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UNITED STATES

PaTENT OFFICE,

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

SYSTEM OF TELEPHONIC EXCHANGE.

SPECIFICATION forming part of Letters Patent No. 562,084, dated June 16, 1896,
Applioation filed March 58, 1808, Berial No, 584,468, (No model)

o all whom it may concern:

Beitknown that L, SALOMON BERDITSCHEW-
SUY CALLED APOSTOLOFF, electrical engineer,
a subject of the Emperor of Russia, residing
at 139 Warwick Street, Eccleston Square, Lon-
don, England, haveinvented a new and useful
Improved System of Telephonic Exchange, of
which the following is a full, clear, and exact
description.

"This invention relates to an improved sys-
tem of automatic telephone-exchange where-
by telephonic communication may be estab-

lished between any two subscribersin connec- |’

tionwith the system without the intervention
of any attendant at the central station and
without increasing the number of wires (con-
necting the subseribers with the central sta-
tion) beyond the double wire ordinarily used
for a metallic circuit. One of the means
which has been proposed to accomplish this
result comprises as many similar pairs of
switchboards at the central station as there
are subscribers’ lines in connection with the
exchange, each of the sald pairs of switch-
boards corresponding to adifferent subscriber
and cach switchboard of each pair compris-
ing as many insulated contacts as there are
subscribers’ lines to be connected thereto, so
thateach subsecriber was represented (in each
of the pairs of switchbeardscorresponding to
the other subseribers) by a contact specially
appropriated to him. These contacts were
proposed to be arranged upon each of the
switehboards at the points of intersection of
voordinate lines, the contacts which corre-
spend to the same subscriber in all theswitch-
boards being consequently connected electric-
ally tegether by twice as many wires as there
are subscribers. Xach apparatus also com-
prised the mechanisms necessary to enable
each subseriber to put his telephonic line in
telephonic communieation with that of any

other subscriber through the mediom of the

corresponding contacts and connections. ™ It
would follow, thercfore, with such a system
that it the number of subseribers in connec-
tion with the sane exchange were ten thou-
sand the central station would require to be
provided with ten thousand identically simi-

lar apparatus, each provided with twice ten

thousand contacts, the grouping together of
which, as above mentioned, would involve the
employment of twice one hundred million
connections between the contacts—that is to

88y, twice the square of the number of sub- 53

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 subseribers in connection with
the system approaches in any degree to that Go
of the subseribers to existing telephonie sys-
tems in great cities. '

The object of my present invention is to
enable this great number of contacts and
their connections to be so far diminished as 63
10 be brought within practicablelimits. The
extentof thediminution 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- 7o
seribers 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 subseribers, or more. Con-
sequently the number of wires connecting
the terminals of the groups in the several
subseribers’ apparatus at the central station 8o
is equal not to the whole number of subscrib-
ers, but only to three times the square root
of the number of subseribers. This result is
attained by a special system of grouping at
the central station the positive and negative 83
members of the subseribers’ circuits, and
consequently the apparatus in which they ter-
minate.  Each group comprises a number of
elements equal {0 the square root of the whole
number of subseribers, the groups of the same go
sign (4, for example) being respectively con-
nected, each group with its own contact, in a
row of insnlated contacts, while the groups of
theothersign are respectively connected,each
toits own contact, in another row of insulated g5
contacts, so that in each subscriber’s appara-
tus at the central station there are two rows
of insuilated contacts each equal in number
to the square root of the number of subscrib-
ers, the corresponding contacts of all of the 1c0
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. subscribers’ eireuits. ¢
of these couples are grouped together in four.

switch B’ on any

.ments (numbered
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rows sppropriated to the same sign being eon- |

neoted togsther; but the systent.o? grouping
the positive elements differs from that of
grouping the negative elementsin such man-
ner that the coupling together of any one
contaet of the positive row with any one con-
tact of the negative row will complete one
particular cireuit and no other, each possible
combination between the contacts of the two
rows -therefore ‘corresponding to a different
subseriber’s cireuit. This cardinal point of
the invention will be
by reference to the accompanying drawings,

- Wherein— - _ S
Figure 1 is a diagram Hllustrating such a.

System of grouping as one example of the
many possible combinations of groupings
which might be adopted to carry the inven-
tioh 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, &e., to 16, represent

-as many cells C as there are subseribers’ eir-

cuits entering the cenfral station:
The signs + and “— indicate the terminal

points or couples corresponding to the several
The positive elements

groups, each group comprising a number
equal to the +/.16—that is to say, four—and
the said groups being respectively connected
to the respective metallic contacts o' a? af g,
while the negative elements are grouped also
in groups of four, which groups are respec-
tively connected to the respective contacts b’
0? b® b4, 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 3 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
pole of a battery, while B’ is another travel-
ing switch movable along the row B and 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
one of the negative contacts
(83 for example) the circuit will be completed
only through the couple corrasponding to that
combination of contaets, (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 %0 10,000, they would be divided into groups
of one hundred.. Then if the positive ele-

conseeutive]yipbe grouped
together in one hundred groups of one hun-
dred each and each group be-connected to its
then the negative ele-
ments would be grouped together also in one
hundred groups of onc hundred each, but in
such-manner that the negative elements of

more readily understood

.barlance; *‘fifteen twelve.’

‘partly broken away,

through a key with one

' inafter referred to, the looped

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, &e., up to 100, be. grouped together and con-
nected to the first contacet of the positive row
of contacts, then the negative elements, num-
bered 1, 101, 201, 301, 401, &e., 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 tlre'seeond
contact of the positive row of contacts, then

- the negative elements; numbered 2,102, 202,

302, 402; &e., upto 9,902, would be grouped to-
gether and connected to the second contact of
the negative row of con tacts, and so'on, for all
the other groups of positive and negative éle-
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
subseriber. “Thus in the diagram Fig.' 2 the
conjugation of the contacts % and a® closes
the circuit through No, 1,512, or, in telephonic

2

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
Fig. 3 is an

invention, wherein——

external perspective view,
of one of the cells at the
central station, showin g the external wires
connecting the corresponding contacts of dif-
ferent cells. Figs. 4%, 4%, and 4> represent three
stations or subsecribers. Figs. 432 432 gnq 42
represent three of the central-station cells de-
veloped or opened out in the plat to show the
mechanism and aceessories contained theréin
(each segment of the cell bein g partly broken
away) an” showing the mechanism applied
%o the corresponding transmitters, these six
views, Figs. 4%, 47, 42, 4%% 4% and 422, together
constituting one general diagram illustrating
the positions corresponding to the establish-
ment of communication between Figs. 42 anq
4, assuming X to be the subscriber calling
and Z the subscriber called, while Fig. 42
shows the normal position of the mechan-

70

8o

85

go

95

100

105

I1o

9 4.1

120

ism. Figs. 5, 6, und 7 show detail views of the .

switch - propeiment mechanism, Figs. 8, 9,
and 9* show details of the bridge-switch here-
: arvows 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 other figures. Figs.10to17show
details of the numerator-operating mechan-
ism and of the current-commutating mechan-

| isms of the transmitter for bringing abous the

operation of the bridge-switeh of the cell.
Figs. 18 to 21 show dotails of the indieator
mechanism and of the mechanism for send-

123

130
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ing current impulses from the transmitter to
the corresponding cell at the central station
for bringing about the operation of the trav-
eling-switch-propelment mechanisms. Figs.
22 and 23 show details of the contact-roller of
one of these switches. :

The same reference letters and numerals
indieate corresponding parts in all the figures,

In the practical embodiment of the princi-

ple set forth diagrammatically in Figs. 1 and-

2 each subseriber 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-
seribed,) and also by a set of apparatus com-
prising the two rows of contacts A ‘B, the
traveling switehes A’ B, the mechanisms for

moving the latter, a third row of contacts:

A* parallel with and oppesite to row A, and
othet accessories which will be described later
on. All these apparatus may be contained
in a pigeon-hiole 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 astoopen out flat, as shown
in Figs. 4%, 4%, and 4%, the segments fitting

together tichtly at the joints and the cell be-.

ing hermetieally closed to protect the mech-
anism from dust.

The construction and arrangement of the
mechanism will, for convenience, be de-
seribed in the first place with régard to Fig. 47,
which shows the parts in their initial posi-
tion, {it being understood that the same de-
seription applics also to all the other cells at
the central station,) while the description of
the working will apply more particularly to
Figs. 4% and 4% ‘

Ais the row of insulated contacts, to which
are connected the respective groups of posi-
tive elements, and B is the row of insulated
contaets, to which are connected the respec-

tive groups of negative elements of the sev-

eral couples formed by the several subserib-
ers’ circuits. :

A’ is the traveling switch movable along
the row A, B’ the traveling switch movable
along therow B, and A? the third row of con-
tacts grouped similarly to row A. Each sub-
seriber’s line is in constant communieation
with the corresponding cell, as shown.

The means whereby the switches A’ 13’ are
caused to move along their respective rows of
contaets A I3 ave similar, and the deseription
of themechanism of one.will be sufficient for
both; but it is to be -understood that the
whole of the mechanical devices hereinafter
described are given merely as one examplé of
the various means which may be employed
for producing the requisite movements and
that the invention is in noway limited there-
to ordependent thereon. This meehanism is
shownin detailin ¥igs. 5, 6, and 7, Fig. 5 be-
ing an inside face view of as much of one
sidg of the cell as is necessary to show the
mechkanism of the switech A'; Fig. 6, a side

view, partly in section, of the propelment
mechanism of the same switeh; and Fig. 7a
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 ',
carried by a disk D% loose on spindle D, and
actuated through a lever e 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 ratehet-wheel to
the extent of one tooth produced by each im-
pulse in the electromagnet E the switch A’
is moved from one metalli¢ contact to the
next of the row A.

In order to provide for 4 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

0

75

8a

85

90

100

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 D?is 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. Thisis effected by means
of an eléctromagnet E? whose armature dis-

105

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¢, earrying two studs d! d?, respectively
adapted to pass under the click d’' and detent

120

? and so disengage them from the ratchet- -

wheel D' when the disk D*is pulled to the left
by the armature of electromagnet E? acting
thirough link €% The disk D*is retained in
this position by a lever d°, engaging with a
stud d® on the disk, which lever remains so
engaged until the return of the switeh-car-
rier d to its initial position, whereupon the
switch-carrier causes the withdrawal of the
studs d*and allows the clicks ' d* to again
engage with the ratchet-wheel D'.  Thisisef-
fected by the switch-carrier d striking against
a lever d7, connected by a link (® with the le-
ver d?, and so disengaging it from the stud d¢

12§

130
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thereby allowing the disk I to be returned to’

its initial "position DLy another spring. The
mechanism.for operating the switch B'is simi-
lar.and is mounted on the segond side of the

-cell, the onlydifference being in the constitu-
tion and funetion of the-swilches themselves. -
The switch A’1s formed by the magnetized:

core of a solenoid placed perpendicular to the
row of contacts A, and as thie latter are ar-
rariged vertically in the cell C the core of the
solenoid is horizontal. Itis guided within the

solenoid-¢oil, within whieh 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 Az

fixed to the third side of the cell C, opposite
tliat to which the row of contacts A is fixed.

The switeh D' 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 I3; Dut the acting end of the fingeris in
fact a_small metal roller b, Figs. 22 and 23,
capable. of -making only a half-revolution
about-its journal, the roller having an insu-
lating-segment ' in such relation to a stop 0%,
whicli limits the rotation of the Toller, that
during the advance motion of the switch the
roller. will turn until its metal portion slides
on the divisions I3, while during its return

motion it will turn back and bear by its in-

sulating-scgment on the divisions over which
it passes. . : '

To the fourth side of the cell are fixed, first,
a polarized relay F, to whose terminals ¥’
arc connccted the two members & &' of the
circuit orline wire of the subscriber to whom
the particular cell under consideration cor-
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

45

50

55

Go
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battery 5, according to the direction of the
currents received by the relay from the sub-
seriber’s transmitter, and, second, a movable
bridge-switeh G, actuated by the electromag-

mnet kY and serving for a niumber of differ-

ent purposes hereinafter deseribed.

The relay Fis of ordinary construction, its -

armature f being pivoted at #” to the one pole
of a permancnt magnet and provided with a
tongue-switéh f%, which oscillates betweéen
the two contacts f3 f* and serves to thus close

‘the eireuit of the local battery through the

coils of one or other of
E, E'| or EA . ,

The bridge-switch G, which is shown sep-
arately in plan view in Fig. $ and in section
in Fig. 9, comprises, first, a number of di-
visions or confacts ¢ 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
contact-finger g' to an extent equal to the

the electromagnets

i distance o one division ¢ to'the nextat each
“elirrent impulse.passing through the clectro-

maghnet EY, the finger terminating in 4 metal
roller'g®, (shown in Fig. 9°,) having an insu-
lating-segment and capable of limited rpta-.
tionin the sanie way asthe roter of the switch
BY; sceongd, a number of spring contact-bars

¢ ¢ 0% which (by the movement imparted -

to the switech by the electromagnet. k') are
moved over'a number of fixed contactss! 5/
890 R {hird, a spring contagt-bar j /7,
which - is,similarly movable over fixed ¢on-
tacfs 2 j° j* 7, the last-mentioned cortacts be-

| ing situated in a different path to that oceu-

bied by the contacts # to ;’i’z. Thisswiteh G
may conveniently be movable. abdut a pivot
and actuated from the-armature-of ‘the elee-
tromagnet K4, through a elick '¢¥#nd ratchet-
'quadrant, or the switch Gmight iave a recti-

-~¥
(2%

Se
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lineal motion by a cligk aud ratchet-raek. .

In either case the syiteh.G receives a sudden
and complete retur;rr'mqtibu‘by the action of
a spring g*, which is-allowed to come into ac-
tion when the'electromagriet E3, energized by
alcurrent, releases the’ click ¢?% which hap-
pens simultaneously with the return motjon
of the travelingswitches A’ B'.. The ratchet-

' quadrantisalsoéngaged by a detent 4%, whiel’

retains it during each retrograde motion of
the elick ¢? the simultaneous release. of o*
and g° from the ratchet-quadrant being cf-
fected by arod ¢, attached to the armature of
electromagnet ¥ the head of the rod ¢ slid-
ing against a fixed inclined cam-surface &5,
and-so lifting the click g2, while the rod 5,
which engages by a stud with the tail of the
detent g%, draws said detent out of engage-

90

100

ment. Lastly, there are three ferminals KT, .

M, 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
K serves in common for the completion both
of the call and conversation circuits. .

The terminal X is in permanent connection
with one terminal of the relay I, and conse-
quently with one member of the-subseriber’s
line, the other member of the subseriber’s
line being in permanent connection, through
the other terminal of the relay, with the termi-
nal L. The terminal K is permanently con
nected with the normal contact I, on which
slides the spring-contact , carried’ by the
switch B', which Iatter is consequently always
in connection with one member of the sub-
seriber’s line <

The terminat L is connected through an
automatic interrupter with the normal con-
tact 7, situated at the commencement of the
row A, the interrupter being so arranged that
the connection between I, and 1 is severed. in
cither of the following events—namely, when
switch B’ has moved at all from its initial
position, or when switeh A’ has moved more
than the distance of one tooth of its ratchet-
wheel D’ from its initial position.

i10
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The terminal M is permanently connected

with the normal eon’ract m, which is the first’

division of the TOW A%

All the ¢all terminals I, of all’ the celis 163
-ab the central station are connected electric-

ally with their respective normal contacts
I, cach through an automatie nterrupter, as
«Lbove mentlo’xed, and all the normal contacts
{ are made of a length equal to two metallic
contacts and. the intervening insuliting di-
vision, so that each normal contact! meludes
in 1tﬂelf the first division of the row A of eon-
tacis. The normal contacts ! of different cells
yre nob eonnected together, and consequently
he first divisions of the rows A are no$ .con-
ected together. 'This applies to the first
:;rrdled celis and also to'all others, .
il the normal contaets ! of ‘the second
undred cells arc connected each with the

»a"

bimd nd

7
5

%5 33 ond division of the row A of its eell, as

hown dmrrammatlcally in Fig. 45. All the
econd divisions of the rows A of the second

,xq (n.

‘. am 1dved cells are-connected togsther by an

external grouping-wire 24; Wnereby the nor-
mai contacts [ and terrmnals L of the second
hundred cells are connected. in a grgup, this
wire'2A, bowever, also connecting {ogether
the seeond dstmns of the rows A of all the

other cells. - Similarly alltheé normal contacts -

' -of the third hundred, cells are connected

each with the third division of the row A of |
it ce}l, as showndia gmmmailfcally inFig. 4¥,

and all the third fhwswns of therows A of t’ne

third hundred calls ‘are’ conmected  together

by -an’external grouping-wire 34, Wherehy
the normal contacts 7 and temmals 1, of the
third hundred cells are connected ina group,
the wire 8A, however, also connecting to-

-gether the third divisions of the rows A of all
Similarly for all the other

Wmups ‘of one hundred each, the number of

: ueL rgroups being preferably limited (forths:

OWS 11) to mnety-mne groups of onehundred
ench {or a purpose-hereinafter mentioned.

beloags to the twelfth group, 1ts normal coti-
tact [ being connected with the twelfth divis-
Son of row.A. These rows of divisions s A may
be designated “csll™ divisions. ‘
All the terminals I of the first group of one
hundred e¢llsare connected each with a divis-

ion of the row B of its cell different to those-

divisions to which the other.terminals ¥ of
thathundred.cells are connectediin theircells..
The terminal K of the first. cell of each hun-
dred cells—that is to say, No. 1, No. 101, No.

20%5&e.,apioNo.9 901—-15 ccnnecied “S’lth the

ursf division of the rowBof itdeell, and all the

. fitst dn{sxoz;s of the rows B of all the first

So

cells of each-hundred cells ate conneeted to-
gether'io constitute.a group by thewire 11,
Whereby 5 the tevminals-{ of those particular

- eells ave-conseqiienily eonnected in a group,

ihis: wive E, however; eonnecting together
ihe firs isioiis not only of the ee’ds form-

ing that group, bat the first divisions of the

) f,el!e of ali the othev ZYOUDS.

| other groups.

" 'The terminal K of the sedond cell of “each -
hundred ¢ells. (No. 2, No." 102, No. 202, No. .

1302, &ec., up to No. 9,902) is connected with

the second division of the row B of its cell,

70

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 -

-connecting together the second divisions not.

only of the eells forming that group, but also

75

the second divisions of the cells of 'all the

The terminals K of the other
cells 'of each hundred cells are similarly

grouped and cornected with the divisions

corresponding to those groups.
It will be seen by the drawings that I‘xg, 4

8o

belongs to the group 1B, Fig. @ belongs to"

the group 2B, and I‘lg 4 belonos to the

group 15B8.

The conversation: ‘terminals M of all the -

cells are connected each with its normal con-
tact m, and this normal contact is connected

to the contact of the Tow A% whieh is oppo- -

site to the contact of row A ‘to which the
normal ¢ontact b of the same cell isconnected,
thegrouping of Land M beingidentical. Con-
sequently the’ terminal M in Fig. 4% is corn-
nected to the second division of the row A3
the terminal M in Fig. 47 is conneected to the

third division of the row A% and-theé termi-’

nal M in Fig, 4* is connected to_the twelfth
division of row A% Thé corresponding me-

 tallicdivisions of all the rows A? of all the

cells are connected together by wires, such as
2A% 3A% 1AY12A%
tion divisions is pla,ced as above described,

parailel to the ““call” row A, the eall and
conversation divisions (whleh are identically
grouped)- being, respectively, oppositc cach

hach row A? of conversa-

105 ‘

other, 8o that the solenoid-core of the travel- -

ing swmch A’, before desecribed, may at the

-reqmred momenb ‘e transferred qmckly from

any division of the call row A (to which it .

has been moved by its propelment mechan-

versation row A% It is, however, to be ob-
sorved that the terminals M,although grouped
identinnily with the grouping of termmals I,
are neh normally in connection with either
member of any subscriber’s circuit, this ::on-
nection being only made when the "solenoids
of the subseribers entering into conversation
are transferred to their respectnve 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
equal numbers of divisions,) and this is the
cardinal featuve of the invention, the impor-
tance of which will be readily appleelated
It will thus be seen ﬂmt‘, the function of the
traveling switches A’ B/, which couespond
to the t\w members of a subseriber’s eir cuif,
is to place the two members of the circuit of
tiat subseriber (when he desires tc call an-
other %ubem iber) 1n “electrical eommunica-

110

{ ism) to the corresponding division of the con-
It twill he szen by the drawings that Fig. 42,

11§
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tion, respectively, with any one division of
2 cail row and of a “‘communicition” 0w,

and consequently with the two m:

" the eireuit of the subseriber to be ealied and

10

20

50
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to whom this particular combination of eall
-and communication divisions corresponds,
The traveling motion of these two switches
is effected independently the one of the other
by means of the propelment . mechanism de-
scribed or by any other mechanieal movement
oberated by the electromagnet & or ¥/, the
step-by-step motions 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 “ealling,””

these'impulses acting on the distributing-re-
lay ¥ actording to thefr direction, so that the
communication-switch B’ is actuated by the
local battery 2 when the relay F receives a
current of the one direction and the switch
A’is actuated by the local battery 2 when the

relay F receives a current of the other direc-

tion. o
The switch B is, as above menticned, 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 BB’
has not moved and so long as this solenoid is
still on its normal contact [) is in electrical
connection (by wire ¢, contacts £3 # P, wire {1,
contacts 1 &%, finger #%, and wire 1%, as shown

clearly in Fig. %) with the eall terminal L,

So that the solenoid-core is thus in elec.
trical connection with one of the terminals of
the distributing-relay ¥, and consequently
with one member of the subscriber’s line to
which the cell C under consideration corre-
sponds, ItisthuseVidentt-hatoneetheswitch
B’ (of the subseriber who is about to call an-
other subscriber) has commenced to traverse
the communication row of divisions B the
circuit between the solenoid:core and the line
of the subseriber calling will b& opened, so

thatno current {emanating from another sub- -

seriber who may at that moment -desire to
call the first-mentioned Subseriber) can pass
into the line of this subscriber while this same
subscriber is himself manipulating his appa-
ratus. Astothe normal ““conversation ” con-

tact i, the core of the solenoid A’ is never.

in electrical connection with this éontact m
unless it is so placed by the special action of
the telephonic transmitter of the subscriber
to whom this cel] corresponds when this sub-
seriber is called. It is also to be remarked

that when the core of the solenoid A’ tray-

erses the call row T by sliding from one divi-
sion to the next a temporary interruption is
produced between tlie solenoid-core and the
line of thre subscriber calling inorderto-avoid
operating the apparatus in the cells corre-

- 8ponding to the metallic divisions with which

65

the solenocid-core is only in transitory con-
tact. . This temporavy interruption is due to
the fact that as the switeh B’ must be oper-
ated before the solenoid-switch A’ is sef in

moticn the cireuit will have Leen broken by |

vers of’

the 1nsulated spring-contact £ (mounted on
the switch-carrier 13') having alresdy loft the
plates 3 £, :

By the employment of an independent clec-

-tromechanieal -propelment for cach of the

traveling switches A’ B'.the subseriber call-

e

ing is enabled to move them along the rows .

A B as far as necessary and to arrest them at
any given momentin order to effect all nee:
essary commutations of the apparatus in the’
cell' corresponding to the snbseriber toeho
called, and also to ring up and enter into

-conversation with the subsecriber called; and

when this conversation is finished to return

all the mechanismsin the cells corresponding.

both to the subscriber calling and to the sub-
seriber called to their.initial ‘positions.
Referring now to the subseriber’s telephonie
transmitter, it is sufficient to say that it con-
sists of an ordinary transmitter as generally.
used,the construetion,conneet ions, and worlk-
ing Deing unchanged so far as the callin gand
conversation are concerred; but when the
bell-ringing mechanism.is actuated by alter-
nating currents produced by a magneto-elce-
tric generator, as in the system of telephonc
in general use'in London, these currents must;
be rectified and converted into negative cur-
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 subseriber to call any other sub-
scriber and put himself in communication
with bim. This special transmitting mech-
anism will now be deseribed with refercnce
toFigs. 4% and 4" and to Figs. 10 to'17,whereof
Hig. 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. o o
The special trausmitting mechanism com-
prises two mumerator mechanisms R-R' of
suitable construction for the purposes in-
tended, and these numerators may be actu-
ated electromeehanically by means of return-
currents consequent on the manipulations of

35
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95

100
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1.15

the traveling switches A’ B’ at the central sta- ,

tion, in which ease each numerator would be
actuated by a separate clectromagnetic pro-
pelmentmechanism, such amode of actuati ng
thenumerators affording a meéansof verifying
the working of the traveling switches A’ I3';
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 nunerators may for all
practical purposes be-operated mechanieally,
as hereinafter described, in which case ondy
oneelectromagnet will be required in my spe-
cialtransmitter,and this for the purpose of op-

I2¢
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erating an indicator bearing surface inserip-

tions,

These numerators record visibly by .

the figures exhibited at the front of the in-
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strument the ewrrent impulses-sent by the.
'sabscriber calling to the rélay Ffor the pur-
‘pose of closing the ¢ircuit of the local bat--

tery at the cemtral station through the elec-

“tromagnet of one or other of the propelment

- Tnechanisms of the switches A’ I3’ in the cell
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C (corresponding to-this transmitter) at the

centralstation, the numerator R counting the
step-by-step motions of the switeh BB’ and the
numerator R’ counting thoseof theswitch A'.

~ The mechanism by which the current im--

pulses are sent and the numerators are op-
erated comprises a spring-barrel O, (or its
cquivalent,) the operation of the mechanism
depsndinig on the finger pressing upon one or

other of two buttons N N’, the button N cor-

responding “to’ the part of the mechanism
whereby the telay is so operated that cur-
rent inipulses are sentfrom the local battery
io the propelment mechanism of the switch
B, and the button X’ corresponding to the
part of the mechanism whereby the relay is
operated for sending current impulses from
the local Lattery to the, propelment mechan-
ism of theswiteh A’. These two mechanisms
are similar in. construction, and it will be

suflicient to describe one of them, the barrel
O actuating theone or ofher of them through
the medium of a pinion o’ and a toothed
-wheel O'. The wheel O’ is constantly in gear

with the pinions of two clutches p ', which
are go adjusted by mechanism actuated from

the buttons N N’ that when the left-hand

button N is‘operated the-right-hand -clutch
9’ 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 revoiving by the disks P ')
is released and allowed to revolve for actnat-
jng the onc or other of the cireuit-closing
and impulse-registeringmechanisms. When,
then, the button N is operated,.the clutch p
is left in gear and drives the disk P, whose
motion is limited to a half - revolution. for
eachsimple pressure on the button N; butthe

.motion of - the disk > may De permitted to

continue for as many revolutions as may be
necessary, the means by which thisis acecom-
plished being as follows: The butten N,
mounted in the front of the transmitter-case,
bearsupon a spindle.n, which is free toslide
longitudinally in its bearings andis kept in
the forward position by a spring#'. “Thespin-
dle n is provided with a eonical cam 7%
adapted to act on a lever g, fast op arocking
spindle Q, which also carries a detent-lever
¢, whose cranked end is adapted to engage
avith one or other of two escapement-pins p*
4, of which there are two diametrically op-
posite sets fixed on the face of disk’. The
pins p* p* are on different radii-and at dif-
ferent radial distances, so that the oscilla-
tion of the detent-lever ¢' by the cone-cam n?
will move said detent out of the path of pin

. p? into the path of pin p*, the return motion
of the cam permitting the detent to return’

into the path of pin p*of the othersct of pins,

whereby oné half-revolution of tpé disk Pis
permitted. The rock-shaft Q is capable of

‘sHding longitudinally in its bearings, so as to

move the detent-lever ¢’ entirely out of the

-plane of Totation of the cscapement-pins p*
P, thus leaving the disk P atliberty to make
-any number of revolutions. The rearward

sliding movement of the rock-shaft Q is ef-
fected by turning the outer head n*of the

-button N, so that a hole in the back of the

outer head engages with a studn#, fixed ina
revolving bush 7n° provided with a erank-
arm whose pinnf acts,when so turned, against

the inclined cam-surface of aquadrant-groove.

7%, made in the face of the lever .q. The

greove ' being concentric with spindle n,

the pia on entering said groove prevents the
lever ¢ from. oscillating, while the pin 7

acting” on the inclined cam-surface of the .

groove, forces the rock-shaft Q backward, so
as to remove the.detent-lever ¢’ out of the

path of .the escapement-pins p? p*, the lever

¢’ being returned to position by a spring ¢*
when the head = is turned back to its nor:
mal position. The torsion of this spring ¢°

-acts to give the return angular motion of the
detent-lever ¢/, and the compression of the ..

same spring produces the return sliding mo-
tion of the rock-shaft Q, as the ease may be.

Each clutceh-pinion with which the wheel o
gears is in one with the corresponding half of

‘the cluteh and is loose on the spindle P?, 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'°. ‘ N S

The disengagement of the one cluich and
the leaving of the other clutch in gear is ef-
fected through the medium of a rock-lever p?,
engaging by slots p® with the tail ends of the
cluteh-levers p7-each end of the rock-lever
being formed with an inclined cam-face p°
against which bearsa corresponding cam-face
formed on the end of a pin p’ which projects
rearward from the detent-lever ¢, so that
whether the rock-spindle Q be rocked or be

moved longitudinally, as above described, -
the corresponding arm of the rock-lever p° 1
‘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 7, while the forwardly-moving end of
said lever effects the disengagement of the
cluteh 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.

~ T'wo tappet-pins 7, fixed at diametrically
opposite points on the disk P, act on alever-

arm 7, fixed to a rock-spindle 72, which is ac-
tuated in the other direction Ly a torsion-
spring #3. . Another lever-arm on the spindle
2% carries a crank-pin ¢, to which is. jointed
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75

8

95

100

105

120

125‘_‘

a pawls%, which engages with a ratchet-wheel



“wiitsmwheel of the series;
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2%, which is in one with a larvee ratehet-wheel
+%, the wheel 7 hejng engaged by a spring-
pawl /5 acting as a jumper and preveniing
retrograde motion of the wheel ri, which is
geared Dy a pawl »? with a rateliot on the
A notehed wheel
5 at the opposite end of: the numierator 13,

Yigs. 18,14, and 20, determines the oseillation |.”

of a Tever s; whose free end aets as a cirenit-
closing device to close the eiveuit of the sub-
seriber’s battery between two contacts s's?at
the-passage of each tooth of wheel S, which
wheel 5 is fast with the axis of thic whesl M,
s0 that the cireuit of the subseriber’s battery
is closed at 5" s? at each change of figure ex-
hibited by the units-wheel of ‘the numerator
Rduringitsforward motion. Suitable means
are provided wherchy the numerator-wheels
are returned to zero. without causing the
transmission of current impulses when the
conversation is. terminated. The yéturn of
Loth the numerators to zero is permitted by

‘pressingon a button N4, whereby longitidinal
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moticn is imparted to a rod R, carrying cone--
eams +% cach of which is thus made toacton

a pin Y, fixed to the pawl %, andso disengage
the driving- ‘
that all the wheels of Leth the numeratorsare

free to be retarned io zero by-any suitable |

means. The other circnit-closing and im-
pulse:registering mechanism
will be sufficient to refer ]
description of the working of my: atutomatic
telephone. ’ o T
It is to be noted that as the humerator
R wonld not require to De ‘operated if there

were any subseriber’s number lower than

“No. 100" it follows that the use ag sub-
scribers’ serial numbers of all numbers he-
low ““100” isinadmissible in the apparatus as
here described.  Itisalso to be observed that
as the normal contact [ and the first division
of row A are one and the same no number
which terminates with <00 or ““01” can be
uscd as a subseriber’s aumber in. the present
example—that is to say, in addition to the
figures 17 to <997 being inadmissible, as
above stated, the numbers ¢100,” <101,”
(13 200,” (11 201,77 [13 3“0’” 113 301”’.‘6 400’” “‘.4‘)1,”
and so on, are exeluded from use wheon the ap-
paratus is constructed as in the present ex-
ample. The numerator R’ of the subseriber
calling must theréfore of necessity always be
moved from zero a distance not less than the
distance of two testh of its ratchet, in order
to ‘attain to the serial number of the sub-
scriber to De called, as hereinafter explained.

The indicator-dial U.is a ring divided into
four segments respectively bearing inserip-
tions indicative of the phases of operation of

the mechanism and serving to directithe sul-

scriberin the manipulation of tlic transmitter.
These inseriptions are brought successively
into view at an aperture in the coverand may
be the following or their cquivalents: ¢ Off,”
which signifies the postition of repose; ‘¢ Call,”
which ix intended 1o signify only {o the

atehet from the units-wheel, so.

being similar, it
to it in the general:

-and pivoted stop w2

criber called ih4s & osll has been given;
imd U wihich isa direction {+: he subseriber
calling that he should “ring up?” the sub-
seriber to he called; ““Are you iHere ?” which
is the equivalent of the psual telephone in-
quiry and indicates that the subseriber called
is ready to proceed with the conversation.
The dial-operating mechanism i$ shown in
front elevation in ‘Fig. 18 and. in horizontal
section (in two positions) in Fig. 19, Fig. 20
Deing a side view of the eireuit-closing lever
8, operated by the numerator R. .

The dial Uis carried bya eircumferentiall ¥
grooved ring U?, connected by screws 1 to-a

et
1l

Boss U’t which tirns upon-a fixed stud w,

Across the groove U? project four ping 13

~F
w

fixed to a conical cam-disk W, adapted toslide -

upon and to turn with the Doss U”, the pins
«* acting as driving-teeth for engagement by
a detént o® and by the click 1%, attaclied to a
lever 1%, connected by a link 2% with the ar-
mature of the electromagnet E%. Thé scro-vs
@’ pass_through longitudinal slots in a tuba
1w, fixed to the eam-disk W and sliding on the

boss U, its closed front end being in position .

.toreceive pressure from the stem of thespring
‘press-button N%, 8o that when the latter is

pressed inward the cone W will be moved
backward, thus withdrawing the studs w?from
their position across the groove UZand thére-

fore.out of the path of the driving-click u*

and detent % lying in the said groove, leav-
ing the boss- and dial U fiee to be rotated to
the left under the action'of a coiled spring T3,

' attached to the boss U’ and.to a fixed point

and which is wound up during the fonr step-
by-step motions of the dial to the right, the

.motion of the dial in Doth directions ‘being

limited to a complete revolution . by aum arm
' (shown separately in side view in Fig. 21)
A spring o returns
the cam-disk W and pins «* to their normal
position when the pressure on the button N*
ceases. The cone-cam W acts-upon a lever
W+, whose other end engages with the rod R,

felol

-

o5

so that when the cam W is pressed backward -

by the button N# the cone-cams 1" earried
by rod R? act on the driving-ratchets of the
respective nmmerators 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
each row A should not exceed ninety-nine,
even although there are more than ten thomn.
sand subseribers on the same telephonic sys-
tem. DBy this limitation of the number of
contacts in the rows A the numerator R’ i
limited to a units and a tens wheel, so that
the series of figures exhibited by the numers-
tors R IR conjointly (when these have been
actuated, as above described, so as to place
the switches B’ A’ on the divisions or contacts
whose conjugation corresponds to a sub-
seriber whoseserial number is higherthan ten
thousand) shall always correspond to the se-
rial number of that snbseriber. The nunber

115
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ofcon actsin therows Bmay, however, exceed
one nondred and may sheoretically beasmany
asnine hundred and ninefy-nine, without re-
guiring more than three wheels for the numer-
aior R, it being understood that when the fig-
ures of both numerators are read together as
one the figure exhibited by the units-wheel-of
ihe numerator R occupies the ‘‘hundreds”
placein the conjoined figurca.  Where, then,
so thenumberof divisionsin rows B differs from

that in the rows A, the number of subsecrib-

srs thus provided for may nol be a square
nber, but will -equal the product of the
v of divisions in row 1 multiplied by
nber of divisionsinrow A, and in that
‘numberof divisiensinarow A (which
¢ sequare root of the whole number of sub-
s when A and B have equal numbers
ivisions) is equal to the whole number
ed by the number of divisionsin row B,

(821

(€719

ng described generally the counstruc-
11 of the various parts of tle mechanism
improved automatic telephone appa-
, T will now proceed to deseribe its mode
of working, assuming, for the sake of exam-
ple, that it is desired to establish telephonie

communication hetween twosubseribers, and

{his without the possibility of a third sub-
o seriber overhearing the conversation. These

three subseribers will be distinguished by the
leiters XY Z.

Fig. & reprosents the telephonic transmit-’
ter in the office of thesubseriber X and like-
wise the corresponding cell C at’ the central

‘wtation., Fig. 4¥ represents the same appa-
ratus belonging to the subscriber Y, and Fig,
4* represents the apparatus belonging to the
subseriber Z: The dot-and-dash lines indi-

;0 eate the wires connecting the iransmitters

with their respective cells C at the central
cintion and likewise the.connections between
1he mechanisms of the same cell and betwesn
the mechanisms of the one cell and those of

the others. . . .

1t is to be understood that, although only
three sets of apparabus are represented as an
example, the connections weuld be similarfor
any number of cells, this numbet being Hin-
ired to & number equal to the product of the
number of insulated coniacts contained in

e of the rows A multiplied by the number
obcontacts contained in one of the rows B,.
1he mechanisms of all the cells being actuated
from the same loeal battery.’

Tet it be supposed that subseriber X wishes
(n enter into communication with subseriber
7., whose number, for the sake of example, is
1,512, It will be seen by the diagram Fig. 2
50 that bhis number corresponds o the conjunc-
1ion of division 15 of row 13, with division 12
of row A, and as the correspondingly-num-
bered divisions of the rows 13 of all the cells
are connected together and the correspond-
ingly-numbered divisions of the yows A of
a3l the cells are also connected together it
follows fhat the nummber 1,512 corresponds o
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division 15 of the rows 1 and division 12 of
therows A of all the eells.  1f now.subseriber

X, by the manipulation of his special trang--
mitter, causes the traveling switches B’ and.
(A", which are contained in the cell C af the
‘gentral station corresponding to subscriber

X, to be placed, respectively, upon division
15 of the row B and division 12 of the row A;

70

75

thoseswitches willbeinelectrical communieca-

tion with the switches B’ A’ corresponding to
the subseriber+Z, (by the lines 158 and 124,)
assuming that the switches B’ A’ of that sub-
seriber are in their normal position. Conse-
quently the switches B’ A’ of subscriber X
will be in connsection with the distributing-
relay ¥ of subscriber Z, and therefore with
the line-wire and telephonie receiver of that
subscriber. Then the subscriber X, aftercer-
tain manipulations of his transmitter, which
will be hereinafter deseribed, will be in posi-
tion to ring up subseriber Z. In order that
subscriber X shall place his switch B’ upon
division 15, it i§ necessary that he shonld
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-closer s has closed the cireuit
ab & s* fifteen times, and has consequently
sent fifteen successive current impulses from
the subseriber’s battery to the distributing-
relay F in the cell of the subseriber X. As
the -contact s is connected to the positive
pole of the subseriber’s battery, and as the
contach s% is connected thirough one member
of the line-gcircuit with one pole of the dis-
tributing-relay T 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
impulses sent as above described will be posi-
tive in direction. Fach positive eurrent im-
pulse sent into the relay causes the armature

Fiooscillate so that the ton gne-switch f? bears

against the contact f*, and thus closes the
circuit of the local battery 8. The fifteen
positive current impulses sent as above men-
toned will therefore close the cireuit of the
iocal battery fifteen times in succession
through the coils of the electromagnet: K,

provided that the switch A’ of this same cell .

isin its initial or normal position. This is
effected in the following manner: The tongue-
switeh f? is in permanent communication

8o

93,

100

Ll

©3

-
-
o

with the positive pole of: thelocal battery.at

the central station, and the centact f*isin
electrical connection with a-metal rod T, fixed
in the same cell C in such position that a
spring-contact #, attached to the ecarrier of
the switeh A’, will rub upon said rod through-

125

out the traveling motion of the-switch. An--

other spring-contact ¢, which is the continua-
tion of {, bears (when the switch-carrier igin
its initial position) upon a small contact %,
which is in electrical. connection,with one
terminal of the electromagnet E', whose other
torminal is permanently in connection with
+he negative pole of the local battery at the

130
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central station. The electromagnet B/ being
thus energzized fifteen times in succession
will (through the medium of the propelling

" mechanism before described) move the switch

10

B’ on'to the fifteenth metallic division of the
row B, where it will remain.

By similarly operating the button N'of the
transmitter thenumerator R’ isactuated until
it exhibits the number ¢ 12,” whereby the le-
ver s will have closed the circuit twelve times
between the contacts 5 s,
connected with the negative pole of the sub-

- scriber’s battery, and the contact s% is con-
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aected (through the same member of the line-
circuis as that to which s?is connected) with
one pole of the distributing-relay ¥, the other
pole of which is eonnecteq with the positive
pole of thé subsecriber’s battery. The nega-
tive impulses thus sent to the relay F eause its
tongue-switeh 2 to bear againstthe contactf?,
thus closing the cirenit through the electro-
‘magnet E, provided that the bridge-switch G
is in its initial position.. To produce thisre-

sult, the contaet J? is connected directly with.

one terminal -of the electromagnet K, the
other terminal of which is connected with a
contaet 4% on which (when this bridge-switch
is in its initial position) bears the spring-con-
tactj). The contactjisinone with thesmaller
contact j', which latter at the same time
bears on the contact J°, this contaet J° being
connected with the negative Dole of the local
battery g, the positive pole of which, as be-
fore mentioned, is connected to the tongue-
switch f2of 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 subsecriber 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 E from all com munication with the
relay I, thus blocking the electromagnet E,
It will be evident that onee the switches B’
A’have been placed in the requisite positions
the electromagnets K’ R are no longer re-
quired to aet. It will be remembered that
a8 the switeh A’has been moved the contact
¢ has quitted the contact #, and conse-
yuently the electromagnet X’ ig already cut
off from the relay, and as this electromagnet
E' was energized by positive -impulses” all
positive impulses 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 1" This rod T" ig placed in the patlh of
the spring-contact t, so that when the carrier
of the switch A’ has been moved from its in-
itial position the cirenit will be closed be-
tween TV and T, which, as before meuntioned,

-is-connected with the contact J* of " the relay

The contact s7is

I, against which contact the tongue-switch
J? bears when a positive impulse traverses
the relay, which tongue-switch,as before men-
tioned, iscounected 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 impulsesentinto therelay F will .

causethe bridge-switch G to be moved tothe
extent of one tooth by the clectromagnet K4,
(energized by the local battery,) thus break-
ing the cireuit of the elettromagnet E at j and
J3% so making it impossible to actuate that
-electromagnet by a n sgative current. By the
same movement of the bridge-switeh ¢ the
contaet j is placed on another contact 53 and
the contact ;' upon the contact J% thus clos-

'ing the connection between Jrand #, which

conuection will remain closed during the re-
mainder of the forward movement of the
bridge-switch G. : .

The positive current, by which the bridge-
switch G has thus been moved the distance
of one tooth, is sent to the relay I Dy the
subscriber pressing upon a third button N2,
and thereby operating certain switches in the
transmitter, which will be hereinafter de-
scribed, it being sufficient to here state that
their operation is such that by a single pres-
sure upon the button N2 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, aml,
thirdly, a positive current, The first of th¢se

So»
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-currents eannot 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 13’ has been moved from
its initial position, and has consequently
brokeén the eircuit of the solenoid-core at the
contacts #* ¢!, which are only connected (when
the switch B' is in its initial position) by the

"spring-contact #, mounted on the carrier of

that switch. The first of these three currents
(which is positive) thercfore acts only on the
relay F and causes the electromagnet I&* to be
-energized by the loeal battery, and the bridge-
switech G to be thereby moved the distance
of one tooth, thus cutting at 7 ;2 j' /% the con-
nection between the relay ¥ and the eleetro-

10§

110

magnet E, and by the same movement re- .

storing the connection of ihe solenoid-core

with the line by the contacl of Jwith#ana’

J with 7% The same movement of the bridge-
switch has also brought the first division of
the series g inwo connection with the roller-
contaet g'. The divisions g are all in direet
communication with the positive pole of the
local battery, while the contact g'is connecled
with one terminal of the
terminal of which is connected with the nega-
tive pole of the loeal bettery, while, as before
stated, the two members of the subscriber’s
line are connected with the two terminals of,
the relay, and they are also conneéted in the
subscriber’s transmitter with.the two termi-
nals of an electromagnet ES,  The elfeet of
closing this circuit between g and g' is that

relay F, the other -

-
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~ a pogitixe current is sent from the -central
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station, througltihe electromagnet EY, the ef-
feet of ghich is toschuse the indieator-dial U
in the transmitter 10 rotateto the extent of
one-division of the indieator. "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 I, but.

produces no effect on the electromagnet E,
whose ecircuit is eut, and consequently the
mechanism of subseriber X remains in tlie
position to which it has been brought. The
two switches B’ A’ being connected to the
terminals of the relay, this eurrent therefore
enters these switehes, passes throughthe con-
taets 15 and 12, on whieh they have respee-
tively been placed, and consequently passes
through the wires 1513 and 12, which econnect
these divisions, respectively, with the corre-
sponding divisions in the cell belongingto the
subseriber to whom the eombination ““15-12”

sorresponds, aécording to the diagram Fig. 2. |
3 t=] D t=)

Thissubseriberin the present exampleissub-
seriber 7, whose number, it will be remem-
bered, is 1,512, The switches A’ B’ of sub-

‘seriber Zbeing in their normal position—that

is to say, being in contact with-thé normal
or line contacts—the current passes throngh
them and enters the terminals of the relay F of
subseriber Z. The cnrrent being a.negative
one causes the tongue-switca f2of Z'srelay to
Dear against the contact 7%, thus closing the
circuitof thelocal battery through 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-
quence of which the wheel D' is moved to the
extent of one tooth,and the switch A'is moved
a eorresponding distance. 1By thismovement
the switch A’ does not leave the normal con-
tact 7 and spring ¢’ does not quit the two con-
tacts 1° 7%, which are of equal length to that of
contaet [, but the spring-contact ¢’ quits 7%, and
consequently breaks the circuit of the electro-
magnet ¥’ of Z’s apparatus.. By this same
movement the spring-contact ¢’ has passed on
to the contact-rod 1, so as to connect the
clectromagnet X! with the contact f* of the
relay F. Although this negative current
passes through Z’s line, it produces no action
upon the electromagnet E° in Z’s transmitter,
whieh, it will be remembered, is only capable
of Leing actuated by a pesitive current. The
third eurrent sent by subscriber X (being a
positive eurrent) causes the tongue-switch f?
of X’s relay to Lear against the contaet 74,
again closing the cireuit of -the local battery
through the electromagnet K4, thereby mov-
ing the bridge-switech G to the extent of
another tooth, which is the second from its
initial position. The effect of this movement
is to again close, at ¢ ¢', the circuit of the
cleetromagnet Ef in X's transmitter, and con-
sequently to again send a positive current
from the local battery at the central station,
whereby X’s indicator is moved to the extent

11

of another segment, (the seecond,) 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 switcheg B3’ A’ through the di-

70

visions ‘of the rows B A on which they are -
placed, through wires 1513 and 12A to the cor-.

responding divisions of the rows B A in Z’s
apparatus, through 7Z’s switches B’ A" to the

terminals of X’srelay . It therefore causes

the tongue-switch f* of Z’s relay 1o bear
against contact ¥, thus closingthe circuit of
the local battery through the electromagnet
E*, (the switch' A’ being no longer in its ini-
tial position,) sothat 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 exaectly the
same as ‘that which was produced by the

~movement of thé bridge-switch G in X’s ap-

paratus—that is to say, the circuit of the

8o
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electromagnet E iscut at j and j', and aposi- |

tive current is sent from the local battery

9o

through ¢ ¢', which current, entering Z’s line- -

‘wire, joins the positive current coming from
X, energizesthe electromagnet E*in Z’s trans-
mitter, and moves Z’s indicator the extent

of one division, thereby notifying to 7 that’

he is called. "Subscriber X now proceeds to

93

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 towhich they havenow
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. ’
Iwillnowdescribe how the three currents—
positive, negative, and positive—are sent by
the subseriberin the order indicated by press-
ing the button N2 The stem of button NZ
acts on two lever-commutators ¢® *, which
are connected mechanically but insulated
from one another,"and which are constantly
connected, respectively, with the two mem-
bers of the subsecriber’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
15°95, whereof v° is connected to the positive
pole of the subscriber’s battery and 2° to the
negative pole of the same battery, whereby a
positive currentis sent through the sabserib-
er’s line to the corresponding cell at the cen-
tral station, as above described. By the con-
tinued movement of the commutators «3 4,
under the pressure of the button N?, the com-
mutator 1% is brought on to contact v%, and
passes on to a third eontact ¢%, which, like %

“is conmnected to the positive pole of the sub-

seriber’s battery, so that 1* being always con-
nected with the negative pole a negative cur-
rent is'now sent through the subseriber’s line
to the corresponding cell at the central sta-
tion. -On releasing the button N? the spring

100,
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returns the commutators to theip original po-
sition, the commutators in passing over the
eontacts % 33:9p their return movement
again sending g positive carrent throngh the
line-wire to the corresponding cell at the cen-
tral station. The subseriber Z (having been
rung up, as before described, and the call
being confirmed by the inscription exhibited
on hiis instry ment) operates the button N2 of
hiis transinitter, and thus sends three cur-
rents from his transmitter to his correspongd-
ingcell at the central station, these three cur-
rents being likewise positive, negative, and
Dositive, in the order above mentioned.
irst of these three currents arriving at the
relay Foof X's apparatus causes the tongue-
witeh f7 to bear against the contaet 74 and
us ciose the circuit of the loeal battery
igh the eleqtro-mqgnet Ef, Thiselectro-
rct thereby moves the bridge-switch
listance of one tooth, so that the contact
now on thiesecond division ¢ Theeffect
tiis is to close the circuit of the léeal bat-

transmitter. * The electromagnet B conge-
quently turns the indicator of that transmitter
the distance of one segment and exhibits a
direction to Z to ring-up. Besides broducing
same positive current from the
subseriber's instrument passes through the
switches B' A’ of Z’s cell and through the nor-
malk contaets on whieh they are situated to
theterminals K L. The terminals K I, are re-
spectively connected, X with division 15 of
row B and L with division 12 of row A of Z’s
cell, and as the correspondingly-numberad
divisions of the rows A of a1l the celis are con-
nected together, and as those of Tows B are
likewise connected together, it follows that
the positive current sent by the subscriber
7 cuters the switches B’ A’ of X’s appara-
tus, and passing to the terminals of the reiay
I this current enters X’s line and (by caus-
ing the tongue-switch of that relay io bear
against the contact /%) closes the circuit of the
local battery through the electromagnet HH,
thereby moving the bridge-switeh G of s
apparatus a third time the distange of one
tooth. “I'he effect of this is to place ihe con-
tact g’ upon the third division g of the bridge-
switch and thereby to send a positive current
{rom the local battery (simultaneonsly with
the positive current which enters the line di-
rectly} through the electromagnet Ef of X’s
transmitter, whereby X’s indjcator is moved
the distanee of one division, so that it now
exhibitsan inseription denoting that the sub-
scriber ean now speak. The effect of this
third movement of the bridge-switeh G of Xs
apparatus is to place the spring contact-bars
¢ 2, respectively, on the contacts ¢4 and to
place the spring contact-bars 7 upon the
contacts 7*¢". Thecontact {19 being connected
with the positive pole and the contach ¢!t with
the negative pole of a few clements only of
the loeal battery g, and the contacts ¢* 4°

The |effect

7 &b G g, and therefore to send a positive,
rent through the Lelectromagriet XS of 7'g

being connected tith tne winding 6f the so-
lenoid - switch A’ the éffect. of biaeing the
bridge-switch G in theposition just described
is to send a current of a certain direction,
through the winding of the solenoid of X's

paratus, which eurrent by the inductive ac-
tion that it produces.in the magnetized core
of the solenoid causes the said core to be
moved in thedirection of itsaxisuntilits other
contaet-point bears upon the corresponding
division (i.’e., No. 12} of row A2 where it re.
mains. The second current: sent by sub-
scriber 7 (which is negative). produces no

apparatus of Z as that produced on the aAp-
paratus of X by the first positive current, so
that the bridge-switch G in Z’s apparatus has
10w been turned to the third position, the in-
dicator has been turned so as to exhibit the
third segment, and the core of the solenoid-
switch A’ of %'g apparatus has been trans.
ferred from the first division of row A to the
first division of row A% which division is in
permanent connection with the terminal M of
Z’s apparatus.
the terminals 3 of the normal contacts m are
grouped in exactly the same way as the ter-
minals I of the normal contaets [ of rows A,

ap-

Wwhatever; but the third current (which.
“is positive) produces the same effect upon the

It 'will be remembered that -

J0
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90
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and therefore the solenoid-core of Z’s appara--

~tus is now in direct communication with that _
noted that the last-men-

of X. TItisalsoto be
tioned positive current has not acted upon the
‘mschanism in X's cell, because the solenoid-
core in that cell has been moved out of eon-
tact with the row A, so that the circuit was.
thereby broken. It is only now that the two
subscribers are in positien to
versation with each other,
proceed to do.
tion thus established will be apparent by dia-
gram Fig. 2, supposing the solenoids to have
been transferred to the rows A%in X'sand Z's
apparatus. When the conversation is com-
pleted, the subscriber X présses the button
N*, whereby he so operates two commutators
v* 2% as 1o bring them jnto passing contact
‘with the contacts ! 2%, which are connected,
$he first with the negative pole of the sub-
scriber’s battery and the second with the
positive pole of the same battery, whereby a
positive current is transmitted. When the
pressure on the button ceases, these commu-
tators return, and in returning produce the
Same contacts with the rame resuli—rviz., the
transmission of a positive current, The first
positive current sent by X closes the cireuit

which they now

of his battery through the relay F of his cell

C, thereby causing the tongue-switeh ™ £2 to
bear-against the contact f4 thus closing the
circuit of the local battery through the clec-
tromagnet E* This electromagnet conse-

uently turns the bridge-switch G to the ex-
tent of another tooth, and has for effect to
place the fourth contact gin conta.cbwith_g/'
and sosend a return-current to Xs transinit-
ter, where the cirenit of the local battery be-

enter into con- -

The telephonic communiea- .
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intter moves the indicator so that it exhibits
it wthisegment, bearing the indication de-
n @ repose or that communication is ‘“ off.”

By thesame movement of the bridge-switch
the "spring contact-bars i are placed in
sommunication with the contacts R
fwhoreof the first is conrected with the nega-

ive pole and the second with the positive

i
pole of a portion of the local battery,) and
e spring contact-bars ¢ ¢V are also placed
upon the contacts v’ ¢, which, it will be re-

wmembered, are in communieation with the

.
Sed

&

.
1ding of the solenoid. In this position of
2o bridge-switeh (3 acurrent {of opposite di-
vecbion to that which was previously sent
through the winding of the solenoid) will
pass through the solenoid-winding and will

e it netized core to make a return

ts mag

moevement within the coilor winding, so that

the cove is again placed on the row A of ai-
visions. The same fivst positive current en-
ters by the switches A’ B’ of Xs cells and
thenes through the grouping-wires {by which
the divisions wherson those switches are now
situated are conunected with the normsl con-
tants of Ws cell) to the switches A’ B3 of VA
cell. Tt there produces thesame effeets upon
the mechanisms of Z's cell and Z’s transwmit-

ter as was described in respect of the appa-

ratus of subseriber X. The second positive
current sent by X (as above described in re-

spect of thefirst positive current) will-causg

RN

the })ridge-switeh & of X’scell 0 moye for-
ward to the extent of another tooth, but as

ng closed through the electromagnet K9 the
> ° D o

soon as the spring contact-bars 3% 4? connect.

the two contaets 7 0 the cireuit of the local
Lattery will be closed through the three elee-
tromagnets E* B ¥
E2 E3 will act on the propelment mechanisms
(whereof one is illustrated in Wigs. 5'and 6)

and so cause the clicks of the propelment’

mechanisms of A’ B’ to be thrown out of gear
and enable these parts toréturn-to their ini-
tial position, the electromagnet ¥ perform-
ing the same office in respect of the bridge-
switch G, -aswill be readily understood. For
this purpose® is connected with the positive
pele of the battery and 7 with one of the tor-

e

tive pole of the local battery. The same
positive currents also enter the mechanism
of #’s ¢sll and there produce absolutely the
same effects, so that the whole of the mesi-
anism (with the exception of the numerators)
has now returned to its normal position and

The eleciromagnets

minals of each electromagnet E2E?ES, whose
. terminals arve connceted with the nega-

is therciore in condition to permis of the

again desired to establish communieation,

1t will be seen that throughoui the manipu-

suanipulation being recommenced when itis’

iation of the apparatus belonging to the two

_and this remark applics

Gihseribers X and 7 the apparatus-of thesub-
seriber Y has remained entirely nndisturbed,
1o the apparatusof
511 the other subscribers in connection with
ihe telsphonic system. I isfurthermors io

.\

be observed that since the solenoid-switches
A’ of X’s and of Z’s apparatus have quitted
their normal contacts [ 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
operation of the mechanism of thesubseriber
who has been called and will then only put
that subscriber in telephonic communication
twith the subsecriber by whom he was called,
it follows that it was impossible forY or any
other subseriber to ring up X or Z or to over-
hear telephonically the conversation carried
on between X and Z. :

Tnstead of the subscriber being required to
press a special button N* for the purpose-of
acting on the mechanism whereby the num-
ber-wheels of the two numeratorsin histrans-
mitter. are returned to zero, this effect may
be produced by the weight of the telephonic
receiver itsslf when hung on the ordinary
switeh-hook. . :

Tn sonclusion it is to be observed- that the
terms ‘‘positive” and ““negative” as applied
£o the bwo members of the subseriber’s cireuit
and %he mechanism in connection therewith

70

90

are used merely by way of contradistinetion -

and areinterchangeableormaybe replaced by
other terms whereDy the members may be
distinguished the one fromn the other:

IIaving now particularly described and as-
certained the natire of the said invention and
in what manner the same is o be porformed,
T declave that what I claim is— :

1. A system of autom atic telephone oX-
change wherein the mémbers of each pair
{constituting a subseriber’s circuit entering
the .central staiion) terminate in independ-
antly-movable switches capable of being elec-
tromechanically propelied along Tows 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 certaim order in groups, which
groups are respectively connected to corre-
sponding contacts of all the rows of contacts

appropriated to positive members; the neg-
ative memberaof all the pairsbeing connected
in & certain order (different to that in which
the positive membersare connected)in groups
.which are likewise 1_"espective1y'conne'cte,d 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

that any one group of positive members ¢om- |

prises thepositive members of pairs orcouples
whose negative members arg comprised each
in a different group of negative. members, and
reciprocally, so that a different paiv orcouple
corvesponds to each-of tho different” combi-
rations formed by copjoiting any one of the
positive set of contacis with any oné of the
negative set of contacts, thre numbers of the

_groups in the two.sets of groups.of whieh the

 aontacts ars the terminals, (and chnsequently
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the numbers of wires in the two sets of wires
connecting corresponding contacts) being fac-

- tors whose product equals the number of

10
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40

45

Dossible combinations and consequently the
number of subscribers who may automat-
ically intercommunicate through the central
station, as specified. ‘

2. In & system of automatic telephone ox-
change, wherein the positive members of all
the subsecribers’ 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 normal contaets are con-
nected in groups differently formed, so that
any one group of positive members comprises
the positivememnbers of pairsorcouples whose
negative members are comprised in as many
different groups of negative membersand 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 electrie-
ally-propelled switches independently mov-
able over the rows of positive and negative
-contacts respectively; the combination with
the one switch and its row of contacts, of 2
third row of contacts opposite theretoand
grouped similarly to the grouping of the ele-
ments to which those contacts eorrespond, the
switch in question being electromagnetically

transferable from the one row of said con-

tacts to the other or third row 80 as to pro-
vide an alternative circuit of eommunication
which by such transfer of the switches from
the one seb of contacts to the other, becomes
for the time being an exclusive eireuis for the

burposeof maintaining secrecy, as deseribed.
3. In a system of automatio telephone ex-.

change wherein the two members of each sub-
scriber’s line constituting a pair terminage in
electrically-propelied switches independently
movable over rows of positive and negative
contacts réspectively, and wherein the posi-
tive members of all the subsecribers’lines, the
switeches in which they terminate, and the

. tontacts on which said switches normally rest
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are connected in groups, and likewise the neg-
ativemembers, theirswitchesand normasaicon-
tacts in groups differently formed, (so that
any one group of positive members comprises
the positivemembers of pairsor 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 oceupying corresponding positions in all
the rows of positive and negative contacts re-
spectively,) the combination, with ¢electro-
magnetié propelment mechanisms for operai«
ing the respective switches and with means of
closing'the cireuit of the local battery through
the electromagnetic propelment mechanism
of the one or other switch (aceording to the
direction-of the current received from the

562,064

transmitier) of civenit-closing mechanisms
respectively adapted to send, the one a sue-
cession of impulses of the one direetion, and
the other a succession of impulses of the other
direction from the transmitter to the relay,
and of numerator mechanisms for recording
the number of impulses so sent, substantially
as specified.

4. Inan automatic telephone-exchange S¥S-
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’ lines, 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 eon-
tacts in groups differently formed, (so that
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 correspondin g positionsin all
the rows of positive and negative contacts re-
spectively) the combination, with electromag-
netie 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 mechan-
isms respectively adapted to send 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 eonse-
quently the number of contacts in the row
over which it moves being limited +o ninety-
nine the corresponding numerator therefore
having only a units and a tens wheel of fig-
ures, while the movements of the other switeh
and the contacts over which it moves and the
figure-wheels of the corresponding numera-
tor are unlimited in number S0 that the fig-
ures conjointly exhibited by the two numera-
torsmay always correspond to the serial num-
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ber of the subscriber on whose combination °

of contacts the switches may for the time be-
ing be placed.

5. In an automatie telephone-exchangoe sys-
tem wherein the members of each subseribor’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 caeh switch-

carrier of a screw-spindle mounted to rotate
and of electromagnetieally-operated mechan-
ism adapted to impart step-by-step rotary mo-
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tion to the serew-spindle, the switch-cavrier
heing formed as anut adapted to be traversed

npon {he . screw-spindle when ib is revolved:

by the electromagnetic propelment mochan-

5 ism for traversing said switch over the corre-
sponding row of contacts, as speeified.
6. Inanautomatic telephone-oxchangesys-
tom wherein the members of each subscriber’s
line,theswitehesin which they terminate, and
‘ho contacts on which said switches normally
t and over whiclr they are traversed, are
connected in grouns differently formed for

e

he positive and negative members as. herein

o~

eribed, the combination with cach switeh-
15 earvier of a serew-zpindle mounfed 0 rolate

and of ele_ctromagneti‘cal]y-opemtc«d mechan-
ism adapted to impart step-Ly-step rgtarymo-
tion to the screw-spindle, the switch-carrier
being formed asa nut adapted to Do traversed
upon the screw-spindle when it is revolved, 20
and of mechanism for (uickly 1aturning the
switel-earrier toitsinitial position,said moch-
anism being operated substantially as de-
servibed.
SALOMON BERDITSCHEWSKY
CALLED APOSVOLAOFF.
Witnesses:
Corin €. M. GIBSON,
J. CoNwWAY.



