e t h e  ( RVl ) 
relay through a front c ontact of ( 12 ) , ( L ) , 
( Ll )  and ( 12 )  operat e when the ori g inating 
sender c loses the l oop to rec eive a reverse 
battery puls e .  The 

.

( 12 )  also causes release 
of ( SM} , (RA2 ) ,  ( HM ) and the operat ed s elect 
magnet . 

11� 8 2 2  ( RVl ) loc�s t o  a front contact o f  
( ON2 ) , and short s  out . th e  t ip and 

ring l eads between the ( L )  and STP ) relay s .  
(RVl ) also c loses  ground t o  operat e the slow 
operat e ( RV2 ) relay . ( RVl ) opens the oper­
ating ground of the s e lect magnets to  pre­
vent a fal s e  operation of the  zero magnet 
dur ing inc oming advanc e with option AI . 

11 . 823 During the operate t ime of ( RV2 ) the 
t ip and r.ing l eads · are short ed ,  re­

leasing the distant st epper and dis charging 
the cable . Whe n  ( RV2 ) operat es , it revers es 
the connection of the tip and ring leads to 
the ( L )  relay , Thus revers e current is ap­
pli ed t oward the originati ng s ender  to oper­
ate the distant stepper and overflow relay . 
( RV2 ) also  opens the operat ing patb of the 
slow relea�e relay ( RVJ ) and that relay re­
lease s  if  it s locking path through a back 
contact of ( L )  is als o  open . ( RV3 ) i s  
locked thro ugh a n  ( L ) back c ontact to  i nsure 
tha� reverse batt e ry will c ont inue unti l the 
originating s ender , by operat ing the ( L) re­
lay , has indi cat ed t hat it has received it . 
This lo cking path provides for c ases  where 
· the terminating s end er regi st ers a telltale 
c ondition operat i ng the ( TT )  and ( RVl )  re­
lays and at the same time the origi nat ing 
s ender is satisfied e ither by the final fulse or the ground pulse supplied by the 
RVl ) . Under this c ondition the or igi nat ing 

s ender  would be between selecti ons and thus 
unable to receive the rever s e  batt ery pulse . 
The {RV3 ) locking path is wired through the 
( IBl ) c ros spoints so t hat it is effect.ive 
only . aft er the incoming brush selecti on has 
been regist ered . If the origi nating sender 

f>age 11+ 

receives revers e batt ery du ring inc oming 
brush s election it wi ll open the fundament a l 
during the reverse batt ery period without 
wait ing for t erminati on of the reverse  bat ­
tery . An ( RV3 )  locking path duri ng this 
selecti on might st ick the t erminating 
s ender . 

11 . 9  Test Circuit at Incoming Advanc e  

11 . 91 When the test circuit checks for non-
operat e of the ( L }  reiays the ( L )  re­

lay remains normal and consequently the 
( RVl ) and ( RV2 ) do not operate to s end re­
vers ed battery to t he test circuit and the 
test is blocked . When ( FU )  hold magnet 
operat ed , ground through the B contact of  
the  int errupt er ( IF )  operates  ( IF )  relay 
and when th e ( F ) cont act makes one second 
lat er ( IFl ) operat es , which operat es ( RVl) 
relay start ing revers ed batt ery functionin& 
On a regular call the operati on of the ( RVl} 
opens the operat ing path of the ( IFl )  relay. 

12 . TRUNK CLOSURE 

12 . 1  This sect ion describes how the t ermi -
nat i ng s ender , after regist ering all 

select i ons and sending a revers e battery 
incoming advanc e  pulse  t o  the originat ing 
s ender , returns supe rvision to  the inco ming 
trunk , and receives no� ic e from the inc an­
ing t runk that trunk c losure has been ef­
fected at t he originating end . 

12 , 2  Whe n  ( RV3 ) releases  t o  break the "T" 
and "R " leads and thereby t erminate 

the revers e batt ery puls e ,  it starts ( RV4 ) 
to r eleasing , and the release time o f  ( RV4 ), 
whi ch is slow releas e ,  affords a short open 
period to allow the o riginati ng s en der t o  
funct ion and open the trunk a t  that end .  

12 . 3  Whe n  ( RV4 ) has r eleased , it connects 
the "T"  lead to . batt ery through a 

res istan c e  lamp , and the "R" lead t o  th e 
res istance  batt ery feed t o  ( RV5 ) . This 
discharges the cable from the preceding re­
verse batt ery pulse and recharges t he tip 
sid e  of the trunk t o  a negative polarity , 
which reduce s  the trunk c apacity surge on 
the trunk relay when  its batt ery ·winding is 
connec t ed pr ior t o  t runk c losure , thereby 
prevent ing it s false operation . 

1 2 . 4  ( RV4 ) releas ing also breaks ground 
from the "CO" lead t hrough the link to 

the incoming trunk . This r eleas es the 
relay in  the incoming trunk wh ich previ ­
ously c ut off t he inc oming trunk relay , 
which i s  reconne cted to the t runk for super­
visory ,  purpos es , but with it s winding c on­
nected  to t he "R" lead shorted out by 
direc t  ground in the trunk . This ground 
als o shunts down and releases relay ( RV5 ) . 

12 . 5  ( R�5 ) releasing breaks its own wind-
ing from the "R" lead , and the lamp 

batt ery from the "T'! lead , leaving both 
thos e leads open in . the sender . ( RV5 ) re­
leas i ng al so c onnects  the lamp batt e r:y to 
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the hCO" lead , to pr event the reoperati on 
of  the inc oming relay , c onne ct ed to  that 
l ead , by a poss ible local condi tion  in the 
t runk . 

12 . 6  ( RV5 ) releasing als o connects a low 
resistanc e ground to the winding of 

( TC l ) , which  was already c onne cied t o  a re­
s is tance batt ery . Thi s  c aus es a relay in 
the trunk , co nne ct ed to the "D" lead , to 
operat e in seri es with t he winding of ( TCl ) 
through the { D )  low resistanc e ground . 
( TCl ) does not operat e becaus e  it i s  polar­
i z ed and op erat es only to current in the 
other direction . · 
12 . 7  The t runk relay operat es when it is 

conne cted back on to the t runk , or 
as soon thereaft er as th e t ru nk is  closed 
at the originating end . The t runk relay 
operating grounds the "D" lead , causing 
current t o  flow in the opposite  d ir ection 
through the winding of ( TCl ) , whi ch  aper..: 
at e s , and in turn operat es the ( TC 2 ) relay , 
whi ch r emoves the low res istanc e ground 
from the 11D 11 lead . 

13 . TERMINATING MARKER ENGAGEMENT 

13 . 1  The s ender s ei z e s  a r egular or a 
s pe c ial t erminat ing marker , s ends a 

record of the i nc om i ng frame number and of 
the called number as translated from the 
five selec t ions , provides a path between 
marker and inc _omi ng . trunl.{ fo r c ontrol in 
set t i ng up a c onne c t i on to the called line , 
and rec eives a releas e .s ig nal from the 
mark er . 

13 . 2  Mark e r  Seized  

13 . 21 Whe n  relay ( TCl ) ope rat es  on trunk 
closur e it operates ( TC2 ) , whi ch 

lo cks and c onne ct s batt ery to the " ST "  lead 
t o  the t ermi nating marker c onne c t or c ircuit. 
The latt er c onnect s  t he s e nder to an idl e 
mark er . If relay ( SPL ) happ e ns t o  be oper­
at ed , it groun�s the . 11 SPL"  lead to  the 
c o nnector and a spe c i al marker i s  c hosen .  
Oth erwis e � either a r egular o r  a special 
marker may be chosen . 

13 . 3  I nformat ion from Sender t o  Marke r 

13 . 31 The s ender t ransfers to t he marker 
t he number of t he i nc oming frame in­

v olved and the called number as t ranslat ed 
from the five s e lecti o ns , by gr ounding a 
se le ction of leads "Fl " , "F2 " , " F4" , "F5 " , 
"FlO " , "THl " , "TH 2 " , "TH4 '' , 11Tff8 11 , "Hl " , 
11H2 11 , "H4" , - "H5 " , 11T l " , "T2" , "T4 " , "T5 " ,  
11 Ul 11 ,  11U2 11 , "U4" and " U5 " . Thos e l eads 
whi c h  are not grounded  are c onne c t ed t o  
l e a d  11CKl" or 11CK2"  or  "CK3 " o f  " CK4" . 
Lead "R011 , whic h is  u sed by "B"  switchboard 
s enders c o nne cting wit h the same mark ers , 
i s  perman ently c o nne c t ed in this s ender to 
lead "CKJ " .  Lead OAB is  al so in the regis-
t er sc heme . 

· 

13 . 3 2  The ( F )  register grounds leads "Fl " 
"F2 " , "F4" and "F5 " ac c ording t o  

incoming frame as  follows : 
the 

Frame Leads Frame. Lead s 

0 or 10 None 5 or 1 5  F5 
1 or 11 Fl 6 or 16 Fl- F5 
2 or 12 F2 7 or 17 F2-F5 
3 or 13 Fl-F2 8 or 18 Fl - F2- F5 
4 or 14 F4 9 or  19  'F4 -F5 

If the frame number is 0 to  9 relay 
( FOO ) conne c t s  lead "FlO " to lead "CK4" , or 
if it is  10 to 19 relay ( FlO ) grounds l e ad 
"FlO " , with "A"  opt i o n . 

13 . 33 Th e ( I B )  and ( IG ) regist er s  ground 
leads 11TH1 11 , 11TH2 " ,  "TH4" and " TH 8 11 

ac cording t o . th e  thousands d igit of t h e  
cal led number as trans lat ed from the inc om-
i ng brush and group s e le cti�ns , as f o l l ows : 

Thousands I B  IG . Leads 

0 0 0 or 1 None 
1 0 2 or 3 THl 
2 1 0 or 1 TH2 
3 1 2 or 3 TH1-TH 2 
4 2 0 or 1 TH4 
5 2 2 or 3 TH1-TH4 
6 3 0 or 1 TH2 -TH4 
7 3 2 or 3 TH1-TH 2 -TH4 
8 4 0 or 1 TH 8 
9 4 2 or 3 TH1-TH8 

13 . 3 4  The ( IG ) and ( FB ) regi st ers ground 
leads · 11H l " , "H2" , "H4" , and " H 5 "  

acc o rding t o  the hundreds d igit of the 
calle d number as translat ed from the in­
c oming group and final brush s el ec t i ons , 
as follows : 

Hundreds IG FB Leads 

0 0 or 2 0 None 
1 0 or 2 1 Hl 
2 0 or 2 2 H2 
3 0 or 2 3 Hl-H2 
4 0 or 2 4 H4 
5 1 or 3 0 H5  
6 1 or 3 1 Hl-H5 
7 1 or 3 2 H2-H5 
$ 1 or 3 3 Hl-H2-H.5 
9 l or 3 4 H4-H5 

13 . 3 5  The ( FT )  regist er grounds leads 
"Tl " , "T2 " , "T4" and "T5 " , and 

the ( FU ) regist er grounds. leads "Ul" , 
11U2" , "U4" and "U5 " , a c c ording t o  the 
t ens and units digits , respe ctively , of 
the called number , which are the same as 
the final t ens and final unit s s e le c t i on , 
as follows : · 
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Tens or Units  FT Leads FU Leads 

0 0 None 0 None 
l 1 Tl 1 Ul 
2 2 T2 2 U2 
3 3 Tl-T2 3 Ul-U2 
4 4 T4 4 U4 
5 5 T 5  5 U5 
6 6 Tl-T5 6 Ul-U5 
7 7 T2-T 5  7 U2-U5 
g g Tl-T2-T5 g Ul-U2-U5 
9 9 T4-T5 9 U4-U5 

13 . 3 6  When the s e nder and marker are first 
conne c t ed t ogether , l eads "CKl " , 

11 CK2 " , 11 CK3 " and "CK4" are ground ed in the 
marker , s o  the  marker relays c onne cted to  
all the "F" , "TH " , "H" , "T" , " U " , " OAB" and 
"RO " l eads operat e .  That c loses  cha in . cir­
cui t s  in the mark er ,  with th e effect of 
breaking ground from leads 11 CKl" , " CK2" , 
"CKJ" and "CK4" . Thi s releases  all the 
marker rela ys exc ept those  whi c h  are oper­
ated by ground originati ng in the  s ender . 
The reason for first operati ng all the re ­
lays i n  the marker and t hen rel eas ing such 
as are not want ed , is t o  che ck all the c on­
nec t i ng l eads for c ont inuit y and for free ­
dom from gro unds and c ross e s . 

13 . 4  Conne ction Establishe d and Marker 
Releas ed 

13 . 41 When the market' has r e c e i ved i nforma-
t i on from th e s ender , i t  establi s he s  

a c onnec t i on between  t h e  incoming trunk and 
the c alled  line , or if t he latt er  i s  busy 
it put s the inc oming trunk in pos iti on to 
s end a busy back s igna l .  I n  perfonning 
these functions the marker has direct con­
nection with the  part icular inc oming trunk 
involved over lead "FC " , through th e c on­
nec t or to the s ender and thenc e through the 
link t o  the inc oming t runk . 

13 . 42 Its work c omplet ed ,  the marke r grounds 
lead "RL " to operat e r e lay ( RL ) . ( RL )  

breaks batt ery from the "ST"  lead , dropping 
the marker  connector and marker , and it also 
c aus e s  the c omplete  releas e of the s ender . 

14 . IRREGULAR ITIES AND TR OUBLE C ONDIT IONS 

14 . 1  Defective Frame Indi c at i on From Link 
Control C ir c uit s 

14 . 11 If  the link co nt rol  fails to  ground 
e ither  lead " FOO" or lead "FlO " ,  

( RV3 ) cannot operat e , therefor e  ( ONl ) cannot 
operat e t o  ground the " S B" . lead , s o ground 
will not r et urn o ver the " BS "  lead t o  oper­
ate ( ON2 ) .  

14 . 12 If t he link c o ntro l  fai ls to  ground 
one of leads "FO" to " F9 "  to operat e 

a s e le c t  magnet , ( SM ) will not operate  nor 
{ RAl ) , so no c ircu it will be c los ed from 
the " BS "  lead to operat e { ON2 } . 
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14 . 13 If the li nk c ontrol op erat es both 
( FOO ) and ( FlO ) , or both ( OA )  and 

( OB ) , when furnished , they wi ll break the 
c onne ct ion from the " BS "  lead to o perat e 
( ON2 ) . 

14 . 14 If the link c ontrol operat es two or 
more selec.t magnet s ,  margi nal relay 

( XSM ) will operat e and break the connec t i on 
from the 11BS 11 lead t o  operate ( ON2 ) . 

14 . 1 5 In any of t he above cases  ( ON 2 ) will 
fai l to operat e ,  the "RL" lead to the 

link control will not be gr ounded , the link 
c o ntrol wi ll time out and releas e all con­
nection wit h  the sender . The sender wi ll 
at onc e rest ore to normal without havi ng 
grounded the "CO" l ead to  disturb t he i n­
coming trurik . 

14 . 16 If some t r ouble c ondit ion should 
cause t he closure of one of the 

unus ed c r o s spoint s  on the reg ist er swit c h  
for Incoming Brush , Inc omi ng Group or Final 
Brus h ,  ground thru t he cross point will op­
erat e the ( TT )  relay � Thi s will c ause re­
ver s e  c urrent to  be  s e nt to the origi nating 
s ende r and set up an ove rflow. c ond it ion .  
( TT )  and ( 12 }  operat ed , the ( RVl ) operat es . 
S e e  Tellt ale section for operat ion  f ollowing 
( RVl ) • 
14 . 2  Trouble Re iease by Link Control C ir­

cuit 

14 . 21 If the link c o ntrol circuit , while in 
the act of c onne c t ing the s ender to 

an incoming t runk , detects  a troubl e such 
as a double c o nne ct i on or a failure to re­
c eive a releas e s ignal from the sender , . ·it 
grounds . the "TR "  lead and s o  operat es relay 
l RL ) . If  ( ONl ) and ( ON2 ) have operat ed t o  
hold the link switches and r elays in  t he 
s ender , ( RL )  will lock to  a front c ontact 
of ( ON2 ) , but will break the . ground for 
locking t he l i nk switche s and ( ONl ) . When 
the l ink c ontrol circuit dis c onne cti ng  re­
leases ( SC l ) , t he s ender will complete l y  
r e leas e . 

14 . 1  Trouble Release by Marker Connec t or 

14 . 31 If two markers called in by the 
marker conne ctor both fail  to c om­

plete the call . the c onne ctor grounds lead 
11TRL" .  Re lay ( TRt )  operat es and caus e s  the 
releas e of the s ender . 

14 . 4  Premature Disconn e ct 

14 . 411  If a c all is abandoned  aft er trunk 
c losur e but before the marke r  ha s 

g iven  a release s ignal , the s ender must be 
disc onn e c t e d  at onc e  from t he t runk , which 
is l iable to be s ei zed for another c all . 

14 . 412 Th e abandoning of t he c all  breaks 
t h e  t runk c losure , with the result o f  

) 

J 

) . 

Sarah Autumn




\ , . 

) 

CD- 25013 -01 - ISSUE 11-D 

rem oving ground from the "D" lead , and 
leaving atta ched to it in · th e  trunk only a 
relay with batt ery on it s wi nding . This 
caus es ( TCl)  to r eleas e and cl oses a c ir ­
cui t thro ugh front c ont act o f  ( TC2 ) to  op­
erat e ( TCJ ) . ( TCJ ) i s  slow operat e t o  
prevent it s operat ing o n  a moment ary a c c i ­
dental break i n  the trunk c losur e . 

14 . 413 ( TCJ } operati ng operat es ( RL ) , and 
causes the rel ease . of the s ender . 

14 . 42 If a call i s  abandoned aft e r  the 
fund�ment al c ircuit has been c losed 

long enough to operat e t he ( L ) , ( Ll )  and 
(L2 } relays and rele as e the ( SM )  but befo r e  
one or more puls es have been s ent , the open­
ing of t he fundamental at the originat ing 
end will rel eas e t he ( L ) , ( Ll )  and ( 12 )  re­
lays . Sinc e  no puls e ha s been s ent the 
reclosure of t he fundamental upon resel e c ­
tion of the t runk causes the ( L ) to  reoper­
at e on t runk t est rather than the t runk 
relay in the inc omi ng . The ( Ll )  cannot 
operat e · since the ( SM ) is r elea s ed . The 
ope rat ion of the ( L )  with t he ( SM) releas ed 
will operat e the (IF )  when the · .  ( IF )  int er ­
rupt er closes its " B "  c ontact • .  When the 
" F "  · c ont act qlos e s , .l sec ond .lat er , the 
( IFl } operat es and operat es ( Rvi ) to s end 
reverse batt ery to the origi nating s ender . 

14 . 5  Telltale 

14 . 5 1 If a c all is  abandoned wh ile pulsing 
i s  in progress or if a troub le c on­

dition in the orig inating s ende r  prevents 
it s breaking the ci rcuit when t en puls e s  
have been gen erat ed i n  any sele ct ionT or if 
a trunk with cross ed c onductors s ei z e s  the 
s ender without having been calle d into 
servic e at it s origi nating end , a t elltale 
cond ition ensues . This c onditi on is o ne 
wher e  the puls es of a sele ct i on a re �llowed 
to run t o  11 , and is s6 called because a 
s imilar condi.t i on whe n  a pan e l  i ncoming or 
f inal sel ector is i nvolve d ,  drives the s e ­
le ctor elevat or t o  t h e  t e lltale posit i on .  

14 . 52 The first effect i s  for th 
pulse to operat e relay ( TT . •  

locks up . and grounds tbe R lead f 
through the bac k  c ontact of ( RV2 ) , i n  
a c omplet ed call , i s  grounded by the opera­
t i on of the ( FU )  hold magnet . This shunt s 
the ( STP ) and stops pulsirig . ( RVl ) i s  op­
erated and t he suc c eeding operat ions are the 
same as i n  in�oming advance  and t runk c lo ­
sur e  o n  a c omplet ed c all , exc ept that the 
s ender is  r eleased without calling in a 
marker . 

14 . 53 .The operat i on of ( RVl ) and ( RV2 ) 
switche s the "T" t o  the "ft " lead , 

thus c onne c ting revers e batt ery t o  the 
trunk . The r elease of (RVJ ) t ermi nat es the 
revers e batt ery pulse ( RV4) and ( RV5 ) then 
release i n  the usual manper . 

14 . 5 4 ( RV4 ) and ( RV5 ) releasing subst it ut e  
batt ery fo r g round o n  the " C O "  l e ad 

resto ring the inc oming t runk relay t o  i t s ' 
normal c onne c t i on with the trunk , and ( RV5 ) 
rel eas ing grounds the "D " lead t hrough the 
windi ng of ( TCl ) . Short ly after t he. t ermi­
nat ion of t he r ever s e  batt ery puls e , o r  
immediately i n  case of a crossed t runk the 
incoming t runk· re c eives trunk c losur e· �nd 
grounds the "D" lead , operati ng ( TCl ) , and 
( T Cl } ope rates ( TC2 ) . 

14 . 5 5 The operat i on of (TC2 ) cannot c all i n  
a marker a s  i t  d o e s  aft er c omple t ed 

s elections , becaus e a bac k  c ontact o f  ( TT )  
breaks the " ST "  lead . But the ope rat i on of 
( TC2 ) closes a c ircuit from ground ( TM2 )  
normal t hrough a front contact of ( TT )  to 
operat e ( RL ) , and t hat c aus es the c ompl et e  
release of t he s e nder . 

14 . 6  Stuck Sender T imed Out 

14 . 61 Various c onditi ons may cause t h e  s ender 
to stick and t ime out , among them t he 

following : The s ender i s  seized by a t runk 
havi ng the t ip or both conductors ground ed ;  
the calling subs c ri ber does not finish dial­
i ng or else is s o  slow that he is st i ll · 
dialing aft er the s e nder ·t ime s out ; a 
t rouble in the originat ing s ender pre v ent s  
the c losure o f  the fundamental for one o f  
t he selections ; a troubl e  i n  the t erminat ing 
s ender prevent s it s s ending pulses . 

14 . 62 Th e  t iming int errupt er ( TS )  is always 
in operation on a JO sec ond cyc le , 

both c ontacts open 28 s e c onds , then t he 
back contact closes one second , the n the 
front c ontact c los e s  one s ec ond , and r e ­
p�ats . I f  the front contact clos e s  whi l e  
the s ender i s  e ngaged ,  with relay ( ON2 ) 
grounding the "A" lead , relay ( TMl ) ope r ates 
over the "F" lead and locks . If the � ender 
still remai ns engaged on the same conne c t i on 
when �he back c ont act next closes , relay 
( TM2 ) operate s  over t he "B" lead and loc ks . 
It thus requir ed from 28 . to 5 8  s e c onds t o  
t ime out and operat e ( TM2 ) . I f  t he s ender 
st ill remains engat._ed on the same c onn e c t i on � 
when the front c ontact again clos e s , one  
s e c ond aft er the operat i on of  ( TM2 ) , r elay 
( TRL } operate s  over the "F" lead and l o ck s , 
causing t he c amplete or part ial r eleas e of 
the s ender . 

14. 621 If ( TT )  was not previously operat ed , · the operati on of '(TM2) will operate 
it , and the n if the reverse batt ery h�s not 
been s ent , ( TT )  will operat e (RVl ) which i n  
turn operate s  (RV2 ) t o  c onnect r evers e  bat­
t ery to the trunk . (RVJ ) , ( RV4) and ( RV5 ) 
then release ,  terminati ng the reverse bat ­
t ery , substitut ing batt ery for ground on 
the "CO" lead , and ground ing the "D" lead 
thr ough the. winding of ( TCl ) , causing 
the complete or part ial release of the 
s ender . 
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14 . 622 If the ( ltv3 ) i s  lock ed up to the 
back contact of ( L ) through th e 

cros spoi nt s  IB Fig . D the r everse batt ery 
is not r emoved . One s e c ond later the ( TRL ) 
operat e s  t o  r elease t he circuit . 

14 . 63 If the nature of the trouble ii' su ch 
that the s ender cannot be released as 

described above , or if a plug in the ( HLD ) 
jack prevent s the operati on of ( TRL ) from .. 
causing a c omplete · releas e ,  it will remain 
stuck , t e sting busy t o  links and t e st c ir­
cuits , and with ( TM2 )  locked up . ( TM2 ) 
grounds l ead "TL" to . light an individual 
lamp at the trouble i ndicator frame , and 
it ground s lead "AL" t o  a timing circuit 
which is c ommon to a number of s enders . 
The t iming c ircuit will give an audible 
alarm . 

14 . 7  Cross Between D and ST Leads Incoming 
Trunk 

An added back co ntact on the TC2 re­
lay Fig . D opens the CO lead to prevent 
reacti on in case of a c ro s s  at t he "tran s­
mi ssion cut through relay" in th e incomi ng 
trunk on trunk clos ure . Thi s  cross wou ld 
ground t he ST lead as well as  the D lead 
and c aus e a 2d link and .s ender to be at ­
tached t o  this same trunk .  The TCl and TC2 
re lays of the 2d sender would also operat.e 
in mult iple with t he 1st s ender trunk clo­
sure , but the operat ed 2d s ender TC 2 relay 
prevents the operat ion of t h.e "trunk re­
vers ing relaytt by op eni ng the CO lead and 
thereby prevent s a possible fals e charge . 

14 . a  Bridged ( ST P }  Contact s 

If the ( STP ) c ontacts bec om e  bridged 
during puls ing the ( GR )  will remain oper­
at ed and n o  more pulses wi ll be s ent to the 
originat ing s ender . The t erminating s ender 
will time out and the ( TT )  Fig .  H operate s  
which will transfer the revertive puls e 
ground , supplied by th e operat ed ( GR ) , from 
the wind ing of .the ( L )  to the "S"  wi nding 
of the ( ONl ) . and will in effect be the same 
as if the hold plug was in the ( HLD ) jack , 
but only for as long as th e bridge remai ns 
on the ( STP ) c ontact s .  

14 . 9  T e rminating Sender Overload Cont rol· 

Whe n Fig . K is us ed , and when an all 
term . s ender busy c ond it ion is recog ni z ed 
by the t erm .  s ender t iming circuit , th e 
"G" and "Gl " leads and t he -"G2" and "G) " 
leads t o  the term . s enders are clos ed . If 
the s ender is  in the p roce s s  of handl ing a 
call , this c losure will be ineffective . 
However on the next call , when the s ender 
is s e i z ed and on the operation of the s ender 
re lays ( SCl ) and ( ON2 ) , re lay ( OF )  op erat es 
and lo cks . When the fundamental circuit is 
c lo s ed for incomin� brush select ion , the 
sender ( L ) and ( Ll )  r e lays operat e as befor� 
and the { Ll )  relay op erat es relay ( IF )  whi ch  
locks . ·. When t h e  ( L )  relay releas e s  a t  th e . ·  
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complet i on of inc . brt, -h s e le ction , relay 
( IFl ) operat es , lo cks and operates relay 
( RVl ) which revers e s  ·the t ip and r i ng .  When 
th e originat ing sender reclo ses  the funda­
mental for incoming group s election ; it 
rec ogni zes the reversal as an overflow sig­
nal . Cir cuit act ion from t his point is  
similar as described for inc oming advanc e .  
This feature is intend ed to relieve origi ­
nating s ender delay caus ed by an overload 
in the t erminating offic e .  

15 . PROVISIONS FOR SPEC IAL TESTS 

15 . l  The ( T }  jack provide s  ready c onne c ­
t i on for a �pec ial test s et to t e st 

the charact eri stic s of the puls es generated . 
'v; 

15 . 2  Terminal "SB" is provided for connec ­
t i on to a hold ing t ime recorder . 

1 5 . 3  Two leads are grounded to  .the t raffic 
usage recorder c ircuit under the 

following conditi ons : 

Sender Busy 
. ( SB )  

Sender Bus y  Maintenance  
SEM 

16 . FI GURES AND OPI'IONS 

Grounded when­
ever the s ender is 
busy for any r ea­
son . 

Grounded when­
ever the s ender is 
plug�ed busy . 

16 . 0l Fig . A shows the ( SCl ) relay where · " OA "  and "OB" leads are not required . 

16 . 02 Fig . B. shows t he ( $Cl ) relay �aving 
c ontacts f or the "0A" and "OB" leads . 

16 . 03 Fig . C shows the circuit arrangement 
prior· to the c hange per Fig . D .  

16 . 040 Fig . D 

16. 041 Shows the ( TC 2 )  with a break c ontact 
in t he "C O" lead t o  prevent reaction 

in the case of . a  cross of the "D" and "ST "  
leads a t  t h e  "trans�i ssion cut through re­
lay" in the incoming trunk c i rcuit , on 
trunk c losure . 

16 . 042 Another break contact on the ( TC 2 )  
relay remov e s  ground from the "TH2"  

lead us ed to operat e the ( TT )  relay at I B  
cro sspoint s which likewis e are rearranged 
in Fig . D to  fac ilit at e  the next it em . 

16 . 043 Changes the locking path of the 
( RV3 } t o  prevent t erminat.ing the 

r evers e batt ery c losure before the origi ­
nating s end er has the fundamental c ircuit 
clos ed . 

16 . 044 Chang e s  the ( !Fl ) r elay locking cir­
cuit to  prevent a stuck s ender in 

cas e of a short s ingl e pul� e received after 
the s ender is off normal . 

) 

) 
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16 .045 Show conne ctions to timing c ontrol 
circuit for Interdigital Timeout . 

16 . 05 Fig . F repla c es Fig . E t o· prov ide a 
(RVJ ) relay which is faster.  in releas e 

time to . ac c ommodat e the automat ic t est cir­
cuit . 

16 . 06 Fig . H replaces Fig .  G
'
t o  arrange a 

trap for bri dged ( STP)  contacts and 
removes direct ground from the winding of 
the ( STP}  relay to fac ilitat e it s readjust ­
ment . 

16 .07 "A" or "G " wiring and apparatus pro -
vides for . frame indi cators .above 10 

or for two 10 , 000 number s erie s .  

16 . 0S "·B'; wfring less than 10 frames . 

16 . 09 "E" wiring and apparatus provides for 
terminating sender test circuit . 

16 .10 "F" wiring when t enninating sender 
test circuit is not furnished . 

16 � 11 "H " wiring and apparatus provid es 
Interdigital Timeout . 

16 . 12 "J" wiring whe n  Interdigital Timeout 
is not provided· 

16 . 13 "N" wiring produces  Telltale on 
c ertain in coming group selection 

oversteps . 

16 . 14 "W" wiring provides a path for the 
operation o f  the ( ON 2 ) relay when 

the ( OA ) and ( OB )  relays are omitt ed .• 
16 . 15 "X" wiring and apparatus provides 

for a s ignal from the s ende r  link 
for selection o f  number s e rie s whe n two 
10000 number s eries are used , or may also 
be us ed to dist inguish between phys ical and 
theoret ical offic� s . 

16 . 16 "Y" wiring permit s  the us e of incoming 
group s elect ion above five as a means 

.of distingui shing between number serie s or 
between phys ical and t he oret i c al offi ces , 
and is used in c ombination with "X" or "Z" . 
" Y "  and "N" wiring ar e never us ed together . 

16 . 17 " Z "  wiring i s  provided t o  permit 
omiss ion o f  the ( OA )  and ( OB )  relays 

in those cas e s  whe r e  no signal from the 
s end er link is required • .  
16 . 18 "AI " wiring and apparatus supers edes 

"AH '' and int roduc e s  a break contact 
in . the s ele ct magn ets operate path at the 
( RVl )  relay t o  prevent a pos s ible fal se op­
e rat ion of the 0 s el ect magnet at the end of 
a call following "Inc oming Advan c e " . 

17 . 

17 . 1  

INTERDI GITAL TIMEOUT 

"H " opt ion and Fig . D prov ides an 
int erdig ital timeout of 3 to 6 s ec onds 

und er control of the Terminating Sender 
Timing Control Circuit which funct ions 
when all terminating s enders are bus y  for a measur ed int erval . The purpos e of t hi s  
feature i s  t o  reduce s ender holding t ime in 
an emergency when all s en ders are busy and 
partial dia ls are enc ount ered . 

· 

17 . 2  The ( L ) · and ( Ll )  will not operat e  if 
the originating sender hold s the 

fundamental open awaiting the subs c r i ber to 
dial . · · 

17 . 21 The ( Ll )  failing t o  operate whenever 
the " G "  and "Gl " leads are c losed in 

the timing c ontrol circuit for a mea sured 
int erval of 3 to 6 .s ec ond , any time aft er 
the sender i s  seized , and before the ( TC 2 )  
op erat es for trunk c losure t h e  ( IDT ) int er­
rupter B contact will operate the ( TM3 )  and 
the F contact operates the ( TRL ) to effect 
a r elease .  

17 . 22 The operat i on of the ( Ll )  relay shunt s 
the ( TMJ ) and will cause  its release 

if operat ed or prevent s, it s operat ion , and 
accordingly start s a new cycle c ount b etween 
each digi t . 

17 . 3  Subsequent closure of the fundamental 
at t h e  originating end may cause the 

r�s ei zure of another terminating s ende r  
whi ch wi ll again time out in the sam e  man­
ner if the Timing Cont rol Circuit is s t;.ill 
effe ctive . In spit e  of this possibili ty , 
however , the h olding t ime is less· than that 
which would be required , if the ( TS )  int er­
rupter · an� relays ( TMl ) and ( TM2 ) were 
c ontrolling . 

1$ . TAKING EQUI FMEN T  OUT OF SERVICE 

18 . l  Thi s circuit is taken out of s ervic e ·  
by the ins ertion of a J 2 2A mak e  busy 

plug into the assoc iat ed MB jack at the 
terminat ing trouble indi cator frame . 
19 . ALARM INFORJ.VlATI ON 
19 . l  Alarms arid Indi cat ions 
19 . 11 If thi s  s ender is  delayed in the 

progress of a call for an int erval 
greater t han J O  to  60 s ec onds , the s ender 
trouble r�lease feature will functi on and 
the indi vidual sender TL ( t rouble ) lamp at 
the t erminat ing troubl e  indi cator frame 
will light moment arily . 
19 . 12 Should the trouble releas e feature 

fail to restore the s ender to normal , 
or i f  a make busy plug in the HLD ( hold ) 
jac k prevents · the operat ion of the s ender 
trouble release relay from caus ing a c om­
plete rele ase , the s ender wi ll remain stuck , 
test ing busy to links and t e st c ircuit s .  
Under this condition the TL and AL leads are 
grounded and the individual s ender TL lamp 
at the terminating trouble ind ic ator frame 
lights and aft er 5 to 12 s econds the minor 
alarm operates . 
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19 . 13 If a TL lamp on the trouble indicator 
frame is• obs erved to  flas.h oc casion­

ally wit hout bri nging in an audible alarm 
it may be an indicat ion that the s ender is 
requiring too long a t ime to handle the 
call , in which case a make busy plug should 
he inserted int o the HLD j ack of the sender 
in order to hold the trouble . If the lamps 
appear g enerally over a large number · of 
s enders it may be desirable to ins ert make 
busy plugs in the HLD jacks ass oc iat ed with 
those s enders . 

19 . 2  Responding To Alarms 

19 . 21 If , in respons e to  the int eimitt ent 
audi ble alarm , a l ighted send er 'l'L 

lamp on the terminating troubl e  ind icator 
frame is found , the lamp ind icat es the par­
t icular frame and s end er which i s  being 
held . 

19 . 22 Th e  audible alarm IDC:4Y be ret ired by 
operat ing the ACO key befo1-e leaving 

the trouble indicator· frame . 

Not e :  This key should be operat ed as 
short a time as p ossibl e .  The ACO key 
when operated cut s off the minor audible 
alarm for the terminati ng t rouble indi ­
cator £rame . Thi s c anc els the minor 
audible alarm for any t rouble which may 
oc qur in the s end e r , marker or trouble 
indi c ator cir cuit s .  

19 . 23 If a full selector t erminat ing sender 
is causing the alarm ; determine from . 
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its s etting in what port ion of the sender 
or what general direction th e trou ble may 
be locat ed . The following examples give an 
indicat i on of the location of trouble out - · 
s ide of the sender . 

( a )  If the s ender is s eized and no s elec� 
t i ons record�d this. ·may be an indi ca­

t i on of trouble in the s ender link or 
inc oming trunk c ir cuit . 

( b ) If the sender had parti ally c omplet ed 
s el ections this may indicat e  a fai l­

ure in the originating s ender . 

( c ) · If the s ender revers e batt ery condi ­
t ion has not been satis fied , this may 

. ind i cat e a fai lure in the terminat ing 
· :-s ender itself . 

( d ) I f  t he trunk clos·ure feature in the 
. s ender is  not . sat i sfied this may in­
d icat e  a failure in e ith er the incoming 
trunk or originating circui t s . 

( e )  If it is found in the s ender that 
trunk closure h�d been c omple t ed it 

may indi cat e  a failure · in · ei ther the as­
s o c iated marker conne ctor or marker . 

19 . 24 If t rouble iS locat ed in the s ender 
and cannot be cleared immediately 

make t he s ender busy in ac cordance witn ' 
par ·. 1$ . l and manually restore the s ender 
to normal and r�store the ACO key . 

W\ � -fs �� -.b 
e::>C9 � F�M.'C 

W\ � �·� �-fJ: ·� 
( \ P  NO\ fi�Q.tAD�) 

\,\)\� (>�\ �t \ ;--� b jAc..� 

· �  ·• 

) 

I 


