
(No Model.) 14 Sheets-Sheet 1. 
- R. CALLENDER, 

G- TELEPHONE EXCHANGE SYSTEM, 

No. 511874, Patented Jan. 2, 1894. 
Z2A, 72A, . 

Zuevo 2. Zw.o?. 
2 22/ 

727 

; 
7, 

i 
S8) Wu &vvue-vect 

P Ay. CS “A S- W 

"ATONAL LITHOGRAPHINg coa 
WASHNaron. . . 

  

  

  



14 Sheets-Sheet 2. ' 
R. CALLENDER. 

TELEPHONE EXCHANCE SYSTEM. 

(No Model.) 

3v.u.c. vitov 

SS 4. -bias- &ltto vict 

28)itvicacy 
C y - 
77 (At 

This NATKONAL THCGRAPHING COMPANY., 
WANTON, , c, 

  

  

  

  

  

  



(No Model.) 14. Sheets-Sheet 3, 
R. CALLENDER. 

- TELEPHONE EXCHANGE SYSTEM. 

No. 511874, Patented Jan. 2, 1894, 

f 2 f 

70s 703 
SRita coacs & 1 ue 11tet 

c. “swaal-Qulai S$ Bis-&l tter 11cy 

S). s 
the NationAL TidarAPHING comPANY., 

WASKINGTON, D. C. 

  



14 Sheets-Sheet 4. R. CALLENDER. 
TELEPHONE EXCHANCE SYSTEM. 

(No Model.) 

32 
33 

As c 4-1 tet. 3.11u 

########## ¿||||||||||||||× ?############? ?ae|||||||||||||||||||||||||||||| ||||||| |× ?,DOEX try?-No.}}}}}}}}}}}}}}}}}}}}}}}F-?- 
§§ 

&&&&&&&&&$$$$$$$$$$$$$$$$§ § 

Patented Jan. 2, 1894. 

Cuau- 9/Kulu-r 
THE NATIONAL LITHoaRAPHING company, 

3. 
3. 

465 

Bio- &lt for 11c 

WASHINgon, to, c. 

No. 5ll,874, 

. Nitricsscs ty 
C2 

2 

  

  

  

    

  



(No Model.) 14. Sheets-Sheet, 5. 
R. CALLENDER, 

TELEPHONE EXCHANGE SYSTEM. 

No. 51,874, Patented Jan, 2, 1894, 
af 20 2. 6f 4. A2 

22 22 

f 22 53 SW, wea 2A 22 ! YZ 425 62 
67 t; Zag 

2 Y ||62-l. A. 2 A7 60 
f 22 22 aZ. 

22 3.164 PI3 . 
2 S3 ass ..'. 

- 32 
S 

6-leg as, 33 
a 225A g; ad 

65 9 A67 6. 

A. A f 

62 
f/ 
3t. 

33 sy- s? 
32. 

2 

aS as 3S A2 2S 6. 

a 2, 29 
60, 22 

67 So 
AS 2S 22 22 3S ZS d 

2 37. /667 3. A227 2. 2 

3 Z2 

A. 

Z Z 
sa 

22 
a 

32 33. 

ye 

y 6/ 42, 
3. Z s2/J 62. 

32 66, 

w 84-vowto . 

S$ is a totic 

nationAL LITHographics coPANY., 
washington, c. c. 

S.K-6- 

  



(No Model.) 14 sheets-Sheet 6. 
R, CALLENDER. 

TELEPHONE EXCHANGE SYSTEM. 
No. 51,874, Patented Jan, 2, 1894. 

22 - 2 A. 

A. 2 2ZZ 2 as 
Y 7. Z2 a lar Az 6, 

2 . . 772 } 
Y 772-27 

5a5 72 
A. 7729 G W292. a. 7ZZz67/zedo 

63 o r 02A/ 

3. a / 2 Gerzezay 
2 26 6, 2227 

32 26, 
22 

29 72 

23 Z-27 
4. 27 68/ 6s 
7 

7. 667 a? 20 
72 64 

72 
32 (lae 32 20 
s 2 - 49 

37 38 3f 27 
77 . A 76 A7 a3 

4 22, U-4 /8 79 9 3s as tas 4 -2 77 
(22 

75 Z522 79 23- LA S-321 
2, S-7, 67 a 23 (2 7 3//gf 77 

AS 2s 6S Of E-zo 272 
rt ZZ.Z. 62 

A Z 2 S% 2. 
f 7 47 66 / Z. 22's 24, 37 2 737 3 

r Ze s:(e. r 

6S 2S &S A 88 62 Z7 
() i m () 

7, / ea ... t 72 A. 66 {) 7. 
?éza s A. 4. 6%zzz vs. 4, 604777, 

2772, '67; 7M/A 2, 
va g 727-2 { 

44 33 720 S2A2 /6 

2 2. 62 • (: 32 
7 67 2 M 77 

a2 
5 3. 66 

2 27. 

43 A5, 73 as 

2.7 (444. "Se 9- Ke All 
his NATIONAL LITHoGRAPHING company. 

Washington. . e. 

  



(No Model.) 14 Sheets-Sheet 7. 
R. CALLENDER. 

TELEPHONE EXCHANGE SYSTEM, 

No. 511874, Patented Jan, 2, 1894, 

24/Zozy e?oca A27. 2. 60 secovas caoc/e 
27   



(No Model.) 14 Sheets-Sheet 8, 
R. CALLENDER. 

TELEPHONE EXCHANGE SYSTEM, 

No. 511874, Patented Jan, 2, 1894, 
22 29 

29 ry 7/0, . 772 

z A 2/2 772 
740 

The NATIONAL THOGRAPHING comPANY. 
WASHINGTON, d. c. 

  



(No Model.) 14 Sheets-Sheet 9. 
R. CALLENDER, 

TELEPHONE EXCHANGE SYSTEM. 
No. 511874, Patented Jan, 2, 1894. 

S8iticsses 3-wevitat 
c.A, f2.6 walk &c. i. M8 4. & Luis &ltiovviety 

Cala--- 9 . MMusly 
WASHINGTcN, to c 

  



(No Model.) 14 sheets-Sheet 10. R. CALLENDER. 
TELEPHONE EXCHANGE SYSTEM. 

No. 5ll,874, Patented Jan, 2, 1894. 

the NATIONAL LITHoaraf-Hing compa. 
WAshtigtoN, d. c. 

  



(No Model.) , . 14 Sheets-Sheet 11. 
R. CALLENDER. 

TELEPHONE EXCHANGE SYSTEM. 
No. 5ll,874, Patented Jan, 2, 1894, 

ZS 22 Z% 
- 6. Y. 727s s' f" as Zaz, A. Ž22 

2/ 52; , 222 28 S a. 
SA9, S-27 a 77/7 

Z. sée/ 12 
S-20 S S-27 Y. 

28 17, 92; ISA's Jad 42 ZZey Zd assassissists: S Af 
725 7(26 SC 72 viziy 36 22 

28 J72 r 29 

20 7. a. T. Z Z2 
34, 727 

6A1 is -------- 
(28 70s S 78 as e Z 

2S 2, r A22 
fo 72ZA S27 

77 A. 76 
A v 5-22 

is 2 S-27 2. 
El 2. S. 22 7. 

4-7, -22 2% S 27c472/ 
3-1 2 2 

48 g2. , -2 36 
28 s/7 77" 22 2s22 

2 20 z -22/23:/7 zzfse/ Z. 
1620 cad / s. s sig is S. sz, AS4 ZZey 

22 A12AA 6A Z 
/2Z./22/23.764 W2222 2Z.M62/63.7%4.M23.726. 

As Aal 27, 22 

3. AS - . . . . . . . . 

A 774 , 11 6-7 
v a 
Z. s 

A. \ Z Z772, a z/ s/ ZZ 7. 
7.as 6e Z77 

22 222 
222 Z2 

Z27eezzzzzze carzzzzz Seleczov 
33 2 

76 22:23 
22 

Gs), w 2.É. 

Ge. A. six Cat-ul---- 

THE NATionAL THog RAPHINe cow PANY., 
WASHINGTON, d. c. 

  



(No Model.) 14 Sheets-Sheet 12, 
R. CALLENDER. 

TELEPHONE EXCHANGE SYSTEM 

No. 511,874, Patented Jan, 2, 1894, 

841-uc4-bot 
we was Qalell? S$ his &letov vict 

The NATIONAL lithdarAPHING COMPANY., 
WASHINGCN, O, C. 

  



(No Model.) 14 Sheets-Sheet 13, R. CALLENDER. 
TELEPHONE EXCHANGE SYSTEM, 

No. 511,874, Patented Jan, 2, 1894, 
7 taifa, 22 A22 2-22 Z22 

as s as as ZS4S4Szscs 

Z27 A, 

Hi- m rumm values --ema sem - wo 

as as as as as as as zs sit E. H 

- 2472e. H 722. EMS-M-772 

22% 
7227 722 M-1 

727s2 oranama amura-nu wa-a-wn mano imporo put rumous citle 

a/ - 77% 7-dih C O. G. O. O. 

22 22e A2222222 
7-a-s7- - - 
ZAP 

C. A. s 

The NATIONAL LITHoaraphing company. 
WASHINGTON.D. c. 

    

  

  

  

    

  

  



(No Model.) 14 Sheets-Sheet 14, 
R, CALLENDER. 

TELEPHONE EXCHANGE SYSTEM, 
No. 511874, Patented Jan, 2, 1894, 

S s 
s 

S. s S S ge is Sr. SS 

S & s R SS s 
$ 

s $ sT 
SS SY $ 

S S. S S. 
s S S S. & S & S S 3 & 

S tS S R S 
S N S S VS s N n s 

N 

s 
S 

\ 

S 
y 
S 

N S 
s 

s S 
S 

NOYa 

WITNESSES SSN force. 
y BY - 

C4-e-r-cle 9-4----- 
ATTORNEY. 

  



O 

3O 

35 

45 

50 

UNITED STATES PATENT OFFICE 

ROMAINE CALLENDER, OF BRANTEORD, CANADA. 

TELEPHONE EXCHANGE SYSTEM. 

SPECIFICATION forming part of Letters Patent No. 511874, dated January 2, 1894. 
Application filed May 12, 1893, Serial No. 474,024, (No model.) 

To all whon, it inctly concern: 
Be it known that I, ROMAINE CALLENDER, 

a subject of the Queen of Great Britain, resid 
ing at Brantford, in the Province of Ontario 
and Dominion of Canada, have made a new 
and useful Invention in Telephone-Exchange 
Systems, of which the following is a specifica: 
tion. 
The present invention is directed to im 

provements in automatic telephone exchange 
systems and particularly to improvements 
upon a prior invention described in an appli 
cation for a patent filed by me in the United 
States Patent Office on the 13th day of Au 
gust, 1892, bearing Serial No. 442,948. In the 
aforesaid application I have described and 
claimed a system of automatic intercommu 
nication in which all incouning signals over 
any line of the entire system are caused to 
rupture all of the line circuits except that 
over which the signal is being transmitted, 
and to then effect the necessary connections 
after which the several line connections are 
again restored and conversation between two 
subscribers effected, the remaining subscrib 
ers being however, during the interval, wholly 
deprived of any opportunity of using the sys 
tem. It also comprehended a continuously 
actuated time mechanism which controlled 
the operation of the entire apparatus and reg 
ulated the length of conversation between 
subscribers, &c. 
The present invention is intended to sim 

plify in many respects, the method of inter 
communication and apparatus referred to and 
to add features of novelty and utility both in 
methods and mechanism not found the rein. 
These features are essentially as follows: 
first, an improved automatic exchange ap 
aratus and method of operation whereby any 

subscriber may obtain control of one section 
of the switching apparatus instantaneously, 
and to the exclusion of all other subscribers 
from the use of that particular section for a 
brief space of time sufficient to effect the de 
sired connection, and then through the mech 
anism thus actuated to automatically discon 
nect the section of switching mechanism used 
and leave it for the use of any other sub 
scriber, while he (the first named subscriber) 
continues his conversation unmolested with 
the subscriber called, and at the end of that 

conversation restores his line and the line of 
the subscriber to whom he is talking, to nor 
mal condition, the arrangement being such 
that if need be, an indefinite number of the 
entire list of subscribers might call and talk 
simultaneously with a like number of outlying 
subscribers and in such manner that there 
would be no delay in signaling, nor interfer 
ence of any kind whatever at any point; 
second, means whereby if a subscriber when 
called is using his line, any such calls are 
stored up one after another and then sent in 
to the first named subscriber automatically 
and in the order stored, the sequence of con 
nections to the various lines being effected in 
the order in which they are stored; third, an 
automatic recorder which is located at the ex 
change and operatively connected with any 
subscriber and adapted to make a record of 
all calls made by all subscribers connected to 
it, thereby acting as a check on the actual 
number of calls made; fourth, in the details 
of construction of the entire apparatus as 
hereinafter fully described. 
The features of novelty which I deem as 

of my invention are particularly pointed out 
in the claims at the end of this specification. 

Referring to the drawings which constitute 
a part of this specification and in all of which 
like letters and figures represent like parts 
wherever used, Figures 1,2,3,4,5,6, and 7 are 
diagrammatic views illustrating the complete 
and operative parts of a system by showing 
the circuit connections and mechanism en 
tire for two independent telephone lines 
which are shown at the top of Fig. 1, addi 
tional parts of the apparatus being shown at 
the bottom of Fig. 4 as applicable to a com 
plete system of nine lines. Fig. 8 is a side 
elevational view showing a main runway and 
an accumulator or storing track in their re 
lation to an accumulator switch orgate. Figs. 
8 and S are diagrammatic views illustrating 
the switching apparatus utilized by me in 
connecting up telephone subscribers' lines in 
a system of lines involving ninety-nine sub 
scribers. Fig. 9 is a side elevational view of 
the elevator or hoisting apparatus which re 
turns the circuit controlling balls of the sys 
tem to their normal position after they have 
been used in making the necessary circuit 
connections at the switch board. Fig. 10 is a 
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part diagrammatic part side elevational view 
of my novel percentage circuit selecting ap 
paratus which enables any subscriber to ob 
tain control of the switching apparatus and 
effect his circuit connections with that of the 
subscriber called and without any fear of in 
terruption. Fig. 11 is a diagrammatic view 
of the track sections which sustain the cir 
cuit controlling balls at the switch board and 
releasing apparatus therefor for releasing 
and allowing them to be returned to the ele 
vator shown in Fig. 9. Fig. 12 is a diagraum 
matic view illustrating my novel percentage 
circuit selector as applicable to a large series 
of telephone lines. Fig. 13 is a diagrammatic 
view illustrating what I term a signal storing 
mechanism or call accultulator for storing up 
calls from outlying subscribers and for dis 
charging them cousecutively in such a way 
that only one stored call at a time can be 
sent to its proper destination, thus prevent 
ing more than one connection at a time for 
each wire even if calls are stored on every 
accumulator tier in the system. This figure 
also shows a portion of what I term the sig 
nal distributing mechanism for ultimately 
releasing and distributing the calls previously 
stored by the call accumulator just referred 
to; the remainder of the signal distributing 
mechanism being shown in Figs. 3, 4, 8 and 12. 
Fig. 14 is a diagrammatic view illustrating 
circuit connections and electro-magnetic con 
trolling apparatus with switching devices for 
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causing the circuit connecting balls to drop 
into their proper pockets at the switch board 
and on a tier thereof which shall correspond 
in number to that tier of the percentage se 
lecting device shown in Fig. 12 through which 
the incoming signal was transmitted. Fig. 
15 is a diagrammatic view of a modified form 
of apparatus for individually operating the 
hinged track sections over the switch board 
connections. 

I preferably make use of an all wire circuit 
from each subscriber to the exchange system 
and each of such circuits includes a signaling 
battery and a relay which is adapted to con 
trol switching mechanism operatively con 
nected to a c1ross connected switch board, and 
also a continuously operating switching de 
vice which in turn controls the operation of 
numerical receiver switches having a decimal 
order of relation as described in my prior ap 
plication. The traveling arms of the numeri 
cal receivers described and claimed in my 
prior application were utilized directly as 
switching devices which made the actual cir 
cuit connections between any two subscribers’ 
lines and remained intact whenever actuated 
for a given signal until the conversation has 
been completed. In the present invention the 
pivoted traveling arms of the numerical re 
ceiver switches are utilized to perform the 
function of acting as carriers or conveyers for 
the transference of metal balls or moving cir 
cuit closers which are set in motion and al 
lowed to run over or through fixed runways, 
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chutes or conveyers to their destination finally 
making the necessary connections (much as 
switch plug connections are made in an ordi 
nary cross connected switch board) between 
any two subscribers’ lines, while the pivoted 
conveyers or arms of the numerical receiver 
switches are automatically returned instantly 
to normal position for use by other subscrib 
ers as dasired. I make use also of what I term 
a percentage circuit selector which acts to re 
ceive all incoming signals and to distribute 
them to those sections of the switching system 
not in use at the time of the arrival of said 
signals, thus allowing a limited number of 
short switching lines at the station to accom 
modate themselves to a large number of pos 
sible signals Qr calls. In other words I assume, 
upon a careful analysis of telephone statistics, 
that a given system of outlying telephone 
lines will, at the busiest time of the day, be 
called upon to carry a known maximum num 
ber of signals or calls in a definite period of 
time, and for security I multiply this number 
by a given number which will surely give a 
number of signals greater than any probable 
number estimated. I then adapt the mech 
anism to work always for all signals or calls 
within this fixed limit; so proportioning the 
several sections of the percentage selector 
that it will receive and distribute all signals 
or calls within the limit named and without 
failure. 

I provide a cross connecting switch board 
with the usual cross connections and with au 
tomatic switching devices for adapting it for 
connections between any and all pairs of lines 
of the system. The usual plug connections 
in this switch board are effected, as I havo 
above indicated, by metallic or other conduct 
ing balls which are allowed to roll down and 
drop into the plug hoies or upon exposed con 
tacts in pairs, finding their way to the proper 
plug holes over stationary runways or con 
Veyer's connected to the movable switch arms 
of the numerical receiver switches and con 
trolled by electro-magnets as are the corre 
sponding numerical receiver switching arms 
described and shown in my prior application. 
With a limited number of such conducting 
balls which are released and restored auto 
natically by electro-imagnetic mechanism and 
carried by mechanical runways and an eleva 
tor back to the starting point for re-use, I am 
enabled to quickly effect any cross connection 
desired and to maintain any two lines in un 
(disturbed relation as long as the subscribers 
may wish, while additional calls for either of 
them are temporarily stored, the balls for 
effecting the connections for such additional 
calls heing held in check by mechanism con 
trolled by the subscriber's themselves. 

Referring now to the drawings in detail and 
first to Sheets 1 to 7 inclusive, which should 
be placed side by side in sequence, there are 
shown at the top of Fig. 1 two telephone lines, 
Nos. 1 and 2 each provided with a complete 
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subscriber to the central station, the usual 
telephone transmitters, receivers and magneto 
call bells being located at the subscribers' 
telephone boxes and each provided with a cir 
cuit interrupting transmitter, not unlike that 
described in my prior application above re 
ferred to, and adapted to transmit over the 
line to the central station any desired order 
of circuit interruptions, b' a' and b a being 
the signaling batteries here shown as located 
at the subscribers’ stations. 
A and A’are relay electro-magnets located 

in the individual subscribers’ lines adapted 
to control the switching current impulses from 
batteries ba and b a'. 

B' and Bare switching electro-magnets for 
switching one terminal of each subscriber's 
line from direct connection with the central 
office mechanism into connection through a 
conductor 4 with one pole of a magneto elec 
tric generator located also at the central sta 
tion and shown at the upper right hand side 
of Fig. 6, Sheet 6. 

C’ and Care switching electro-magnets for 
disconnecting the other terminal of each sub 
scriber's line from connection with its par 
ticular relay A' or A*, &c., and connecting 
each line directly to and through an auto 
matic releasing electro-magnet G' or G*. 
D and D are releasing electro-magnets, 

the armatures d' and d of which are adapted 
to hold the armatures band b° when the elec 
tro-magnets B and B are energized. 

E' and E are releasing electro-magnets, 
the armatures e' and e of which are adapted 
to lock the armatures c' and cof the electro 
magnets C and C° in their upper positions 
when the electro-magnets C and C are en 
ergized. 
E and E are also releasing electro-magnets 

designed to perform the same function as the 
electro-magnets E' and E and act upon the 
same armature leverse' and ebut are ener 
gized from another circuit. 

F' and F are electro-magnets designed to 
close the proper circuits through their arma 
ture levers f' and f* for enabling a calling 
subscriber to automatically restore his par 
ticular portion of the switching mechanism 
at the central or exchange Station to normal 
condition so as to enable him to call any other 
subscriber when on turning in a call he is a u 
tomatically warned that the subscriber called 
is busy. 

H' and H are releasing electro-magnets, 
the armatures h' and h of which are adapted 
to lock the armature levers f' and f' of the 
electro-magnets F and F in their uppermost 
positions when the latter electro - magnets 
have been energized. 

I' and I are additional releasing electro 
magnets. the armatures i' and of which are 
adapted to lock the armature levers g’ and g’ 
of the electro-magnets G' and G' in their up 
permost positions when the latter electro-mag 
nets are energized. 

Referring now to Fig. 2, Sheet 2, J and J 

are switching electro-magnets provided with 
switching armature levers i' and f carrying 
contact springs s' and s, the function of 
which is to change the circuits of the relay 
batteries ba and b a shown at the bottom 
of Sheet 1 from connection with the switch 
ing electro-magnets L' and I shown in the 
central part of Fig. 2, Sheet 2, into direct con 
nection through what I call a “percentage 
circuit selector’ shown at the bottom of Fig. 
3, Sheet 3, to the electro-magnet M of the 
numerical receiver switch and also to the con 
trolling electro-magnets M of what I call a 
“ time relay ' shown at the top of Sheet 4. 
The apparatus already described in connec 

tion with Sheets l and 2 of the drawings and 
illustrated as in duplicate for two lines is a 
lessary part of each and every subscriber's 
le. 
The apparatus denominated as the “per 

centage circuit selector' shown in plan view 
at the bottom of Fig. 3 and also in side ele 
Vational view in Fig. 10 consists of two non 
conducting drums D R and D' R' carried 
upon a horizontally disposed shafts provided 
with a pulley and a belt be connected to an 

75 

electric motor E M or other constant source 
of power adapted to rotate it in the direction 
of the arrows. 
The shaft S is geared through miter gear 

ing bg with a vertical shaft vs, see Fig. 10, 
which passes through a vertically disposed 
cylinder J upon which is arranged a series 
of conducting or contact plates e p having 
enlarged lower ends. 

l', 2',3', are conducting rings carried by 
the shaft vs and insulated from each other, 
and s', sands' are contact brushes resting 
thereon. h. h. are similar conducting rings in 
sulated from and carried by the shafts, i. i. 
being contacting brushes resting on the con 
ducting rings, h. h. 

k is a horizontal non-conducting arm car 
ried by the vertical shaft v. S and sustaining 
near its outer end two pairs of electro-mag 
nets M and M adapted to rotate over the 
opposite ends of radially disposed tilting ar 
mature levers l n, there being one of these 
tilting armature levers for each subscriber's 
line. 
fand f' are spirally disposed conducting 

strips carried by the non-conducting cylinders 
D R, D'R''. 
if are contact brushes adapted to make 

electrical contact with the contact strip f at 
different times as the drum D R is rotated, 
and j'f'' are corresponding contact brushes 
adapted to make similar contacts with the 
contact strip f'. The spirally disposed con 
tact strips f and f' are so located with rela 
tion to the ends of the contact brushes if' 
that when the left hand brushes if' of each 
pair are resting upon said strips, the arm lic 
carried by the shaft - S is directly over the 
armature lever l so that said armature lever 
is in the magnetic field of both pairs of elec 
tro-magnets M9 and M and similarly when 
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the right hand pair of brushesfandi' of each 
pair are in contact with the contact strips f 
and f', the arm k and electro-magnets Mand 
M1 will be directly over the left hand tilting 

5 armature lever m. The contact strips f and 
f' are connected to the conducting rings h by 
short conductors 94 and 95. The tilting ar 
mature levers l and in are each provided at 
their opposite ends with conducting springs 
for changing the direction of the current as 
will be described in connection with the de 
scription of the mode of operation, the ar 
rangement being such that as the arm k ro 
tates in the direction of the arrows, the ar 
mature levers l n will be tilted in either di 
rection at will according to the current 
changes through the magnets M9 and M' and 
the necessary circuit connections made 
through the brushes ji,j'i' and the contact 
strips f and f'. 
At the top of Sheet 4 is disclosed what I 

term a “time relay ' which is set in operation 
by the signaling impulses sent into the ex 
change station by any subscriber, and kept in 

O 

25 

of time thereafter, dependent upon the ad 
justment of the instrument itself, the func 
tion of this instrument being to permit of the 
operation of the apparatus only after the nu 
merical receiver switch arm A has arrived at 
its proper position for discharging the switch 
ing balls. This time relay consists of an op 
erating electro-magnet M which is in direct 
circuit with the electro-magnet M of the nu 
merical receiver switch N' R'. 

in is a vibratory steel reed of well known 
form which may be arranged adjustably in 
any well known manner so as to vibrate for any brief length of time. 
e is a conducting point carried by the free 

end of the reed in and adapted to contact 
with a yielding arms. 
M8 is a releasing electro-magnet having an 

armature m, the free end of which is at 
tached to a sliding conducting bara, one end 
of which is adapted to bear against the side 
of a conducting head b on the upper end of a 
sliding pin p carried in a guide-way d. and 
having a non-conducting head c resting nor 
mally on the upper surface of the vibratory 
reed no. 

s1 is a yielding. arm having electrical con 
nection through a conductor 91 with a releas 
ing battery B'A', the circuit of this battery 
being normally open between the contact arm 
s16 and the conducting head b and closed be 
tween the vibratory reed no and the arms 
at the point e. . 

I make no claim in the present application 
to a circuit controlling device adapted to close 
an electrical circuit after a definite interval 
of time, as such a circuit closer constitutes 
the subject matter of an independent appli 
cation for a patent filed by me in the United 
States Patent Office on the 24th day of April, 
1893, and bearing Serial No. 471,559. Such a 
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operation during the time that such impulses 
are being transmitted and for a given length 

circuit controlling device is only claimed here 
in combination with other features which con 
stitute parts of my improved automatic tele 
phone exchange system herein described. 
For the purpose of rendering the descrip 

tion as simple as possible I have only shown, 
at the bottom of Sheet 3, a percentage circuit 
selector having a single pair of tilting arma 
ture levers land in for two lines, viz., line No. 
1 and line No. 2, Sheet 1, it being understood 
that, as I have already indicated, for a greater 
number of lines there would be additional ar 
mature levers and corresponding circuit con 
nections and contacting brushes if' for each 
line and that these armature levers would 
all be located in the same horizontal plane 
or tier directly below the rotating arm k. 
and electro-magnets M1, M1 carried thereby. 
For the purpose of preventing any possibility 
of interference in incoming signals I arrange 
several sets of these tilting armatures in in 
dependent planes or tiers above each other 
and connect the circuits thereof in multiple 
arc relation, as will be more fully described 
in connection with Figs. 12, 13 and 14, the air 
rangement being such that when any one sub 
scriber has sent in a preliminary signal for 
the purpose of calling another subscriber, he, 
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by the act of such preliminary signal tilts his - 
own armature lever corresponding to the le 
vers l or m on the first tier not in use, which 
is put in connection with his particular con 
tact brushi through the contact strip f on the 
rotating drum DR of the percentage selector, 
thereby securing to himself the use of this 
particular portion of the apparatus for ef. 
fecting the necessary circuit connections to 
the subscriber wanted. It must be under 
stood in this connection that for every tier of 
the armature levers l, m, there are correspond 
ing spirally disposed strips fif', contacting 
rings h h, brushes and connecting wires 
similar to 92 and 108 leading to the individual 
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IO tiers and corresponding radially disposed 
arms k carrying corresponding electro-mag 
nets M0 and M, the radial relation of the 
strips f to the arms k being such as to always 
place the arms k over the tilting armature le 
vers of a particular tier when the correspond 
ing contact brushes i are directly in contact 
with the corresponding strips f, the relation 
of the strips f' and brushes i' for reversiug 
the position of the armature levers being of 
course the same. : 
M° and M are electro-magnets provide 

with armature levers mand m carrying con 
tact springs sands', the functions of these 
magnets and armature levers being to act as 
switching devices for preventing any other 
subscriber from obtaining control of the par 
ticular tier of tilting armature levers land m. 
after a signaling subscriber has obtained such 
control thereof. These switches, together with the peculiar disposition or arrangement of 
the contact-brushes i and strips f, act in con 
junction in the nature of a non-interfering 
apparatus to prevent any possibility of inter 
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ference of signals, and at the same time allow 
or permit other subscribers to seize their own 
tilting armature levers upon any other unused 
tier thereof and likewise prevent any inter 
ference there with. This will be made more 
apparent in connection with the description 
of Figs. 12, 13 and 14. 
M° and Mare electro-magnets having ar 

mature levers m and in which are adapted 
to lock and release at will, the armature le 
vers mand m of the tier controlling switches. 
The numerical receiver switch N' R' con sists of a vertically disposed shaft carrying 

at its upper end an open sided pocket B and 
an illclined pair of arms A and is adapted to 
rotate step by step in the direction of the ar 
l'OW under the influence of the armature lever 
77 and its propelling pawl. 
0, 1, 2, 3, 4, 5, 6R, 7R, SR and 9R are 

radially disposed inclined pairs of rails, run 
Way's or chutes with their upper ends so lo 
cated that the pair of rotating arms. A will 
fall in alignment there with as it moves step 
by step in the direction of the arrow. 
SH is a chute and B° B° are metallic balls 

resting normally upon this chute, the lower 
end of which is so located that said balls 
Will, when released, drop into the pocket B 
and roll down over the arms A, see Figs. 4, 8 
and 9, and that particular pair of rails OR to 
9' opposite which the free ends of said arms 
are located. 
E is an elevator for the balls B* B shown in detail in Fig. 9, said elevator consisting of 

a pair of driving pulleys W and W’, an ele 
Vator carrying pockets PO for the balls and 
arms V adapted to tilt a ball separating de 
Vice T as they pass under the free end there 
of, thereby dropping them one by one into 
the pockets PO, the elevator being driven by 
a belt f° e and an electric motor E? M. 

Q' g are ball retaining and ejecting devices 
for the balls, said devices being carried on 
the free ends of armature levers of electro 
magnets Q' Q' which are so arranged that 
When the electro-magnets are energized one 
of them will be lifted and the other lowered, 
always causing the balls to be received and 
ejected in pairs. 
Although I have shown a system of ten in 

dividual tracks from 0 to 9R inclusive I have 
only shown three complete sets of tracks run 
ning to the Switch board, near the bottom of 
Fig. 6, Sheet 6, and two complete sets of ap 
paratus which I shall now describe as “call 
accumulating devices' designed to store up or 
retain any incoming call provided the person 
called is busy, or his line in use. These two 
lines with the complete apparatus I have des 
ignated as 1 and 2R and the third line as 3 
the operation for the entire apparatus for the 
remaining lines to 9 being identically the 
Sale. 
The callor signaling accumulating apparatus 
shown in Fig. 4, and which I shall for the sake 
of brevity denominate as “accumulators,' 
consists in each instance of a spirally disposed 

side track shown in connection with line 1* as 
R'S' and in connection with line 2 as R. S. 
All of the tracks, runways or chutes have an 
inclination from the points of radiation near 
the free rotating ends of the arms A to the 
switch board in Fig. 6 of sufficient inclina 
tion to carry the circuit controlling balls B 
B? by their own gravity. The accumulators 
or side tracks R S and R S are located 
above the main tracks and at such a height 
as will permit any ball running over a main 
track to pass freely under them. Just in 
front of these side tracks, and constituting 
in each instance a mechanical switch, is a 
tilting sectional track or gate R' or Radapt 
ed, when resting in its lower position, to di 
rect the balls over the main track, and when 
in the upper position, as shown in dotted 
lines in Fig. 8, to switch them from the main 
track on to the accumulator or side track R' 
S’ or R S, each track, as before indicated, 
being provided with a sinilar appa'atus. 

O' and O are electro-magnets for lifting 
the mechanical switches or gates R. R. from 
their lower to their upper positions, and N' 
N2 are releasing magnets having hooked ar 
mature levers n' and n° adapted to lock said 
gates in their upper positions and to release 
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the same when the magnets N' N are en 
ergized. The other ends of these side tracks 
or accumulators R, S, R*S* have each a suf 
ficient down grade to carry the balls back 
again on to the main track when released and 
to thereby allow then to proceed over suc 
main tracks to their destination. 
P' P' are electro-magnets for operating the 

ball retaining and ball ejecting devices p' p', 
p° p° of these accumulators or side tracks. 

Referring now to Fig. 5, Sheet 5, S W and 
S’ W’ are what I call “individualizing 
switches.’ The accumulato's or side tracks 
have short disconnected sections of rails as 
shown in Fig. 4 on their outer tracks at l', 
2',3', 4' and 5' and 1', 2',3', 4' and 5° 
which are connected by conductors 47, 48,49, 
46, 51, 50, 52 and 53 respectively with other 
circuit connections to be described later on. 
In a similar manner one set of the rails of 
the main tracks 1, 2, &c., is divided in each 
instance into short sectional disconnected 
conductors l, 2 to ll, see Figs. 5 and 6, and 
these short sectional conductors are connected 
by individual conductors to different parts of 
the apparatus. The sections of track 1, 2, 
3, 4 and 5, shown in Fig. 5, are connected 
directly back to the apparatus shown in Figs. 
4, 1 and 2, without any intermediate switch 
ing apparatus, while the remaining short Sec 
tions of track already referred to, both on the 
accumulators R. S. R*S*and ls of Fig. 5, and 
6, 7, 8, 9, 10 and l l of Fig. 6 are connected 
directly with what I call the “individualizing 
switches SW, and S' W' at the top of Fig. 
5. Each subscriber's line is provided with 
one of these individualizing switches and two 
are shown in Fig. 5 as applicable to the two 
individual telephone lines shown in Fig. 1, 
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Sheet 1. Each one of these switches performs 
four functions as follows: First, it makes cir 
cuit connections whereby any signaling sub 
scriber is automatically warned that the cir 
cuit closing balls BB, which he has already 
automatically released at the central station 
for the purpose of connecting the line of the 
subscriber signaled with his own line, have 
been diverted to the accumulator or side track 
of the person signaled; second, it establishes 
additional circuit connections whereby the 
calling subscriber may, if he so chooses, re 
store his individual portion of the switching 
apparatus at the central station to normal eon 
dition so that he may call any other subscriber 
or any other subscriber call him; third, it ef 
fects additional circuit connections whereby 
the calling subscriber, after his circuit control 
ling balls have been released and diverted to 
theside track or accumulator of the subscriber 
called and wishes to await his turn for connec 
tion to the line of such subscriber, has his ap 
paratus placed in the same condition in which 
it was placed just previous to the time of the 
diversion of such balls to the accumulator; 
fourth, it effects additional circuit connections 
whereby the call bell of the subscriber signal 
ing is caused to be rung from any track over 
which the circuit closing balls may have been 
directed, thereby indicating to him that the 
proper connections have been established 
and he may proceed with his conversation. 
These several sets of circuit connections are 
effected by multiple sliding contacts insu 
lated from each other and attached to the 
armature levers of the switching magnets re 
ferred to and through individual pairs of con 
tact springs, as clearly indicated, and addi 
tional stationary contacts connected respect 
ively to wires 60, 61, 62 and 67. 
The switch board proper to which all in 

coming telephone wires are ultimately con 
nected is illustrated near the bottom of Fig. 
6 as applicable to three individual lines and 
consists of horizontally disposed pairs of dis 
connected contact plates c p, c' p', there be 
ing shown eight such pairs of contact plates 
connected together by cross connecting wires 
in substantially the same manner as well 
known forms of cross connecting switch 
boards are designed, these contact plates be 
ing borne by snort arms Pt secured to pivoted 
shafting S h and S'h', Sh, Sh, the normal 
condition of these pivoted supporting arms 
being horizontal, in which position they are 
held by retractile springs as clearly shown 
on the right near the bottom of Fig. 11, the 
arrangement being such that when the balls 
BB' are released in pairs they will be di 
rected to the proper switch board plates c p 
and c' p' and ultimately make the required 
connections between such plates for the call 
ing and called subscribers’ lines. 
The runways, chutes or tracks 1, 2, 3, 

&c., are horizontally disposed directly over 
the switch board and are provided with piv 
oted sections TS, T'S' which are capable of 
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assuming either of two positions shown in 
Fig.11. When in their lower position they 
carry the switching balls B° B° forward and 
when in their upper position, as shown on the 
right in Fig. il, they permit them to drop 
into circuit connection with the proper Cir 
cuit connecting plates cp and c' p', there be: 
ing one such tilting cross section of track. T 
S, T'S' for every transverse section of the 
switch board thereby making it possible for 
any pair of balls to be directed to any por 
tion of the switch board and dropped into the 
proper circuit connections as directed by the 
signaling subscriber. 
M17 and M20 are electro-magnets having 

armatures m1 and m?0 attached to the short 
arms of the pivoted track sections TS and T' 
S', the arrangement being such that when 
either one of said electro-magnets is energized 
its corresponding track section will be ele 
wated, as shown on the right near the bottom 
of Fig. 11. 

M18 and M81 are releasing electro-magnets 
having armature levers provided with hooked 
extensions adapted to retain said sections in 
their elevated position until the correspond 
ing electro-magnets Ms or M are energized. 

M19 and M3 are releasing electro-magnets 
having armatures m19 and m'attached to the 
pivoted supporting arms Pt and Pt, the ar 
rangement being such that when said mag 
nets M19 and M2 are energized the circuit 
closing balls B?, B* will be released and , 
allowed to return by a return runway or chute 
R. R., as shown at the bottom of Figs. 9 and 
11, and also near the bottom of Fig. 4 where 
they return by gravity to an elevator and are 
restored to their normal position. 
At the top of Fig. 6, Sheet 6, is shown a general recording apparatus R E consisting 

of a rotary cylinder carried by a pair of up 
right standards on a car C A having move 
ment in the direction of the length of the cyl 
inder. This recording apparatus is moved 
longitudinally through the agency of a ratchet 
wheel R v and a pawl carried by an arma 
ture lever m37 actuated by an electro-magnet 
M87, the ratchet wheel being carried by a Worlm 
shaft adapted to give the car the necessary 
movement and at the required speed, said 
ratchet wheel being stepped for Ward once in 
twenty-four hours through the agency of the 
electro-magnet M in circuit 68, 69, controlled 
by a twenty-four hour clock C K and a bat 
tery B* A seen in Fig. 7, Sheet 7. 

M80 is an electro-magnet having an arma 
ture lever m provided with a pawl adapted 
to rotate the recording cylinder R. E. Once in 
twenty-four hours through the agency of the 
ratchet wheel R' w', the electro-magnet M' 
being in circuit 70, 71 controlled by a clock 
C' K' which closes the circuit from a battery 
B8A8 three times in each revolution. Or once 
in every twenty seconds. 
M88 and M3 are the recording electro-mag 

nets, the former for subscriber's line No. 1 and 
the latter for subscriber's line No. 2, the arma 
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ture levers in and m being provided at their 
free ends with recording needles adapted to 
prick or otherwise make a record upon a rec 
ord paper carried by the rotating cylinder R 
E, it being understood that there would be as 
many recording electro-magnets with record 
ing armature levers as there are subscribers 
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lines, the circuit connections being from the 
electro-magnets M*, M., &c., to and through 
the automatic releasing mechanism and so ar 
ranged that ordinarily a call will only be re 
corded after circuit connection is actually ef 
fected between two subscribers. 
o The apparatus So far described and shown 
is applied to a system of ten lines of runways 
or chutes running from 0 to 9 inclusive, as 
shown in Fig. 4, Sheet 4. 
In order to show the application of my in 

vention to a system of more than ten sub 
Scribers' lines, I have illustrated in diagram 
matic view in Figs. S" and S, a system of ball 
runway's or chutes and accompanying attach 
ments adapted for use with ninety-nine sub 
scribers' lines, without, however, showing the 
circuit connections running back to the sub 
Scribers or forward to the switch board, the releasing electro-magnets for the numerical 
receiving SWitches or the circuit, connections 
in general running to the individualizing 
switches, &c., these two figures of the draw. 
ings being in the nature of a skeleton illus 
tration of the portion of the ball conveying 
run Ways or chutes only with their accom 
panying numerical receiver switch arms and 
pivoted runways. 
The two sheets of drawings upon which 

Figs. 8" and 8' are found should be laid side 
by side in order to understand the arrange 
lment of parts referred to. 
The electro-magnets M', four in number, 

one in Fig. S and the other three upon Fig. 
S" are the counterparts of the propelling elec 
tro-magnet M' which propels the numerical 
receiver switch N'R' illustrated in Fig. 4, and 
the rotating switch arms A in each instance 
are propelled by the armature levers n.9 in the 
same manner as were the like parts propelled 
in connection with the receiver switch re 
ferred to. 
When the system of subscribers' lines ex 

tends beyond ten, it is necessary that the nu 
merical Ieceiver switches should make circuit 
connections forward to corresponding numer 
ical receiver switchesin sequence, in order that 
the rotating arms of such numerical receiver 
SWitches may be rotated to the proper connec 
tions for conveying the circuit connecting balls 
B'B' to their destination. In the first numer 
ical receiver switch N' R' therefor one of the 
arms A is a conducting arm carrying a con 
tact spring adapted to make electrical contact 
With any one of a number of corresponding 
fixed electrical contacts ac' to at inclusive ac 
Cording to its radial position, said fixed con 
tacts being in turn connected by electrical 
conductors through the outlying propelling 

merical receivers, there being shown for the 
sake of clearness, only three such connections 
running by wires 110,140 and 170 to each of the 
electro-magnets shown on Fig. 8 and having 
a common return conductor 29. The Station - 
ary section of runways or chutes 0" to 9" in: 
clusive at the numerical receiver switch N 
R" are the same as in Fig. 4, but to the Outer 
ends of these stationary sections are pivotally 
attached ten movable sectional run Way's Ol' 
chutes S R united together by a segmental 
strip L. C having sliding bearings U, the Op 
posite ends of said segmental strip being at 
tached directly to armature levers C. m. and 
a' m' of switch controlling electro-magnets 
S’ M' and S M, the function of which elec 
tro-magnets, segmental strip and armatures 
is to place the outer ends of the ten pivoted 
sectional runways or chutes in alignment 
with either of two sets of stationary runway'S 
or chutes 0, 1, 2, to 9 inclusive or 10, 
20, 40, 70 to 99", the arrangement being 
such that if the sectional switch rails are in 
the position shown in full lines any pair of 
circuit connecting balls traveling on the 
chutes OR to 9 will make circuit Connec 
tions at the switch board with any line from 
1 to 9 inclusive in the same nanner as shown 
in connection with Figs. 4, 5 and 6, while if 
said pivotal sectional rails be in the position 
shown in dotted lines any pair of balls run 
ning down the chutes O' to 9" will be di 
verted to the corresponding stationary run 
ways or chutes running from 10 to 99 on 
Fig. Sb. 

I have shown for the sake of simplicity only 
three stationary sets of runways or chutes run 
ning to numerical receivers adapted to convey 
circuit connecting balls over runways to the 
switch board as follows, namely: for any sub 
scriber’s line from 10 to 19 or from 40 to 49 or 
from 70 to 79 the stationary runways or chutes 
opposite the corresponding rotary switch arms 
A, Fig. 8, having stationary continuations in 
the nature of runways as are found for the 
like parts at the outer ends of the stationary 
runways 1 to 9" inclusive, Fig. 4. 

Referring now to Fig. 8 and particularly 
to the electro-magnetic mechanism and cir 
cuit connections for operating the numerical 
receiver N' R, N S is a numerical separator 
or time relay which is a duplicate of the time 
relay shown at the top of Fig. 4, and the reed 
in 17 thereof is adjusted like the reed n in 
Fig. 4 to vibrate for a definite time for each 
electrical impulse passing through the elec 
tro-magnets M. An additional time relay 
T R identically like the time relay T R shown 
in Fig. 4 is placed also in the same circuit 
with the electro-magnet M of the nu merical 
separator for the purpose of releasing and 
ejecting the circuit connecting balls B B in 
the same manner as the latter function is 
performed in connection with the electro 
magnets Q' Fig. 4. 
When the number of subscribers’ lines is 

electro-magnets M' of the corresponding nu- more than nine it becomes necessary to pro 
s 
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vide a numerical separator with each series 
of numerical receivers of the higher orders in 
Some such manner as was shown and de scribed in my prior application. In that 
application I provided a clock mechanism 
which operated through circuit connections, 
numerical receivers step by step in connec 
tion with each of the higher orders of numeri 
cal receivers. In the present invention I have 
done away with this clock mechanism and 
Substitute therefor an individual numerical 
Separator for the first one hundred lines of 
the system, ten additional numerical sepa 
rators for one thousand lines and one hun 
dred additional numerical separators for ten 
thousand lines, making all told one hundred 
and eleven (111) such instruments in a sys ten of ten thousand subscribers' lines. 
SM, Fig. 8", is a switching electro-magnet 

adapted to act on a switching armature lever 
Sn and transfer circuit from the incoming 
conductor No. 30 to aud through conductor 
109 through one of the numerical receiver 
arms A and with that one of the conductors 
110, 140, 170, &c., with which the contact 
Spring carried by said arm may be in contact. 
R M is a release electro-magnet provided 

With a locking armature r n adapted to lock 
the armature lever s m of the switch magnet 
S M in its upper position and to release it, 
and is in the same circuit with the releasing 
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magnet to the numerical receiver N' R' not 
shown in this figure of the drawings but shown 
as M in circuit 44 in Fig. 4 of the drawings. 
It will be understood also that the circuit 44 
in this instance includes the switching mag 
net S'M', the armature of which is adapted 
to move the pivoted runway rails SR, SR, to their normal positions. 
I will now describe the mode of operation 

of the apparatus illustrated in Figs. i to 9 in 
clusive, Sheets 1 to 7 of the drawings, assum 
ing first that No. 2's circuit is not in use. I 
will then describe the operation of the appa 
ratus upon the assumption that No. 2's cir 
cuit is in use and that the circuit controlling 
balls of No. 1 released by his preliminary sig. 
nal have been stored upon the accumulator 
or side track of No. 2 shown in Fig. 4 of the 
drawings, and that they are afterward re 
leased by No. 2 when he rings off his connec 
tion with the subscriber with whom he was 
first engaged and that they then run forward 
to their destination and automatically connect 
the two lines together and ring the call bells 
of both subscribers, 
Subscriber No. 1 causes a single current im 

pulse to be transmitted from battery b' a' to 
the central station through the armature le 
verb' of the electro-magnet B", through switch 
spring s', conductor 98, armature lever f', 
Switch springs, conductor 100, relay electro 
magnet A', conductor 100, switch springs, ar 
mature lever c' of electro-magnet C, back by 
his return wire to his own instrument. This 
causes the armature levera' of the relay elec 
tro-magnet A' to be drawn forward and a sin 
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gle current impulse is sent from his own re 
lay battery b8 a by way of conductor 35, 
through the armature leveri of electro-mag 
net J' at the top of Sheet 2, contact spring 
s', conductor 33, branch conductor 103, elec 
tro-magnet L', branch conductor 103, con 
ductor 36, back to the starting point, thereby 
causing the armature lever l of the electro 
magnet L', Sheet 2, to be drawn forward so 
that the contact spring s on the free end 
thereof is transferred from connection with 
conductor 43 to connection with conductor 
41; at the same time the locking armature 
lever n' of the release electro-magnet M' is 
allowed to fall behind the free send of the 
armature lever n' and lock it in its upper 
most position where it was just left. At the 
same time that the current impulse just re 
ferred to was transmitted through conductor 
103 and electro-magnetL', Sheet2, a divisional 
branch of the current passes directly over 
conduc or 33 through Sheets 3, 4, 5 and 6 to 
electro-magnet M at the bottom of that 
sheet, returning by conductor 15 to and 
through electro-magnet O' near the center of 
Sheet 4 of the drawings, thence by conductor 
15 to and through Sheets 3, 2, to conductor 
103 where it joins conductor 36 and returns 
to the battery bai, Sheet 1. This second di 
visional current impulse therefore energizes 
the two magnets referred to, acting first upon 
the armature m attached to the shaft Sh, 
see Fig. 6, which carries all of those track 
sections lying over subscriber No. 1's contact 
plates with which all other subscribers’ wires 
are cross connected, thereby holding all of 
No. 1's track sections T S in an elevated posi 
tion so as to admit of the reception of the cir 
cuit controlling balls B B° when they shall 
have reached their particular runway or 
chute, corresponding in number to the sub 
scriber signaled, in this instance, No. 2. The 
same current impulse, as just noted, energized 
the electro-magnet O', see Figs. 4, and 8, there 
by causing the mechanical switch or gate of 
runway 1" of subscriber No. 1 to be elevated 
into the position shown in dotted lines in Fig. 
8, thereby disconnecting the main track run 
way or chute 1" and providing a shunt path 
on to the accumulator or side track R'S' for 
the admission of any circuit controlling balls 
B* B which may be released by any addi 
tional subscriber who shall call subscriber 
No. 1 either while he is turning in his signal 
for subscriber No. 2 or during the time that 
his, subscriber No. 1's, line is in connection 
with the line of subscriber No. 2 or that of any 
other subscriber, the object of this portion of 
the apparatus being to prevent the possibility 
of any circuit connecting balls making any 
circuit connection between his, subscriber 
No. 1's, line and that of any other subscriber 
until he is ready to have such connection ef 
fected. 
I will return to the description of the op 

eration of this apparatus later and describe 
what disposition is made of any circuit con 
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necting balls which are stored on the accumu 
lator or side track. The action of the appa 
ratus so far has put the mechanism at the 
central station which controls the movement 
of the circuit controlling balls BB° in such a 
position that no one can release additional 
circuit controlling balls and cause them to 
interfere in any manner with subscriber No. 
1 until he is ready to receive any such signal. 
When the armature lever m was drawn 

down or tilted, the shaft Sh, as already de 
scribed, caused the free end of the contact 
spring sac to be drawn down into contact with 
a second yielding contact S p, thereby closing 
an electrical circuit from battery BA as foll 
lows: by conductor 59, shaft Sh, spring Sac, 
springs p, conductor 62, electro magnet M', 
at the top of Fig. 5, conductor 62, contact 
spring carried by armature lever m° of elec 
tro-magnet M, conductor 59, thence back to 
battery BA, Sheet 6. This causes the indi 
vidualizing switch SW to be drawn to the 
right, thereby establishing several circuits be 
tween conducting springs and contact plates 
and simultaneously rupturing the circuit of 
battery B. A between the contact spring car 
ried by armature lever m and the contact 
point connected to conductor 62 and re-estab 
lishing a new but temporary open circuit 
through said spring by a contact point con 
nected to conductor 61. The several func 
tions of the individualizing switch S W will 
be described in their proper sequence as the 
operation of the apparatus advances. At this 
point that portion of the apparatus which I 
call the “percentage circuit selector PC 
shown at the bottom of Sheet 3, is brought 
into play. This percentage circuit selector, 
it will be understood, is constantly driven by 
an electric motor EM or other constant Source 
of power, and the arm ic carried by the verti 
cal shaft S is constantly rotated in the di 
rection of the arrows from left to right. 
Returning now to Sheet 2 of the drawings: 

The next step in the operation of the appa 
ratus in the order of description, which is also 
simultaneous with the Steps just described, 
is traceable to what I call the “percentage 
switch governed by the electro-magnet I' 
and the movement of its armature l', the free 
end of which latter, it will be remembered, 
was moved as already described so that the 
contact springs is now in connection with 
conductor 41 instead of conductor 43 its nor 
mal position as now shown in the drawings. 
In this locked position of the switch there 
fore battery B A is brought into play at such 
time as the cylinder D R of the percentage 
circuit selector shall have reached such a po 
sition with the contact brushi corresponding 
to the line of subscriber No. 1, which in this 
instance is connected to circuit 41 shall have 
made contact with the spirally disposed con 
ducting strip f, while at the same time the ra 
dial arm is which carries the electro-magnets 
M10 and M11 shall have arrivedata point directly 
over the tilting armaturel which is designed to 

connect a circuit directly from the relay bat 
teryba of the line of subscriber No. 1 to the 
electro-magnetM', Sheet 4, of the numerical re 
ceiver switchin order that subscriber No.1 may 
transmit the necessary sequence of current 
impulses from his relay battery ba and ad 
vance the arms A of numerical receiver N' R' 
to the stationary runway 2' which is to guide 
or carry the circuit controlling balls B° B° 
when released to their ultimate destination. 
The circuit from battery B A is therefore 
traceable as follows: by conductor 20 to ar 
mature lever l', spring S', contact plate p", 8o 
conductor 41, electro-magnet J', conductor 41 
releasing electro-magnet M, conductor 41, 
thence to the left hand contacting brush j 
the free end of which rests upon drum DR, 
thence through the spirally disposed strip f 85 
on the supposition of course that the cylin 
der has advanced to such a position as will 
make the contact referred to, thence through 
conductor 94 to the insulated conducting ring 
h carried by the shaft S, thence throughbrush 
i, conductor 92 and contact brush st' to insu 
lating conducting ring 1", see also Fig. 10 of 
the drawings, thence through upper conduc 
tor 92 to the outer electro-magnet M borne 
by the arm c, thence through lower con 
ductor 92 to the central ring 2", thence by 
brush st", thence by conductor 2S to Sheet 4, 
thence through contact spring s and the ar 
mature lever n, thence through conductor 
20 and electro-magnet M, thence by conduc 
tor 20 back through Sheets 2 and 1 to the 
starting point. This current impulse there 
fore first energizes the electro-magnet J' ele 
vating the free end of its armature leverji 
So as to place the contact springs' in connec 
tion with conductor 38. At the same time 
the armature leverk' of the releasing electro 
magnet K drops behind the free end of the 
leveri and locks it in the uppermost posi 
tion. The same current impulse energized 
the releasing electro-magnet M' causing ar 
mature m' to be drawn forward thereby re 
leasing the armature lever l of the percent 
age switch and allowing it to be returned to 
its normal position so that the contact spring 
S is again in contact with circuit 43 as now 
shown. The same current impulse energized 
the electro-magnet M carried by the arm is 
at the instant that it was directly over the 
tilting armaturel thereby causing said arma 
ture to be tilted in the reverse position to 
that now shown in Fig. 10, thus establishing 
new circuit connections for circuits 35 and 36, 
which circuit connections will be traced later 
on. The same current which energized the 
magnet M' as just described energized the 
electro-magnet M at the upper right hand 
side of Sheet 4, thereby causing the armature 
lever n thereof to be drawn into its upper 
most position and by that act automatically 
rupture the circuit just described between 
the contact spring S and the conductor 28. 
As the armature lever in was drawn into its 
upper position, however, the armature lever 
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m of the releasing electro-magnet M fell 
behind the free end of the former armature 
lever and locked it, leaving the circuit of bat 
tery B A ruptured as described. The circuit 
of the relay battery ba of subscriber No. 1 
has now been connected directly with the 
electro-magnets M' and M of the numerical 
receiver and of the time relay shown on Fig. 
4 of the drawings, so that he, subscriber No. 
1, may now transmit the necessary number 
of current impulses to step forward the arms 
A of the numerical receiver into alignment 
with the runway or chute 2 of subscriber No. 
2 and at the same time automatically release 
the circuit connecting balls B°B°in the chutes 
S H after the arms have reached this point. 
In order to step the arms A of the numerical 
receiver switchforward to the runway or chute 
2R to subscriber No. 2 three electrical im 
pulses are necessary; subscriber No. 1 there 
fore transmits three such impulses from his 
battery b' a' which in the same manner as 
before described actuate his relay A and 
caused three impulses to be sent forward to 
the electro-magnets M' and M, Fig. 4, by the 
following circuit: starting from battery ba 
through the armature levera', conductor 35, 
armature lever of electro-magnet J', which 
it will be remembered is locked in its upper 
position by the armature k", contact spring 
s', contact point, p", conductor 38, thence to 
the left hand or rear contact point it, Fig. 3, 
thence by the rear one of a pair of contact 
springs scarried by the armaturel to an in 
sulated conductor 104 carried also by the 
armature lever, thence to the rear one of a 
pair of contact springss' carried at one end 
of the armature lever l and now in contact 
with a fixed contact. 2 attached to conductor 
29, thence by conductor 29 to electro-magnet 
Mi of the time relay, thence through electro 
magnet M of the numerical receiver switch, 
thence by conductor 30 to the front one of 
the contacts 2, thence by the front one of the 
contact springss' carried by the armature le 
verl, thence by conductor 105 to the front 
one of the conducting springs scarried on 
the free end of the armature lever l, thence by the remaining one of the stationary con 
tacts u, thence by conductor 36 back to the 
starting point. The transmitted impulses 
therefore from the battery ba energize the 
electro-magnets M and M', causing the arma 
ture lever in of the latter electro-magnet to 
impart a rotary motion through the agency 
of a ratchet wheel on the shaft which sup 
ports it to advance until the arms A are in alignment with the stationary section of track 

At the same time the continued action 
of the electro-magnet M upon the reed ar 
mature no caused said reed to vibrate back 
and forth, thereby imparting to the slid 
ingpin p a vertical movement through the 
agency of the non-conducting head c which 
rests upon the upper side of said reed. Conse: 
quently the upper conducting head b carried 
by the pin p was lifted into its uppermost 
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position until its shoulder was raised above 
the sliding conducting bar a thereby allow 
ing the latter to be moved slightly to the left 
under the influence of the retractile spring 
attached to the armature lever m of the re 
leasing electro-magnet M. When this shoul 
dered head b was lifted, as described, it was 
brought into direct contact with the yielding 
spring or arms, thereby closing the circuit of 
battery B'A' through conductor 91 and be 
tween the springs, the conducting headband 
the sliding bar a. The act, however, of set 
ting the vibrating reed min motion caused the 
shouldered head b to be locked in the upper 
most position and to simultaneously and in 
termittently interrupt the circuit of the bat 
tery B' A' between the now vibrating contact 
e at the free end of the reed in and the yield 
ing contact springs' so that as long as this 
reed m continues to vibrate the battery cir 
cuit B'A', although closed between the yield 
ing springs and the sliding bara is now in 
termittently interrupted between the points 
e and the springs in such rapid succession 
that the battery B'A' will be ineffective so 
long as this vibration continues. When 
therefore the reed settles to its normal posi 
tion after the last impulse is transmitted the 
circuit of battery B'A' will be closed as fol 
lows: By conductor 91, spring s, conduct 
ing head b now locked in its uppermost posi 
tion by the free end of the bar a resting un 
der the shoulder of said head, through the 
bar a, thence through the now stationary 
reed m, contact point e, yielding springs', 
conductor 91 to and through the electro-mag 
nets Q' Q', thence by conductor 91 through a 
releasing electro - magnet M. The result 
therefore of this closure of the circuit of the 
battery B'A' is that the electro-magnets Q' 
Q' are both energized, thereby causing their 
armature levers Q' q' to be moved in oppo 
site directions So that the One next to the 
open sided pocket B is raised out of the path 
of the balls B B° and the one behind said 
pair of balls is drawn down, thereby bring 
ing the wedge shaped edge of the ejecting 
lever, shown more clearly in Fig. 9, into fric 
tional relation with the rear ball and giving 
to both balls an impetus to start them on 
their journey. At the same time the elec 
tro-magnet M being energized its armature 
in caused the sliding bar a to be drawn for 
ward, thereby releasing the shouldered head 
b and allowing it and the sliding pin d to 
drop into their lower position, so that one 
edge of the shouldered headlocks the sliding 
bar in the forward position shown, while the 
other edge of said conducting head is left out 
of electrical contact with the yielding spring 
st and the circuit of the battery B'A' again 
ruptured at this point the insulated head c 
resting as shown upon the upper surface of 
the reed no. The instant that the circuit 
of the battery B'A' was ruptured between the 
springs and the sliding bar a therefore the 
two electro-magnets Q' Q' which control the 
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ball retaining and ball ejecting levers q' q' 
were demagnetized, thereby allowing them to 
assume their original position so that the one 
next the open sided pocket is again in posi 
tion to check the next pair of balls which will 
now run down the chute S H into position, 
the ejecting lever q being again in position 
to perform its function as before, when act 
uated. The circuit connecting balls B° B° 
have now been set in motion and pass by. 
their own weight down the inclined arms. A 
on to the runway or chute 2 passing over the 
accumulator switch or gate R which is now 
in its lower position so that they pass directly 
under the accumulator or side track R S of 
subscriber No. 2 and on to the continuation 
of the runway until they reach a point shown 
at the extreme left hand of Fig. 5 where they 
close an electrical circuit from a short section 
of the track lis on one side and the other or 
continuous track 2' on the other side by con 
ductors S3 and S4 in opposite directions. As 
the circuit just described is utilized only when 
the connecting balls have been first diverted 
to the accumulator or side track it will be 
unnecessary to further describe its function 
here. At the same time that the balls are 
passing over the short section ls an addi 
tional multiple arc branch circuit is closed 
to the magneto generator as follows: Pass 
ing downward by conductor 44 to the bot 
tom of the sheet, thence to the left through 
Sheet 4, thence upward through the releasing 
electro-magnet M of the numerical receiver 
switch, thence upward through conductor 44 
to the top of the sheet, through the releasing 
electro-magnet M, thence by conductor 44 to 
conductor 4 located directly under electro 
magnet M, thence to the right through Sheets 
4, 5 and 6 to one pole of the magneto genera 
tor, thence through conductor 45 to the bot 
tom of Sheet 6, thence to the left through 
Sheets 6 and 5 to conductor S4, thence up 
ward through the continuous main rail 2 
through the balls. This current from the 
magneto generator therefore causes the elec 
tro-magnet M to actuate its armature lever 
m which is provided at its free end with a 
retaining pawl and is operatively connected 
by a cord passing over a pulley with a pro 
pelling pawl carried by the armature m'. 
Consequently when these pawls are released 
the arms A of the numerical receiver are re 
turned to their normal position under the in 
fluence of a spring or Weight in the same 
manner as the corresponding parts are re 
stored in the invention disclosed in my prior 
application. The same current impulse from 
the magneto generator caused the releasing 
electro-magnet M to withdraw the locking 
armature in from beneath the armature le 
wer in of the electro-magnet M, thereby es 
tablishing an electrical contact between the 
springs carried on the free end of this ar 
mature lever with a conductor S7. 
For the present we will leave the balls B 

B° upon the section 15 and trace the opera 

ii. 

tions of that portion of the apparatus affected 
by the two switches controlled by the four 
electro-magnets M, M', M and M at the top 
of Sheet 4. 

Reverting now to the percentage circuit 
selector at the bottom of Sheet 3 it will be 
found that the movement of the armature le 
ver n and the contact spring slast affected 
and seen near the top of Sheet 4 will put the 
circuit 27 running to the percentage circuit 
selector in such relation to it that one of the 
contact brushes.j', namely, that one connected 
to the circuit 43 and belonging properly to 
the central station apparatus of subscriber 
No. 1 will be in position to effect certain op 
erations from the battery B A on Sheet 2, 
whereby the armature leverl which permitted 
subscriber No. 1 to obtain control of the nu 
merical receiver switch will be returned to 
its normal position so as to allow the circuit 
selecting apparatus to be used by other sub 
scribers. This is brought about as follows: 
When the drum D'R' advances in the direc 
tion of the arrow so that the left hand brush 
f' comes into contact with the spirally dis 
posed contact strip f a circuit is closed from 
the battery B A as follows: by conductor 20, 
armature leverl, springs', conductor 43, left 
hand brushi', strip f', conductor 95, insulated 
ring h, left hand contact brush i, conductor 
108, brush s, insulated conducting ring 3", 
see also Fig. 10, conductor 93, inner left hand 
electro-magnet M carried by the radial arm 
k, thence through a conducting, spring t car 
ried by the same arm and having electrical 
contact with the upper ends of a series of 
contact plates e p, thence through that one 
of said contact strips which lies directly op 
posite the ends of the armature lever l and 
thence through a conducting spring scar 
ried by the armature lever, it being under 
stood that this armature lever is now in the 
reverse position from that shown in Fig. 10, 
so that the upper end of the contact spring 
s' bears on the enlarged lower end of that 
one of the contact plates ep through which 
the current came; thence directly through 
the armature lever to the pivot points of the 
armature and by conductor 27, through the 
electro-magnet M at the top of Sheet 4, thence 
through the armature lever m and contact 
springs' carried thereby, thence through the 
lower contact point which is connected to 
conductor 87, thence through the release elec 
tro-magnet M at the right of Sheet 4, thence 
downward through conductor 87, through 
conductor 20, thence to the left through Sheet 
3 back to the battery B A completing the cir 
cuit. This current impulse therefore ener 
gizes the electro - magnet M on the inner 
end of the arm k and restores the armaturel 
to its normal position as shown in Fig. 10. 
The same current impulse caused the electro 
magnet M" at the left and top of Sheet 4 to 
restore the armature lever n to its normal 
position where it is locked by the armature 
lever n of the release electro-magnet M. 
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The same current impulse energized the re 
lease electro-magnet M on the right and at 
the top of Sheet 4, and allowed the armature 
lever m of the electro-magnet M8 to return 
to normal position with its contact spring st 
in connection with circuit 28, thus leaving 
the percentage circuit selector and its circuit 
connections free for use by any other sub 
scriber. Having restored the percentage se 
lector and its circuit connections to normal 
position where they may be used independ 
ently by other subscribers we are now pre 
pared to return to the circuit connecting balls 
which were temporarily left moving over the 
section 15 of the runway 2'. They pass on 
ward to a second short section of track 2s 
where they close a new circuit to and through 
the magneto generator and other apparatus 
as follows: upward by conductor 81 to con 
ductor 8, thence to the left through Sheets 4, 
3, 2 and 1 to electro-magnet B° of the appara 
tus of subscriber No. 2, thence through elec 
tro-magnet E, thence upward to conductor 4, 
thence to the right through Sheets 2, 3, 4, 5 
and 6 to the magneto generator, thence 
through conductor 45 to the bottom of Sheet 
6, thence to the left through Sheets 6 and 5 to 
conductor 84, through the continuous track 
to the starting point, through the traveling 
conducting balls. This current impulse there 
fore placed the free end of the armature le 
verb of the electro-magnet B of the appa 
ratus of subscriber No. 2 in its upper posi 
tion so that the contact spring S carried 
thereby is now placed out of contact with cir 
cuit No. 99 and into contact with circuit No. 
4 preparatory to the ringing of his call bell by 
the passage of the traveling conducting balls 
over the next section of the runway of chute. 
As these balls pass therefore upon this sec 
tion 35 they close another circuit as follows: 
upward by conductor 80 to conductor 7, 
thence to the left through Sheets 4, 3, and 2, 
downward and to the left through. Sheet 1, 
upward through conductor 101, thence to the 
extreme left of Sheet 1 where conductor 7 
joins conductor 101, thence upward to and 
through contact springs' carried at the outer 
end of the armature lever c” of electro-mag 
net C°, thence out of the exchange station 
over the line of subscriber No. 2 through his 
call bell, not shown, backward through the 
return line to armature lever b, through con 
tact springs, contact point p up and to the 
right through conductor 4, through Sheets 
2, 3, 4, 5 and 6 to the magneto generator, 
thence downward to conductor 45 to the left, 
through Sheets 6 and 5 to conductor 84, thence 
upward to the continuous track 2' and through 
the traveling balls. Consequently the call 
bell of subscriber No. 1 is rung during the 
time that the balls are passing over the short 
section of track 3. As the balls advance they 
pass from the short section 3 on to the next 
succeeding short section 4 and a fourth Cir 
cuit is closed as follows: from the short Sec 
tion of track 4 upward through conductor 
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6 to tile left through sheets 4, 3, 2 and 1, to 
the left and upward through electro-magnet 
C° of the apparatus of subscriber No. 2, thence 
through conductor 6 to and through releasing 
electro-magnet D', thence upward through 
conductor 4 and to the right through the com 
mon return conductor to the magneto gen 
erator, thence downward by conductor 45 
to conductor 84, Sheet 5, thence upward to 
the continuous track 2 through the balls. 
The electro-magnet C° is therefore energized 
and the contact springs Scarried by the arma 
ture lever c change their connection with 101 
into connection with contact plate p con 
nected to the talking circuit 18. The electro 
magnet D* was also energized and its arma 
ture d' drawn forward, thereby releasing 
armature lever b° changing the position of 
the contact spring s from connection with 
circuit, 4 running to the magneto generator 
into connection with circuits 99 and 31, the 
latter, 31, being a through talking circuit. 
The balls now pass on to the short section 55 
where a new circuit is closed to and through 
the magneto generator as follows: upward 
through conductor 79 to conductor 16, thence 
to the left through Sheet 5, thence to Sheet 4 
downward and to the left, thence through 
electro-magnet O', thence upward by conduc 
tor 16 to the left, thence upward to the con 
ductor 4 running to the magneto generator 
on Sheet 6, thence downward and to the left 
through conductor 45 and upward through 
Conductor 84 to the continuous track 2 
through the balls. The energizing of the 
electro-magnet Otherefore caused the accu 
mulator switch or gate R* to be lifted into a 
position corresponding to that shown in dotted 
lines in Fig. 8 so that any incoming signals 
for subscriber No. 2 from any other subscriber 
Will be stored up until conversation between 
subscriber No. 1 and subscriber No. 2 is con 
cluded, it being apparent that any circuit 
connecting balls which may be released by 
any other Suhscriber than No. 1 over the run 
way or chute 2", he the additional calling sub 
Scriber Will now run on to the accumulator 
or side track of subscriber No. 2 and there be 
held in check by the ball retaining device p? 
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until they are released, as will be described 
later on. The balls now pass on to a short 
conducting section 6 at the left of Sheet 6 
where another circuit is closed through the 
magneto generator to other apparatus, which 
circuit, however, it should be remarked is 
made dependent upon the individualizing 
switch S W which it will be remembered was 
moved to the right in the previous operation 
of the apparatus so that the contact spring m 
is in connection. With circuit 61 and the sev 
eral contact Springs above and below in the 
switch itself are in electrical contact with the 
metallic sections of the switch. Bearing this 
in mind therefore the circuit is closed from 
section 6 upward through conductor 57, 
thence to the left to the center of Sheet 5 
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where it joins conductor 52, thence upward 
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through conductor 52 through the extreme 
right hand spring of the individualizing 
Switch SW, thence through the first metallic 
plate of the switch, thence through the lower 
right hand conducting spring, thence by con 
ductor 11 to the left through Sheets 4, 3 and 2 
to electro-magnet B of subscriber No. 1, Sheet 
1, thence through electro-magnet E, thence 
by Conductor 11, thence to the common mag 
neto conductor 4 connected with the magneto 
generator Sheet 6, thence by conductor 45 to 
the bottom of Sheet 6 and upward by con 
ductor 73 to the continuous track 2 and 
through the conducting balls. The electro 
magnet B", Sheet I, of the apparatus of sub 
scriber No. 1 was therefore energized through 
the contact springs' carried at the free end 
of the armature leverb' and changed from 
connection with conductor 98 into connection 
with the upper contact plate p' which in turn 
is connected directly with the common return 
conductor No. 4 running to the magneto gen 
erator on Sheet 6. This last act therefore of 
connecting the contact springs' with the com 
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mon return conductor 4 places the apparatus 
of subscriber No. 1 in condition for the ring 
ing of his call bell as the balls pass forward 
to the next section of track. The circuit for 
effecting this ringing is therefore closed as 
the balls pass on section 7 as follows: up 
Ward through conductor 56 to the left to the 
center of Fig. 5 where 56 joins conductor 50, 
thence upward to the second one of the up 
per contact Springs of the individualizing 
switch SW, thence downward through the 
second conducting plate, thence through the 
second lower contact spring, thence by con 
ductor S6 downward to conductor 10, thence 
to the left by conductor 10, through Sheets 3 
and 2 to the center of Sheet 1 where con 
ductor 10 joins conductor 100, thence upward 
by conductor 100, through contact spring s, 
armature lever c', thence through the call 
bell of subscriber No. 1, thence back to the 
office through the return wire to armature 
lever b, thence through contact spring s', 
contact plate p' to the common return con 
ductor 4 connected with the magneto gener 
ator on Sheet 6, thence by conductor 45 back 
to Sheet 6, upward by conductor 73 to the 
continuous track of 2 and through the con 
ducting balls. The balls now pass on to the 
last short conducting section and another cir 
cuit is closed therefrom as follows: by con 
ductor 55, to the top of Sheet 6, thence to the 
left to the center of Sheet 5 where they join 
conductor 51, thence upward by conductor 
51, thence through the third one of the up 
per conducting springs of the individualiz 
ing switch SW, thence downward through 
the third conducting plate of that switch 
and through the third lower conducting 
spring by conductor S5 to conductor 9, thence 
to the left through Sheets 4, 3, 2, and 1, to 
and through electro-magnets C and D of 
the central station apparatus of subscriber 
No. 1, thence to the common return conduc 

tor 4 of the magneto generator on Sheet 6, 
thence by conductors 45 and 73 to the Qil 
tinuous track 2 and through the balls. The 
act of energizing the electro-magnet C caused 
its armature c'to change the position of the 
contact springs from connection with circuit 
100 into connection with circuit 19 at the point 
p?, which plate in turn is connected to circuit 
No. 19 or the talking circuit of subscriber's 
line No. 1. At the same time the armature 
lever d' was drawn forward and the armature 
lever b' of the electro-magnet B' released 
allowing the contact springs' to be restored 
to its normal position, thereby disconnecting 
the circuit running to the magneto generator 
and connecting it directly to the remainder 
of the talking circuit of No. 1. The balls 
finally pass under the free or elevated end of 
the pivoted section of track way TS which 
is held in that position, it will be remembered, 
by the hooked armatures p, this operation 
having been described in the early part of the 
specification. As the balls drop into their 
position upon the contact plates cp and ep' 
one of them momentarily closes contact be 
tween two yielding contact springste and an 
electrical circuit is closed from battery B"A" 
as follows: by conductor 59 to yielding cont 
tact springste and one of the balls, downward 
by conductor 77 to conductor 64, thence to the 
left to Sheet 5, thence upward by conductor 
64 to the restoring electro-magnet M of the 
individualizing switch SW, thence downward 
by conductor 63, thence to the right, thence 
downward and again to the right to the center 
of Sheet 6, thence upward through electro-mag 
net M, thence downward by conductor 61 to 
the left to Sheet 5, thence upward and to the 
left and again upward by conductor 61 to the 
upper right hand contact plate to which said 
conductor is connected, thence through the 
spring carried by the armature in" which 
spring it will be remembered was left in connec 
tion with that contact plate, thence by arma 
ture lever m?', thence by conductor 59 to the 
right to Sheet 6, thence downward to the other 
pole of the battery B.A. The individualizing 
switch S W was therefore restored to its nor 
mal position under the action of the electro 
magnet M28. The elevated section of the run 
way TS was released under the action of the 
electro-magnet M and its hooked armature 
lever m31 so that all of the elevated Sections 
of track - way connected to the shaft Sh 
have been restored to their normal or lower 
positions, thus allowing the passage of balls 
on other tracks than that of R or R' for mak 
ing additional connections at points beyond. 
It is to be here observed that the short Con 
ducting sections 1, 6, 7 and S of the run 
ways l', 2',3', &c., are all connected in mull 
tiple are relation and that when the individ 
ualizing switch S W was returned to its nor 
mal position the passage of circuit closing 
ballson other tracks will not affect in any 
way the apparatus of subscriber No. 1 or 
the circuit established between subscriber 
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No. 1 and subscriber No. 2. The balls B? B? 
having found their way into contact with the 
contact plates c p, c' p' beneath the runway 
2R near the center of Sheet 6 the talking cir 
cuit is closed and an uninterrupted conver 
sation may not be had between subscribers 
No. 1 and No. 2 and through the following 
circuit: passing by subscriber’s line No. 1 
to the armature leverb’, thence through con 
tact Spring S', thence by conductor 98 to con 
ductor No. 1, thence upward to the top of 
Sheet 2, through Sheets 2, 3 and 4 to the top 
of Sheet 5, thence downward and to the right 
through Sheet 5 to Sheet 6, thence up and to 
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the right to a short cross connector which 
joins the left hand series of contact plates e 
?p in pairs, thence downward, thence through 
One of the balls to the right hand contact 
plate C p of the left hand pair, thence through 
conductor 18 up and to the left to Sheet 5, 
thence to the left through Sheets 5, 4, 3, 2 and 
1 through the electro-magnet G° of the auto 
matic release, thence upward by conductor 
18 to the contact plate p", thence through the 
contact plates, armature lever c, thence out 
of the exchange station by subscriber’s line 
No. 2 through his instruments, thence back 
through his return wire, through armature le 
Yer b, through springs, thence downward 
through conductor 99 to conductor 31, thence 
to the right and downward to and through 
Sheet 2, through Sheet 3, through Sheet 4 and 
Sheet 5 and upward and to the right to Sheet 
6 downward to the left hand contact plate te 
of the right hand pair of plates, thence through 
the second ball, thence to the right hand plate 
c' p' of the second pair, thence upward and 
to the left by conductor 19, through Sheets 5, 
4, 8, 2 and 1 to electro-magnet G' of the auto 
matic release, thence upward by conductor 
19, through contact plate p, contact spring 
s', arimature lever c' out of the exchange sta 
tion, through the return wire of subscriber 
No. 1 to the starting point. Both subscrib 
ers may therefore talk at pleasure without 
any fear of interruption from any other sub 
scriber as no other subscriber can by any 
possibility obtain connection with the lines 
of either. When the conversation has con 
cluded the subscribers hang their receiving 
telephones upon their hooks and either one 
of them may disconnect or ring off the cir 
cuit connections at the exchange system by 
transmitting a single current impulse over 
his line. When this is done the circuit im 
pulse which is from one of the batteries b 
a' or 0° a, passes over the same circuit 
throughout the system as was used for the 
purpose of talking which circuit has just been 
described. In doing so the current impulse 
transmitted being from one or both of the bat 
teries b' a' or ba” and of greater strength 
than the currents used in talking will ener 
gize the two electro-magnets G and G, Sheet 
1, thereby lifting the armature levers g g so 
that the armature levers i' of the releasing 
electro-magnets will lock them in their upper 
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positions. In these locked positions two lo 
ge circuits are closed from batteries ba and 

I will first trace the circuit from 
a which is as follows: passing by conductor 5 
through electro-magnet E", thence through 
conductor 5, through Sheets 2, 3, 4 and 5, 
downward to the bottom of Sheet 5, thence to 
the right on Sheet 6, downward and to the left 
through conductor 64, back again to Sheet 5, 
thence upward and to the left and again up 
ward to electro-magnet M of the individual 
izing switch SW, thence downward by conduc 
tor 63 to the right, thence downward to the bot 
tom of Sheet 5, thence to the right through Sheet 
6, thence upward to and through electro-mag 
net M, thence downward through conductor 
61 and to the left through branch 61 to elec 
tro-magnet M8, thence to the left through 
conductor 26 to Sheet 5, thence upward and 
to the right back again to Sheet 6, through the 
recording electro-magnet M, thence to the 
left through conductor 3, thence through 
Sheet 4, thence downward through electro 
magnets P of the accumulator apparatus R' 
S' of subscriber No. 1, thence to the left 
through the releasing electro-magnets N' of 
the accumulator switch or gate of subscriber 
No. 1, thence upward through conductor 3 to 
the top of Sheet 4, thence to the left through 
Sheet 3 to the top of Sheet 2, thence down 
ward through releasing electro-magnet K', 
thence downward and to the left to Sheet 1 
where it joins conductor 22, thence upward 
through the releasing electro-magnet H', 
thence to the left where it joins conductor 23, 
thence upward through releasing electro-mag 
net I, back through conductor 23, contact 
spring s, armature lever g', to the starting 
point or battery bia. Electro magnetM was 
energized but for the present this need not be 
considered. Electro-magnetM*was energized 
thereby causing the armature lever n' to tilt 
the contact plates and their supports down 
ward so that the balls B B will run by their 
own weight and drop upon the return run 
way or chute R. R., as shown at the bottom of 
Fig. 11, ultimately returning to the elevator 
E shown in Fig. 9, where they are lifted one 
by one in pockets PO and returned to the 
upper chute S H shown in Fig. 4 for re-use. 
Electro-magnet M* of the individualizing 
switch S W was also energized but this need 
not be noticed here. The electro-magnets P'of 
the accumulator R S were energized, but 
based upon the supposition that there were 
no balls standing upon this...accumulator, this 
fact need not be noticed here. The releasing 
electro-magnet N of the accumulator switch 
or gate R running to the accumulator RS' 
of subscriber No. 1 was released in order to 
place his runway in condition for the recep 
tion of incoming balls from other subscrib 
ers, seeing that he is now ready for additional 
calls. 
the top of Sheet 6 was also energized, thereby 
causing the armature lever mand its marker 

battery b5 

The recording electro-magnet M at 
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to make a record upon the paper carried by 
the revolving recording cylinder R. E. The 
release electro-magnet K' at the top of Sheet 
2 was also energized drawing up the arma 
turek' thereby releasing the armature f of 
the electro-magnet J' and allowing said ar 
mature to return to its normal position for the 
reception of other signals from subscriber 
No. 1. The release electro-magnet E' at the 
top of Sheet 1 was also emergized, thereby 
callsing its armature lever to permit the re 
turn of the armature lever c' so that the con 
tact spring s is in direct connection again 
with its signaling relay A' through circuit 
100. The releasing electro-magnets H' and 
I Were energized thereby causing the lock 
ing armatures l' and i' to release the arma 
ture levers f' and g' thus restoring the com 
plete circuit connections to the signaling re 
lay for subscriber No. 1 and automatically 
rupturing the circuit of battery baf. Re 
turning now to the other battery ba' and its 
circuit connections (they are traceable as fol. 
lows) it being remembered that the armature 
leverg was left locked in its upper position 
by the armature lever i° of the electro-magnet 
I, the current passes from batterybaby con 
ductor? through the releasing electro-magnet 
E° at the top of the sheet, thence to the right 
by conductor 2 to the releasing electro-mag 
net K through conductor 2 at the top of Sheets 
2, 3 and 4, thence downward through electro 
magnets P of the accumulator apparatus R 
S' of subscriber No. 2, thence through the re 
leasing electro-magnet N° of the switch orgate 
R, thence to the right and upward to the top 
of Sheet 4, thence to the right through Sheet 
5 to the top of Sheet 6, through the recording 
electro-magnet M' of subscriber No. 2, thence 
downward to the bottom of Sheet 6 and to 
the left to conductor 66, thence to the left to 
Sheet 5, thence upward and to the left to elec 
tro-magnet M of the individualizing switch 
S' W' of subscriber No. 2, thence downward 
and to the right to conductor 65 to the bot 
tom of Sheet 5, thence to the right through 
Sheet 6, thence upward to electro-magnet M1, 
thence to the left by conductor 60 to and 
through electro-magnet M', thence to the 
right and upward by conductor 17, thence to 
the left through Sheet 6, Sheet 5, Sheet 4, Sheet 
3, Sheet 2 and Sheet 1 where it intersects con 
ductor 24, thence upward through releasing 
electro-magnet H, thence to the left where 
conductor 24 intersects conductor 25, thence 
upward through releasing electro-magnet I, 
thence through contact point p, spring st 
back to the batteryba. Electro-magnet M18 
Was therefore energized but this need not be 
noticed here. Electro-magnet M19 was ener 
gized thereby rotating the shaft S8 h9 and 
causing any balls which might have been 
held upon any of the contact plates c p, c' p' 
to be released and returned to and through 
the return runway R. R. back to the elevator; 
but inasmuch as subscriber No. 1 called sub 
scriber No. 2 and subscriber No. 2 has not 

called subscriber No. 1 there are no connect 
ing balls in No. 2's cross connections. So that 
the operation of this electro-magnet need not 
be noticed here. Electro-magnet M of the 
individualizing switch S' W' of subscriber 
No. 2 at the top of Sheet 5 was energized but 
this fact need not be noted here. Electro 
magnets P of the accumulator or side track 
R° S were also energized but inasmuch as I 
have supposed there were no balls upon the 
accumulator this fact need not be noted here. 
The release electro-magnet N of the accumu 
lator switch or gate R was energized and 
that gate released and allowed to assume its 
normal position thereby leaving his, No. 2's, 
runway in condition to receive circuit con 
trolling balls from other subscribers. The 
recording electro-magnet M, Sheet 6, of sub 
scriber No. 2 was energized thereby causing 
the armature lever mand its recording Sty 
lus to make a record of the call for subscriber 
No. 2 upon the record paper carried by the 
revolving recording cylinder R. E. Release 
electro-magnet K at the top of Sheet 2 was 
energized thereby causing its armature lever 
k° to release the armature leveri of the switch 
magnetJ, thus placing this part of the appa 
ratus of No. 2 in condition for the reception 
of incoming signals. The releasing electro 
magnet E° at the extreme left of Sheet 1 was 
energized causing its armature lever e' to 
move thereby connecting the spring S' with 
the circuit 101 and restoring it to direct con 
nection with the signaling relay A. The re 
leasing electro-magnets H and I, Sheet l, 
were also energized thereby causing their ar 
mature levers hand to release the arma" . 
ture levers f° and g, thereby restoring the 
complete circuit to the signaling relay through 
conductor 101 and automatically rupturing 
the circuit of battery ba. 
The entire apparatus is now in condition 

for the sending or receiving of signals by or 
from either one of the subscribers No. 1 or 
No. 2, it being understood that the switching 
apparatus at the exchange system was left at 
the disposal of the other subscribers for their 
mutual use during the time that No. 1 and 
No. 2 were holding their conversation, or 
ceiver switch N' R', Sheet 4, was released on 
the movement of the circuit controlling balls 
B°B° over the first short section 15 of the run 
way 2 at the left hand edge of Sheet 5 through 
the agency of the circuit, consisting of con 
ductors 44, 4, 45 and 84, the magneto gener 
ator and the releasing electro-magnet M', at 
which time also the percentage switch at the 
upper left hand side of Sheet 4 was automati 
cally released through the agency of electro 
magnet M. 
Suppose now that immediately after the 

numerical receiver switch and the armature 
lever l of the percentage selector had been 
restored to their normal positions some other 
subscriber calls subscriber No. 1, and also that 
still an additional subscriber calls subscriber 
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busy, it will be remembered that their accu- paratus, namely, elevates his particular track 
upper most positions, shown in dotted lines in 
Fig. 9, Sheet 4. 
Scriber now calling subscriber No. 1 will there 
fore act as did the apparatus of subscriber 
No. 1 when calling subscriber No. 2. 
preliminary impulse sent by this subscriber 
Will cause his particular relay battery to trans 
mit forward an impulse from that battery 
which will actuate his particular percentage 
control Switch corresponding to the percent 
age control switches actuated by the electro 
magnets Land L for subscribers Nos. 1 and 
2 and found on Sheet 2. It will likewise tilt 
his particular armature lever corresponding 
to l or m on the percentage selector, Sheet 3, 
and Will make the necessary connections 
through the electro-magnet M of the numeri 
cal receiver switch and the electro-magnet M7 
of the time relay to enable this subscriber 
through the agency of his particular relay 
battery corresponding to ba’ to transmit for. 
ward through the electro-magnet M9 the two 
current impulses which will place the arms 
A of the numerical receiver switch in align 
ment with the runway 1 of subscriber No. 1 
and Will simultaneously set in motion the vi 
brating reed m which ultimately permits the 
battery B'A' to energize the electro-magnets 
Q Q and effect the ejection of an additional 
pair of balls. These balls being released will 
drop into the open sided pocket as before, 
pass thence down to the runway 1 and ulti 
mately up over the accumulator switch or 
gate O' on to the accumulator, which is so con 
structed that after they reach a certain point 
of elevation it has a down grade returning 
again to the main runway 1 at a point below 
the starting point, so that when the balls are 
released they will run on again over the main 
runway. These balls will, however, be checked 
by the ball retaining arm p' in the same man 
ner as they were primarily held in check by 
the arm q previous to entering the open sided 
pocket B. This pair of balls is therefore held 
in check for subscriber No. 1 until released 
by him, as will be described later on. 

It will be remembered that in the descrip 
tion of the operation of the calling of sub 
scriber No. 2 by subscriber No. 1 the prelimi 
nary signal sent over the line by subscriber 
No. 1 to the central station actuated the in 
dividualizing switch SW of subscriber No. 
1 shown at the top of Fig. 5 and also that 
the track section over the contact plates of 
his, subscriber No. 1's, cross-way were ele 
wated for the reception of the circuit connect 
ing balls for making connection between the 
lines of subscriber No. 1 and subscriber No. 
2, and also that the accumulator switch or 
gate of subscriber No. 1 was elevated simul 
taneously through the agency of this prelimi 
nary impulse. In a similar manner the pre 
liminary signal turned in by the additional 
subscriber affects corresponding parts of his 

The apparatus of the sub 

The 

section for the reception of the circuit Con 
necting balls which are to connect his line 
with that of subscriber No. 1, shifts or sets his particular individualizing switch correspond 
ing to S' W’ of subscriber No. 2 and places 
his accumulator switch or gate in position 
to divert any incoming circuit connecting 
balls upon his individual accumulator. By the action of this subscriber's individualizing 
switch therefore the short sections of track 
1', 2',3', 4' and 5' of No. 1's accumulator 
or side track have been put in connection with signaling apparatus of the subscriber 
now calling so that as the balls roll ove the 
first section of track 1' of the accumulator 
R'S' a circuit corresponding to the following 
will be established: passing by conductor 47 
to the right to the center of Sheet 5, thence upward through 47 to that point of the indi 
vidualizing switch of the subscriber calling 
and corresponding to S' W' at the top of Fig. 
5; thence through the right hand contact 
plate of this switch by conductor correspond 
ing to conductor S, thence to the left to the 
center of Sheet 1 through the electro-magnet 
of the corresponding subscriber correspond 
ing to the electro-magnet B, thence through 
electro-magnet E and conductor correspond 
ing to conductor 8, thence through the con 
ductor 4 to the magneto generator, Sheet 
6, thence through conductor 45 to the bot 
tom of Sheet 4, thence by conductor 88 to the starting point through the balls, thereby 
placing the contact Spring corresponding tO 
the springs in connection with its corre sponding plate pin direct connection with one 
pole of the magneto generator. The balls then 
pass upon the two adjoining sections 2 and 
3' in sequence both of which are connected to 
a single conductor corresponding to 48 and run 
ning to the individualizing switch of the sub scriber calling corresponding to the switch S' 
W' as before, and out through the second con 
tact plate of that switch by a conductor corre 
sponding to 7, thence to the extreme left of 
Sheet 1 and up through a conductor corre 
sponding to conductor 101 and out to the Sub 
scriber calling, thence back to the Central Sta 
tion through the armature contact spring and 
contact plate corresponding to b's and p 
back by the common conductor 4 to the mag 
neto generator on the extreme right of Fig. 
6, thence by conductor 45 back to the bottom 
of Sheet 4, thence by conductor 88 to the other 
track of the accumulator R'S', through the 
balls to the starting point, sending to the sub 
scriber calling two short sets of signals noti 
fying him that the line of subscriber No. 1 is 
in use and that his circuit connecting balls 
have therefore gone on to the accumulator of 
subscriber No. 1 to await their turn for con 
nection with that subscriber. The balls now 
pass from section 3' on to section 4' and 
make electrical connection through a conduc 
tor corresponding to conductor 49 to and 
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through the third contact plate of the indi 
vidualizing switch of the subscriber calling 
and corresponding to switch S' W, thence 
downward through a conductor correspond 
ing to conductor 6 and to the left to the ex 
treme edge of Sheet 1 to and through electro 
magnets corresponding to C° and D* and 
thence back by the common return conductor 
4 of the magneto generator on Sheet 6, thence 
through the return conductors 45 and 88 to 
the other rail of the accumulator track. This 
therefore causes the armature lever corre 
sponding to b of the subscriber calling to be 
returned to its normal position and elevates 
the armature lever corresponding to c' so that 
the contact spring corresponding to S' is in 
contact with a plate corresponding to p. The 
balls finally pass over the short conducting 
section 5 of the accumulator of subscriber 
No. 1 and an additional electrical circuit is 
closed through a conductor corresponding to 
46, to and through the individualizing switch 
corresponding to S' W’, through the fifth con 
tact plate thereof downward and to the left 
by a conductor corresponding to 14, thence to 
the center of Sheet 1 through an electro-mag 
net corresponding to F, thence through a con 
ductor corresponding to 21 to the top and right 
hand side of Sheet 4 where it joins the con. 
ductor 4 running to the magneto generator, 
thence by conductor 45 and conductor 88 back 
to the other track of the accumulator. This 
current impulse therefore shifts the armature 
lever corresponding to the armature f' of the 
subscriber calling into its upper position and 
into connection with a conductor correspond 

As soon therefore as the 
balls released by the subscriber calling arrive 
at their destination upon the accumulator of 
No. 1 and are held in check by the arm p' 
two courses of action are open to this sub 
scriber as follows: First he may await his 
turn until the subscriber called releases the 
stored up balls by the act of ringing off, in 
which event they will pass directly upon the 
main runway 1 and effect the necessary Con 
nections in the same manner as the like Con 
nections were effected between subscriber No. 
1 and subscriber No. 2 or he may automati 
cally release his particular track section, de 
individualize his individualizing switch and 
restore his own switching apparatus, the op 
eration of which has just been described, to 
normal condition so that he may, if he chooses, 
call some other subscriber, it being remem 
bered that the individual pair of balls which 
he has released and which have been stored 
upon the accumulator of subscriber No. 1 
will remain there until subscriber No. 1 re 
leases them, in which event they will run off 
by runway 1' but will not make any elec 
trical connections over that run Way as they 
pass out, inasmuch as the restoration of his 
individualizing switch has interrupted all of 
the circuit connections which would have 
been made had they been sent forward While 
the switching apparatus of the calling sub No. . 

scriber remained in the position at which it 
was left when the balls first reached their 
destination upon the accumulator of No. 1. 
Inasmuch also as the track Section of the call 
ing subscriber has been released they will 
simply run off at the end of runway 1 and 
drop into the return chute R. R., without per 
forming any function whatever. The balls 
will, however, when thus released ring the bell 
of subscriber No. 1 and warn him that some 
one has called him but did not care to wait, 

I will now describe how the apparatus works 
in the event of a calling subscriber desiring 
to await his turn. 
As soon as subscriber No. 1 had finished 

his first conversation, by the act of ringing 
off he energized his individual electro-magnet 
G' of the automatic release apparatus and 
the armature lever g' was therefore momen 
tarily locked up in its upper position by the 
armature lever . A circuit was closed there 
fore from the battery b° a as hereinbefore 
described, which included in turn the electro 
magnet M of his own individualizing switch, 
the track section releasing electro-magnetM, 
Sheet 6, the electro-magnet M on Sheet 6 for 
returning the balls to the return elevator 
chute R. R., the recording electro-magnet M8 
at the top of Sheet 6, the ball ejecting and 
retaining electro-magnets P' P, Fig. 4, the 
accumulator or gate releasing electro-mag 
net N, the electro-magnet K' at the top of 
Sheet 2, the release electro-magnets H' and 
I. Sheet 1, back to starting point. The balls 
therefore were started on their journey by 
the propulsive action of the ballejecting arm 
p' and were caused to pass down and back 
upward a short distance over the accumula 
tor switch or gate which is now in its lower 
position, after which they return through 
gravity directly down the runway 1 and 
under the accumulator upon which they were 
just stored. When they reach that section 
of the runway 1 indicated by 1 circuit con 
nection is made by conductor 83, upward 
through the fourth contact plate from the 
right of the individualizing switch of the sub 
scriber calling which corresponds to the 
switch S' W, thence back by a conductor cor 
sponding to conductor 24 to the extreme left 
of Sheet 1 through the release electro-magnet 
corresponding to the release electro-magnet 
H', thence downward by conductor corre 
sponding to conductor 25, thence through 
Sheets 2, 3, and 4 to the left hand side of 
Sheet 5 where it joins conductor 4 running to 
the magneto generator, thence through con 
ductor 45 back through conductor 84 to the 
starting point through the balls. This action 
of the electro-magnet corresponding to the 
electro-magnet H disconnected the automatic 
release controller which was put in position 
by a prior action of the signaling subscriber, 
as will be remembered, in order that he might 
disconnect his apparatus in the event of his 
not wishing to await the pleasure of subscriber 

The action of the balls over the re 

17 

75 

95 

IOO 

IO 5 

o 

II5 

I 25 

I 3G 

  



18 

maining sections 2, 3, &c., of the runway 1" 
to their final destination for the purpose of 
connecting the subscriber now calling with 
subscriber No. 1 is identically the same as it 
was as before described in uniting the cir 
cuits of subscriber No. 1 with subscriber No. 
2, with the exception of course that the balls 
now enter to the conducting plates cp and c' 
p' which lie below the now elevated track sec 

- io tion of the subscriber calling, the remaining 
track sections all being in their lower posi 
tions in order to allow the traveling balls to 
pass over them to their proper destination. 
In the same manner any calls which have been 
made by other subscribers for subscriber No. 
2 or for any of the other subscribers except 
the calling and the called subscriber will be 
stored upon the individual accumulators of 
the subscribers called, it being understood 
that the particular individualizing switches 
corresponding to the particular subscribers 
called will always be operated in each in 
stance so as to connect the accumulators of 
the called subscribers individually with the 
calling subscribers. 

It might be well to notice here that in the 
event of the storing up of two or more sets 
of balls on any individual accumulator 
through the independent calls of two or more 
individual subscribers the individualizing 
switches of all of the calling subscribers 
will be actuated in the manner already de 
scribed so as to put the apparatus of all of 
the individual calling subscribers into multi 
ple arc connection with the section of track 
of the accumulator of the subscriber called. 
Owing to this fact it must be apparent that 
each time a pair of balls enters upon the sec 
tional tracks of the accumulator, the bell or 
bells of the subscriber or subscribers who 
have previously called the same person will 
be each rung twice, thus indicating to the 
subscribers in the order in which the calls 
were made that there are additional sub 
scribers seeking to obtain connection with the 
line of the same subscriber, except under the 
condition of course that none of those who 
have previously called the same person and 
have themselves automatically disconnected 
their own apparatus in the manner hereto 
fore described, will of course not be signaled, 
their signal receiving or circuit connections 
having been disconnected by their own act. 
The operation of the apparatus in connec 

tion with Sheets 1 to 8 inclusive is as hereto 
fore indicated, applicable to a systein of ten 
subscribers’ lines. When it becomes neces 
sary to increase the number of subscribers’ 
lines and therefore the means of making 
cross connection between any two of such sub 
scribers, additional apparatus is necessary 
for effecting the movement of the circuit con 
trolling balls to their proper channels and 
ultimately to the points of connection between 
any two of the lines. In this connection ref. 
erence is had to Figs, 8 and 8 which, as 
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heretofore indicated, are diagrammatic views 
illustrating a skeleton plan of runways, elec 
trical circuits and mechanism applicable to 
a system of ninety-nine lines based upon the 7o 
generic principle disclosed in my prior appli 
cation above referred to of making the nec 
essary connections through successive nu 
merical receivers in the order of units, tens, 
hundreds, &c. 
I will suppose that subscriber No. 1 desires 

to call subscriber No. 79. In order to accom 
plish this it will be necessary for him, sub 
scriber No. 1, to first place the numerical re 
ceiver switch arm A in alignment with the 8o 
sectional track 7 and the pivoted sectional 
track S R at the outer end of 7 in alignment 
with the runway 70 to 79, and through the 
agency of an additional set of impulses place 
the numerical receiver switch arm A of nu- 85 
merical receiver N*R* in the extreme lower 
right hand corner of Fig. 8 into alignment 
with and leading to the individual runway 
of 79 of subscriber No. 79. The positions 
of these moving portions of the runways. 9o 
for the circuit controlling balls are shown 
in dotted lines between the numerical re 
ceiver N' R' and the inner end of 7, the 
outer end of 7, the inner end of 70 and 
between the numerical receiver N*R* and the 95 
inner end of 79 on the lower side of Fig. 8, 
the arrangement being such that when a pair 
of balls is released by subscriber No. 1 for 
forming connection with subscriber 79 they 
will run by the arms A to 7, thence by the 
arms S R to 70, thence to numerical receiver 
N*R* and by the arms A to 79 and finally 
over the runway 79 to their destination, the 
track and switch board relations from 79 to 
the point where the switch board connections 
are made being the same as from 1 Sheet 4, 
to the extreme right of Sheet 6, there being 
for the runway 79 an accumulator switch or 
gate corresponding to O', an individual ac 
cumulator corresponding to the accumulator 
R'S' and all of the necessary mechanical and 
electrical connections which are found in the 
like parts of the apparatus shown in connec 
tion with the lines of subscriber No. 1 and 
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Upon turning in his preliminary impulse sub 
scriber No. 1 puts his apparatus in connection 
with the electro-magnet M' of the numerical 
receiver switch N' R' in circuit 29 and 30 
which circuit also includes an electro-magnet 
Mi of the time relay which is the exact coun 
terpart of the time relay shown in Fig. 4 but 
which serves in the present instance an ad 
ditional capacity in the nature of a numerical 
separator for the purpose of separating the 
two sets of impulses coming from the sub 
scriber's station in order that the first set 
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thereof may step forward the arms A of nu 
merical receiver No. 1 to the position shown 
in dotted lines, leave it there and effect such I 
additional circuit connections as will enable 
the second set of impulses from the subscriber 
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to step forward the arms A of numerical re 
ceiver N* R° into the position shown in dot 
ted lines as will be described. 

It will be understood that the preliminary 
impulse just referred to as coming from sub 
scriber No. 1 was instrumental in raising his 
own track section, operating his own indi 
vidualizing switch SW and raising his own 
accumulator switch or gate O' to prevent in 
terference from other subscribers. Subscriber 
No. 1 then transmits over his line to the cen 
tral station from his battery b' a' eight im 
pulses. These impulses as before described, 
come from battery l'a' and are ultimately 
relayed through circuits 29 and 30 energizing 
electro-magnet M, electro-magnet M' and 
electro-magnet M. Consequently the arms 
A of the numerical receiver switch No. 1 are 
stepped forward until their free ends are in 
alignment with the stationary runway 7. At 
the same time the reeds mand in of the nu 
merical separator N S and the time relay TR 
were kept vibrating continuously. It should 
be noted, however, that the time relay reed in 
should be so adjusted that it will vibrate for 
a. Somewhat longer time than does the corre 
sponding vibrating reed m, for the reason 
that the function of the time relay is to per 
mit of the release of the circuit connecting 
balls, which should not take place until all of 
the arms A of the numerical receivers to be 
effected,N' R',N' R have been put into their 
proper positions to carry the balls to their 
final destination. As soon therefore as the 
reed in ceased vibrating a circuit was closed 
from the battery BA as follows: By con 
ductor 112, by release electro-magnet M, con 
ductor 11, switch magnet S M, the function 
of which is to switch the current from the 
units circuit 30 to the tens circuit 109, thence 
by conductor 112, springs, conducting head 
b of pin p, sliding bar m, reed in, springs', 
conductor 112 back to the starting point. The 
release electro-magnet M therefore automati 
cally ruptured the battery circuit BA be 
tween the head b and the springs so that 
the pin p assumed its normal position. The 
armature s m of the switch magnet S M was 
locked in its uppermost position by the arma 
turer m of the release electro-magnet R. M. 
in circuit 44. The second set of impulses 
from subscriber No. 1 now come forward while 
the reed in of the time relay is still vibrating. 
By the operation of the switch magnet SM 

a new signaling circuit is now established for. 
the reception of this second set of impulses, 
ten in number, which are to rotate the nu 
merical receiver switch arms A of the nu 
merical receiver N* R° into final position op 
posite the inner end of 79. This circuit is 
as follows: Entering at 30 as before, passing 
thence through the numerical separator mag 
net M, thence through conductor 30 to arma 
tures in of switch magnet SM, thence through 
the contact spring carried by the free end of 
its armature lever now locked in its upper po 
sition, thence by the new path through con 
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ductor 109 to a contact spring having metallic 
contact with a conducting portion of the nu 
merical receiver switch which in turn is con 
nected metallically with one of the conduct 
ing arms A carrying a contact Spring at its 
outer end adapted to make electrical contact 
with one of the contacts ac' to ac'. The arms 
A having been moved as already described into 
the position shown in dotted lines, this contact 
spring rests upon contact spring s, through 
conductor 170 to electro-magnetMat the lower 
right hand corner of Fig. 8, thence through 
the return conductor 29 back to the energizing 
battery. All of these impulses therefore en 
ergize the switch electro-magnet S R in the 
lower left hand side of Fig. 8 thereby causing 
the local battery B. A to energize an elec 
tro-magnet S M', the armature of which a n. 
is attached to a connecting link I C adapted 
to rotate the pivoted sections of runway S R 
so that all of the outer ends of the pivoted 
sections of runways S R are turned to the 
left and consequently put in alignment with 
the fixed sections of track running to those se 
ries of subscribers' runways higher than nine, 
through additional runways 10 to 99 inclu 
sive, there being only three sets of these contin 
uous runways shown for clearness sake. As 
the ten impulses come forward therefore 
through numerical receiver N*R* the arms A 
are finally placed in alignment with the run 
ways 79. Immediately thereafter the reed 
m" of the time relay which controls the re 
leasing of the balls ceases to vibrate and the 
electromagnets Q' Q are energized and the 
balls set in motion when they run over the 
route already indicated, and finally find their 
Way to their destination beneath the open 
track section of subscriber No. 1 at that point 
of the Switch board which is cross connected 
to No. 79, it being understood that the sev 
eral functions referred to as having trans 
pired in connection with the runway 2 of 
subscriber No. 2 when subscriber No. 1 was 
calling him have taken place through the cor 
responding electrical connections through the 
runways of subscriber No. 79 and the appa 
ratus of both subscriber No. 1 and subscriber 
No. 79. It will of course be understood that 
there should be release electro-magnets for 
the numerical receiver switching apparatus 
of the several numerical receivers correspond 
ing to the electro-magnet M and that all of 
said release electro-magnets are included in 
series in the circuit 44 together with the re 
storing electro-magnet S*M* and the release 
electro-magnet R M which releases the arma 
ture s m of the switch magnet S M for the 
purpose of restoring all of the apparatus in 
the system for the use of other subscribers. 
It will be understood also that the capacity 
of the system may be increased for a larger 
number of subscribers by providing the sec 
ond series of numerical receiver switches N. 
R° with apparatus like that shown in Fig. 8: 
so that a corresponding switching electro 
magnet like S M shall shift the circuit for 
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ward through the numerical receiver arm to 
the next series of numerical receivers of higher 
order. 
With an extended system of apparatus em 

bracing more than ten lines like that shown 
in Figs. 8 and S should a subscriber desire 
to connect his line with that of any other 
subscriber whose number is less than ten the 
operation would be as before up to the point 
where the switching magnet S M operated 
the switching armatures m, but it is to be 
observed that the apparatus which is in cir 
cuit through circuit 109 although placed in 
circuit will not be operated because no sec 
ond set of impulses will be sent forward. 
This being true the switching magnet S'M' will 
not be operated, the operation of the numeri 
cal separator M effecting simply the step 
ping of the switch arm S.M. Consequently 
the pivoted sectional track release S R will 
not be moved so that the balls released by 
the subscriber calling will run over the arm 
A and that one of the arms O' to 9 inclusive 
opposite which the free ends of the arms. A 
have been placed and will pass then over the 
pivoted section S R directly to that one of the 
stationary runways 1 to 9 inclusive which 
is designed to carry the balls to the subscriber 
called. 
In describing the apparatus and the oper 

ation thereof up to the present time, I have 
assumed that the tilting armature levers l, m, 
&c., one for each subscriber, were all located 
in a single horizontal plane and that there 
was but a single radiating arm k carrying the 
operating electro-magnets M and M there 
for, the first of which enabled the subscriber to connect his relay battery directly with the 
numerical receiverswitch magnet M' and the 
second of which enabled him to reverse this 
operation. It is to be noted, however, that in 
this connection with such an arrangement the 
signaling subscriber who first obtains control 
of the percentage circuit selector embracing 
a single series of armatures does so to the ex 
clusion of all other subscribers for the time 
being, which under ordinary circumstances 
does not exceed three seconds. It is possible 
therefore, and in fact probable, that a second 
subscriber might call during this time, in 
which event his percentage switch correspond 
ing to the switches controlled by electro-mag 
nets L' and L. Sheet 2, would be actuated but 
he would not obtain control of the percentage 
selector until the apparatus of the subscriber 
simultaneously signaling had released his con 
nection there with, whereupon the Second sub 
scriber would immediately obtain control of 
the apparatus. This feature is not a serious 
objection in connection with a limited num 
ber of subscribers' lines, inasmuch as it Would 
only cause slight delay in Waiting for the ap 
paratus to work or to operate. In a larger 
system of subscribers’ lines overcome this ob 
jection however, by providing a series of tiers 
or planes of percentage selectors and their 
necessary circuit connections all arranged in 
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multiple arc relation to each other as shown 
in Figs. 12, 13 and 14 which I shall now pro 
ceed to describe. The individual circuit con 
nections of each of these tiers of apparatus 
of the percentage selector proper, shown in 
Fig. 12, is the duplicate of that shown in Fig. 
3 and the incoming circuit connections are 
connected in multiple as described, so that if 
a subscriber has obtained control of said tier 
No. 1 of the percentage circuit selector any 
incoming signal from an additional subscriber 
will immediately obtain possession of circuit 
connections through tier No. 2, No. 3 or No. 4, 
or the first one of the tiers not already in use 
at the time of his incoming signal. 

In describing the operation of the appa 
ratus allusion has heretofore been made to a 
percentage principle. This principle is inti 
mately associated with a small exchange but 
is still more closely connected with a larger 
exchange. In order therefore that said prin 
ciple may be fully understood I will describe 
it and will afterward exemplify it by refer 
ence to Figs. 12 to 14 of the drawings. 
Automatic telephone exchange apparatus 

as heretofore devised may be divided into 
two classes; first that class which only con 
templated the making of a few connections 
at one time, and second that class which per 
mitted of a larger number being made but 
with the attendant disadvantage of compli 
cation of mechanism and interference of sig 
mals and conversation. 
In nearly all the devices known at the pres 

ent time the prevalent idea has been to pro 
vide a conductor for each and every telephone 
in the system. The percentage system as 
applied to automatic telephone exchanges is 
a method of providing switching or connect 
ing apparatus enough to carry the computed 
maximum number of connection calls likely 
to be received in the central office simultane 
ously or within a few seconds of each other. 

Referring now to Fig. 12, D R and D' and 
Rare drums the substantial duplicates of the 
like parts in Fig. 3. They are carried by a 
shaft S as before and connected through mi 
ter gearing big with a shaft v S the same as 
before, but instead of there being a single 
radiating arm le carried by the shaft vs there 
are now found four Such radiating arms located 
at ninety degrees apart and four correspond 
ing pairs of electro-magnets M0 and MI1 car 
ried thereby with tilting armature levers l in 
and circuit connections, the same as in Fig. 3, 
with a single difference, namely that all of 
the incoming conductors for each subscriber 
are connected at the points u in multiple arc 
relation. The four armature levers l corre 
sponding to the line of Subscriber No. 1 are 
therefore located one in each tier and directly 
above each other, and each tier has as many 
of these tilting armature levers as there are 
subscribers’ lines. Diametrically opposite 
the four armature levers l are located four ad 
ditional armature levers lo of a third sub 
scriber's line; the four corresponding arma 
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ture levers m of the second subscriber's line 
which correspond to the armature in seen on 
Fig. 3 Would not be visible in this figure of 
the drawings as will be apparent on inspec 
tion of the latter figure. The circuit connec 
tions to the four points it on the left from the 
Subscriber's line would be the same as are the 
Corresponding connections from subscriber's 
line No. 1 by conductor 36 to the four points 
7t. On the right, and in fact all of the incom 
ing connections to the several sets of individ 
ual armatures would be the duplicates of the 
parts shown. This multiple arrangement of 
tiers necessitates of course a multiple arrange 
ment of contact brushes ii, contact ringsh, h, 
One set for each tier, and a like correspond 
ing multiple arrangement of spirally disposed 
Strips ffif' f', one set for each cylinder, one 
of which strips in each set is connected to its 
corresponding ring i i by a conductor 94 or 95. 
The contact springs carried by the severalar 
mature levers, together with the vertically 
disposed contact strips e p on the stationary 
hubs J, are also arranged in multiple sets, 
the individual circuit connections for each 
set being the same as those of the correspond 
ing parts shown in Figs. 3 and 10. The con 
tact brushes ii, i'i' for individual subscrib 
el's are the same as the like parts in Figs. 3 
and 10. I have shown, however, six pairs of 
Such brushes corresponding to six individual 
telephone circuits, Nos. 1 to 6 inclusive. 
In Fig. 13 is shown in diagrammatic view, 

a corresponding multiple arc or tier arrange 
ment of accumulators or side tracks necessi 
tated by the tier arrangement of the percent 
age Selector shown in Fig. 12, and in Fig. 14 
is shown a corresponding tier arrangement of 
the track sections lying over the switch board 
circuit connections similar to those shown in 
Fig. 11 of the drawings, together with indi 
vidualizing switches for the complete opera 
tion of this tier arrangement of parts. 

Before proceeding with the description of 
the mode of operation of the percentage cir 
cuit selector apparatus illustrated in Fig. 12 
and the necessary circuit connections there 
for for the application of this principle, it 
may be well to state that it is to be under 
stood that this principle contemplates a mul 
tiple arrangement of parts of the entire sys 
tem; that is to say, all of the apparatus in 
the percentage circuit selector is arranged in 
tiers or horizontal planes as shown in Fig. 12, 
all of the numerical receiver switches are ar. 
ranged in sets in horizontal planes correspond 
ing thereto, as are all of the accumulators, the 
runways and switch boards. In other words 
in a system of say one hundred subscribers 
lines I would provide one hundred tilting ar 
mature levers corresponding to levers l on 
each tier, four sets of radiating arms carry 
ing electro-magnets M, MI, one such set for 
each tier; one hundred pairs of brushes ii, 

65 ji', four spirally disposed strips f and f' for 
each drum D R, D'R' and four sets of cir 
cuit connections as shown, four sets of nu 

merical receiver switches and circuit connec 
tions corresponding to the numerical receiver 
switch N' R', Fig. 4, arranged in tiers one 
above the other and individual circuit Con 
nections therefrom to their individual co responding tiers of the percentage circuit 
selector; a single elevator corresponding to 
the elevator E with multiple branch chutes 
SH running to each of the corresponding tiers 
of numerical receivers, four sets of numerical 
receivers N' R° of the second order arranged 
in tiers above each other and having their in 
dividual circuit connections and operating apparatus connected to their corresponding 
parts of the first sets of numerical receivers, 
the individual circuit connections of the SeV 
eral sets being the same as those heretofore 
described in connection with the apparatus 
shown in Figs. S and S; four tiers of accu 
mulators, four sets of runways arranged in 
tiers, runways or chutes, four sets of accumul 
lators as shown in Fig. 13, one for each tier of 
runways, four sets of switch boards arranged 
in tiers with elevating track section as shown 
in Fig. 14. This multiple arrangement of all 
the parts is made necessary, although not 
fully illustrated here in order that the dif 
ferent parts of the apparatus from the per 
centage circuit selector to the switch board 
connections may be made simultaneously 
available for different subscribers at the same 
time. In other words it is to be understood 
that when any subscriber has seized, say tier 
No. 1 of the entire apparatus from the per 
centage circuit selector through to the switch 
board connections, he has done so to the ex 
clusion of any other subscriber so that any 
such other subscriber may use either tier No. 
2, tier No. 3, tier No. 4, or in fact the first dis 
connected or unused tier of the apparatus 
made accessible to him by the rotation of the 
drums D R, and the available circuit connec 
tions therefor. 
My novel percentage system is based upon 

the theory that for a given number of Sub 
scribers and with an apparatus in which cir 
cuit connections are made within a time not 
to exceed say about three seconds, there is 
not even a remote probability that there will 
ever be a sufficient number of subscribers 
calling at one and the same time to utilize all 
of the tiers of an apparatus planned to meet 
the properly estimated maximum number of 
calls. 

Reverting now to Fig. 13 of the drawings, 
it will be seen that there are four sets of ac 
cumulators R'S', four sets of electro-magnets 
N' N, &c., with corresponding accumulator 
switches or gates, there being four complete 
sets of these apparatus for every telephone 
subscriber of the system arranged in tiers, 
preferably above each other, corresponding 
to the like tiers of the percentage selector 
shown in Fig. 12. It will also be noted that 
the accumulator switches or gates Rare con 
nected together by a link or rod EB, the lower 
end of which is attached to the free end of 
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an armature lever o' of a common actuating 
electro-magnet O', the arrangement of parts 
So far being different from that of the like 
parts shown in Figs. 4 and 8 only in the mul 
tiple arc or tier arrangement thereof. 

O' is an electro-magnet adapted to act upon 
the same armature lever o' as does the elec 
tro-magnet O' after any pair of balls has 
been released from any one of the accumula 
tors so as to restore the gates and prevent 
any further release of balls for the time being. 
M is a release electro-magnet for locking 

or controlling the movement of the armature 
lever o' and is located in the common release 
circuit 3-3, which it will be remembered is 
controlled by either the signaling or signaled 
Subscriber after conversation has been com pleted. 
M is a switching electro-magnet enabling 

the calling subscriber to elevate his track 
Section only in that tier of track sections cor 
responding to that tier of the percentage cir 
cuit selector through which he has obtained 
control of the switching apparatus. M is a 
release electro-magnet therefor. 
M and M8 are electro-magnets of sub 

scriber No. 2 corresponding to M88 and M98 
just described. 

I will now describe briefly the application 
of the percentage principle above referred to 
and indicate how two or more subscribers 
may simultaneously use the individual parts 
of the apparatus at the same time. Before 
proceeding with the description it may be 
well to indicate that the general operation of 
the apparatus, in so far as it relates to indi 
vidual subscribers and their incoming lines 
and circuit connections up to the point of 
juncture with the percentage selector is iden 
tically the same as in the system shown and 
described in connection with Sheets 1 to 7 in 
clusive. 
Suppose any subscriber, say subscriber No. 

1, calls subscriber No. 2, his preliminary sig 
nal coming in to the office as already de 
Scribed actuates his percentage circuit se 
lector switch controlled by the electro-magnet 
L', thereby bringing into play the battery B 
A, Sheet 2. When, therefore, the drum DR 
advances until the brushi in connection with 
conductor 41 comes in contact with the strip 
if a circuit is closed in the same manner that 
the corresponding circuit was closed in the 
original description in the connection of sub 

5 scriber's line No. 1 with subfscriber's line No. 
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2 as follows: from the brushi, strip f, con 
ductor 94 to the right hand ring i, the con 
ductor d', through Figs. 13 and 14, thence 
through electro-magnet M' of tier switch No. 
4 T S at the bottom of Fig. 14, thence up 
ward to the top of the figure, and to the left 
to the top of Fig. 12, through brush s, con 
tact ring 1, thence through electro-magnet 
M, and to contact ring 2', brush s, thence 
by conductor 28, thence to the tier control 
ling switch magnet corresponding to Matthe 
top of Fig. 4, thence by conductor 20 back to 
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the battery. This tilts the armature lever l 
of the fourth tier into the reverse position 
from that shown, thereby making connection 
between the conductors 36 and 38 to and 
through the armature lever and its circuit 
connections to the conductors 29 and 30, see 
Figs. 3 and 4, to the numerical receiver and 
the time relay of the fourth tier which corre 
sponds to the fourth tier of the percentage 
circuit selector. 
abled subscriber No. 1 to seize for his own 
use, the fourth tier of the entire apparatus, 
including the percentage selector, the numeri 
cal receiver switches, the runways or chutes, 
the accumulators or side tracks, and the track 
sections of the fourth tier over the corre 
sponding tier of the switch board connections. 
The energizing of the electro-magnet M'at 
the extreme right hand lower edge of Fig.14 
caused the armature lever in to actuate the 
tier switch so that the contact springs thereof 
are in electrical contact with their corre 
sponding contact plates. The act of turning 
in the preliminary signal it will be remem 
bered closed a circuit from the relay battery 
b° a Sheet 1, through the circuit 33 in the 
apparatus disclosed in Sheets 1 and 7 inclu 
sive, thereby elevating the track section of 
No. 1; it also elevated the accumulator switch 
or gate O’, Fig. 4. In the 
this same circuit elevates all four of the ac 
cumulator switches or gates of the apparatus 
of subscriber No. 1 corresponding to the four 
tier accumulators shown in Fig. 13, the arma 
ture o' of the electro-magnets O' and O in 
this instance being connected by a link E B 
to the several gates. The same current also 
energizes the electro-magnet M thereby ele 
vating the free end of itsarmature lever in 
to lock it in its upper position so that the 
contact spring on the free end of armature 
lever n is now in contact with circuit 118 
running to the magneto generator. The cir 
cuit is therefore closed from the magnetogen 
erator on Fig. 13 as follows: by conductor 115, 
branch conductor 119, thence to the right and 
downward through conductor 124 through the 
left hand contact plate of No. 4 tier switch, 
thence downward by conductor 122, thence 
upward to the top of the sheet through elec 
tro-magnet M8, thence downward by con 
ductor 122 and to the left to the magnet M, 
thence through the armature lever m', thence 
through conductor 118 by conductor 113 back 
to the magneto generator. This does two 
things. It elevates the track section T S at 
the top of Fig. 14 corresponding to the fourth 
tier of the percentage circuit selector through 
which the incoming signal made connection to 
the fourth tier of the apparatus throughout, 
thereby opening the proper tier track section 
for the reception of the circuit connecting 
balls. It also through the agency of armature 
lever m of electro-magnetM' released the ar 
mature lever mand restored it to normal po 
sition. By this time the particular time relay 
of the fourth tier of the numerical receiver 
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Switches has caused the pair of balls B'B' in 
the top or fourth elevator chute S H to be re 
leased and started on their journey to the par 
ticular runway 2 to which they were directed 
by the signaling impulses sent from subscriber 
No. 1 in the manner already described. These 
balls therefore advance over the top or fourth 
tiers of runways 2 uninterruptedly making 
the usual circuit connections over the sec 
tional conductors 15, 25 to S5 inclusive, ring 
ing the bells of the two subscribers, releasing 
the track section as before and making the 
necessary circuit between the two subscrib 
ers. It will be remembered that in passing 
over the section 15 of the runway the circuit 
44 was closed to the electro-magnet M of the 
numerical receiver switch, Fig. 4, and to the 
single tier release control electro-magnetMat 
the top of that figure. In similar manner the 
numerical receiver switch of the fourth tier of 
numerical receivers was released, which cir 
cuit corresponding to 44 I have lettered as 
“44'' Fig. 14, passes through the restoring 
electro-magnet-M of the tier switch No. 4T 
S returning it to normal position. When the 
balls dropped into their final position beneath 
the track section ST that section was released 
in the same manner as was the corresponding 
track section, Fig.11, in the early description 
of the apparatus. Suppose now that an ad 
ditional subscriber, say subscriber No. 3 calls 
at identically the same instant of time for 
subscriber No. 1 as did subscriber No. 1 for 
subscriber No. 2. It will be remembered that 
subscriber No. 1 has seized the fourth tier so 
that the new subscriber No. 3 has no access 
to that tier of the apparatus but his circuit 
connections will be made through his con 
ductor corresponding to 36 and through his 
particular tilting armature lever correspond 
ing to l of that one of the other tiers of ar 
mature levers over which the electro-magnets 
MM will pass immediately thereafter so 
that the electro-magnet M10 carried by the arm 
k of, say the second tier, will seize his particular 
armature corresponding to l, say lo, and make 
the necessary connections to and through the 
apparatus in the same manner through his 
particular contact brushi and the strip f and 
circuit connections running out through con 
ductor b to the extreme right of Fig. 14, 
thence through electro-magnet M88 of the No. 2 
tier switch, thence to the top and to the left 
through conductorb'to contact springs near 
the center of Fig. 12, thence by conducting ring 
1", through...electro-magnet M', thence by con 
ducting ring 2 by brush s and conductor 28 
as before. This will give him control of the 
second tier which in turn will connect his 
apparatus with the second tier of the numeri 
cal receiver switches and will in the same 
manner elevate his, No. 3's, individual ac 
cumulator switches or gates and will move 
his switch through the electro-magnet corre 
sponding to electro-magnet M* for effecting 
the same set of operations for his accumula 
tor apparatus and track section corresponding 

to TS as was accomplished for subscriber No. 
1. It must not be forgotten, however, that al 
though both subscribers sent in their prelimi 
nary impulses at identically the same instant 
of time it was not possible for both of them 
to obtain control of any part of the percent 
age circuit selector apparatus at identically 
the same instant of time, owing to the fact 
that the revolving drum D R and the spirally 
disposed strips can only connect one sub 
scriber at a time with any portion of the per 
centage circuit selector apparatus, so that I 
will assume for the present that the point Of 
the brushi of subscriber No. 1 was nearest to that particular spirally disposed strip f which 
corresponded to the location of the arm is 
above the fourth tier of his armature levers l. 
Therefore he was the first to obtain posses 
sion of a tier which happened in this instance 
to be the fourth, while subscriber No. 3 hap 
pened in the same manner to obtain posses 
sion of the second tier. As a matter of fact 
if No. 1 obtained possession of the fourth tier 
first, No. 3 would obtain possession of the first 
tier immediately after owing to the consecul 
tive order or arrangement of the brushes , 
strips if and arms lic, but I have described No. 
3 as having obtained possession of the second 
tier, for the reason that the circuit connec 
tions are more fully portrayed than is possi 
ble either in the first or third tiers where the 
electro-magnets in one instance are in front 
of and the other behind the shaft v S and the 
stationary hubs J. No. 1 and No. 2 are Sup 
posed to be conversing. Consequently the ac 
cumulator switches or gates R'R' of the sev 
eral tiers of both runways are in an elevated 
position for the purpose of side tracking any 
balls which may come over either of their 
runways. It will be remembered that No. 
1’s accumulator switches or gates were ele 
wated by the action of the preliminary signal 
through circuit 33-15 and electro-magnet O'. 
Consequently when the balls of the signaling 
subscriber No. 1 pass over a short conducting 
section of track OS just in front of the short 
section of track 15 a circuit is closed through 
the magneto generator by conductors corre 
sponding to the following conductors: from the 
magnetogenerator by 114 to the short section of 
track Os, thence through the balls and by con 
ductor 117 to electro-magnet O, thence back to 
the other pole of the magneto generator thus 
tilting the armature lever corresponding to 
o' which controls the elevation of the accu 
mulator switches or gates for subscriber No. 
2. Consequently all of the four accumulator 
switches or gates of each subscriber being ele 
wated, it will be apparent that when the cir 
cuit closing balls of subscriber No. 3 are re 
leased by the time relay for the Second tier 
with which his apparatus has been connected, 
they will pass down the runway of subscriber 
No. 1 and upon his accumulator where they 
will be stored until either subscriber No. 2 or 
subscriber No. 1 releases them by the act of 
ringing off in the manner already described, 
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For more fully illustrating the action of the 
circuit closing balls on two or more individ 
ual Sets of tier accumulators, I have shown a 
pair of circuit connecting balls on each accu 
nulator or side track of the third and fourth 
tiers of one telephone subscriber, say sub 
scriber No. 1. Suppose now that subscriber 
No. 1 and subscriber No. 2 have completed 
their conversation and either one of them rings off. The act of ringing off puts in cir 
cuit the automatic release of both No. 1 and 
No. 2 in circuit 3-3 for subscriber No. 1 and 
the corresponding circuit for the other sub 

I5 
Scriber. These two release circuits for the 
tWO individual lines include respectively the electro-magnet M, Fig. 13, and a correspond. 
ing electro-magnet for subscriber No. 2. Con 
sequently both of these electro-magnets are 
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energized and their armatures m1 drawn for 
Ward thereby releasing the armatures for 
Subscriber No. 1 and the corresponding arma 
ture for subscriber No. 2; consequently the 
following action ensues for both sets of ap 
paratus. I will trace first the operation for 
say Subscriber No. 1 in connection with the 
circuits, Fig. 13, and it will be appreciated 
that the operation of the apparatus for sub 
scriber No. 2 is identically the same. When 
the armature o' of the electro-magnet O8 was 
released in the manner just explained a cir 
cuit Was closed between the armature lever 
and conductor 115 through the magneto gen 
erator as follows: From the magneto genera 
tor by conductor 113 to a series of contact 
brushes i adapted to make contact with any 
one of a series of spirally disposed strips f* 
on a consecutive tier operating cylinder D? R? 
rotated by an electric motor EM' which strips 
are connected respectively withinsulated con 
ducting rings h' upon which rest contact 
brushes , the arrangement being such that 
this Selector will elect which of the sets of balls 
upon the accumulator tracks shall be first re 
leased so as to prevent the possibility of more 
than one set of balls being released at one time. 
Suppose that the strip f is connected with 
the first ring hon the left. Consequently 
the circuit is closed when the left hand brush 
f' touches this strip through the conductor 
115, thence through conductor 115, thence 
through electro-magnet N and armature le. 
vero by conductor 115 back to the generator. 
This releases the accumulator switch or gate 
of the first tier. In the same manner when 
the same contact brushi touched the second 
strip on the continued rotation of the cylin 
der D R which is connected to the second 
ring hand through the second brush i? with 
conductor 1155, the circuit was closed to 115 
and thence through the electro-magnet N' 
of the second tier, thence by conductor 115 
armature lever o' and conductor 115 back to 
the starting point, thereby releasing the ac 
cumulator switch or gate of the second tier. 
Up to the present time I have assumed that 

there were no circuit controlling balls upon 
either of the accumulators of the first or sec 
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ond tiers. I have supposed that there are 
balls, however, on each of the accumulators 
of the third and fourth tiers. Consequently 
when the cylinder D* R° advances an addi 
tional portion of a revolution so as to bring 

7 O 

the left hand brush j' into contact with the 
third spirally disposed strip which is con 
nected electrically with the third conducting 
ring h° a circuit is closed as before through 
the magneto generator through conductor 115 
back by conductor 15, the electro-magnet 
N' of the third tier, conductor 115*, arma 
ture o' by conductor 115 back to the gener 
ator, releasing in sequence the accumulator 
switch or gate of the third tier. Inasmuch 
as a pair of balls B°B°is foundstanding upon 
the accumulator R' S of the third tier, it will 
be observed that a multiple arc circuit is 
closed from conductor 115, through con 
ductor 115° to the right, through the ball 
ejecting electro-magnets P' to the track-way 
through the balls to the other side of the 
track-way, thence downward by conductor. 
116 to the left, thence through conductor 115 
a by armature lever o' to conductor 115 back 
to the generator. The balls B* B° upon the 
accumulator of the third tier are therefore started on their journey. As they pass back 
on to the main track and run out over the 
first short conducting section of track O S a 
circuit is closed as follows: from the upper 
section O S by conductor 114, through the 
magneto generator, thence out by conductor 
117, through electro-magnet O, upward and 
to the right by conductor 117 to the lower 
section of the tracks through the balls. This 
energizes the electro - magnet O', lifts the 
armature lever o' to its upper position and 
permits the armature lever in to lock it in 
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that position; at the same time it elevates 
through the link E B all of the accumulator 
switches or gates guarding the approach to 
No. 1's track-way. By the rupture of the cir 
cuit between the armarture o' and conductor 
115 the release of the balls B* B° on the accu 
mulator of the fourth tier is prevented by the 
further advance of the rotary drum D* R°. 
In other words, before the contact brushion 
the left is put into contact with that spirally 
disposed strip on the drum D*R* which makes 
circuit connection to the right hand ring h’, 
brush i° and conductor 115 running to the 
upper electro-magnet N and upper ball eject 
ing magnets P' of the fourth tier the circuit 
has been interrupted by the balls just released 
as they pass over the short section O S of 
track from the accumulator of the third tier. 
They will remain, therefore, in their locked 
position until they have been automatically 
released by the ringing off of either subscriber 
No. 1 or the subscriber who has just called 
him. It will be apparent therefore that no 
matter how many sets of balls may be in po 
sition upon any or all of the accumulators of 
the different tiers there can be no interference 
of signals and only one pair of balls can be 
released at a time. 
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From the previous description of that part 
of the apparatus covering the switch board or 
switch boards, it will be noticed that when a 
preliminary signal was turned in by any sub 

5 scriber wishing to make connection with an 
other subscriber, the first act done was to 
raise the track sections T S of the calling sub 
scriber across the Whole of the switch board 
through the agency of the electro-magnetM. 

to It will also be remembered that when a pair 
of circuit closing balls were caused to be di 
rected over any particular runway or chute, 
they eventually found their way to their par 
ticular destination and in falling on to the 

15 proper contact plates of the switch board un 
der an elevated track Section, they, by that 
act closed the circuit of a local batterythrough 
two yielding contact springs which caused 
the whole of the cross track Sections of the 

2 o calling subscriber to be lowered so that other 
circuit closing balls running to cross sections 
near the extreme edge of the switch board 
might afterward run over them to their points 
of destination beyond. It will also be remem 

25 bered that when a subscriber called for some 
other subscriber who at that time was talking, 
the circuit closing balls released by the for 
mer went on to the accumulator of the latter. 
Therefore if the calling subscriber, who in the 

3o meantime would have been notified of the fact 
of his circuit closing balls having gone on said 
accumulator, wished to await his turn for con 
versation he did not release or ring off thus 
leaving his apparatus in a certain condition, 

35 one feature only of which need be noticed here, 
and that is the feature of his, the calling sub 
scriber's, individual track section it having 
been left in an elevated position across the 
whole of the switch board... If, now, while 

4o awaiting his turn for conversation some one 
else should turn in a call for Some other Sub 
scriber whose line was not in use at that time 
and whose cross connection with the line called 
was at a point beyond that of the elevated gate 

45 way in the line of the runway over which the 
circuit closing balls would pass, they, the balls 
of this additional calling subscriber might and 
would if the office were busy, run under Some 
other track section and obtain a Wrong con 

so nection. To prevent any possibility what 
ever of this ever happening even at the busi 
est times when the switching mechanism at 
the central station may be all or nearly all in 
use, I provide an arrangement of individual 

5 track sections as shown in Fig. 15 where 1, 
2R, 3 and 4 are the approachers of the track 
sections of telephone subscribers 1 to 4 in 
clusive, and R'S', RS, R S and R S are 
the accumulators of their rSSpective tracks. 

6o One set of these several approaching run 
ways is connected in multiple are relation 
with a conductor 125 running directly to one 
pole of the magneto generator, the other sides 
thereof being connected respectively through 

65 conductors 127, 128,129 and 130 in multiple 
arc relation with individual electro-magnets 
M29, one for each track section of the entire 

switch board, the terminals of these conduc 
tors 127, 128, 129 and 130 being connected to 
normally open contact points located in align 
ment with conducting springs carried at the 
ends of armature levers madapted to be op 
erated by electro-magnet M8, one for each 
cross connected conductor, each electro-mag 
net M being in circuit 33-15 of the pre 
liminary signal circuit of each subscriber. 
Mare switching release magnets located 

in the branches 127, 128, 129 and 130 connect 
ed to the armature levers natione end and 
at the other end to a common return con 
ductor 126 running to the magneto. 
The operation of the track section in such 

a system is distinctly individual and I have 
shown in Fig. 15 connections and cross con 
nections for four subscribers, it being under 
stood of course that a system for a larger num 
ber of Subscribers embraces a mere extenua 
tion of the parts therein shown. 
I will now give an illustration of elevating 

a single track section of the person calling 
for the admission of circuit closing balls be 
neath such elevated track section to the con 
tact plates whereby the necessary connections 
are made between the calling and the called 
subscribers. I will suppose that subscriber 
No. 1 has called subscriber No. 2. The act 
of turning in the preliminary signal operated 
the switch electro-magnet M at the extreme 
right of Fig. 15 which electro-magnet is in 
circuit 33-15. Consequently the armature 
m' was tilted into the position there shown so 
that its contact spring is in electrical con 
tact with conductor 127. I will suppose that 
the apparatus heretofore described has gone 
through the several functions of making the 
necessary circuit connections through the per 
centage circuit selector until the balls have 
been released by the time relay for the nu 
merical receiver switch and that they have 
traveled down the arms A of the numerical 
receiver switch and are just entering upon 
the runway or chute 2 of subscriber No. 2 
just in advance of the accumulator switch or 
gate of subscriber No. 2 as shown in Fig. 15. 
I will first suppose that the line of subscriber 
No. 2 is not in use and hence that the accu 
mulator switch or gate is down so that the 
balls will pass forward directly to their des 
tination on the switch board. As they enter 
the section of track 2" they close a circuit as 
follows: by conductor 125 to one pole of the 
magneto generator, thence by conductor 126 
through conductor 127, release electro-mag 
net M, conductor 127, armature m', contact 
spring carried thereby, conductor 127, electro 
magnet M°of No. 1's cross-way on No. 2 track, 
thence back by conductor 128 through the 
balls and to the starting point. This elevates 
the individual track section T S of subscriber 
No. 1 on the runway of subscriber No. 2 only 
and leaves all other track sections of No. 1 
unaffected. At the same time by the ener 
gizing of the electro-magnet M the armature 
in was drawn forward, thereby releasing the 
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armature m' of the electro-magnet M re 
storing it to normal position. When the balls 
ran into their final resting place upon the 
contact plates c p, c' p' they closed a circuit 
through a release electro-magnet as before, 
thereby releasing the track section just re 
ferred to and allowing it to return to its nor 
mal position. I will suppose now that sub 
scriber No. 3 called subscriber No. 2 during 
the time that subscriber No. 1 was talking 
with subscriber No. 2. The preliminary sig 
nal sent by subscriber No. 3 closes a circuit 
through his corresponding set of conductors 
33-15 and corresponding electro-magnet M' 
thereby elevating his armature lever mand 
placing the contact spring carried thereby in 
connection with conductor 129. As the balls 
pass and enter No. 2's runway 2' a circuit is 
closed therefore through conductor 125, the 
magneto generator, conductor 126, conductor 
129, release electro-magnetM', conductor 129, 
armature lever m, conductor 129 through 
electro-magnet M of No. 3's cross-way and 
No. 2's track back by conductor 128 through 
the balls to the starting point. This elevates 
the particular track section of No. 3's cross 
way in No. 2's runway only. Inasmuch as 
No. 1 is talking with No. 2, however, it will be 
remembered that the accumulator Switch or 
ate of No. 2 is elevated so that the balls re 

leased by No. 3 will now pass on to the ac 
cumulator R S of subscriber No. 2 and re 
main there until released, after which they 
will run down in the same manner as hereto 
fore described, pass directly over track sec 
tion of No. 1 cross-way in No. 2 runway which 
now is closed to their final destination beneath 
the track section of No. 3 cross-Way which 
now is raised and closing this track Section 
above them in the same manner as before de 
scribed. In like manner any one of the in 
dividual track sections of any subscriber's 
cross-way may be actuated by the circuit clos 
ing balls on any other runway, and there is 
no possibility of any confusion. 
I do not limit myself to the specific details 

of construction herein shown and described 
for effecting the several results sought and 
obtained. - 

I believe it is broadly new with me to store 
up or distribute incoming signals to individual 
parts of a central station switching apparatus 
so that a limited number of circuit changing 
or switching devices may be utilized on a per 
centage basis for effecting the total connec 
tions for a large system of lines, and my claims 
in this particular are to be construed as of 
such scope as will cover the application of the 
generic principle disclosed without regard to 
any special means. I believe it is also new 
with me to store up individual signals or calls 
at an exchange and to permit them to be auto 
matically transmitted to the individual or per 
son called when he shall be ready to receive 
them, and this without relation to any special 
form of mechanism for accomplishing Such 
result, Nor do I limit myself to the special 
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type of movable or moving circuit closers 
herein shown and described, nor to the par 
ticular means of conveying said movable cir 
cuit closers to the points of connection be 
tween any of the lines. I believe I am the 
first to adopt a series of movable or moving 
circuit closers provided with automatic means 
of conveyance adapted to dispose of or place 
the movable circuit closers in the required re 
lation to connect outlying subscribers' lines, 
and my claims in this particular are to be con 
strued as covering broadly the automatic dis 
position of movable circuit closers adapted for 
use in any order at will. Nor do Ilimit myself 
to the automatic application of this feature of 
movable balls or equivalent circuit closers as 
they might obviously be thrown by hand into 
the conveyers or chutes and thus caused to 
make the required connections, and my claims 
comprehend this feature also. I also contem 
plate using any number of balls or movable 
circuit closers, one or more, although I prefer 
to use pairs thereof. 

I make no claim in the present application 
to any of the methods which underlie the ap 
plication of the generic principles hereinbe 
fore described as the present appplication is 
directed broadly to means only for effecting 
the application of such principles, while the 
methods referred to in this disclaimer are 
made the subject matter of a divisional ap 
plication filed by me in the United States Pat 
ent Office on the 23d day of November, 1893, 
and bearing Serial No. 491,794, said applica 
tion being directed wholly fin methods under 
lying the application of the generic princi 
ples hereinbefore enumerated. 
Having thus described my invention, what I 

claim, and desire to secure by Letters Patent 
of the United States, is 

1. An automatic exchange system for effect 
ing intercommunication between any two of 
a series of telephone or analogous electrical 
circuits comprising a portable circuit closer 
adapted to be controlled by all of the incom 
ing lines in common, in combination with 
means for conveying it to a point where it will 
unite the two lines to be connected. 

2. An automatic exchange for effecting in 
tercommunication between any two of a se 
ries of telephone or analogous electrical cir 
cuits comprising means whereby two portable 
gravity actuated circuit closing agents are re 
leased at will by any of the calling subscrib 
ers and are directed by their own weight to 
two points where they unite the two lines to 
be connected. 

3. An automatic telephone exchange com 
prising telephone lines, signal storing mech 

means for thereby uniting the lines in indi 
vidual pairs. 

'4. An automatic telephone exchange hav 
ing a series of runways conveyers or chutes, 
circuit closing agents adapted to be conveyed 
by said runways conveyers or chutes and ac 
cumulators or waiting tracks having switches 
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or gates adapted when moved from their nor 
mal position to divert the circuit closing, 
agents from their normal paths to said accu 
mulators or waiting tracks; together with 
means whereby one of the signal impulses 
from a signaling subscriber causes his accu 
mulator switch or gate to be moved from its 
normal position for the purpose of preventing 
interference by other signaling subscribers. 

5. An automatic telephone exchange pro 
vided with a call accumulator or waiting track 
for storing movable circuit closing agents 
when diverted from their normal path by 
a controlling switch or gate, together with 
means for restoring said controlling switch or 
gate to its normal position by the turning in 
of a release or ringing off signal by a tele 
phone subscriber. 

6. An automatic telephone exchange pro 
vided with call accumulators or waiting tracks 
and accumulator switches or gates for divert 
ing movable circuit closing agents from their 
normal paths to said accumulators or waiting 
tracks; together with means for retaining and 
ejecting the stored agents and for causing the 
releasing or ringing off signal to liberate the 
stored agents automatically and direct them 
to their ultimate destination. 

7. An automatic telephone exchange hav 
ing a series of runways, conveyers or chutes 
and circuit closing agents adapted to be con 
veyed by said runways conveyers or chutes, to 
gether with a call accumulator consisting of 
a track adapted to store or hold in check the 
circuit closing agents when diverted from 
their normal path and having means for after 
ward restoring them to said normal path; said 
call accumulator being normally disconnect 
ed from all of the outlying telephones and 
connected with individualizing mechanism 
whereby it may be operatively connected to 
any of the outlying telephones for the pur 
pose of automatically transmitting a signal 
from the central exchange. f 

S. An automatic telephone exchange system 
provided with a main track having above or 
near it a second or accumulator track, to 
gether with means for automatically switch 
ing moving circuit connecting agents from 
the main track to said accumulator track, 

9. An automatic telephone exchange system 
having an accumulator Switch or gate pro 
vided with a releasing mechanism a ball 
ejecting device and circuit connections where 
by the releasing mechanism and ball ejecting 
device will operate simultaneously. 

10. An automatic telephone exchange sys 
tem provided with a main track having above 
or near it a second or accumulator track, and 
having means for automatically switching 
moving circuit connecting agents from the 
main track to said accumulator track, to 
gether with additional means whereby cir 
cuit connecting agents may be liberated and 
allowed to return to the maintrack. . 

11. An automatic telephone exchange sys 

27 

tem provided with a series of runways con 
veyers or chutes, circuit closing agents adapt 
ed to be conveyed by said runways convey 
ers or chutes, and accumulator switches or 
gates for the purpose of diverting said cir 
cuit closing agents when a subscriber is sig 
naling or talking. 

12. An automatic telephone exchange sys 
tem provided with duplicate series of tiers 
or planes of individual runways conveyers or 
chutes for the conveyance of movable circuit 
closing agents, and having means whereby 
when one set of movable circuit closing agents 
has entered on one of said individual run 
ways conveyers or chutes the corresponding 
individual runways conveyers or chutes of 
the remaining tiers or planes will be tempo 
rarily closed. 

13. An automatic telephone exchange hav 
ing a series of runways conveyers or chutes 
and circuit closing agents adapted to be con 
veyed by said runways conveyers or chutes, 
together with a call accumulator consisting 
of a track adapted to store or hold in check 
the circuit closing agents when diverted from 
their normal path and having means for 
afterward restoring them to said normal path; 
said call accumulator being normally discon 
nected from all outlying telephones and con 
nected with individualizing mechanism 
whereby it may be operatively connected to 
any of the outlying telephones and a releas 
ing device placed in circut there with. 

14. An automatic telephone exchange sys 
tem provided with a series of portable circuit 
closing agents controllable by all of the in 
coming lines in common, and having electro 
magnetic mechanism together with circuit 
connections for holding said agents in check. 

15. An automatic telephone exchange sys 
tem provided with a series of portable circuit 
closing agents controllable by all of the in 
coming lines in common, and having electro 
magnetic mechanism and circuit connections 
for holding said agents in check together with 
additional means for starting them on their 
journey when released. 

16. An automatic telephone exchange sys 
term provided with a series of broken tracks 
connected through Switching mechanism to an 
outlying telephone, a magneto generator, a 
circuit closer adapted to run over said tracks 
and means for signaling each individual sub 
scriber to the exclusion of all other subscrib 
ers, the form of the signal depending upon 
either the length or the number of broken 
tracks, or both. - 

17. A series of rocking armatures arranged 
radially and having each a contact spring on 
its inner end normally out of engagement with 
fixed corresponding contact strips when any 
one of Said armatures is rocked out of its nor 
mal position, in combination with a revolving 
arm carrying two electro magnets, one hav 
ing circuit connections for rocking into en 
gagement that armature over which it is pass 
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ing, when energized, and the other having cir 
cuit connections for afterward reversing the 
position of said armature. 

18. A telephone exchange system compris 
5 ing a series of telephone lines, a switching ap 
paratus for connecting any two lines together, 
means for storing up signals for lines in use 
at the time additional signals are sent in and 
additional means for causing the stored up 

Io signals to be properly received and to effect 
the required ultimate connections substan 
tially as described. 

19. A telephone exchange system embrac 
ing two or more normally disconnected lines 

I5 or circuits, means for receiving signals and 
effecting interconnection between any two 
lines and additional means for storing up such 
signals when the subscribers called are busy; 
said storing up means being also adapted to 

2O release the stored up signals in sequence when 
the signaled subscriber is ready to receive 
them, substantially as described. 

20. An automatic telephone exchange sys 
tem provided with duplicate series of tiers or 

25 planes of individual runways conveyers or 
chutes for the conveyance of movable circuit 
closing agents and having means whereby 
when one set of movable circuit closing agents 
has entered one of said runways conveyers or 

3o chutes the corresponding individual runways 
conveyers or chutes of remaining tiers or 
planes will be temporarily closed, and addi 
tional means for re-opening said individual 
runways conveyers or chutes successively on 

35 various tiers in consecutive order. 
21. An automatic telephone exchange sys 

tem having call accumulators and accumula 
tor switches or gates in combination with 
means whereby one of the signal impulses 

4o from a signaling subscriber will cause his in 
dividual accumulator switch or gate to be 
moved for the purpose of storing incoming 
calls for said signaling subscriber. 

22. An automatic telephone exchange sys 
45 tem provided with runways conveyers or 

chutes and having circuit closing agents adapt 
ed to run over or through said runways con 
veyers or chutes, together with means where 
by a calling subscriber may liberate one or 

so more of such circuit-closing agents for one of 
said runways conveyers or chutes for the pur 
pose of effecting a connection with another 
subscriber, and additional means for causing 
said circuit closing agents to elevate the accu 

55 mulator switch orgate of the individual track 
over which they have been directed. 

23. A series of nulmerical receiver switches 
of the second order with individual conduc 
tors leading from contact points in the path 

6o of a contact brush carried by a numerical re 
ceiver switch of the first order, in combination 
with a conductor leading to said numerical re 
ceiver switch of the first order, said conductor 
including in its circuit a time relay or separa 

65 tor for automatically changing the circuit out 
of the numerical receiver switch of the first 
order to and through that one of the numeri 
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cal receiver switches of the second order cor 
responding with the connection to the contact 
point on which said contact brush rests or 
with which it is in electrical connection. 

24. An automatic telephone exchange Sys 
tem provided with a per-centage circuit-selec 
tor having a capacity in proportion to the esti 
mated maximum number of calls likely to be 
received at one time consisting of a revolving 
drum or cylinder carrying contact strips insul 
lated from each other, adapted to be put into 
electrical connection with each incoming line 
successively, each of said contact strips being 
electrically connected through an electro-mag 
net carried by a revolving arm over a series 
of contact makers, together with electro-me 
chanical means and circuit connections where 
by the first contact strip not in use, which is 
rotated into electrical connection with a sig 
naling subscriber, will be seized and held by 
said subscriber, leaving the remaining con 
tacts and connections for other signaling sub 
scribers. 

25. An accumulator track or pair of run 
Ways, One runway of a pair being connected 
to one pole of an electrical generator the other 
runway being broken into sections insulated 
from each other and connected by electro-mag 
netic switching mechanism to and through 
the call bell of an outlying telephone to the 
other pole of said electrical generator. 

26. A telephone exchange system provided 
with a series of subscribers’ lines; electro 
magnetic calling mechanism at each subscrib 
er's station, a calling electrical generator at 
the exchange, automatic means for connect 
ing the generator to any pair of lines and 
through both sets of calling mechanism, au 
tomatic mechanism also at the exchange for 
connecting the lines together in independent 
pairs, and means at each subscriber's station 
whereby any subscriber may connect his line 
with that of any other subscriber, ring both 
alarms, hold conversation with the subscriber 
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called and afterward restore his switching 
mechanism to its normal condition. 

27. A series of rocking armatures arranged 
radially in a plane, each armature having 
contacts at either end adapted to simultane 
ously connect the outer end to a pair of indi 
vidual telephone wires and the inner end to 
another pair of wires leading to switching 
mechanism. 

28. A telephone exchange system provided 
with a series of subscribers’ lines, a series of 
runways, conveyers or chutes, circuit closing 
agents adapted to run thereon and electro 
magnetic mechanism and circuit connections 
for connecting independent pairs of lines to 
gether simultaneously, in combination with 
means for preventing a third subscriber from 
interfering with connected lines, consisting 
of a Series of mechanical switches for divert 
ing an interfering circuit-closing agent from 
the individual runway conveyer or chute, and 
means at each subscriber's station for con 
trolling said automatic mechanism. 
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29. One or more tiers or planes of circuit 
Selecting apparatus, each tier governed by two 
electro-magnetic switches, and circuit connec 
tions whereby when the controlling switch 
has seized its tier or plane of circuit selecting 
apparatus it will automatically place in cir 
cuit the other switch for the purpose of after 
Ward releasing the tier and restoring it to 
general use. 

80. A revolving arm carrying a contact 
brush against a fixed commutator having con 
tact strips of enlarged section at one end in 
conjunction with a series of radially disposed 
rocking armatures carrying contact springs 
adapted to engage with the enlarged ends of 
the contact strips on said commutator, to 
gether with a pair of electro-magnets carried 
by a revolving arm over the inner ends of 
the Said armatures for the purpose of tilting 
then into engagement with the enlarged ends 
of the commutator contact strips. 

31. A series of movable circuit closing agents 
adapted to connect two lines or circuits to 
gether electrically, in combination with a re 
tllrin rulin Way conveyer or chute and an eleva 
tor for restoring them to their normal position. 

82. An automatic telephone exchange sys 
tem provided with a numerical receiver switch 
having a pivotal cup or open sided pocket 

transferring such signals to the individual 
subscriber wanted. 

36. A series of radially disposed rocking ar 
matures having contacts on their inner ends 
adapted to make electrical connection through 
a pair of common conductors with a switch 
ing apparatus connected thereto, a revolving 
arm carrying an electro-magnet having cir 
cuit connections for rocking any of Said ar 
matures into engagement with said pair of 
common conductors and a switch for auto 
matically opening the circuit of said electro 
magnet for the purpose of preventing engage 
ment, with a pair of common conductors of 
more than one armature at one time. 

37. An automatic telephone exchange Sys 
tem provided with a revolving drum or cylin 
der carrying a series of contact strips having 
electrical connection with a series of Switch 
ing apparati common to all of the incoming 
lines, in combination with a series of contact 
brushes held against said cylinder, and such 
relation of brushes and contact strips as Will 
allow, each one of a number of incoming lines 
to simultaneously make electrical connection 
with different contact strips and will allow 
only one contact brush on each contact strip 
at One time. 

38. A numerical receiver switch of the first 
adapted for the reception of metallic or other order, a series of runways conveyers or chutes, 
circuit closing agents, in combination with a 
directing track or pair of arms along which 
the circuit closing agents move after they 
fall into the cup. 

83. An automatie telephone exchange sys 
templ’Ovided with a numerical receiver switch 
having a pivotal cup or open sided pocket 
adapted for the reception of metallic or other 
circuit closing agents, a directing track or 
pair of arms along which the circuit closing 
agents may be directed, and means for bring 
ing the free ends of the directing track or arms 
Opposite any point in their radial path. 

34. An automatic telephone exchange sys 
tem provided with a numerical receiver switch 
Operatively controlled step by step by an elec 
tro-magnet, and having a pivotal cup for the 
reception of metallic or other circuit closing 
agents, with a directing track or pair of arms : 
along which the circuit closing agents may 
be directed, together with a contact spring 
carried by one of the said arms adapted to 
make electrical contact with any one of a se 
ries of contact plates lying in its radial path. 

35. A telephone exchange system embrac 
ing a series of telephone circuits and provid 
ed. With means for distributing incoming sig 
nals to the unused sections of a per-centage 
signal receiving apparatus, said means con 
sisting of a revolving cylinder carrying spi 
rally disposed contact strips adapted to be 
brought into electrical connection with each 
One of the incoming telephone lines success 
ively, each contact strip having electrical 
connection with one of a number of duplicate 
Switching apparati, and additional means for 

a series of numerical receiver switches of the 
second order, an additional or second Series 
of runways conveyers or chutes, one or more 
circuit closing agents adapted to be carried 
by said runways conveyers or chutes, means 
whereby the circuit closing agent will be di 
rected over one of the first series of run Ways 
conveyers or chutes by one set of impulses 
and then directed over one of the second Se 
ries of runways conveyers or chutes by a sec 
ond set of impulses. 

39. A numerical receiver switch of the first 
order, a series of runways conveyers or chutes, 
a series of numerical receiver switches of the 
second order, a second series of runways con 
veyers or chutes, one or more circuit closing 
agents adapted to be carried by said runways, 
and means whereby said circuit closing agents 
are directed over any one of the first series 
of runways by the numerical receiver switch 
of the first order to one of the numerical re 
ceiver switches of the second order, and ad 
ditional means for changing the further di 
rection of the circuit closing agents by the 
movement of any one of the numerical re 
ceiver switches of the second Order. 

40. A numerical receiver switch operatively 
controlled by an electro-magnet, step by step, 
a contact brush held against the pivotal part 
of said switch, a contact spring carried by an 
arm of said switch passing over and electri 
cally connecting with a series of contact plates 
lying radially in its path, together with means 
for changing the circuit automatically out of 
the operating magnet to and through the piv 
otal part of the numerical receiver switch to 
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and through that one of the contact plates 
with which it may engage and out to the cor 
responding one of a series of extended electro 
magnets controlling other like numerical re 
ceivers. - 

41. An automatic telephone exchange sys 
tem having a revolving drum or cylinder car 
rying spirally disposed contact strips insu 
lated from each other and each connected 
electrically to duplicate sets of electro-mag 
nets carried by revolving arms over duplicate 
series of rocking armatures, said armatures 
adapted to be tilted when in the magnetic 
field of said electro-magnets. 

42. A per-centage telephone exchange sys 
tem comprising a series of telephone lines 
having each a switch controlling relay in 
the exchange operatively connected through 
means for distributing incoming calls in ac 
cordance with the capacity of the switching 
apparatus, said means consisting of a revolv 
ing cylinder carrying spirally disposed con 
tact strips adapted to be brought into elec 
trical connection with each one of the incom 
ing telephone lines successively, each contact 
strip having electrical connection with one of 
a number of duplicate apparati, and addi 
tional means for transferring such signals to 
the individual subscriber wanted. 

43. A telephone system comprising a mov 
able conveying channel, in combination with 
two or more fixed conveying channels and a 
movable circuit closing device adapted to 
move over or through the movable channel 
and either or any of the fixed channels at 
will, substantially as described. 

44. A telephone exchange system having a 
series of telephone lines all connected to a 
switchboard provided with disconnected con 
tacts; a series of portable conducting circuit 
closers adapted to be controlled by all of the 
incoming lines in common and to bridge the 
disconnected contacts; a series of fixed and a 
series of movable chutes for conveying the cir 
cuit closers into electrical connection with the 
disconnected contacts and additional means 
for removing and returning them to their start 
ing points. 

45. A telephone exchange system compris 
ing a series of runways, conveyers or chutes 
pivotally secured at one end and having their 
other ends connected to electro - magnetic 
mechanism for moving them out of alignment 
with a fixed series of runways conveyers or 
chutes into alignment with a second series of 
fixed runways, conveyers or chutes, in com 
bination with a series of portable circuit clos 
ing agents adapted to be conveyed by said 
runways conveyers or chutes. 

46. A series of individualizing switches con 
trolling a series of circuits leading in multi 
ple from an individual runway conveyer or 
chute to the switching mechanism of two or 
more subscribers, circuit closing agents adapt 
ed to run over said runway conveyer or chute 
and means whereby any subscriber so con 
nected may move his individualizing switch 

by turning in a signal, and automatically 
connect a switching mechanism to the indi 
vidual runway conveyer or chute. 

47. An individual receptacle for holding cir 
cuit closing agents adapted to rest in it and 
complete a circuit between two telephone 
lines, in combination with two or more broken 
tracks conveyers or chutes connected to the 
line of an individual telephone subscriber 
through an individualizing switch for the 
purpose of controlling the switching mech 
anism of, and signaling to, the said subscriber. 

48. A telephone exchange system compris 
ing a series of telephone lines, a switchboard 
having a series of directing runways convey 
ers or chutes for automatically conveying any 
of a series of movable circuit closing agents 
to any part of said switchboard, in combina 
tion with two or more duplicate sets of switch 
ing mechanism and means for uniting the 
lines through the switchboard simultaneously, 
in pairs in any desired order. 

49. An automatic telephone exchange sys 
tem having a normally open branch circuit 
from an individual relay to a pair of metallic 
conductors placed in multiple arc relation to 
two or more rocking armatures having con 
tact springs adapted to engage with said me 
tallic conductors and from the other ends of 
the rocking armatures out to one of a series 
of numerical receiving switches, together with 
mechanism for allowing only one armature of 
each tier at a time to engage with one of said 
pairs of metallic conductors, for the purpose 
of completing a circuit through one armature 
of each tier at a time. 

50. An automatic telephone exchange sys 
tem provided with two or more series of rock 
ing armatures arranged radially in planes or 
tiers having contacts on each end of said 
armatures adapted to simultaneously connect 
their outer ends to metallic conductors pass 
ing in multiple through the outer ends of such 
tiers or planes and thence to telephone ter 
minals, and their inner ends on each separate 
tier engaging with an individual pair of me 
tallic conductors, each pair leading to an in 
dividual duplicate set of switching apparatus. 

51. An automatic telephone exchange sys 
tem having two or more terminals from outly 
ing telephones, contact brushes in line with 
the axis of a revolving drum or cylinder, spi 
rally disposed contact strips carried thereon 
and insulated from each other, duplicate re 
volving arms carrying electro-magnets over 
duplicate tiers of radially disposed series of 
armatures, together with such arrangements 
of parts that as each strip carried by the drum 
or cylinder passes under any one contact 
brush, the corresponding arm of said strip 
Will simultaneously pass over the armature 
on that tier corresponding to said brush. 

52. An automatic telephone exchange sys 
tem having a series of electro-magnetic switch 
es, a series of contact brushes arranged in a 
line with the axis of a revolving drum or cyl 
inder carrying spirally disposed contact strips 
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insulated from each other, electrical connec 
tions from said contact strips to electro-nag 
nets carried by duplicate revolving arnis, each 
arm being located over duplicate tiers of rock 
ing armatures, and circuit connections where 
by the controlling switch will not be energized 
When its brush passes over contact strips con 
nected to tiers in use but will suspend its op 
eration until the first unused strip is in con 
tact with said brush. 

53. A telephone switchboard having a series 
of directing ways conveyers or chutes for auto 
matically conveying any of a series (f mov 
able circuit closers, controllable by all of the 
lines in common, to any part of said switch 
board, together with means for diverting su 
perfluous circuit closers from tracks in use, 
and preventing more than two telephones 
from being connected in one circuit at the 
same time. 54. An automatic telephone exchange sys 
tem comprising a series of telephone lines, a 
series of relays, one for each line, a circuit 
selector or distributing device operatively 
connected to all of the relays through inter 
mediate connections, a series of numerical 
receivers each provided with means for con 
trolling the movement of one or more mov 
able circuit controllers, a switch board hav 
ing switch connections with all of the lines 
and a series of runways conveyers or chutes 
for conveying the movable circuit controllers 
to the points of line connections in the switch 
board, all acting substantially as and for the 
purpose specified. 

55. An automatic telephone exchange sys 
tem having a revolving drum or cylinder car 
rying spirally disposed contact strips insu 
lated from each other, electrical connections 
from said contact strips to duplicate pairs of 
electro-magnets carried by duplicate revolv 
ing arms over duplicate series of rocking ar 
matures arranged in duplicate planes or tiers, 
contact brushes arranged in a line with the 
axis of Said drum or cylinder, and tier releas 
ing switches placed in circuit by the energiz 
ing of any pair of said electro-magnets for the 
purpose of automatically releasing that one 
tier when signaling has gone through it. 

56. An automatic telephone exchange sys 
tem having a revolving drum or cylinder car 
rying spirally disposed contact strips insul 
lated from each other, electrical connections 
from Said contact strips to duplicate pairs of 
electro-magnets carried by duplicate revolv 
ing arms each located over duplicate series 
of rocking armatures arranged in duplicate 
planes or tiers, contact brushes arranged in 
line with the axis of said drum or cylinder, 
and circuit breaking switches for isolating 
one of the planes or tiers as soon as its pair 
of electro-magnets is energized. 

57. An automatic telephone exchange sys 
tem having a call accumulator normally dis 
connected from all of the outlying telephone 
lines and connected with individualizing 
mechanism whereby said accumulator may be 

3. 

operatively connected to any one of the outly 
ing lines and a releasing device placed in cir 
cuit there with, together with means for auto 
matically reversing the operation of said in 
dividualizing mechanism by the transmission 
of an electrical impulse over the line of the 
individual subscriber. 

5S. An automatic telephone exchange sys 
tem having a revolving drum or cylinder car 
rying spirally disposed contact strips insu 
lated from each other, electrical connections 
from said contact strips to duplicate pairs of 
electro-magnets carried by duplicate revolv 
ing arms each over duplicate series of rock 
ing armatures arranged in duplicate planes 
or tiers, a series of contact brushes arranged 
in a line with the axis of said drum or cylin 
der for the purpose of receiving signals from 
several subscribers (which signals may arrive 
simultaneously) and for storing and distrib 
uting each set of signals individually one af 
ter the other to the several unused tiers or 
planes. 

59. Two or more telephone lines connected 
to a switch board having cross connections, 
in combination with a series of conducting 
balls, controllable in common by all of the 
incoming lines, and runways conveyers or 
chutes adapted to convey the balls into con 
tact with any pair of cross connections. 

60. A telephone exchange system having a 
series of radiating runways conveyers or 
chutes, provided with means for connecting 
them together end to end, in combination 
with one or more movable circuit closing de 
vices adapted to travel over said runways and 
be deposited between the disjointed ends of 
two or more electrical conductors, substan 
tially as described. 

61. A telephone exchange system having a 
series of fixed and a series of movable con 
veying channels or ways, in combination with 
a switch board having circuit connections 
with all of the subscribers’ lines, and a series 
of gravitating circuit closing devices adapted 
to pass to the switch board contacts by Way 
of the conveying channels, substantially as 
described. 

62. A telephone switch board having a series 
of directing ways conveyers or chutes for au 
tomatically conveying any of a series of mov 
able circuit closing agents, controllable in 
common by all of the incoming lines, to any 
part of said switchboard, together with means 
for diverting additional circuit closing agents 
from those conveyers that are in use. 

63. A switch board for a telephone system 
having exposed contact surfaces and a series 
of runways, conveyers or chutes, in combina 
tion with a series of conducting balls adapted 
to descend by gravity into contact with the 
contact surfaces and additional means for re 
turning the balls to their normal position, Sub 
stantially as described. 

(34. A telephone system having a series of 
telephone exchange lines all connected to a 
switch board provided with plug holes or ex 
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posed contact plates, a series of rolling or mov- conveyers or chutes and a series of circuit able conducting circuit makers, a series of controlling balls, governable by all of the in chutes runways or cond uctors adapted to con 
Vey said circuit makers to and away from the 

5 plug holes or contact plates of the switch 
board, and means adapted to restore them to 
their normal position, Substantially as de 
scribed. 

65. A telephone exchange system having a 
?o series of runways conveyers or chutes ar 

ranged in increasing radial relation, a series 
of pivoted runways conveyers or chutes hav 
ing means for placing them in alignment with 
the fixed chutes and a series of movable cir 

I5 cuit closers adapted to travel in or over said 
chutes, in combination with a switch board 
having circuit connections adapted to receive 
the movable circuit closers from the chutes, 
as described. 

2o 66. A telephone exchange system provided 
- with a switch board having means for con 

necting it with all of the subscribers' lines, in 
combination With a series of gravitating mov 
able circuit closers, controllable by all of the 25 lines in common, and means adapted to con 
vey any of said circuit closers to any plug or 
contact points of the switch board. 

67. A series of runways conveyers or chutes 
pivotally secured at one end and having their 

3o other ends connected to electro-magnetic 
mechanism for moving them out of alignment 
With a series of runways conveyers or chutes 
into alignment with another or second series of runways conveyers or chutes, together with 

35 a time relay and circuit connections for ef 
fecting the switching after the expiration of 
the time limit. - 

68. An automatic telephone exchange sys 
tem having a pair of runways conveyers or 

4o chutes one runway conveyer or chute con 
nected to one pole of an electric generator, 
the other being broken into sections insulated 
from each other, and connected to and through the energizing magnets of electro-magnetic 

45 SWitching mechanism, together with one or 
more circuit closing agents and means for di 
recting them over said runway conveyer or 
chute for the purpose of actuating the switch 
ing mechanism of individual subscribers. 

69. A telephone exchange system having a 
Series of normally disconnected pairs of sub 

- Scribers’ lines and a series of movable circuit 
closing devices for affording connection be 
tWeen the lines in pairs, in combination with 

55 a series of conveying channels runways or 
chutes for the movable circuit closers; the 
conveying channels being arranged so that all 
of the movable circuit closing devices must 
pass over the first conveying channel and over 

6o only Such of the other channels as the numeri 
cal order of the signal will determine for the 
connection of the two lines requiring each 
other, Substantially as described. 

70. A telephone exchange system compris 
65 ing a cross connected switch board, means for 

connecting the cross connections to outlying 
lines, in combination with a series of runways, 

coming lines in common, adapted to travel on 
said runways conveyers or chutes and to make 
circuit connections through the cross connec 
tions of the switch board. 

71. A series of conductors leading from in 
dividual broken tracks runways conveyer's or 
chutes to outlying telephone subscribers, hav 
ing circuits open at two points, with means 
for closing circuit at one point by the action 
of an individualizing switch, and for after 
ward closing it at the other point by the move 
ment of one or more circuit closing agents. 

72. A series of broken tracks runways con 
veyers or chutes individually connected to 
the call bells of outlying telephones through 
switching mechanism, a series of individual 
izing switches, and means whereby when the 
circuit closing agents pass over such tracks 
runways conveyers or chutes none of the call 
bells will be affected excepting such as may 
have been previously connected by the move 
ment of their individualizing switches. 

73. A telephone exchange system compris 
ing a series of telephone lines connected to a 
cross connected switch board, movable circuit 
closers, controllable by all of the incoming 
lines in common, for completing the cross 
connections through the board and any two 
lines of the series, and a series of numerical 
receivers and runways conveyers or chutes 
adapted jointly to guide and carry the mov 
able circuit closers to the points of connec 
tion which unite the lines of the signaling and 
signaled Subscribers. 

74. An electrical circuit including an indi 
vidualizing switch placed contiguous to an in 
dividual runway conveyer or chute adapted 
to carry a circuit closing agent and means 
whereby the circuit closing agent as it passes 
off the runway conveyer or chute will com 
plete the circuit for the purpose of de-indi 
vidualizing the individualizing switch. 

75. A telephone exchange system having a 
series of telephone lines, a croSS Connected 
switch board, a series of conducting balls, con 
trollable by all of the incoming lines in com 
mon, and runways conveyers or chutes for 
conveying said conducting balls to the switch 
board cross connections, in combination with 
electro-magnetic means operated by the sub 
scribers for directing the movements of the 
balls. 

76. An automatic telephone exchange sys 
tem having a series of telephone lines, a cross 
connected switchboard, a series of runways 
conveyers or chutes a series of gravitating 
circuit closers, controllable by all of the in 
coming lines in common, for affording cross 
connections at will and electro magnetic 
switching mechanism controlled by the sub 
scribers and adapted to govern the move 
ments of the gravitating circuit closers so as 
to connect any two lines at Will. 

77. A telephone exchange system compris 
ing a series of telephone lines, a switchboard 
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adapted for cross connecting any two lines to 
gether in any desired order, means for auto 
matically connecting said lines to the switch 
board and a series of runways conveyers or 
chutes having movable circuit closing agents 
controllable by all of the incoming lines in 
common and adapted to run over said run 
ways conveyers or chutes for connecting said 
telephone lines in circuit with each other in 
independent pairs, and additional mechanism 
controlled by the subscribers for restoring the 
line connections to normal condition. 

78. An automatic telephone exchange sys 
tem comprising a series of telephone lines, 
means for receiving or selecting simultane 
ously at one receiving point a number of in 
coming signals and distributing them to dif 
ferent parts of the system, in combination 
with a series of short radiating switching 
tracks, a switch board having connection with 
all of the lines and a series of movable cir 
cuit closers, controllable by all of the incom 
ing lines in common, adapted to run over 
said switching tracks and to make the neces 
sary connections at the switch board. 

79. An automatic telephone exchange sys 
tem having a final talking circuit consisting 
of a branch circuit at the exchange including 
a releasing electro-magnet of low resistance, 
in combination with a runway conveyer or 
chute and a moving circuit closing agent 
adapted to run thereon together with addi 
tional means for putting the final talking cir 
cuit into effect by the movement of the auto 
matically directed circuit closing agent. 

S0. An individual receptacle for holding 
movable circuit closing agents and complet 
ing a circuit between two telephones or anal 
ogous lines, consisting of electrically discon 
nected metallic plates normally covered by a 
section of a track runway or chute, said track 
section adapted, when moved, to intercept the 
circuit closing agents and direct them into 
connection with said plates. 

S1. An automatic telephone exchange sys 
tem having a series of metallic or other mov 
able conducting circuit closing agents, two or 
more tiers of duplicate runways conveyers or 
chutes accessible in common to and adapted 
for conveying said movable circuit closing 
agents, in combination with means for restor 
ing the used circuit closers to the several tiers 
of runways conveyers or chutes. 

82. An automatic telephone exchange sys 
tem comprising a series of telephone lines each 
operatively connected to means in the ex 
change for storing calls made by a signaling 
subscriber for other subscribers whose lines 
are in use at the time such calls are made. 

83. An automatic telephone exchange sys 
tem having a series of telephone lines each 
operatively connected to means in the ex 
change for storing calls made by a signaling 
subscriber for other subscribers whose lines 
are in use at the time such calls are made, 
and additional means for automatically ren 

33 

dering the calls effective as soon as the vari 
ous called lines are in disuse. 

84. An automatic telephone exchange sys 
tem having a series of telephone lines each 
operatively connected to means in the ex 
change for storing calls made by a signaling 
subscriber for other subscribers whose lines 
are in use at the time such calls are made, 
and additional means for automatically ren 
dering the calls effective as soon as the vari 
Ous called lines are in disuse, in combination 
with means at the exchange for automatically 
transmitting a pre-arranged signal to a calling 
subscriber for the purpose of notifying him 
that his call has been stored. 

S5. An automatic telephone exchange sys 
tem having a series of telephone lines each 
operatively connected to means in the ex 
change for storing calls made by a signaling 
subscriber for other subscribers whose lines 
are in use at the time such calls are made, 
and additional means for automatically ren 
dering the calls effective as soon as the vari 
ous called lines are in disuse, in combination 
with means at the exchange for automatically 
transmitting a pre-arranged signal to a calling 
subscriber for the purpose of notifying him 
that his call has been stored, and additional 

'v. means for enabling the calling subscriber to 
cance his stored call at will. 

86. An automatic telephone exchange sys 
tem having a series of gravitating portable 
circuit closing agents normally held in check, 
in combination with a series of runways con 
veyers or chutes and means for enabling all 
of the incoming lines in common to release 
and direct any of the circuit closing agents 
over any of said runways conveyers or chutes. 

87. An automatic telephone exchange sys 
tem having a series of gravitating portable 
circuit closing agents for connecting tele 
phone lines together in individual pairs, in 
combination with a controlling mechanism for 
said circuit closing agents and means for en 
abling it to be operated by all of the lines in 
COO. 

88. An automatic telephone exchange sys 
tem having a series of runways conveyers or 
chutes terminating in a Series of track sec 
tions, a series of circuit closing agents adapted 
to be conveyed by Said runways conveyers or 
chutes and a series of receptacles for receiv 
ing the circuit closing agents and for closing 
through them a circuit between two individ 
ual telephone lines, said track sections being 
adapted when open, to intercept circuit clos 
ing agents and when closed, to act as runways 
over which the circuit closing agents may pass 
without interference when destined for other 
points. 

89. A telephone exchange system having a 
pivoted runway conveyer or chute, adapted 
to be placed in alignment with any one of a 
series of fixed runways conveyers or chutes 
and one or more movable circuit closers car 
ried by said runways, in combination with a 
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switch board having cross connections with a 
series of telephone lines and means for receiv 
ing said movable circuit closers as they leave 
the runways, substantially as described. 

90. An automatic telephone exchange sys 
tem, having a recording device provided with 
means for automatically recording each indi 
vidual connection, in combination with elec 
tromagnetic mechanism and circuit connec 

to tion for automatically placing the recording 
device in circuit as soon as connection is ef 
fected. 

91. A series of telephone lines connected to 
a switch board having cross connections, a 

15 series of conducting balls for completing con 
nections between any two lines, a series of 
stationary runways for carrying said balls to 
the points of cross connection, one or more 
pivoted runways operatively connected with 

20 electro-magnetic mechanism controlled by 

25 

signals sent over the lines by subscribers, and 
means for releasing the balls when the piv 
oted runways have arrived at their proper 
discharge points, substantially as described. 

92. An automatic telephone exchange sys 
tem, provided with a telephone connection 
recorder having revolving cylinders carrying 
impression paper together with a series of 
individual electro-magnets each having an 

3o armature, a lever and a stylus, in combination 

35 

with means for automatically placing the con 
nection recorder in circuit with individual 
pairs of connections when such connections are effected. 

93. An automatic telephone exchange sys 
tem provided with a recording device having 
a movable recording surface and individual 
record making devices each operatively con 
nected with and controlled by an individual 

4o subscriber, in combination with means for 

45 

automatically placing the record making de 
vices in circuit with individual pairs of con 
nected lines and for causing release signals 
to operate said record making devices where 
by records are made of all connections made through the system. 

94. An automatic telephone exchange sys 
tem provided with a time relay set for any 
predetermined interval of time and opera 

so tively connected with electromagnetic mech 
anism for the purpose of liberating one or 
more movable circuit closing agents. 

95. An automatic telephone exchange sys 
tem provided with a time relay included in 

55 the signaling circuit and set for any prede 
termined interval of time, operatively con 
nected to switching mechanism for the pur 
pose of changing the path of any impulses 
arriving over said signaling circuit after the 

6o expiration of said time limit. 

65 

96. Atime relay and circuit connections for 
controlling a two point switch having one 
point connected to a numerical receiver switch 
of the first order and the other point connect 
ed to one of the numerical receiver switche 
of the second order. 

97. An automatic telephone exchange sys 

511,874 

temprovided with a switch board having in 
dividual runways conveyers or chutes pass 
ing over it, in combination with hinged track 
sections and means whereby any subscriber 
on turning in a signal will elevate his indi 
vidual hinged track section in one of said 
runways or chutes. 

98. An automatic telephone exchange sys 
tem having an individual track section pro 
vided with mechanism and circuit connec 
tions for elevating it on the turning in of a 
signal by an individual subscriber, together 
with means for restoring it to its normal Con 
dition as soon as signaling subscriber has ob 
tained connection with another subscriber. 

99. An automatic telephone exchange sys 
tem having a series of hinged track sections 
in alignment with fixed track sections and 
means whereby when any subscribertransmits 
a set of signals to said exchange one or more 
circuit closing agents will be liberated, and 
additional means for elevating the track Sec 
tion of the signaling subscriber only in that 
runway or chute over which said subscriber 
has caused his circuit closing agents to be 
directed. 

100. An automatic telephone exchange sys 
tem, provided with a general recording de 
vice operatively connected with each sub 
scriber's line through individual circuit con 
nections, and having additional means for 
giving it rotary and longitudinal motion, in 
combination with means for automatically 
placing the recording device in circuit with 
individual pairs of connected lines and for 
causing release signals to operate said record 
ing devices whereby a continuous individual 
record is kept of all connections made through the system. 

101. An automatic telephone exchange sys 
tem having an individual track section pro 
vided with mechanism and circuit connec 
tions for elevating it on the turning in of a 
signal by an individual subscriber, together 
with means whereby said signaling sub 
scriber may restore his track section to its 
normal condition at any time after sending 
in a signal without waiting his turn for con 
nection to the subscriber called. 

102. An automatic telephone exchange sys 
tem having a longitudinal track way consist 
ing of one or more series of broken tracks 
and having signaling lines connected to them, 
a series of circuit closing agents adapted to 
run over said trackway and means for com 
pleting a circuit only through such signaling 
line as has been previously individualized or 
put into operative connection. 

103. An automatic telephone exchange sys 
tem having a series of runways conveyers or 
chutes, and a series of movable track sections 
adapted, when moved from their normal po 
sition, to intercept the circuit closing agents, 
together with means for causing the restora 
tion to normal of the track section through 
the instrumentality of the intercepted circuit 
closers. 
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104. An automatic telephone exchange sys 
tem having a series of runways conveyers or 
chutes, a series of incoming telephone lines, 
each line passing through a circuit controller 
and being then connected in multiple to all 
of the runways conveyers or chutes, and a 
series of circuit closing agents adapted to 
run over said runways conveyers or chutes, 
in combination with means provided for en 
abling each subscriber to effect an operative 
connection with any track at will. 

105. An automatic telephone exchange sys 
tem provided with a signaling track having 
a plurality of telephone lines connected to it, 
in combination with movable circuit closers 
adapted to run over said track and means for 
causing a signal to be sent over one line to 
the exclusion of the remaining lines. 

106. An automatic telephone exchange sys 
tem provided with a series of signaling tracks 
having a plurality of telephone lines in mul 
tiple connection there with, in combination 
with movable circuit closers adapted to run 
over any of said tracks and means for oper 
atively connecting one line to all of the tracks 
in common, to the exclusion of the remaining 
lines. 

107. An automatic telephone exchange sys 
tem having a series of main runways or tracks, 
an additional series of accumulator runways 
or busy tracks, a series of circuit closing agents 
adapted to run over any of said tracks and a 
series of accumulator switches for diverting 
the circuit closing agents from the main run 
ways to the accumulator runways or busy 
tracks, in combination with means for caus 
ing the circuit closers to automatically signal 
the subscriber who initiated the movements 
of said circuit closing agents. 

108. An automatic telephone eXchange, pro 
vided with a series of circuit closing balls, a 
series of runways or tracks adapted to carry 
said balls and a pivoted receiving cup pro 
vided with means for directing the balls over 
any of said runways or tracks. 

109. An automatic telephone exchange, pro 
vided with a series of circuit closing balls, a 
series of runways or tracks adapted to carry - 
said balls and a pivoted receiving cup pro 
vided with means for directing the balls over 
any of said runways or tracks, in combination 
with means for automatically restoring the 
cup to its normal condition as soon as the 
circuit closing balls pass on to any of said 

55 tracks. 

65 

110. An automatic telephone exchange sys 
tem provided with a series of runways or 
tracks and a series of portable circuit closers, 
in combination with a series of accumulator 
switches for diverting the circuit closers from 
the tracks, said switches being normally in 
operative but provided with means for ren 
dering them operative by the passage of cir 
cuit closers over any pre-arranged portions of 
the tracks. 

111. An automatic telephone exchange sys 
tem having a series of subscribers’ lines, two 

3 

or more series of SWitching mechanisms ac 
cessible in common to all of the incoming lines 
and controlling in common the interconnec 
tion of all of the lines, one or more sets of cir 
cuit controlling apparatus presented Success 
ively to the signaling subscriber for enabling 
him to select some one of the two or more se 
ries of switching mechanism not in use at the 
time, a series of portable circuit closers, two 
or more series of duplicate sets of runways 
conveyers or chutes adapted to convey any of 
said circuit closers, together with correspond 
ing duplicate sets of cross connecting inter 
cepters and means enabling a signaling sub 
scriber to operate that one of his cross con 
necting intercepters corresponding with the 
particular switching mechanism and set of 
runways selected by him through the instru 
mentality of that set of circuit controlling 
apparatus that was operatively presented to 
him. 

112. A telephone exchange system in which 
the instrumentalities for effecting intercom 
munication between the lines are divided into 
independent components and in which the ca 
pacity of the exchange is increased without 
extra mechanism by a proper proportioning 
of the constituent parts in relation to the 
length of time each element will be in use 
when active, consisting of apparatus in oper 
ative connection with the signaling lines for 
selecting a circuit leading to an unused switch 
ing series element, apparatus for releasing one 
of a series of portable circuit closers over any 
one of a series of runways over which it runs 
until intercepted by a cross connecting mech 
anism by which it is caused to interconnect 
the lines in any desired order and to leave 
them connected without holding the connect 
ing elements contributing to the various steps 
of the connection, the arrangement being such 
that each separate element reverts to common 
use as soon as it had served its proper func 
tion. 

113. An automatic telephone exchange sys 
tem having one or more series of fixed and 
one or more series of movable runways con 
veyers or chutes and a series of portable cir 
cuit closing agents adapted to run over said 
runways conveyers or chutes, together with 
automatic means for aligning the movable 
runways into such relation with the fixed run 
ways as will determine the direction of the 
circuit closing agents when they are caused to 
run over said runways conveyers or chutes. 

114. An automatic telephone exchange sys 
tem having a series of telephone lines, two or 
more series of duplicate switching mechan 
isms adapted to be controlled by any sub 
scriber, two or more series of duplicate run 
ways conveyers or chutes having two or more 
corresponding series of cross connectors in 
conjunction therewith, together with a series 
of individualizing switches for rendering op 
erative the cross connectors of that series cor 
responding to the series of runways over which 
a signaling subscriber has obtained control. 
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115. An automatic telephone exchange sys 
tem having a series of runways conveyers or 
chutes, portable circuit closing agents adapt 
ed to run over any of said runways, a series 

5 of telephone lines adapted to control the 
movement and direction of the circuit closing 
agents and to be operatively connected each 
to any one of its individual series of cross 
connectors extending across the runways con 

Io veyers or chutes, together with means for op 

eratively connecting a signaling line to that 
cross connector of its individual series corre 
sponding to the particular runway selected by 
said signaling line. 

In testimony whereof I have hereunto sub 
scribed my name this 10th day of May, 1893. 

ROMAINE CALLENDER. 
Witnesses: 

C. J. KINTNER, 
M. M. ROBINSON. 

  


