1,844,147

10 Sheets-Sheet 1

2ehpy uyEY

E. H. CLARK

AUTOMATIC AND SEMIAUTOMATIC TELEPHONE SYSTEM
Filed July 3, 1930

i ve oLy
ozr] Ik d4F Ik d4b
. . 6914|8911
A= =" ==L b 2°9/14]9°914|5 914 | ¥ 914
. . £914|2°914| 1914
[ mmd —v 1“ ...“ nDu .
B iF b LF {F /94
e e S | ||
= =——--- = =—1 b
o/ L L
S e
e p—v aand
: : = § = man— = =1 F
104 oze
v v — -
S TR e )
oor L&z
FAY -
: H i

Feb. 9, 1932.

I —4-
—q
—

/914

ATTORNEY

INVENTOR
E.H.CLARK
P -G.eforeih~

By



Feb. >9, 1932. E. H. CLARK 1,844,147

AUTOMATIC AND SEMIAUTOMATIC TELEPHONE SYSTEM

Filed July 3, 1930 10 Sheets-Sheet 2
SN \
) Lkl |1
o e O
[ (e |
mr i O
g
S o i
= T
i O

FIG. 2

251 Ll
[~ n
[
205

==
—A

ﬁj"“H"
—

l_

2l4

204
)
|
21

Wll . = s
2lER2 iren nEA
\ S
I«
i
1ok
< 1 v “§ r ~
N S
- A\ T o INVENTOR
S‘Pll € I /T E.H.CLARK
BY
P-8.5L 24—

ATTORNEY



Feb. 9, 1932.

E. H. CLARK

1,844,147

AUTOMATIC AND SEMIAUTOMATIC TELEPHONE SYSTEM

Filed July 3, 1930

10 Sheets-Sheet 3

3 5 . 1 3
3 |
.
NI - d
R ®
_j [J:F IlH"
o A EF?; S
] = {IIHI' . = llHl-
by % gior) cqt |
| W e | 1
3 = JIEA
o m“:‘l\ > 8¢ i I'ss
< - 1 15
S I = P
1 N
. {1 l‘g
=
N HiIH
1§
=1 L
. L o
a*i S §
. INVENTOR
E.H.CLARK
-4 |

ATTORNEY



Feb. 9, 1932.

_Filed July 3, 1930

E. H. CLARK
> AUTOMATIC AND SEMIAUTOMATIC TELEPHONE SYSTEM

1,844,147

10 Sheets-Sheet 4

3 g;,li' IL-'———-——
N A N "™ —
— i |
9 8%
= il
I el |
m— 8| ™ N s
i 3 -
= -_— ‘“'
g == m
I E — !
| .. = | l— —=1 7
) (== % I ||H|» t\!
N m [sHr <+ | Hi2 S
3= "__ELH -D*-& ;:D'!lH 3
X & )
¥ = T 5 rl____i_"
T S «
ET [=_o 8 T]ﬁ]. b W I l
fi 1 - A V_—:'D‘ M L g § [oHs
~ = T ¥
&) ey : . o
N L SRE= =
Q——_' ¢ i o [(a] .ﬂll ‘% _
3 RS N il NETAIN
. T g ¥ "i 3 -~ g I
L= 5
; ‘ = A
| = ‘ o
|‘ {0 % 5 h‘é
- ' . ‘H"J HH
T Y= | * 1] 57
o ~ L
% = : o 4
R ‘ INVENTOR
' E.H.CLARK
&Y

P Btk

ATTORNEY



Feb. 9, 1932.

E. H. CLARK 1,844,147
AUTOMATIC AND SEMIAUTOMATIC TELEPHONE SYSTEM
Filed July 3, 1930 10 Sheets-Sheet 5
i
f-u\, .
VL_I.HlH» @lllHi- —‘DiliHl- —szH.-
) . ’
S “N’ o ’ ":; L.O
“ r"':'“’ . b
_lﬂlllH" ﬂth
[+
E- o
3 =
—ﬁ'l'H" i
2 3
9 =7 1 =1 ==
ﬁllHI' ﬂIIHI JDillHl Iif
ol s 3 |
N - P
‘r _ﬂr lnlnlnl ”rmlql lnlnl a lnlnlul H7n) nlnl l
.. | 33 %
t 2 N S— |
tH iH i i
:‘D:H 1 | e |
3 S
s 8 i Y=
all . K
g s -3 8 .
] © 3
L L ~
$ s INVENTOR
E H. CLARK
@6 e~

ATTORNEY



Feb. 9, 1932.

E. H. CLARK

1

AUTOMATIC AND SEMIAUTOMATIC TELEPHONE SYSTEM

Filed July 3, 1930

,844,147

10 Sheets-Sheet 6

tiLl
%1 Il ll_\—s—s—-———a
R
ST | "
'§ :—,.—_.-_-—-_:-lllH[l »_.=,._ _____g
__]; N [N
gto\'E - ©
ERNRENIRY el ] EH‘H‘% ‘
'§ [ e - A r“]' ey g’ —8
Q
g I )
gg?\llllllllll g"—"—_;z'—
W
SL e v o ;!;_! [ Tl N
< SN NmTBHONRO I::F===— % G A
= ‘
. L T
B o Qi
© '
iH il = 3
ﬁ
—=_1 3 |
et 4 e [-
— T
o oy [
[BH = T
} = —]
"1
| = e
9 e S
R n . b IIHI' N
NI S o
ol — -
- O
L= ]
o |l—m i , .
; —[1H =] ©
Q i <o = ﬁ —E‘_ll_g
S = [ R —
L___Ux =TT l_, © Q-%-lv
> ’ By i
e s
FTRCER St gl
& ' % g 3 S ¥
| 3 '§ 3 2 S 1 B N
1 I
g 5
e o INVENTOR
EH CLARK

ATTORNEY



Feb. 9, 1932. . E. H CLARK 1,844,147

AUTOMATIC AND SEMIAUTOMATIC TELEPHONE SYSTEM

Filed ;fuly 3, 1930 10 Sheets-Sheet 7
: o §, S
i Ly
N ! liHn § E
© | ‘ [ §
B ’
. ‘m A JJ — ik “§ o 41
””CDI ._.!'L[-L § g |
‘@ REP =
D L =
Q‘CD : =
e 1S ’ !
g r];' 'Q . IH
N A B
9 ]
N | ~3
[y g 1 ~ -
LJ@ E—i ' [;@“ 11l
¢ iHr l.@ N i «
N N 11 l'QJ
aflii==— e | g
=i s, et 1 2
L L e ".’f m
[ th ) dirus
ﬁJ = =M
o
)o §1:FL | In} N : T
\QD — L—LTIH‘] I ,\Ch _; [ :
LS e
S g ; iHn %Hp §
R <1
£,.§ ] =_ 1 |l

INVENTOR
E.H.CLARK

By@?’é:fm«:%—

AT TORNEY



1,844,147

E. H CLARK
AUTOMATIC AND SEMIAUTOMATIC TELEPHONE SYSTEM

Feb. 9, 1932.

Filed July 3, 1930

I 848 0P8, roe ] 858, . __ see /9 ££9-]
© oz :
- _a9g %
® T 2o I 3
=i Z9 298 ose] || see =
= -5 il :
t ——
. .m are 1 | 1 =<
2 . g 68|
= 117 , _ 98 see ]
e99+4 | | 95%] 22 508 287 | — 908
909 . . :
- £68 298 N_u\% Nin.mw — W68 E
sr8 : T = b b
098 -Tese|| 228 008 A.H_m— seol |
1 . “
= : | oze .
192
mw_ 599
1Z8 q ﬁ — &8 v=
068 tmr b ——
03Z/5v' 704 Bl = oee
—108 seg| [ece  g08| 629 168 u N W T 7oe
=z e (] ﬂuv - I_ &
¥ —d SR,
ﬁ Mv\ 1689 T L=< LI ——a l...h = ’ ' =
| L o T, [ S T
j-_ 1-4-1 st i ‘QQ
% ! =t 208 28 ” ST
g28 |oed 69 . £ee —— Lo
v : -
Ny 987 [YY4) 3 l
. 1
8 9/4 mvl (774 To8 —

E.H.CLARK

8y

ATTORNEY -

PG Forizh-



1,844,147

E. H. CLARK
AUTOMATIC AND SEMIAUTOMATIC TELEPHONE SYSTEM

Feb. 9, 1932.

10 Sheets-Sheet 9

Filed July 3, 1930

U r.. ——FT
L— ==
=[] _\NN_J X
8.8 ore_ L fw.m MMg
P8 ora 048 Wnl..._ 4
68 8 \, H _ __ W_H% ,
H—988 . = ing - »28 /g [? AN
_ 7 = " s0e N\TEE _r b }mr_ ALl 't i N
=] P .| | g o] My 3
ﬁ_ [ ] i L r ( _llj ! 1{z{e] ] v (efz]i T 1=
288 - J | . ] | S—
t 698} .
€28, 268
f=h\ .
1598 2.9 L re8
- = \ = 258
£4 %8 959 Mu.mml\N\% 24 608|(T] ...W. / nﬂ...-umv
= _ TE| Lsw 928 seg Ty =3 m._m 3T
1_ _ — | y _ —.l 1) ._ —._..s _r iNh . _.s _rl_ : I 1
d 612 1 Jzle} _* % | sr. ] vlefeh e/8 403018 4\1\% i ke — 828
_ t Secd 722 |
1508 0r8 4841
£58 8 i 98 N -/98 ecy ]
sro eIl 3] 998 | f1Tese | |"Fe e vop co9
os8 — — _ u , H- 629
e —=Ei il ol Ennfpeiuit
ve 91

ATTORNEYV



Feb. 9, 1932.

E. H. CLARK

Filed July 3, 1930

1,844,147

AUTOMATIC AND SEMIAUTOMATIC TELEPHONE SYSTEM

439 429

10 Sheets-Sheet 10

I
906

{
4/6

14— -**r*l'H" . -—Twluw--- —]

AR . ‘ ‘

) _meHl 9 _,D‘"H‘ o _rQ"“' s Ol
W R sl
e R e st 1

_fm'I'Hl' T-_;D‘H'H" _ID"IIHII _I-D——- »
! = |
8 glIg [ -
=" N - =|||
T _,D“'"H" TDme —fﬁi
l  =1°, -As _ _
:-' i -IEP M ﬂ e _‘B:_‘
T S i:=7 =] |
hﬂ—]_gnlnlnl -—I_]S,—“Ll 0l llH il llnlll
TN et e 2 e
_L LSS
= — e l_ﬁ‘% 3
k| e Lﬂm‘ —ﬂ
ZiILS N | 3
Y X * 3 — I 2
N /N;/;‘L/lro,q )
S EH.CLARK

8Y PG, Forith~

ATTORNEY



10

15

20

26

30

35

45

50

Pat emed Feb

UNITED STATES

1,844,147

PATENT OFFICE

EDGAR H. CLAREK, OF FOREST HILLS, NEW YORK, ASSIGNOR TO BELL TELEPHONE
LABORATORIES, TNCORPORATED, OF NEW ¥YCRK, N. Y., A CORPORATION OF NEW

YORK

AUTOMATIC AND SEMIAUTOMATIC TELEPHONE SYSTEM

Application filed July 3, 1930.

This invention relates to telephone ex-
change systems and more particularly to an
impulse transmitting circuit' which may be
incerporated in any sender adapted to trans-
mit to a terminating office a number of im-
pmscs determined by a group of operated reg-
isters. The object of the invention is to pro-
vide an improved arrangement of relays in
a sender in which the registration of the
wanted number is recorded, whereby the des-
ignations of such number may be transmitted
more efficiently and economically by means of
code impulses to the receiving circuit in the
terminating office.

Heretofore, the impulse transmitting sys-
tem which forms part of some senders con-
sists, in the most general case, of a rotating
device which, in combination with registers
containing the record of the wanted number,
generates a series of electrical impuises, the
battery polarity and current density of each
of which is controlled by the registers. There
are other senders in which relays have re-
placed the rotating device, but it is believed
that the present invention effers a distinet im-
provement over the latter as well as former
class of senders, particularly as it combines
a known niethod of precision impulsing in
:ombination with less relays than formerly
used and without the use of any mechanical
apparatus, thereby resulting in a more effi-
cient and economical 1mpulsﬂ transmitting
system.

In accordance with the invention, theve-
fore, one specific embodiment of which is dis-
closed herein by way of illustration, this is
accomplished in the following improved man-
ner through the use of novel circuit improve-
ments which are covered by the patent apphi-
cations of Q. R. Miller Ser. No. 859,865 and of
O. Cesareo Ser. No. 187,971 and to which ref-
erence is made for a complete description of
their respective manner of operation.

There are five distinet types of impulses
which are transmitted by the impulse system
in the proposed invention, namely, a blank
impulse a light positive impulse, a heavy
positive impulse, a light negative impulse and
a heavy nedatlve 1mp&1°e A blank impulse
is one n which no current is transmitted to

Serial No. 465,484,

the receiving cireuif, but the pair of conduc-
tors, which are hereinafter designated as the
1mpulsmg conductors and termed tip lead
and ring lead respectively, are open circuited.
A light positive impulse is characterized as
one having the grounded positive side of
the battery on the ring conductor and the un-
grounded negative side of the battery on the
mp conductor and having a current strength
of definite value as determined by a thh re-
sistance in series with the tip conductor the

resistance of the call indicator receiving cir-
cmt of a type shown in Patent No. 1 408 NES]
to . H. Clark granted Dec. 12, 1922 and the
resistance of the trunk line conneotm(r the
impulse transmitting circuit with the receiv-
ingeircuit. -Ahéavy posﬂslve impulse is iden-
tical in character with the light positive im-
palse except that the current strength is
greater as determined by the value of
resistance in series with the tip conductor and
also the resmtance of the receiving circuit and
trunk line. A light negative impulse is char-

acterized as one havma the orrounded side of
the battery on the hp coud uctor, the un-
grounded negative side of the battery on the
ring conductor and having a current strength
of definite value as determined by the value
of a resistance in series with the ring conduc-
tor, the resistance of the receiving circuit and
that of the trunk line. A heavy negative im-
pulse is identical in character with -a light
negative lmpulse except that the current

1eno“u h is greater as determined by. the
value of a resistance in parallel with the re-
sistance used in the case of a light necratlve
inipulse.

The impulses to be transmitted are ar-
ranged in groups of four for each digit and
T)mvidino for the transmissien of a maxi-
mum of eloht digits with a final heavy posi-
tive nnpulqe for ‘signaling purposes as- de-
scribed hereinafter. The 1mpulses are trans-
mitted in a certain order with the odd im-
pulses as either blank or light positive ‘and
the even impulses as light or heavy negative.

Five pairs of counting relays are used,
each pair being arranged in the manner dis-
closed in application Serial’ No.

mentioned above. The front and back con-
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tacts, respectively, of the relays of two of
the five pairs are connected directly to the
contacts of the separate registers, the opexr-
ated condition of each of which determines
5 the character of the impulse to be transmit-
ted as more particularly described herein-
after. The impulsing conductors over which
the impulses are thus modified for transmis-
sion to the trunk line and to the receiving
circuit in the terminating office ave connected
to the switching contacts of the two pairs
of counting relays through the medium of
the contacts of the remaining three pairs of
counting relays, which function to steer the
said impulse modifying conductors from one
group of wires connecting with the registers
to the next group of wires in the order of
snecession in which the immpulses are to be
sent, '

The impulsing cireuit itself which gener-
ates the impulses is disclosed in applica-
tion Serial No.-359,365 mentioned above and
consists of a polarized impulsing relay hav-
ing two normally epposing windings, one of
which is in series with a non-inductive re-
sistance and condenser of suitable capacity.
This impulsing relay is operated and re-
leased on the principle of opposing mag-
netizing forces in both windings wherein the
opposing force in the winding containing the
condenser and resistance delays the operation
of the relay until the condenser is fully
charged to the potential of the battery.
While the relay is thus in its non-operated
condition a blank impulse is effective over
the trunk loop unless the character of the
impulse is, at this time, changed into a posi-
tive impulse by an electrical closure of the
loop by the registers containing the recorded
number as more particularly described here-
inafter. The duration of this impulse is gov-
erned by the time taken for the condenser
in the opposing winding to become fully
charged. The length of time during which
the impulse lasts is, therefore, a function of
the capacity of the condenser and the ohmic
resistance in series with i, which governs
the rate at which the condenser thus becomes
charged and hence the rate at which the op-
posing force is built against the magnetizing
influence of the active or operating winding.
When the condenser becomes fully charged
and no further current can thus flow in the
opposing winding the current in the active
' winding builds up to its full value, the relay
operates, and the impulse is terminated.
With the operation of the impulsing relay
two other relays in parallel are operated
from its contacts, one of which relays con-
trols the closure of the trunk lecop with the
proper battery polarity for a light negative
impulse, while the other controls the succes-
sive operation and release of the two pairs of
counting relays whose contacts are connected
directly to the registers. These two pairs

1,844,147

of counting relays, in turn, control the oper-
ation of the three other pairs of counting
relays, so that, with eacl impulse, the charac-
ter of the operated counting relay combina-
tion of the five pairs of relays is changed.
With the operation of the above mentioned
two relays in parallel, the impulsing con-
ductors are reversed and the counting relays
are operated. During the interval that the
impulsing relay is in its operating position
a negative impulse is transmitted, the. cur-
rent strength of which can be modified by
operated registers as is described herein-
after.

With the operation of the impulsing relay
the polarity of the condenser charging cur-
rent is reversed, as is likewise the direction
of current flow in the active winding. The
impulsing relay is thus made ready to ve-
lease since, the relay being polarized, the
current in the active winding will flow in
the wrong direction. In this case however
the discharge condenser current in the oppos-
ing winding delays the immediate rise of the

current in the active winding and conse- &

quently delays the rclease of the relay until
the magnetizing force of the active winding
is greater than the force in the opposing
winding. In this case also the length of the
negative impulse is measured by the time
taken for the impulsing relay to release
which, as mentioned above in connection with
the positive impulse, is a funetion of the elec-
trical fime constant of the condenser and

resistance combination in series with the op-

posing winding. When the impulsing relay
releases, the two relays in parallel mentioned
above are also released, the trunk loop is
opened and grounded on one side, the count-

ing relays are operated once more and a posi- i

tive impulse is thereafter transmitted if the
register to which the other trunk conductor
is now connected closes the proper polarity
battery thereon; otherwise it will be a blank
impulse. The operation and release of the
impulsing relay is repeated in this manner,
the impulses being sent out in alternate suc-
cession of blank or pesitive and negative im-
pulses, while the three pairs of steering
counting relays progressively transfer the
impulse modifying condnctors from one
group of contacts connected with the regis-
ters to the next in the numerical order in
which the impulses are to be sent out.  When
the last group of impulses is transmitted a
special heavy positive impulce is transmitted
for the purpose of closing through the cir-
cuits of automatic selector switches in the
chstant offices through which the trunk line
roay have been routed in order to resch the
terminating office where the impulses are re-
czived, if the connection has been so routed.

It is seen that the impulses generated by
the impulsing circuif thus describoi consist
of either blank or light negative impulzes.

i
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These impulses are modified either to light
positive or heavy negative by the operated or
non-operated condition of the 1'@01%01:3 con-
taining the recorded number when, during
the transmission of each impulse, the impule-
ing modifying conductors arve switched pro-
grocsn*elv “from one group of registers to the
next. The modification of the blank and
light negative impulses generated by the im-
pulsing circuit consists either in transform-
mg a blank impulse into a light positive im-
pulse by the register conne ctmg battery on
the tip conductor du iring the transmission of
a positive impulse or transforming a light
negative impulse into a heavy negative im-
pulse by the register placing bfmuy through
a low resistance in parallel with the battery
through the high resistance to the ring con-
ductor during the transmission of a negative
impulse. The modified imp mlses serve to
operate marginal and polarized relays in the
receiving equlpment which control the o per-
ation of numerical 1eglstnrs and associated
lamps to display the number represented by
the positive and heavy negative nnpu}qn codes
thus transmitted. The light negative im-
pulses control the swwtclung relays of the
receiving cireuit for transferring the record
ot the 1mpulses received to the appropriate
group of numerical registers.

When the exchange code and number of
the wanted subscriber is recorded on the
registers of a sender, and a trunk Hne to the
~ desired terminating office has been selected by

the automatic switches, an assienment lmlp,
individual to the selected tru*ﬂ{ is lighted at
the operator’s position where the trunls termi-
nates. The sender is, at this time, connected
to the frunk in guestion and is veady to re-
spond to a signal from the operator at the
distant office, which signal is given when an
assignment key is depressed in response to the
lighting of the assignment lamp. The de-
pression of the key canses the trunk conduec-

tors to be connected to the impulse 1nce1vmf> '

circuit at the operator’s poqmon and, at the
same time, causes the release of a velay in the
sender. 'The releass of this relay isthe signal
awaited by the sender for connecting the im-
pulsing circuit to the line and extending the
impulse modifying conductors to the registers
by. way of the coantmp_ relays. The im-
pulses corresponding in code form to the
number recorded in the registers are then
transmitted in the manner already described ;
the sender extending the impulse modifying
conduetors through the steering counting re-
lays,in proper combination, to the conductors
of the registers containing the recorded num-
ber and which are to transmit their impulses

1n the order in which the said 1mpu]se modi-
fying conductors are connected to the sepa-
rate relays of the registers. WVhen all the
impulses have been sent the relay which first
connected the frunk conductors to the im-

3

pulse circuit is released and other civeuits
are then closed to release the sender and
restore it to normal,

A clearer conception of the scope and pum

pose of the invention will be obtained from

a consideration of the following description
taken in connection with the attached dravw-
ings in which Figures 1 to 9, WAen arranged
in the order illustrated in the d diagram of
Figure 11, discloses as much of the telephone
exchange system incorporating the features
of the invention as is necessary for a thorough
understanding thereof.

Figure 1 1llustrates in a scnemahc man-
ner, a calling subscriber’s line and a line
switch of the coordinate type for extending
the lines to outgoing trunks. This ﬁoure
also shows dmfﬂ'amm‘mca ly a sender selec-
tor switch of the ecordinate type.

Figure 2 shows a portlon of the detailed &

cwcmtv of one of the trunks outgoing from

.the line switch of Figure 1 and ‘LlSO a dia-

gram of a- coordinate group selector switch
in which said trunk terminates.

Figures 4, 5, 8, 8A and 9, taken together,
show one of a number of register sender con-
trolling mechanisms incorporating the in-
vention herein described and which is asso-
ciable with the trunks by means of the sender
selector switch illustrated in Figure 1.

Figure 4 illustrates the dial Pnpulsmn re-
lavs and other control relays of the sender,

Figure 8 shows the controlling relays for
senchnn code impulses rﬂl,xesnntmd the re-
corded designations.

Figure 8 8A shows the co yunting relays Which
are associated with the control Tela ys of Fig-
ure 8 and the relay registers .of F igures 5
and 9.

Figures 5 and 9, taken together, show re-
lay reomters on. which deswnﬁmons are
vecorded under the control of the calling
subscriber’s line.

Figure 3 illustrates the i incoming end of
an mterofﬁce trunk civeuit.  This trunk ter-
minatesin a pluﬂ ended cord circuit at a man-
ual operator’s position in the called office.
This figure also shows a called subscriber’s
line terminating at a manual office. '

Figures 6 and 7 show a register circuit
serving the purpose of a call indicator.

Figure 10 shows a chart indicating the
character of the impulses transmitted f01 the
digits zero to nine, inclusive.

The line switch 100, the group se]ector
switch 200 and the sender selector switch 110

-
HO

90

100

105

110

115

126

are of the coordinate type such as shown and -

described in detail in the Pa mn‘t No. 1,507,140

granted September 2, 1924 to . N. RevnoHs

The c%lhng.subscuber 101, on initiating a
call, has his line automatically extended by
Wm of the line switch 100 to an idle trunk,
such as the trunk 103, te rminating in the
group or district selector switch 200. At the
same time the trunk 108 is assceiated with an
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idle register sender by means of the sender
selector switch 110. ¥ollowing this, the sub-
scriber dials a number of digits which are
recorded on the several registers of the asso-
ciated sender. Thereafter, in any suitable
manuer, the register sender determines the
selective operation of the district selector
switch 200 from the number of the recovded
digits which indicate the route, and an idle
trunk is selected leading to the distant man-
nal office at which it appears. Tnasmuch as
the present invention is not concerned with
the detailed description of the selector

-switches, nor with the manner in which the

register sender exercises its control over the
switches, several elements have been illus-
trated in schematic fashion. For a more de-
tailed explanation of the way in which the
operating circuits of the various switches
function and the manner in which the regis-
ter sender controls the selection of trunks,
reference is made to Patent 1,517,331 grant-
ed December 2, 1924 to S. B. Williams.

After a trunk has been selected by switch
200 in the mechanical office leading to the dis-
tant manual office illustrated in Figures 3,
6 and 7, it is necessary to transfer the record
established In the register sender over the
trunk to the distant cffice to bring about the
operation of the call indicator in order that
the operator may be advised of the called line
number. This is accomplished by means of
the equipment shown in Figure 5, 8, 8A and
9 particularly illustrating the present inven-
tion, wherein the relay devices 807 and 808
control operations which result in the crea-
tion of impulses which form codes according
to the record established on the registers and
transmits these impulses over the line to the
distant manual office. The record is estab-
lished on the distant manual office in the call
indicator registers and causes the illumina-
tion of the proper lamps before the operator.
In case the distant called effice is one involv-
ing machine switching apparatus for build-
ing a connection, code impulses will be trans-
ferred to a register sender thereat which, in
turn, will control the operation of switches
in the distant called office. '

A detailed description will now be given of
the establishment of a connection between a
calling line in a mechanical office, such as line
101, and a called subscriber’s line, such as line
319 in a distant manual office; involving the
transfer ¢f the called line record from the
first office to the second office over a direct
trunk., Assuming that the entire designa-
tion of the called number is 253—1345 where-
in the first three digits indicate the designa-
tion of the called office and the remaining
four digits the numerical designation of the
called line in that office; all these digits are
recorded on seven of the eight registers shown
n Figures 5 and 9, namely, registers 900, 909,

* 912, 926, 512, 513-and 521 in the order named.

1,844,147

If the called subsecriber is on a party line,
an additional digit will be dialed indicating
the station and this digit will be recorded
on register 518.

When the calling subscriber initiates a call,
hisline 101 is extended automatically through
the line switch 100 to the first idle one of a
number of outgeing trunks 102, 103, etc. If
the trunk 108 is the first one to be idle, it
is selected and the called line is extended
thereover to the district selector switch 200.
At the same time that the calling line is ex-
tended to the district selector, the sender se-
lector switch 110 is operated automatically
and the trunk 103 is connected to the idle
register sender shown partially in the draw-
ings of Figures 4, 8, 8A, 5 and 9.

During the operation of the sender selector
switch 100, a circuit may be closed in any
suitable manner for relay 204. Relay 204

perates and applies ground potential to the
holding or sleeve conductor 111. As soon as
the sender selector switch 110 is operated, it
may complete a circuit in any suitable man-

ner for relay 203. Relay 203 operates and,

at its bottom outer contacts, closes a substi-
tute circuit for the slow releasing relay 204,
Relay 203 also extends the tip and ring con-
ductors 104 and 105 of the trunk through the
sender selector 110 to the selected sender by
way of conductors 221 and 220, respectively.
An impulse ecircuit is now traceahle fromn
battery through resistance 434, right winding
of relay 400 in the sender, normal inner con-
tacts of relay 401, conductor 418, left outer
contacts of relay 411, through selector 110,
conductor 220, bottom inner make contacts
of relay 203, conductor 105, through the
line switch 100, over the loop of the calling
line and returning through the line switch 100
to the conductor 104, top inner make contacts
of relay 203, conductor 221 through the se-
lector 110, left inner contacts of relay 411,
outer contacts of relay 401, left winding of
coil 402 to ground. Relay 400 closes a cir-
cuit for slow release relay 404 which, in
turn, closes on its left contacts a circuit for
relay 410. Relay 410 operates and, on its
teft inner contacts, applies holding ground to
conductor 420 which provides holding eir-
cuits for the sender selector switch 110 and
for relay 203 in the trunk ecircuit. Relay 400
also closes a parallel circuit through the left
winding of relay 403 which relay operates
and closes a circuit for relay 425 extending
from battery, resistance 405, left contacts of
relay 406, right contacts of relay 403, con-
ductor 407, left back contacts of relay 408
through both windings of relay 425 in series
to ground. Relay 425 operates and locks
in & cireuit extending from battery through
resistance 405, conductor 409, left contacts
of relay 412, conductor 413, right inner con-
tacts of relay 425, right winding of relay 425
to ground. Relay 425 also closes a circuit
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for relay 421 extending from battery and left
winding of relay 403, “left inner contacts of
relay 403 left outer back contacts of relay
499, right outer back contacts of relays 422,
4238 and 424, lett outer front contacts of relay
425 through both windings of relay 421 in
series te ground. This circuit, however, is
ineffective at this time due to the direct con-
nection irom the left iront contact of relay
403 to ground through the front contacts of

relay 400, thus keeping relay 421 short-cir-
cuited at this time. The qppfu‘atus 1S now
in condition for receiving the first series of
impulses.

The operation of the counting lela,ys shown
in Fig. 4 in vesponse to dial pu‘g@s torms the
subject matter of Patent No. 1,563,738,
granted on December 21, 1925 to O .. From,

'Rememoemno that the numbel wssume& to

be dialed is 953—1346 the calling subscriber
now manipulates the dial or other impulse
transmitter to send a series of two impulses
or interruptions of the impulse circuit.  In
response to the first interruption of the cir-
cuit, relay 400 releases and permi its the above
traced cireuit for relay 421 to become: effec-
tive, whereupon relay 421 operates and locks
in a circuit from ground through its right
winding and right inner contacts, conductor
413, left contact of relay 412, conductor 409,
resistance 405 to battery. Relay 421 also
closes a cireuit from battery through resist-
ance 405 on conductor 413, right inner con-
tacts of relay 425 through the left winding
of relay 425, left inner contacts of relay 421
to ground through the right winding of re-
lay 403, the current in which circuit opposes
that in the locking circuit for relay 425 and
releases relay 425 differentially. The lock-
ing circuit for relay 421 is in shuni of its
energizing circuit through the left winding
of 1ehy 103 and tends to release relay 403,
The circuit thr oug}\ the right winding of re-
lay 403 which "e&asas veln ay 425 is differen-
tial to the circuit of the left winding of re-
lay 403, so that with relay 400 1‘eleasnd re-
lay 403 releases quickly upon the OFD“‘ItOTl
of relay 421, ]

“At the time velay 400 falls back in re-
sponse to the firet impulse, a cireunit is closed
from ground cn the L.tc}'-: contacts of relay
400, mont contacts of relay 404, winding of

1e113 406 to ground. Relay 406 oper; ates and
opens the initial energizing circuit for relay
425. Relay 406 als closes an obvious circuit

for relay 408. Relay 408 operates and locks
in a circuit from bfwtﬂrv th rough its wind-
ing and left inner contacts right middle back
contacts of relay 412, left olter contacts of
relay 410 to 01‘01md Relay 408 ‘closes cir-
cuits the purpose of which will be made clear
hereinafter.

At the end of the first impulse interrup-
tion, relay 400 again attracts its ammtm‘e,
relay 408 is operated and a cirenit is com-

5

pleted for relay 422 by way of Dbattery
through the left winding and left inner con-
tacts of relay 403, right outer front contacts

of relay 421, right outer back contacts of

relays 423 and 424, left outer back contacts
of relay 425 throutrh both windings of relay
429 in series to 0‘101111(1 Relay 499 does not
operate at this time as it is shunted by the
ground on the front contacts of relay 400.
Relay 406, being slow to release, does not
retract its armatures during the time that
a train of impulses is being transmitted.
At the next interruption of the circuit,
relay 400 falls back permitting relay 422 to
operate in series with the left ‘winding of
relay 408. Relay 422 operates and locks to
battery through resistance 405 over conductor
413-and closes a differential releasing circuit
for relay 421 extending from ground through
the right winding of relay 403, left inner con-

ot
Cu

“tacts of relay 422, left winding of relay 421,

right inner contacts of relay 491 to conductor
413. Relays 421 and 403 release.

A% the closure of the line after the second
impulse, the first train of impulses is ter-
minated and relay 400 remains energized
long encugh to permit relay 406 to de-ener-
gize and retract its armatures.  Since relay
408 was operdted and locked, a circuit is
closed from ground on the right normal con-
tacts of relay 406, right inner contacts of
relay 408, right inner contacts of relay 412,
conductor 416, right back contacts of relay
901, winding of relay 902 to battery. - Relay
902 attracts its armatures and locks in a cir-
cuit including its top inner contacts, con-
ductor 908, Wlndmg of relay 412 and thence
over the above traced circuit to ground at
the right normal contact of relay 406, Re-
lay 4192, being shunted by the operating
ground for relay 902, does not energize at
this time. Relay 902 extends conductors
419, 429, 439 and 449 to the relays of the
first code digit register 900.  Since relay 422
is the only counting relay operated as a re-
sult of a train of two dialed impulses, a cir-
cuit may be traced from ground at the left
middle contacts of relay 410, right outer con-
tacts of relay 412, conductor 415, right outer
back contacts of relay 425, left outer back
contacts of relays 424
No. 2 contacts of relay 902, WmdmoP of relay-
904, winding of relay 905 to- ba,ttery Re-
LLVS 904 and 905 operste and lock in a cir-
cuit from battery, windings of the two re-
lays, right inner contacts of relay 904, con-
ductor 906 conductor 907, conductor 4926,
right outer contacts of relay 410 to grbund.
Relay 905 closes « circuit for relay 901 from
ground on conductor 908 operating this re-
lay and locking it te ground on conductor
906. As its right back contacts, relay 901
opens the shunt around the winding of relay
412, permitting that relay to energize in
series with the locking circuit of relay 902.

and 421, conduector 429,
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Relay 412, at its left contacts, opens the lock-
ing circuit of the counting relays and, at its
rignt outer contact, the locking circuit of
relay 408. The counting relays are restored
to normal. Relay 408 releases and opens the
circuit of relays 412 and 902 disconnecting
the register 900 from the counting relays.
As soon as relay 412 falls back, the original
circuit for relay 425 is closed again and that
relay energizes and prepares a circuit for
relay 421 as before,

The subscriber next dials the second digit
of the called number, that is “5”. In response
to the first interruption of the dialing circuit
relay 406 is energized, in turn energizing
relay 408. Relay 421 is operated and relay
425 released.. In response to the next inter-
ruption of the circuit, relay 422 operates and
relay 421 releases.. In response to the third
interruption of the circuit, relay 423 is ener-

gized in a circuit from.battery through the-

left winding of relay 403, left inner contacts
of relay 403, right outer back contacts of re-
lay 421, right outer front contacts of relay
422 through both -windings of relay 423 in
series to ground. Relay 423 attracts its ar-
matures and releases relays 422 and 403 in a
manner similar to that for the other count-
ing relays previounsly described. In response
to the fourth circuit interruption, the circuit
prepared for relay 424, extending from bat-
tery through the left winding and left inner
contacts of relay 403, right outer back con-
tacts of relays 421 and 422, right outer front
contacts of relay 423 through hoth windings
of relay 424 in series to ground, becomes effec-
tive and relay 424 attracts its armatures, re-
leasing relays 423 and 408 and locking to con-
ductor 413. The fifth interruption of the

dialing circuit causes the operation of relay

425 in a circuit from battery through the left
winding and left inner contacts of relay 403,
right outer back contacts of relays 421, 422
and 423, right outer front contacts of relay
424, the two windings of relay 425 in series
to ground. Relay 425 locks to conductor
413 through its right winding and releases
relays 424 and 403. Relay 425 also completes
a circuit from battery through the winding
of relay 427, right contacts of relay 428, right
outer contacts of relay 408, right outer fron:
contacts of relay 425, conductor 415, right
outer contacts of relay 412, left middle con-
tacts of relay 410 to ground. Relay 427 op-
erates  and locks in a circuit through the
winding of relay 428 right contacts of relay
427 conductor 417 right outer contacts of ve-
lay 412 to ground on the left middle contacts

of relay 410. Relay 428 cannot operate be- -

ing shunted by the energizing circuit of re-
lay 497, When, at the close of this series of
impulses, relay 400 remains energized for a
considerable period of time, relay 406 re-
leases and completes a circuit from ground
on the right normal contacts of relay 408,

1,844,147

right inner contacts of relay 408, right inner
contacts of relay 412, conductor 416, right
front contacts.of relay 901, right back con-
tacts of relay 927, winding of relay 908 to bat-
tery. Relay 908 operates and locks in a cir-
cuit including its top inner contacts, con-
ductor 903, winding of relay 412, right inner
contacts of relay 408, to ground on the right
normal contacts of relay 406. Relay 908 ex-
tends conductors 419, 429, 439, 449 to register
909. Since relays 425 and 427 are operated,
a circuit is closed from ground at the lefs
middle contacts of relay 410, right outer con-
tacts of relay 412, conductor 415, right outer
front contacts of relay 425, right outer con-
tacts of relay 408, left inner contacts of relay
427, left inner contacts of relay 428, conduc-
tor 449, No. 4 contacts of relay 908, winding
of relay 910 to battery. Relay 910 operates
and locks by way of its left inner contacts,
conductor 911 to grounded conductor 907.
Relay 910 also connects ground from con-
ductor 911, left outer contacts of relay 916,
winding oi relay 927 to battery. Relay 927
operates and locks to conductor 911.  The
operation-of relay 927 opens the energizing

circuit for relay 908 which was in shunt of -

the winding of relay 412 and relay 412 oper-
ates. Relay 412 opens the locking circuit for
the counting relays and-that of relay 408.
Relay 408 in releasing, opens the circuits of
relays 412 and 908, whereupon these relays
also release and the circuits of Fig. 4 are
ready to receive the next series of impulses.
Relay 400, being energized at the time, as
soon as relay 408 closes its left outer con-
tacts, the previously traced circuit for relay
425 is closed and that relay prepares a circuit
for relay 421 as before. :

The calling subscriber now manipulates 3

his dial to send a series of three impulses,
which represents the last digit of the office
code. Relays 406 and 408 are operated at the
first interruption of the dialing circuit and,

at the end of the third interruption of the 7

circuit, relay 423 is operated and the other
counting relays de-energized. Relay 400, re-
maining energized thereafter for a consider-
able period, permits relay 406 to velease. A
circuit is then closed from ground on the
right normal contacts of relay 406, right in-
ner contacts of relay 408, right inner contacts
of relay 412, conductor 416, right front con-
tacts of relays 901 and 927, right back con-
tacts of relay 913, winding of relay 923 to
battery. Relay 9238 operates and locks in a
civcuit through its top inner contaels, con-
ductor 903, winding of relay 412, right inner
contacts of relay 408 to ground on. the right
normal contacts of relay 406. Relay 923 ex-
tends conductors 419, 429, 439, 449 to the re-
lays of register 912. Since relay 423-alone is
energized, a circuit is closed from ground at
the left middle contacts of relay 410, vight
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right outer back contacts of 1e1f1v 425, left
outer bacl contacts of relay 424, left outer
contacts of relay 423, conducter 419, No. 1
contacts of relay 923, winding of relay 918 to
battery. A circuit is also closed from ground
on conductor 415, right outer back contacts
of relay 425, left outer back contacts of re-
lay 424, left cuter back contacts of relay 421,
conductor 429, No. 2 contacts of relay 923,
winding of 191&5 914 to battery. Relays 918
and 914 operate and lock by way of condue-
tor 916 to grounded conductor 907. The op-
eration of these relays also extends ground
from conductor 916 to relay 913, which relay
operates and locks to conductor 918. The op-
eration of relay 913 opens the energizing eii-
cuit of relay 928, permitting relay 412 to en-
ergize and bring about the release of the
counting relays as before.

The calling subscriber next operates his
dial to senda smole impulse which 1epreqants
the first digit of £the called subscriber’s nim-
ber. In response to this impulse, relay 491 1s
operated and relay 425 released. At the com-
pletion of the impulse, relay 406 releases and
a circuit is completed from ground though
the right normal contacts of 1bluy 406, right
inner contacts of relay 408, right inner con-
tacis of Ielav 412, conductor "10 right front
contacts of relays 201, 927 and 91 3 “mht back
contacts of relay 919, winding of 1emy 917 to
battery. Relay 917 operates and locks by
way of its top inner conta cts, conductor 503,
winding of relay 412 and thence over the pre-
viously traced cirenit to ground. Due to the
energization of relay 421, a circuit is closed
from ground on conductor 415, right outer
back conwcts of relay 425, left outer back
contacts of relay 424 left outer front con-
tact of relay 421, conductor 419, No. 1 con-
tacts of relay 917, winding of relay 920 to bat-
tery. Relay 920 cperates and locks by way
of conductor 921 to grounded conductor 907.
In addition, relay 9‘)0 closes an obviocus cir-
cuit for rehv 919 from ground on conductor
921. Relay 919 operates and locks to condue-

tor 921. Relay 919, on operating opens the
circuit in shunt of relay 412 and this relay
energizes and brings about the restoration of
the (3011‘11;1110 relfws and the disconnection of
register 996 from the energizing conductors.

The subscriber next dials the series of im-
pulses representing the digit 3 and, by the
dialing circuit opﬂratlo'ls identical with
those previously described for the digit 3 of
the office code, relay 505 is operated, “where-
upon relays 508 and 509 of register 512 are
operated and locked The opers ation of thes
relays closes obvious circuits for relay 5 OO
which, on operating and locking to ground
through COIldthOIa 510 and 426, transfers
the r eOhtel cut-in circuit to relay 504 of reg-
ister 5lo

‘The subscriber next dials the series of im-
pulses representing the digit 4. Through the

likewise relay 427.

7

means of circuits previously described, relay

424 is operated by this series of impulses and,
when relay 400 has been operated for a con-
siderable period and relay 406 has released,

- a circuit is closed from ground on the right

normal contacts of relay 406, rwght nner
centacts of relay 408, right inner contacts of
relay 412, conductor 4LG right front contacts
of relays 901, 927, 918 919 and 500, right
back contacts of 1e*a1, 501 winding of 161%_*7
504 to battery. Relay 504 operates and lock
to grounded conductor 908. A circunit is
closed from ground on the left middle con-
tacts of relay 410, right outer,contacts of re-
lay 412, right outer back contacts of relay
425, left outer front contacts of relay 424,
conductor 439, No. 3 contacts of relay 504,
winding of lO].rLy 514 to battery. Relay 51
locks to ground on conductor 516 and closes
an obvious circuit for relay 501 which also
operates and locks to ground on conductor
516 and thereafter opens the energizing cir-
cuit of relay 504. This operation removes the
shunt around relay 412 which operates and
restores the dialing circuit in preparation
for the next digit. :
The subscriber next dials the series of im-

‘pulses representing the digit 6 which is the

last digit of the called number. The dialing
of five of the six impulses proceeds in the
same manner as previously described for the
impulses of the digit 5 of the office code. Tt
will be recalled that, at the termination of
the fifth impulse, relay 425 was operated and
Relay 428, however, re-
mained shunted due to the presence of the
operating ground for 1efw 427 on the left
side of the winding of relay 425. \Vhen,
however the sixth impulse is received and
relay 491 is operated, relay 425 is released
by the shunting ground through the right
winding of relay 403 and the lefs inner from
contacts of rela ay 421 so that the short civenit
around relay 428 is removed, cmlculg) this
relay to-operate and lock in series with 1 eny
497 to ground on the left middle contacts of
relay 410. *thr the gixth impulse is thus
rocewed and terminated, a circuit is closed
from ground on the right normal contacts
of relav 406, left inner front contacts of relay
408, right inner eontacts of relay 412, con-
ductor 416 right front contacts of 1emys
901, 92 9L> 919 500 “‘1& 501, right back
contac ts "of vela avy 009 winding of relay 503
to battery. Relay 503 operave and locks
through its top inner contacts to ozoupd on
conductor 903. Cireuits are also closed from
ground on the left middie contacts of relay
410, right outer contacts of relay 412, 1'10hu
outer baC,u contacts of velay 425, left outer
contacts of relays 427 and 428 to co nductor
449, while another branch of this cireuit is
extended £ irom the right outer back contacts
of relay 425 to the left onter back contacts
of relay 424, left outer front contacts of relay
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421 to conductor 419.  Conductor 449, over
path previously traced, is extended to

the
the No. 4 contacts of relay 503 and from
thence through the winding of relay 515 to
Likes wise, conductor 419 is extend-
ed over No. 1 contacts of relay 50u and
from thence through the winding of re?“y
517 to battery. T{elays 515 and 517 operate,
lock to grounded conductor 511 and close ob-
vious circuits for relay 502 which also op-
erates and locks to grounded conductor 511.
The operation of relay 502 opens the ener-
gizing circuit of relay 503 and removes the
shunt around relay 412 causing it ’fo op-
rate and restore the.dialing eir cuit for the
reception of further dlglts.

he subscriber has now dialed the entire
number. Should it be, however, that the
called subscriber is on a party line and a
corresponding letter designation is neces-
sary, the impulse dﬂSlgna‘mon of the party
letter will be recorded on register 518 in
the same manner as described for the dia aling
of any of the previous digits.

After the subscriber has set up the office
code rvecord on registers 900, 909 and 912
the district selector switch 200 is operated
under the control of these registers and co-
operating circuits in the sender for the pur-
pose of selecting an idle trunk 207 emfehdmo
to the distant called office. These cizcuits are
not shown as they form no part of the pres
ent invention and can be arranged in any
suitable manner with the coopera tmo circuit
elements of the sender for the peLformance
of this function. During the operation -of
switch 200, relay 206 is operated and locked
through its top inner contacts, conductor
210, top outer contacts of relay 2038 to the
grounded conductor 111. - Upon the opera-
tion of Lelay 206, relay 205 is operated by
the switch 200 in 2 suitable manner and locks
through its left armature to conductor 210.

Adfter the connection has been extended to
the distant office, the apparatus is placed in
condition to transmit code impulses over the
trunk in accordance with the settings of the
numerical registers in Figs. 5 and 9, that is,
registers (Lo, 512, 513, 521 and, if a party
fetter has been dialed, register 518 also.
When, after a suitable time delay has been
allowed to permit the subscriber to dial a
party 1ettu, and the circuits in the sender
ave ready to transmit the impulses designat-
ing the wanted nuz 1bel,acircuit is completed,
in a,w suitable manner, for relay 440. ~ A cir-
cuit 1s also closed in any suitable manner,

for relay 802 if, from the translation of the’

office code registration contained in registers
900, 909 and 912, circuits are closed in the
sender which indicate that the call is to be
completed over a direct route to a manual
office having call indicator apparatus there-
The manner in which the above men-

‘110, con
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dDSLI’beQ in degall in Patent No. 1,517,331,

anted December 2, 1924 to S. B. Williams,
_*.ela v 440 closes a circuit from battery
through the winding of relay 441, contacts
of relqv 440 to gr ound on the right i 1nner con-
tacts of rvelay “410. Relay 441 operates in
this circuit, locks through its left contacts to
the operating ground and connects relay 446
through its 1'1ghz centacts to the tip and ring
conductors of the trunk line resulting in a
circuit as follows: Battery through the bot-
tom in nM’ back inner cont‘mt of relay 300,
conductor 301, right winding of relay 302
mndmn of relay aO3 inner nor m‘d contacts
of relay 304, outer back contacts of relay 305,
thence over the tip side of the trunk 207
through switch 200, top-outer front contacts
nf relay 206, right inner contacts of relay 205,
conductor 211, through the selector switch
110 conduchm 431, right inner contacts of
relay 441, right inner back contacts of rela

443, win d ng of relay 446, right outer back

contacts of velay 443, 11011t outer contacts of
relay 441, m”lductnr 439, through the switch
1ductor 212, -1ghL outer contacts of
Lmav 205, bottom outer front contacts of
¥ e ay 206 anwh the switch 200, thence over
he ring side of the trunk line 207 , inner back
contacts m relay 305, outer no ormal contacts
of relay 3 L left winding of relay 302 to
ground. lays 302 and 303 operate and
zJ‘V* 302 closes a circuit for relay 306. Re-
ay 306 operates and, at its leff outer contacts,
doses a circuit arcund re]ay 303, releasing
this relay and preventing it from reoperatmg
in series with the right winding of relay 302.
Relay 306 also closes a circuit from battery
through the assignment lamp 307, lower
SyiT hhno of relay 308, right outer back con-
tacts of relay 300 top inner contacts of relay
308, right inner contacts of relay 3806 to
ar ound. Lam » 307 lights to advise the oper-
ater that a call-is “W‘lltTn’T attention on the
1'1ro‘n1n0' trunk 207. Due to the character
of relay 308 however, it is not energized suffi-
ciently to attract its armature.

The code impulses are sent to the receiving
office over a full metallic circuit comprising
both tip and ring conductors of the line in

series. These impulses may be of either pos-

itive or negative pola ity dependent upon the
wde of the line cireuit to which the positive
pole of the battery is connected. They may
also- be weak or streng, dependent upon
whether the batt ery is fed to the line through
2 high or low resistance. The impulses are
recelved bv the relavq 601,602 and 603. Re-
law 6071 is polarized in such a manner as to
respend only to the current produced when
the positive pole of the battery is connected
to the tip side of the line. Relay 602 is
nolarize d in stuch a manner as to respond to
current of the opposite polarity. Both re-
lays 601 and 602 1espond either to strong or
weak impulses provided the polarity is in

_i!,
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the proper direction. ‘Relay 603 responds to
strong nnpulses of either polarity but does
not respond to weak impulses.

At the time the above traced circuit is
closed, relay 446 in the sender at the mechan-
ical office also operates in series with relays

302 and 308 and closes an obvious circuit for

relay 445. Relay 445 operates and closes.a
circuit from ground on the right inner con-

tacts of relay 410 to the W1Ild1110‘ of relay.

444 which operates and locks to the same
ground.

Returning to the called ofiice, the opera-
tor, obselvmo the illumination of lamp 307,
presses the individual assignment key 310 to
associate the call indicator with trunk 207.
Key 810 closes a cirenit from battery through

the winding of relay 605, conductor 828, bot--

tom contacts of relay a08 right winding of
relay 809, top contacts of Ley‘310 conductor
324, contacts of relay 624 to ground at the
right back contacts of relay 620. - Relay 309
operates and locks in a circuit from battery:
through winding of relay 605, conductor 628
bottom contacts of relay 308, Wmdmos of re-
lay 309 to ground on its left contacts. Re-
lay 309 opens the original circuit of lamp
807 and connects this lamp. in series with
interrupter 311: The lamp flashes during the
period that impulses are received, as described
hereinafter, and until the operator inserts

the trunk cord plug into the jack of the

called line. Relay 309 also closes a circuit
from battery through the winding of relay
305 and in parallel with battery through the
left winding of relay 312, right inner contacts
of relay 309 conductor 629 winding -of’ re-
lay 624 to ground at the left back contacts
of relay 620. Relay 305 operates.and ex-
tends the tip and. ring conductors of -the
incoming trunk to conductors 600 and - 604
respectively. When relay 805 operates it
opens_the circuit including relays 302 and
448. Relay 302 releases and opens the circuit
of relay 306 which also deenergizes. ‘The re-

lease of relay 446 permits the release of 445,

which relay now completes a circuit from
battery throuoh the winding of relay 443,
outer contacts of relay 444, back contacts of
relay 445 conductor 430 - to ground on. the
right inner contacts of relay £10. Relay v 443
disconnects relay 446 from the trunk conduc-
tors, conneets them to the impulsing circuit
shown in Iig. 8 by way of conductors 447
and 448 and closes a circuit for relay.800
from battery through the winding of relay
800, conductor 801, left inner contacts of re-

lay 443, conductor 433, No. 4 contacts of relay
803, top contacts of relay 802 bottom middle:
back contacts of relay 804 to ground. From:
this moment on, the impulse cireuit begins to

transmit impulses in codes, controlled by the

operated relays-in the various 1e01sters or

Figs. 5 and 9. -
Relav 800 When it operates, closes a num-

9

ber of circuits as follows: ground on the bot-
tom outer back contacts of relay 804, right
Nos. 1, 2 and 8 contacts of relay 800, conduc-
tor 805 winding of relay 806, resistance 809
to Dauely Also another circuit from the

70

same aforetraced ground Nos. 1 and 2 contacts

of relay 800, conductor 810, winding of relay
811, resistance S12 to-batter ry. Pelay 806 op-
erates in the former circuit, locking to ground
throughitsrightinner front contacts, coudue-
tor 848 to the left cuter contacts of relay 410,

75

and rslay 811 operates over the latter circuit.

and locks through its.leéft inner front con-
tacts, conductor: 848 to ground. During the

‘period that relay 806 is still normal, but in-

preparation for operating by the closure of
the aforetraced energizing circuit, relay 816
remains short circuited by the connection of
operating ground on conductor 805 to the
right side of its winding and also the same
ground on its other side by. way of the left
inner back contacts of relay 816-conductor
878 to the right normally made contacts of
relay 806. ‘When, however, relay 806 has
operated and opened these normally made
contacts, relay 816 operates over a circuit
from battery, through resistance 825, wind-
ing of relay 816, right inner front contacts
of relay 806 to frround on conductor 848.
Likewise, relay 817 will remain short cir-

cuited until relay 811 opens its left inner nor--

mally made contacts and, when this occurs,
relay. 817 will operate in a circuit from bat-

tery i,hrough resistance 826, winding of re-

lay 817, left inner front contacts of rélay
811 to ground on conductor 848. The opera-

tion of relay 811 closes a circuit from ground -

on its right inner contacts, left inner normally.
made contacts of relay 818, winding of relay

818, resistance. 841 to battery. Relay 818

operates and-locks over its left innermost
front contacts to ground on conductor 848,

Relay 819, which is paired with relay 818,

remaing short circuited due to the presence of
the locking ground for relay 818 on the right
side of its Wlndmw and ground from the right
inner front contacts of - relay 811 on the left
side of its winding by way of conductor 872
and the No. 1 back contacts of relay 819. . -

When relay 816 operates, a circuit is
closed from ground on the left inner front
contacts of relay 800; conductor 827, right
outer contacts of relay 816, conductor 840,
winding of relay 804 to battery. Relay 804
operates and locks over its top outer contacts
to ground at relay 802 and opens the circuit
of relay 800 which releases.”
ground ‘through. its tep middle front con-
’mcts, top back contacts of relay 807, resist-
ance 841 to battery and also a. parallel circuit
extending from. resistance 841, through re-
sistance’ 8”9, bottom winding of impulse re-
lay 808, resistance 832 to battery. At the
same time that this circuit is established, yet

another cireuit is closed in parallel with the
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foregoing circuit through resistance 828, re-
sistance 830, condenser 831, upper winding of
impulse relay 808, resistance 832 to battery.
“Relay 808 tends to operate because of the en-
5 ergizing circuit through its lower winding.
Hovever, the charging: cireuit through the
condenser 831 and upper winding overcomes
the energizing circuit during the time re-
quired to charge the condenser, so that dur-
16 ing the charging period, relay 808 remains
normial. - In the meanwhile a circuit is estab-
lished from ground on the bottom middle
front contacts of relay 804 to the back con-
tacts of relay 807 and from these contacts
15 two parallel circuits are established, one by
way of conductor 835, normally made con-
tacts of the No. 1 contact set of relay 824,

winding of relay 824, resistance 892 to bat-:

tery, and the other by way of conductor 833,
20 normally made contacts of the No. 4 conéaet
set of relay 815, winding of relay 815, re-
sistance 834 to battery. DBoth of these relays
energize and lock to ground; relay 815
through its No. 4 front contaets to grounded
25 conductor 848 and relay 824 through its left
No. 1 front contacts to grounded conductor
848.  Reélay 814, however; which is paired
with relay 815, remains short circuited sines
the operating ground on conductor 833 is
30 connected on the left side of the winding by
way of the No. 1 back contacts of relday St4.
Likewise, relay 818, which is paired with re-
lay 824, remains short circuited due to the
ground on conductor 833 being likewise ef-
85 fective on the left side of the winding of re-

lay 813 by way of its left innerback contacts.

‘As soon as relays 815 and 824 are operated,
ground from the bottoin outer front eontacts
_of relay 804, conductor 855, No. 4:contacts of
40 relay 824, left inner front contacts of relay

816 and winding of relay 806 shunts relsy 806,

thereby causing it to release, and the samie
ground on conductor 855 is also closed
through the right Nos. 1 and 2 contacts of re-
4 lay 824 to conductor 869, left imner front con-
tacts of relay 817 and winding of relay 811,
shunting relay 811 and causing it to release
also. Relays 816 and 817, however; do not
~_release because, with the release of relays
50 806 and 811, holding circuits for each of
these relays are closed respectively, from
battery through resistance 825, winding of
relay 816, right inner normally made con-
‘tacts of relay 806, No. 4 contacts of relay 824,
55 coniductor 855 to ground on the bottom outer
front contacts of relay 804, and battery, re-

* _sistance 826, winding of relay 817, left inner-

normally made contacts of relay 811, right

66 traced ground on conductor 855. o
With the above described operated ‘and

.Nos. 2 and 1 contacts of relay 824 to the afore--

‘normal condition of the relays shown in Figs.
8 and 8A: and during the period when relays

/806 and 811 are releasing; the first impulse

€~ ig transmitted. The order of the transmis-

1,844,147

sion: of impulses designating the wanted

number in the ease of & call extending direct-
ly to a call indieating office is as follows: sta-
tions, thousands, hundreds, tens and: units.
In the case under consideration it has been as-
sumed: that no stations letter has been dialed.
This, however, simply means that neither
positive impulses nor heavy negative im-
pulses will be transmitted but only two light
negative impulses in order to operate the reg-
ister steering relays in the call indicator cir-

cuit at the distant office and to light the lamp.

thereat to designate zero stations. - .

The transmission of impulses to the call’
indicator office will now be deseribed and the.

effect of these impulses at that office will be
considered hereinafter when deseribing the
operation of the call indicator circuits.

Since -no stations letter has been dialed,

none of the relays in register 518 are operated
and the first. impulse of the four impulses

representing the stations letter will, there--

fore, be a blank impulse, that is, the impulse
time interval during which no enrrent flow

over the trunk loop to the call indicator of-
fice. This is apparent from an inspection of

Figs. 8 and 8A and the eperated or normal
conditions of relays 815, 814, 824 and 813, 806
and 816, 811 and 817, 818 and 819 as previous-

ly described. The impulse time interval is

measured. from the time that ground is ap-

plied to the winding of relay 808 to the time"

that the said relay is operated, as described
hereinafter. With the above-mentioned re-
lays that are operated in conjunction with
those not operated, the trunk: line conductor

447 is connected to ground by way of the No."

3 back contact of relay 803, top contacts of re-
lay 823 to ground on the No. 2 contacts of re-
lay 803. Trunk conductor 448, however, is
open dt: this time because it 1s connected

through the combination of relays above op-°

erated to relay 523 of register 518 as follows:
conductor 448, bottom inner back contacts of
relay 803, bottom inmer contacts of relay 804,

conductor 844, right inner front eontacts of
relay 816, right inner front contacts of relay

817, right inner back contacts of relay 819,

conductor 870, left outer back contacts of re-

lay 821 which is normal, conduetor 845, right
back No. 2 contacts of relay 814, conductor
846 included in the bracket line 847, conduc-

tor 846, bracket line 847, conductor 846, Fig..

5, to the'left contact of relay 523. Since no
stations letter was dialed, relay 523 is normal
so that conductor 846 remains open at this
relay, thereby resulting in a blank or open
impulse on-the trunk conductors connecting
with the call indicator circuit at the terminat-
ing office. = - o ‘ '

During the time it takes to charge eon-

denser 831 and relay 808 is normal, the first
imptlse * is transmitted as just described.
When the condenser has become filly
charged, the flow of carrent through the wp-
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per winding of relay 808 ceases and the op-
erating circuit through the lower winding is
then effective to operate relay 808. The re-
lationship between the constants of the oppos-
ing cirvcuit through the upper winding ot re-
lay 808 and the time of operation of the said
relay is completely described in the patent ap-
plication of O. R. Miller above referred to.
When relay 808 operates, it closes a cireuit
from ground on the top middle contacts of ve-
lay 804, front contacts of relay 808 to the
winding of relay 807 and also to the winding
of relay 828. Relay 807 operates and opens

its bottom contacts thereby removing ground

from conductors 833 and 835, causing the
shunt around rélays 814 and ¥13 to be re-
moved, which now operate and lock in series
with relays 815 and 824 respectively. The
operation of relay 813 close° greund from
condnctor 848 on its No. 4 contacts to the left
inner front contact of relay 817 directly to the
winding of relay 811 and mantaining the
short circuit arcund this relay. Relay 813

-also closes the same ground on its right No. 3

contacts to the left inner front contacts of re-
lay 816 to the winding of relay 806 likewise
maintaining the shmt circuit around this re-
lay. Wlnaﬂv, the operation of relay 314
closes omund on its right No. 4 contacts, right
outer contacts of relaV 817, No. 1 back con-
tacts of relay 819, winding of relay 819, there-
by promd]no another short cireuit path for
this relay in addition to the one now effective
to conductor 871. Relays 816 and 817 remain
operated, over their pr eviously described cir-
cuits, but the following additional holding
chcmts to relays 816 'md 817 are closed for a

purpose described. hereinafter: battery
through resistance 825, winding of relay 816,
right inner normally made contacts of relfw
806, conductor 873, No. 8 contacts of relay 813
to ground on conductor 848 and the latter by
a circuit from battery throngh resistance 826,
winding of relay 817, left inner normally
made contacts of relay 811, conductor 869,
No. 4 contacts of relay 813 to ground on con-
ductor 848. Relay 823,in operating, reverses
the polarity of the trunk conductors 447 and
448 by connecting ground on conductor 848
thr 0110h its own bottom contacts and bottom
inner back contacts of relay 803 to conductor
448 and battery through high resistance 839,
top inner contacts of 1ehy 804, No. 3 back
contacts of relay 803 to conductor 447, In
this condition of the circuit, namely, while
relays 808, 807 and 823 are operated, and the

resulting changes as above described are tak-.

ing place in the operated combination of the
counting relays in Fig. 8A the impulsing cir-
cuit transmits the second of the series of the
four impulses representing the stations letter.:

11

It will be noted that the only change which
took place in. the counting relay circuits as.a
preparation for the second-impulse was the
operation of relays 814 and 813 while all the
other counting relays remained as they were
for the first impulse. - It will also be noted

70

that theimpulse begins as soon as relay 823

either makes its bottom contacts or breaks its

top ccntacts and which operation is con-

trolled by the impulsing operation of relay
808. The corresponding changes in the op-
erating or released combination of the count-
ing relaysin Fig. 8A takes place, of necessity,
during the impulse interval. : Tt will be found

on mspectlon however, that those counting.
relays which control the character of the im--

pulse then being transmitted are not - dis-

turbed during these operations, they having’
been prepared.in advance during the trans-:

mission of the preceding impulse."
The second impulse is always negative, it
being closed over the trunk loop independent

- of the registers and controlled by resistance’

839 as above described.. Its character-as a
light “negative 1mpulse, however, may be
altered by imposing a parallel circuit con-

dition on conductor 848.in which “case the-

light negative impulse is changed into a
heavy negative one. Conductor 848, is at
this time, connected to-the left contact of re-
lay 524. :
and the relays of register:518 are all normal,

Asno stations letter has been dialed.
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conductor 843 is open, thereby effecting no 100

change in the light negative pulse. ‘The path
of ccnductm 8{3 is as fo‘lows resistance 839,
conductor 843, outer back contacts of relay

" 806, right outer back contacts of relay 811,
ri Oht middte front contacts of relay 818, con-.

ductor 849, left outer back contacts of Iehy
820 Whi'ch is normal; conductor 850, No. 2
front contacts of -relay 815, conductor 851,
bracket line 847, conductor 851 in Fig. 5, left
contact of relay 524..  Relay 524 is normal so

that no circuit is available to effect the char--

acter of the impulse circuit over the trunk
loop including resistance 839 and battery-on

conductor 447, ground on conductor 448 and:

relays 601, 602-and 603 in series in the loop
itselt at its- 0t‘1 * end at the call mdlcator
office.

When' relay 807 operated the - ground
which previously caused the operation of re-
lay 808 is connected to resistance 832 which
resuits in a reversal of potential in the oper-
ating cireuit of the lower winding of relay
808 and also in that of the condenser oppos-
ing-circuit through the upper winding. Re-
Iav 808 is polﬂmzed and the effect of ‘this
change in direction of current flow tends to
release relay 808. However, the battery po-
tential on the condenser being removed; the
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_Fig. 5, lett contact of relay 526.
?'is normal and the trunk leop is consequently

€

12

condenser will now discharge and the dis-
charge ecircuit is of such Intensity and direc-

tion as to oppose the effect of the releasing
_circuit through the lower winding of relay
808 so that this relay does not begin to re-

lease until condenser 831 is compiletely dis-
charged. When this occurs, the circuit
through the lower winding becomes effective
and releases relay 808, which, in turn, re-
leases relays 807 and 323.  The release of re-
lay 823 reverses the trunk conductors while
the release of relay 807 recloses ground on
conductors 833 and 835. The ground on
conductor 833 short-circuits relay 815 due to
the fact that this ground is now connected
to left No. 1 front contacts of relay 814 and
winding of relay 8I5. Relay 815 releases but
relay 814 is'held operated over a circuit from
battery, resistance 852, winding of relay 814,
normally made contacts of the No. 4 contact
set of relay 815 to ground on conductor 833.
A similar operatlon takes place with respect
to relay 824 due to the presence of ground
on conductor 835 likewise resulting in a re-
lease of relay 824 and holding relay 818 locked
through the left inner normally made con-
tacts of relay 824 to conductor 835. The elec-
trical conditions of relays 816, 806, 817, 811,
818 and 819 are at this time, under the con-
trol of the operated relay 813 as already ex-
plained and since, by the release of relay 807
and associated circuits, relay 818 was uadis-
turbed, the above mentioned relays remain
undisturbed also. During these operations
the impulse circuit transmits the third im-
pulse of the stations digit, which, like the

. first, is a blank pulse due to the fact that no-
“relay of register 518 is operated and the ex-
-tension of trunk conductor 448 to the stations

register by way of conductor 844 is opened
at the left contacts of relay 526. This path
is.as follows: trunk conductor 448, bottom in-
ner back contacts of relay 803, bottom inner
contacts of relay 804, conductor 844, right in-
ner frent contacts of relay 816, right inner
front contacts of relay 817, right inner back
contacts of relay 819, conduetor 870, left outer
back contacts of relay 821, conductor 845,
right No. 2 front contacts of relay 814, con-
ductor 874, bracket line 847, conductor 874,
Relay 526

open during the third impulse interval.
The release of relay 807 reconnects ground
to the eperating cireuit of relay 808 causing,
ultimately, the next operation of relay 808 in
the manner already described and the subse-
quent operation of relays 867 and 823.". The
reoperation-of relay 807 disconnects ground
from conductors 833 .and 885 and thereby

& causes the release of relays 813 and 814 re-

1,844,147

speetively.
the ground on the Nos. 8 and 4 front contacts,
which ground holds operated relays 816 and
817 eausing them to release.
ground on the right Ne. 4 contacts of relay
814 opens the short circuit around relay 819
causing it to operate and lock in series with
relay 818. The impulse circuit transmits the

fourth or last of the series of impulses desig- - -

nating the stations letter during these opera-
tions which impulse is like the second, a light
negative impulse, since relay 525 of register
518, controlling the modification of this im-
pulse, is not operated.
loop is from battery through resistance 839,
top inner contaets of relay 804, No. 3 back
contaets of relay 8083, conductor 447, the trunk
loop including relays 601, 602 and 608, con-
ductor 448, inner bottom back contacts of
relay 803, bottom contacts of relay 823 to
ground on conductor 848. The negative im-
pulse- modifying conductor 843 is extended
to the left contact of relay 525 over the fol-
lowing path : conductor 843 at resistance 839,
right outer back contacts of relay 806, right
outer back contacts of relay 811, right middle
front contacts of relay 818, conductor 849, left
outer baeck contacts of relay 820, conductor
850, No. 2 back contacts of relay 815, conduc-
tor- 854, bracket line 847, conductor 8.)4 Fig. 5,
to the left contact of remy 525.

The four impulses characterizing the thou-
sands digit are next transmitted. Since this
digit is 1 an inspection of the impulse chart
FIO‘ 10 shows that, for this digit, the Impulse
combmatlon con51sts of a hght pos1t1ve im-
pulse, a light negative impulse, a blank im-
pulse and a light negative impulse. .

It will be recalled that the last impulse of
the stations letter was transmitted while re-
lays 808,-807, 818 and 819 were operated, and
the remaining counting relays, that is, relays
814, 815, 813, 824, 816, 806, 817-and 811 were
released: When relays 808 and 807 release

in the manner described relays 815 and 824

are again operated while relays 814 and- 813
remain short circuited in the manner de-
scribed. When, therefore, relays 815 and 824
operate a circuit is closed for relay 806 as
follows: ground on the bottom outer front
contacts of relay 804, cenductor 855, No. 4
contacts of relay 824, right inner normally
made contacts of relay 806, winding of relay

806, resistance 809 to battery. A circuit is-

also closed for relay 811 from the aforetraced
ground from conductor 855, right Nos. 1 and 2
right outer contacts of relay 824, left inner
normally made contac!s of relay 811 winding-
of relay 811, resistance 812 to battery A
parallel circuit for this relay is also elosed
from ground on the left contacts of relay 806.

The release of relay 813 opens

The impulse circuit

The removal of

70

75

85

13)]

115

190

125

e
'1\\%«



(@1}

10

1,844,147

Relay 816, however, remains short circuited
due to the fact that the operating ground

for relay 806 is effective at the left inner back:

contacts of relay 816 and the winding thereof
by way of the No. 4 contacts of relay 824.
Relay 817 likewise remains short circuited
due to the fact that the operating ground for
relay 811 is effective at the left inner back
contacts of relay 817 and winding thereof
by way of the right Nos. 1 and 2 contacts of
relay 824. The circuit conditions for relays
818 and 819 have been changed by the fact
that the operation of relay 811 connected
ground on its right inner contacts and con-
ductor 872 to the No. 1 front contacts of relay
819 which short circuits -and releases relay
818. Relay 819, however, is held operated
over a circuit from battery through resistance
837, winding of relay 819, left inner normally
made contacts of relay 818 to ground on the
right inner contacts of relay 811. .

While the above changes are taking place
in the operated and released condition of the
counting relays the first impulse of the thou-
sands digit is transmitted, which impulse,
it will be recalled,; is positive and necessitates
the application of battery through a high re-
sistance on conductor 448 and ground on con-
ductor 447. Tt will be recalled, also, that the
registration of the thousands digit on reg-
ister 926 was effected by the operation and
locking of relay 920.so that the light posi-

tive impulse .circuit is traced as follows:

ground on the No. 2 contacts of relay 808,

‘top contacts of relay 828, No. 8 contacts of

relay 803, conductor 447 over the aforetraced
trunk loop including relays 601, 602 and 603,
conductor 448, bottom inner back contacts
of relay 803, bottom inner front contacts of
relay 804, conductor 844, right inner back
contacts of relay 816, left outer back con-
tacts of relay 817, No. 3 front contacts of re-
lay 819, conductor 856, left middle back con-
tacts of relay 821, conductor 857, left outer
back contacts of relay 813, conductor 858,
bracket line 842, conductor 858, Fig. 9, left
contacts of relay 920, conductor 930, resist-
ance 908 to battery. IResistance 938 is of
such a value as to cause only relay 601 in the
indicator circuit to respond .as more fully
described hereinafter.

The next impulse is the second one of the’

four designating the thousands digit 1 and

‘e will, according to the chart of Fig. 10, be

a light negative impulse. This impulse be-
gins when relay 808 operates; the short cir-

cuits around relays 814 and 813 being re--

moved causing these relays to operate and

¢ lock 1n series with relays 815 and 824, respec-

tively. The circuit conditions surrounding
relays 816, 806, 817, 811, 819 and 818 remain
unchanged. The negative impulse circuit is
closed from battery through high resistance

" 839 over the aforetraced circuit to conductor

\\

13

447, the aforetraced loop, bottom contacts of
relay 823 to ground on conductor 848. The
dialing of the thousands digit 1 did not

-result in the operation of any relay other than
relay 920 of register 926 so that, while con-.,
ductor 843 is extended to the left contact.of

relay 935, the character of the impulse will
not be affected since relay 935 is normal.
The extension of conductor 843 to the left

contact of relay 935 is'traced as follows: con- -

ductor 843, at resistance 839, right cuter front
contacts of relay 806, left outer  front
contacts of relay 811, left middle back con-
tacts of relay 818, conductor 860, left middle

back contacts of relay 820, conductor 861,:

left No. 3 front contacts of relay 824, con-
ductor 862, bracket line 842, conductor 862,
Fig. 9 to left contact of relay 935. Relay
985 is normal and the light negative impulse,

therefore is unaltered. If the impulse under:

consideration belonged to a code of a digit
requiring -a heavy negative impulse for its
second impulse, such as for example digit 3,
then relay 935 would be operated and battery

through low. resistance 915 would be connect--

ed by way of conductors 936 and 937 to the
left contacts of .relays 985. This circuit
would then be connected in parallel by way
of conductor 843 of the aforetraced path with

that including resistance 839 to. conductor -

447 of the trunk loop and result in animpulse
of a heavier current intensity than the im-
pulse being transmitted in which the parallel
batt{ery circuit through resistance 915 is not
used. : - ‘ :
The third impulse is a blank impulse and is
transmitted, in a manner of speaking, with
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relays 808, 807 and 823 released so that -

ground is again connected to conductors 833

and 835 causing the release of relays 815 and

824 in the manner described, while the re-
maining counting relays remain in the same
condition as for the previous impulse due
to the fact that relay 818 remains operated.
Under such circumstances ground is present

110

on trunk conductor 447 while trunk conductor -

448 and the extension thereof to conductor
844, is connected to the left contact of relay
925 of register 926 and is opened thereat
since relay 925 is normal.” This path istraced
as follows: conductor 448, bottom inner back
contacts of relay 803, bottoni inner contacts
of relay 804, conductor 844, right inner back

contacts of relay 816, left outer back con-

tacts of relay 817, No. 3 front contacts of
relay 819, conductor 856, left middle back
contacts of relay 821, conductor 857, left
outer front contacts of relay 813, conductor

864, bracket line 842, conductor 864 Fig. 9,

to left contact of relay 925 which is normal.

When relay 808 reoperates the last impulse
of the thousands digit is transmitted. The
resulting operation of relay 807 removes
ground from conductors 833 and 835, there-

by causing the release of relays 814 and 813, *°
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10

- 15

“ 90

25

30

35

a0

45

50 .

b5

60

65

moved causing this relay to operate and lock

in series with relay 806 and the fact that re--

lay 806 remains operated preserves the short

circuit around relay 817 while relay 811 re- -

mains locked to ground on conductor 848.

Relay 811 also preserves relays 819 and 818 .
-in their respective operated and released con-
‘ditions. The negative impulse loop is now

closed from battery through high resistance
839.over the aforetraced loop on: conductor
447 to ground on conductor 448 over the bot-

“tom contacts of relay 823. The extension of

conductor 843 to the left contacts of relay

929 of register 926 is opened at the contacts of
‘relay ‘929 since this relay was not operated

when digit 1 was dialed. This path is as fol-

‘lows: conductor 843 at resistance 839, right

outer front contacts of relay-806, left cuter
front contacts of relay 811, left middle bac

contacts of relay 818, conductor 860, left mid-
dle back contacts of relay 820, conductor 861,

left No. 8 back contacts of relay 824, conduc- -

tor 867, bracket line 842, eonducter 867, Fig.

9, left contact of relay 929. Relay 929 is nor-

mal and the light negative impulse is, there-
fore, transmitted unaltered. '

It 1s thought that the operations described
‘above- sufficiently show how each impulse is
transmitted, in what manner the negative

impulses may be altered by the operated reg-

Jisters, how the loop is closed by the operated

registers for the transmission of light posi-
tive impulses and how, during each impulse,
the combination of the groups of connting re-
Tays is changed s0 as to advance either of the
two cenductors 843 and 844 over which the
impulse may either be altered to the impulse
circuit closed, to the next succeeding relay of
the register containing the record of the
dialed number, as to make further descrip-
tion unnecessary. The chart below has been
compiled for convenience instead and shows
the operated or released condition of each of
the counting relays described above for each
impulse transmitted over the loop conductors.
In this chart the relay designations are tabu-
lated horizontally, numbers are assigned to
the various impulses in a vertical row under
the caption “Impulse No.” and the symbol
“N” or “O” under each of the relay desig-

nations indicates the normal or operated con- -

ditionrespectivelyof therelay for-the impulse
pumber shown under “Impulse No.” in the
corresponding korizontal row.
column headed “Digit” is indicated to which
digit the impulse in the horizontal row be-
longs. For reasons noted below the first im-
pulseconsidered inthe above description, that
15, the first blank impulse of the stations let-
ter designation is impulse No. 13 in the chart
and all the other impulses specifically de-
scribed belong to the stations letter and the
thousands digit following thereafter.

Under the-
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Impulse Chart

Im-
~puls
- No.

808|815\ 814 824 | 813|806 | 816 | 811 317 [s1slsts]  Dieit

1st code digit
1st code digit
1st-code digit
1st code digit
2nd code digit
2nd code digit
2nd cede digit

€00 TS Gt OO N

3rd code digit
3rd code digit
3rd code digit
3rd code digit
Station
Station
Station
Station
Thousands
Thousands
Thousands
Thousands
Hundreds
Hundreds
Hundreds
Hundreds
Tens

‘Tens

Tens

Tens,

Units

Units

Units-

Units

%
OZDZOROKOZOAOZOHOZOZOZSZOZOZOZ0ZO,
OOZZOOLLOOLZOORLOOZZLOOLAOOZLOOZZO0
OOZZOCLAOORLOOAFLOORLOOREOOZZAO0ZZ00
OZZOORROORAOOLLCOZAOOLAOOLZOOHATOZ,
OOZZZZ0000ZZZZ0000ZZZZ0000ZEZ 20000
BRZO00OREEHO000RZZZLO000ZEAZOOO0ZLY,
ZZZO0000000Z22 LA L ZZOCO000000ZAZALZT, |
OORZZZ R R 2 A7 Z A 222227 O000000000000000
Z2Z0000000000000C00ZR 2R ZZ 22 A2 2227

. OZZO0ZZ00ZZ00ZAZ00LZOL R AOOR GO ZZ00E
©0RYZRFZRREO00000CORLLZZZZZ00000000

The impulses are thus transmittéd in the

‘order shown in the impulse chart and it is

evident that when impulse No. 32 is trans-
‘mitted all of the impulses necessary for the
designation of the wanted numiber are ex-
‘hausted. During the transmission of im-
pulse No. 31, at which time the counting re-

lays are being prepared for impulse No. 32, *

relays 818 and 819 are released. The release
of these relays has the effect of extending

ounded conductor 848 over the right outer

ack contacts of relay 819, conductor 887,
right outer back contacts of relay 818, con-
ductor 888, right contacts of relay 885 to con-
“ductor 890. This conductor may be extended
to the circunits of the sender in any suitable
manner to prepare its release. When the
'sender releases relay 802 is released, in turn,
releasing relay 804 and the ultimate release
of relay 410 opens the ground or conductor
‘848 restoring all operated counting relays.
The release of the remaining parts of the
sender proceeds in the well kmown mammer.

It will be observed from an examination
of the above impulse chart that the opera-
tion and release of the various counting re-
lays'shown therein proceeds in a cyclic or-
der. Thus relays 815 and 824 are operated
for two impulses and released for two im-
pulses; relays 818 and 814 are likewise oper-
ated for two imipulses and released for two
pulses-but relay 806 is operated for four im-
pulses and released for four impulses. In a
like manner relay 816 is operated and re-
leased. Relays 811 and 817 are operated for
eightimpulses and released foreight impulses,
while relays 818 and 817 are operated for

eight impulses and released for eight im- -

2nd code digit -

o
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. 877, No. 1 back contacts of relay 803 to:

: hy 806, No. 4
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pulses, while relays 818 and 819 are operated
for sixteen impulses and released for the re-
maining sixteen. Thus it is seen that relays
811 and 817 operate twice as fast as relays
818 and 819, relays 806 and 816 operate twice
as fast as relays 811 and 817, while relays
824, 815, 814 and 813 operate twice as fast as
relays 806 and 816.

It the call being considered were one to be

1 routed via a tandem office equipped with call

indicator s apparatus and extending therefrom
to a terminating office in'any suitable man-
ner, it becomes necessary, under such cir-
cums’m nces, to apprise the call indicator oper-
ator of the designation of the called office as
well as of the number of the wanted sub-
scriber- therein. Additional impulses. desig-
nating the digits of the office code will have
to be tlansmlt’red by the sender and the call
indicator receiving circuit at the tandem of-
fice is provided in a manner well known to
the art with additional registers and lamps
to record the impulses and display the corre-
sponding numbers of the office code thereat.
Assuming that the translation by the sender
of the office code indicates a tandem routing
then relay 838 is operated in the sender in
any suitable manner. When relay 443 oper-
ates in response to the depression of the trunk
assignment key at the tandem call indicator
office a circuit is complehed for relay 804

from battery thl cugh the winding of relay

804, contacts of relay 838, conductor 876,
left outer contacts of rehy 443, conductor

ground on conductor 848. Relay 804 oper-
ates and closes ground through its top middle
contacts to the wmchnos of the impulse relay
808 in the manner described and also closes

; ground through its bettom middle front con-

tacts, bottom conmcts of relay 807 to con-
ductors 833 and 835. The impulsing circuit
now begins to function and relays 815 and 824
opemte in the described manner, the ground

5 on conductor 833 and 835 1 'eeme' 1elays 814

and 813 short circuited respectively. . Relay
806 operates over a circuit from bnttely
through resistance 809, winding of re‘av 806,
rmht inner no1mfﬂlv m‘Lde contqcts of re-
4 contacts of relay 824, conductor
855 to ground on the bottom outer front con-
tacts of relay 804. Relay 816 is short cir-
cuited at this time due to the connection of
the operating ground for relay 806 to its

53 wmdmo by way of the left inner back con-

Ga

tacts of relay 816 and conductor 873. A cir-
cuit is also cloqed for relay 811 from battery
through resistance 812, winding of relay 811,
left inner normally made contacts of 161‘“7

w811, right Nos. 2 and 1 contacts of relay 824,
‘conductor 853, to ground on the bottom outel

front contacts of rela}.f 804. Another civeuit
is also closed for this relay from a ground
on left contacts of relay 806. Rﬂhy 817 is
held short circuited to the connection of op-
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erating ground for relay 811 to the winding
of relay 817 by way of its left inner back
contacts, conductor 869, right Nos. 2-and 1
contacts of relay 824 conductor 855 to
ground: Relay 818 also operates over a cir-
cuit from battery through resistance 841,
winding of relay 818, left inner normally
made contacts of 1e1ay 818 to ground on the
right inner contacts :of relay 811. This
ground is also effective in keeping the relay
819 short circuited as it is further extended
by way of conductor 872, No. 1 back contacts
of relay 819 to the left side of the winding
thereof.

The above description compares with the
normal or operated condition of the count-
ing relays as shown in the above impulse
chart forimpulse No. 1. : The impulses which
are now transmitted are from 1 to 12 inclu-
sive, divided into groups of four, each group
in -the numerical order of the impulses as
numbered representing, in code- form, the
first, second and third digits of the- office
code record recorded on registers 900, 909
and 912. By an inspection of the condition
of the counting relays as indicated in-the
above mentioned impulse chart together with
a consideration of Figs. 8 and 8A the paths

-of the impulse correcting conductor 843 and

impulse closing conductor 844 may be traced
for the three groups of impulses above enu-
merated as follows: »

First digit of office code—bracket 11ne

-878—register 900.

Second digit of office code—bracket 11ne
87 9—re<rlster 909. ‘

Third digit of office code—bracket line
886—reglister 912,

The transmission of - the remaining - im-
pulses proceeds immediately after 1mpulse
No. 12 without any interruption and in the
manner already described for impulses trans-
mitted  directly to a terminating call indi-

-cating office except for the fact that during

the transmission of impulse No. 16 when re-
lay 819 operates, a circuit is clesed for relay
800 from battery through  the winding of
relay 800, conductor 868, right outer-front
confacts of relay 819 to ground on conduc-

‘tor 848.

Referring once again to-the: above 1mpuls0
chart it is appar ent that 32 pulses in all are
requited to transmit a ‘complete set .of im-
pulses representing the -digit designations
including those for the office code. In the
present state of the telephone art it 1s also
possible to extend the call to the terminating

office via what is known as a two-wire office
selector located somewhere in- the trunk
-route between originating and terminating
Such a selector is shown in Patent -

office:
No. 1,567,271, granted to L. H. Johnson on

~December 29, 1925, and reference is made
thereto for a’ compléte description of its
operation. The present invention provides *
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for completing calls through such #a selector
SIS Y S SR ML
and the principal apparatus of that circuit,
5o far.as-it concerns-the present invention, is
a marginal polarized relay included in the
trunk conductors: during the time that-call
indicator impulses are being transmitted.

/This relay controls the preparation of the

talking circuit after allisuch impulses have
been transmitted and responds to a discrim-
inating impulse different from those so.far
described. -The impulse to operate this relay
is & positive impulse of a certain mmimum
current intensity but, as already mentioned,
this relay does not respond to the light posi-

5 tive impulses which have thus far been de-

scribed nor to any of the negative impulses.
When the impulses designating the wanted
subscriber’s number have all been: trans-
mitted it is necessary to operate this relay.
For this purpese provision is made in the
present embodiment of the invention to send
an additional positive impulse of the proper
curren$ value. If, thevefore, the translation
of the office code record in the ‘sender indi-
cates that the connection will be extended to
a terminating office via a two-wire office se-

lector, relay 885 will be operated in any suit-

able manner by circuits controlled through
the contacts of the operated relays in regis-
ters 900, 09 and 912. » L
When impulse No. 32 has been sent relays
808 and 807 release. Relays 815, 824, 806,

-811 and 818 operate while the others remain

short circuited in the described manner. Im-
pulse No. 33 is transmitted at this time, it
being a blank impulse since conductor 844
is connected by relays 816, 817 and 819 to
the left outer back contacts of relay 800.
This blank impulse is provided in order to
give the polarized relay in the two-wire office
selector an opportunity to dissipate its resid-
ual magnetism should impulse No. 82 have
been a heavy negative impulse.

‘When relays 807 and 808 operate at the ter-
mination of impulse No. 83 relays 814 and 815
operate in the regular manner and a circuit
for relay 803 is mow closed from battery
through the winding-of relay 803, conductor
882, No. 4 contacts of relay 819, left middle
contacts of relay 800, conductor 879 to ground
at the left outer contacts of relay 815. Relay
803 operates and locks over its No. 1 front
contacts to ground on conductor 848. A
heavy positive impulse circuit is now closed
from battery through low resistance 880, bot-
tom outer front contacts of relay 803, con-
ductor 881, left middle front contacts of relay
818, left outer front contacts of relay 811,
right outer front contacts of relay 806, con-
duetor 843 to resistance 839. A parallel cir-
cuit 1s Jjoined at this point with battery
through resistance 839, top inner contacts of
relay 804, conductor 883, left No. 2 fromnt con-
tacts of relay 814, conductor 884, bottom inner

* front contacts of relay $03, conductor 448, the
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“trunk loop above traced including the posi-

tive polarized relay in the two-wire office se-
lector, condunctor 447, No. 8.front contacts of
relay 803, bottom contacts of relay 823 to

ground on conductor 848. The relay in the -

two-wire office selector operates in this circuit
and serves to establish the proper talking con-
dition on the trunk conductors of that selec-
tor as more particularly described. in ‘the

above mentioned patent. Mention is here ;

made of the fact that, when a call is vouted to
a terminating call indicating office via the
two-wire office selector above mentioned, ad-
ditional provision is made in the call indica-
tor circuit to neutralize the effect of the heavy
positive impulse on relays 601, 602 and 603
thereat. This modification is fully described
in the above mentioned patent to L. H. John-
son and no further description is therefore
necessary - here. ]
When relay 808 operates the circuit of re-
lay 800 is broken at the No. 4 contacts of relay
803 causing this relay to release and relay 800
now closes 2 -ground on its left inner back
contacts, conductor 891, left contacts of relay
885, conductor 890, which can be extended to
the circuits of the sender to release it in the
well known manner.
- Another type of call to which the present
invention is adapted is one terminating in a
call indicator office but for which the sub-
seriber’s number therein exceeds 10,000. Un-
der such circumstances the calling subscriber,
after having dialed the office code, proceeds to
dial the wanted subscriber’s number and re-
cords on register 926 the 10,000 digit there-
of. Register 512 will then record ‘the thou-
sands instead of the hundreds digit, register
513 the hundreds instead of the tens digit,
register 521 the tens instead of the units digit
and register 518 the units instead of the sta-
tions digit. The translation of the office code
record will then indicate the fact that the
called number is over 10,000 and thereafter
causes the operation of relays 820 and 821 in
any suitable manner. When the time comes
for transmitting the code impulses the fact
that relays 820 and 821 are operated has the
effect of connecting the counting relays as
they are operated for impulse No. 13 to the
four conductors 859, 862, 864 and 867 leading
to the contacts of the relays in register 926.
All other conductors are also shifted ahead in
groups of four so that when the time comes
for transmitting impulses No. 29 to 32 inclu-
sive, the counting relays, as they are operated
in preparation for each of these impuises will,
in turn, connect to conductors 846, 874 and
854 of the stations register 518.. For the
transmission of a code representing a wanted
number whose designation is over 10,000 the
order of the transmission of impulses i thus;
ten thousands (on thousands register), thou-
sands (on hundreds register), hundreds (on
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tens register), tens (on units register), and
units (on stations register).

Returning now to the call indicator ap-
paratus in The distant office reached over a
direct trunk from the calling office it will be
recalled that the depression of key 310 result
in connecting the trunk conductors to con-
ductors 600 and 604, including the impulsing
relays 601, 602 and 603. Relay 603 is mar-
ginal and responds only to heavy impulses,
relay 602 is negatively polarized and responds
only to negative impulses, while relay 601 is
positively polarized and responds only to
positive impulses.  'When the trunk conduc-
tors became thus connected to the call indica-
tor impulsing relays, relay 446 in the sender
at the distant office released which then caused
the preparation of the impulsing circuit to
transmit to the call indicator office the im-
pulses above described. The stations letter
impulses are first transmitted and, as no sta-
tions letter was dialed, the impulse code con-
sists of but two hght negative impulses.
When the first light negative impulse is trans-
mitted over the loop between the impulsing
conductors in the distant sender and the im-
pulsing relays 601, 602 and 603, the circuit
thus established opemtes relay 602. Relay
602 closes a circuit from ground on the top
contacts of relay 612 top contacts of relay
605, conductor 608, contacts of relay 602, lett
back contacts of relav 609, winding of relay
607, left winding of relay 609 to battery Re-
lay 607 operates in this circuit, but relay 609
is marginal and does not operate with its
right hand winding short circuited.

"The peculiar action and interactions of the
relays 607 and 609 should be noted at this
time. Relay 609 has two windings, the left
one being marginal and used as a holding

winding after the relay has been operated by.

the energization of the right winding. When
ground is first placed on the left armature of
relay 609, relay 607 is energized in series with
the left winding of relay 609, but this left
winding of relay 609 being marginal, as al-
ready noted, does not cause the operatlon of
the relay. Relay 607 is operated and short-
circuits the right-hand Wmdmo of relay 609.
Upon the removal of Olound on the left
back contacts of relay 609 the short circuit
around the right winding of relay 609 is re-
moved causing relay 609 to operate in series
with relay 607. When gronnd is again placed
on the 1e1t front contacts of relay 609, the
winding of relay 607 and the right: h‘lnd
winding of relav 609 are short- circuited and
relay 607 be(‘omeq deenergized, but relay 609
remains energized through its left-hand hold-
ing winding. When, finally, the ground on
the left contacts of relay 609 is removed, re-
lay 609 becomes deenergized and leleases
‘Thus, through two successive applications
and removals of ground on the left contacts
of relay 609 there occurs first; an operation
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of relay 607, second, an operation of relay 609
in series with relay 607, third, a release of
relay 607, with a local holdmg of relay 609,
and fourth a release of relay 609.

Going back to the time when relay 602 op-
erated as 2 result of the first light negative
impulse transnnt’fed from the sender as soon
as the impulse terminates, relay 602 1eleases
removing thereby ground from: the rwhu
winding ot relay 609 and causing this relay
to ov}elate and hold in series with relay 607,
the circuit being as follows: Battery, left
winding of lelay 609, winding of relay 607,
right vvmdmo of re?ay 609, right inner con-
tacts of relay 607 to or ound on conductor 608.
At the time that relay 607 operated a cir-
cuit was closed for relay 606 as follows: Bat-
tery through the winding of relay 606, left
oufer back contacts of relay 610, right outer
contacts of relay 607 to ground on conductor
608. Relay 606, in oper atmg,connects ground
through its rloht inner contacts to the wind-
ing of relay 610 but this relay remains short-
civenited due to the presence of ground on the
other side of its winding from its left outer
back contacts and right ‘outer contacts of re-
lay 607 to ground on conductor 608.

The next light negative impulse reoperates
relay 602 Whmh on closing-its contacts, re-
establishes omund on the left contacts of re-
lay 609 short-cir cuiting the winding of relay
607 ther eby and causing it to release and also
to hold relay 609 locally over its left wind-
ing. Although relay 607 has been released
the short-circuit around the winding of re-
lay 610 is still maintained through the right
inner contacts of relay 609 to crround on con-
ductor 608.  When the second light negative
impulse terminates, relay 602 releases and
therehy causes the release of relay 609. The
short-cirenit around relay 610 is now removed
causing this relay to operate and lock in se-
vies with relay 606 to ground on conductor
608.

The next group of impulses to be transmit-
ted are those representing the thousands digit
and which, it will be recalled, consist of a
first light pos1t1ve impulse, a second light
neg: ative impulse, a third blank impulse and
a fourth light negative impulse. When the
cirenit is estftbhshed for the light positive im-
pulse relay 601 is caused to operate This
relay closes its contacts and connects ground
on conductor 608 by way of the left back
contacts of relay 607, left front contacts of
relay 608, left back conta cts of relay 611, con-
ductor 7 OO left winding of relay 723 to bat-
tery. This Telay operates and- locks over
both windings and right inner contacts, con-
ductor 701, bottom contacts of relay 605 to
the bottom inner contacts of relay 612. The
termination of the light positive impulse
causes the release of relay 601. When the
circuit for the second and light negative im-
pulse is established, rvelay 602 is operated as
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» operation of relays 603 and 602.

3 and contacts'to grounded conductor 701.

¢ left outer front contacts of relav 613,
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described and causes the operation of relay
607. A circuit is now ¢closed for relay 611
from battery, winding of relay 611, left back
contacts of relay 613, left outer front contacts
of relay 610 to ground on conductor 608
through the rwht outer front contacts of re-
lay-607. The release of relay 602 at the ter-
mination of the impulse o_peratbs refay 609 in
series ‘with relay 607. The third impulse,
being a blank impulse, the circuit conditions
remain as they are. When the circuit for the
fourth and light negative 1mpulse is estab-
lished, relay- 602 reoperates short-circuits re-
lay=60{ and holds relay 609 lucally over its
left winding. The short-circuit for relay
613 is still maintained over a previously de-
scribed circuit to the right inner contacts of
relay 609 to ground on conductor-608. At the
termination of the impulse, relay 602 releases
thereby causing the release of relay 609, the
removal of the short-circuit-around the wind-
ing of relay 613 and the operation of this
last mentioned relay, causing it to lock in se-
ries with relay 611 over the right inner con-
tacts of relay 611 to ground on conductor 608.
The third group of impulses represents the
hundreds digit 3, and according to the chart
of Fig. 10 consists of a first posﬁ;we impulse,
a second heavy negative impulse, a third
blank impulse and a fourth light negative im-
pulse. The closure of the trunk loop for the
transmission of the first positive impulse op-
rates relay 601. Rehx‘ 601 closes OY'OI‘Dd on
its contacts by way of conchL 608, left
back contacts of relay 607, left front contacts
of relay 606, left front contacts of relay 611,
middle hack contacts of relay 614, conductor
704 to the right winding and battery of relay
716. Relay 716 opera tes and locks over both
windmgs and left contacts to conductor 701
above described. The termination cof the first
impulse releases relay 601. The closurs of the
trunk loop for the transmission of the sec-
ond and heavy negative impulse causes the
Relay 602
operates relay 607 in the manner described
while relay 603 closes ground by sway of the
contacts of relay 602, contacts of relay 603,
right outer back contactq of relay (309 mﬂh{
front contacts of rélay 610, right outer front
contacts of relay 613, right inner bfm: con-
tacts of relay 615, condnctor 703, throaoh
the left winding of relav 717 to'battery. Re-
lay 717 operates and locks over both windings
_iL\
lay 602 also, in ‘the meanwhile, ca uses the on-
eration of re1av 614 bv a closure of the eireuit
from battery ‘throu gh the wi inding of relay
614, left inner back contacts cf' romv 815,
Tnft
outer front contacts of relay 610 to oromnd
on the right outer front contacts of relay 607.
Relay 615 remains short-civenited in the man-
ner described for other relays, such as relay
613. The termination of the impulse releases
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velays'603.and 602 causing, thereby, the oper-
ation of rel ay 609 in series with relay 607,
The third impulse being a blank impulse,

the circuit .conditions remain
The closure of the trunk leop for the trans-
mission of the fourth and light negative im-
pulse operates relay 602, releases 1elay 607,
holds relay 609 and preserves the short-cir-
cuited condltlon around relay 615, and the

termination of the impulse causes the release -

of relay 602, the release of relay 609, the re-
moval of the short-circuit around the wind-
ing of relay 615, and its consequent operation
and locking in series with relay 614 through
the inner contacts of relay 614 to ground on
conductor 608. -

-~ The next group of impulses to be trans-
mitted will be those of ‘the tens digit 4 and
which. according to the chart of Fig. 10, con-
sigt of a first blank impulse, a second lioht
negative impulse, :a third positive impulse,
and a fourth light negative impulse. The
second impulse opemtes relay 602 which, in
turn, overates relay 607 in the reqular man-
ner and relay 607 closes a circuit for relay
617 from bﬁttery, through the winding of
relay 617. left inner back contacts of 1e1ay
618, left inner front contacts of velay 615,
left outer front contacts of relay 613, left
outer front contacts of relay 610 to ground
on conductor 608 througch the right outer
contacts of relay :607. Relay 618 remains
short-circuited during this time by ground
on conductor 608 on the right side of the
winding and operating ground for relay 617
on the left side of its Winding:'. At the ter-
mination:of thé impulse relay-609 operates
in series with relay 607. The third impulse
operates relay 601 which closes ground on
its contacts from conductor 608 to the left
front contacts of relay 607, right onter'con-
tacts of relay 606, right outer contacts of ve-
lay- 611, outer front contacts of relav 614,
right outter front contacts of relay 617, left
back contacts of relay 619, conductor 706. to
the left winding of relay 711 to battery. Re
lay 711 operates <and locks ths sough both wind-
ings and right inner front contacts to ground
on conductor 701. The termination of the

third impulse releases relay 601 and the clo-

sure of the loop circnit for the fourth and
Light negative ?mptﬂse reonerates relay 600
Wthh shunts relay 607, holds relav 609 local-
ly and maintains the chort circuited condi-
tion of relay 618, At the terminstion of the
impulse relay 609 releases and relay 618 op-
erates and locks in series with relay 617 to
ground on conductor 608 in the regular ran-
ner.

"The next group of impulses are those re-
lating to the units digit 6 and consist of a first
p051t1ve impulse, a second light negative im-
pulse, a. thrd blank 1mpulse and a fourth
heavy negative impulse. The first positive
impulse operates relay 601 and this relay
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closes a circuit from ground on conductor
608, contacts of relay 601, left back contacts
of relay 607, left front contacts of relays
606, 611, middle front contacts of relays 614
and 617, conductor 707, right winding of re-
lay 712 to battery. Relay 712 operafes and
locks over both windings and left contacts to
ground on conductor 701. The second and
light negative impulse operates relay 602
which, in turn, operates relay 607 and a cir-
cuit is thereafter closed for relay 619 from

battery and winding of relay 619, left back:

contacts of relay 621, left inner front con-
tacts of relay 618, left inner front contacts
of relay 615, left outer front contacts of ve-
lay 613, left outer front contacts of relay 610
to ground on the right outer contacts of relay
607. The termination of the impulse operates
relay 609 in series with relay 607. The fourth
impulse reoperates relay 602, but since the
impulse is a heavy negative impulse, relay 603
will operate as well. Relay 602, in operat-
ing, releases relay 607 in the regular manner
while relay 603 closes a ground from con-
ductor 608, contacts of relay 602, contacts
of relay 603, right cuter front contacts of
relay 609, left inner contacts of relay 610,
left inner contacts of relay 613, left outer
contacts of relay 615, left outer contacts of
relay 618, conductor 708, left winding of re-
lay T15 to battery. Relay 715 operates and
locks with both windings in series to ground
on conductor 701. The termination of the
impulse releases relays 603 and 602 which,
in turn, cause the release of relay 609 and the
consequent operation and locking of relzy
621 in series with relay 619, to ground on con-
cductor 608.

The impulses have now been all transmit-
ted. When relay 619 operated, battery was
closed from its right outer contacts to the
bank of lamps controlled through the con-
tacts of relays 702, 709, 710 and 711. The
operation of relay 617 closed ground on its
left contacts to the winding of relay 724
which operated and closed battery through
its right outer and left inner contacts to the
bank of lamps controlled by relays 720, 721,
722, 728, T16, 717, 718 and 719, while the op-
eration of relay 621 closes battery on its
right middle contacts to the bank of lamps
controlled by relays 712, 718, 714 and 715.
Relay 623 also operates at this time due to a
closure from battery through the winding
of relay 623 to ground on the right outer con-
tacts of relay 621. It will be evident that
the thousands indicator closes a circuit for
lamp No. 1 from battery on the right outer
contacts of relay 724, lamp No. 1, left inner
back contacts of relay 722, right outer back
contacts of relay 720, left outer back contacts
of relay 721 to ground on conductor 701
through the right inner front contacts of
relay 723. In the hundreds indicator, a cir-
cuit is closed for lamp 3 from battery on the

19

left inmer contacts of relay 724, left outer
back contacts of relay 719, left outer front
contacts of relay 717, right outer front con-
tacts of relay 716, lamp No. 3 to ground on

conductor 701 through the right inner back

contacts of relay 719. In the tens indicator a
cireuit is elosed from battery on the right
outer contacts of relay 619, lamp No. 4, right
middle back contact of relay 702, left outer
back contacts of relay 709, right front con-
tacts of relay 711 to ground on conductor 701.
In the units indicator a circuit is closed from
battery through the right middle front con-
tacts of relay 621, left inner front contacts
of relay 715, lamp No. 6, right middle front
contacts of relay 712, left outer baclk contacts
of relay 713, right inner front contacts of
relay 715 to ground on conductor 701. In the
siation’s indicator a circuit is closed from
battery on the left outer contacts of relay 623
lamp No. 0, left back contacts of relay 625,
left back contacts of relay 626 to ground on
the right outer contacts of relay 623. Thus
the number displayed to the operator on the
indicator is 01846, the 0 representing no sta-
tions.

When all of the impulses have been sent, the
sender is released and ground potential is re-
moved from conductor 420 and relay 203 be-
comes deenergized. Relay 203 releases and
extends the tip and ring conductors of the

runk 103 through to the left winding of
the repeating coil 201.. Relay 202 is now op-
erated in series with the calling line and closes
& substitute holding circuit for the slow re-
lay 204. In this manner the release of the
connection is placed under the control of the
calling subscriber’s switchhook. Relay 208,
in releasing, also opens the holding circuit
of relays 205 and 206. Relay 206 releases and
extends the tip and ring conductors of the
trunk 207 through to the right winding of
repeating coil 201, S i

Returning to the call indicator apparatus,
at the time relay 621 operates a circuit is
closed from ground, through the left outer
contacts of relay 621, contacts of relay 636,
winding of relay 620 to battery. Relay 620
operates and opens the circuits of relays 805
and 312. Relay 305 extends the tip and ring
conductors of the trunk 207 through to the
repeating coil 218 whereupen the following
cirenit is completed: battery, through the
lower inner contacts of relay 300, conductor
301, right winding of relay 302, winding of
relay 303, inner normal contacts of relay
304, thence over the tip side of the line,
through the upper right winding of repeat-
ing coil 201, winding of polarized relay 214,
lower winding of repeating coil 201 and re-
turning over the ring side of the line, through
the outer normal contacts of relay 304, left
winding of relay 302 to ground. . Relay 302
operates, causing in turn the operation of
relay 306.
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The operator on reading the number 01346
from the lamps of the call indicator, seizes
the plug 314 and inserts it in the jack 315
of the called line 8319. A circuit is now clesed
from ground through the winding of the
sleeve relay 817, sleeve of the jack 315, sleeve
of plug 814, winding of relay 300, right outer

‘contacts of relay 806, contacts of relay 316,
inmer back contacts of relay 818, winding

of relay 820 to battery. A branch of this cir-
cuit extends through the winding of relay
318 but this relay, being shunted, does not
operate. A parallel circuit is also closed
through the disconnect lamp 321, but since
lamp 321 is shunted, it doces not light.

‘Relay 300 operates and, at its bottom front

contacts, closes a circuit for the upper wind-
ing of relay 808. Relay 308 operates and
opens the circuits of rvelays 605 and 309. Re-
lay 809 disconnects the interrupter 311 from
the lamp 307 and this lamp is extinguished.
Relay 605 removes ground from the con-
ductors 701 and 608 causing the release of all
relays and the extinguishing of all illumi-
nated lamps in the call indicator mechanism.

Relay 320 operates in the circuit above
traced .and . closes a circuit from the source
of ringing current, through the marginal
relay 316, lower front contacts of relay 320,
ring of the plug and jack, thence over the
subseriber’s line and returning through the
tip -of the jack and plug, upper front con-
tacts of relay 300, upper front contacts of
relay 320 to ground. When the subscriber
responds to the ringing of his bell the mar-
ginal relay 816 operates, removes the shunt
and permits the relay 318 to become ener-
gized. Relay 318 closes a circuit from bat-
tery through its inner front contacts and
winding, and thence to ground through re-
lay 800 and sleeve relay 317 whereby relay
320 is shunted out and releases. Relay 320
completes the tip and ring conductors
through to the right windings of the repeat-
ing coil 813. Relay 822 operates in series
with the called line and closes an obvious
circuit for relay 304. Relay 304 serves to
reverse the current over the line and also to
include the left winding of repeating coil
318 in the talking circuit.

After the conversation is finished, the call-
ing subscriber, by replacing his receiver on
the switchhock, opens the. circuit .of relay
202, which in turn, opens the circuit of relay
204, After an interval relay 204 releases
and removes ground from the conductor 111
whereby the line switch 100 and the district
switch 200 restore the connection.

When the trunk at the mechanical office is
released the circuit of relay 302 in the distant
office is opened and the relay 306 consequently
releases. Relay 306, at its right outer con-
tacts, removes the shunt from around the
lamp 321 and this lamp now lights to advise
the operator that the connection is no longer

required.
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She thereupon withdraws the
plug 814 from the jack 815 and all energized
relays associated with the cord circuits are
released.

Tthas thus been explained how the impulse
generating equipment associated with the
register sender in the mechanical office trans-
mits codes of impulses representing digits
recorded on the registers to affect apparatus
in the distant office. -While only the four
numerical digits characterizing the line num-

‘ber have been described in this system it will

be understood of course, that the same mech-
anism may be employed for transmitting as
many other digits as are necessary for the
particular type of system concerned and for
which registers are provided, as for example,
in transmitting the code of impulses to a
tandem call indicator office above mentioned.

What 1s claimed is:—

1. In an impulse transmitting system, the
combination of an impulse circuit, a source
of current, circuits for applying said source
of current to said impulse circuit to produce
currents of definite strength thereover, a plu-
rality of relays arranged in pairs, registers,
said registers being directly connected to
contacts of certain of said pairs of relays,
a trunk line, a relay controlled by said im-
pulse circuit for extending said trunk.line
to said source of current, said trunk line also
being extended to said registers by other of
said pairs of relays, means. for operating
said control relay to intermittently reverse
the connection of said trunk line to said
source of current, and means for operating
said plurality of pairs of relays to succes-
sively effect conmection of said trunk line
to said registers.

2. In an impulse transmitting system, the
combination of a plurality of relays arranged
in pairs, a trunk line, a plurality of registers
directly connected to contacts of certain of
said pairs of relays, an impulse circuit con-
trolling the operation of said plurality of
pairs of relays, and means controlled by said
plurality of pairs of relays for extending said
trunk line to said registers.

3. In an impulse transmitting system, an
impulse ecircuit, relays arranged in pairs,
circuits for operating a plurality of said
pairs of relays, a plurality of said circuits
being responsive to each impulse produced
by said impulse circuit and each of the other
of said circuits being responsive to every
2nd, 4th, 8th and 16th impulse respectively,
a pair of conductors each connected to the
contacts of the first and second relay respec-
tively of one of said pairs of relays, a plu-
rality of registers connected to contacts of
certain other of sald pairs of relays and
means contrelled by all of said relays ar-
ranged in pairs for extending one or the
other of said conductors to one of said plu-
rality of registers during each impulse.
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4. In an impulse transmitting system, an
impulse circuit, relays arranged in pairs,
a pair of conductors each connected fo the
contacts of a first and second relay respec-
tively of one of said pairs of relays, a plu-
rality of vegisters connected to contacts of
certain cof said pairs of relays, circuits for
operating a plurality of said pairs of relays,
a plurality of said cireuits being responsive
to each impulse and each of the other of said
circuits being responsive to each 2nd, 4th,
8th and 16th impulse respectively, and means
during each impulse controlled by said relays
arranged in pairs responsive to the preceding
impulse for extending one or the other of
said conductors to one of said plurality of
registers,

5. In an impulse transmitting system, an
impulse cireuit, relays arranged in pairs,
circuits for operating a plurality of said re-
lays, a plurality of said cireunits being re-
sponsive to each impulse of said impulse cir-
cuit and each of the other of said circuits
being responsive to each 2nd, 4th, 8th and

16th impulse respectively, a trunk line, each.

conductor of said trunk line extending to
the contacts of a first and second relay re-
spectively of one of said pairs of relays, a

- source of current, a relay controlled by said

impulse circuit for comnecting said source
of current to said trunk line to produce a
current of definite strength thereover during
certain impulses and to open said trunk line
during certain other impulses, a plurality
of registers connected to contacts of certain
of said pairs of relays, each of said registers
controlling a separate source of current when
operated, means for operating said registers,
and means controlled by said relays arranged
in pairs for extending one or the other of
said conductors of said trunk line to an op-
erated register of said plurality of registers
during each impulse to alter the current
strength over said trunk line during certain
impulses or to reverse the current flow during
certain other impulses.

6. In an impulse transmitting system, an
impulse circuit, means for starting said im-
pulse circuit, relays arranged in pairs, cir-
cuits for operating said relays, each of said
circuits being responsive to certain definite
impulses and all of said relays arranged in
pairs taking a definite setting for each im-
pulse thereby, means controlled by a plu-
rality of said relays arranged in pairs for
stopping said impulse circuit after a definite
nember of impulses, a relay, means for op-
erating said relay, and means controlled by
said relay when operated for setting  said
relays arranged in pairs in accordance with
the setting of said relays for a certain im-
pulse whereby the number of impulses is
reduced.

7. In an impulse transmitting system, an
Impulse circuit, means for starting said im-

21

pulse circuit, relays arranged in pairs, cir-
cuits for operating said relays, each. of said
circuits being responsive to certain definite
impulses and all of said relays arranged in
pairs taking a definite setting for each im-
pulse thereby, means controlled by a plurality
of said relays arranged in pairs ior stopping
said impulse circuit after a definite number
of impulses, a relay, means for operating said
relay, means controlied by said relay when
operated for setting said relays arranged in
pairs in accordance with the setting of said
relays for a certain impulse, and means, con-
trolled by said operated relay and by said re-
lays arranged in pairs for stopping said im-

pulse circuit after-a different number of im- .

pulses. , _ o
8. In a telephone system including a send-
er, an-impulse cireuit in said sender, means
for starting said impulse circuit, relays ar-
ranged in pairs, circuits for operating said re-
lays, each of said circuits being responsive to
certain definite impulses and all of said re-
lays arranged in pairs taking a definite set-
ting for each impulse thereby, a relay, means
in said sender for operating said relay, means

T
80
85

90

controlled by said relay when not operated

and a plurality of said relays arranged in
pairs for stopping said impulse circuit after
a definite number of impulses, and means con-
trolled by said relay when operated and a
plurality of said relays arranged in pairs for
stopping said impulse circuit after a differ-
ent number of impulses.

9. Ina telephone system including a send-
er, an impulse circuit in said sender, means
for starting said impulse circuit, relays ar-
ranged in pairs, circuits for operating said re-
lays, each of said circuits being responsive
to certain definite impulses. and all of said
relays arranged in pairs taking a definite set-
ting for each impulse thereby, a first relay,
means in said sender for operating said first
relay, a second relay, means in said sender
for operating said second relay, means con-
trolled by said second relay for setting said
relays arranged in pairs in accordance with
the setting of said relays for a certain im-
pulse, means controlled by said first relay
when not operated and said second relay
when operated and a plurality of said relays
arranged in pairs for stopping said impulse
circuit after a definite number of impulses,
and means controlled by both said first and
second relays when operated and a plurality
of relays arranged in pairs for stopping said
impulse circuit after a different number of
impulses. . L

10. In a telephone system including a send-
er, an impulse circuit in said sender, a relay,
means in said sender for operating said re-
lay, means controlled by said relay to start
said impulse circuit, other relays arranged in
pairs, circuits for operating said other re-
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lays, each of said circuits being responsive to
certain definite impulses and all of said other
relays arranged in pairs taking a definite set-
ting for each impulse thereby, and ‘means
5 controlled by said relay and a plurality of
said relays arranged in pairs for stopping
said impulse circult after a definite number

of impulses. <
_ K _ 11. In a telephone system including a
/ 10 sender an impulse circuit in said sender, re-
/' *" lays arranged in pairs, circuits for operating
said relays, each of said circuits being re-
sponsive to a certain definite impulse, a trunk
line, each: conductor of said trunk line ex-

15 tending to the contacts of a first and second
relay respectively of one of said pairs of re-
lays, switching means, a plurality of regis-
ters connected through said switching means
to contacts of certain of said pairs of relays,

20 means in said sender for operating said
switching means and means for connecting
said registers to certain other contacts of said

~ pairs of relays when said switching means is

_ operated.

25  12. In an impulse transmitting system, an
impulse circuit comprising a polarized mag-
netic device having two windings, a magnet-
izing winding with cooperating circuit and

_an operating winding with cooperating con-

30 denser charging and discharging circwit for

operating and releasing said device to pro-
' duce impulses, a source of potential, a relay
\ controlled by said impulse circuit, and »a
. trunk line extending to contacts of said relay,
said relay repeatedly reversing the connec-

_ tion of said source of potential to said circuit

to produce impulses of alternate polarity
over said trunk line.
. Tn witness whereof, I hereunto subscribe
40 my name this 2nd day of July, 1930.
EDGAR H. CLARK.
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