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A prototype all-electronic telephone exchange has been developed for the French Navy by Laboratoire 
Central de Telecommunications; Paris, France. The unit switches 20 lines, but is only slightly over 2 feet 
(60 centimeters) high. No mechanical movement is involved in its operation; all signaling and switching 
being done electronically. Relay and switch contacts are replaced by small bistable magnetic cores that 
either allow or impede the flow of current in miniature silicon diodes : switching is instantaneous. It was 
developed to withstand the humidity, shock, and vibration of naval service, which previously demanded. 
manual operation for these reasons and to provide high reliability. Work is under way on a civilian design 
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Trada Pentaconta Private Automatic Branch Exchanges 

By MARC VERNE 
Compagnie Generale de Constructions Telephoniques; Paris, France 

CRITICA L  observa tions of telephone sys
tem opera tion in recen t years has shown 
tha t  cer tain improvements are desirable. 

Be tter transmission quali ty through the elimina
tion of all spurious noise, particularly tha t  caused 
by con tac ts inser ted in the speech circui ts, would 
be welcome as would higher speed in the com
ple tion of cal ls wi th au toma tic equipmen t. 

A s tep toward the firs t  objec tive can be made 
by the exclusive use of precious-me tal con tac ts 
in the speech circui ts ;  the second requires swi tch
ing elemen ts capable of the rapid opera tion 
ob tainable when con tac t mo tion is small. The 
Pen tacon ta sys tem 1 was designed wi th these two 
problems in view and experience wi th i t  in 
cen tral offices bo th in France and o ther coun tries 
has shown tha t  i t  gives comple te sa tisfac tion on 
these two poin ts. 

I t  would be wor thwhile to ob tain these same 
improvemen ts in priva te au toma tic branch ex
changes by u tilizing the Pen tacon ta principles, 
which also offer o ther in teres ting advan tages in 
small - and medium-capaci ty private ins talla
tions. An impor tan t fea ture of the sys tem is 
tha t  the swi tching elemen ts require no cri tical 
adjus tmen t af ter assembly and, the con tac t 
mo tion being small, readjus tmen t is no t needed 
to compensa te for wear. Ano ther is tha t  proper 
opera tion is ob tained over the wide range from 
44 to 56 vol ts. 

These two proper ties mean tha t  a minim um of 
main tenance work is required ; no adjus tmen t of 
relays or selec tors has ever been necessary in any 
Pen tacon ta exchange. Wi th the wide vol tage 
tolerance available, the exchange ba ttery can 
of ten be elimina ted and the opera ting power can 
be supplied by the power mains. Thes e are 
par ticularly impor tan t poin ts in private branch 
ins talla tions because a skilled main tenance s taff 
is usually no t available for the swi tching equip
men t and s torage ba tteries, so tha t  expensive 

1 F. Gohorel, "Pentaconta Dial Telephone Switching 
System," Electrical Communication, volume 31 ,  pages 75-
106; June, 1954. 
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and time-consuming recourse mus t be made to 
the service s taff of the equipmen t manufac turer. 

1. Elements of System 

As the Pen tacon ta sys tem has already been 
described 1 in de tail, only a brief review of the 
simple and s turdy relays and selec tor shown in 
Figure 1 will be given here. 

1 . 1  REL AY 

The relay was specially designed for the sys tem 
and is used in a number of func tions ; i t  has 
precious-me tal con tac ts and is s table in adjus t
men t, requiring prac tically no main tenance. 

Two types of coils are used, one having a 
thickness of a single spring pile-up and the o ther 
is as thick as two pile-ups. The yokes usually 
used accommodate ei ther 2 or 3 pile-ups and can 
moun t 2 or 3 small coils or one large one. 

1 . 2  MuLTISWITCH 

The mul tiswi tch is an assembly of sele ctors, 
as may be seen in Figure 2, having common 
operating means. They use precious-me tal twin 
pressure- type con tac ts, con tac t mo tion being 
abou t tha t  of a relay. 

The capaci ty of the selec tor is generally 52  
ou tle ts ;  this, toge ther wi th their rapidi ty of 
operation makes i t  possible to reduce the number 
required. Usually, 17 selec tors are moun ted in 
one mul tiswi tch frame, bu t for small exchanges, 
selec tors are available wi th 14 and 24 ou tle ts. 

2. General Features 

Using the above-described swi tching elemen ts, 
th ere has been developed a range of priva te 
au tomatic branch exchanges enabling direc t 
seizure of trunk lines by the local ex tensions. 
These have been given the name Trada Pen ta
con ta ;  Trada is an abbrevia tion derive d from 
French words meaning call and ring, transfer, 
and callback : the circui t capaci ties are lis ted 
in Table 1. 
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Each exchange is self-contained in a single 
cabinet except the Trada 16, which has addi
tional cabinets depending on how many of the 
600 possible extensions and how many trunks 
are equipped. 

2 . 1  EXTENSION SUBSCRIBERS' SETS 

The subscribers ' sets are of the 2-wire dial 
type without key or button. Until recently , 
button-type sets were used to allow trunk-line 
connection and for call transfer, but buttonless 
sets can provide the same services and have 

but with the plastic-covered cables generally 
coming into use , a third wire would be necessary. 
Also, in some places , local ordinances prohibit 

TABLE 1 
CIRCUIT CAPACITIES OF TRADA PENTACONTA 

Trada 
Central-Office Local Link Local Extension 

Trunks Circuits Lines 

1 1 1 6 
3 3 2 12 
4 4 3 22 
5 5 6 50 

16* 16 16 100 

several distinct advantages. * Installations of the Trada-16 type can be expanded to 

A. They are simpler and about 5-percent less 
expensive. 

B. The button requires a connection to ground. 
With lead-covered cables , this is a simple matter, 

Figure 1-Pentaconta selector and three types of relays. 
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600 extensions and an unlimited number of trunk lines. 

grounding at the subscriber's premises to elim 
inate a possible hazard to him through faults 
on nearby power-distribution systems. 

C. A completely dial-operated subscriber 's set 
provides the subscriber with a consistency o f  

ELECTRICAL COMMUNICATION • March 1957 
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Figure 2-The multiswitch is built up of a number of Pentaconta selectors in a common frame. 

operation in w hich  trunk lines as well as ot her 
extens ions can be dialed by num ber. Experience 
has s hown t his system to be very accepta ble to 
t he user. 

For t hese reasons , a buttonless su bscri ber's set 
was adopted. Provided t he loop resistance does 
not exceed 1000 o hms, t hey are directly con
nected to t he switc hing apparatus ; ot herwise, a 
matc hing equipment is necessary. 

2 .2  EXTENSION SERVICE RESTRICTIONS 

Extensions can be assigned to any of t he 
following services by strap-type connections in 
t he switc hing ca binet. 

A. Fully restricted service limited only to lo cal 
calls. 

B. Partially restricted service in w hic h trunk 
calls can be made only t hroug h an operator , but 
transferred trunk calls can be received. 

C. Un restricted service t hat can seize a trunk 
line by dialing a code num ber. 

March 1957 • ELECTRICAL COMMUNICATION 

2 .3  PARTY-LINE EXTENSIONS 

Except for t he Trada 1, t he num be r  of ex
tensions can be increased by using 2- branc h party 
lines. For non privacy par ty lines, t he su bscri bers' 
sets are connected in parallel, wit h t he ringers 
connected between ground and opposite sides of 
t he line, a particularly economical and practical 
arrangement w hen bot h su bscri bers are in t he 
same room. Additional equipment in t he sub
scriber's setwill permitparty -line-serviceprivacy. 

Using party lines, t he Trada 3 will accommo
date 10 lines (20 sets ) ; Trada 4, 13 lines (26 sets) ; 
Trada 5, 18  lines ( 36 sets); and Trada 16, 100 
lines (200 sets ). 

2.4 HANDLING OF CALLS 

2.4.1 Subscriber Operations, Call Transfer 

All su bscriber operations have been simplified 
as far as possi ble. Internal calls are completed 
b y  dialing t he desired extension. External calls 
are made by dialing a code to seize a trunk line ; 
w hen dial tone from t he pu blic exc hange is 
heard , t he desired num ber is dialed. Trunk calls 
can also be made t hroug h t he private-exc hange 
operator. 
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During a trunk call, the private-exchange 
s ubscriber can h old the call and speak t o  an other 
internal subscriber by dialing, say, digit 2 f ol
l owed by the desired extensi on number. After 
this, he may release the l ocal c onnecti on and 
resume t he trunk-call c onversati on by dialing, 
say, the digit 1 ;  or, by simply replacing the hand
set on t he cradl e, the trunk call is transferred 
t o  t he ot her l ocal extensi on. Any wr ong operati on 
during transfer is aut omatically signaled t o  the 
operat or's p ositi on. The trunk line is released 
when t he last l ocal subscriber hangs up. 

2.4.2 Calls to Operator, Interruption of Calls 

During a trunk call, t he subscriber may als o 
call the private-exchange operat or int o the 
c onnecti on by dialing , say, 0. He may als o call 
the central- office operat or,  if the c onnecti on is 
thr ough a manual exchange, by dialing, say, 1. 

Inc oming calls fr om t he public network are 
received by the private-exchange operat or,  wh o 
then rings the desired extensi on by dialing its 
c ode. Ringing current is applied and the operat or 
withdraws fr om the c onnecti on when the ex
tensi on answers. If the extensi on is busy with 
an ot her extensi on or a l ocal call and the new call 
is a t oll or l ong- dis tance call, the operat or can 
interrupt the call in pr ocess t o  ann ounce t he 
new call. The new call can be accepted by t he 
extensi on simply by returning the handset t o  the 
cradle, immediately after which the bell will ring 
and the new c onversati on may be c ommenced. 

If t he subscriber d oes n ot wish t o  accept t he 
new call immediately, the operator can with
draw to handle other calls and the new call will 
aut omatically ring the private-exchange ex
tensi on w hen t hat handset is replaced. 

When several trunk calls are waiting f or t he 
same busy extensi on, they are aut omatically put 
thr ough in turn eac h on c ompleti on of the 
previ ous one .  

2.4.3 Unattended Operation 

W hen t he operat or leaves her desk , s he places 
the equipment in the call-transfer c onditi on and 
tw o call-handling sequences can be arranged . 

2.4.3.1 Reduced Service 

Outside calls are signaled by ringers specially 
m ounted f or tha t purp ose. Any e xtensi on entitled 

6 

t o  receive an outside call can answer by dialing 
a preassigned c ode. The call can be transferred 
as in paragraph 2.4. 1 .  

2.4.3.2 Night Transfer 

All outside calls ring a single designated 
extensi on and are transferred t o  the desired ex
tensi on as in paragrap h 2 .4.1 .  Simultane ous ou t
side calls are stacked as received and each 1s 
handled in its turn fr om the single extensi on. 

3. Trada Series 

3.1 TRADA J 

The Trada 1 is an all-relay exchange having a 
capacity of 6 extensi ons and 1 trunk line. T he 

Figure 3-The Trada 1, with a capacity of 6 local lines 
and 1 trunk, is an all-relay branch exchange. 

switching mechanism and p ower supply, which 
operates fr om the mains, are c ompletely c on
tained in the wall-m ounting metallic cabinet 
sh own in Figure 3. 

T he extensi ons have single-d igit c ode (2 
t hr ough 7) , extensi on 2 having transfer keys and 
a magnetic visual indicator s howing when the 
trunk is busy. The circuit is arranged to allow 
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connection to the trunk even when the local link 
is busy. 
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sion 's horizontal selector bar and the trunk 
connector to connect the trunk to the extension, 

after which the local link is 
released. 

11 
EXTENSIONS 

For call transfer, the con
nected extension can seize a 

local link while holding the 
trunk by means of two special 
callback circuits. { 1 

----t OPERATOR'S 
This, in general , describes the 

operation of the Trada circuits ; 
a more complete explanation 
will be given later. 

r 
I I 

2 LOCAL 
LI NK 

C I RCUITS 

I ( 1 SPEC I AL 
EXTERNAL I CONN ECTION 1 I CIRCU I T  I I I I I L11 MARKER �J TRUNK 

LI N E S  

EXTENSION 

3.3 TRADA 4 

Figure 4-Connection diagram of Trada-3 exchange with 1 2  
extensions, 3 trunks, and 2 local link circuits. 

The Trada 4 is completely 
contained in a metallic cabinet, 
as shown in Figure 5. Because 
its capacity is greater than the 
Trada 3, a larger multiswitch 
having 1 1  selectors and 24 out
lets is used. 

A special supervisory extension for monitoring 
outside calls is also available. 

3 .2  TRADA 3 

The Trada 3 also mounts in a wall cabinet ; 
its features are similar to the Trada 1 ,  except 
that its larger capacity requires a multiswitch 
having 14 outlets and 8 selectors. Figure 4 shows 
the wiring diagram. 

A call initiated from an extension is connected 
to a local l ink c ircu it by the l ine finder. The 
dialed pulses are received in the cord circuit. 
After the last dial pulse, a common marker con
nects to the cord circuit, indicates the level of the 
called extension, connects the latter to the cord 
circuit through the connector, and releases itself 
for other calls. 

If the two local links are busy, the calling ex
tension connects to the special external con
nection circuit giving access to the trunk lines, 
but will send busy tone if the code dialed does 
not correspond to the code for the trunks. 

When a trunk code is dialed, the marker 
indicates a free trunk and energizes the exten-

March 1957 • ELECTRICAL COMMUNICATION 

Figure 5-Trada-4 branch exchange. Capacity is 22 

extensions, 3 links, and 4 trunks. From top down are con
necting panel and fuses, multiswitch, relay and control 
circuits, and power supply. 
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The circuits and their operation are the same 
as tho se of Figure 4, with the e xception that 
the dial pulses are first stored in a circuit called 
the receiver that then connects to the marker 
for completion of the connection. The receiver 
simplifies the current-supply circuits of the 
subscribers' sets and also contains relays for 
blocking trunk calls from restricted-service e x
tensions. 

3 .4 TRADA 5 

The Trada 5, shown in Figure 6, is similar to 
the Trada 4 e xcept for the larger capacity of 50 

e xchange is different in that the number of 
e xtensions and trunks can be e xpanded. The 
installation consists of two distinct parts. 

A. The local switching system, which is a private 
automatic e xchange complete within itself, 
requiring either a manual switchboard or further 
automatic equipment to enable connection to 
trunk lines. 

B. The automatic trunk-line connecting 
equipment. 

A complete installation will consist of 1 
cabinet of local-link equipment per 100 lines (to 
which is added 1 cabinet of secondary selector 
equipment if the installation e xceeds 300 outlets) 
plus 1 cabinet of trunk-line equipment per 100 
lines per 16 trunks. 

The power supply is in another cabinet. 

3.5.1 Circuit Operation 

The above-described division of functions is 
further illustrated by Figure 7 .  

The particular arrangement shown is for 98 
e xtensions, split in two groups, and the operator 's 
set. The local switchin g system contains a 50's 
selector to connect the cord circuit with any of 
the e xtensions. The circuit chain when setting 
up a call is as follows. 

A. Calling e xtension 

B. Line finder 

C. Cord circu it 

Figure 6-Trada-5 exchange. Capacity is 50 extensions, D. 50's selector 
6 local links, and 5 trunks. 

e xtensions, 6 link circuits , and 5 trunks. Also, 
no special e xternal-trunk-connection circuit is 
used for seizing trunks when all local links are in 
use since e xperience has shown this to be un
necessary when 6 links serve 50 e xtensions. 

3 .5  TRADA 16 

Although the Trada 1 6  circuits are funda
mentally the same as those described above, this 

8 

E. Connector 

F. Called e xtension. 

As e xplained above, the dial pulses are reg
istered in the receiver, which transmits the 
information to the marker : both release when the 
connection is completed. For safety reasons, this 
exchan ge is pr ovided w ith tw o mar kers ; one 
would be sufficient for the traffic. The markers do 
not operate simultaneously. 
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3.5.2 Numbering Trunk connections are obtained by means of a 

cha in paralle l to the above i n  the tru nk-li ne
co nnector u nit. It operates whe n the exte ns io n  
d ials a tru nk-l ine code, the local-u nit rece iver 

The exte nsio ns have 3-digit codes. The 
operato r, the tru nk l ines,  a nd a ny t ie l ines have 

5 0  
EXTEN
SIONS 

1�c�s�;;;;;;;�-T-r�K���c�l 
I 
I 48 

EXTEN-

...._ 
SIONS I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I I 

16 CORD 
CIRCUITS 

LINE 
FINDERS 

8 8 

CONNECTORS 

8 8 

50 2 '-y---

50'S SELECTOR 

TRUNK-CALL 
LINE FINDERS 

8 8 

TRUNK-CALL 
LINE FINDERS 

8 8 
6 

CALL
BACK 

CIRCUITS 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 8 TRUNK l 

CONNECTORS 

OPERATOR'S 
EXTENSION 

I REcEivrns --)--� MAR�ERS I L-�������..._�4-ol,,__�1--�- f6TRUNK 

I i_ ____ !a _______ j I TRUNK-CALL I 7" MARKER _J L-------�------
Figure 7-Trada-16 circuits for 100 subscribers, 16 trunks, and 16 links. 

CIRCUITS 

co nnecti ng w ith a so-called tru nk-call marker 
that co ntrols the tru nk-call l ine fi nders a nd con
nects the exte nsio n to a free tru nk through the 
tru nk co nnectors. The local chai n a nd markers 
the n release. 

s ingle-d ig it codes. Whe n party l ines are used, the 
- tw-0 exte nsio ns o n  a give n l ine d iffer i n  the 
hu ndreds d igit, as, 237 a nd 637. 

The double-call c ircu it e nables the exte nsio n to 
seize a local li nk circuit while holdi ng a tru nk 
c ircuit. 

March 1957 • ELECTRICAL COMMUNICATION 

3.5.3 Equipment Packaging 

Figure 8 shows a 100-l ine local-switch ing 
cab inet . At the top are the li ne relays a nd below , 
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three multiswitches . The receivers, cord circuits, 
and other equipment are mounted behind the 
multiswitch fr ame, which can be swung out. At 
the bottom is space for an emergency ringing 

Figure 8-Trada-16 local switching cabinet equipped for 
100 lines. 

ma chin e. Only the firs t lOO's cabinet of an 
installation is equipped with markers, timers, 
and r ing ing ma ch ine. 

Figure 9 shows a trunk-line-connector ca binet 
equipped for 8 trunks : only on e multiswitch of 
trunk line finde rs is necessa ry. At the top is t he 
multiswitch and below are the trunk-call marker, 
operator's circuit equipment, and 4 trunk con
necto rs. Other equipment is mounted behind the 
swinging frame. Space is available in the ca binet 
to expand the trunk -connectin g  equipment to 16 

trunks and two operator's circuits. 

3.5.4 Operator's Position 
T rada exchanges are supervised from an 

operator's position at which is an equipment 

10 

mounting the operator's handset and the signal 
ing and control elements for the trunks an d 
operator 's lines. For the Trada 16, several such 
positions can be equipped. 

Figure 9-Trada-16 trunk-line-connector cabinet equipped 
for 8 trunks. 

For smaller exchanges, up to 8 trunks, there is 
available a small operator's set as shown in 
Figure 10; it may be placed on a desk, leaving 
the operator free f or other duties. 

For the larger exchanges, where full-time 
operation is required, the operator 's position 
shown in Figure 11 is used . I t  will accommodate 
16 trunks and 2 operator's lines and can b e  
equipped with a sending keyset, i f  desired. 

4. Circuit Operation 

4.1 GENERAL 

Figure 12, a wiring diagram of the Trada 16, 
will serve to illustrate the operation of a typical 
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e xchange. As mentioned in conjunction with 
Figure 7, the c ircu it sequence is, call ing exten
s ion, l ine finde r, cord c ircu it, SO's selector, con 
nector and called extens ion . Some deta ils of thes e 
c ircuits follow. 

Each extension is connected to a line circuit 
cons ist ing of l ine relay B and cutoff relay A, 

wh ich can assume one of the follow ing com 
b inat ions . 

B open, A· open -Extens ion 
cradle. 

handset on 

B closed, A open -Extens ion handset off 
cradle, call be ing made . 

B closed, A closed -Connection made , call m 
process . 

B open , A closed -Called extens ion busy. Busy 
tone is sent through p ilot 
relay F, which is common to 
a SO-l ine group . 

When the call ing party l ifts the handset from 
Figure 10-0perator's set for exchanges of up to 8 trunks. the cradle, relay B closes the c ircu it of p ilot 

Figure 11-0perator's position handling up to 16 trunks and 2 operator's lines. 

March 1957 • ELECTRICAL �COMMUNICATION 

relays AH!, wh ich are 
so arranged that only 
one is energ ized per call ,  
thus avo id ing double 
connect ions when sub
scr ibers l ift the ir han d
sets s imultaneously . 
Thes e p ilot relays con
trol the l ine finder, oper
a t ing horizontal selector 
bar IB . . . 13H and 
the sw itch ing bar 14B 
or 14H correspond ing to 
the level of the call ing 
e xtens ion. 

The p ilot re lays also 
s elect the cord c ircu it 
and rece iver for the call. 
F igure 13 s hows that all 
rece ivers hav ing at least 
one cord c ircu it free for 
use are character iz ed by 
a closed B VI contact, 
so that start ing relay 
ADE is close d in the 
first ava ilable rece iver 
in the cha in .  The h igh
res istance w ind ing of 
B VW is now short-c ir
cu ited and a relay BDEF 
will connect the cord 
c ircu it .  Relays BDEF 

11 
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Figure 12-General wiring diagram of Trada-

16 exchange. Note-For fully restricted exten

sions, strap connection Z is made; for partial 

restriction, X and Y are made; and for unre
stricted service, connections Y and Z are made. 

,--------

EXTEN
S ION 

�------:--i 
I SUBSC R I B E R ' S L I NE CI RCUIT I 

' 
I 
I 
I 
I 
I 
I 

TRUNK-CALL LI NE F I N D E R  

INDIVIDUAL 
DECOUPLING 
RESISTANCE 

�1B •.. l3H J 
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are wire d in sequence so that only a single cor d 
circuit is connecte d. 

Vertical electromagnet VA of t he line fin der 
(Figure 12)  now operates, connecting the ex
tension to t he cor d circuit. T he cuto ff relay closes, 
releasing t he pilot relays an d selecting bars of 
t he line fin der, w hich become available for the 
next call. Only electromagnet VA remains 
energize d until t he connection is release d. The 
receiver cannot be seize d again until all other 
receivers in t he cabinet are engage d in turn ; it's 
relay AG remains energize d until t he en d-of
chain relays IJ an d KL operate (Figure 13) .  
T his metho d distributes t he cal ls over the 
circuits . 

The ADE relay of the cor d circuit supplies 

1AH2 
PI LOT 

current to the subscriber's set an d retransmits 
the dial pulses to relay BG of the receiver circuit. 
T hese pulses are counte d by a set of 6 relays 
AJ . . .  A O. At t he en d of the first digit, t hese 
counting relays operate a set of relays recor ding 
t he 100's digit, t he contacts of t he latter set being 
connecte d in a pyrami d circuit making it possible 
to c hoose a marking wire for t he digit. 

The following digit is counte d in the same 
manner an d a marking wire is selecte d by t he 10's 
pyrami d. The last digit is recor de d  in t he count
ing relays t hemselves, w hich t hen lock. The AQl 
contact closes an d t he receiver is connecte d to:a 
marker through the A RST relay. 

T he ARST relays are in chain circuits t hat 
assure that several receivers cannot seize one 

I 
I I I 

T ,,.- CORD C IRCUIT GROUND 
:.1 CO('JNECTED IF CORD . ' CI RCUIT JS AVAIL:ABLE. 

BF1 
x 

,-
RELAYS _l ---� 

------------- ---- � ---- -- --� � BI1 
ADE AG3 BVW AE4 l ' 

I I 
FIRST 

RECEIVER 

L __ 

,--
1 
I 
I 
I 

LAST 
RECEIVER 

L _ _  

IJ 

14 

BI2 AG1 

AE1 

ADE 

812 

AE1 

I I I 

AEB AG2�,, I ��·----111 I 
AG 

___ , _ _J 

r.l-t -:, 
-:VW� AE41 

AG2�jl I AEB 

�·----i11 I AG _J ------------ ----

c::::=::J8I SLOW OPERATI NG 

Figure 13-Circuits for starting and distributing calls among the receivers. 
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EXTENSIO N 

Figure 14-Circuits for direct trunk-line seizure. 
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marker and also that a receiver cannot seize 

several markers. 
The stored digits are retransmitted to the 

connector marking pyramid, which then contains 
the following information. 

A. The connector selector magnet for the called 
extension. 

B. The selector-bar level of the called extension. 

C. The SO's group of the called extension. 

The selector bars of the connector are operated 
through the SO's relays AB or CD and the 
marker, now connected to the called line, tests 
the line by relay A I. At the same time, the 
called line is connected with the cord circuit by 
means of the SO's selector. 

The two multiswitches now being set up for 
the connection and the test being positive, the 
vertical electromagnet of the SO's selector is 
operated and allows operation of the vertical 
electromagnet of the connector. 

The connection being complete, the receiver 
and marker are released by a circuit not shown 
in Figure 1 2 .  The selector · bars of both SO's 
selector and connector are released and become 
available for the next call. 

If the called extension is busy, test relay A I  
does not operate and a slow-ac ting relay breaks 
the connection, the calling extension receiving 
busy tone through the subscriber's line circuit . 

4.2 SEIZURE OF TRUNKS 

The extension having dialed a trunk-line code , 
the receiver connects itself with the trunk-call 
marker by means of relays BDE and AXY. 

Figure 14 shows the connection of an ex
tension with a trunk line. The service restrictions 
of the extension determine the action of relay 
A FG; if the extension is unrestricted, AFG re
ceives battery through wire D I, wire C, strap 
connection Y, the decoupling res istance, and 
pilot relay AD. Relay AFG places ground on 
wire D I, causing the pilot relay to operate. The 
latter positions the trunk-call line finder selector 
bars lB . . . 13H through common relays ABC 

. . . JKL after testing for their availability by 
means of relays MN and OP and then ensures 
the operatio n of electromagnets 14B or 14H. 
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The end-of-selection relay Q or R controls the 

operation of trunk-call line-finder vertical electro
magnets VRl or VR2; the trunk was chosen by 
relay BE, which energized one of the starting 
relays AV. These relays are connected in chain 
circuits to avoid double connections. 

The calling extension has now been connected 
to the trunk, which grounds wire T to release the 
local circuit : relay BF of the receiver is short
circuited by this ground and, through a circuit 
not shown, disconnects th e cord circuit and, in 
sequence, the receiver and trunk-call marker . 
The selector bars of the trunk-call line finder are 
released and all of these circuits are available 
for the next call. 

If the extension is fully restricted, strap con
nection Y is open and relay AFG of the trunk
call marker will not close ; a slow relay breaks the 
connection, sending busy tone to the caller. 

If the extension is partially restricted and 
entitled to trunk calls through the operator only, 
relay AF of the receiver always operates when 
the receiver is connected to the calling line. If a 
trunk-line code is dialed, the call will auto
matically go to the operator through contact 
AF2 of the receiver (Figure 12) .  

4.3 CALLBACK CIRCUIT 

Some time after the dialing on the trunk line 
of the last digit of the number of the desired sub
scriber, a delay device closes contact TA6 of the 
callback circuit shown in Figure 15 .  From thence 
on, dial pulses are received on counting relays 
NA and NB and are interpreted as callbacks. 

If ,  in the midst of a trunk call, the extension 
dials digit 2, relays NA and NB are closed at the 
first pulse, and NC at the second. When relay 
AHI opens, relay CD E closes and transfers the 
extension line wires to one of the callback link 
circuits that are connected to the line finder. 
The trunk call is held by contact CE4. 

The internal circuit now operates in the 
normal manner ; a free cord c ircuit and receiver 
are seized, then a marker when dialing is com
plete, and finally the internal connection is made. 
This closes an end-of-dialing contact and the 
operation path of relays NA and NB is restored . 

4.4 CALLING IN THE OPERATOR 

If a subscriber connected to a trunk line dials 
a digit larger than 2 (say, 0) , at the third pulse, 
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relay RA is closed and holds until the end of th e 
digit. This breaks the circuit of relay CDE and 
signals the operator by lighting the trunk-line 
call lamp. In case there is no answer, the s ub 
scriber can resume the trunk-line connection by 
dialing the digit 1 ,  which will close relays NA 
and NB and short-circuit RA. 

4.5 RECONNECTION WITH TRUNK; CALL 

TRANSFER 

If, during a callback, the subscriber wishes 
to resume his trunk-line connection, he dials 
digit 1 ;  relays NA and NB operate, short
circuiting CDE, and thus releasing the rest of t he 
chain. 

During a callback, if the subscriber wishes 
to connect his called party with the trunk call, 
he simply replaces his handset on its cradle. The 
AHI relay of the callback line is then placed 
in the C-wire circuit (Figure 12)  and receives 
battery through contact A F4 of the cord circuit, 
through the 50's selector, and Y strap connec
tion, the decoupling resistance, and pilot relay 
of the called party. 

Relay AHI operates, grounding the C wire, 
thus marking the called party on the line-finder 

selector bar. The connection is established as 
described in section 4. 1 and the called party is 
connected with the trunk call. 

When the subscriber replaced his handset to 
effect the call transfer, relay ADE of the trunk
line connector (Figure 15)  released, closing relay 
NA . After the transfer is made, ADE closes 
again, NB closes, and relay CDE is short
circuited, releasing the rest of the chain of relays. 

4.6 INCOMING TRUNK CALLS 

Incoming calls are received by the operator 
and directed to the desired extension by dialing. 
The operator's dial pulses are received in a 
recorder that actuates the relays of a marking 
pyramid. The pyramid contacts control the pilot 
relays of the local line finder through the usual 
decoupling resistances and allow connection of 
the trunk with the extension as explained in 
section 4. 1 .  

5. Additional Circuit Possibilities 

5 . 1  GROUPED LINES 

Grouped lines provide a facility whereby an 
incoming call to a certain code will test in 
sequence through a designated group of exten-

1 --CONNECTOR SELECTO-R-----�·=:----- --:::-G::P---- , 
I ELECTROMAGNETS /ST L I NE IN LAST LI NE I N  /ST L I NE IN LAST LINE I N  I 

GROUP I GROUP I G ROUP IT G ROUPII I I 68 ... 7H J 1 1 1 1 � r r r T -w,��RgF 
1 

83 86 DJ ... D6 COR R ESPONDING 

�-----1 
--

-- -- ---- -------- LI NE C I R CUIT� 
I I }rn OTHER 1oo 's 

I MARKER 1 lAEJ ... AK� 
I 

=- =-

I I ��----t---
A-
L2 . . . AL5 

I I ADE ._-b+-' c:::t:;!:t:;::l:J AJK 

I ,,L___ 
MAR K I NG t PYRA M I D  

I M A R K E R  W I R E  I 
FOR FIRST L I NE J L __ oN G ROUP __ 

AK5 
Figure 16-Provision of 

grouped lines. 
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sions until a free extension is found, which it will 
then ring. 

In the T ra da 16, the wires of the marking 
pyramid being multipled on all selector bars of 
the connectors, the provis ion of grouped l ines in 
each SO can be made simply and inexpensively. 
It is only necessary to connect the marking wire 
of the first line of the group to the special test 
equipment represented in Figure 16. 

The equipment comprises a test relay for 
each line that operates if the corresponding line 
is free and permits the selector bar of the con
nector to be marked. If all lines of the group 
are busy, a slow-acting relay releases the con
nect ion and the call ing l ine rece ives busy tone. 
Normal provision is for 4 grouped lines per SO, 
but a greater number can be had by special 
arrangements. 

S . 2  TIE LINES 

In the Trada 16, it is possible to bypass the 
transmission bridge in the cord circuits by means 
of a relay BGH (Figure 1 2) ,  making it possible 
to avoid retransmission of dial pulses. The 
installation can then be used as a transit center. 

Bypassing of the transmission bridge is done 
by the marker when the receiver recognizes a 
tie-line code. The extension receives current 
from the tie-line repeater and the latter holds the 
cord circuit by grounding the C wir e. 

S .3  TRUNK-ACCESS TIE L INES 

Special tie lines are employed to connect the 
Trada exchange to another private exchange also 
having access to external trunks. They are for 
use in transferr ing external trunks between the 
two exchanges. 

S .4 P AGING SERVI CE 

Paging is provided by an arrangement whereby 
a special code dialed fr om any extension connects 
that extension with the paging circuit. Dialing 
the code of the extension normally used by the 
desired person results in a special signal being 
broadcast by chimes, horns, Morse code, flash ing 
lights, et cetera. On recognition of the summons, 
the paged person may .dial the paging service 
cod e fro m any extension and will be connected 
with the caller. The number of extensions that 
can be paged is unlimited. 
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5.5 PRIORITY SUBSCRIBERS 
Prior ity extensions are provided wi th a 

special means of contacting the operator, either 
through a separate line to the operator's position , 
or through a third wire and a button on the 
extension. In the last case, the operator, upon 
recognition of the lamp signal , will dial the 
extension's code via a service line. 

S .6 SPECI AL NIGHT TR ANSFER 

Usually, the night transfer is made to one 
selected extension only. With extra equipment, 
it is possible to provide a choice of several 
e xtens ions by mea ns of keys. It is also poss ible 
to transfer individual trunk calls to selected 
subscribers ' sets. 

S. 7 SUBSCRIBER'S B usy L AMPS 

For the Trada 16, it is possible to equip the 
operator's position with busy lamps for the 
extensions by supplying an additional sub
scriber's line relay with an extra contact . 

S .8 TRUNK-LINE CH AIN CONVERS ATIONS 

With this feature, the operator 's position is 
fitted with a spec ial holding key for each trunk, 
which will prevent release of the trunk when a 
connected extension hangs up. Instead of release, 
the operator is signaled and can direct the trunk 
call to another extension until all calls are made ; 
the trunk is then released by means of the key. 

S .9 REVERTIVE RINGING 

For more flexible use of party lines on the 
Trada 16, it is possible to set up a c ircuit whereby 
one member of a party line can ring the other. 
This is done by d ial ing a code and replacing the 
handset. Both extensions of the party line will 
then ring and will be connected when the hand
sets are lifted. 

S . 10  M ANU AL TRUNK CONNECTION 

The Trada 16 can, of course, be used strictly 
as an inter nal automatic exch ange without 
conne ction to trunk lines. Provis ion can then be 
made for access to the trunk network by a 
spec ial manual keyboard. 

Dialing of a trunk code will then cause the 
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50's selec tor to ligh t a calling lamp on the key
board through the C wire of the line finder. If the 
lamp is defec ti ve, the call will come through on 
the ser vice links. Opera tion of a key on the key
board will connec t the calling ex tension wi th a 
trunk. 

5 . 1 1  OTHER POSSIBILITIES 
The following facili ties can also be pro vided 

on the branch exchanges by special arrange
men ts. 

Recent Telecommunication Development 

A. Conference circui ts. 

B. Super visory subscribers' se ts allowing secre t 
moni toring and cu tting off of trunk calls. 

C. Operator dialing by sending keyse t. 

D. Opera tor dialing of prede termined codes by 
au toma tic sender. 

E. M e tering of ex ternal calls. 

Etching of Lord Rayleigh 

JOHN WILLI AM STRUTT, LORD R AYLE IGH (1842-
1919) , is depic ted in the lates t e tching of the 

series published by the In ter-
national Telecommunica tions 
Union. 

Born and educa ted in Eng 
land, physicis t Rayleigh is per 
haps bes t known for his work 
in sound. His book, "A Trea tise 
on Sound," is e ven today a 
standard work. He also carried 
ou t experimen ts in op tics and 
s tudied the proper ties of gases. 

Lord Rayleigh was the re 
cipien t of many honors, includ 
ing the Nobel prize and the 
presidency of the Royal Socie ty. 
He was among the original mem
bers of the Order of Meri t, es tablished a t  the 
time of the corona tion of King Edward VII .  

20 

The etching of Rayleigh is the 22nd in the 
series tha t  was star ted in 1935. On a good 

grade of paper measuring 9 by 
6i inches (23 by 1 7  cen ti
m e ters) including margins,  
these e tchings are a vailable 
at 3 Swiss francs each from 
Secre taria t  general de !'Union 
i n terna tionale des Telecom
munica tions ,  Palais Wilson , 
52 ,  rue des P aquis, Gen eve, 
Suisse. The en tire series is com
prised of etchings of Amp ere, 
Arms tr o n g ,  B au d o t, B e l l , 
Er lang ,  Farada y ,  Ferr ie ,  
Fresnel , Gauss and Weber , 
H e a vi s i d e ,  H er tz ,  H ughes , 
Kel vin , Loren tz ,  Marconi ,  Max

well, Morse , P opo v, Pupin , Rayleigh, Siemens, 
and Tesla . 
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Crossbar Citomat, a Development in Medium-Sized 

Private Automatic Branch Exchanges* 

By ARTHUR MEHLIS and KURT KLINKHAMMER 
Mix & Genest; Stuttgart, Germany 

THE QUESTION as to whe ther wiping
con tac t or pressure-con tac t swi tches 
should be used as connec ting elemen ts 

in au toma tic telephony is no t a new one. Eco
nomic fac tors mus t guide the engineer in con
sidering the replacemen t of wiping-con tac t 
swi tch es by pr essur e-con ta ct swi tches , of which 
relays are the simples t type. The pressure-con
tac t swi tch wi th precious-me tal con tac ts, while 
more expensi ve, has cer tain ad van tages over the 
wiping-con tac t type wi th base-me tal con tac ts. 

Relays have always been used in the smaller 

* Reprinted from Fernmeldetechnische Zeitschrijt, vol
ume 7, pages 178-179, 184-186; April, 1954: also, SEG
Nachrichten, volume 2, pages 5-14; number 1, 1954. Figures 
1 and 2 were not included in the original publication of 
the paper. 

pri vate branch exchanges when cos t was no t a 
major considera tion ; opera tion and main tenance 
exper ts prefer relay- type swi tches to those of the 
wiping-con tac t type pro vided the difference in 
cos t is negligible. 

Relays have the following ad van tages : sim
plici ty, reliabili ty, low main tenance, low noise 
le vel due to precious-me tal con tac ts, a w ell
regula ted power supply due to absence of large 
peak-curren t  drains, long life, no time loss be
tween series of dial pulses, and good adap tabili ty 
to the problems of subscriber toll dialing. 

These ad van tages recommend the u ti liza tion 
of relay- type swi tches to pri va te branch ex
changes tha t  are no t cons tan tly a ttended ; how
e ver, the relay is no t the bes t solu tion wi th 
respec t to cos t. For this reason, M ix & Genest 

Figure 1-Type KS53 crossbar switch. 
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have introdu ced crossbar swit ches with pre cious
metal conta cts to these bran ch ex changes. 

1. General 

The spe cifi c requirements in the development 
of the new medium-sized private automati c 
bran ch ex changes were : better transmission 
through the use of pre cious-metal conta cts, 
higher swit ching speed, lower noise level, re
du ced wear, and insensitivit y to power-suppl y 
voltage variations. There were, in addition, the 
servi ce requirements for adapting the new ex
changes to subs criber toll dialing, for simplified 
and more-rapid maintenan ce, and for a ccom
modating the complete swit ching equipment 
in cluding the main distribution frame and the 
power suppl y in a cabinet-like en closure. 

The s ystem requirements ex cluded solution of 
the problem with conventiona l step-b y-step 
swit ches and thus led to the development of the 
t ype KS53 crossbar swit ch (Figure 1 )  and t ype 
ZJ..1[53 magneti c counter (Figure 2 ) ,  and to 

Figure 2-Type ZMSJ magnetic counter. 
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their appli cation to private automati c bran ch 
ex changes. Due to its simple rela y-like stru cture 
and its pre cious-metal conta cts , the crossbar 
swit ch is parti cularl y well adapted for meeting 
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the above -mentioned require
ments. The combination of 
the magneti c counter and the 
crossbar swit ch permits the 
well-known and pro ven prin-
ciples of dire ct dialing to be 
applied to the crossbar swit ch,  
a swit ching medium that 
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Figure 3-Trunking scheme of private automatic branch exchange with 5 
trunks, 50 lines, and 6 local links. A =  Step-by-step selector system. B = 
crossbar switch system. 

s ystems . 

2. Grouping 

2 . 1  TRUNKING METHOD 

Figure 3 shows the trunk
ing s cheme of a private auto
mati c bran ch ex change with 
5 trun ks, 50 lines, and 6 lo cal 
links using a crossbar swit ch 
as compared with that of a 
conventional s ystem using 
s tep-b y-step swi t ches .  I n  
either s ystem , all 5 0  sub
s cribers obtain a ccess to all 
line finders, final sele ctors, 
and trunk sele ctors.  The 
single- or two-motion sele ctor 
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of the ol der system corresponds to a vertical 
unit (a bridge) of the KS53 crossbar switch. 

"While in the conventional systems, the pulses 
from the subscriber's dial act directly on the 
magnet of the final selector, moving its wipers to 
the desired position, the dial pulses in the cross
bar system are first registered by magnetic coun
ters that in turn control the final selector bridge 
when dialing is completed. Calls to the public ex
change are in either case initiated by the sub
scriber pressing his ground button, which causes 
the associated subscriber line circuits to transmit 
a starting signal to the trunk selector or the 
trunk-selector bridge. The callback circuits are 
switched in the same manner as the subscriber's 
l ines and provide similar service facilities. The 
comparison shows that with respect to trunking 
method and service facilities, the crossbar 
private automatic branch exchange differs in 
no way from the well-known step-by-step 
systems. 

2 .2 WIRING OF CROSSBAR SWITCH 

The wiring of the crossbar bridges and the 
associated horizontal selecting rods is shown 

schematically in Figure 4. The KS53 crossbar 
switch is equipped with 1 7  vertical units that, in 
the example given, are used to perform the 
functions of 6 line finders, 6 final selectors, and 5 
trunk selectors. Each of these selector units has 
access to 56 outlets. The inlet to a bridge (in the 
diagram only one wire, yet actually three or four 
wires) is extended via two transfer points to two 
vertical multiples (contact wires) , of which the 
left one is assigned to subscribers with odd 
numbers and the right one to subscribers with 
even numbers. Selection of these multiples is 
performed by the uppermost selecting rod under 
control of either select magnet S U  (odd sub
scriber numbers) or select magnet SG (even 
subscriber numbers) . 

To extend the incoming circuit to a subscriber's 
line, another selecting rod has to be actuated by 
energizing, for instance, select magnet 513/ 14, 
which results in the marking fingers of this 
rod being placed beside the contact sets of 
subscribers 13 and 14. 

vVhen the bridge magnet is energized, each 
of the two previously controlled marking fingers 
operates a contact set and the bridge inlet is 
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Figure 4-Wiring of crossbar switch. 
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connected through to the desired subscriber. 
It follows that the connection of an incoming 
circuit to any outgoing line requires the operation 
of one magnet of the uppermost selecting rod 
(changeover rod) followed by the operation of 
another select magnet and then the bridge 
magnet. Thereafter the select magnet may again 
be de-energized or used for any other connection. 
The contact sets, once closed by a bridge magnet, 
remain operated until this magnet is de
energized. 

The selecting rods with their marking fingers 
constitute a common selecting device for the 
crossbar switch and all its bridges. Hence, only 
one bridge can be operated at a time and all 
switching operations have to be carried out in 
successive order. 

3. Handling of Calls 

3.1  ST ARTING OPER ATIONS AND INTERN AL C ALLS 

Figure 5 shows the basic circuit layout of a 
crossbar private automatic branch exchange. 
The subscriber line circuit (bottom right) is 
designed to send a starting signal to the local 
connecting link (R-relay operated) when the 
handset is lifted, and a starting signal to the 
exchange connecting link ( T-relay operated) 
when the pushbutton (grounding button) on the 
subscriber's set is pressed. 

This information is evaluated by the starting 
circuits, which are shown schematically in Figure 
5 (bottom left) . 

The starting circuits comprise four vertical 
contact chains. Of these chain circuits, two start 
trunk calls and two start internal calls. The ex
change and local starting chains are further sub
divided and assigned to odd and even subscriber 
groups, respectively. When now, say, subscriber 
1 5  originates an internal call, group relay lHU 
(subscriber group 1, internal call, odd calling 
number) enters into action. By forming further 
subscriber groups with corresponding group 
relays 2HU, 2A U . . .  and JHU, JA U . . .  
(not represented in Figure 5) , it is possible to 
keep the chains of line-relay contacts short. 

Operating group relay lHU first keeps select 
magnet S15/ 16 in the same circuit in unoperated 
condition and applies ground potential to locking 
relay HU to determine whether the starting 
operations can proceed. 
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Locking relay HU is connected in a common 
lockout circuit with corresponding locking relays 
A U, HG, and AG as well as with local-link 
locking relays S, locking relays UM of the ex
change connecting links and locking relay Z U 
of the operator's circuit, the arrangement being 
such that only one of them can operate at a 
time while all the others are locked out. Since 
each connecting unit can operate the select 
magnets only if the associated locking relay is 
operated, double connections are positively 
avoided. 

When operating, locking relay HU shunts a 
high-resistance winding of group relay lHU, 
which enables the hitherto nonoperative select 
magnet S15/ 16 to operate. At the same time, 
another HU contact closes the circuit for the 
changeover-rod SU magnet, thus completing the 
subscriber marking operation. Immediately after 
this, one SU-magnet contact brings impulse
limiting relay JB into action, whose contact puts 
ground on the line-finder circuit ; in the described 
case, this causes the bridge magnet of line finder 
ASl to operate and connect the calling line to the 
inlet of the local link. Line relay R and cutoff 
relay T in the subscriber line circuit now both 
operate through the C-wire circuit. 

Impulse-limiting relay JB also provides for 
the slow release of relay HU by short-circuiting 
and thus terminates the starting operations. The 
releasing HU relay enables the hitherto shorted 
A relay in the local link to pull in and, in con
sequence, the line-finder circuit to be extended 
to the finder of the following link over a contact 
of busy relay C (not represented) .  Thereafter, the 
connected subscriber may begin dialing the 
calling number of the wanted subscriber and 
with the two impulse trains control the associated 
magnetic impulse counters Z and E (tens and 
units selection) .  The contacts of these relay-like 
magnetic counters are wired in a way similar to 
a single-motion selector and therefore are sche
matically represented by two contact arcs and 
wipers Z and E. 

Following the selection of the desired number, 
ground is applied to locking relay S of the local 
link, which will operate unless the common lock
out circuit is already engaged. As relay S 
operates, the contact banks of the two magnetic 
counters are grounded and the information 
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corresponding to the dialed digits is transmitted 
to the multipled tens and units lines. 

According to the unit digit dialed, one of 5 
number relays (NJ to NS) is energized over the 
unit line and, depending on the digit being even 
or odd, in addition relay U or G operates (Figure 
5 ,  top left) . The select magnet corresponding to 
the dialed calling number can now operate via 
the decade point (DJ to DJO) determined by the 
position of the tens magnetic counter, the U or 
G relay controlling at the same time the change
over rod (Figure 5, bottom left) . Now, following 
operation of relay S, the final-selector bridge will 
operate and connect the dialed line to the out
going end of the engaged local link. All other 
operations, as testing, first ring, et cetera, are 
accomplished in the conventional manner. 

3 .2 OUTGOING TRUNK CALLS 

It is assumed that subscriber 15 has set up an 
internal connection after removal of his handset 
and now presses his button to initiate a trunk 
call. This causes the engaged local link to release 
due to operation of a differential relay X (not 
represented) and the subscriber line circuit to 
send the information, " T  relay operated, R relay 
nonoperated. "  The same effect is obtained if all 
local links are busy : operation of the ground 
button becomes directly effective in the sub
scriber line circuit. 

In the starting circuits, group relay JA U (first 
subscriber group, trunk call, odd calling number) 
is energized. This relay determines from the 
associated locking relay A U whether the starting 
signal can be extended or not. The whole process 
is quite analogous to the seizure of a local link 
except that now the starting signal is conveyed 
to the circuits of the exchange link and that it is 
the next free trunk selector bridge that connects 
the calling subscriber. Following this connecting 
process, busy relay VJ of the engaged exchange 
link is energized. 

3 .3 TRUNKING FACILITIES FOR SUBSCRIBERS 

The placing of automatic outgoing trunk calls 
involves transmission of a starting impulse over 
the starting circuit assigned to the calling sub
scriber. This starting impulse is made impossible 
for partly restricted subscriber 16 and fully 
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restricted subscriber 1 7  represented in Figure 5 
(by wiring changes on the associated subscriber 
line relays) . 

There is, in addition, the necessity for ascer
taining the type of subscriber (fully, partly, or 
nonrestricted) in the case of incoming trunk 
calls. With subscriber toll dialing, it must further 
be ensured that only those subscribers can 
originate automatic outgoing toll calls who are 
entitled to do so. This is accomplished in the 
following way : Whenever a selecting rod is 
controlled, a special group of select-magnet 
contacts operates and puts ground on certain 
strapping points assigned to each subscriber. 
Thence, this potential can be extended to either 
relay BA (permission to receive incoming trunk 
calls) or relay BF (permission to place automatic 
toll calls) . 

In the example (Figure 5) , the subscribers are 
switched in the following way : 

Subscriber 15  is entitled to place automatic out
going trunk calls and to receive in
coming trunk calls (nonrestricted) .  

Subscriber 1 6  is entitled to place outgoing trunk 
calls through the operator and to 
receive incoming trunk calls 
(partly restricted) .  

Subscriber 1 7  has no access at all to the public 
exchange (fully restricted) .  

Subscriber 1 8  is entitled to place automatic toll 
calls (nonrestricted, with full toll 
dialing facilities) . 

Permission to place automatic toll calls in
cludes all other facilities and is made known to 
the exchange link during its seizure in a specific 
way not described here. 

3.4 INCOMING TRUNK CALLS 

Any incoming trunk call is announced visually 
on the attendant's cabinet and is answered by 
the operator pressing the associated answering 
button AB (magnetic-type pushbutton) , which 
connects her answering set to the engaged trunk 
line through the exchange-link answering relay. 
To extend the trunk call to any subscriber, the 
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Figure 5-Simplified diagram of crossbar Citomat circuits. 
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operator keys the calling number of the desired 
party on a single-row key-type sending strip (not 
represented in Figure 5 ) ,  thus storing the two 
digits in a relay combination. This is an arrange
ment of contacts that in quite the same manner 
as the tens and units magnetic counters of the 
local links prepares the application of a potential 
to the selected tens and units circuits (indicated 
by dotted lines in Figure 5 ,  top right) . Im
mediately after the digit keying, ground potential 
is offered to locking relay Z U, thereby asking if 
the call-allotting operation can proceed. If so, 
the Z U relay pulls up and causes the relay 
combination to become effective (in a similar way 
to the case of a local call) . As a result, two select 
magnets of the selecting rods associated with the 
desired subscriber are energized and prepare the 
closing of the respective contact sets by means of 
the trunk-selector bridge. 

The trunk call cannot, however, be connected 
through until one of two relays BA or BF 
(permission to receive outside calls) has come 
into action, which takes place during selecting
rod operation. Trunk-selector-bridge magnet 
A Wl therefore operates under the control of 
contact BA or BF and one contact each of 
answering relay E and locking relay Z U (Figure 
5 ,  top right) . If neither contact BA nor BF is 
closed, the trunk selector bridge cannot operate 
and the operator receives a wrong-connection 
signal. It is particularly noteworthy that the 
described operations only require the operating 
and releasing time of but a few relays so that not 
more than 200 milliseconds elapse from selection 
of the second digit until the moment the called 
subscriber receives the first ring or the operator 
the wrong-connection or busy signal. Thus, the 
call-allotting process no longer depends on the 
lengthy operating time of dial switches, impulse 
keysenders, and step-by-step switches. 

3 .5  C ALLB ACK AND TR ANSFER OF TRUNK C ALLS 

During a trunk call, the internal subscriber 
may originate a callback in the well-known 
manner by pressing his grounding button ; in so 
doing, he actuates a switch ( U in the exchange 
link) and connects his line to a special callback 
circuit that causes the connection of an idle 
local link. It is assumed that in this way the A 
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subscriber has established a callback connection 
to the B subscriber and now wants the trunk call 
to be transferred to the latter. 

To accomplish this, it is necessary to re
produce the selecting-rod combination of the B 
subscriber, that is, to control the appropriate 
selecting rods in the previous manner and to 
reoperate the trunk selector bridge with this 
selecting-rod position. After the A subscriber 
has replaced his handset, the trunk selector 
bridge is therefore caused to restore to normal 
and the exchange-link UM relay is connected to 
the common lockout circuit to find out whether 
the intended transfer can be performed. Unless 
the lockout circuit is engaged otherwise, a UM 
contact of operating UM relay applies negative 
potential to the callback-circuit C wire and causes 
an increased current to flow through the local
link C wire and energize the second winding of 
locking relay S. 

As the previous position of the tens and units 
magnetic counters is still unchanged , it would 
now be possible for the S relay to effect the 
necessary selecting-rod position for the trunk
selector bridge. Such a procedure is, however, 
objectionable since in case of collective numbers, 
there would be no clear relation between dialed 
calling number and the actually reached line. 
For this reason, the B-subscriber marking is 
accomplished by utilizing the final-selector posi
tion itself rather than by using the magnetic
counter positions. 

The adopted procedure may be gathered from 
Figure 6, which shows the final-selector wiring. 
It consists essentially of restoring the magnetic 
counters at the beginning of the transfer opera
tion and sending a signal over the specially 
switched (split) final-selector D wire immediately 
relay S has been energized via the incoming C 
wire. Contrary to other wires, the D wires are 
switched in such a way that the vertical multiples 
are directly connected (hence, not by means of 
the changeover rod).  The left-hand multiple 
D2 is used for transmitting a direct control signal 
to the desired-subscriber's select magnet, whereas 
the right-hand multiple DJ serves to actuate the 
changeover-rod select magnet. In this way, it is 
ensured that desired-subscriber marking is 
always clear and exactly corresponds to the 
previous final-selector position. 

Following select-magnet operation, relay BA 
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or BF is energized (unless the desired subscriber 
is fully restricted) and the circuit of the trunk
selector bridge magnet completed over a contact 
of previously energized locking relay UM and 
closing contact BA or B F  (see Figure 5) .  If 

513/14 
511/12 

A , B, C  

LW 

I� 
14 -+ 

-

02 01 

KS53 

-+ 

Figure 6--Wiring of final selector. 

relay BA or BF fails to operate (because the 
subscriber is fully restricted or because no 
subscriber has been called via the callback 
circuit), the trunk selector bridge is not operated 
again, and the trunk call is automatically ex
tended to the operator, who receives a recall 
signal. 

3.6 COLLECTIVE NUMBERS 

When, on dialing a collective number, the 
associated line is found busy, the control signal 
is passed to the next free line of the same group. 
Let us consider the circuits of a subscriber with 
several lines (14, 10, and 26) ,  all three obtainable 
by the collective number 14 (see Figure 7 ) .  

When selecting calling number 13  or  14, a 
ground potential is furnished via decade terminal 
DJ and number-relay contact NZ, this potential 
being directed via additionally inserted contacts 
U and G to subscriber 1 3  or 14, as the case may 
be. If subscriber 13  is dialed, the connection is 
set up according to the aforementioned pro
cedure. If, however, number 14 is dialed, the G 
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relay (and not the U relay) is energized, and the 

ground potential offered can only be conveyed 
to select magnet S13/ 14 if the intermediate 
cutoff relay contact T14 of line 14 is at normal. 
In the event of line 14 being busy, said cutoff

E 

s 

relay contact passes the offered 
potential to select magnet 
S19/ 10 so that line 10 will be 
connected. If number 10  is 
also busy, the connection will 
be extended to line 26. In this 
way, it is possible to form a 
line group out of any even or 
odd calling numbers. 

3. 7 ATTENDANT'S CABINET 

Handling of calls through 
the attendant's cabinet is ex
c lusively accomplished by 
means of pushbu ttons.  Al l  
switching operations are  
greatly simplified by use of 
magnetic-type pushbuttons 
(Figure 8) .  

This will be obvious when 
considering the process of 

allotting an incoming trunk call to any sub
scriber. In this case, the operator has to !·per
form but two different manipulations : 

A. In response to the trunk calling signal, the 
operator presses the associated magnetic-type 
answering button and is immediately connected 
with the caller. 

01 
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Figure 7-Wiring example for collective numbers 
(line groups). 

29 

www.americanradiohistory.com

www.americanradiohistory.com


B. To complete the desired connection, the 
operator keys the number of the wanted internal 
subscriber on the single-row key strip. 

Immediately after this, the connection is 
established and the magnetic-type answering 
button restores to normal , unless the called 
party is found engaged. 

4. Additional Facilities 

4.1  STORING KEYSENDER AND DESTINATION KEYS 

To facilitate public-exchange calls or internal 
calls over the service line, the operator's dial 
may be replaced by a storing keysender. The 
storing keysender is an arrangement of relays 
and capacitors that is controlled by the same 

digit-key strip used 
for extending outside 
calls to internal sub
scribers ; it is designed 
to store at least 10 
digits and to translate 
them into correspond
ing trains of impulses. 
This is a valuable aid 
to the operator, all the 
more so as it is possible 
to handle other calls 
while the storing key
sender is in action. 

Figure 8-Attendant's cabinet for the crossbar Citomat having 5 trunks, 
50 lines, and 6 local links. 

If desired, the storing 
keysender can be sup
plemented by so-called 
destination keys (rapid 
call) . Such destination 
keys e n a b l e  u p  to 
10-digit calling num
bers that have to be 
selected frequently (as 
the code numbers of 
often-wanted local ex-

In case the called subscriber is busy, the 
answering button remains operated ; now the 
operator may cut in on the busy connection or 
inform the public subscriber and then withdraw 
from the connection. 

In general , shifting from one trunk line to 
another is most simply effected by pressing the 
answering button of the new trunk line (or 
service line, respectively) , which automatically 
resets the previously operated answering button. 

The attendant's cabinet provides space for 
mounting a busy-lamp panel that displays the 
subscriber's busy state and thus facilitates 
traffic handling for the operator. Such a busy
lamp panel may at the same time be used for 
identifying subscribers · in the case of toll-rate 
indication. 
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changes i n  the toll  
dialing area or other calling numbers) to be se
lected by pressing but a single pushbutton. If ,  
for example, the destination key serves to select 
a local-exchange code number of the nationwide 
dialing system, the operator may key the local 
subscriber number immediately after pressing 
the destination key and the storing keysender 
will emit the registered impulse trains in correct 
sequence. On the attendant's cabinet (Figure 8) , 
the destination keys take the place of the dial , 
which can be dispensed with if the storing key
sender is mounted. 

4.2 TOLL RATE INDICATION 

Facilities for toll rate indication can be fur
nished as an addition to the exchange links and 
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serve the purpose of assessing automatic-toll
call fees. They provide at the same time for 
prevention of automatic toll calls attempted by 
subscribers who are denied toll-area access. 

When a subscriber with full toll dialing 
facilities originates an automatic toll call, relay 
BF is energized, as already shown, and in turn 
operates relay F in the engaged exchange link. 
See Figure 9. In a similar way, relay F may be 
energized by the operator, after allotting a 
trunk line, to enable a nonrestricted subscriber 
to set up automatic toll calls. 

With automatic toll calls, the first metering 
pulse is received at the beginning of the con-

the toll call is permitted, the current pulses re

ceived during conversation control meter ZA 
and relay AZ operates. Relay AZ completes the 
circuit of the toll supervisory lamp FU that 
lights and warns the operator that a toll call is in 
progress. At the end of the call, relay M operates 
-disconnecting any other M relay-and con
nects the toll supervisory lamp and the busy lamp 
of the speaking subscriber to the flicker line. 

Now the operator can read the meter indica
tion marked by the flashing lamp FU and 
determine the subscriber's number by means of 
the flickering busy lamp, both lamps being 
afterwards cancelled by button"'FT. 

E X CHANGE 
L I N K  

SU BSCR I BER'S 
SET 

R 

FL �jl 

L _ __ _ _ _  _l 

Mctk AZc:J 
: ! 

AZ j AZ � j l  

FT� 

z ZA� 
* 
F 

Iz �jl 

Figure 9-Toll-rate-indication circuits (addition to exchange link). 

versation and conveyed to the exchange link in 
the form of a 16-kilocycle-per-second current 
pulse. This pulse operates the highly sensitive 
JZ relay. In the event of a metering pulse 
received with an originating toll call attempted 
by a subscriber who is not entitled to it (F relay 
not operated) , disconnect relay Z is energized 
and the connection cleared down. Otherwise, if 
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4.3 CALLED-NUMBER-BARRING FACILITY (RE
STRICTED OUTGOING SERVICE) 

In some cases, it may be desirable to�have 
suitable facilities whereby particular public
network numbers can be automatically barred 
to outgoing calls. Such facilities may be pro
vided instead of, or in addition to, the above-
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described toll-rate indicating device that also 
prevents setting up of automatic toll calls by 
unauthorized subscribers. 

Since normally such called-number-barring 
facilities involve a considerable amount of equip
ment, it is necessary to utilize them as eco
nomically as possible, which was obtained by 
providing a restricted number of such devices 
and allotting them as necessary, rather than 
giving each exchange link a barring device of its 
own. This method is acceptable, as temporary 
connection of the devices to the exchange links is 
accomplished by relays, that is, practically 
without delay and since the called-number
barring devices are no longer equipped with 
rotary switches, but with magnetic counters that 
are less subject to wear. 

The connecting meth
od is schematically 
shown in Figure 1 0 .  
Associated with the 5 
exchange links of the 
crossbar 5-trunk, 50-
line, 6-link exchange 
are two called-number
barring devices that are 
sufficient to supervise 
the en  tire outgoing 
traffic. 

Fl 

barring circuit causes the engaged exchange link 
SP relay to operate and break the trunk loop. 
After this, the barring facility is again free to 
serve another trunk call. 

If a subscriber starts dialing when all barring 
facilities are busy, he automatically energizes a 
locking relay. Should he seize a barring device 
without subsequent dialing, the connection will 
be released after some time through SP-relay 
operation. 

4.4 Tm-LINE CALLS 
In addition to the well-known possibilities 

afforded by tie lines, facilities were created for 
the revertive release of incoming interswitch
board connections, which is generally not possible 
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Immediately after an 
exchange link has been 
taken into use, the 
called-number-barring 
circuit is connected to 
this exchange link, un
less the cal l ing sub
scriber is entitled to 
toll cal ls ,  which is 
marked by relay F 
operating.  When the 
barring facility is con
n ected , the  speech 
circuit is extended 
through to the public 
exchange whence the 
caller receives dial tone. 
The dial pulses follow
ing are picked up and 
checke.d by the barring 
circuit .  I f  a barred 
number is dialed, the 
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Figure 10-Connection circuit for called-number-barring facility. 
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1n private branch systems providing exchange

link starting from the subscriber line circuits. 
This feature has been introduced to prevent 
tie lines from remaining engaged an unduly long 
time. 

The problem consists of effecting revertive 
release of the tie line if the called subscriber is 
found busy or if he finishes the call. Revertive 

L I N E  
F I N DER 

--.-
A 

way telephone set and a signal lamp on the 
attendant's cabinet. 

By pressing a nonlocking button associated 
with the particular priority line, the operator 
is enabled to answer such calls at any time and 
during any other switching manipulation. After 
release of this button, she may proceed with the 
interrupted manipulation. 
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Figure 1 1-Revertive release of local connecting link via D wire of�line)inder. 

release is, however, only possible if the local link 
has been engaged by an incoming tie-line call. 

Figure 1 1  shows the required switching opera
tions in simplified form. From the tie-line re
peater, a negative potential is sent via the D wire 
of the line finder to the local link. As a result, 
differential relay X is energized if, after operation 
of the final selector, test relay P fails to operate 
or if the latter is de-energized by the called sub
scriber replacing his handset. The X relay breaks 
the loop, thus causing release of the local link 
and, in turn, the incoming tie-line repeater as 
well as the repeater of the distant switchboard. 
The calling subscriber receives busy signal from 
his own switchboard. 

4.5 PRIORITY SERVICE 

A limited number of subscribers can be 
equipped for direct key calling to the operator. 
For this purpose they are given a special two-
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4.6 CUTTING IN oN Busy LINES 

Cutting in on busy lines requires an additional 
pushbutton on the subscriber's set. By pressing 
this button, any busy subscriber's line may be 
entered, which condition is communicated to 
the busy parties by a superimposed ticking tone. 
The cutting-in feature is most important when 
during a toll connection the branch-exchange 
subscriber wants to place an internal call (call
back) and finds the called local line busy. In 
this case, it is possible for the calling sub
scriber to enter the dialed line via the ex
change and the local connecting link used for 
the callback. 

If the subscriber whose line has thus been 
entered restores his handset, he immediately re
ceives a new calling signal and is, on removing 
the handset again, connected with the cutting-in 
subscriber. 

33 

www.americanradiohistory.com

www.americanradiohistory.com


4 . 7  CODE NUMBERS AND SINGLE-DIGIT DIALING 

Code numbers are quite generally used for 
starting an exchange link in case of a callback 
to another public subscriber. The code number 
performs in this case the function of the ground
ing button that cannot be used on an engaged 
exchange link for technical reasons. I t  should, 
however, be noted that in both cases the obtained 
effect is quite the same. 

Code numbers are further employed for 
originating outgoing trunk calls if it is essential 
to seize a particular trunk line, the number of 
which has to be communicated to the toll operator 
at night. In this case, a specific switching signal 
is sent via the local link to 
the starting circuits that en
sure that the calling subscrib
er will be connected to the 
desired trunk line. In the same 
manner, it is possible to se
lect particular trunk lines 
connecting with main ex
changes in different places. 

Usually, such code num
bers comprise two digits but 
by the provision of suitable 
additions in the local links, 
it is possible to use single
digi t code numbers .  The 
same applies to calls over 
tie-line, service-line, paging 
(staff-locating) facilities, et 
cetera, the use of single-digit 
numbers being conditional 
on the availability of a suf
ficient  number of first  
digits within the numbering 
scheme. 

5. Adrriissible Voltage 
Variation 

considerable mass of the selector gears must be 
moved quickly enough to follow these impulses. 
The upper operating-voltage limit is set by the 
necessity of arc suppression, which in view of the 
rather high currents appears to be very difficult. 

In practical service, especially of private 
branch exchanges, there is always the danger of 
inadmissible voltage variation resulting from 
either wide mains-voltage fluctuations or from 
faulty manipulations of the incorporated trickle 
charger, both giving rise to functional troubles. 

The wider voltage tolerances in crossbar sys
tems therefore mean increased reliability in 
service. 

In the crossbar system, 
the switching components 
are less affected by operat
ing-voltage variations than 

Figure 1 2-Crossbar Citomat with 5 trunks, 50 lines, and 6 local links 
in wall-mounting floor-type cabinet. 

they are in mechanically driven step-by-step 
systems. 

In step-by-step systems, there is a definite 
lower limit to voltage variation since with very
rapid succession of dial impulses, the rather 

6. Accorrirriodation 

The crossbar Citomat is accommodated in a 
floor-type metal cabinet intended for wall mount
ing (Figure 12 ) .  The crossbar switch and the 
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relay strips are mounted on two hinged frames 
that can easily be swung open to facilitate in
spection and maintenance. Within the cabinet, 
at the rear, are mounted the main and cross
connecting distribution frame, the main and 
secondary fuses, the locking keys, as well as the 
trickle charger including switch panel. 

Concentration of all components in a common 
cabinet permits space-saving installation of the 
Citomat exchange even in business rooms and 
offices. As the operating noises are minimized due 
to the type of switching components used, there 
will be no annoyance to persons working in the 
same room. 

7. Crossbar Private Exchanges of Higher 
Capacity 

7 . 1  CROSSBAR CITOMAT, 10  TRUNKS, 100 LINES, 
1 2  LINKS 

Although the operating principles outlined in 
the foregoing primarily refer to the smaller 

Citomat, they may-with slight modifications
also be applied to similar Citomats of higher 
capacity. The essential difference lies merely in 
the method of interior trunking and grouping 
of the elements. 

The Citomat having 10 trunk lines, 100 sub
scriber's lines, and 12 internal links provides 
capacity for twice as many subscribers and 
local connecting links as the Citomat described 
earlier, requiring four times as many crossbar 
switches. 

The required grouping method is shown 
schematically in Figure 13.  To obtain 100-outlet 
( 1 12-outlet) selectors, two SO-outlet (56-outlet) 
crossbar bridges each are connected in parallel. 
The switching elements are accommodated in 
two cabinets ; an A and a B cabinet. The A 
switchboard practically equals that of the type 
shown in Figure 1 2  except that for the type 10-
100-12 ,  an additional crossbar switch A' is 
mounted. The B switchboard largely resembles 
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I l I I I I 
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LW AS AW 
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Figure 13-Basic layout of crossbar Citomat with 10 trunks, 100 lines, and 12 local links. 

March 1957 • ELECTRICAL COMMUNICATION 

-. 

I 50 S U B - 1 

I SCR I BER'S 
SETS 

35 

www.americanradiohistory.com

www.americanradiohistory.com


the A switchboard except that common facilities, 
such as signal circuits, et cetera, are not du
plicated. 

It should be noted that each of the cabinets 
caters for only 50 subscribers. The selectors, 
however, are "split up" and have one "arm" in 
either cabinet. 

7 .2  CROSSBAR CITOMAT, 7 TRUNKS, 60 LINES, 
6 LINKS 

Because of its greater capacity, this Citomat is 
accommodated in a somewhat higher cabinet 
than that of the 5-50-6 Citomat, but the con
struction is essentially the same. 

The method of grouping may be gathered from 
Figure 14. I t  will be seen that only two crossbar 
switches are needed if 

GROU P l, AUE 1 • • •  7 
4 S U B -

SCR I B ERS 

I 

I 
G RO U PS 2 LW 

A N D  3, 1 .  . .  6 44 S U B -

On the final-selector and trunk-selector side 
there is, of course, full access for all subscriber 
groups. 

7 .3  CROSSBAR CITOMAT, 8 TRUNKS, 50 LINES, 
6 LINKS 

This Citomat uses the same cabinet as the 
7-60-6 Citomat and also requires two crossbar 
switches the wiring arrangement of which is 
shown in Figure 15 .  

Switch A is  exactly equal to switch A of  the 
5-50-6 Citomat. The remaining three trunk 
selectors that cannot be accommodated on this 
switch are on switch A '. 

There is, however, a new problem in that the 8 
exchange links also require 8 callback lines, 
while the 56-outlet crossbar switch can only 
afford 6 callback circuits, maximum. 

HVW 
1 . • •  6 I 

� 
GROU P 4, 
12  S U B -

SCR I BE RS 

AS AW LW AS AW 
I 2 3 4 1. • •  7 1 .  .. 6 5 6 3 4 1 • • • 7 

an immaterial group 
splitting on the line
finder side is accepted. 
The majority of the 
subscribers (groups 2 
and 3 with a total of 
44 lines) is not affected 
since these are given 
full access to all line 
finders and local links. 
However, group 1 with 
4 subscribers and the 
callback lines can only 
reach line finders l ,  2, 
3,  and 4 and the group 
4 with 1 2  subscribers 
has access only to the 
line finders 5, 6, 3, and 
4. To mitigate the effect 
of this group splitting, 

SCRI B E RS SWITC H  A SW ITC H A' 

an arrangement has 
been introduced that 
causes originating calls 
always to seize those 
line finders that are ac-
cessible to individual 
groups only (A SJ, 2  and 
5, 6, respectively) , while 
line finders 3 and 4 
(common to all groups) 
are only used when all 
others are busy. 
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Figure 14-Basic layout of crossbar Citomat with 7 trunks, 60 lines, and 6 local links. 
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Figure 15-Basic layout of crossbar Citomat with 8 trunks, 50 lines, and 6 local links. 
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To overcome this difficulty, a novel switching 
element, the so-called callback line finder RS 

was introduced. This is an arrangement of relays 
designed to choose and connect a free callback 
circuit, if need arises, and thereby enables the 
necessary 8 callback circuits to be reduced to only 
S circuits. 

8. Equipment Functional Symbols 

AB = Answering button 
AG = Locking relay, external call, even 

number 
AS = Line finder 

A SJ = Magnet of line-finder bridge 
A U  = Locking relay, external call ,  odd 

number 
A UE = Exchange connecting link 

A W  = Trunk selector 
A Wl = Magnet of trunk-selector bridge 

BA = Incoming trunk-call control relay 
B F  = Outgoing trunk-call control relay 

E = Units magnetic counter 
G = Even-number select-magnet relay 

HG = Locking relay, internal call, even 
number 

March 1957 • ELECTRICAL COMMUNICATION 

HU = Locking relay, internal call, odd 
number 

H VW = Local connecting link 
JB = Impulse-limiting relay 

KS53 = Crossbar switch 
L W = Final selector 

L Wl = Magnet of final-selector bridge 
N = Number relay 
P = Test relay 
R = Line relay 

RS = Callback line finder 
S = Local-link locking relay 

SC = Select magnet, even number 
S U  = Select magnet, odd number 

S13/ 1-1- = Line select magnet, numbers 13 and 14 
T = Cutoff relay 

TLN = Private-branch-exchange subscriber 
U = Select-magnet relay, odd number 

UE = Trunk-line repeating coil 
X = Differential relay 
Z = Tens magnetic counter 

JAG = Group relay, external call ,  even 
number 

lA U = Group relay, external call, odd number 
lHG = Group relay, internal call, even 

number 
lHU = Gro 1p relay, internal call, odd number. 
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Automatic 7E Rotary Teleprinter Switching System 

By H. L. VAN LOMMEL 
Dutch Administration of Posts, Telegraph, and Telephones; The Hague, Netherlands 

and P. J. CLEMENS 
Bell Telephone Manufacturing Company; Antwerp, Belgium 

A DISTINCTION can be made in 
telegraph switching between two classes 
of service, that is, the public telegraph 

service and the telex service. The public telegraph 
service involves the collection and delivery to 
and from the general public of messages in 
record form, there being no direct communication 
between the transmitting and receiving parties. 
The telex service provides a direct communica
tion between the clients similar to that given by 
the telephone. 

The telephone service and the public telegraph 
service each have their particular advantages 
but the telex service combines the most-im
portant features of both. 

Due to the number of persons who handle a 
message, the exchange of information between 
two parties via the public telegraph takes much 
longer than it does by telephone. The telephone 
service, however, provides no record of the 
message received and the called station must be 
attended if the message is to be received. 

The telex service, in addition to direct com
munication on a no-delay basis even in the 
international field, permits exchange of messages 
in both directions, gives a printed record of the 
transmitted information to both the calling and 
called parties, and the caller's message will be 
received at the called station even when it is 
unattended. 

There is another very important point that 
arises in favor of the telex system. Because a 
narrow bandwidth of only 1 20 cycles per second 
is required for this kind of telegraphy, the 
channels may be considerably cheaper than those 
used for telephony and consequently lower 
tariffs are applied, especially for international 
traffic. In Europe, the international telex rates 
are half the telephone rates. These cheaper rates 
and the provision of "on demand" service are the 
main reasons for the exceptional growth of the 
European telex traffic. 
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The narrow frequency band, however, im
poses certain limitations on signaling and super
visory methods. The majority of automatic tele
printer switching systems now in operation em
ploys for switching and signaling both the ap
paratus and the techniques used in automatic 
telephone switching, with certain modifications 
rendered necessary by the differences between 
telephone and telegraph circuit requirements. 

Tone signals of the type used in telephony for 
dialing, ringing, and busy signals can obviously 
not be used for telegraphy, but no suitable 
signaling system specially adapted to the 
characteristics of the teleprinter and the require
ments of an eventual global network have been 
substituted. 

Furthermore, insufficient consideration has 
been given to the conditions imposed by the use 
of telegraph regenerative repeaters and modern 
radio links. 

In close cooperation,  the engineering staffs of 
the Dutch Posts, Telegraphs, and Telephones 
Administration1 and the Bell Telephone Manu
facturing Company, have developed a practical 
and economical method of introducing the 
teleprinter into an automatic switching system 
in which the teleprinter keyboard is used for 
controlling the selection. The caller receives a 
supervisory report on the progress of a call in 
the form of a typewritten record. 

The 7E rotary automatic teleprinter switching 
system has been designed with the following 
objectives in mind. 

A. Utilizing the capabilities of teleprinter to the 
fullest extent. 

B. Providing improved methods of selection and 
supervision. 

1 An important part of the research work was done in 
the laboratories of the Dutch Administration under the 
supervision of Professor Doctor R. M. M. Oberman. 
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C. Satisfying the present as well as the future 
requirements of the international telegraph 
network. 

D. Minimizing "lost traffic" 111 establishing 
trunk and international calls. 

E. Combining both public telegraph and telex 
services as well as those for government and 
private users in one system of lines and ex
changes to obtain maximum efficiency of lines 
and switching equipment. 

F. Providing a s�itching system with a low 
maintenance cost. 

The first exchange of this system was installed 
in Amsterdam and officially inaugurated by the 
Netherlands Posts, Telegraphs, and Telephones 
Administration on 15 February 1954. This ex
change was the first of an automatic telegraph 
network in the Netherlands that now consists of 
3 main exchanges in Amsterdam, Rotterdam, and 
The Hague, with a present capacity of 1400, 800, 
and 600 subscriber-station lines, respectively. 

A maximum of 16 subexchanges has been 
foreseen within the network, each of which will 
have a capacity of 100 or more subscriber
station lines. A subexchange of this type will be 
installed to serve a limited area as the traffic in 
such an area exceeds a certain limit. This arrange
ment is more economical than to connect all the 
subscriber stations of this area directly to one of 
the main exchanges. 

Fully automatic switching 
equipment is provided for in
coming in terna ti on al traffic. 
Actually the control of this 
traffic is directed by operators 
in the originating countries, 
but in a number of countries 

26 
24 
22 

� 20 
I-� IS  
:::. 16 
....I 

arrangements will be made to ;;i 14 
handle the incoming interna- � 12  
tional service on a fully auto- � 10  
matic basis not requiring such i5 B 
operators. 

Part of the outgoing interna
tional traffic is handled on a 

:J ....I 
:::. 

6 
4 
2 

semiautomatic basis in which o 1935 

of this switchboard selects directly the telex sub
scriber in the foreign country if that country is 
equipped with an automatic switching system. 

The rapid growth of the telex traffic and the 
fact that approximately 70 percent of the traffic 
originated in the Netherlands was international 
placed before the administration the choice of 
increasing considerably the number of operating 
positions and staff handling this outgoing 
traffic or of providing connections for the 
greater part of this traffic on a fully automatic 
basis by means of which the telex subscriber 
could select directly by keyboard operation the 
desired subscriber station in the foreign country. 
It was considered to be more economical to 
handle this traffic as far as possible by fully 
automatic switching. The telegraph exchanges 
were therefore provided with automatic switch
ing equipment that enables the telex subscribers 
in the Netherlands to select directly telex sub
scribers in Austria, Belgium, Denmark, West 
Germany, Sweden, and Switzerland. The growth 
of the telex traffic in Europe from 1934 to 1954 is 
shown in Figure 1 .  This curve shows the number 
of call minutes per year in millions. 

When automatic switching systems for the 
telex service are installed in France and Great 
Britain, about 95 percent of the international 
telex traffic of the Netherlands will be handled 
on a fully automatic basis. The importance of 
the automatization of this telex service is 
indicated in Figure 2, which shows amounts of 
international telex traffic expressed in thousands 
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1940 1945 1950 1955 the telex subscriber reaches a 
manual switchboard by calling 
a 2-digit number. The operator 

Figure 1-Growth of telex traffic in Europe in millions 
of call minutes per year. 
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of call minutes for some different countries dur
ing January 1955 ; the Netherlands being second 
after Western .Germany. Figure 3 shows how 
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Figure 2-International telex traffic in thousands of call 

minutes during January 1955 for various countries. 
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Figure 3-International telex traffic with 

the Netherlands during January 1955. 

during the same period the international telex 
traffic in the Netherlands was divided among 
different countries. Figure 4 gives a comparison 
between the international telex traffic and the 
international telephone traffic of the Nether
lands. I t  will be seen that during February 1955 
the telex traffic with 7 out of 17  countries ex
ceeded the telephone traffic. Since then, the telex 
traffic to Sweden also surpassed the telephone 
traffic. 

On 9 September 1953, the first intercon
tinental automatic telegraph connection was set 
up via a radio link by an operator in New York. 
This operator selected by teleprinter keyboard a 
subscriber's station connected to the Amsterdam 
telegraph exchange. Since February 1956, auto
matic transit calls have been made by operators 
in New York, over switching equipment in the 
telegraph exchange in Amsterdam, to telex sub
scribers in other countries of Europe. 

1 .  Fundamental Plan 

With the exchanges in Amsterdam, Rotter
dam, and The Hague in service, .the fundamental 
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Figure 4-International telex traffic in the Netherlands 

during February 1955 expressed as a percentage of the 
international telephone traffic. 
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plan of the telegraph network 
of the Netherlands is as shown 
in Figure 5. All subscribers in 
the various districts are at 
present connected directly to 
one of the main exchanges in 
Amsterdam, Rotterdam, or The 
Hague. These exchanges are 
directly interconnected so that 
not more than one interex
change junction is required to 
complete any inland call using 
the regularly assigned route. 

The country is divided into 
19 di stricts for establishing 
tariffs for local and in terlocal 
calls. Later, when subexchanges 
are installed, these exchanges 
will be connected at least to 
both Amsterdam and Rotter
dam for reasons of economy 
and assured service. 

2. Junction Diagram 

Figure 6 shows a simplified 
junction diagram of the Am-
sterdam telegraph exchange. 
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A subscriber connected to this 
exchange can establish a con
nection to any subscriber sta
tion in the country by typing 
a 5-digit number. A line finder 
connects the calling party to a 

@ MA I N  EXCHANGE --- DISTRICT BOU N D AR I ES O SUB EXC H ANGE 

Figure 5-Fundamental plan for the telegraph switching network of the 

Netherlands showing three major exchanges, 16 subexchanges, and boundaries 
of switching districts. 

connecting circuit provided with a telegraph re
peater ; a local register after being connected to 
this connecting circuit controls the selection. 
In the case of a local call, a connection is es
tablished over a 1st, 3rd, and final selector. 

For an outgoing call to another exchange in 
the Netherlands, a connection is established over 
1st and 2nd group selectors to an interexchange 
j unction. 

The local exchange sends the number of the 
called subscriber's station in the form of tele-
printer signals to the incoming register · con
nected to the distant end of the junction. This 
register controls the selection in the distant 
exchange. 
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For international calls or calls to special 
services, the subscriber types a 2-digit number. 
Three levels of the 1st group selectors are 
reserved for fully automatic switching to sub
scribers in other countries, each level giving 
access to 10 countries. A subscriber after typing 
the 2-digit number assigned to the country to 
which the call is being made, will be connected 
to a 2nd group selector for outgoing international 
traffic. This circuit is provided with the necessary 
apparatus for indicating the charges for inter
national calls and will give access to different 
types of international registers. Such an inter
national register adapts itself entirely to the 
switching and supervisory requirements of the 
foreign switching system. 
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Actually, only one type of international 
register is provided as all the countries to which 
fully automatic service is now given or will be 
given in the near future have dial-operated 
systems that respond to the same type of 
register. It is anticipated, however, that in the 
future fully automatic service will be given to 
countries using switching systems having en
tirely different methods of signaling and super
vising. For instance, in France, Italy, and Nor
way, the selection will be controlled by tele
printer signals instead of dialed impulses. For 
the service to such countries, other international 
registers will be required. The 2nd-group
selector circuit is arranged to connect the calling 
party automatically to a suitable register and to 
indicate at the same time the tariff that is to be 
charged. 

The calling subscriber receives a printed 
indication when an international register is 
connected to his line, whereupon he may send 
the number of the required subscriber as given 
in the directory of the foreign country. Hunting 
for a free international junction is only started 
after the complete subscriber's number is 
received by the register. If there are a number of 
junction groups toward the same country, a 
selection among them is made by a 3rd group 
selector under the control of the international 
register ; in that case, the required direction is 
indicated by the subscriber's number. 

The international register now in use receives 
the selecting information from the calling sub
scriber in the form of telegraph signals but 
controls the switches in the foreign countries 
by sending dialed impulses. 

For the traffic to West Germany, there are 
separate groups of j unctions to Hamburg, 
Frankfurt, and Diisseldorf. The junctions to 
Hamburg form the main group and, if all 
j unctions are occupied to Frankfurt or Diissel
dorf, calls will be routed automatically over the 
junctions to Hamburg. 

For indicating the charges for calls, impulses 
are sent from the 2nd group selector circuit to 
the service meter associated with the line circuit 
of the calling subscriber. These impulses are 
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sent at the same time to a meter forming part 
of the international j unction circuit, registering 
the paid occupation time of the traffic passing 
over that j unction. 

One level of the 1st group selectors is reserved 
for calls to the manual international switch
board. A subscriber can reach a position on 
that switchboard by typing a 2-digit number. 
For calls to countries provided with an automatic 
switching system, the operator of such a position 
selects directly the called subscriber's station 
and writes a ticket for the charges of the call. 

3. Classification of Lines 

The system has been developed to function 
as a private-line system and at the same time as 
a public message system. Service may be given 
to a variety of classes of subscribers' stations, 
including public telegraph offices, private telex 
subscribers, governmental services, and a number 
of private networks. The system is designed so 
that subscriber stations of a particular class, 
whether they be connected to the same exchange 
or to different exchanges in the country, can 
intercommunicate with each other but cannot 
become through-connected to subscriber stations 
of other classes. Subscriber stations belonging to 
one class may form an entirely isolated group of 
lines, notwithstanding the fact that the same 
switching equipment and interoffice j unctions 
are used for all classes of lines. Nevertheless, 
it is also possible to permit subscriber stations 
belonging in one group to reach stations in one or 
more other groups. 

Restrictions in switching facilities can be 
applied to any class of lines. Thus, the lines over 
which public telegraph offices receive their inter
office traffic may not be called by private telex 
subscribers, and, conversely, precautions are 
taken to ensure that public telegraph interoffice 
traffic cannot be diverted to private subscribers. 
Lines to public telegraph offices and to private 
telex subscribers are therefore put in different 
classes and, before communication can proceed, 
the class of both the calling and the called tele
printer station is identified to determine whether 
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or not interconnection is permitted. Figure 7 
shows a block diagram of the classification 
circuit, which is common per exchange. After 
the selection has been completed under the 
control of the register, but before the connection 
is established, the register is connected to this 
classification circuit. 

The line finders and selectors are provided 
with a level of arc contacts, which are multipled 
at the side of both the line finders and final 
selectors, for all lines belonging to the same 
class. There are therefore two separate multiples 
for each class, one of the line-finder contacts and 
another of the final-selector contacts, which are 
connected , respectively, to the west and the 

east sides of the discrimination field, if both 
subscriber stations are connected to the same 
exchanges. The line-finder multiple of each class 
is connected via a resistance Rl with all the class 
multiples at the final side. 

Following the connection of the classification 
circuit to the register, a ground potential is ex
tended over the line finder and final selector, 
respectively, to the west and the east side of 
the discrimination field. The midpoint of the 
resistances Rl characterizing each class com
bination is connected to the grid circuit of one 
or more vacuum tubes. The midpoint of the two 
resistances establishing the class of the call 
under control will have a higher positive potential 
than all other corresponding midpoints of 
resistances because ground potential is received 
over two resistances in parallel. The vacuum 
tube or tubes connected to this midpoint be
come conductive, thereby operating a com
bination of the relays A ,  B, and C. The ener
gization of each of these relays imposes certain 
limitations on the operation of the register, for 
instance, to break down connections that are 
not permissible. 

The classification circuit has only a controlling 
function and, if it is out of service, calls will 
proceed in the normal way except that the 
limitations imposed on certain classes of lines 
will not be effective. 

If the calling and called subscriber stations are 
not connected to the same exchange, the circuit 
will operate differently. After the calling station 
is connected to the register and a junction to 
another exchange is selected, the selecting 
information is sent in the form of teleprinter 
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signals to the incoming register in the distant 

exchange. The classification circuit of the local 
exchange determines the class of the calling 
station and this information is sent in the form 
of a single teleprinter signal to the incoming 
register. After the selection in the distant ex
change has been completed, a classification 
circuit is connected to this incoming register. 

The west side of the discrimination field 
receives ground potential from this register 
according to the class of the calling station ; the 
east side receives its potential from the final
selector multiple. The circuit operates thereafter 
as for a local call. 

4. Line Circuits 

The following different types of lines may be 
connected to the system. 

A. Lines connecting local subscriber stations. 
These are 2-wire loop circuits arranged for 
single-current operation. 

B. Lines connecting long-distance subscriber 
stations via voice-frequency multichannel tele
graph systems. These are lines that are not 
operated over 2-wire loop circuits because of the 
distance involved or for economical considera
tions, such as the availability of voice-frequency 
channels. Such telegraph channels use double
current operation with the cord repeater in the 
exchange and require a converter at the distant 
end to connect to the single-current telegraph 
apparatus. 

C. Junctions for interexchange traffic for which 
voice-frequency multichannel telegraph systems 
are always used. They employ double-current 
operation with the exchange circuits. 

In the exchange, neither the subscriber
station line circuits nor the interexchange 
junction circuits are provided with telegraph 
repeaters. The repeaters are incorporated into 
the connecting circuits. 

The subscriber-station line circuits are um
versal circuits that can be arranged to serve 
either for local or long-distance subscriber
station lines, each circuit being provided with 
adjustable resistances for controlling line and 
bias currents. 
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5. Universal Cord Repeater In previous switching methods, the above is 
achieved by providing all lines and j unctions 
with telegraph repeaters. In the 7E system, this 
problem has been solved simply and economically 
by employing universal repeaters in the con
necting circuits, there being fewer connecting 
circuits than lines and junctions. 

The system permits the interconnection of all 
lines or j unctions between which communication 
may be required without the necessity of adjust
ment and with practically no signal distortion 
in the switching circuits. 

LINE 
FINDER 

+ 

TO SUPERVISORY RELAYS 

Figure 8-Universal cord repeater for single-current operation between two-wire loop circuits. 
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Figure 9-Universal cord repeater for two-wire single-current to double-current operation. 

L INE GROUP FINA L 
FINDER SELECTOR SE LECTOR 

--�} - - -0----.0-------

TO 
TELEGRAPH 
CH ANNEL 

l L INE 
CIRCUIT . J. CORD CIRCU IT .I . l L INE j SE LECTORS CIRCUIT 

Figure 10-Universal cord repeater for double-current to double-current operation. 

46 ELECTRICAL COMMUNICATION • March 1957 

www.americanradiohistory.com

www.americanradiohistory.com


The repeater in the connecting circuit auto

matically adapts to both the calling and called 
lines, so that the following types of through
connection may be established. 

A. Local line to local line. 

B. Local line to long-distance line or to inter
exchange j unction. 

C. Long-distance line or interexchange j unction 
to local line. 

D. Long-distance line or interexchange junction 
to long-distance line or interexchange j unction. 

The following advantages are obtained by 
placing the repeaters in the connecting circuits. 

A. Economy in the use of telegraph relays and 
in the concomitant maintenance of them. In the 
Amsterdam exchange a group of 100 lines is 
served by 24 cord repeaters. This is on the basis 
of a traffic of 4.2 equated busy-hour calls per line 
with a loss-call probability factor of P = 0.005. 

B. The considerable reduction in the number of 
telegraph repeaters j ustifies the introduction of a 
number of improvements in this apparatus. 
Low-pass transmission filters have been added 
to prevent interference in telephone circuits. 
Repeaters and line circuits are balanced to pre
vent mutual interference between telegraph cir
cuits. The use of these repeaters permits service 
over local subscriber lines to distances of the 
order of 60 kilometers (37 miles) . 

C. The subscriber-station line circuits are not 
affected by faults in the cord repeaters. 

Figures 8 to 10 show how the universal cord 
repeater is adapted to different types of lines. 

Figure 8 shows a connection between 2-wire 
loop circuits both of which are arranged for 
single-current operation. The resistances Rl, 
R2, and BR form part of the line circuit. The 
resistances Rl and R2 serve to adjust the 
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current in the line loop. The resistance BR serves 
to adapt the repeater by means of the bias circuit 
to the characteristics of the line. 

Figure 9 shows a 2-wire single-current loop 
circuit connected for double-current operation 
to a telegraph channel for a long-distance 
subscriber-station line or an interoffice junction; 

Figure 10 shows a connection between two 
telegraph channels with double-current operation 
between these channels. In this case, there is no 
repetition of signals in the cord repeater, the tele
graph relays serve only for supervisory purposes. 

6. Permutation- Code Signaling 

Selection signals are sent by means of the key
board of the teleprinter instead of a dial as in 
telephony. Keyboard sending has the following 
advantages over the use of a dial. 

A. No dial is required. 

B. The selection information is recorded on the 
teleprinter as transmitted before the selection 
is started. This enables the operator to check the 
transmission of the correct number. It also facili
tates staff supervision in the public service and 
the investigation of claims made by subscribers. 

C. The selecting signals are identical to those 
used for the normal transmission of messages 
and they can, therefore, be sent through any 
type of regenerative repeater or be recorded on 
perforated tape when storage is required as for 
example in the case of teleprinter operation with 
error correction over radio links. 

D. Keyboard sending reduces the holding time 
of junctions and apparatus as the selecting 
signals are sent at teleprinter transmitting speed. 
In telegraph switching, speed in making a con
nection is even of more importance than in tele
phony. The average traffic per subscriber station 
is approximately 4 times as high as in telephony. 
This fact increases considerably the probability 
of finding a called station occupied, with the 
result being that there is a high percentage of 
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ineffective calls. Quicker selection reduces this 
unproductive loading of the network and 
apparatus. 

E. An important international factor is that 
standards for the transmission of teleprinter 
signals are fixed by international conventions. 
Whereas the characteristics of dial sending differ 
from country to country. 

7. Selection 

Selection is based on the use of single-motion 
selectors of the rotary type, the operation of 
which is controlled by applying the principle of 
multipotential comparison. This is accomplished 
by discrimination among 24 different sources of 
450-cycle alternating current divided into 2 
equal groups ; the first being of 1 2  volts and the 
second of 20 volts. The sources of each group 
differ in their phase angles by 30 degrees or 
multiples thereof and each of these sources is 
used to characterize a different group of outlets 
in the group-selector arcs. In the final-selector 
arcs, the individual outlets and the first of a 
decimal group are also characterized by the 
connection of a different alternating-current 
source. Selection speed is increased by using 
selectors having no home position and by the 
elimination of control circuits. 

8. Supervision 

Facilities are incorporated whereby letter code 
groups may be transmitted from the exchange 
to the teleprinter of the calling party to indicate 
certain conditions that may be met while a call 
is being set up. The codes that have been 
selected conform to those adopted by the Comite 
Consultatif International Telegraphique for in
ternational use. They are produced by a code 
sender in the register in the exchange. 

To enable a subscriber to establish and release 
a connection, a control box is provided in addi
tion to the teleprinter. This control box is fitted 
with a start and release button and a pilot lamp. 

A call is originated by depressing the start 
button. This starts the teleprinter motor, a 
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register in the exchange is connected, and its 
serial number is transmitted to the subscriber's 
teleprinter. This information facilitates the 
tracing of trouble in cases of faulty operation. 

A teleprinter may transmit 31 different signal 
combinations but only the 13 required for setting 
up a connection are accepted by the register. 

Following the receipt of the serial number, the 
subscriber sends the selecting signals by de
pressing the FIGURE SHIFT key followed by the 
desired subscriber's number. The actual selection 
is then started by depressing either the key with 
the + or the - sign. 

Any deviation from this procedure will cause 
the register to release the call, thus preventing 
an erroneous selection by the transmission of 
text after the faulty release of an established 
connection. 

For a normal call, the selection process is 
started by depressing the + key. If, however, a 
particular subscriber has the privilege of ob
taining a through connection to any occupied 
subscriber's station, breaking down an existing 
connection if necessary, the - key is depressed 
after sending the called number. If the - key 
is depressed by a nonprivileged subscriber, the 
connection is immediately released. 

When the selection has been completed, the 
answer-back device of the called teleprinter is 
put in operation by an appropriate signal from 
the controlling register. It prints the called 
subscriber's name code on both teleprinters, 
preceded by the time of the day at which the 
call is made, which is sent by the controlling 
register. 

The calling subscriber now has a printed 
record of the serial number of the register, the 
selection information transmitted, the time, and 
the name code of the called subscriber. The 
printing of the latter information ensures the 
caller that the selection has been correct. 

Calling a subscriber's station connected to a 
distant exchange will require the services of not 
only the local register but one or more incoming 
registers in other exchanges. The serial numbers 
of these additional incoming registers will be 
reported to the calling subscriber. This informa-
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tion will indicate whether the call has been 

established over the regularly assigned route or 
some alternative route. 

A subscriber making a fully automatic inter
national call will receive the same register serial 
numbers as for a local or interdistrict call in 
reaching the international register. On being 
connected, that register will send the signals for 
CARRIAGE RETURN and LINE FEED followed by 
its serial number and a question mark. The fact 
that this information is printed on a new line 
and followed by a question mark indicates that 
the subscriber is connected to an international 
register and that the called subscriber's number 
may be sent. 

If the called line cannot be connected, the 
reason will be indicated by the reception at the 
calling station of one of the code groups given 
in Table 1 .  

TABLE 1 
CODE TO IDENTIFY CALLED-LINE CONDITIONS 

Code Condition 

OCC Occupied 

DER Out of order or mains failure 

NP Nonexisting line 
NA Line of a class not permitted to be 

connected 

NC No free selector or j unction available 
for connection 

9. Code Receiver 

The code receiver, which forms part of the 
register circuit, serves to receive and record the 
teleprinter signals that control the selection. It 
has to test each of the 5 code units of such a 
signal for positive or negative potential. Distor
tion introduced by different circuit elements 
may shift the start and end of these code units in 
relation to their theoretical centers in an un
distorted signal. To permit the reception of 
highly distorted signals, it is necessary that this 
test be made exactly at the middle of each code 
unit in relation to the start unit and for the 
shortest possible time. This time is known as 
the striking time. It is not possible to receive a 
signal correctly if such a displacement approaches 
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50 percent of the normal length of a code unit. 
The code receiver consists of 3 parts, a time base, 
distributor, and recorder as shown in Figure 1 1 .  

The time base is a flip-flop square-wave im
pulse generator using two pentodes. On receipt of 
the start unit of a signal, the time base is started. 
Two polarized relays KA and KB connected in 
the anode circuits follow the oscillations. 

The contacts of one of these relays control 
the moments of striking, while the contacts of the 
other control the operation of the distributing 
and recording relays. 

The middle of the first striking interval occurs 
approximately 30 milliseconds after the be
ginning of the start impulse and is followed by 4 
other striking actions exactly 20 milliseconds 
apart. 

In the rest position, VJ is conducting, V2 is 
nonconducting, and the distributing relay KD 
is operated so that contacts KDl ,  KD2, and KD3 
are opened. Following the starting of the time
base by the receive relay KC, this relay is short
circuited by contacts KDl of the distributing 
relay. Each striking time, this short-circuit is 
momentarily removed, during the changeover 
of the contact of relay KA . It is during this time 
that the receiving relay can change contact, 
should there be a reversal of polarity in the line. 
Following each striking time, another distribut
ing relay is operated, connecting another record
ing relay to the mark contact of the receiving 
relay KC, which is operated when the latter 
relay is on its mark contact. A complete signal is 
recorded with the final connection of the 5th 
recording relay. The distributing relay KD is 
then operated to cut off the time base, where
upon the circuit is prepared for further signal 
reception. 

10. Alternative Routing 

The system is arranged to enable the equip
ment to select alternative routes automatically, 
when no circuits are available in the first-choice 
route. Besides providing protection against 
complete interruption of service when all 
circuits on certain routes are out of service, 
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alternative routing contributes greatly to the 
economy of the line plant. Peaks of traffic are 
sporadic and usually do not affect all junction 
groups at the same time. The phase-comparison 
system lends itself remarkably well to a simple 
method of alternative routing. As an example, if 
a group of junctions is marked by phase 2 and 
no free outlet is found, the test limit of the phase 
comparator, which was 30 degrees, is enlarged 
to 60 degrees, whereupon the selector will test on 
j unctions characterized by the presence of any 
of phases 1 ,  2, or 3. 

11. Multiline Hunting Over 

Nonconsecutive Lines 

A plurality of lines connected to the same 
subscriber or office may be connected within a 
hundreds group to the arcs of the final selectors 
in an arbitrary way and need not necessarily be 
connected to consecutive terminals as is the 
usual practice. This feature makes it possible to 
extend such a group by any number of free line 
terminals available in the same 100-line group, 
without requiring the reservation of a corre
sponding number of spare contacts after the last 
terminal of the group, with the consequent un
economic utilization of the final selector. 

In addition to the normal phase marking for 
the selection of individual lines, each multiline 
connected to a particular final group will be 
�haracterized on a separate row of terminals, by 
its own group phase. A maximum of 24 multilines 
may be accommodated per final group. All lines, 
with the exception of the first, will have the 
group phase disconnected when occupied. 

Following the selection of the first line of a 
group in the normal manner, the phase com
parator in the register is next connected to the 
final-selector brush providing access to the special 
group-marking terminals. The register identifies 
the reference phase characterizing this line group. 
This reference phase remains connected to the 
phase comparator and the final selector hunts for 
a free line having this phase as it characterizes 
all the lines in the particular group desired. If all 
lines in the group are busy, the selector will 
return to the first terminal , where the group 
phase is always connected, and will stop on this 
line. If the first line is still busy, the register will 
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inform the calling line by connecting the busy 
signal to it. 

12. Recording Calls for Billing 

The recording of all fully automatic calls for 
billing purposes is done by means of multi
metering ; that is, impulses are sent from a 
common device at regular intervals to a service 
meter forming part of the line equipment of each 
calling subscriber. The frequency with which 
these impulses are sent depends on the estab
lished tariff. For a local call, which has the lowest 
tariff, one impulse is sent every 3 minutes. For 
the same period of time, 15 impulses are trans
mitted for an interdistrict call, 36 for a call to 
Germany, and 102 for a call to Sweden. 

The Dutch telegraph network is divided into 
19 districts ; there is a local tariff for calls 
between subscribers in the same district and an 
interdistrict tariff for calls between subscribers 
in different districts. 

The fact that a connection is made to a sub
scriber in another district than the one in which 
the exchange is located gives no assurance that 
this is an interdistrict call, because all districts 
do not have their own switching centers. Both 
parties may be located in the same district and 
be connected to an exchange in a neighboring 
district. 

To determine whether the calling and the 
called parties are located in the same district, 
the phase comparator in the register is used. 
All lines to subscribers in a certain district have 
the same phase connected to the line circuit. 
Before a connection is completed, the phase 
comparator in the register compares the phases 
connected to the line circuits of the calling and 
called parties. The local tariff is charged only 
if both line circuits have the same phase marking. 

13. Improved Supervisory Control 

The release signal in telegraph switching 
systems is generally given by an impulse of 
sufficiently long duration to be distinguished 
from the impulses normally transmitted by the 
teleprinter. The longest negative impulse re
ceived in teleprinter code may be 127  milli
seconds produced by a negative signal of 1 20 
milli�econds + 7 milliseconds of distortion. By 
makmg the release signal not less than 500 
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milliseconds, this signal may be utilized by a 
delayed-release relay. 

This method, however, has a disadvantage in 
that such a release signal not only operates the 
supervisory control circuit but passes on to the 
teleprinter of the other party, which is thereby 
held in the spacing condition resulting in 
pumping. 

Invariably, a superfluous character is printed 
at the end of the signal. This undesirable be
havior may be overcome by arranging the con
necting circuit to limit the time during which 
this release signal is transmitted to the distant 
teleprinter. 

A further requirement is met in the case of an 
outgoing call. In this instance, the register of the 
local exchange disconnects after the selection 
information has been sent to the distant register. 
On completion of selection, the distant register 
transmits a signal to the local connecting circuit 
indicating that metering is to start. This meter
ing signal also must be distinguished from all 
others in the connecting circuit and a negative 
impulse of 150 milliseconds has been chosen. The 
requirements of the supervisory control in the 
connecting circuit are therefore as follows. 

A. Nonoperation by impulses not exceeding 1 27  
milliseconds. 

B. Splitting of the connecting circuit to the 
other party, to block a signal that continues 
longer than 135 milliseconds. 

C. Initiation of metering by an impulse of 150 
milliseconds. 

D. Release of the connection by an impulse of 
at least 500 milliseconds. 

An electronic circuit has been developed to 
provide these close time limits, which cannot 
be obtained with relays. The armatures of the 
transmission relays in the cord repeater are 
connected via resistance-capacitance circuits to 
the control grids of vacuum tubes. Relays con
nected in the anode circuits of these tubes control 
the metering of the calls and the splitting and 
release of the connection. 

Impulses of less than 130 milliseconds have no 
effect on these relays. After an impulse has 
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continued for 135 milliseconds, the connecting 
circuit will be split to prevent the signal from 
reaching the other party. An impulse lasting 
more than 140 milliseconds will start the meter
ing of the call. An impulse longer than 500 
milliseconds will release the connection. 

14. Overload Provision 

Automatic switching systems designed to 
handle public telegraph service must be capable 
of dealing with peak traffic loads. In the Nether
lands, there are a number of small telegraph 
offices in which the postal and telegraph services 
are combined. In such offices, it must be possible 
to dispatch telegrams without delay, but it is not 
necessary that direct connection be provided 
to the actual office of destination. When a called 
station is busy, the calling' lines are auto
matically switched to reperforators at switching 
centers. The transmitted message is thus stored 
in perforated tape and can be sent forward 
automatically as soon as the called station 
becomes free. 

15. Equipment 

The equipment layout and the apparatus for 
the 7 E telegraph switching system are to a large 
extent similar to those used in the 7 E telephone 
switching system.2'3 

The switches used are of the well-known 
power-driven rotary single-motion type. Models 
having 7 double brushes and 100 sets of outlets 
are employed both as line finders and selectors. 
A two-relay circuit is associated with each group 
selector or final selector. Neither selectors nor 
finders are provided with a home position but 
remain on the terminals to which the previous 
operation took them. This reduces hunting and 
holding time on each call and lessens the wear on 
the switches. 

The system makes use of the U- and Y-type 
relays developed by Bell Telephone Laboratories 
(United States) and other flat-type relays of 
similar construction. Small sensitive polarized 
telegraph relays are employed. For the registra-

2 M. den Hertog and J. Kruithof, "Principles of 7E 
Rotary Telephone Switching System," Electrical Com
munication, volume 33, pages 195-2 19 ; September, 1956. 

3 M. den Hertog and J. Kruithof, "Equipment Practices 
in the 7E Rotary Telephone Switching System," Electrical 
Communication, volume 33, pages 278-307 ; December, 
1956. 
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tion of selection information, a multicode relay 
has been developed. All relays are mounted in 
completely enclosed dustproof units. With the 
exception of those associated with the line 
circuits, these relay units are jack-in, which 

which provide means for j umpering and strap
ping for the following purposes. 

A. To classify a line by connecting it to a 
particular group of the classification circuit. 

ISTGROUP 
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Figure 1 2-Equip
ment unit for 50 
line circuits. 

Figure 13-Equipment unit for 24 connecting 
circuits. 

Figure 14-Equipment 
units for two groups of 24 
final selectors. 

permits mounting, wiring, and testing to be done 
on the workbench. 

The components for 5 subscribers' line circuits 
are mounted together in one apparatus unit, 
each line circuit including 3 flat-type relays and 
2 adjustable resistors. The adjustable resistors 
control the line and bias currents of the tele
graph repeater that forms part of the connecting 
circuit. Before a line is put in service, these 
resistors must be adjusted to compensate for the 
line characteristics. These units are mounted 
permanently as the removal of such a unit 
would take 5 lines out of service. Ten such 
apparatus units are mounted on one bay. 

Figure 1 2  shows the equipment layout of a 
bay with a capacity of 50 line circuits. On the 
top part of the bay are mounted 6 terminal strips, 
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B. To indicate in which district a subscriber's 
station is located by connecting the line circuit 
to a source of alternating current having a 
particular phase angle. 

C. To indicate a line belonging to a private
branch-exchange group by connecting it to a 
phase marking that particular group. 

D. To identify any or all of the following 3 
privileges that may be given to a line m
dividually and independently of its class. 

a. Making a call to a subscriber station not 
belonging to its own line class. 

b. Making international connections. 
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c. Reaching an occupied subscriber station after 
breaking down an existing connection. 

One or more of these privileges can be given to 
a line by making cross-connections at the top of 
the line bay. 

Figure 13 shows the equipment layout of a 
group of connecting circuits consisting of one 
bay with 24 line finders, one bay with 24 first 
group selectors, and 2 bays each with 12 ap
paratus units. Each apparatus unit is equipped 
for one connecting circuit, including a telegraph 
repeater. 

Figure 14 shows the equipment layout of 2 
groups of final selectors, each with 24 circuits. 
This equipment consists of 2 bays mounting 24 
selectors each and one bay accommodating 14 
apparatus units. There are 4 selector circuits in 
each of 12 of the apparatus units and the remain
ing 2 units each contain one starting circuit. 

The line, connecting, and final selector circuits 
for 200 subscriber-station lines are mounted 

Figure 1 5-Part of switch rack mounting circuits 
for 200 subscribers' lines. 

together on one switch rack. This equipment 
includes 200 line circuits, 2 groups of connecting 
circuits including the telegraph repeaters and 
starting circuits, and 2 groups of final selectors. 
The interconnecting cables for the 200-line unit 
are located in the base of the switch rack. The 
cabling interconnecting the different rows of 
switch racks runs in an enclosed cable rack on 
the floor of the switch room and interconnecting 
the bases of the switch racks at their extremities. 
Figure 15 shows the major part of such a switch 
rack. Starting from the left are 3 bays of line 
circuits. The 3 bays that follow are equipped 
with 2 groups each of 24 final-selector circuits. A 
group of 24 connecting circuits is mounted on the 
next 4 bays. All equipment, including the line 
finders and selectors, is completely covered , both 
front and rear, to exclude dust. 

Figure 16 shows 6 registers mounted on 3 bays. 
To indicate the arrangement of equipment, the 
covers have been removed from the apparatus 
comprising one register. All apparatus units are 
plug-in. Each register consists of 3 units, the 
2 smaller of which are mounted in the upper part 
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of the bay. One of these is the code sender and 
receiver and the other is the electronic selection 
control. A larger unit mounted on the lower part 
of the bay contains the recording and switching 
relays. 

The test apparatus for checking the operation 
of the code senders and receivers of both registers 
mounted on each bay are on the center panels 
just above the 2 large units. 

Figure 1 7  gives a general view of the Amster
dam telegraph exchange. The switch rack in 
front is equipped with register circuits. 

Figure 16-At right, three bays mounting 6 registers. The 
covers have been removed from one register. 

Figure 1 7-BeJow is a general view of the Amsterdam 
telegraph exchange. 
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Fundamental Circuits of 7E Rotary Telephone 

Switching System 

By MARTINUS DEN HERTOG and JAKOB KRUITHOF 
Bell Telephone Manufacturing Company; Antwerp, Belgium 

PREVIOUS ARTICLES have outlined the 
principles1 and the equipment practices2 
of the 7 E rotary system for machine 

switching of telephone calls. This article will 
treat the fundamental circuits that have been 
developed to provide the switching functions on 
which the system is based. 

1 .  Subscriber's Line Circuit 

The subscriber's line circuit utilizes only static 
equipment, the operating principles of which are 
evident from Figure 1 .  On lifting the handset, 
the subscriber's line circuit between wires A and 
B is closed causing a current to flow from ground 
through Rl , the line loop, R2, R3, battery of 
48 volts, and ground return. R3 being equal to 
Rl and R2 in series and the resistance of the 
subscriber's loop being negligible, conductor C 
assumes a value of - 24 volts. 

This change of potential on conductor C from 
- 48 to - 24 volts is transmitted through the 
miniature metallic rectifier CR2 to a point that 
is common to 50 subscribers' lines and to which a 
call detector is connected. The rectifier prevents 
the - 24 volts at the common point from being 
impressed on all C conductors of the 50 lines in 
the group, all lines not in calling condition being 
held at - 48 volts by the battery connected 
to R3. 

When a 1st line finder starts to hunt for a 
calling line, its C brush is connected via the B 
brush of a 2nd line finder, through the cord 
circuit, via brush A of the cord chooser, to a 
static circuit at the register, the operation of 
which is similar to that of the call detector. This 
circuit is arranged to respond to - 24 volts, 

1 M. den Hertog and ] . Kruithof, "Principles of 7E 
Rotary Telephone Switching System," Electrical Com
munication, volume 33, pages 195-2 19 ; September, 1956. 

2 M. den Hertog and J .  Kruithof, "Equipment Practices 
in the 7E Rotary Telephone Switching System," Electrical 
Communication, volume 33, pages 278-307 ; December, 
1956. 
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which causes relay FTR to operate. When hunt
ing starts, contacts FTl complete a circuit from 
ground via brush B of the cord chooser, brush C 
of the 2nd line finder, the clutch magnet of the 
1st line finder, battery, and ground return. 
Operation of the clutch magnet causes the 
brushes of the 1st line finder to wipe over the line 
terminals until the C brush is connected to the C 
conductor of the calling line. The - 24 volts 
on the C conductor connected through the 
register circuit causes relay FTR to operate, 
opening contacts FTl that release the clutch 
magnet to stop the sweep of the brushes of the 
1st line finder on the calling-line terminals. 

When the calling line is found, a relay not 
shown in Figure 1 operates and the C contact of 
the 1st line finder is connected to - 48 volts 
through a low resistance and the relay contacts 
that are shown in the figure. The reapplication of 
- 48 volts to the C conductor cancels the calling 
condition of the subscriber's line and the call 
detector ceases to function for this call. 

Simultaneously ,  - 48 volts is connected 
through 5700 ohms from the cord circuit via the 
D brushes of both 1st and 2nd line finders to the 
particular resistance termination that identifies 
the class of line and that also has the effect of 
marking the circuit as being busy. 

Although Rl and R2 remain connected to the 
subscriber's line, their presence may be neglected 
for all practical purposes. Rl is connected to 
ground and R2 is connected through 240 ohms 
to -48 volts. They are in parallel with the wind
ings of the battery-supply and supervisory relays 
in the cord circuit. They have no effect on the 
balance and insert a loss of only 0 .1  decibel in the 
speech circuit. 

If the line is called , the final selector applies the 
same potentials to the C and D conductors as 
does the 1st line finder when the line originates 
a call. The line will be marked as busy when the 
final selector engages it and the closing of the 
subscriber's line circuit on lifting of the handset 
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will not affect the call detector because the C 
conductor will be at substantially - 48 volts. 

The closing of the subscriber's line loop on 
initiating a call immediately marks the line as 
busy to all terminating calls. A terminating call 
will not be connected unless a called line tests 
free and the line loop is open. This prevents 
the occurrence of certain difficulties encountered 
in private branch exchanges provided with 
automatic out-dialing facilities. 

2. Call Detector 

A call detector is normally provided for each 
50 subscribers' lines. Its function is to initiate 
the actions whereby a free cord circuit and 
register are connected to each line as it is placed 
in the calling condition. 

As will be seen in Figure 1 ,  when none of the 
50 lines are in the calling condition, the - 48 
volts at the junction of R2 and R3 holds in the 
nonconducting condition rectifiers CR2, CR3, 
and CR4, preventing the 450-cycle input to 
transformer Tl from reaching T2. On the initia
tion of a call, the voltage at R2-R3 drops to - 24 
volts, which is more positive than the - 35 volts 
at the center of the secondary winding of Tl. 
The 3 rectifiers become conducting and the 450-
cycle output of T2 ignites the gas-filled cold
cathode trigger tube VI and actuates relay AR, 
which starts the line finders hunting for the 
calling line. When the calling line is found, its 
C conductor is connected to - 48 volts through 
a low resistance and rectifiers CR3 and CR4 stop 
conducting, the 450-cycle voltage is removed 
from VI , which is extinguished when the 50-cycle 
voltage in its striking circuit goes through zero. 
This releases relay AR and the call detector is 
ready for the next call. 

This arrangement requires no power in the 
standby condition. The cold-cathode tube oper
ates only while the line finders are searching for 
the calling line so its life is long ; it will be in 
operating condition for only about 15 minutes 
in each 24-hour period. 

3. Phase Comparator 

A simplified form of the phase comparator 
is shown in Figure 2. The register circuit shown 
in part at the left acts to control the position 
of the selector switch. 
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The clutch magnet of the selector switch is 
actuated through contacts WP 1 in the register. 
The contacts over which brush E of the se
lector wipes are connected to 10 phases of a 450-
cycle 6-volt source as indicated in the phasor 
diagram. These connections are not made direct 
to the selector test terminals but are made 
through the individual selectors or junctions in 
the next selection stage to which access is 
provided and will not be completed unless that 
stage is free. Similar arrangements have been 
used with direct-current test voltages in previous 
systems. 

The 10  phases appearing on the selector con
tacts are also impressed from the same source on 
10 contacts in the register, one of which is 
selected by the dialed digit and is connected to 
terminal 3 of the autotransformer Tl. Assuming 
the digit to be 3, the corresponding phase angle 
will be 60 degrees as will be evident from the 
phasor diagram. The application of this phase 
to terminal 3 with the midpoint, terminal 2, be
ing grounded, produces at terminal 1 of Tl a 6-
volt alternating-current potential having a phase 
angle of 240 degrees. There will be 1 2  volts 
between terminals 1 and 3. This 1 2  volts is im
pressed across Rl and winding 4-5 of trans
former T2. As Rl and winding 4-5 are equal in 
impedance, the junction between them S is at 
ground potential. 

Conductor E from the selector will be at 
ground potential when it is on a busy terminal 
or between two adjacent terminals. 

Transformer T2 has a step-up ratio of ap
proximately 30 and the 6 volts across 4-5 
produce about 180 volts across 6-8. The mid
point of the secondary, terminal 7, is connected 
to - 150 volts. If the potential between ter
minals 6 and 8 exceeds its breakdown value of 
approximately 70 volts, VJ will ionize. The 
ionization current is limited by R2 and R3 to 
produce a sustaining potential across the two 
cathodes of about 60 volts. Under these condi
tions, one of the cathodes will be at - 150 
- (60/2) = - 180 volts and the other will be aL 
- 1 50 + (60/2) = - 120 volts with respect to 
the anode. Regardless of the voltage between 
terminals 6 and 8, the tube conductance will 
adjust to stabilize the voltage from cathode to 
cathode to 60 volts. Half of the surplus voltage 
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is absorbed in R2 and half in R3. As the polarity 
of the voltage across 6 and 8 changes, the two 
cathodes alternate between - 180 and - 120 
volts. 

When VJ is ionized, a current flows from the 
- 180-volt cathode via the cathode-anode gap 
and R4 to ground. As the sustaining voltage 
across the cathode-anode gap is approximately 
75 volts, the anode will be maintained at 
- 180 + 75 = - 105 volts. Cl, which is shunted 
across R4, will be charged to this voltage while 
the tube is ionized and will discharge only 
slightly during periods between firings as R4 is 6 
megohms. 

It is evident that VJ acts as a full-wave recti
fier and as a voltage stabilizer. It maintains a 
direct voltage of - 105 volts at its anode as 
long as sufficient 450-cycle voltage is applied to 
its cathodes to cause ionization. The - 105 
volts across Cl is applied to the trigger electrode 
of V2, the cathode of which is connected to - 130 
volts. The 25 volts across the control gap of V2 
will not ignite the tube and relay WP R is not 
actuated, its contacts WP 1 remain closed and 
the selector clutch is energized to drive the 
selector. Thus the selector brush E wipes over 
the terminals and sequentially connects the 
potentials found on each terminal to the com
parator at S. 

If the brush touches terminal 1 of the selector 
and it is free, an alternating voltage of 6 volts 
and zero phase angle will be impressed on point 
S of the comparator via an impedance that is 
low compared to that of Rl or winding 4-5. 
There is now impressed across winding 4-5 of T2 
alternating voltages having phase angles of 0 
and 60 degrees. The resulting voltage is shown 
by the broken lines of the phasor diagram and 
has a value of 6 volts. From this it may be 
concluded that only the phase angle changes in 
T2 ; all other conditions remain unchanged as 
compared with the condition when brush E is 
open. The comparator does not respond and the 
selector brush continues to rotate. 

If the brush now passes to a free outlet of 
group 2, the winding 4-5 of T2 will be connected 
to 30- and 60-degree phase angles. The resulting 
potential is indicated in the phasor diagram by 
the broken line between the 30- and 60-degree 
phase angles. This produces a root-mean-square 
voltage across winding 4-5 of slightly over half 
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the source voltage, or approximately 3 volts. 
This is still adequate to maintain VJ ionized and 
the selector continues to rotate. 

When the selector brush encounters a free out
let of group 3 to which the 60-degree phase is 
connected, equal potentials will be connected 
to terminals 4 and 5 of T2 and no current will 
flow in the winding. This removes the alternating 
voltage from the cathodes of VJ , which then 
assume the - 150 volts connected to terminal 
7 of T2. As the anode is maintained at - 105 
volts by the charge on Cl , the anode-cathode 
voltage is only 45 volts and the ionization is ex
tinguished. Cl discharges through R4, bringing 
the trigger of V2 to ground potential. V2 then 
ionizes, producing a current in its cathode-anode 
gap to actuate relay WPR and open contacts 
WP 1 and stop the selector. 

The circuit components have been chosen to 
permit the brush of the selector to continue 
moving for 7 milliseconds after the E brush 
touches the desired terminal. At a rate of 60 
steps per second, the additional movement 
brings the brush to the approximate center of the 
terminal , ensuring a safe and reliable contact. 

As the phase comparator responds only when 
the reference and test potentials have identical 
characteristics (within certain limits) , the char
acteristic sources may differ in phase, amplitude, 
or frequency, or a combination of these three 
properties. Potential sources differing in two 
such properties, such as phase and amplitude, 
have been used in the 7E system. Some sources 
have equal amplitude and varying phases as in 
the case described and others may have equal 
phases and varying amplitudes. 

3 . 1  OPERATING LIMITS 

From the data given in section 3, the operating 
limits of the phase comparator may be de
termined. 

3.1.1 Undesired Voltage-Phase Characteristic 

The comparator will not respond if the voltage 
across winding 6-8 of T2 is sufficient to ionize VJ 
across the two cathodes. This requires approxi
mately 70 volts. A root-mean-square value of 
49.5 volts produces a peak value of 70 volts. The 
minimum sustaining peak value of 60 volts is 

60 

produced by a root-mean-square value of 42.5 
volts. Ionization at the peaks of such a voltage 
will keep Cl charged and prevent V2 from 
igniting. 

With a voltage step-up of 30 in T2, a root
mean-square voltage of 49.5/30 = 1 .65 will 
ignite VJ . The comparator will not respond 
unless the difference between the reference and 
test voltages is less than 1 .65 root-mean-square 
volts. The minimum voltage difference produced 
under nonoperating conditions occurs when the 
reference and test voltages differ by 30 degrees 
and is equal to 3 . 12  volts. Thus, the limit of 
operation is reached when this minimum non
operating voltage drops to 53 percent of its 
normal value. The limits may be specified in 
several ways as follows. 

A. The phase angle of 30 degrees separating the 
adjacent places producing the minimum non
operating current value must be reduced to 
about 16  degrees before that minimum will cause 
operation. 

B. The normal 6-volt root-mean-square voltage 
must drop to 3.25 volts before a false operation 
occurs when the test and reference voltages are 
within 30 degrees of each other. 

C. The resistance of the lead from the com
parator to the selector can be increased to about 
800 ohms, or slightly less than the impedance 
of the comparator, before failure occurs. The 
presence of contact resistance of this magnitude 
will not be damaging. 

The actual voltage of the multiphase 450-
cycle source is maintained within 10 percent of 
6 volts so that the maximum margin is provided 
for the other two characteristics of the system, 
phase and resistance. 

3.1.2 Desired Voltage-Phase Characteristic 

The maximum difference between the reference 
and test voltages that will still cause the com
parator to respond are root-mean-square values 
of 49.5 volts across terminals 6 and 8 and 1 .65 
volts between 4 and 5. So long as the difference 
between reference and test voltages applied to T2 
is less than 1 .65 volts, the comparator will 
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over the outlets of the next selector on its right, 
connecting the voltage-phase conditions found 
over A4, B2, and conductor B ,  to YA2 in the 
register. 

When a free selector having the required 
voltage-phase characteristic has been found, 
V2 in the comparator ignites and operates WP R 

to stop the rotation of the selector by opening 
WPJ . The transfer of WPJ contacts operates 
relay PCR, which locks in this condition by 
means of PC2 and GS3. This operation also 
opens PCJ to prevent the clutch magnet from 
being energized later through WPJ. The opening 
of contacts PC3 releases relay HPR, which was 
previously actuated when the digit controlling 
the selection was received in the register. I ts 
closing of HPJ completed the circuit of WPR to 
ground. The release of HP R opens HP 1 ,  which 
extinguishes V2, and this releases WP R. PCJ 

having opened, the release of WPR does not 
start selector rotation again. 

Contact PC4 closes, connecting the double-test 
relays D TR and DPR over conductor D, con
tacts A l  in the next selector, 240 ohms, to bat
tery. Relay D TR will operate only if the next 
selector being tested offers the "free" battery 
voltage and in a well-known manner prevents 
simultaneous seizure of a free selector by two 
hunting selectors. 

Closing of D TJ introduces the low resistance 
into the test circuit, definitely engaging the selec
tor chosen and operating relay DPR. The closing 
of DPJ operates GSR via HP2 and WPJ. The 
comparator will now check for the second time to 
insure that the wanted voltage-phase character
istic has been found. GS6 closes to operate HP R 

and the closing of HP 1 grounds the anode of V2 
through WPR, permitting V2 to ionize again. 
If the reference and test voltage-phase character
istics are still the same, the comparator functions 
again. 

Make contact WP 1 has been switched over by 
GS2 to relay OKR, which operates if this second 
comparison test is successful. Relay OKR locks 
to ground via the front contacts of OKJ and 
GS4. The actuated OK2 releases relay HPR, 

which in turn causes release of WP R. Conductor 
A is disconnected from ground by the opening of 
OKJ , permitting relay BR in the group selector 
under consideration to operate in series with AR 
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Figure 3-Selector circuit and selection control. 
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through a ground on the E brush in the preceding 
selector. The operation of BJ in the selector 
under consideration, places ground on conductor 
C via B3 and AS of the next selector. The ground 
on conductor C via GSJ in the register operates 
ZSR. This informs the register that BR has 
been energized. Contacts ZS2 now operate 
Z TR and ZT2 replaces ground on conductor A .  
ZTR locks closed via ZTJ and OK4. 

The grounding of conductor A operates relay 
AR in the next selector, which signals to the 
register by opening contacts A l  to remove 
battery through 240 ohms from the D conductor 
and thus release D TR and DPR. The breaking 
of contacts A S  removes ground from the C 
conductor to release ZSR. Opening of A2 dis
connects the characteristic voltage-phase source 
from the E conductor. 

The release of D TR, DPR, and ZSR in turn 
through their contacts release GSR through DP 1 ,  
OKR through GS4, ZTR through OK4. PCR was 
released during the second comparison when its 
holding circuit was opened by breaking of HPJ 
and GS3. 

The register circuit now assumes the original 
condition at the beginning of the operation just 
described, being connected via four metallic 
conductors to the selector just engaged. Ground, 
via conductor A ,  permits AR in the selector 
under consideration to be energized. By opening 
Z T2 after OKJ makes, ground is maintained 
uninterruptedly on conductor A .  

5 .  Final Selector 

The circuit of the final selector is nearly 
identical to that of the group selector and its 
operation will be described with reference to 
Figure 3. The 100-point final selector performs 
two consecutive selections controlled by the 
dialed tens and units digits. The voltage-phase 
sources controlling the selection are connected 
to the E terminal of each outlet as indicated in 
the center of Figure 3. 

Every tenth E terminal of the 100-outlet 
switch is connected to a 10-volt source having 
phase angles corresponding to the 10 digits with 
phase 10 for 0. The intervening 9 terminals are 
connected to 6-volt characteristic phases. 

The dialed tens selection is made first by 
causing the final selector to hunt for the desired 
first terminal of the decimal group. Having 

found the required tens pos1t1on based on the 
10-volt source, the search continues over the 
next 9 terminals for the desired units outlet 
under control of the 6-volt source. If the units 
figure is zero, that selection is suppressed and 
the brush stays on the tens terminal that 
corresponds to the zero units position. 

For simplicity, only a 10-volt source is em
ployed in the register. Relay Y AR in the register 
controls the operating voltage. Contacts YA J 
select the end of the winding of autotransformer 
Tl for the 10-volt input against ground to 
produce 6 volts across the output windings or the 
tap position to develop 10 volts each side of 
ground. The resistors selected by YA2 and Y A3 
adjust the voltage across the primary of T2 so 
that under both 6- and 10-volt operation, the 
secondary voltages are the same for the control 
of VJ. 

When a tens selection is to be made, Y A R  is 
operated by the register and sets the comparator 
for 10-volt operation and the phase corresponding 
to the dialed digit is connected to Tl. The 
selector rotates and ignores all 6-volt outlets 
regardless of phase. It stops at the terminal 
that has a 10-volt phase that matches that con
nected to Tl. In this case, the register conditions 
differ from those for group-selector operation in 
that the operating ground for AR in the final
selector stage is maintained closed over con
ductor A and prevents BR from being energized. 

The units selection is then made by releasing 
Y AR to produce the 6-volt condition in the 
comparator and connecting the proper phase to 
Tl. The comparator will now respond only to a 
6-volt test source of the required phase, which 
will be found in the next 9 terminals unless the 
digit is zero. In the latter case, the units selection 
is suppressed as the brush has stopped on the 
zero units terminal which is also the tens 
terminal. 

6. Discussion of Selector Circuits 

The following points are significant with 
regard to the operation of the selector circuits 
described in sections 4 and 5.  

A. Each selector utilizes only two relays and 
neither of these requires special adjustments or 
must meet any critical current or timing limits. 
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B. The switching operations are extremely 
simple, one relay, AR, being energized by ground 
being applied to the A conductor and the second 
relay, BR, being actuated by opening this ground 
connection and causing both relays to lock in 
series with each other. The selector circuit is 
released by interrupting this locked ground and 
the circuit is free to handle the next call. 

The selector switch does not return to a 
normal or home position but stays at the ter
minals at which it was last used. This reduces 
holding time of the selector on each call and 
saves appreciably on wear and tear. The switches 
average only 15 terminals of motion per call . 

C. The selectors are controlled on a compulsory
sequence-operation basis. No new operation can 
occur until the preceding function has been 
completed and checked. 

As an example, selection will not be started 
by the register until it has determined that the 
AR relay of the selector to be controlled has 
operated on ground connected via conductor 
A .  Actuation of AR removes ground from con
ductor C and battery from D, which conditions 
are checked by the register. When the ground is 
removed from conductor A by the register to 
cause BR to operate, the reappearance of ground 
on the C conductor from the next selector is 
checked. Only then will ground be reconnected 
to conductor A to operate AR in the next 
selector just engaged. This ensures that ground 
is removed from the A wire just long enough for 
BR to operate, assuring safety of operation in 
minimum time. 

Compulsory-sequence operation is utilized 
throughout the switching system to provide a 
high degree of reliability and complete freedom 
from timing relations. Faults caused by selector 
circuits practically never occur. 

All local group selectors, final selectors, and 
first line finders operate in a similar manner and 
each contains these two relays. Their relays 
are mounted in jack-in units that may be used 
with any of the circuits. As these circuits con
stitute the majority of the exchange equipment, 
the use of simple, uniform, interchangeable units 
leads to great simplification in manufacture , 
installation, and maintenance. 
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7. Test of Calling Line 

As was described in a previous paper,1 the 
originating register controls the hunting of the 
first line finder to locate the calling line. After 
the line finder has stopped on the calling line, 
the register tests to determine the class of line 
and other conditions. 

Figure 1 shows the essential circuits required 
to connect a calling line to a free cord and 
register. As soon as a free first line finder in the 
wanted group has been selected, the register 
takes control of the hunting operation. In  this 
initial condition, a small step-by-step marking 
switch S stands in the normal position N. 

There are five brushes on the step-by-step 
marking switch. Brushes SE and SF are con
nected to a static switching circuit that operates 
if the voltages and their polarities connected to 
SE and SF cause the metallic rectifiers CR5 and 
CR6 to conduct. The terminals contacted by 
these brushes go to the various circuits that are 
to be tested. Conduction of the switch operates 
relay FTR that is connected to brushes SA and 
SB to perform the switching functions dictated 
by the results of the tests. The fifth brush SC 
is concerned with the stepping of the marking 
switch from one position to the next position. 

In the normal position, brush SB of switch S 
connects ground through FTl via conductor B 
of the cord circuit, brush C of the second line 
finder to the clutch magnet of the first line 
finder, starting its rotation. 

The test wiper C of the first line finder con
secutively connects the C conductors of the 
subscribers' lines via brush B of the second line 
finder, brush A of the cord circuit, brush SF 
of the step-by-step switch to the midpoint of the 
secondary winding of T4. Subscribers' lines that 
are in the free condition are at - 48 volts 
through R3. As the center tap of T3 is at - 37 
volts, rectifiers CR4 and CR5 prevent any 
current flow through this circuit. 

The calling line, by bridging conductors A 
and B ,  has reduced the voltage on the C wire to 
- 24 volts, which is more positive than the - 37 
volts on T3 and rectifiers CR5 and CR6 conduct. 
The 450-cycle voltage across the primary of T4 
now appears across the secondary of T3 and 
causes V2 to ionize, actuating FTR. This opens 
contacts FTl and stops the finder switch on the 
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calling line. The make contact of FTJ energizes 
the stepping magnet of S bringing it from 
position N to 1. In this operation, the stepping 
magnet pulses KP R, which extinguishes V2 by 
opening KP2. 

In position 1 of switch S, a check is made that 
ground is on the D conductor of the calling line. 
This is necessary to ensure that the first line 
finder is properly centered on the calling line's 
terminals as the D brush of the line finder is 
narrower than the others. The ground is neces
sary later to detect lines that are in the absentee 
condition. It also is used to prevent two finders 
from seizing the calling line simultaneously. 

Assuming the subscriber's D wire to be 
grounded, this condition will be transmitted via 
brushes D of the first and second line finders, 
brush C of the cord circuit, brush SF of switch S 
in position 1 ,  the secondary of T4, rectifiers CR5 
and CR6, the primary of TJ, brush SE of switch 
S, a resistance of 300 ohms to - 5 volts. This 
current operates the static switch to ionize V2 
and actuate FTR. 

This happens so rapidly that the circuit 
putting ground on relay RR through brush SB in 
position 1 and FTl is opened before RR can 
operate ; FTl then actuates locking relay PSR 
through brush SA in position 1 .  

The current through FTR also passes through 
the 300 ohms between SE brush in position 1 
and - 5 volts, increasing the voltage at SE to 
about - 10 volts, which is impressed on the 
subscriber's D conductor. If another first line 
finder should arrive at this line at the same 
moment, the static switch in the register of the 
newly arrived finder would be prevented from 
operating because the D conductor will be more 
negative than the - 5-volt reference voltage in 
the register before V2 ionizes. 

If two finders should arrive at a calling line 
at exactly the same instant, there would be a 
slight difference in the operating times of the 
two static switches ; one would lead the other 
and prevent it from seizing the line. The differ
ence in operating times of the static switches is 
enhanced by connecting them to the 12 different 
phases of the 450-cycle source used for controlling 
selection. 

The operation of PSR causes it to lock and 
applies - 48 volts to the D conductor of the 
subscriber's line, making it busy to all other 
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calls. This circuit is from - 48 volts, 5700 ohms, 
contacts PS2, brush C of the cord circuit, and 
brushes D of the second and first line finders to 
the subscriber's line conductor D. This busy 
condition is independent of the initial busying 
caused by the firing of V2 in position 1 of 
switch S. In addition, the closing of contacts 
PSl steps the switch S to position 2, extinguish
ing V2 through the momentary operation of 
KPR. 

In position 2 of switch S, a test is made to 
determine if rectifier CRl is in the C conductor 
of the subscriber's line, which indicates it to 
be of the restricted-service class. 

If CRl is not present, the - 24 volts at the 
junction of RZ and RJ is applied to the static 
switch through brush SE of the stepping switch 
S to operate against - 3 volts on brush SF. 
The reference voltage of - 3 being more positive 
the - 24 volts on the C wire, the rectifiers CR5 
and CR6 conduct, V2 ionizes, FTR operates to 
step switch S to position 3, extinguishing V2 
via KPR. 

If CRl is present, it is connected in opposing 
polarity to CR5 and CR6 so the static switch 
will not operate. Instead, RSR will operate 
through FTl and brush SB in position 2. This 
relay locks. Contacts RSl actuate the stepping 
switch to position 3 while locked RSR records 
the restricted class of the connected subscriber's 
line. 

Position 3 of switch S connects the static 
switch through brushes SE and SF as in position 
N. The switch operates immediately confirming 
that the first line finder actually is connected 
to a line in the calling condition. Switch S then 
advances to position 4. 

The absentee condition of the line is deter
mined in position 4. The D wire of a subscriber's  
line in the absentee condition is  grounded. I f  
i t  i s  not in  the absentee condition, there will be  
a resistance between the D conductor and 
ground, the value of resistance being set by the 
class of line as indicated in Figure 4. 

Contacts P S2 (P SR was locked in position 1) 
apply - 48 volts through 5700 ohms to con
ductor D. If wire D is grounded for the absentee 
condition, the battery produces no voltage on 
brush SF in position 4 and the static switch 
operates on the - 5 volts applied to brush SE 
in position 4. This ignites V2 and operates FTR. 
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Locking relay A SR operates through brush SA 
in position 4 and FTJ. 

If not in the absentee condition, the D con
ductor of the subscriber's line will have 1000 
ohms or more, depending on its class, in series 
with the ground. The battery and 5 700 ohms are 
in series with this resistance and for the 1000-ohm 
inserted resistance, produce a negative voltage 
of about - 7 volts on conductor D of the line 
finders. This - 7 volts on brush SF in position 4 
is more negative than the reference - 5 volts 
on brush SE and the static switch does not 
operate. Relay LTR then operates and locks 
through brush SB in position 4 and FTJ. The 
operation of L TR concludes the test of the 
calling line. In the absentee condition, a make 
contact on A SR will also operate L TR to 
conclude the test. 

The operation of L TR does a number of 
things not shown in Figure 1 .  Relays in the cord 
circuit and first line finder place - 48 volts 
through a low resistance on the C conductor of 
the subscriber's line to release the call detector, 
- 48 volts is applied through 5700 ohms to the 
D conductor in the cord circuit to render the 
line busy independently of the register, and the 
subscriber's message register is connected via 
brush E of the first line finder, brush C of the 
second line finder, and brush B of the cord 
chooser to the register. Through equipment not 
shown in Figure 1 ,  the register tests the con
tinuity of this circuit and at the same time tests 
the operation of the relay at the first line finder. 

Switch S remains in position 4 until the called 
line has been selected. 

8. Test of Called Line 

Figure 4 shows the arrangements for deter
mining the class of a called line and the operation 
involved in hunting over lines for private branch 
exchanges. Much of the equipment has already 
been described in part in Figure 3. 

The step-by-step switch S is in position 4, 
where it was on completing the testing of the 
calling line. It is further assumed that the draw
ing represents conditions at the moment after 
the final selector under the control of the 
register has stopped on the subscriber's line 
corresponding to the dialed number. The register 
and the final selector are metallically connected 
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over conductors A ,  B ,  C, and D, passing through 

all intermediary switches, which are not shown in 
the figure. 

8. 1 CALLED LINE FREE 

On completion of the selection of the called 
line, the static switch is connected via brushes 
SE and SF in position 4, respectively, to a 
reference voltage of - 5 and to the D conductor 
of the called subscriber's line. The line being 
free, its D wire is grounded and the static switch 
operates to actuate FTR. Contacts FTJ through 
brush SA operate locking relay PHR. 

As when testing the calling line, the anode 
current of V2 passing through the 300 ohms in 
series with the - 5-volt reference source renders 
the line busy to other calls and precludes its 
seizure by another selector. 

Closing of PHJ contacts places - 48 volts in  
series with 5700 ohms on the D conductor to 
continue it busy regardless of further operation 
of switch S. PH2 actuates the step-by-step 
magnet advancing switch S to position 5 and 
extinguishing V2 through the pulsing of KP R. 

In position 5, the D conductor is tested again, 
but it now has - 48 volts through 5 700 ohms on 
it. The conditions are similar to those of position 
4 when testing the calling line and the static 
switch will operate only if the D wire of the 
subscriber's line is directly grounded, which is 
the absentee condition. 

If the line is not in the absentee condition, 
FTJ through actuated contacts PHJ will 
operate ODR, which locks, and also operates 
DMR through ODJ. ODJ and OD4 connect 
conductors A and B to ground via 2000 ohms 
and to - 48 volts through 500 ohms, respec
tively. DM4 connects conductor B to the static 
switch, which is also connected to a reference 
voltage of - 43 volts through DMS. If now the 
B conductor is negative with respect to - 43 
volts, the static switch will conduct. This condi
tion requires that the subscriber's loop be open 
and this condition exists if the subscriber is not 
making a call. 

If the subscriber was not making a call when 
or shortly before his line was seized by the 
final selector, the static switch will conduct, V2 
will ignite, and FTR will operate. FTJ through 
DMJ will actuate SFR. This indicates that the 
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called line is free and ringing current is applied 
to conductors A and B through contacts SFJ 
and SF2. Although not shown in Figure 4, SFR 
also causes the cord circuit after a short delay 
to apply interrupted ringing current to the 
subscriber's line. This delay serves to maintain 
the pulse of immediate ringing current for a 
suitable time. 

N onoperation of the static switch indicates 
that the selected subscriber's line is busy. FTl 
through DM2 causes SBR to operate and lock. 
This relay causes the cord circuit to apply busy 
tone to the calling line. 

:8.2 CALLED LINE Busy 

8.2.1 Single or Intermediate Private-Branch
Exchange Line 

Assuming the called line to be busy, the 
failure of the static switch to operate in position 4 
of switch S results in the operation of the stepping 
magnet for S through FT 1 and brush SB in 
position 4. 

The circuit conditions in position 5 are 
identical with those of position 4 provided PHR 
has not operated. Consequently, switch S 
steps immediately to position 6. 

In position 6, conductor D is tested to deter
mine if it is a busy single or private-branch
exchange line. As will be seen in the subscriber's 
line circuit of Figure 4, a single line and an 
intermediate private-branch-exchange line are 
identified by having their D wires connected 
to ground through 19 000 ohms. As the busy 
condition has placed - 48 volts through 5700 
ohms on the D conductor, the resulting voltage 
on the D wire is - 37 volts. 

In position 6, the static switch is connected to 
the D conductor anc\ a reference voltage of 
- 1 7  .4 and will operate only if the D wire 
is positive with respect to the reference voltage. 
For the conditions assumed, the static switch 
will not operate. Instead, switch S is stepped to 
position 7 through FTJ and brush SB. 

Identical conditions exist in position 7 as in 
position 6, except that the reference voltage is 
- 34.2.  Once more the static switch fails to 
function and switch S goes to position 8 and a 
reference voltage of - 46. 1 .  This reference 
voltage is more negative than the - 37 volts 
on the D conductor and the static switch 
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conducts, operating FTR. FTl through brush 
SA in position 8 operates and locks SBR. 

Operation of SBR indicates that the line is 
busy and does not require private-branch
exchange hunting (it is not the first private
branch-exchange line) . Through circuits not 
shown in Figure 4, SER causes the cord circuit 
to supply busy tone to the calling line and all 
selectors employed in switching the connection 
to the called line are set free. 

8.2.2 First Private-Branch-Exchange Line 

The first or directory number of a private 
branch exchange is characterized by having its 
D conductor grounded through 4300 ohms. 
When busied from - 48 volts through 5700 
ohms, the resulting voltage is about - 21 volts. 

The static switch will not operate until the 
D-conductor negative voltage is lower than the 
negative reference voltage. This occurs at 
position 7 of switch S and FTl through brush 
SA in position 7 actuates PER, which locks. 
PB6 applies ground from brush SC in position 7 
to the stepping magnet, advancing switch S to 
position 8 and then to position 9. The operation 
of the static switch in position 8 has no effect 
because PER has operated. In stepping to 
position 9, V2 is extinguished by KP2. 

In position 9, the reference voltage is again 
- 1 7.4 and the static switch does not conduct. 
The ground on FTl is applied via brush SB 
in position 9 and actuated PB4 to conductor C 
and the clutch magnet of the final selector to 
initiate hunting for a free line. 

8.2.3 Hunting for Free Private-Branch
Exchange Line 

As previously noted, free lines have their D 
conductors grounded and the final selector 
switch will wipe over the terminals of all lines 
constituting the private-branch-exchange group 
until it finds a free line or arrives at the last line 
in the group. When a free line is met, the static 
switch conducts, FTR operates, and the clutch 
magnet circuit is interrupted to stop the selector 
on the free outlet. The static switch will not 
operate on the busy lines as their D wires are at 
- 37 volts. It will stop on any free intermediate 
or last line of a private-branch-exchange group 
as, being grounded, they are positive with 
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respect to the - 1 7  .4-volt reference value m 
position 9. 

When FTl operates through brush SA in 
position 9, PHR is actuated and locks. This 
advances switch S to position 10 through brush 
SC in position 9. The position-JO contacts for 
brushes SA and SB are now open through the 
operation of PER and its contacts PB3 and 
PBS, so operation of the static switch has no 
effect. Switch S is stepped to position 11 by 
brush SC on contact 10 and closed PH2. 

In position 11,  the static switch is referred 
to - 5 volts through 300 ohms. When testing the 
free grounded D wire on which the selector has 
stopped, the static switch operates and the 
anode current of V2 flowing through the 300 
ohms guards the line against seizure by any 
other selector. FTl through brush SA in position 
11 actuates ODR, which locks, and this actuates 
DMR. Contacts DM4 and DM5 connect the 
static switch to the subscriber's A and B con
ductors and a - 43-volt reference voltage. If  
the loop is  closed by the initiation of  a call by the 
subscriber at this moment, about - 10 volts 
appears at DM4 and the static switch does not 
operate. If the subscriber's loop is open and 
the line is therefore free, the full - 48 volts 
through 500 ohms through SF2 appears at DM4 

and the static switch conducts. Operation of 
FTl energizes SFR and immediate ringing is 
applied to the subscriber's line. 

8.2.4 AU Private-Branch-Exchange Lines Busy 

When the final selector is caused to hunt for 
a free line in a private-branch-exchange group 
in position 9 of switch S, the static switch will 
respond to any negative voltage on the D 
conductor that is positive with respect to - 1 7 .4 
volts. When busy, the voltages on the first and 
intermediate lines of a private-branch-exchange 
group are - 2 1  and - 37,  respectively. The 
last line of the group, being grounded through 
only 1000 ohms, is maintained at - 7.2 volts 
when busy and will actuate the switch. Opera
tions proceed from position 9 as in the previous 
case where it was assumed that the last line was 
free. Switch S steps to positions 10 and 11.  
In position 11,  the static switch tests the D wire 
against - 5 volts and will not operate as the 
test voltage is - 7.2.  Accordingly, FTl through 
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brush SB in position 11 will actuate SBR, 
which will cause busy tone to be sent to the 
calling line. 

8.3 CALLED LINE ABSENTEE 

As explained in section 8 . 1 ,  if a ground exists 
on the D conductor of the called line in position 4 
of switch S, the test is repeated in position 5 
to determine if it is a direct ground indicating 
the absentee class. As the static switch will 
then operate only if it is a direct ground, its 
conduction causes FTl through brush SA in 
position 5 to operate ASR. In a manner not 
shown in Figure 4, ASR causes the register to 
break down the connection to the called line 
and reroutes the call to the absentee operator. 

8.4 CALLED LINE NUMBER CHANGED 

When a number is changed, the line corre
sponding to the discarded number is connected 
to - 48 volts through 10  000 ohms. If such a line 
is selected, the static switch cannot act in 
positions 4 through 9 of switch S and it will 
advance to position 10. 

A - 43-volt reference and the - 48-volt test 
value are applied to the static switch in position 
10 and it conducts. FTl through brush SA in 
position 10 operates CNR, which locks. Al
though not shown in Figure 4, CNR causes the 
register to break down the connections to the 
called line and reroutes the call to the changed
numbers operator. 

8 .5  DEAD LINE 

A dead line has neither ground nor battery on 
the D conductor. When such a line is selected, 
the static switch cannot act on any position 
until switch S reaches position 10. Failure to act 
on position 10 permits FTl through brush SB 
in position 10 to operate DLR. 

As in the previous cases, the details are not 
shown in the figure, but DLR causes the register 
to break down the connections to the called line 
and supply dead-line tone to the calling line. 

9. Design Features 

Certain design criteria were established to 
insure maximum reliability of operation. Pre-
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cautions were taken to prevent abnormal adverse 
conditions from interfering with the performance 
of the system. Some of these design principles are 
listed below. 

A. Relays are designed to have wide operating 
limits. With the exception of a few in the register 
circuit, they may be maintained with only 
mechanical adjustments ; the electrical features 
need not be considered. As a rule, all relays will 
receive at least SO-percent more than the mini
mum operating current under the most adverse 
conditions to which they will be subjected. 

B. No relays are required to operate under 
marginal conditions. 

C. Slow-operating relays have been avoided and 
in only a few cases, such as the relays controlling 
the interdigital times at the register, are slow
releasing relays used. In general, the correct 
performance of the system does not depend on 
the operating or releasing times of relays or 
other apparatus. This stems from the application 
of the principle of compelled-sequence operation. 

D. Twin hemispherical silver contacts are em
ployed for relays with the exception of those 
carrying speech for which twin palladium con
tacts are provided. 

E. The blowing of a fuse takes the circuit out 
of service even if it is only one of several fuses 
in that circuit. 

F. The jacking-out of a relay or group of relays, 
even if they are only part of the circuit and 
other relays are elsewhere, will put the circuit 
out of service. 

G. No part of a circuit that is being broken 
down, such as a selector, register, or j unction, 
can be taken for a new connection until it has 
been completely returned to its normal un
operated condition. 

H. Successive calls from a subscriber's line will 
engage different line-finder, cord, and register 
circuits so that a faulty unit will not prevent the 
subscriber from obtaining service. 
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I. The use of nonhoming switches and homo
geneous grading results in equal distribution of 
traffic over all switch outlets and produces 
uniform wear of the equipment. Consecutive 
calls will not seize the same switch twice in 
succession; which during times of light traffic 
avoids the possibility of noncompletion of a 
call because the first circuit tested is faulty. 

72 

Wear on the switches is reduced as they need 
run over an average of only 15  terminals pe1 
call, reducing maintenance and noise. 

J. All relays are protected by dust-proof covers. 
The cable forms are not exposed to light, which 
can fade the colors and cause deterioration of the 
insulating properties. 
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United States Patents Issued to International Telephone and 
Telegraph System; August - October 1956 

UNITED STATES patents numbering 58 were 
issued between August 1 and October 31 ,  

1956 in  behalf o f  the International System. The 
names of the inventors, subjects of the patents, 
and Patent Office serial numbers are given below. 

R. T. Adams, Federal Telecommunication Labo-
ratories, Phase Comparator, 2 758 278. 

M. Arditi, Federal Telecommunication Labora
tories, Radio-Frequency Propagating Sys
tems, 2 760 163. 

F. D. Barnes, S. F. Plant, and J .  R. Eyre, 
Standard Telephones and Cables (Lon
don) ,  Coaxial Cable Joints, 2 7 58 148. 

A. H. W. Beck, Standard Telephones and Cables 
(London) ,  Electron Discharge Devices, 
2 764 708. 

F. E. Berg, Federal Telecommunication Labora
tories, Subminiature Tube-Socket As
sembly, 2 758 292. 

W. F. Bonner, R. F. Durst, and W. Lewanda, 
Federal Telephone and Radio Company, 
Selenium Rectifier, 2 7 58 266. 

P. C. Borel and M. R. Mauge, Le Materiel 
Telephonique (Paris) , Automatic Tele
phone Exchange, 2 761 902 . 

T. R. Boys and J. E. Martin, British Broadcast
ing Corporation (London) , Slot Aerials, 
2 762 044. 

E. Bradburd, R. Alter, and T. Maxwell, Jr. , 
Federal Telecommunication Laboratories, 
Ultra-High-Frequency Filter, 2 762 017 .  

S. E. Buckley and D .  W .  Owen, Standard Tele
phones and Cables (London) , Ferromag
netic Materials, 2 764 552. 

M. den Hertog, Bell Telephone Manufacturing 
Company (Antwerp) , Electrical Com
munication System, 2 761 903. 

:VI. J. DiToro, Federal Telecommunication Labo
ratories, Narrow-Band Communication 
System, 2 766 325. 

C. 'vV. Earp, Standard Telephones and Cables 
(London) , Radio N avigation System, 
2 762 043. 
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H. F. Engelmann, Federal Telecommunica
tion Laboratories, Microwave Filters, 
2 760 169. 

C. A. Escoffery, Federal Telephone and Radio 
Company, Selenium Rectifiers, 2 758 265. 

W. L. Garfield,  Standard Telephones and Cables 
(London) , Electrical Remote-Control and 
Supervisory Systems, 2 764 754. 

P. C. Gehring and H. C. Schwalm, International 
Telephone and Telegraph Corporation, 
Indicating System for Reading Film, 
2 761 35 1 .  

A .  R .  Geisselsoder, Siiddeutsche Apparatefa
brik (Niirnberg) , Dry-Contact Rectifier, 
2 758 26:l. 

S. Gnadke, C. Lorenz (Stuttgart) ,  Illuminated 
Track-Diagram Board, 2 764 751 .  

F. P .  Gohorel, Compagnie Generale de Construc
tions Telephoniques (Paris) , Telephone 
System, 2 758 157.  

F. P. Gohorel , Compagnie Generale de Construc
tions Telephoniques (Paris) , Automatic 
Telephone System, 2 761 907. 

H. Grayson, Standard Telecommunication Labo
ratories (London) , Electric Frequency 
Dividers, 2 7 58 208. 

H. Grayson, A. E. Brewster, and T. H. Walker, 
Standard Telecommunication Labora
tories (London) , Electric Trigger Circuits, 
2 764 688. 

A. S. Harris, Farnsworth Electronics Company, 
Gain-Control Circuit, 2 768 248. 

J. A. Henderson, Capehart-Farnsworth Com
pany, Television Camera Tube, 2 765 422. 

A. Heyduck, Mix & Genest (Stuttgart) ,  Cir
cuit Arrangement to Send Discriminative 
Switching Marks in Communication Sys
tem, 2 764 714. 

A. Horvath, H. VanElkan, and R. Bresk, Federal 
Telecommunication Laboratories, High
Voltage Switch, 2 760 015.  

H. L. Horwitz and G. L. Hasser, Federal Tele
phone and Radio Company, Revertive 
Call Circuit, 2 765 368. 
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R. W. Hutton, Kellogg Switchboard and Supply 
Company, Crossbar Switch Selector Sys
tem, 2 768 241 . 

B .  B. Jacobsen and L. Lewin, Standard Tele
phones and Cables (London) ,  Arrange
ments for Compensating the Effects of 
Discontinuities in Electromagnetic Wave
guides, 2 758 287. 

A. Kandoian and W. Wanczyk, Federal Tele
communication Laboratories, Switching 
Devices, 2 760 016. 

W. J .  Knuepfer, Kellogg Switchboard and Supply 
Company, Carrying Handle, 2 767 424. 

H. Kramer, Mix & Genest (Stuttgart) , Arrange
ment to Avoid Sparking in Inductive 
Direct-Current Circuits, 2 758 254. 

J. Kruithof, L. J.  Nys, and J. L. Donceel, 
Bell Telephone Manufacturing Company 
(Antwerp) , Automatic Telecommunica
tion System with Absent Subscriber Ser
vice, 2 758 158. 

E. Labin and P. R. Aigrain, Federal Telecom
munication Laboratories, Pulse Communi
cation System, 2 759 998. 

E. J. Leonard, Kellogg Switchboard and Supply 
Company, Crossbar Switch Line-Finder 
System, 2 768 240. 

G. X. Lens, Bell Telephone Manufacturing Com
pany (Antwerp) , Feed Mechanism for 
Letters or Similar Flat Objects, 2 761 680. 

A. Lesti, Federal Telecommunication Labora
tories, Intercommunication Systems, 
2 766 327 

A. M. Levine, Federal Telecommunication Labo
ratories, Generation of Harmonics from 
High-Frequency Components, 2 759 997. 

D. J. LeVine, Federal Telecommunication Labo
tories, Coaxial Phase Shifter, 2 758 285. 

M. Lilienstein, Federal Telephone and Radio 
Company, Magnetoinduction Counter, 
2 765 433. 

J. Lorenz, Mix & Genest (Stuttgart) , Circuit 
Arrangement for Operating and Releasing 
a Control Relay by the Same Switching 
Operation, 2 764 715 .  
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K. A. Matthews and R. A. Hyman, Standard 
Telephones and Cables (London),  Electric 
Rectifiers, 2 7 58 264. 

M. R. Mauge, Le Materiel Telephonique (Paris) , 
Signaling Systems Used for Characteriz
ing Subscriber's Lines in a Telephone Net
work, 2 761 904. 

H. E. S. McLellan and K. W. Blaxhall, Standard 
Telephones and Cables (London),  Polar
ized Electromagnetic Relays, 2 761 929. 

M.  L. Miller, Capehart-Farnsworth Company, 
Electric Control Circuit, 2 766 419. 

R. K. Orthuber, Capehart-Farnsworth Company, 
Electron Discharge Device, 2 766 398. 

B. Parzen, Federal Telecommunication Labora
tories, Frequency Generator, 2 760 074. 

B. Parzen, Federal Telecommunication Labo
ratories, Variable-Frequency Oscillator, 
2 758 207. 

D. S. Ridler, D. A. Weir, and A. D. Odell, 
Standard Telecommunication Labora
tories (London),  Gaseous-Discharge-Tube 
Counting Chain, 2 7 58 250. 

W. Sindzinski, Mix & Genest (Stuttgart) , Device 
for Slowing Down the Speed of Pneu
matic-Tube Dispatch Carriers, 2 761 633. 

T. L. Slater, Capehart-Farnsworth Company, 
Artificial Horizon Indicator, 2 766 401. 

R. M.  Snyder, Capehart-Farnsworth Company, 
Synchronizing Circuit, 2 761 895. 

G. Stavis and J. S. Engel, Federal Telecommuni
cation Laboratories, Antenna Feed Sys
tem, 2 762 045. 

J. Weber, Siiddeutsche Apparatefabrik (Niirn
berg) , Vaporizer for the Evaporation of 
Metals, Especially in High Vacuum, 
2 757 788. 

R. Wille, Kellogg Switchboard and Supply Com
pany, Signaling System for Telephone 
Equipment, 2 764 638. 

E. P. G. Wright and A. D. Odell, Standard Tele
communication Laboratories (London),  
Electric Calculating Circuits, 2 761 621 .  

E. P. G. Wright and J.  Rice, Standard Telecom
munication Laboratories (London),  Ar
rangements for Extracting Information 
from Electrical Storage Circuits, 2 7 64 7 SO. 
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Contributors to This Issue 

P. J.  CLEMENS 

P. J. CLEMENS was born in Utrecht, 

The Netherlands, on May 3, 1 899. 
He entered the service of the Bell 

Telephone Manufacturing Company at 

Antwerp as a student engineer in 1921 .  

After working in equipment engineer

ing and in the manual and automatic 
circuit design departments, he was 

placed in charge of the design and 
development of telegraph switching 
systems in 1936. He is now the chief 
of the telegraph department and re

ports in this issue on the new 7E 
rotary automatic teleprinter switching 

system. 

MARTINUS DEN HERTOG 

MARTINUS DEN HERTOG was born 
in Utrecht, Netherlands, on February 
25th, 1901 and entered the services of 
Bell Telephone Manufacturing Com
pany at Antwerp as a student engineer 
in 1921 in the equipment engineering 
department. He was transferred in 1925 
to the automatic-circuit design depart
ment of which he became the head in 
1933. In this capacity, he has con
tributed to several important projects 
in the field of switching systems, such 
as the rotary automatic toll system, 
the 7 E rotary system described in this 
issue, and the mechanoelectronic sys
tem. Since 1953, he has been chief 
engineer for switching systems. 

. . .. 

KURT KLINKHAMMER 

KURT KLINKHAMMER was born in 
Berlin, Germany, on March 24, 1921 .  
He studied at the Karlsruhe Technical 
University and received his Dip!. Ing. 
degree in 1949. 

In the same year, he joined Mix & 
Genest, Division of Standard Elektrik, 
A. G. He is assistant to the technical 
director of that company and is par
ticularly concerned with development 
of telecommunication systems, espe
cially crossbar switching systems. 

In this issue, he is the coauthor of the 
paper on the crossbar Citomat, de
scribing the first application of the 
crossbar switch to medium-sized pri
vate exchanges in Germany. 
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JAKOB KRUITHOF 

JAKOB KRUITHOF was born in Rot
terdam, Netherlands, on November 6, 
1894. He received the degree of Electro
Technical Engineer from Delft Tech
nical High School in Holland in 1922 
and of Doctor in Applied Sciences from 
Ghent University in Belgium in 1945. 

Dr. Kruithof is Technical Develop
ment Administrator of Bell Telephone 
Manufacturing Company in Antwerp, 
Belgium, and Assistant Technical 
Director of the International Standard 
Electric Corporation. He reports in this 
issue on the new 7E rotary switching 
system. 

H. L. VAN LOMMEL was born in 
Haarlem, The Netherlands, in 1910. 

H. L. VAN LOMMEL 
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ARTHUR MEHLIS 

He received a degree in electrical engi
neering from the Technological Uni
versity at Delft in 1933. 

He joined The Netherlands Postal 
and Telecommunications Services in 
1937. He was appointed chief of the 
telegraph engineering section and in 
1949 head of the central telegraph de
partment. He was responsible for the 
recently completed automatization of 
the public telegraph and telex services 
in The Netherlands, which he describes 
in this issue. 
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Mr. Van Lommel visited the United 
States in 1945 to study American tele
graph systems. He is chairman of the 
9th study group on telegraph trans
mission of the International Consulta
tive Committee on Telegraphy and 
Telephony. 

Mr. Van Lommel is an officer of the 
Order of Orange Nassau of The Nether
lands. 

ARTHUR MEHLIS was born near 
Berlin, Germany, on April 7, 1 898. After 
a period as a precision-mechanic 
apprentice at Siemens & Halske, he 
joined Mix & Genest, Division of Stand
ard Elektrik, A. G., in the capacity of 
a laboratory technician in 1922. 

He worked his way up through the 
various stages of production inspector, 
managerial secretary, chief engineer, 
and plant manager. I n  1950, he was 
elected to the board of directors and is 
now technical director of Mix & 
Genest. In 195 1 ,  he began lecturing on 
exchange engineering at the Technical 
College, Stuttgart. 

Mr. Mehlis is coauthor of the paper 
on the crossbar Citomat private�branch 
exchange. 

MARC VERNE 

MARC VERNE was born on November 
4, 1927, in Saint-Etienne, France. In 
1950, he graduated as an engineer from 

the Ecole Nationale Superieure des 

Telecommunications of Paris. 

On graduation, he joined Compagnie 

Generale de Constructions Telephon

iques, where he has specialized on 

automatic private branch exchanges. 
In this issue, he discusses the introduc

tion of the pentaconta system into 
these equipments. 
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INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 

DOMESTIC DIVISIONS, SUBSIDIARIES, AND A SSOCIATES 
DI VISIONS 

Farnsworth Electronics Company . . . . . Fort Wayne, Jn<l. 
Federal fclec:ommunication Laboratories. . . . Nutley, N. J .  
Federal Telephone and Radio Company . . . . .  Clifton, N. J.  
I ndustrial Products Division . . . . . . . . .  San Fernando, Calif. 
Kellogg Switchboard and Supply Company . . . .  Chicago, UL 

SUBSIDIARIES 
Farnsworth Electronics Company-Pacific Division 

Palo Alto, Calif. 
Federal Caribe, inc. . . . . . . . . . . . . . . .  Santa Isabel, P.R. 
Federal Electric Corporation . . . . . . . . . . . Lodi, N. J. 
lntelex Systems Inc.. . . .  . . . . . . . . . . . .  New York, N. Y. 

Airmatic Systems Corporation. . . . . . . . Fairview, N. J .  
International Standard Electric Corporation 

New York, N. Y. 

International Telecommunication Laboratories, Inc. 
New York, N. Y. 

International Telephone Building Corporation 
New York, N. Y. 

Kellogg Credit Corporation . . . . . . . .  . . . .  Chicago, lll. 
Kuthe Laboratories, lnc . . . . . . . . . . . . . . . . .  Newark, N. J. 
Royal Electric Corporation . . . . . . . . . .  Pawtucket, R. L 

A SSOCIATES 
American Cable & Radio Corporation l58% owned) 

New York, N. Y.  
All America Cables an<l Radio, Inc . .  . . New York, N. Y.  
Commercial Cable Company, The . . . . .  N e w  York, N. Y. 
Mackay Radio and Telegraph Company (Inc.) 

New York, N. Y. 
OVERSEAS RESEARCH, MANUFACTURING, AND SALES. COMPANIES 

(Subsidiaries of I NTERNATIONAL STANDARD ELECTRIC CORPORATION) 

British Commonwealth of Nations 
A USTRALIA.-

Standard Telephones an<l Cables Pty. Limited , . . . .  Sydney 
Austral Standard Cables Pty, Limited (50% owned) 

Melbourne 
Silovac Eleclrkal Products Pty. Limited. . . . . Sydney 

CANADA.-
Standard Telephones & Cables Mfg. Co. ( Canada) ,  Ltd. 

Montreal 
NEW LEALAND-

New Zealand Electric Totalisators Lhnited. . . Wellington 
UNITED KJNGDOM-

Creed and Company, Limited. . . . . . . . . . . . . . .  Croydon 
Standard Telephones and Cables, Limited . . . . . . . . .  London 

Kolster-Brandes Limited . . . . . . . . . . . . . . . . . . . .  , . Sidcup 
Standard Telecommunication Laboratories, Limited 

London 
Europe and the Middle East 

.4USTRIA-
Standar<l Televhon und Tclegraphen A. G., Czcija, Nissl & 

Co. . . . . . . . .  , . . Vienna 
BELGIUM- · 

Bell Telephone Manufacturing Company , . . . . . . Antwerp 
DEN;'vt A RJ<. ..•. 

Standard Electric Aktieselskab . . . . . . .  Covenhagen 
FINLA ND-

Oy Suomen. Standard Electric Ab. .  . . . . . . . . . . . Helsinki 
FRA NCE-

Comp'!g.l}i�. Generale de Constructions Telephoniques . .  Par!s Les fele1mpnmeurs . . , . . . . . . . . . . . . . . . . . . . . . . . . .  Pans 
Laboratoire Central de Telecommunications . . . . . . . . .  Paris 
Le Materiel Telephonique . . . . . . . . . . . . . . . . . . . . . . . . .  Paris 

UERMA.NY·-
C. Lorenz, A.G . . . . . . . . . . . . . . . . . . . .  Stuttgart and Berlin 

Schaub Apparatebau { division ) . . . . . . . . . . . . .  Pforzheim 
S tandard Elektrik A.G . . . . . . . . . . . . . . . . . . . . . . . . . Stuttgart 

Mix & Genest ( division) . . . . . . . . . .  Stuttgart and Berlin 
Standard Central Laboratories ( division) . . . . . .  Stuttgart 
Siiddeutsche Apparatefabrik ( division) . . . . . . . Niimberg 

IRAN-
Stan<lard Elektrizitlits-Gesellschaft Iran A. G . . . • . . .  Teheran 

JTALY-
Fabbrica Apparecchiature per Comunicazioni Elettrkhe 

Standard S.p.A. . . . . . . . . . . . . . . . . . . . . . . . . . .  Milan 
:vETHERLANDS-

Nederlandsche Standard Electric Maatschappij N.V. 
The Hague 

VORWA Y·· · 
Standard Telefon og Kabelfabrik A/S . . . . . . . . . . . . . . .  Oslo 

PORTUGAL-
Standard Electrica., S.A.R.L. . . . . . . . . . . . . . . . . . . . Lisbon 

SPAJN-
Standard Electrica, S.A. . . . . . . . . . .. . . . . . . . . . . . . .  Madrid 

SWEDEN-
Standard Radio & Tclefon AB . . . . . . . . . • . . . . . Stockholm 

SWITZERLAND-
Standard Televhone et Radio S.A. . . . . . . . . . . . . . . . . .  Zurich 

TURKEY-
Standard Electric Turk Ltd. (Sirketi) . . . . . . . . . . . Ankara 

Latin America and the West Indies 
ARGENTINA.-

Capehart Argentina (50% owned) . . . . . . . . . . .  Buenos Aires 
Compaiifa Standard Electric Argentina, S.A.I.C. 

Buenos Aires 
BRAZ/L,..-

Standard Electrica, S.A. . . . . . . . . . . . . . . .  Rio de Janeiro 
CHJLE-

Compaiiia Standard Electric, S.A.C. . . . . . . . . . . . . Santiago 
CUBA.-

International Standard Products Corporation . . . . Havana 
MEXJCO-

Standard Electrica de Mexico, S.A. . . . . . . . Mexico City 
PUERTO RICO-

Standard Electric Corporation of Puerto Rico. . . San Juan 
VENEZUELA-

Standard Telecommunications C.A . . . . . • • • • • • • • • . .  Caracas 

FRANCE-

ASSOCIATE LICENSEES FOR MANUFACTURE AND SALES 

.IAPAN-
Lignes Telegraphiques et Telephoni4ues . . . . . . . . . . .  Paris 

ITALY-
Societa Italiana Reti Telefoniche lnterurbane . . . . . . . .  Milan 

Nippon Electric Company, Limited . . . . . • • • • • • • • • . .  Tokyo 
Sumitomo Electric Industries, Limited . . . . • • • • . . • . . .  Osaka 

SPA lN-
Marconi Espaiiola, S.A. . . . . . . . . • • . . . . . . .  Madrid 

OVERSEAS TELEPHONE AND TELEGRAPH OPERATING COMPANIES 

i1 R<JENTINA-
Compafiia Internacional de Radio . . . Bueno& Aires 
Sociedad An6nima Radio Argentina \subsidiary of 

American Cable & Radio Corporation) . Buenos /I.ires 

BOL1 VL1-
Compafiia Internacional de Radio Boliviana . . . . . . .  La Paz 

BRAZIL-
Companhia Radio Internacional do Brasil . . .  Rio <le Janeiro 
Companhia TelefOnica Nacional . . . . . . . . . .  Rio de Janeiro 

('HlLE-
Compaiifa de Telefonos de Chile . . . . . . . . . .  , . . . . .  Santiago 
Compaiifa Internacional de Radio . . . . • . . . . . • . . . .  Santiago 

CUBA.-
Cuban American Telephone and Telegraph Company 

(50% owned) . . . . .. .. .. . .. .. . . .. .. .. . .. .. Havana 
Cuban Telephone Company . . . . . . . . . . . . . .  Havana 
Radio Corporation of Cuba . . . . . . . . . Havana 

PERU-
Compafila Peruana de Telefonos Umitada . . . . . . . . . .  Lima 

PUERTO RICO-
Porto Rico Telephone Company. . . . . . . . . . . . . . .  San Juan 
Radio Corporation of Porto Rico . . . . . . . . . . . . . . . .  San Juan 

SPAIN-
Compaiiia Radio Aerea Maritima Espanola . . . . . . . .  Madrid 

UNITED KINGDOM-
lnternational Marine Radio Company Limited . . . .  Croydon 
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