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UNITED STATES PATENT OFFICE. 

SALOMON BERDITSCHEWSKY CALLED APOSTOLOFF, OF LONDON, ENGLAND, 
ASSIGNOR TO THE APOSTOLOFF AUTOMATIC TELEPHONE PARENT SYN. 
DICATE, LIMITED, OF SAME PLACE. 

SYSTEM OF TSLEPHONic Exchang E, 

SPECIFICATION forming part of Letters Patent No. 562,064, dated June 18, 1898, 
Application filed March 28, 1896, Serial No. 584,468, (No model.) 

to all whom it may concern: 
3eitknown that, SALOMON BERDITSCHEW 

SKY CALLED APOSTOLOFF, electrical engineer, 
a subject of the Emperor of Russia, residing 

5 at 139 Warwick Street, Eccleston Square, Lon. 
(loan, England, have invented a new and useful 
improved System of Telephonic Exchange, of 
which the following is a full, clear, and exact 
description. 

! O This invention relates to an improved sys 
ten of automatic telephone-exchange where 
by telephonic, communication may be estab 
lished between any two subscribers in connec 
tion with the system without the intervention 

I5 of any attendant at the central station and 
without increasing the number of wires (con 
necting the subscribers with the central sta 
tion) beyond the double wire ordinarily used 
for a metallic circuit. One of the means 

20 which has been proposed to accomplish this 
result comprises as many similar pairs of 
switchboards at the central station as there 
are subscribe's lines in connection with the 
exchange, each of the said pairs of switch 

25 boards corresponding to a different subscriber 
and each switchboard of each pair compris 
ing as many insulated contacts as there are 
subscribers illes to be connected thereto, so 
that each subscriber was represented (in each 

3o of the pairs of switchboards corresponding to 
the other st:bscribers) by a contact specially 
appropriated to him. These contacts were 
proposed to be arranged upon each of the 
switchboards at the points of intersection of 

35 coordinate lines, the contacts which corre 
spond to the same subscriber in all the switch 
boards being consequently connected electric 
ally together by twice as many wires as there 
are subscribel's. Each apparatus also com 

to prised the mechanisms necessary to enable 
each subscriber to put his telephonic line in 
telephonic communication with that of any 
other subscriber through the medium of the 
corresponding contacts and connections. It 

45 would follow, therefore, with such a system 
that if the number of subscribers in connec 
tion with the same exchange were ten thou 
sand the central station would require to be 
provided with ten thousand identically simi 

so lar aparatus, each provided with twice ten 

thousand contacts, the grouping together of 
which, as abovementioned, would involve the 
employment of twice one hundred million 
connections between the contacts-that is to 
say, twice the square of the number of sub- 55 
scribers-so that such a system is obviously 
impracticable by reason of its mere bulk and 
the number of connections to be made where 
the number of subscribers in connection with 
the system approaches in any degree to that 6o 
of the subscribers to existing telephonic sys 
tems in great cities. 
The object of my present invention is to 

enable this giveat number of contacts and 
their connections to be so far diminished as 65 
to be brought within practicable limits. The 
extent of the diminution will be readily appre 
ciated when it is understood that instead of 
employing a number of contacts equal to 
twice the square of the whole number of sub 
scribers I am enabled to attain the same end 
with a number of contacts equal only to three 
times the square root of the same number of 
subscribers, since it will be seen that by the 
present invention each contact represents not 75 
merely one subscriber, but a whole group of, 
say, one hundred subscribers, or more. Con 
sequently the number of wires connecting 
the terminals of the groups in the several 
subscribers' apparatus at the central station 
is equal not to the whole number of subscrib 
ers, but only to three times the square root 
of the number of subscribers. This result is 
attained by a special system of grouping at 
the central station the positive and negative 85 
members of the subscribers' circuits, and 
consequently the apparatus in which they ter 
minate. Each group comprises a number of 
elements equal to the square root of the whole 
number of subscribers, the groups of the same 
sign (--, for example) being respectively con 
nected, each group with its own contact, in a 
row of insulated contacts, while the groups of 
the other sign are respectively connected,each 
to its own contact, in another row of insulated 95 
contacts, so that in each subscriber's appara 
tus at the central station there are two rows 
of insulated contacts each equal in number 
to the square root of the number of subscrib 
ers, the corresponding contacts of all of the Ioo 
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rows agpigspriated to the same sigs being con 
nected together; but the system-gi grouping 
the positive elements differs from that of 
grouping the negative elements in such man 
ner that the coupling together of any one 
contact of the positive row with any one con 
tact of the negative row will complete one 
particular circuit and no other, each possible 
combination between the contacts of the two 
rows therefore corresponding to a different 
subscriber's circuit. This cardinal point of 
the invention will be more readily understood 
by reference to the accompanying drawings, 
wherein- - 
Figure 1 is a diagram illustrating such a . 

system of grouping as one example of the 
many possible combinations of groupings 
which might be adopted to carry the inven 
tion into effect, it being supposed for pur 
poses of explanation that there are sixteen 
subscribers in connection with the exchange. 
The numbers 1, 2, 3, 4, &c., to 16, represent 
as many cells C as there are subscribers' cir cuits entering the central station. 
The signs -- and - indicate the terminal 

points or couples corresponding to the several 
The positive elements of these couples are grouped together in four. 

groups, each group comprising a number 
equal to the W.16-that is to say, four-and 
the said groups being respectively connected 
to the respective metallic contacts at a' aa', 
while the negative elements are grouped also 
in groups of four, which groups are respec 
tively connected to the respective contacts t' 
l° lib', the positive elements being taken in 
consecutive order, while the negative elements 
are taken in such other order of progression 
that the positive elements of a group corre 
spond, respectively, to different negative groups and conversely. 

Figs. 1 and 2 of the drawings are explana tory diagrams. 
A' is a traveling switch movable along the 

row A and connected through a key with one. 
pole of a battery, while B' is another travel 
ing switch movable along the row Band con 
nected with the other pole of the battery. 
Then by placing the switch A on any one of 
the positive contacts (a, for example) and the 
switch B" on any one of the negative contacts 
(b, for example) the circuit will be completed 
only through the couple corresponding to that 
combination of contacts, (No.15 in the exam 
ple illustrated,) and so on for any other com bination of contacts. 
If there were ten thousand subscribers' cir 

cuits, distinguished by consecutive numbers 
1 to 10,000, they would be divided into groups 
of one hundred. Then if the positive ele 
ments (numbered consecutively) be grouped 
together in one hundred groups of one hun 
dred each and each group be connected to its 
corresponding contact, then the negative ele 
ments would be grouped together also in one 
hundred groups of one hundred each, but in 
such manner that the negative elements of 

any one of those groups correspond to as 
many different groups of positive elements 
and conversely. In other words, if the posi 
tive elements, consecutively numbered 1,2,3, 
4, &c., up to 100, be grouped together and con 
nected to the first contact of the positive roW 
of contacts, then the negative elements, num 
bered 1, 101, 201, 301, 401, &c., up to 9,901, 
would be grouped together and connected to 
the first contact of the negative row of con 
tacts. Similarly, if the positive elements, 
consecutively numbered from 101 to 200, be 
grouped together and connected to the second 
contact of the positive row of contacts, then 
the negative elements, numbered 2,102, 202, 
302,402, &c., up to 9,902, would be grouped to 
gether and connected to the second contact of 
the negative row of contacts, and soon, for all 
the other groups of positive and negative ele 
ments. . 
It is to be observed that in the case of a 

subscriber's serial number which is higher 
than 100 the juxtaposition of the figures de 
noting the numbers of the positive and nega 
tive elements thus conjugated forms a figure 
which corresponds to the serial number of the 
subscriber. Thus in the diagram Fig. 2 the 
conjugation of the contacts band a closes 
the circuit through No. 1,512, or, in telephonic 
parlance, “fifteen twelve.’ 

Reference is now to be had to the other 
figures of the accompanying-drawings, which 
illustrate an example of the practical cm 
bodiment of my invention, wherein 

Fig. 3 is an external perspective view, 
partly broken away, of one of the cells at the 
central station, showing the external wires 
connecting the corresponding contacts of dif 
ferent cells. Figs. 4', 4', and 4 represent three 
stations or subscribers. Figs. 4,4', and 4 
represent three of the central-station cells de 
veloped or opened out in the plat to show the 
mechanism and accessories contained therein 
(each segment of the cell being partly broken 
away) an showing the mechanism applied 
to the corresponding transmitters, these six 
views, Figs. 4, 4', 4', 4', 4', and 4, together constituting one general diagram illustrating 
the positions corresponding to the establish 
ment of communication between Figs. 4 and 
4', assuming X to be the subscriber calling 
and Z, the subscriber called, while Fig. 4 
shows the normal position of the mechan 
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ism. Figs. 5, 6, and 7 show detail views of the . 
switch-propeiment mechanism. Figs. 8, 9, 
and 9 show details of the bridge-switch here 
inafter referred to, the looped arrows which 
point to reference-letters indicating the con 
nections of the various parts from which the 
arrows lead, with the parts of the mechanism 
shown in the otherfigures. Figs. 10 to 17 show 
details of the numerator-operating mechan 
ism and of the current-commutating mechan 
isms of the transmitter for bringing about the 
operation of the bridge-switch of the cell. 
Figs. 18 to 21 show details of the indicator 
mechanism and of the mechanism for scrad 
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ing current impulses from the transmitter to 
the corresponding cell at the contral station 
for bringing about the operation of the trav 
eling-switch-propellment mechanisms. Figs. 
22 and 23 show details of the contact-roller of 
one of these switches. 
The same reference letters and numerals 

indicate corresponding parts in all the figures, 
In the practical embodiment of the princi 

ple set forth diagrammatically in Figs. 1 and 
2 each subscriber is represented at the cen 
tral station by the “couple” forming the ter 
minals of his circuit, (the clements of the va 
rious couples being grouped as above de 
scribed,) and also by a set of apparatus com 
prising the two rows of contacts AIB, the 
traveling switches A'B', the mechanisms for 
moving the latter, a third row of contacts, 
A parallel with and opposite to row A, and 
otheir accessories which will be described later 
on. All these apparatus may be contained 
in a pigeon-hole or tubular cell C, made of in 
sulating material, and which may, for con 
venience of mounting the apparatus therein, 
be constructed of four segments hinged to a 
common base so as to open out flat, as shown 
in Figs. 4, 4', and 4, the segments fitting 
together tightly at the joints and the cell be-, 
ing hermetically closed to protect the mech 
anism from dust. 
The construction and arrangement of the 

mechanism will, for convenience, be de 
scribed in the first place with regard to Fig. 4y, 
which shows the parts in their initial posi 
tion, (it being understood that the same de 
scription applies also to all the other cells at 
the central station,) while the description of 
the working will apply more particularly to 
Figs. 4 and 47. 
A is the row of insulated contacts, to which 

are connected the respective groups of posi 
tive elements, and B is the row of insulated 
contacts, to which are connected the respec 
tive groups of negatiye elements of the sev 
eral couples formed by the several subscrib 
ers' circuits. - 

A' is the traveling switch movable along 
the row A, B' the traveling switch movable 
along the row 3, and A* the third row of con 
tacts grouped similarly to row A. Each sub 
scriber's line is in constant communication 
with the corresponding cell, as shown. 
The means whereby the switches A' 13' are 

caused to move along their respective rows of 
contacts AI3 are similar, and the description 
of the mechanism of one-yill be sufficient for 
both; but it is to be understood that the 
whole of the mechanical devices hereinafter 
described are given merely as one example of 
the various means which may be employed 
for producing the requisite movements and 
that the invention is in no way limited there 
to or dependent thereon. This mechanism is 
shown in detail in Figs. 5, (3, and 7, Fig. 5 be 
ing an inside face view of as much of 9ne 
side of the cell as is necessary to show the 
mechanism of the switch A'; Fig. 6, a side 

view, partly in section, of the propelment 
mechanism of the same switch; and Fig. 7 a. 
sectional plan view of the cell, looking up. 
ward, the propelment mechanism of the other 
switch being omitted. 
The traveling switch A' is carried by an 

arm fixed to a nut d, which being prevented 
from turning (by means of a guide-rail d', 
fixed to the side of the cell and straddled by 
a forked arm carrying two friction - rollers 
d) is caused to travel along a screw-spindle 
D, having a fast - pitched screw - thread. 
This screw-spindle is placed parallel to the 
row of contacts A, is journaled to revolve in 
bearings, and receives step-by-step rotary 
motion by means of a propelment mechanism 
consisting of a ratchet-wheel D', fixed on the 
screw-spindle D and engaged by a click d", 
carried by a diskD, loose on spindle D, and 
actuated through a levere in the one direc 
tion by the armature of an electromagnet E 
and in the other direction by the antagonistic 
spring, the pitch of the screw D being such 
that by each advance of the ratchet-wheel to 
the extent of one tooth produced by each in 
pulse in the electromagnet E the switch A 
is moved from one metallic contact to the 
next of the row A. 
In order to provide for a quick return mo 

tion of the traveling switch to its normal po 
sition, the advance motion of the mechanism 
is caused to wind up a coiled spring D, which 
gives the motive power for the return move 
ment. The spring D is contained in a bar 
rel fast with the ratchet-wheel D', the one 
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end of the spring D being connected to the 
barrel and the other end being attached to a 
fixed point, so that as the screw-spindle D is 
turned to the right the spring Dis wound up. 
A detent d, engaging with the ratchet-wheel 
D', retains it after each step in advance, so 
that when the traveling switch. A has been 
moved to a certain position it there remains 
until the quick-return mechanism is allowed 
to come into action. This is effected by means 
of an electromagnet E, whose armature dis 

I o5 

O 

engages the click d and detent d' from the 
ratchet-wheel D', which wheel, being free, re 
volves quickly to the left under the force of 
the wound-up spring D°. The armature of E° 
thus acts through the agency of a second disk 
D', carrying two studs d' d', respectively 
adapted to pass under the click d" and detent 

I I5 

d and so disengage them from the ratchet 
wheel D' when the disk D is pulled to the left 
by the armature of electromagnet Eacting 
through linke. The disk D is retained in 
this position by a lever d, engaging with a 
studd on the disk, which lever remains so 
engaged until the return of the switch-car 
rier d to its initial position, whereupon the 
switch-carrier causes the withdrawal of the 
studs d and allows the clicks d' d' to again 
engage with the ratchet-wheel D'. This is ef 
fected by the switch-carrier distriking against 
a lever d, connected by a link (lwith the le 
wer d, and so disengaging it from the studd 

I 25 
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thereby allowing the disk to be return ed to 
its initial position by another spring. The 
mechanism for operating the switch Bissini 
lar and is mounted on the second side of the 
coll, the only difference being in the constitu 
tion and function of the switches themselves. 
The switch A' is formed by the magnetized 

core of a solelloid placed perpendicular to the 
row of contacts A, and astle atter arear ranged vertically in the cell C the core of the 
solonoid is horizontal. It is guided within the 
solenoid-coil, within which it is free to slide 
to and fro when influenced by currents of dif 
ferent direction passed through the solenoid 
coil for the purpose of causing the switch to. 
be transferred from the contact of row A (to 
which it has been brought by the above-de 
scribed propelment mechanism) to the corre 
sponding contact of the row of contacts A, 
fixed to the third side of the cell C, opposite 
that to which the row of contacts A is fixed. 
The switch IB'is, for the sake of clearness, 

shown in Figs. 4, 4, and 4 as a simple spring 
finger bearing upon the row of insulated con 
tacts J3; but the acting end of the finger is in 
fact a small metal roller l, Figs. 22 and 23, 
capable of making only a half-revolution 
about its journal, the roller having an insul 
lating-segment l'in such relation to a stop l', 
which limits the rotation of the roller, that 
during the advance motion of the switch the 
roller, will turn until its metal portion slides 
on the divisions B, while during its return 
notion it will turn back and bear by its in 
sulating-segment on the divisions over which 
it passes. 
To the fourth side of the cell are fixed, first, 

a polarized relay F, to whose terminals F. 
are connected the two members ac ac' of the 
circuit or line wire of the subscriber to whom 
the particular cell under consideration co 
responds, the function of this relay being to 
distribute to one or other of the electromag 
nets E, E, or E the currents from a local 
battery f3, according to the direction of the 
currents received by the relay from the sub 
scriber's transmitter, and, second, a movable 
bridge-switch G, actuated by the electromag 
net. E", and serving for a number of differ 
ent purposes hereinafter described. 
The relay Fis of ordinary construction, its . 

armature f being pivoted at f" to the one pole 
of a permanent magnet and provided with a 
tongue-switehf, which oscillates between 
the two contacts.ff and serves to thus close 
the circuit of the local battery through the 
coils of one or other of the electromagnets 
E, E, or E. - 
The bridge-switch G, which is shown sep 

arately in plan view in Fig. 8 and in section 
in Fig. 9, comprises, first, a number of di 
visions or contacts g in one with the quad 
rant-shaped body portion G, but separated 
from one another by insulating divisions. 
These divisions are shifted beneath a spring 

nal T. 

i distance of one divisiong to he next at each 
cturrent impulse-passing through the electro 
magnet E, the finger terminating in a metal 
roller'g, (shown in Fig. 9,) having an ins 
lating-segment and capable of limited pta. 
tion in the sanie way as the roller of the switch 
B; second, a n-timber of spring contact-bars 
i'i i, which (by the movement imparted. to the switch by the electromagnet. E) are 

moved over a number of fixed contacts it 
if i i" ii. 1; third, a spring contact-barjj", 
which is similarly movable over fixed con 
tacisjjjj, the last-mentioned contacts be 
ing situated in a different, path to that occu 
pied by the contacts i. to it. This switch G 
may conveniently be movable. abdut a pivot 
and actuated from the armature"of the eleb 
tromagnet E, through a click find ratchet 
'quadrant, or the switch Gmight have a recti 

o 
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85 lineal motion by a clipk, and ratchet-rack. . 
In either case the syitch, Greceives a sudden 
and complete return'nqtion by the action of 
a spring g, which is allowed to come into ac tion when the electronagliet E, energized by 
a current, releases the click (f, which hap 
pens simultaneously with the return motion 
of the traveling switches A'B'. The ratchet 
quadrantis also engaged by a detent f, which 
retains it during each retrograde motion of 
the click g’, the simultaneous release of ty 
and g from the ratchet-quadrant being e? 
fected by a rode, attached to the armature of 
electromagnet E, the head of the rode slid 
ing against a fixed inclined cam-surface e", 
and so lifting the clickg, while the rode, 
which engages by a stud with the tail of the 
detent g, draws said detent out of engage 

Od 

ment. Lastly, there are three terminals R I 
MI, which may be designated the “terminals 
of the normal contacts. The terminal I, is 
the “call’ terminal, the terminal M is the 
“conversation' terminal, while the terminal 
IK serves in common for the completion both 
of the call and conversation circuits. 
The terminal Kis in permanent connection 

with one terminal of the relay F, and conse 
quently with one member of the-subscriber's 
line, the other member of the subscriber's 
line being in permanent connection, through 
the other terminal of the relay, with the termi 

The terminal K is permanently coln 
nected with the normal cóntact Is", on which 
slides the spring-contact k, carried by the 
switch B", which latter is consequently alway's 
in connection with one member of the sub 
scriber's line 
The terminal L is connected through an 

automatic interrupter with the normal con 
tact l, situated at the commencement of the 
row A, the interrupter being so arranged that 
the connection between I and l is severed in 
either of the following events-namely, when 
switch B" has moved at all from its initial 
position, or when switch. A has moved more 
than the distance of one tooth of its ratchet 

contact-finger g to an extent equal to the wheel D' from its initial position. 

O 
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The terminal M is permanently connected 
with the normal contact m, which is the first 
division of the row A. 

All the call terminals I, of all the cells C 
at the central station are connected electric 
aliy with their respective normal contacts 
l, each through an automatic interrupter, as 
above amentioned, and all the normal contacts 
it are made of a length equal to two metallic 
contacts and the intervening insulating di 
vision, so that each normal contact includes 
ii itself the first division of the row A of con 

The normal contactsl of different cells 'are not €onnected together, and consequently 
the first divisions of the rows A are not, con 
lected together. This applies to the first 
iiii dred cells and also to all others. 
All the norniai, contacts of the second 

il:3dred cells are connected each with the 
econd division of the row A of its cell, as 
showi diagrammatically in Fig. 4. All the 
3egord divisions of the rows A of the second 
i; iiii died cells are. connected together by an 
&xternal grouping-wire 2A, whereby the nor 
nai contacts land terminals L of the second 

indirect cells are connected in a group, this 
*Sire.9A, by ever, also connecting together 
the second livisions of the rows Aof all the 
other cells. Similarly all the normal contacts. 

2 of the third hundred cells are eonnected 
each with the third division of the row A of 
its cell, as shown diagrammatically in Fig. 4, 
and all the third divisions of the rows Aof the 
third hundred cells are connected together by an external grouping-wire 3A, whereby 
the normal contacis land terminals of the 
third laundred cells are connected in a group, 
the wire 3A, however, also connecting to 
gether the third divisions of the rows A of all 

go the other cells. Similarly for all the other 
groups of one hundred each, the number of 
geh' groups being preferably limited (for the 
rows A) to ninety-nine groups of one hundred 
each, for a purpose hereinafter mentioned. 
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belongs to the twelfth group, its normal con 
tact l being connected with the twelfth divis 
ion of row A. These rows of divisions. A may 
be designated “cal' divisions. a. 
All tie terminalsk of the first group of one 

hundred cells are connected each with a divis 
ion of the row B of its cell different to those 
divisions to which the other terminalsix of 
that hundred cells are connected in their cells. 
The terminal K of the first cell of each hun 
died cells-that is to say, No.1, No. 101, No. 
2013.e., up to No. 9,901 is connected with the 
first division of the row is of its cell, and all the 
first divisions of the rows B of all the first 
cells of eachialindred cells are connected to 
gether to constitute a group. by the wire 113, 
wherebs: the terminas-K of those particular 
cells are conse lently connected in a group, 

gels of a 

13, however, connecting together 
ision is not only of the cells form 

group, but the first divisions of the 
: the ther groups. - 

this wire 
tie firs; 
ing ta. 

302, &c., up to No. 9,902) is connected with 

connecting together the second divisions not 

It will be seen by the drawings that Fig. 4. 

The terminal Kof the second cell of each 
hundred cells (No. 2, No. 102, No. 202, No. 

7o 
the second division of the row B of its cell, 
and all the second divisions of the rows B of 
all these cells are connected together by the 
wire 2B to form a second group, this wire 2B 

75 
only of the cells forming that group, but also 
the seeond divisions of the cells of all the 
other groups. The terminals K of the other 
cells of each hundred cells are similarly 
grouped and connected with the divisions 8o. 
corresponding to those groups. 

It will, be seen by the drawings that Fig. 4* 
belongs to the group 1B, Fig. 4 belongs to 
the group 2B, and Fig. 4 belongs to the 
group 5B. . . 85 
The conversation terminals M of all the 

cells are connected each with its normal con 
tact im, and this normal contact is connected 
to the contact of the row A, which is oppo 
site to the contact of row A, to which the 
normal contact b of the same cell is connected, 
the grouping of Land Mbeingidentical. Con 
sequently the terminal Mi in Fig. 4 is con 
nected to the second division of the row A, 
the terminal M in Fig. 4y is connected to the 
third division of the row A, and the termi 
nal M in Fig. 4 is connected to the twelfth 
division of row A. The corresponding me 
tallic divisions of all the rows A* of all the 
cells are connected together by wires, such as loo 
2A 3A. A12A. Each row A of conversa 
tion divisions is placed, as above described, 
parai.iel to the “call’ row A, the call and 
conversation divisions (which are identically 
grouped) being, respectively, opposite each to5 
other, so that the solenoid-core of the travel 
ing switch A', before described, may at the 
required moment be transferred quickly from 
any division of the call row A (to which it . 
has been moved by its propelment mechan- I to 
ism) to the corresponding division of the con 
versation row A. It is, however, to be ob 
seiyed that the terminals M,although grouped 
idea iiiy with the grouping of terminals L, 
are ne normally in connection with either 
member of any subscriber's circuit, this on 
nection being only made when the solelloids 
of the subscribers entering into conversation 
are transferred to their respective rows A*. 
The consequence of the system of grouping 

above described is that the number of me 
tallic divisions or contacts in each row will 
be only equal to the square root of the num 
ber of subscribers in connection with the ex 
change, (assuming that the two rows have F 25 
equal numbers of divisions,) and this is the 
cardinal feature of the invention, the impor 
tance of which will be readily appreciated. 

it will thus be seen that the function of the 
traveling switches A' 3", which correspond 
to the two members of a subscriber's circuit, 
is to place the two members of the circuit of 
tigat subscriber (when he desires to call an 
other subscriber) in electrical communica 
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the circuit of the Suisscriber to be sea 

O 

5 3. 

55 

tion, respectively, with any one division of 
3, gai1 resy and of a 'communication' row, 
and consequently with the two in: 

ed and 
to whom this particular combination of call 
and communication divisions corresponds. 
The traveling motion of these two switches 
is effected independently the one of the other 
by means of the propelment mechanisin de 
scribed or by any other mechanical movement 
operated by the electromagnet E or E', the 
step-by-step inotions of the one or other trav 
eling switch corresponding to the impulses of 
the curreat sent.from the transmitter placed 
in the telephone of the subscriber “calling,' 
these impulses acting on the distributing-re 
lay F according to their direction, so that the 
communication-switch B" is actuated by the 
local battery 3 when the irelay F receives a 
current of the one direction and the switch 
A is actuated by the local battery 3 when the 
relay F receives a current of the other direc tion. 
The switch B" is, as above mentioned, in 

constant electrical connection with one of the 
terminals of the relay F, whereas the mag 
netized core of the solenoid A' (so long as B' 
has not moved and so long as this solenoid is 
still on its normal contact l) is in electrical 
connection (by wiret, contacts titt, wire it, 
contacts it, finger t, and wire t°, as shown 
clearly in Fig. 4') with the call terminai L, 
so that the solenoid - core is thus in elec 
trical connection with one of the terminals of 
the distributing-relay F, and consequently 
with one member of the subscriber's line to 
which the cell C under consideration corre 
sponds. It is thus evident that once the switch 
B (of the subscriber who is about to calian 
other subscriber) has commenced to traverse 
the communication row of divisions B the 
circuit between the solenoid-core and the line 
of the subscriber calling will be opened, so 
that no current (enanating from another sub 
scriber who may at that moment desire to 
call the first-mentioned subscriber) can pass 
into the line of this subscriber while this same 
subscriber is himself manipulating his appa 
i’atus. As to the normal “conversation 'con 
tact in, the core of the solenoid A' is never 
in electrical connection with this contact, 7. 
unless it is so placed by the special action of 
the telephonic transmitter of the subscriber 
to whom this cell corresponds when this sub 
scriber is called. It is also to be remarked 
that when the core of the solenoid. A tray 
erses the call row L by sliding from one divi 
sion to the next a temporary interruption is 
produced between the solenoid-core and the 
line of the subscriber calling in order to avoid 
Operating the apparatus in the cells corre 
sponding to the metallic divisions with which the solenoid-core is only in transitory con 
tact. . This temporary interruption is due to 
the fact that as the switch B" must be oper 
ated before the solenoid-switch A' is set in 

bers of plates it. 
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the insulated spring-contact t (mounted on 
the switch-carrier 13') having alre: dy loft the 

By the employment of an independent cloc 
tromechanical propellment for each of the 
traveling switches A 3’the subscriber call 
ing is enabled to move them along the rows 

o 

A B as far as necessary and to arrest them at 75 
any given moment in order to effect all nec 
essary commutations of the apparatus in the 
cell corresponding to the subscriber totabe 
called, and also to ring up and enter into 
conversation with the subscriber called; and So 
when this conversation is finished to return 
all the mechanisms in the cells corresponding. 
both to the subscriber calling and to the sub 
scriber called to their.initial positions. 
Referring how to the subscriber's telephonic 85 

transmitter, it is sufficient to say that it co 
sists of an ordinary transmitter as generally. 
used, the construction, connections, and work 
ing being unchanged sofar as the calling and 
conversation are concerred; but when thc 
bell-ringing mechanism is actuated by alter 
nating currents produced by a magneto-eiec 
tric generator, as in the system of telephonic 
in general use in Lóndon, these currents must 
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be rectified and converted into negative cur- 95 
rents in any suitable way, as will be readily 
understood without explanation; but to the 
ordinary transmitter there is added a special 
transmitting mechanism for the purpose of 
enabling a subscriber to call any other sub 
scriber and put himself in communication 
with him. This special transmitting mech 
anism will now be described with reference 
to Figs. 4 and 4 and to Figs. 10 to 17, whereof 
Fig. 10 shows a face view of the special trans 
mitter with the cover and front plate re 
moved, Fig. 11 being a part sectional plan, 
and Fig. 12 a part sectional side elevation, of 
same. Figs. 13, 14, 15, and 16 show details, 
and Fig. 17 is a plan of the current-commu 
tating levers. . ... 
The special tralismitting mechanism com 

prises two numerator mechanisms R. R. of suitable construction for the purposes in 
tended, and these numerators may be actu 
ated electromechanically by means of return 
currents consequent on the manipulations of 
the traveling switches A'B' at the central sta 
tion, in which case each numerator would be 
actuated by a separate electromagnetic pro 
pelment mechanism, such a mode of actuating 
the numerators affording a means of verifying 
the working of the traveling switches A B'; 
but in view of the precision with which these 
switches are operated by the means hereinbe 
fore described such verification is in practice 
unnecessary, and the numerato's may for all 
practical purposes be-operated mechanically, 
as hereinafter described, in which case only 
one electromagnet will be required in my spe 
cial transmitter, and this for the purpose of op 
erating an indicator bearing surface inscrip 
tions. These numerators record visibly by motion the circuit will have been broken by the figures exhibited at the front of the in 
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strument the current impulses sent by the 
'subscriler calling to the relay F for the pur 
pose of closing the circuit of the local bat 
tery at the central station through the elec 
tromagnet of one or other of the propelment 
mechanisms of the switches AIB in the cell 
C (correspofiding to this transmitter) at the 
central station; the numerator R counting the 
step-by-stepmotions of the switch B" and the 
numerator R' counting those of the switch A. 
The mechanism by which the current im 

pulses are sent and the numerators are op 
erated comprises a spring-barrel O, (or its 
equivalent,) the operation of the mechanism 

25 

depending on the fingerpressing upon one or 
other of two buttons NN', the button N cor 
responding to the part of the mechanism 
whereby the relay is so operated that cur 
rent impulses are sent from the local battery 
to the propelment mechanism of the switch 
3', and the button N corresponding to the 
part of the mechanism whereby the relay is 
operated for sending current impulses from 
the local battery to the propellment mechan 
isin of the switch A'. These two mechanisms 
are similar in construction, and it will be 
sufficient to describe one of them, the barrel. 
O actuating the one or other of them through 
the medium of a pinion o' and a toothed 
wheol O'. - The wheel O' is constantly in geas 
with the pinions of two clutches p p", which 
are so adjusted by mechanism actuated from 
the buttons N N that when the left-hand 
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button N is operated the right-hand-clutch 
p' is disengaged, and vice versa, at the same 
time that (whichever button N or N' is op 
erated) the spring-barrel (which is normally 
prevented from revolving by the disks PIP) 
is released and allowed to revolve for actuat 
ing the one or other of the circuit-closing 
and impulse-registering mechanisms. When, 
then, the button N is operated, the clutch p 
is left in gear and drives the disk P, whose 
notion is limited to a half-revolution for 
each simple pressure on the button N; but the 
motion of the disk Ingay be permitted to 
continue for as many revolutions as may be 
necessary, the means by which this is accom 
plished being as follows: The button N, 
mounted in the front of the transmitter-case, 
bears upon a spindlen, which is free to slide 
longitudinally in its bearings and is kept in 
the forward position by a spring in'. The spin 
dle n is provided with a conical cam n', 
adapted to act on a lever g, fast op a rocking 
spindle Q, which also carries a detent-lever 
tf', whose cranked end is adapted to engage 
with one or other of two escapement-pins p 
p', of which there are two diametrically op 
posite sets fixed on the face of disk P. The 
pins pp are on different radii and at dif 
?erent radial distances, so that the oscilla 
tion of the detent-lever q by the cone-cam in 
will move said detent out of the path of pin 
p' into the path of pin p, the return motion 
of the calm permitting the detent to return 

whereby one half-revolution of the disk Pis 
permitted. The rockshaft Q is capable of 
skiding longitudinally in its bearings, so as to 7 
move the detent-lever q' entirely out of the 
plane of rotation of the escapement-pins p 
p, thus leaving the diskP at liberty to make 
any number of revolutions. The rearward 
sliding movement of the rock-shaft Q is ef 
fected by turning the outer head in of the 
button N, so that a hole in the back of the 
outer head engages with a studim, fixed in a 
revolving bushin', provided with a crank 
arm whose pinnacts, when so turned, against 
the inclined cam-surface of a quadrant-groove. . 
in, made in the face of the lever q. The 
greove being concentric with spindle n, 
the pin on entering said groove prevents the 
lever q from. oscillating, while the pin n', 
acting on the inclined cam-surface of tile. 
groove, forces the rock-shaft Q backward, so 
as to remove the detent-lever of out of the path of the escapement-pins pip', the lever 

being returned to position by a spring g 
when the head is turned back to its nor 
mal position. The torsion of this spring g 
acts to give the return angular motion of the 
detent-lever q', and the compression of the, 
same spring produces the return sliding mo 
tion of the rock-shaft Q, as the case maybe. 

Each clutch-pinion with which the wheel of 
gears is in one with the corresponding half of 
the clutch and is loose on the spindle F, the 
other half of the clutch being free to slide 
on but turning with said spindle and being 
pressed into gear with the loose half by a 
spring p. - . 
The disengagement of the one clutch and 

the leaving of the other clutch in gear is ef 
fected through the medium of a rock-leverp, 
engaging by slots p with the tail ends of the 
clutch-levers p, each end of the rock-lever 
being formed with an inclined calm-face 2, 
against which beat's a corresponding can-face 
formed on the end of a pin p", which projects 
rearward from the detent-lever g', so that 
whether the rock-spindle Q be rocked or be 
moved longitudinally, as above described, 
the corresponding arm of the rock-lever 7) 
will be moved backward and its opposite end 
will be moved forward, the backwardly-mov 
ing end of lever p not affecting the clutch 
lever at that end by reason of the play in the 
slot p°, while the forwardly-moving end of 
said lever effects the disengagement of the 
clutch at that end. A spring on the rock 
spindle allows forward motion of said spindle 
and of pin p' when that end of the rock-lever 
is moved forward and clearance is left be 
tween the other parts of the mechanism nec: 
essary to permit of this motion. 
Two tappet-pins r, fixed at diametrically 

opposite points on the disk P, act on a lever 
arm r", fixed to a rock-spindle ', which is ac 
tuated in the other direction by a torsion 
spring . . Another lever-arm on the spindle 

carries a crank-pin , to which is, jointed 
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into the path of pinpof the other set of pins, a pawl, which engages with a ratchet-wheel . 
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o, which is in one with a large rathet-wheel 
2", the wheel being 'gaged by a spring 
pawl ', acting as a juniper anil preventing 
retrograde notion of the wheel , which is 
geared by a pawl ' with a Patchet on the 

A notched wheel S at the opposite end of the numerator, 
Jigs. 18, 1), and 20, determines the oscillation. 
of a levers, whose free end acts as a circuit 
closing device to close the circuit of the sub 
scribe's battery between two contacts s's at 
the 1passage of each tooth of wheel S, which 
wheel S is fast with the axis of tie wheel p", 
so that the circuit of thc subscriber's battery 
is closed at s's at each change of figure ex 
hibited by the units-wheel of the numerator 
Rduring its forward motion. Suitable means 
are provided whereby the numerator-wheels 
are returned to zero, without causing the 
transmission of current impulses when the 
conversation is terminated. The return of 
loth the numerators to zero is permitted by 
ressing on abutton N, whereby longitudinal 

25 
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motion is imparted to a rod R, carrying cone 
cans '', each of which is thus made to acton, 
a hin , fixed to the pawl ', and so disengage 
the driving-ratchet from the units-wheel, so 
that all the wheels of bet the numerators are 
free to be returned to zero by any suitable. 
means. The other circuit-closing and im 
pulse-registering mechanism being similar, it 
will be sufficient to refer to it in the general. description of the working of my automatic 
telephone. - 

It is to be noted that as the numerator 
IR would not require to be operated if there 
were any subscriber's number lower than 
“No. 100' it follows that the use as sub 
scribers' serial numbers of all numbers bes 
low '100' is inadmissible in the apparatus as 
hero described. It is also to be observed that 
as the normal contact land the first division 
of row A are one and the same no number 
which terminates with ** 00' ol. “Ol' can be 
used as a subscriber's number in the present 
example-that is to say, in addition to the 
figures “1” to '99' being inadmissible, as 
above stated, the numbers “100,’ 101,” 

G 200, G 201, 300, 301, “ 400, “401,” 
and so on, are excluded from use when the ap 
paratus is constructed as in the present ex 
ample. The numerator R' of the subscriber 
calling must therefore of necessity always be 
moved from zero a distance not less than the 
distance of two teeth of its ratchet, in order 
to attain to the serial number of the sub 
scriber to be called, as hereinafter explained. 
The indicator-dial U.is a ring divided into four segments respectively bearing inscrip 

tions indicative of the phases of operation of 
the mechanism and serving to direct the sub 
scriberia the manipulation of thic transmitter. 
These inscriptions are brought successively 
into yievy at an apertulic in the cover and may 
be the following or their equivalents: “Off,” 
which signifies the postition of repose; “Call,” 
which is intended to signify only to the 

t 

... and pivoted stop it. 

sii)Scribei callet list it asl has been given; 
“Rijri wiich is a direction he subscriber 
calling that he should “ring up' the sub- to 
scriber to be called; “Are you here?' which 
is the e?tivalent of the usual telephone in 
?quiry and indicates that the subscriber called 
is ready to proceed with the conversation. 
The dial-operating mechanism is shown in 

front clevation in Fig. 1S and in horizontal 
section (in two positions) in Fig. 19, Fig. 20 
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being a side view of the circuit-closing lever, 
S, operated by the numerator R. 
The dial U is carried by a circumferentially. So 

grooved ring U', connected by screws it to a 
boss U' which turns upon a fixed studi. 
Across the groove U project four pins it, 
fixed to a conical cam-diskW, adapted to slide 
upon and to turn with the boss U, the pins 85 at acting as driving-teeth for engagement by 
a detent u and by the click at', attached to a 
lever it, connected by a link a with the ar 
mature of the electromagnet E. The serov's 
at' pass through longitudinal slots in a tul? 90 
a', fixed to the cam-disk Wandsliding on the 
boss U", its closed front end being in position . 
to receive pressure from the stem of the spring 
press-button N, so that when the latter is 
pressed inward the cone W will be moved 95 
backward, thus withdrawing the studs at from 
their position across the groove U and there fore out of the path of the driving-click u". 
and detent it, lying in the said groove, leav 
ing the boss and dial U free to be rotated to loo 
the left under the action of a coiled spring U, 
attached to the boss U' and to a fixed point 
and which is wound up during the four step 
by-step motions of the dial to the right, the 
motion of the dial in both directions being to5 
limited to a complete revolution by all arm 
t' (shown separately in side view in Fig. 21) 

A spring it returns 
the cam-disk W and pins u' to their normal 
position when the pressure on the button N' I Io 
ceases. The cone-cam W acts upon a lever 
W, whose other end engages with the rod R', 
so that when the cam W is pressed backward 
by the button N the cone-cams a', carried 
by rod R, act on the driving-ratchets of the II5 
respective numerators R. R', as above men 
tioned, the return motion of the rod R being effected by a spring. 

. It has been mentioned that it is preferred 
that the number of contacts or divisions in 12o 
each roy A should not exceed ninety-nine, 
even although there are more than ten thou 
sand subscribers on the same telephonic sys 
tem. By this limitation of the number of 
contacts in the rows A the numerator R' is 125 
limited to a units and a tens wheel, so that 
the series of figures exhibited by the numera 
tors R. R' conjointly (when these have been 
actuated, as above described, so as to place 
the switches 3'A' on the divisions or contacts Iso 
whose conjugation corresponds to a sub 
scriber whose serial number is higher than ten 
thousand) shall always correspond to the se 
rial number of that subscriber. The number 
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of celi acts in the rows 3 may, however, execed 
Glic ill, dred aid may jeoretically be as many 
as lini: lili tired and ninety-nine, without re 
(Alirijig more than three wheels for the numer 
a to Fir, it being understood that when the fig 
ures of both numerators are read together as 
one the figure exhibited by the units-wheel of 
be illimerator R occupies the “hundreds” 
lace in the conjoined figures. Where, then, 

thé number of divisions in rows 3 difiers from 
'iiat in the rows A, the number of subscrib 
8's this provided for may not be a square 
niember, but will equal the product of the 
2 liber of divisions in row 3 multiplied by 

nber Of divisions in row A, and in that 
e number of divisions in a row A (which 
{uare root of the whole nine of sub 
's SYhen A and 3 have equal athbers 
sions) is equal to the whole naaber 
d lay the number of divisions in revy 3, 

WCS. 
sing described generally the construc 

(); the various parts of the mechanism 
: improved automatic telephone appa 

, i will now proceed to describe its mode 
{}i Working, assuming, for the sake of exam 
jie, that it is desired to establish telephonic 
{:}lanatanication between two subscribers, and 
it is without the possibility of a third sub 
scriber overhearing the conversation. These 
three subscribers will be distinguished by the 
eiters N. Y. Z. Fig. 4 represents the telephonie transmit 
ter in the office of the subscriber X and like 
wise the corresponding cell C at the central 
station. Fig. 4. represents the same appa 
ratus belonging to the subscriber Y, and Fig. 
-- represents the apparatus belonging to the 
Sibscriber Z. The dot-and-clash lines indi 
cate the wires connecting the iraisinitters 
with their respective cells C at the central 
siation and likewise the connections between 
the nechanisms of the same cell and between 
tle mechanisms of the one cell and those of 
the others. - . - 

it is to be understood that, although only 
three sets of apparatus are represented as an 
eNample, the connections would be siiniiar for 
any number Of celis, this number being lim 
ited to a number equal to the product of the 
in limier of insulated contacts contained in 
{!!e of the rows A laultiplied by the number 
ef, contacts contained in one of the rows B, 
the mechanisms of all the gells being actuated 
from the same local battery. 

Let it be supposed that subscriber X wishes 
to eater into cominianication with subscriber 
7, whose number, for the sake of example, is 
1,512. It will be seen by the diagram Fig. 2 
that this nuiber corresponds to the conjunc 
tion of division 15 of row 3, with division 12 
of row A, and as the correspondingly-num 
dered divisions of the rows 3 of all the cells 
are connected together and the correspond 
ingly-numbered divisions of the 'ows A of 
ail the cells are also connected together it 
follows at the naiye 512 col'responds to 
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division 15 of the rows 13 and division 12 of 
the rows A of all the cells. If now subscriber X, by the manipulation of his special trans 
initter, causes the traveling switches 3' and 
A, which are contained in the cell C at the 
central station corresponding to subscriber 
N, to be placed, respectively, upon division 
15 of the row 13 and division 12 of the row A, 
those switches wi 
tion with the switches B'A' corresponding to 
the subscriber-Z, (by the lines 15B and 12A,) 
assuming that the switches B'A' of that sub 
scriber are in their normal position. Conse 
quently the switches 3' A' of subscriber X 
will be in connection with the distributing 
relay F of subscriber Z, and therefore with 
the line-wire and telephonic receiver of that 
Subscriber. Then the subscriber X, after cer 
tain manipulations of his transmitter, which 
will be hereinafter described, will be in posi 
tion to ring up subscriber Z. 
subscriber X shall place his switch B" upon 
division 15, it is necessary that he should 
manipulate button N until by the action of 
the spring-barrel O the numerator mechanism 
R exhibits the number “ 15,’ which denotes 
that the circuit-closers has closed the circuit 
at s' s' fifteen times, and has consequently 
sent fifteen successive current impulses from 
the subscriber's battery to the distributing 
relay F in the cell of the subscriber X. As 
the contact s' is connected to the positive 
pole of the subscriber's battery, and as the 
contact S is connected through one member 
of the line-circuit with one pole of the dis 
fibuting-relay F in the corresponding cell 
C, the other pole of that relay being connected 
through the other member of the line with 
the negative pole of the battery, the current 
inpulses sent as above described will be posi 
tive in direction. Each positive current in 
pulse sent into the relay causes the armature 
fo oscillate so that the tongue-switchf' bears 
against the contact f, and thus closes the 
circuit of the local battery is. The fifteen 
positive current impulses sent, as above men 
tioned will therefore close the circuit of the 
local battery fifteen times in succession 
through the coils of the electromagnet. E", 
provided that the switch A' of this same cell, 
is in its initial or normal position. This is 
effected in the following manner: The tongue 
switch f° is in permanent communication 
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with the positive pole of the local battery, at 
the central station, and the contact f is in 
electrical connection with a metal rod T, fixed 
in the same cell Cin such position that a 
spring-contact t, attached to the carrier of 
the switch A", will rub upon said rod through 

I 25 

out the traveling motion of the switch. An 
other spring-contacti, which is the continua 
tion of t, bears (when the switch-carrier is in 
its initial position) upon a small contact ti, 
which is in electrical connection with one 
terminal of the electromagnet E", whose other 
terminai is permanently in connection with 
the negative pole of the local battery at the 
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central station. The electromagnet E being F, against, which contact the tongue-switch thus energized fifteen times in succession 
will (through the medium of the propelling 
mechanism before described) move the switch 

O 

B' on to the fifteenth metallic division of the 
row B, where it will remain. 
By similarly operating the button N' of the 

transmitter the numerator R' is actuated until 
it exhibits the number 12,' whereby the le 
vers will have closed the circuit twelve times 
between the contacts ss. 
connected with the negative pole of the sub 
scriber's battery, and the contact s is con 

I5 
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nected (through the same member of the line 
circuit, as that to which s is connected) with 
one pole of the distributing-relay F, the other 
pole of which is connected with the positive 
pole of the subscriber's battery. The nega 
tive impulses thus sent to the relay F cause its 
tongue-switchf'to bear against the contactf', 
thus closing the circuit through the electro 
magnet E, provided that the bridge-switch G 
is in its initial position. To produce this re 
sult, the contact f is connected directly with. 
one terminal of the electromagnet E, the 
other terminal of which is connected with a 
contact i, on which (when this bridge-switch 
is in its initial position) bears the spring-con 
tact.j. The contactiisin one with the smaller 
contact j', which latter at the same time 
bears on the contacti, this contact f° being 
connected with the negative pole of the local 
battery ?s, the positive pole of which, as be 
fore mentioned, is connected to the tongue 
switch fof the relay F. This electromagnet 
E being thus energized twelve times in suc 
cession will operate the propelment mech 
anism of the switch A and place it on the 
twelfth division of the row A, where it will 
remain. The number of the subscriber to be 
called being now exhibited by the instrument 
of the subscriber calling, it is necessary (in 
order to prevent the position of the switch A 
being altered by the subsequent manipula 
tions of the transmitter) to cut off the elec 
tromagnet Efrom all communication with the 
relay F, thus blocking the electromagnet E. 
it will he evident that once the switches B 
A' have been placed in the requisite positions 
the electromagnets E" E are no longer re 
quired to act. It will be remembered that 
as the switch. A has been moved the contact 
t" has quitted the contact t?, and conse 
quently the electromagnet E is already cut 
off from the relay, and as this electromagnet 
E" was energized by positive impulses all 
positive inpulses now entering the relay F 
will pass through the electromagnet E, one 
terminal of which is connected directly with 
the negative pole of the local battery, while 
the other terminal is connected with a metal 
rod T This rod T is placed in the path of 
the spring-contact t', so that when the carrier 
of the switch A' has been moved from its in 
itial position the circuit will be closed be 
tween Taind T, which, as before mentioned, 
is connected with the contact? of the relay 

The contacts is 

f' bears when a positive impulse traverses 
the relay, which tongue-switch, as before men- to 
tioned, is connected to the positive pole of the 
local battery. Thus it will be seen that when 
switch A is moved from its initial position 
each positive impulsesent into the relay F will. 
cause the bridge-switch G to be moved to the 75 
extent of one tooth by tie clectromagnet E, 
(energized by the local battery,) thus break 
ing the circuit of the elettromagnet Eatj and 
f', so making it impossible to actuate that 
electromagnetby a ligative current. 
same movement of the bridge-switch G the 
contaeti is placed on another contactjant 
the contacti" upon the contacti', thus clos 
ing the connection between j and j', which 
connection will remain closed during the re- $5 
mainder of the forward movement of the bridge-switch G. 
The positive current, by which the loridge 

switch G has thus been moved the distance 
of one tooth, is sent to the relay IF by the 9o 
subscriber pressing upon a third button N, 
and thereby operating certain switches in the 
transmitter, which will be hereinafter dc 
scribed, it being sufficient to here state that 
their operation is such that by a single pres- 95 
sure upon the button N°there will be sent to 
the relay F a succession of three current im 
pulses: first, the positive current above re 
ferred to; secondly, a negative current, all, thirdly, a positive current. 
currents cannot pass through the solenoid be 
cause the communication of the solenoid-core 
of the subscriber's line has been cut by the 
fact that the switch 3' has been moved from 
its initial position, and has consequently Io5 
broken the circuit of the solenoid-core at the 
contacts it, which are only connected (when 
the switch B" is in its initial position) by the 
spring-contact t, mounted on the carrier of 

The first of these three currents 1 o that switch. 
(which is positive) therefore acts only on the 
relay F and causes the electromagnet E to be 
energized by the local battery, and the bridge 
switch G to be thereby moved the distance 
of one tooth, thus cutting at "f the con- T 15 
nection between the relay F and the electro 
magnet E, and by the same movement re 
storing the connection of the solenoid-core 
with the line by the contact of i with fand f' withi. 
switch has also brought the first division of 
the series g into connection with the roller 
contact g'. The divisions g are all in direct 
eommunication with the positive pole of the 
local battery, while the contact g' is connected 125 
with one terminal of the relay F, the other 
terminal of which is connected with the nega 
tive pole of the local battery, while, as before 
stated, the two members of the subscriber's 
line are connected with the two terminals of, 13o the relay, and they are also connected in the 
subscriber's transmitter with the two termi 
mals of an electromagnet E. The effect of 
closing this circuit between g and g' is that 

By the so 

The first of these Too 

The same movement of the bridge- 12o 
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a positive current is sent from the central 

Io 
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3o 

AO 
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station, through the electromagnet E", the ef 
fect of thich is to cause the indicator-dial U 
in the transmitter to rotate to the extent of 
one division of the indicator. The effect of 
the second current sent from the transmitter 
to the central station (which current is nega 
tive) is as follows: It enters the relay F, but 
produces no effect on the electromagnet E, 
whose circuit is cut, and consequently the 
mechanism of subscriber X remains in thie 
position to which it has been brought. The 
two switches B'A' being connected to the 
terminals of the relay, this current therefore 
?enters these switches, passes through the con 
tacts 15 and 12, on which they have respec 
tively been placed, and consequently passes 
through the wires 153 and 12A, which connect 
these divisions, respectively, with the corre 
sponding divisions in the cell belonging to the 
subscriber to whom the combination “15-12’ 
corresponds, according to the diagram Fig. 2. 
This subscriber in the present example is sub 
scriber Z, whose number, it will be remem 
bered, is 1,512. The switches A B' of sub 
scriber Zbeing in their normal position-that 
is to say, being in contact with the normal 
or line contacts-the current passes through 
them and enters the terminals of the relay F of 
subscriber Z. The current being a negative 
one causes the tongue-switch f' of Z's relay to 
bear against the contact f, thus closing the 
circuit of the local batterythrough the electro 
magnet E of Z's apparatus, it being supposed 
that Z's bridge-switch G is in its normal posi 
tion. The effect of this is to send a single im 
pulse through the electromagnet E, in conse 
(uence of which the wheel D' is moved to the 
extent of one tooth, and the switch A'is moved 
a corresponding distance. By this movement 
the switch. A does not leave the normal con 
tact land spring t does not quit the two con 
tacts ti, which are of equal length to that of 
contact l, but the spring-contact t duitst, and 
consequently breaks the circuit of the electro 
magnet E of Z's apparatus. By this same 
movement the Spring-contact thas passed on 
to the contact-rod T', so as to connect the 
electromagnet E with the contact f of the 
relay F. Although this negative current 
passes through Z's line, it produces no action 
ipon the electromagnet E' in Z's transmitter, 
which, it will be remembered, is only capable 
of being actuated by a positive current. The 
third current sent by subscriber X (being a 
positive current) causes the tongue-switchf 
of N's relay to bear against the contact f, 
again closing the circuit of the local battery 
through the electromagnet E, thereby mov 
ing the bridge-switch G to the extent of 
another tooth, which is the second from its 
initial position. 
is to again close, at g g', the circuit of the 
electromagnet E" in N's transmitter, and con 
secuently to again send a positive current 
from the local battery at the central station, 
whereby X's indicator is moved to the extent 

The effect of this movement 

of another segment, (the second,) so that it 
then exhibits a direction to X to “ring up.' 
This same third current, (which is positive,). 
besides thus actuating the relay, passes 
through the switches 13'A' through the di 
visions of the rows BA on which they are 
placed, through wires 1513 and 12A to the cor 
responding divisions of the rows BA in Z's 
apparatus, through Z's switches 'A' to the 
terminals of Z's relay F. It therefore causes 
the tongue-switch 
against contact f, thus closing the circuit of 
the local battery through the electromagnet 
E', (the switch. A being no longer in its ini 
tial position,) so that the electromagnet moves 
the bridge-switch G of Z's apparatus the dis 
tance of one division. The effect of this. 
movement on Z's apparatus is exactly the 
same as that which was produced by the 
movement of the bridge-switch G in X's ap 
paratus-that is to say, the circuit of the 
electromagnet E is cut atj and f', and aposi 
tive current is sent from the local battery 

f' of Z's relay to bear 
So 

90 
through gg', which current, entering Z's line 
wire, joins the positive current coming from 
X, energizes the electromagnet Ein Z's trans 
Initter, and moves Z's indicator the extent, 
of one division, thereby notifying to Z that 
he is called. Subscriber X now proceeds to 
follow the direction (exhibited by his indi 
cator) to ring up, and this he does by send 
ing negative currents--the apparatus of X , 
and Z, in the positions to which they have now 
been brought, being able to give passage to 
negative currents-without any other action 
being produced than that of ringing. These 
negative currents, whether galvanic currents 
or rectified magneto-electric currents, are 
sent in the ordinary Way. 

I will now describe how the three currents 
positive, negative, and positive-are sent by 
the subscriber in the order indicated by press 
ing the button N°. The stem of button N* 
acts on two lever-commutators va, which 
are connected mechanically but insulated 

95 

loo, 
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from one another, and which are constantly 
connected, respectively, with the two mem 
bers of the subscriber's line and are normally 
held in the position shown by, a spring. By 
pressing the button N* these commutators are 
caused to pass, first, over a pair of contacts 
' ', whereof v is connected to the positive 
pole of the subscriber's battery and v' to the 
negative pole of the same battery, whereby a 
positive currentissent through the subscrib 
er's line to the corresponding cell at the cen 
tral station, as above described. By the con 
tinued movement of the commutators a ', 
under the pressure of the button N, the com 
mutator is brought on to contact", and a 
passes on to a third contact '', which, like ', 
is connected to the positive pole of the sub 
scriber's battery, so that "being always con 
nected with the negative pole a negative cur 
rent is now sent through the subscriber's line 
to the corresponding cell at the central sta 
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tion. On releasing the button N° the spring 
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returns the commutators to their original po- being connected with tine winding of the so 
sition, the commutators in passing over the lenoid-switch A', the effect of pincing the 
contacts." on their return movement bridge-switch G in the position just described again sending a positive current through the is to send a current of a certain direction, 
line-wire to the corresponding cell at the cen- through the winding of the solenoid of X's ap 
tral station. The subscriber Z (having been paratus, which current by the inductive ac 
rung up, as before described, and the call ition that it produces...in the magnetized core 
being confirmed by the inscription exhibited of the solenoid causes the said core to be 
in his instrument) operates the button N' of moved in the direction of its axis until its other 
his transinnitter, and thus sends three cur- contact-point bears upon the corresponding 
rents from his transmitter to his correspond- division (i.e., No. 12) of row A, where it re. 
ing cell at the central station, these three cur- mains. The second current sent by sub 
rents being likewise positive, negative, and scriber Z (which is negative), produces no 
positive, in the order above mentioned. The effect whatever; but the third current (which first of these three currents arriving at the is positive) produces the same effect upon the 
relay F of Z's apparatus causes the tongue- apparatus of Zas that produced on the ap 
switchf' to bear against the contact f and paratus of X by the first positive current, so 
thus close the circuit of the local battery that the bridge-switch Gin Z's apparatus has tir : ugh the electro-magnet E. This electro- now been turned to the third position, the in 

ret thereby moves the bridge-switch G dicator has been turned so as to exhibit the 
iie tistance of one tooth, so that the contact third segment, and the core of the solenoid 
fi' is now on the second division g. The effect switch A of Z's apparatus has been trans 
fi tilis is to close the circuit of the local bat- ferred from the first division of row A to the 
t&ry at if g', and therefore to send a positive, first division of row A, which division is in 
gi::ient, through the electromagnet E of Z's permanent connection with the terminal Mof i 

fluently turns the indicator of that transmitter the terminals M of the normal contacts an are 
the distance of one segment and exhibits a, grouped in exactly the same way as the ter 
direction to Z to ring-up. Besides producing minals I of the normal contacts l of rows A, 
this effect the same positive current from the and therefore the solenoid-core of Z's appara 
subscriber's instrument passes through the tus is now in direct communication with that 
switches 13 A' of Z's cell and through the nor. of X. It is also to be noted that the last-men 
inal contacts on which they are, situated to tioned positive current has not acted upon the 
the terminals KL. The terminals K, are re- mechanism in X's cell, because the solenoid 
spectively connected, K with division 15 of core in that cell has been moved out of con 
row B and I, with division 12 of row A of Z's tact with the row A, so that the circuit was 
cell, and as the correspondingly-numbered thereby broken. It is only now that the two 
divisions of the rows A of all the cells are con- subscribers are in position to enter into con 
nected together, and as those of rows i3 are versation with each other, which they now 
likewise connected together, it follows that proceed to do. The telephonic communica 
the positive current sent by the subscriber tion thus established will be apparent by dia Z enters the switches B' A' of X’s appara- gram Fig. 2, supposing the Solenoids to have 
tus, and passing to the terminals of the relay been transferred to the rows A'in X's and Z's 
F this current enters N’s line and (by caus- apparatus. When the conversation is com 
ing the tongue-switch of that relay to bear pleted, the subscriber X presses the button 
against the contactf) closes the circuit of the N, whereby he so operates two commutators local battery through the electromagnet E, v as to bring then into passing contagt 
thereby moving the bridge-switch G of X's with the contacts ' ', which are gonnected, 
apparatus a third time the distance of one the first with the negative pole of the sub 
tooth. The effect of this is to place the con- scriber's battery and the second with the 
tact g' upon the third division g of the bridge. positiye pole of the same battery, Whereby a 
switch and thereby to send a positive current positive current is transmitted. When the 
from the local battery (simultaneously with pressure on the button ceases, these commu 
the positive current which enters the line di- tators return, and in returning produce the 
rectly) through the electromagnet E of X's same contacts with the same resulti-viz., the translitter, whereby X's indicator is moved transmission of a positive current. The first 
the distance of one division, so that it now positive current sent by X closes the circuit exhibits an inscription denoting that the sub 
scriber can now speak. The effect of this 
third movement of the bridge-switch G of X's 
apparatus is to place the spring contact-bars 

i", respectively, on the contacts i'i' and to place the spring contact-bars i i upon the 
contacts *. The contact being connected 
with the positive pole and the contact 'with 
the negative pole of a few elements only of 
the local battery ?a, and the contacts i' 

C, thereby causing the tongue-switchf. to 
bear against the contact f, thus closing the 
circuit of the local batterythrough the elec 
tromagnet E. This electromagnet conse 
uently turns the bridge-switch G to the CN 

tent of another tooth, and has for effect to 
place the fourth contact g in contact, with ty' 
and so send a return-current to X's translnit 
ter, winere the circuit of the local battery be 

i'ansmitter. The electromagnet E conse- Z's apparatus. It will be remembered that 

of his battery through the relay F of his cell 

So 
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i{:}'eof the first is connected with the nega 
pole and the second with the positive 

pole of a portion of the local battery,) and 
tie spring contact-bars i. i* are also placed 
it on the contacts i i", which, it will be re 
in embered, are in communication with the 
windling of the solenoid. In this position of 
i.e. bridge-switch G. a current (of opposite di 
'ection to that which was previously seat 
irough the winding of the solenoid) will 

pass through the solenoid-winding and vill 
cause its imagiietized core to make a return 
in ovement within the coil or winding, so that 
the core is again placed on the row A of di 
visions. The same first positive current en 
ters by the switches A B' of X’s cells and 
thence through the grouping-wires (by which 
the divisions Yihe'eon those switches are now 
situated are connected with the normal con 
ta?ts of Z's celi) to the switches A 3 of Z's celi. it there produces the same effects upon 
the inlechanisins of Zs cell and Z’s transmit 
ter as was described in respect of the appa 
ratts of subscriber X. The second positive 
turrent sent by X (as above described in re 
spect of the first positive current) will cause 
the bridge-switch G of X’s cell to nove for 
Ward to the extent of another tooth, but as 
soon as the spring contact-bars i° connect 
the two contacts i i" the circuit of the local 
battery will be closed through the three elee 
tromagnets E° E° E. Tire electromagnets 
E°E will act on the propelment mechanisms 
(whereof one is illustrated in Figs. 5 and 6) 
and so cause the clicks of the propellment 
mechanisms of A'B' to be thrown out of gear 
and enable these parts to return to their ini tial position, the electromagnet E perform 
ing the same office in respect of the bridge 
switch G, as will be readily understood. For 
this purpose is is connected with the positive 
pole of the battery and i with one of the ter 
riinals of each electromagnet EEE, whose 

er terminals are connected with the lega 
tive pole of the local battery. The same 
positive currents also enter the mechanism of Z's cell and there produce absolutely the 
same effects, so that the whole of the negh 
anism (with the exception of the numerators) 
Jhas now returned t d to its normal position and 
is there; ore in condition to permit of the 
smanipulation being recoiminenced when it is 
again desired to establish connantanication. 

It Yill be seen that throughout, the inanipu 
lation of the apparatus belonging to the two 
Silbscribe's X and Z the apparatas of the sub 
scribe Y has reaained entirely indisturbed, 
and this reimark applies to the apparatus of 
all the other subscribers in camection with 
:8 telephonic syste; i. it is furthermore to 

3 

be observed that since the solenoid-switches 
A' of X's and of Z's apparatus have quitted 
their normal contacts l while conversation 
was going on between those subscribers, and 
since the transfer of the solenoid-cores from 
rows A to rows A* can only be effected by the 
who has been called and will then only put 
that subscriber in telephonic communication 
with the subscriber by whom he was called, 
it follows that it was impossible for Y or any 
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other subscriber to ring up X or Z or to over 
hear telephonically the conversation carried 
on between X and Z. 

Instead of the subscriber being required to 
press a special button N for the purpose of . 

operation of the mechanism of the subscriber 

acting on the mechanism whereby the num 
ber-Yheels of the two numerators in his trans 
mitter are returned to zero, this effect may 
be produced by the weight of the telephonic 
receiver itself when hung on the ordinary 
switch-hook. 

In conclusion it is to be observed that the 
terms “positive’ and “negative’ as applied 
to the two members of the subscriber's circuit 
and the mechanism in connection therewith 

85 

are used merely by way of contradistinction 
other terms whereby the members may be 
distinguished the one from tile other. 
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Having now particularly described and as 
certained the nature of the said investion and 
in what manner the same is to be performed, 
declare that what I claim is 1. A system of automatic telephone ex 

change wherein the aihenbel's of each pair 
(constituting a subscriler's circuit entering 

and are interchangeable or may be replaced by 

the central station) terminate in independ ently-movable switches capable of being elec 
tromechanically propelled along rows of in 
sulated contacts, the positive members of all 
the pairs (and consequently the switches in 
which they terminate, and the contacts on 
which the switches normally rest), being con 
nected in a certain order in groups, which 
groups are respectively connected to corre 
sponding contacts of all the rows of contacts 
ative members of all the pairs being connected 
in a certain order (different to that in which 
the positive members are connected) in groups 
which are likewise respectively connected to 
corresponding contacts of all the rows of con 
tacts appropriated to negative members; the 
difference between the orders of grouping the 
positive and negative members being such 

appropriated to positive members; the neg 

that any one group of positive members com 
prises the positive members of pairs or couples 
whose negative members are comprised each 
in a different group of negative members, and 
reciprocally, so that a different pair or couple 
corresponds to each of the different combi 
nations formed by conjoining any one of the 
positive set of contacts with any one of the 
negative set of contacts, the numbers of the 
groups in the two sets of groups of which the 

! contiets ars, the terminals, (and cönsequently 
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the numbers of wires in the two sets of wires 
connecting corresponding contacts) being fac 
tol's whose product equals the number of 

25 
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possible combinations and consequently the 
number of subscribers who may automat 
ically intercommunicate through the central station, as specified. 

2. In a system of automatic telephone ex 
change, wherein the positive members of all 
the subscribe's lines, the switches in which 
they terminate, and the contacts on which 
Said Switches normally rest are connected in 
groups, and likewise the negative members, 
their switches, and norinal contacts are con 
nected in groups differently formed, so that 
any one group of positive members comprises 
the positive meinbers of pairs or couples whose 
negative members are comprised in as many 
different groups of negative members and vice 
versa, the groups of positive and negative 
members being respectively connected to all 
the contacts occupying corresponding posi 
tions in all the rows of positive and negative 
contacts respectively; and wherein the two 
members. of each pair terminate in electric 
ally-propelled switches independently mov 
able over the rows of positive and negative 
contacts l'espectively; the combination yite 
the one switch and its row of contacts, of a 
third row of contacts opposite thereto and 
grouped similarly to the grouping of the ele 
ments to which those contacts correspond, the 
switch in question being electromagnetically 
transferable from the one roy of said con 
tacts to the other or third roy so as to pro 
vide an alternative circuit of cominani?ation 
which by such transfer of the switches from 
the one set of contacts to the other, becomes 
for the time being an exclusive circuit for the 
purpose of maintaining secrecy, as described. 

3. In a system of automatic telephone ex 
change wherein the two members of each sub 
scriber's line constituting a pair terminate in electrically-propelled switches independently 
movable over rows of positive and negative 
contacts respectively, and wherein the posi 
tive members of all the subscribers' lines, the 
switches in which they terminate, and the 
contacts on which said switches aormally rest 
are connected in groups, and likewise the neg 
ative members, their switches and normalicon 
tacts in groups differently formed, (so that 
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any one group of positive members comprises 
the positive members of pairs or couples whose 
negative members are comprised in as many 
different groups of negative members and vice 
versa, the groups of positive and negative 
members being respectively connected to con 
tacts occupying corresponding positions in all 
the rows of positive and negative contacts re 
spectively,) the combination, with electro 
magnetic propellment mechanisms for operai 
ing the respective switches and with means of 
closing the circuit of the local batterythrough 
the electromagnetic propelment mechanism 
of the one or other switch (according to the 
direction of the current received from the 
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transmitter) of circuit - closing mechanisms 
respectively adapted to send, the one a suc 
cession of impulses of the one direction, and 
the other a succession of impulses of the other 
direction from the transmitter to thc relay, 
and of numerator mochanisms for recording 
the number of impulses so sent, substantially as specified. 

4. In an automatic telephone-exchange sys 
tem wherein the two members of each sub 
scriber's line constituting a pair terminate in 
electrically-propelled switches independently 
movable over rows of positive and negative 
contacts respectively, and wherein the posi 
tive members of all the subscribers’ lies, the 
switches in which they terminate and the con 
tacts on which said switches normally rest are 
connected in groups, and likewise the nega 
tive members their switches and normal con 
tacts in groups differently formed, (so that 
any one group of positive members comprises 
the positive members of pairs or couples wlose 
negative members are comprised in as many 
different groups of negative members and 
vice versa, the groups of positive and negative 
members being respectively connected to con 
tacts occupying corresponding positions in all 
the rows of positive and negative contacts re 
spectively) the combination, with electromag 
netic propelment mechanisms for operating 
the respective switches and with means of 
closing the circuit of the local battery through 
the electromagnetic propelment mechanism 
of the one or other switch (according to the 
direction of the current received by it from 
the transmitter) of circuit-closing in echan 
isms respectively adapted to Seld the One a 
succession of impulses of the one direction, 
and the other a succession of impulses of the 
other direction from the transmitter to the 
relay, and of numerator mechanisms for re 
cording the number of impulses so sent, the 
movements of the one switch and conse 
quently the number of contacts in the row 
over which it moves being limited to ninety 
nine the corresponding numerator therefore 
having only a units and a tens wheel of fig 
ures, while the movements of the other Switch 
and the contacts over which it moves and the 
figure-wheels of the corresponding numera 
tor are unlimited in number so that the fig 
ures conjointly exhibited by the two numera 
tors may always correspond to the serial num 
ber of the subscriber on whose combination 
of contacts the switches may for the time be ing be placed. 

5. In an automatic telephone-exchange Sys 
tem wherein the members of each subscriber's 
line the switches in which they terminate and 
the contacts on which said switches normally 
rest and over which they are traversed are 
connected in groups differently formed for 
the positive and negative members as herein 
described, the combination with each switch 
carrier of a screw-spindle mounted to rotate 
and of electromagnetically-operated-mechan 
ism adapted to impart step-by-step rotary mo 
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So 

S5 

95 

do 

O 
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I25. 



tion to the screw-spindle, the switch-carrior 
being formed as a nut adapted to be traversed 

(i) the screw-spindie when it i 
by tie electronagnetic propeiacat mechan 
isin for traversing said switch over the corre 
sponding row of contacts, as specifier. 

G. In an automatic telephone-exclaange sys 
tem wherein the members of each subscriber's 
line, the Switehesin which they terminate, and 
; he contacts on which said switches normalls 
'est and over which they are titaversed, are 
Connected in groups differently formed for 
tile positive and negative members as herein 
described, the combination with each switch 
callier of a screw-spindle moated fo rotate 

5 

o 

is evolved 

15 
and of electromagnetically-operated mechan 
ism adapted to impart step-by-step rotary no 
tio; to the screw-spindle, the switch-carric 
being formed as a nut adapted to be travessed 
upon the screw-spindle when it is revolvel, 
and of mechanism for (uickly i3turning the 
switch-carrie) to its initial position, said incoli 
a hism being operated substantially as clo 
scribe, 

SALOEMON BERDITSCHEWSKY 

2 

CALE) APOSA) FF, 

Witnesses: 
CoLIN C. M. GIBSON, 
J. CoNWAY. 
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