C. L. GOODRUM

TELEPHONE. SYSTEM

2,165,924

July 11, 1939.

52 Sheets-Sheet 1

Original Fi;ed,Oct; 31, 1933

esors| zsons| 15014| oso13| 69°011| 80019 | LyOUA| 9vUS spoid| proLd| €p S
€ NOILI3S
1014 | 0v9ls| 66914| €91
Z6919 | 9€°914 ._mm..& peor| ceoia| 27| se01s
: o : | 26014
2 NOILITFS
Z2ol4 | orols | 1914
0z'917| S1'914| 01914
61914 | w91 | 6914 22914\ peoid| z2o0d | 82911| 62914 | OE9US |
grors| €ro14| @914 9914 sols| €294d| STOUF| 9TOHS
Cyond | 2rory | eotg | wors | €917 | 204 ,
v 19/
! NOILI3S o

INVENTOR
C. L. GOODRUM

8y

ATTORNEY



2,165,924

C. L. GOODRUM

TELEPHONE SYSTEM

July 11, 1939.

52 Sheets—Sheet 2 -

P B.eHth-

X msil
002 cToeiLl 02 /€&
] Y |(EEESY . o | o s
_ A 22 P 7724 ) azz|* W
=+ yezl .%_Mm__.n.u.__ 896 . 2o+ || ol ere .ww 25 M X
53
o FoiT . ool - — &mw?o_ >
8 || Zia 1 1+€ | B9 AR ) YA r G w
0zZ] i 6/, T 212 | >
PEl g il , S+LISHEIEHE || U _ ‘1481 0l+6 [| i+l T4
v |t : L4182 G
[ ‘1t : - T v b
ju ‘e+¥%1 [[ g2 1 wen ooise shz'grg [ LN Wl..l.l 1+6 Q
. ITES D 72—, €125 « 21z .
o) B4y [ 89 SR L+ || L1+ “oi+6 f| 2 _ s || e
+ Bl+9t ===
S "9+%S ..mw_w..m. Wzrol || 2+ R AT L9+ || o
3 o — 7234 N so2 |\ Tilze= S
i e ] oirgl” || Sz e || : bnl_
[ ‘ezl 214612 2101 =
—f  — 1 -
M 1 L o ~ T
5 1 _ e :
o0 = = ) = ) :
k> L] — pmn 60£2-4H
™ F— LEC- -
o T 1 oz : nez-H
s = o L
.
a1 5 1 \
01 [ LIS+
$02-- J
2 || UKL 918t
—a
‘0l Tysi+%z  ‘8+%L
»oz
ZI+ST [|usiel .
Z 94

AT TORNEY



243

July 11, 1939. C. L. GOODRUM 2,165,924
‘ TELEPHONE SYSTEM
Original Filed Oct. 31, 1933 52 Sheets-Sheet 3

.
n
N
vs....?;
<[ L
NESERRIE 2
: —‘7 N 3
o i
© N
1
Y ~
~ 11 .
" < N
R o g o s oo [§8 T8 SRS
1

30/
“=_?|-_
i :Tao4
&
306
- _—
D_J T

—t

2530
2527

300

307,

308 l

l 3/§ Eii

242

<:_ 247i
FlG.3 .

INVENTOR
C. L. GOODRUM

y .
P B.c5uzh-
ATTORNEY

ot

8




July 11, 1939.

C. L. GOODRUM
TELEPHONE SYSTEM

Original Filed 0Oc¢t. 31, 1933

2,165,924

52 Sheets-Sheet 4

¥ ﬂh o
K b
S =T G—=H9S |  aHr IiHr
S - S 8 S 5
RRERRR ‘ nllivd kb ¥
[~ oY (U, N
9 “$E§ L l"llllllllllllml |||||\ )
1

1 ° 7

© ¥ |m]| N

T lE§

-
N
3 Y
b\ . g
2 . %L b diidl: JJ ' P ‘#‘ Il
L | Lt e e
SRR | I § b G =gl
¢%A’{hkﬁh h}{h
"~
'|.§§ ' ‘3 5,; § 3 .
d , ‘ |
SIRIISIS - 3 | ) . : |
W 2\ e e ¥ w
8! DI VUL A ~p < ¥ [L:I N | |
"{%%fﬂﬂﬁ 3 é § Ul fiH! |
¥ |
Y BN |
, INVENTOR |

C. L. GOODORUM
8y .

ATTORNEY



“July 11, 1939. C. L. GOODRUM 2,165,924

TELEPHONE SYSTEM

Original Filed Oct. 31, 1933 52 Sheets-Sheet § '

\% - P ﬂ I'T"
gl HJELJ“
ST o &%H‘T‘ 3 \3,
§\, TT1 I3
L ;

I-—242

59/ 7 M
7

el

il
L 06
=
i

INVENTOR
C. L. GOODRUM

P -B.c5 i

AT TORNEY

8y




2,165,924

C. L. GOODRUM

TELEPHONE SYSTEM

July 11, 1939.

52 Sheets-Sheet 6

Original Filed Oct. 31, 1933

62\ 069y
_ =8 615/
\Y
aly $ 3 >/ W
\ @
229 719 S M
50
‘Queel e QQ.OI....ﬂ .Lw__ { cV._ w
wal % ‘ ad b
A\va vie | s T N M._M._ hbb)M> S d
9| =25 T o' .
‘"z .m_u 1461 4mﬁﬂ - = Nmuw °
‘6 gty s N *1481 ‘91
9+¥s ne'Fate o6 el ."_.H_e .ohw_.m.
; [«  mewd i
"o I erene vesal - \W o]
029 9 ‘YiE 5t Rl DIES o
LS Lg1Liagy a5ttt , . 'L m+m_ﬁ
‘849 ‘6849 —r+o.~ NNLL _ ‘81’6 P15+ Ly Pl
929- -— ”Im.\b Erer ILM-N\D 595
_.IN_N. .m_twm,.ui o [m e A R Py ”.:+Mo_ “aiag || N¥o!
g4l U -g4¥a'gt gt [t (342 ke mm.o\ i .~+m_
= | e o6l to1% _ - P )
T == * =7 g1 > .
“Yg+Liff <91 uegol °5! > i o 1
*a+8 .hu,fm_ e rE£9-
2 vy -
s o | ot = 4/
1 /79 _|—o019 |WM
e .xAl.fm: M L T 24 T
el |l 5 s ‘ [ _. I _
bl .w.m — o1'l o1l - —
V29 99,4 <222 |-
e __.m_w..mw._J 9L {91 B e _ é_‘ _ - T
f T s COA -
1+ Z2+% ’ . Hﬂ H” w
5| 912 tSlaie R Ak PO —
NNIQVI A v\QQQ HU! _——= ==
P 3 i _4_@ !fw_. /€

ATTORNEY



i\

July 11, 1939. C. L. GOODRUM 2,165,924
TELEPHONE SYSTEM
Original Filed Oct. 31, 1933 52 Sheets-Sheet ,7
‘m w ©
HH 3 :
) |L|
| I
s T, ) e
| [ Il HOP K s
8 ] R e % r\“
FH | N \\ s li i 1
. - tHe , ©f I
L |
= 3
H" R I A N IlH" { i
ol .
| gl i} ]% l
1] TR T ‘ﬂc?rg
H T Rt R |iH
!
Mo
N ]

743

,_.
=
=

700

hg‘-——
e
L 705

[ '
706
—

71

]

748 Ll
723
~—732

-
722
- -3
‘=:—
750~
/238

" G i
3 | 1 =
NL][EE 1 ll_ﬁ\:‘i 'l‘_[ér\ T
-§ Hll 1 I b
| R IH o
R
INVENTOR
S C.L.GOODRUM
- ¥ PGt

ATTORNEY




July 11, 1939. C. L. GOODRUM 2,165,924

TELEPHONE SYSTEM

Original Filed Oct. 31, 1933 52 Sheets-Sheet B

-

S

Y

iH :
—_—

735
826
Ir]»

1238,
734
po—

8+18
8/2

8+16
| n

A | 4
I
e
I

o 1110

Eﬁlllﬁll' |

=
—

/239 —H
=
||

t 1 1 —

< o =9 .mnl: Is

=y
.

/317
733
'

7
sy
12

G
7]

L.

il e,
I

A i

- |
- =
sl : ngl— l 1 {=‘.’— j~——| IQ\M PHp
Lt I I =
] ) M
]
N
© - : t,
Nl L] s e
—L- 'EF_EL{‘*-# & 4 l, Y, I v 3 ||H[: L‘-_@—-
55|82 ] , 3 «
p— 55 —
CHit

i Ui

© INVENTOR
) C. L. GOODRUM
- " P-BeAirh

ATTORNEY



July 11, 1939. C. L. GOODRUM 2,165,924
TELEPHONE SYSTEM

Original Filed Oct. 31, 1933 52 Sheets-Sheet 9

QI o ha] N
Q 8 3 "%“
| = u,
S . .Jé"
i i b
1 E-fm—— —t e
3 1
e ¢ M X '
|| 1 [S- |
= | i —Hp
o
Sl = : =
S [%__ —
J —T 1 1 ]
- ll' t )
Bl | 8L |2
| -
3 Y % = L..f=1 h___._—]
- = o= =
] E Eowely ||| o || SHEGH
- J N ——
- o ) S -
S S
= “¥==J s = N
N SiNe “EED——' “}EJ
2 18 —1 | I
>
&\5 INVENTOR
L C. L. GOODRUM
8y ~
G B Hith

ATTORNEY




July 11, 1939.

C. L. GOODRUM
TELEPHONE SYSTEM

2,165,924

8Y

Original Filed Oct. 31, 1933 52 Sheets-Sheet 10
‘ "
:
w T
S N
5 T ﬁ" ; Q h
Sl ' iHe i
= " i
5 L= | =
| j—
l:====4b §
: ryw o ==
el | 1B | [lrDw
~ N
= Y
1 A . g
g e (1 e
= = =
= k=
0 = f i
SE|B | S TR S| ER,
F\
N
y IIHI: = — —
_;\g = Q ’-"‘v:____l =
o
~
o INVENTOR
T C. L. GOODRUM

PG cHhrth-

ATTORNEY




July 11, 1939.

Original Filed Oct. 31, 1933

C. L. GOODRUM
TELEPHONE SYSTEM

2,165,924

52 Sheets-Sheet 11

— |
X
o
= 3 -
i [ —— L=
E-H" E}-I'H" ol | S hi
=y =l 9 Ce=—
i |
| — " |
| W sl ==y
[T
@I.Hl. —;B}.FH', 'D-*Hll
g -y
»ﬂ — -
S| g =CHH g o
B e S =Y N
Y < 1 }
' R
A L b
iH)
3 H |
s —
X INVENTOR
© C. L. GOODRUM
- ¥ PBAt

ATTORNEY




2,165,924

C. L. GOODRUM .

TELEPHONE SYSTEM

July 11, 1939.

A 258/ J
~ [#8!
° srel SELIN Hcpey 18522 .
: . 2
! E=miiing sez/| wear 334 i x
3 =5 & - =]/ | o5 = = RS
.M I | = H — o l, e 1 .
” 1 p P. 1 Dn.—ﬂ.cﬁ el #.-..,=.D‘ .=., ﬂ pt te ,ﬁm %— A—An.m.— alin m POU 6
© .rl ] L5 [ | T o S @
T - — i .
0 282/ J O
& b
a @
&
M 0r8/ 6¢98- [ mnm\
- WA
4 i b — o — -
z = wn ] sz sl | = || |[|Z] ] |=]%E == 1=
E - _._ _wm m_u\=| %}_H_ i JW_E L lw_.
—t U 41 0 4 4 p 1 < >
ke — {oz] mww\ =5l | J ; 1l — _
|
°© \_ »ek
szl

e e e e = = = L

- = e -ry —ry oy

GERSIEERIEEN (@ f2) (2] (8] (&

(2l Vi GHi (TEIR e 2/ £02/ $o2/ £0e/ 1021
: 1 ‘ _L,Num.uﬂ _.
l@l ,@w& alizZih »121|elel o\w\.\uD.. g0zt ] 90z vowTuD. c/old
océ/

202/

ATTORNEY



~July 11, 1939. C. L. GOODRUM 2,165,924
TELEPHONE SYSTEM

Original Filed Oct. 31, 1933 52 Sheets-Sheet 13

) ] LIl
I | _ B — — -
; )
sl 3 2 8- 8 L ‘
< =~ o I
§ @'\ o
‘ == ~ M
| | i\ -
Q Q
sl & o
=Sl I P=mn £
'y 3 T —
\M||HI!Q = _
-+ T
| 3 ] 3
s ~ V Q
© % < — ]
Q . .Q—T ‘.HP ;i)
T -3 B F
| ﬂvﬂhFE =
i i v lﬂ—
R
L o | (T2
(o]
S
1 H N _%J
—] hH: & =
|| E==— =2
N
— i
INVENTOR
C. L.GOODRUM
8y .

ATTORNEY




July 11, 1939.

Ll

C. L. GCODRUM 2,165,924

TELEPHONE - SYSTEM

Original Filed Oct. 31, 1l9i5'3 52 Sheets—-Sheet 14

T -

44

F1G6.14

]
i 18 T
\! h
gl © B u
— ha‘ hl tEH'HI' é"‘ %
l é____‘;ﬁ .
gl 8 =L —o |l B
) ; £
3 i = b=
“Tho T =T
L] I 1H)e
: iy i
: G G=
| g
hl e o
=y S ) N l ;,N,
R e B || 1P
(<9 .
E = —
|
INVENT OR
C. L. GOODRUM

ATTORNEY




2,165,924

C. L. GCODRUM

TELEPHONE SYSTEM

July 11, 1939.

/€41

09/

52 Sheets—Sheet 15

~ W s, 280 : _
\ R.o\_ #80/ S
i = €058/ 220] = « %n
H visl = = F =X 920, = = S w
- | S
=A ﬂﬂ 14l P =Algu e ﬁl:’ll. 4 r EVL w
Al o0s] Ay = ] N
T _IE0h, % — S
12 S roLl =
3 1 ZbZI~ €7L] N
. ~e0/ @
2
4o _ Z0S/ NIM.Q\ HlWH ~ UWH
8 = y = | =
o 910t
S 114 rlip < M 4 L 1!
3 1 ‘ ] ) L
S 281 f
A1
bed i 056/ =
[ 1
(&)
= (01 I _| = |
-~ - —
(1 LS bl el T =
4 dild ‘" < < |l M T.
hvm\_ i\ 10949 g |t o
- 1._ S.NQM\ ] ~
1757 Ze27” 0s¢L<
e @ = 296

P BG.chrth-

ATTORNEY



July 11, 19389.

=)

'C. L. GOODRUM 2,165,924
TELEPHONE SYSTEM

Original Filed Oct. 31, 1933 52 Sheets-Sheet 16

(.956

'1’

g 8
T
ey ¥ S I
W8 ||| A
~—1
3 —=
==
1 v .
ﬁ‘\ == ; -
S 1 5
St 1 o
%:3}' |
I —— famm
I I
=]l ]‘:
§£}'1th E}-I-Hv
- [ —1
© ' INVENTOR
< C. L. GOODRUM
N By .

ATTORNE




2,165,924

52 Sheets-Shest 17

C. L. GOODRUM
TELEPHONE SYSTEM
Original Filed Oct. 31, 1933

July 11, 1939.

il |
. 2 a5 #o09/
Z41- ISt 1St —2vi! 6/¢€# 822/
@ D
- 2611 ~#oLl 1621 S &
1= ex 14 . : S w
= . R T _lew..o:m ; }
bl b Ghez L w_;.Hw: o] orasz cV,_ w
vl |- 2Ll 17 0 X6l 8z < T
~
L—» [T !l ¢ o lommg et |: by [| ¢—I| s || & ~J
ais%e Vaite o4z ‘81 i S T [ LTI TR WD | :
— 9+z otfe | ‘stv etz o O
i
Y47} — 2
— Q
PELI QMNJ ) . = o —
T ez
e
. .
) “EIL 2777 A 21914
142 Lt R L4 \nv/_K rﬁ — 214G “Li4G
e F L by A-I_ ll'. . rad ~|I' P wilh — .
zﬂuk\ 912/ i/ v »iL) et WLt
_.sliu. Torv are) eei| ||| el Yoz Fauy| Tere BT e LS| 21 Lo mm s —
‘945 | cp42 asc592 ‘orfe —
— os2iH = =
N 0CE/— L
9L/ 139 reaml = lre (rrsdiadh
w1t o e A L
P ] 5 . . L. P P+,
Ly = . -4 . . ) 94E . L4 z VAL Bit6p T
R e S S| 014l —Inv Gg Pl — oll_w
s By Yo +m_. 602/ o/ Yo/ .mE.“: o M.hcm\ a poL/ - lead]| lleo4A 04/ ’
TUUER T T 3 —
Fo+86 .qv?w\.ﬂ& T e e mvnn bowa ute .«.._w.&..m:mﬂ?&»\ Ve prrain? g A hrredey ._..ts_ =
P ITR % LS Fotg s+t Loie 2ofl 16 lesezld

AT TORNEY



July 11, 1939. C. L. GOODRUM 2,165,924

TELEPHONE SYSTEM

Original Filed Oct. 31, 1933 52 Sheets—Sheet 18

e
Oy -
{
— _
- I | x \)
Ly g I.l'Hl' - IlHI' s
]
1
! s
3 —| [ = ¢ —
= (I 1CBells sl B |||, T
— (=~ Pl |ds

1744
1743
1732

.
—
—

|1

184111
!
b

1742
IP/aog 0
r
z |
[/730
8/2
-
=
—1842 184314
822
&=
1604
15/2—

/742

—
L L
} 1
-~
Ll o~ ~
- & S ] g
* “ 2

/73/
/379
/800
/80/
11
(W)
I
1810
1734
1820
041 031
=]

I
.
:

I
[ TR 2 R
& o INVENTOR
W C. L. GOODRUM
P -BcHis

ATTORNEY |




July 11, 1939. C. L. GOODRUM 2,165,924

TELEPHONE SYSTEM

Original Filed Oct. 31, 1933 52 Sheets—-Sheet 19

I T —
) ' ~  ~
gn_:'|'H* ¢ %/ﬂ}‘llHl " é 87 Ul 3
T e Sv—
E . (=1 § . :g
2 e R 3
=il fE=—d S CHINE
QTR T =
'2——““ g - g Ej '\l A
i SR .83'"“"
= L + N F
—Iﬂ 3~ | <D~
= e e
= g L\
S || Bl | - =Pl e
N g& ¥ [R E : -
QNN "
i [ ==
: - i
=3 EXn Al =
=Pl Sl ¢ P E||lssT ||l
ER RN | 3 A
== E*————n=—3—li
=E——
=
o i 1 T
= S
Y i=
H= —t = # 4t
Mg &8 M = =
= N = : INVENTOR
C. L. GOODRUM
5 P-Bekui

ATTORNEY



July 11, 1939. o C. L. GOODRUM 2,165,924

TELEPHONE SYSTEM
Original Filed Oct. 31, 1933 52 Sheets-Sheet 20

] N H

1 | | "

TT | T 7T Tt
1 " =%1 |
s | 1 |

! _
I s

2000

g

_ -
! = {
T <4 l | _;: 3 L
1 t ( ,_J I — l i I
i g | 2B [y RS
3[R —] ||t Bl .
T 1 _
— gt | ‘I E
% - 4
3 =y “ i=f u.._
© R t -
¥
: i ’g ‘ §
- H e =
l : =
1
p!
— 1 g X |
= — : 9
1t
=5 ] -
|
&f R " INVENTOR
S C. L. GOODRUM
- Y PBAuit

ATTORNEY




2,165,924

C. L. GOODRUM

July 11, 1939.

TELEPHONE SYSTEM

Original Filed Oct. 31, 1933 52 Sheets-Sheet 21

& IFOI30 =
=

M : : : ) _ QE\Q\N pole DI- I.IhUIAQm.Q. :

W : = =iEEh
- . . il vy - ot
i - o T e o] bt - nd _I°l|| . .
) — ; St 3
] — ! P D T & -
T = = SO R EC - - —wpudub== =0 I ° S
rﬁw [ —y - o ] — N 0
pre var g - S) Qo i E 0
of Lo~ =l =—-- == | L= 30 §
| savIY  ILnoy — o = = e 2 g
o I o = o= = N &
= v - T s ’ — —— > ”H - ”HIOI... — C
- = A SYILSI93Y = ._u e - = = = = J“
= " o ONIO9LNO _ e | 3
- e = H - ”l,lol _—Iﬁnllullll
_rhlllmih.QNn. - —— T u’lfn R = = 1}
- <] | s bt~ oy = “_l
ey e s e P . [ g e et ——————
v — — I - o r e —————
- - o0 -} —_— [ ) S, N ———————
= = = =— B | ==
b o R = i 2 FIIAIIIII
——— =] 4~ _ At O -
— o b B e - — o
fmmomemne g —— At o
| —o— HH - ”ll@l r
| = = = = = A il
- ! e T e
— o S = =
= b = = = S = =Y = \IN.QQ
..I'. —n] s — P oy e
=0 1 —— At o— l*
My —pmd — — ~— IQI.In
— P ‘Ielulu - = ” \N.@\h\
SAV13Y SYILSIOFY [ e o n I~
9NIGOD3a ONINIFIFY == = = I = ll 456
Auolo;!t e |o|l IA -9£6
ot & — = ’ -
— fr———— b= —— ” pp—
#h.”.l.p - r.lll°||
R SYOLIFNNO. ¥300230

AT TORNEY



2,165,924

C. ... GOODRUM

July 11, 1939.

TELEPHONE SYSTEM

52 Sheets-Sheet 22

Original Filed Oct. 31, 1933

2/ee

S e, ]

: 4p

i
1 ..".

I
{1 < D
g0z & Q
== = L qQ
=90
T - YO
2
) _ . ~
£ 1 E s S
1022
- a i
T S I
zoez
.I h. hOD
I@ u..- ' o-oc ‘&No‘c
N ) I o |
' seg 2
.y L) h,oc
H RV : [Lovee
sozZ
_a _a il
Hit (R [R11]
~— LS. 1 1V e
oNOYI-9NS dNOYD-GNS  dNO¥D-8NS L€ |
352 &5 ot H—=

8y

P Botuirh

ATTORNEY



2,165,924

C. L. GOODRUM

TELEPHONE SYSTEM

July 11, 1939.

52 Sheets-Sheet 23

Original Filed Oct. 31, 1933

oose H
HEZ pem——=—e =—=======H
wiw o1 A Y/ Sy
L
Loree |\ “Hifl-ciee
v9ez HH o4 3
€282 < sz€2, S
] wﬂ M P .
1977 ~ Q
> O
L] -] ~ o
H 3 I8 &
A Ze2R 2 /w
i 4 [ @ S - ~J .
r) A\ — Wm = .
_. \ s mxllllm.wl..UI S ?
osez s&2 —=2 17 = N0
1962 P9 cez —=2—11 g0£z 1 B Yzsz >
SEC[BSEC 65EC 6 = |99¢2 8mva 3 %WD ___u.h |
IUI TYNINYIL HL T
A \ LV * 1 . .(M NO 035072 -
= P - s
ﬂww\n [ iy - =
S e VT A oeszH
i = ~ = - il 474
K144 - = T
m . 1
£9¢
m ez rsoes J[E] i
= £/ge (%74
= I
= . i || 22424 cE£52
= = ]
=M mit Y T 89€2 rese
..I.|m|.|.| =.E E: =l _yloee 0&1 s9¢€2 2252¥
| 4
., oree €914
LVZ pyes i
—/0€2 N i
agz o8tz 06€2 i
I I|Es==gr==te) e e

AT TORNEY



2,165,924

52 Sheets-Sheet 24

C. L. GOODRUM
TELEPHONE SYSTEM
Original Filed Oct. 31, 1933

July 11, 1939.

3
[

B |
ATTORNEY

?
INVENTOR

)

——— S e S
.

£

>

N
5l
C. L. GOODRUM

P -B.Frih.

8r

] it el et
I

—— e e e

O

M 5
2zrZ = e = \T %«Ws_ﬂ
147 4 m T m ﬂ wa 5o ™ T.wm
gorz % TIIIIJ
95pz n'SSPZ !
: PP e 0 Eor7 2 H
Dl, [ii1 i “
<
o9re . Zore g TllllJ “
pilad PYCU | B NECPZ 1
o ' ‘M.Ro a e \OQ _012 —
o T
M 25% et !
{1 1 ]
0oz N Wll..ll“ !
: \
» i Gsoe N ISV A . |
E= = 1l ] 5 0P
T ol ospz T .
-
- (T -
sv2) ke, = o !
P £ =t
o l'Mhll B e — r'
\\ﬂll
Q-"UI'I'
[e7p2] .
L] 2 o—
£ 7 P Navw & dprre| ‘ 4 L
2 T _
=) — » 3. hn\hw H.wh\m«w. —
: vﬂ_ I{§ i L
3 — P . -
\0/ M= h.v A J.w ST
#nu
%\% Jnu o\/fm ovz 51 i1 -
4 rﬂ._-.. ~
SYILSI934 HIHLO OL .
S2€2 ) 9262y 4267 r9ee{] o . 2 9/
— _ ez

_4'

<




2,165,924

N

C. L. GQODRUM

TELEPHONE SYSTEM

July 11, 1939.

Original Filed Oct. 31, 1933

52 Sheets-Sheet 25

]

§/62, WW q%mwm»ﬂ‘ : #ﬂe\ww.ﬂl—ww iwah .:w\o\w.wvi ~=~Z~ .\Wm\wtl_w_m—a : .is nshzh 16 €se
W.I.I.H nh-allu..u A I /. w an
P L= N xR L I
o |F = = =
/52 = - = =
vE 2052} ;_.‘ 1 ﬁ | ﬁ L1 % .| %
374 ) ) ] |
= nsal 2 : g : :
V§mw
r O~ [ jmm
= fame r o=
\m.N o’ ” rﬂ.. ) M m
= o/se
.H. 0zse i i 1 i [
ﬁ@ =725 ! i o 1
al Z ] 0 / 0
ww_;f S F S -
vese =/ ez 7 \ v /
= U JNO¥9 SN3L'1S! dNOY9 SN3L GNZ
W [] zese
vese—H= Ar—1¥52 SS9
L] WM.

INVENTOR
C. L. GOODRUM

8y

PG Hnith

ATTORNEY



July 11, 1939.

FIG. 26

3RD. TEJ/‘VS GROUP

4TH TENS GROUP

C. L. GOODRUM
TELEPHONE SYSTEM
Original Filed Oct. 31, 1933

ggog

2,165,924

52 Sheets-Sheet 26

WWA

%g\_
J—Drl-Hv

2604

Ind |aareinaL

[
|

™

| W]
T ———e
F{"

ngono

4:E====4P

dL=f£I“
Ol

MARGINAL
603

il
|

602

1 [marcinac

¥

|

RGINAL
260/

:
%r
i

8y

2600

T Tarcivac

%
EJ:.
|

P

INVENTOR
C. L. GOOORUM

CP-B.cHhnizh-

ATTORNEY




2,165,924

C. L. GOODRUM

TELEPHONE SYSTEM

July 11, 1939.

52 Sheets~Sheet 27

Original Filed Oct. 31, 1933

9/0€

fewe

£/0E s/0€

~=. n= s=

ckw—m_ﬁw—m_ﬁw—uﬁw

gace| sae|voee| tae
e

— _NEN— _\E,N—Q.Q

P

6ELC

ail

2182 -

42914

€282, 2282y/282) 0282 |

€/82 /82

$/82 ~

—

!

g

Ziez 9/

G792

3
& Q
SQ
=0
e
2

~J

G

ATTORNEY

CF-6.ehndh-

8y



C. L. GOODRUM

July 11, 1939.

2,165,924

TELEPHONE SYSTEM

52 Sheets-Sheet 28

—-————— s same —

riginal Filed Oct. 31, 1933

3%
NI O Y IV
B L Op Sp vy € b 1P 3
=) =)
- % &
: g w
-

_wwnw_ 1782 ovmw\_m.mm' 2£8¢ _u.mmw uwnw\_ seae| regl m.mmw_mmmm_ \wmw_o_mmm_ m.wmw_ m.wmwmwmw 9282 |sc8e i—w_ Qo
N prizAcoe], /e ond, N N ELC XL ], 3 O
i _ﬂ R
. 6842 | i S

|

I

8c9/4

—— T == S S e ——--C-ToT g

6/82
(£e8e  ezec /1782 0382 s T zez ez, e, [srez T
—_— -
71827 2182/ ‘o1z -

8r

P -B.cFneth-

AT TORNEY



2,165,924

52 Sheets-Sheet 29

C. L. GOODRUM
TELEPHONE SYSTEM
Original Filed Oct. 31, 1933

July 11, 1939.

0I0€ €108y , - ‘€042 g106y si0€
D SIGWNN GITTYI v , 7003 39/440 v s
\J s/0¢ 4 H H1 \ m g ¥,
/ "3 (3 €€ Non, T o 62 ez Lz Z [ vz 7 12 m,m. “el 9l L] ol
X - R R nw_ B B o & b o Y
EnEnErhGEGEGEGEGEGERE EnEnEGEGETE LAl
6162 m\ww_ 2162 o.mw_ maw_ vi6c| €162 maw_ e\ or6c _ 6062 mw N_S&_ w&\_%&_ mgm_wawﬁo&_ 0062
(974 ge2d,  pee €62 ZELE 1622408224, 22|,
I ‘ | I
| |
| |
| |
_ ! _
| |
I ! I
| “ _ _
“ _ _ - “ 62 914
| | 1
—— e e { _
e e J “
| |
S S L T L L L T T T I T Im.l I |

ATTORNEY

INVENTOR
C.L. GOOORUM

CP-BForith-

):1%



2,165,924

C. L. GOODRUM

July 11, 1939.

TELEPHONE SYSTEM

Original Filed Oct. 31, 1933

52 Sheets-Sheet 30

8/0¢

e 22
/ —— 7)) a
= . Y3IONIZ NIT H.w' N
4 7 SLIND SNFL Ny W
S % e & “Hu o 8 e« T s 3 T T ,_uo/lm\eﬂ. . X M
= = = = & & & & & & & s N onfroar S NP
o N L L i rh i i oA i i i L e 2106 \EI0E\g ¢ Sy k
G0 710 [ €10t [F10¢ | 70t 070 [600¢ [@U0E| 260 00+ 500t [P0 | 00¢ oo | 700t [000% uadl gS Y
ez . o ewe] | s, . 30 A\
. ) R
_ _ L S
1 | | N
I I | )
| | .
1 | I
I |
| _
_ _
I |
I I
| |
I i
I I
| |
——————— I
|
1 |
_ _ .
—— e e e e o e e e ——— “
o e e e e e e e e e e e —————— oc9ol4



2,165,924

C. L. GOODRUM

~ TELEPHONE SYSTEM

July 11, 1939.

52 Sheets-Sheet 31

Original Filed Oct. 31, 1833

L1 QQ\NW
_. [RERERINANAN NN NS ledebetplipeli g plegptededateladall HTAESTE AR ERNE RN} q
) IR BB N NBBBBELE FEV R STRTRTA[E BB BBBNGE C W
; . 20/€
7| tialrllelelriiniy pieleleleleielelele telslelelelelelele tielelelslelelelele uﬂuﬂn g
it ittt fpp t o ww
1 tltiritleleiirlelt pitleleieie|elele(e teleitieleleie|elel tinleleirinleieiele ﬁ”u w_w
T tttT Tt Tt 2~
SO/€ ~
1 tlririaltinilelely tlelolele|t]elele]t teltleirele]t teleieleieleielelr ﬁq, S
e Tt BB JUBU L
1] lrleirllelellrlr tleleieleirieelel tleitleleleieiele]y 1itleltisiefelelele q
2 4 SRR < QeSS £ L R HEELED
i = = /LlI& =
F—8//€
61/€ ! ﬁw*_.u.“_ 1 n.m_ F T el [éore
0 o [fRtAR SO el _W_;z:,;:._
sozg’  s1/€y
= ‘
= e 3 e = —— 1€ = o116
i €9/
T
i
— i H— 1 S B S S St B
% sa’ & g ~%¢ ¥ m
................... : g
: SN2 dNB¥9 J

S IGWNN YYNINYIL ¥FONIs INIT

AT TORNEY



C. L. GOODRUM

TELEPHONE SYSTEM

July 11, 1939.

2,165,924

52 Sheets-Sheet 32

Original Filed Oct. 31, 1933

. 1 A
o ner~ o2y 3> Y
S TS AR L S0t 603 U : DNn
_ — \ _ g 0 602y < Q Q
1 y——— 10ze N pR B T B B S _M w N
= - co2p S LT o ssesan voes wesd &g 0 6 X
o —8/cY . 21t ¥ = / e W © .
o 2024 viey —------I-.i---b-----.-!--llmo:-- s . 4 = L F
. siey’/| ‘eay goey) msmv_ © N
/)4 4 srev’ oy gocy’ /) 4 TN Q
’ Gow - Y]
oocy T M
cr 9ld _
) [9€ . (ElIE ,mdwn ) ]
1 X
- N T pozeJFE Z€ 9/
202€ 9026 ”m «H = =
102¢ 002¢ oo/re /o
— M HH : .\ }
%qum\ e u\.h%’ .Nu» - QAW*\TI..I..IIIIIII|IMM“¢P lllllllllll +lm..,v\¢.m

SLIND




C. L. GOODRUM

TELEPHONE SYSTEM

July 11, 1939.

2,165,924

. \6/1€

\Q//E

=

52 Sheets—-Sheet 33

HE

L

Original Filed Oct. 31, 1933

pice—"

L1/91g-V

INVENTOR
C. L. GOODRUM

5 PBehnii
AT TORNEY

€94



2,165,924

C. L. GOODRUM

TELEPHONE SYSTEM
Original Filed Oct. 31, 1933 52 Sheets—Sheet 34

8//€” _
6// .
eyt o 3 o=~ odd~ JodF~" oIy odF~> ofFv o-fF~ 3
o T o oty ot~ lod4~ o4~ o+~ ot~ o+~ 79
o3~ o3~ [ I onl LJIC [3 3~ olﬂli —~{I}—~ oljld [ [ nd
Lo B Y I N s S I S o+~ I~ e dt~ ot~V o4~ a4
=) ] ) =) L= c1 == = 1=} (73
Fe et TPy ef3e o fFe loefde ot o3 o3 o S
e e T 3 e~ o] o I e s e T s ot 73 g
> 9= N " I [ 1= = 1% 1/ 4 >
[~ o3 o] I~ oI~ |3~ ofF~>  ofF~> odIFv oTdF- W
E o e I S B e D e B B e T s e e T s B o T s o s T I 2 -5 4 RN
T 1= n o = -J I = = W e &
- = o—{3 ] {3 3~ odd~ I}~ o3~ oI}~ ~ ~
= = o—{ ] 3 —o— o4+~ o4~ o= -~ ot~ o1~ <t
~ I1ZPE - = L rre—= 1= = 1= =3 = (4 )
o] o3> oAfF~> ofFv-’ odde. lodF~ oI~ [ oJFv o3
o odt> o t> oAt~ o+~ (o4~ oI~ > ot~ o4~ »
— - | | - L= L N J 14 =g 1= L= Z7
— = oo I~ 3= = K = = o4t~ odt~ o+~ 24
L J LS == - 1 et ad . L= [
of3> o3+ oIF> odFv o3~ lof3~> of Ide o3 0. [3 m\vmu
lr...Ta o rul o rUTc l.L..T. lr.. —o— +—~ & o] oﬂﬁlc ol_Hl o— r.;T« 1\“
- €I0€ o 2lvE (1143 o/vE (17 4% Qwﬁcvags'n ~SOvE vove
X { ﬂ [ ﬂ | D Hﬂ
L-p/vE r€ 914

e _ u» T

July 11, 1939.

ZI01=2 g — Wi od ]
3000 351440

ATTORNEY

C L. GOODRUM

5 P-Behnih



C. L. GOODRUM

TELEPHONE SYSTEM

July 11, 1939.

2,165,924

52 Sheets—Sheet 35

Original Filed Oct. 31, 1933

Vese 62 178 ezof 1 = £/ —
0F)| 6| erj 21 9y SI| 21y sryzif 1) of 6 @] <) 9] s| | €] z| /1
3
3
R N
23
<
g Q )
20\
—pE6E S d ?
(€}
S
Q
i
LOSE
/8¢
N4
—. . A
SE€9(S

90s€ S0 POSE E0s€ 20s€ /0SE 00s¢E
s0sc”/ 00/E \Q\m
- u

||||| (7 2L |x||I|||||||t..P: ! x.. .
QnW 7 i R
A A AR e iev e ,_
— - ~ A 7~ - "
) oiW\h;u LNIIN N SNO/LV.LS SLINN SN3IL SaIFONIH SONVSNONL

YI@WOHN 0377V>

ATTORNEY



2,165,924

52 Sheets-Sheet 36

og 4 S 2|2} I4 8NN 9 sIpAc a1y i1or 6l ols|® €|Z

::m%m—m_ " m&.m_w_ Ll \%mn—w__

c/9¢€

1} i¢
029€ 6/9¢ m\bmw 219¢ Y or9

HIH!
3

—
e
i
-v—
—
~H=
3
. 1
-—
—
3
[\
ﬁ‘l :] J
H

>
]
o
E—‘
—
v
x
3
v
v

ATTORNEY

INVENTOR
C.L.GOODRUM

C. L. GOODRUM

TELEPHONE SYSTEM

Py cee | o€ /666 —

Original Filed Oct. 31, 1933

July 11, 1939.

v (
v 0/9¢ s29€ J €ooe €19€
Au%w ] 609¢ ~JI* N 9%
T . _HH , 5% - - -
o _ E ¥ | R - ~—t 5
go9¢
S0%€ 9 Jore p&ﬂ_ oo €09 5 09¢ 009€
. ! N
H | S ——— . OO ey O | B g ———
ﬁmlmm\wl,ufxluufu.m.mw o Be 0% 4 g’ 4CH

. STLONIW ) SILANIN 01

77v2 JO NOILYYNG



2,165,924

C. L. GOODRUM

TELEPHONE- SYSTEM

July 11, 1939.

52 Sheets-~Sheet 37

Original Filed Oct. 31, 1933

e etssdesiiasesntshesb— =1
3 g
5§ %k
k e 9
SN
G
b
Q
QWJ
ol ! rl
—re6e
2914
- -—t - —
Mu ' Mu .\\o\moobﬂ_m“u_m_ Mu
|||||||||||||||| LflllllLfllllllFl~||l|||||||;||ll_Tusll:lllliw
09,7 6Sey o5 1 VT T I/ T v @
n,kmml\l\.xn i = HINOW ,

JLlva



2,165,924

C. L. GOODRUM

TELEPHONE SYSTEM

July 11, 1939.

52 Sheets-Sheet 38

Original Filed Oct. 31, 1933

-

Pe———

INVENTOR
C.L. GOOODRUM

P-B.chreczh -

Iid

ATTORNEY



C. L. GOODRUM

2,165,924

July 11, 1939.

TELEPHONE SYSTEM

Ori'ginal Filed Oct. 31, 1933

52 Sheets-Sheet 39

SOIHINNN ) SONVSNOH.L N
22 12 oe 6l gl Ll M
IR M
L Q
>0
PO TR R DR e
nn/“r vnf ceh zeh € on\w/ onxr owr E\“/ uuf f \f @ mu\u/ 1z ouxu/ ol o_w/ f !r\u /“ ?
N i e A A N
_ ZEOEN 66| os6e4| 6068, | ceod @
O W s o O 10 o M O O I v G 0 O
E it [t [0 [t g e [ e
/66 [ o0 _ : Mip
UL] jee Ul joeeT (T 1o/l J{J1 12 SEERESY
‘ - : s/ | o ¥ '
w_ E) £ EINER
) ..:A _w...=.., 1266 826 _WJ 9266
! 1kqiqls i
[ ‘ . q
eest 1 lozoe ' N —/ i
L T HH A HH
K9S
L zose 1Nesee

ATTORNEY



2,165,924

52 Sheets-Sheet 40

TELEPHONE SYSTEM

STOYVHS 7104

ATTORNEY

C. L. GOODRUM

July 11, 1939,

Original Filed Oct. 31, 1933

I - SLNIS ¥v7700 VIO SKINIL S¥V 770G m\.\r,
15 os 114 o v s¥ 144 £ 2p 14 or et ot 113 P 3
4 2 o ° © o © S o Q U
41 P E=Y s = =9 E= 2 == =N & o o e = =@ ﬂ\l o &
. O O O 1o oh o oA o o e e R o 59
. b4
g 7 LA v 4 1 U E 0
I 28t 2 2 - L2
- —— o — ——— —— —— ——— e . — —— —— —— ——— _— —— ——— e — e — e ~ R
4 4
.af onf ov*\ 3‘#\ ¥ oy 14 vvwx erl uvr,;T owT ecf eef el Rf “
eror - _ . 1l
Tl T T. LF -
- - = S0P “
|
790 oror TR v
— — L] L “
, |
|
7 T s & 5 ¢ s o & 3 b Hsor |
1
. 1
i
o3> Y (o Yogor N AR VN
= =)
e i e O e e e o S W 820 - ve |l
o= T |
= wnmlol =Ty
= ———O— +—v M
$z=cc= - 1 .WGUHJ |
tfl — Wlﬁll
=37 2007 _ P00¥
}ﬁ@i@iﬁﬁ???ﬁ@g?mfﬁ?ﬁ?ﬁ:ﬁ??
910871 ! i 1007




2,165,924

52 Sheets-Sheet 41

TELEPHONE SYSTEM

C. L. GOODRUM

Original Filed Oct. 31, 1933

July 11, 1939,

SIOYVYHI IVWI07

3

, & Q&

N

>0

-,::-m@. o m\w.m----a.\w\.ﬂ = : : = = = 33

eoA\ moA\ woﬁ _ol\ oov sl 2*\ t..*x .on*s nn*\ 3*\ 2# um*\ “
T -T -t f———————— u. ) wm

ore

o
TED R G S — . — — " = S——— — — — — wy hay ————

i
{
I
i
|
i
|
!
!
!
i
|
!
|
E
|
i
;
|
|
:
i

=t =01

-

L8 ) ) B8 B0y B By By

ofor

;

ATTORNEY



2,165,924

C. L. GOODRUM

TELEPHONE SYSTEM

52 Sheets—Sheet 42

Original Filed Oct. 31, 1933

SIE¥ yecw

INVENTOR
G. L. GOODRUM

P -B.cFrrezh-

8y

ATTORNEY

July 11, 1939.

- I o f
T gxrl | T
63 ﬁﬂ _ )
: R 12€P. .
o 5009 o (4 Y 4 SV O
QQMVV e N m E1g rN_ O )
g1 (= V|7 . H
—6/S1 1Z (3% 2 ,_z
v/E % €/5p- =4 w
T 9/¢p e ST
[Py - =y
W‘l JM_QI.I (="
~—+ —Sle—t — S =
St L. 51 ST
e Ulma » Uihan od —y 1
i T ot Jei—+ Vit
X et - e}
ol Ty _ .JHH > S0l
= T R ==
et — 6t
=t =+ i = —t
* T 6t i+ K= et
| =5 it r=3
el Tl i=3 —occr
¥ o=t — &t — Qi
T 9+ - V1 — rrql”
[ T2t
v 3t — vt ‘
[ - — = Yot
tet Lo i 2t T = ¥ M= 5
1 ¢ [ {3 4 _ 14 ¢ —+ 14
e/ s S = FN='F SRR
z/ep 1erT XY orer 60cp T+ § ecer _ £V "9/S

300> @3717vI



2,165,924

C. L. GOODRUM

TELEPHONE SYSTEM °

July 11, 1939,

Original Filed Oct. 31, 1933

52 Sheets-Sheet 43

{

20PP gzcy’

LNIWGINOI AVITY LIVINOI-ILIW | LNIWGINDT AvIFY LIVLNOI-LLINK

mwu | j | »b9l1
A s I | 1087, n_n_n :

00¢
Qun SN . RN . SyUaig & sy, AU ) A S R S e ——— T e T -
m\i sig’ rg i/ nge WL . - a2 SN\JQ..N 50

- INVENTOR
C.L. GOODRUM

8y

ATTORNEY



2,165,924

C. L. GOODRUM

July 11, 1939.

TELEPHONE SYSTEM

52 Sheets-Sheet 44

Original Filed Oct. 31, 1933

S/sh~ . : LOrP—y
fe——————y F
Cgeer — ==mp—— gecer
- : : : 6057, &
o] ]
=5 ”l \
11 (=] o ol
2 2 POSP
£/5, © NS v 1T —0/5?
= A7 4 4
105 Y- sisr
_
Yosr

SONVSNOH.L

INVENTOR
C. L. GOODRUM

P-6.6%th-

BY

ATTORNEY



£08¢ B4

-« S geer/
8 -
g :
— ;.r» A M
&N % ﬂll 6, ) -
£ =
u o ; W
o N
by =/ 6 P L/ W
>
[\2]
s 009r
1 4 1097Y
T = o~
H ®
25 .
2
jea
o & B
YR
J 8
O [l INIWGINO®IT AV TFY LOVINOI—LTINK INITWSINOT AV LIOVLNOI=ILINAN
.m. .
n
o
D = =3 = = = = _— H."n
% el I Tl I I
N : .
g E Wm_v . = ) 90
...ll.ﬂ . - : T r . | \QmVV _ 1 4 _ ooty
. %ﬁnxnlaw@.driﬁm_\rnmwr;dm@q!u!uillil--I?f---l:mN__lm&ql-ﬂwwulwn@rliill‘@
d ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
- = -

SNIL SAIVANNH

C.L. GOOODRUM

P -B. b

8y

ATTORNEY



2,165,924

C. L. GOODRUM

TELEPHONE SYSTEM

July 11, 1939.

Original Filed Oct. 31, 1933

52 Sheets-Sheet 46

I
INVENTOR
C. L. COODRUM

ATTORNEY

8y

ANINGINOI AVITFY LOVINOI-ILINW ANIWIINGIT AVT13Y LIVINOI-ILINW

p— )
NOILYLS SLIND



2,165,924

C. L. GOODRUM

TELEPHONE- SYSTEM

52 Sheets-Sheet 47

Original Filed Oct. 31, 1933

C. L. GOODRUM

- P -B. b

INVENTOR

8y

ATTORNEY

July 11, 1939.

8zEP, 208 108#. ) ~20L¥
Lu- . \gecr
| s
] = .
e U
(&l 9
= o
~ ¥,
3
oosy
ANIWDINOT AV 138 LOVUNOI-ILINW ANIWGINOT AVIIY LIOVLNOO-ILINW
ev'9/4
- q " o q 1087 _ ooer
i St 7 | Myt \rr|l:ouvm|$ |||||||||||||||| T2} M P} Ry R T ) A m

Y¥VT1700Q ¥ 4O SHANIL

syrizoq

STOYVHI T70.L



" C. L. GOODRUM

July 11, 1939.

2,165,924

TELEPHONE SYSTEM

52 Sheets—Sheet 48

Original Filed Oct. 31, 1933

lgzcr

‘gocr

INVENTOR
C. L. GOODRUM

ATTORNEY



2,165,924

C. L. GOODRUM

TELEPHONE SYSTEM

July 11, 1939.

52 Sheets—Sheet 49

1933

Original Filed Oct. 31,

ol

eeer

ﬂQOv

INVENTOR

\m 00§

3
S
Q
Q
S
N
G

8y

P B.c5n’-

ATTORNEY



2,165,924

C. L. GOODRUM

TELEPHONE SYSTEM

July 11, 19389.

Original Filed Oct. 31, 1933

52 Sheets-Sheet 50

P2I5 2005~
geer’ = == £ >
NQ\ N‘
" &lns BELITE W <
- Cl & § 5
el »0IS ¢ 3Q 'Y ¥
1] \ L7 4 ~Q _
oir% ‘g0 = - =t 59 |
& = B \ozs 3 — A 30 S
-T ¥ O X,
. —_ L .
SeIS A0 L
V\\m%ﬂ o 3Te \ﬂl\N\h U .
om\m/ ﬁ _ Q
= = .
3 s
_.,ﬂn_m n.rll.._ Lous 2118? 1S9/
9
: se—| 5 = . B (| I LG//6 _
: . —— = | ||| i i £
_n Jd .fl.u a T || L w— q"wh _mn.“ﬂ- —F_
= . = N L .y 7 = Wi = = . =
n S £ o £ S w1 ¢ S £ S5 ¢ i
605 215 T 126 gas T3 6//5 2017 911§ .
: bo\mm mu : . Mu c W_ - T sos AHoEY mw\mm Mm_ L O00EP Mw
Q»h ....... | R ) T ./ I mw&r-ll-}mﬂwl-J---mmm_.r@ :
t SIINN = Ava SNFL -AVD

/A



2,165,924

C. L. GOODRUM

July 11, 1939.

TELEPHONE SYSTEM

52 Sheets-Sheet 51

Original Filed Oct. 31, 1933

7 [ 29N
22257 _._Ml.._nJ I | gcer) 3
G105 (a2 1225 = I W3
3= =TI 2625 N x| & \NR
s %S 3 3SQ _m_
° 0 Q ' _ _M Qo
c«|EHe¢|BHe = = . 0NN} A - W_ w )
%, Kw g ¥
$225 = J @
% does 1§
2ees’ . &)
i JH____.D[
€125 &
s 9025
(743 NQNM.J :
7 7
0257 gec. L1657
T LNFAIINOT AVIRY LOVLNOI-LLINY _, L 25914
b —— ) gebitaiie ey Tt .ﬂ e
Lg===" === LE===" FE= i
=1 = = = = = 1—| .....W||H..n“.|n+n| = -=
. IVP\DJI = < = |I“D!ﬂ = - = rlﬂ.\mlﬂl £ T X : =
502 6925 oses: 6028 -
pozs o2 £S5 €0e BQM 2025 00Er
- e T T T T T J&WI:.I.H.WISI.I. T T T I@wl_ﬂll T e T T T T r: ﬂ%\r-m
SLINn; — SN3L ’

o
STYVNI Y07 .



July 11, 1939.

4300 5303 430/

C. L. GOODRUM

2,165,924

- TELEPHONE SYSTEM

Original Filed Oct. 31, 1933

52 Sheets-Sheet 52

= 13
= .
T g 33
o
X | N §
3 [ 3 ¢ It
ElED ol .
3» \ ‘ § >§:‘3,
) % N »
ls 0
I i|H|| © ' : . —~H1le
== 2‘ ===, | Y]
= || |z | 8 =, JI| % T
i |1l == Y
§§§\ I 3 18 | a ,Hmmmm H
“L&%ﬁ | B 7 podd 8y
g%@ U 5% ? 8 T i ll_lll\"
| 1l 3 o 8 Y
™N §}H1  E— N 1 - Q ; —
3ok || B Y g ST AL T
Q%<3 &% \ ﬁ ) § a *jg hii
? | INVENTOR
) C. L. GOODRUM
W 8y

ATTORNEY




10

15

2

=}

25

3

(=]

40

45

50

Patented July 11, 1939

UNITED STATES

2,165,924

PATENT OFFICE

2,165,824
TELEPHONE SYSTEM

Charles L. Goodrum, New York, N. Y., assignor
to Bell Telephone Laboratories, Incorporated,
New York, N. Y., a corporation of New York

Application October 31, 1933, Serial No. 695,999
Renewed December 14, 1938

9 Claims.

This invention relates to telephone systems
and more particularly to an automatic billing
system embodying the means and the method

whereby the various completed calls chargeable .-

to different lines over a stated billing period are
automatically recorded, classified and finally
tabulated, computed and printed from records
individual to each of said several lines. In its
preferred embodiment the invention has heen
developed with respect to means for handling the
charge accounts of the subscribers of a telephone
system; but generally speaking its fexibility
makes it possible to adapt and apply it to all
large groups of similar commercial transactions
which run over stated billing periods. Applied
to a. telephone system, therefore, the invention
covers automatic means for timing, recording
and billing all telephone calls made by the sub-
scribers of a telephone office, a group of offices
or a telephone area, within a stated billing
period. _ )

At the present time it is well known that
charges. for telephone service on some classes of
subscribers’ lines as, for example, individual
message rate lines, are usually made by operating

a message register meter associated with the call-:

ing subscriber’s line regardless of whether the
telephone system of which the calling line forms
a part is manual, semi-automatic or automatic
and that said meter is operated when the called
subscriber removes his receiver from the switch-
hook as evidence of the completed connection.
Furthermore, recent advances in the telephone
art make it possible for the calling subscriber -of
an automatic telephone system to dial directly

the office and number of a wanted subscriber :

located in that section of the *“toll” area which
is immediately contiguous to the local area and
for which the charge for the connection is a
multiple of the base charge for a strictly local
call. In such a connection, thé meter of the
calling subscriber is operated a plurality of times
on the initial charge pericd when the charge is
2 multiple of the standard local rate and also &
number of times thereafter for each period of
overtime, depending on what multiple of the
local standard rate is being charged for each
overtime interval. At the end of each month or
whatever period is used for billing purposes, the
reading of each subscriber’s line meter is taken.
By subtracting the reading of the previous biliing
period from that of the period then terminating,
the total number of .local charges accumulated
over the period is determined. This total charge
comprises not only the separate charges for

(CL 179-1.1)

local calls but also the equivalent, in terms of
the standard local rate, of charges for all calls
completed in the immediate toll area and for
which the subscriber is billed in bulk; that is,
without an itemized identification of such toll
calls to accompany the monthly bill.

This method of billing subscribers, while prac-
tically satisfactory for local calls and such toll
calls as can be billed in bulk, is impractical for
use where the equipment of the telephone plant
can be extended to permit subscribers to dial
directly those called lines which are located in
the more remote toll areas. As is well known,
toll and long distance calls are timed and ticketed
by a recording operator, the function of which is
“"to preserve a record of the designation of the
calling line, the destination of the call as well
as the duration of conversation, so that, when
the monthly bill for the line is made; the entries
on the toll tickets are entered as separate. items
thereon.. Obviously, as long as a subscriber’s
line has to be routed to a recording operator
"before a toll or long distance connection can be
extended to its destination, direct dialing by the
subscriber to such distant points, with all the
economies of operation and efficiency of service
incident to automatic operation, will be impos~
sible. : .

The invention is intended to overcome this
obstacle by placing the timing and ticketing of
all calls to toll points to which direct dialing is
possible, on a completely automatic basis. It is
also possible, by means of the invention, to pro-
vide an automatic means for recording the
.charges on all local calls and other calls charged
for in multiples of the local charge rate but
without preserving an identity thereof. And
finally, the invention provides further automatic
equipment by which monthly bills, including all
local and all toll charges, are automatically made
up for each line from records automatically made
and containing the record of all calls made by
said line over the billing pericd.
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. 'The advantages of the inveniion are manifest. =

First of all it permits the extension of direct
dialing to more distant points without any de-
lays for making out tickets and thereby elimi-
nates the possibility of errors incidental to the
manueal operation; it further preserves & record
of the history of all calis as made by the sub-
scriber at the time and immediately after a con-
nection is established, thereby eliminating all
possibilities of misunderstanding between  the
subscribers and the operating company, the for-
mer frequently complaining of being charged
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for calls they allege they did not make; but it
also eliminates the necessity of the costly routine
of periodical meter readings in the .case of local

"calls and other calls charged for in multiples of

the local call base rate, together with the neces-
sary organization of effort for transcribing the
data s0 collected and further checking its accu-
racy. In other words the superiority of the in-
vention, as applied to telephone billing practices,
is to be found in the possibility of broadening the
potential scope of the use of automatic telephone

equipment and of reducing the costs of operating

the clerical branch of the telephone plant.

The present invention, therefore, in its adap-
tation and application to a telephone plant, has
for- its broad object a system of apparatus and
cooperating circuits for its operation whereby all
calls dialed directly by the subscriber and com-
pleted mechanically to a terminating office,
whether local or toll, are recorded in a manner
such that said record may be used as a basis of
means for operating a printing tabulating mech-
anism for making automatically the subscriber’s
monthly bill. :

A particular embodiment of the invention, in
its application to a telephone system, is illustrated
in connection with the well known panel auto-

matic telephone system in which the calling

subscriber establishes a connection with the called
subscriber through dial controlled panel type
switching selectors, although I do not wish to be
understood as limiting my invention to any par-
ticular type of apparatus or any specific system;
the invention being readily adaptable by any one
skilled in the art to other well known apparatus
used for establishing telephone connections.

The general principle upon which the invention
operates is the making, on a suitable medium, of
a record of each call made by a calling line of a
group by means of a recording mechanism com-
mon tothe group. This record includes the date,
an identifying designation of the calling line, the
code of the called office, the duration of the con-
versation and such other items as are found
necessary to record for billing purposes. Ordi-
narily, most of the information is required in the
case of toll calls when an itemized history of the
call is furnished the subscriber with his bill and,
in such cases, the number of the called station is
likewise recorded. :

The recording equipment consists, in general,
of a suitable recording apparatus, an allotter cir-
cuit for controlling the attachment of said record-
ing apparatus to a first stage switching trunk
common to a group of lines and connected to the
calling line, and a call recorder which may be
individual to the trunk or common to a group of
trunks for registering the called office code, called
office number and the duration of the call.

For registration purposes one recording ap-
paratus may be conveniently allotted to one group
of subscribers served by a particular group of
switching trunks or, in those cases where line-
finder equipment is provided, to a group of lines
terminating on one line-finder frame and served
by a correlated group of line-finder-district selec-
tors. Should it be found, however, that a single
recording machine for this group undesirably in-
creases the holding time of the line finders, two
or more such recording machines per line-finder
group may be used, each machine serving a pro-
portionately smaller group of lines.

The call recorder associated with the first stage
switching trunk or line-finder-district selector
comprises a pulsing relay for responding to dial
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impulses, registering devices, such as small step-
by-step switches, for recording the dialed office
code and, if desired, other switches for recording
the number of the called subscriber, timing de-
vices for timing the-eall and the necessary con-
trol relays. This call recorder may be supplied
to a group of line finders where timing is only
necesary on toll calls. But, it all calls are to
be timed, whether local or toll, this equipment
may be made a part of the line finder itself.

For the purpose of illustrating the invention,
the recording machine herein used is a perforat-
ing mechanism comprising a suitable number of
punch magnets for perforating holes in a tape of
suitable size, as more particularly described here-
inafter. Other recording mechanisms, for ex-
ample those which are responsive to the setting of
suitable light valves, might be used as well. How-
ever, the invention as described and claimed
hereinafter is not limited to any particular type
of recording mechanism since the one shown and
described is only typical of many equivalent mech-
anisms which are well known and available to
the art. . :

In general the invention, when applied to a
telephone system, works as follows: When the

subscriber removes his receiver from the switch-

hook, a line finder and a controlling device such
as a register sender become serially connected
to the line in the well known manner. If the
registering and timing device 1s not individual to
each line finder but common to a group of them,
then means are provided for connecting such
apparatus to a line finder when it is taken into
use.

The subscriber, upon receiving dial tone, dials
the office code and number of the called subscrib-
er, both of which become registered in the sender
for the purpose of controlling the proper setting
of the various switching selectors which operate
to extend the calling line to that of the desired
subscriber. Simultaneously with the registration
of the office and called number code in the sender,
sald code and number are likewise registered in
the line finder call recorder. If, after the called
office code 1is registered in the sender, its transla-
tion by well known means indicates a local call
for which no charge is to be made, such as for
example, calls to the bureaus of the operating
company or calls made by lines having unlimited
service for a flat rate charge, or calls to operators,
a signal to this effect is transmitted from the
sender to the recorder whereupon said recorder
immediately releases. 1If, on the other hand, the
translation indicates a call which is to be timed
regardless of whether said call is local or toll, a
signal to this effect is transmitted from the sender
to said call recorder which then remains con-
nected to the line finder to perform the function
of measuring the duration of the subsequently
established connection. :

When the called party answers, a timing circuit
begins to measure time and continues to measure
time until either party restores. ‘When the call-
ing party restores, responsive circuits are operated
to cause an allotter which controls the group

* perforating machine to hunt for the line finder

connected to the calling line and to cause the
connection of said perforating machine to said
line finder and its associated call recorder. As
soon as the allotter connects with said line finder
it causes the operation of a line identifying relay
which, fn turn, controls the operation of the per-
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forating machine to record upon a tape the |

identification of the line as determined by said
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relay. 'The perforating machine then records
directly from the timing circuit and from the

call recorder the called office code and number

of the called line,.and also the duration of the
call. As soon as this information has been re-
corded on the tape associated with the punch
magnets of the perforating machine the call re-
corder is released for allotment on another com-
pleted call in the same way.

The punched strip made by the perforating
machine is not a narrow tape such as is used in
printing telegraph systems but is a wide strip
somewhat in the order of a player piano roll and
the perforations required to record all the neces-
sary information required for billing purposes
are made simultaneously thereon so that the
time required for punching a record.is reduced
to a minimum.

Since the perforating machine is common to a
group of lines such as, for example, all the lines
terminating on a line-finder frame, the record
strip made by such a machine contains perfora-
tions of all calls made by all the lines of the
group, not arranged under each line but arranged
simply in the order of time in which the calls
are made throughout the billing period. The next
step in the embodiment of the invention is to
sort the calls and allocate them to the lines from
which they were made making a separate record
for each line of all calls made from that line.
During the making of this record, all informa-
tion which is to be printed on the subscriber’s
bill is recorded thereon, all information which
is not, is suppressed. Further, all the required

. translations for changing the recorded time of

each call into the equivalent charge for the call
is also made so that, what appears on the indi-
vidual line record is only the information which
is to be utilized by the tabulating and printing
mechanism for printing or tabulating each item
appearing on said record.

_ The equipment for sorting out from the pri-
mary record strip the calls made by the various
lines of the group comprises an analyzer and &
suitable number of tape perforating machines
controlled by it, there being, according to one
preferred arrangement, one analyzer per calling
line group with as many perforators for each
analyzer as there are lines in said group so that
only a single passage -of the punched strip
through the analyzer is required. Each analyzer
contains a series of pneumatic devices which re-
spond to the perforations in the record strip as
the record of each call passes through. When
the recording mechanism which makes the rec-
ord strip is different from the perforating ma-
chine herein used, the analyzer, of course, will
contain, not the pneumatic devices which re-
spond to a perforated record, but whatever other
devices are responsive to the character of the
record made on the strip by said other recording
mechanism. The response of the analyzer to the

identification number of the calling line causes .

the selection of the proper line perforator thus
distributing the registration of the calls to the
separate recording mechanisms appertaining to
the different lines of the group. Before analyz-
ing the punched strip, however, i{ is necessary to
identify the sc-called directory number of the
calling line with its line finder or {erminal code
number, the reiation of which to the directory
number is purely arbitrary. To translate the
identifying codes of the group record into di-
rectory line numbers, a supplementary or master

1. perforated record is prepared for each line group

3

which contains the perforations of the line-find-
er terminal number and, on the same line, the
corresponding directory number. This master
strip Is then run through the analyzer ahead of
the record strip and controls the operation of
the analyzer in such a way as to punch on each
individual record strip the number of the line
and such information as to the class of service to
which it is entitled as is necessary for a proper
computation of the bill.

The pneumatic devices which respond to the
office code and elapsed time of a call, control &
translator which computes the charge for said
call and determines whether or not the call is
one to be itemized on the bill. As soon as the
translation is made, the charge and, if the call
is to be itemized, the date and office code and
number of the called line, are punched by the
perforator of the analyzer which was selected by
the calling line code.

The passage of the original record through the
analyzer thus produces a set of individual
punched strips, one for each line of the group.
Each of these records, in the preferred embodi-
ment of the invention, shows local calls merely
as individual charges while toll calls are punched
in detail. The calls for each line will, of course,
appear on these separate records in the order in
which they are made and in a code suitable for
tabulator operations.

The separate records as' made up by the an-
alyzer are now in a form to be run through the
tabulators for printing the list of toll calls for
each line and the total charge for the local calls
for said line. Or, again, if preferred, it may be
found feasible to have the tabulator make out
the complete bill.

A clearer conception of the scope and purpose
of the invention may be obtained from the fol-
lowing description and attached drawings in
which:

PFig. 1 shows the general lay-out of all the fig-
ures pertaining to the invention which, for pur-
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poses of description, has been conveniently di- ’

vided into three sections;

Pigs. 2 to 30 inclusive, arranged as shown in
Section I, Fig. I, comprise the apparatus and
general circuit organization  for automatically
establishing a call between two subscribers and
for making the record strip or primary tape as
it will hereafter be called;

Pigs. 2 and 23, taken together, show a district
selector with its associated timing circuit;

Pigs. 3 and 5, taken together, show the trip
and frame start circuits of a line-finder-district
selector; .

Figs. 4 and 6 taken together, show a link cir-
cuit through which the district selector of Fig. 2
establishes connection with a register sender;

Pigs. 7 to 21, inclusive, show a register sender; gp

Pig. 21 shows, schematically, a decoder and
decoder connector; :

Fig. 22 shows a district allotter circuit;

Fig. 24 shows a district call yecorder;

Figs. 25 and 26 show the general grouping of
subscribers’ lines for identification purposes;

Figs. 27 to 30, inclusive, show the punching
mechanism for perforating the designations of
completed calis;

PFigs. 31 to 42, inclusive, arranged as shown in
Section 2 of Fig. 1 comprise the analyzer as
follows:

Pigs. 31 and 32, inclusive, is the line-finder
terminal translator;

Figs. 33 and 34 show the office code translator;
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Fig. 35 shows the called number register:;

Fig. 36 shows time translator:

Fig. 37 shows the date register;

Fig. 38 shows the office name translator and
part of the secondary punching machine;

Figs. 39 and .40 Show the rate computor and
parts of the secondary punching machine;

Fig. 41 shows a part of the secondary punch-
ing machine;

Fig. 42 shows the detailed construction of the
pneumatic valve;

Pgs. 43 to 53, inclusive, arranged as shown
in Section 3 of Fig. 1, comprise such modified

parts of the ordinary printing tabulator which

comprise necessary parts of this invention.
The following description has been arranged

in three separate sections as a matter of con-

venience to conform with the arrangement of

~ the drawings, viz., (1) The preparation of the

70

(]

primary tape, (2) The preparation of the second-
ary tape and (3) the printing tabulator. The in-
vention will be described in the same order.

SkcTION I

Preparation of the primary tape—Figs. 2 to 30
inclusivg -

Subscriber’s line 2500 is one of a group of
ten lines, said group comprising one of the four
groups of lines shown in PFigs. 25 and 26. The
lines of these groups terminate on the banks
of a line-finder frame to which line-finder

switches have access in the known manner. In

the disclosure of this invention, a line-finder-
district selector comprises two mechanically mov-
ing elements operatively associated together, one
element for finding and connecting with the ter-
minals of a calling line, as shown by the arrange-
ment of the line-finder brushes and terminals at
2518 and the other, usually termed the district
selector, is used as a first switching stage for
extending the calling lines indicated by the
brushes of sald selector and selector bank ter-
minals at 2380. Further, in this disclosure of
the preferred embodiment of the inventicn, the
well known panel mechanical telephone system is
used principally for the purpose of illustrating
the ease with which the principles of the inven-
tion can be adapted by any one skilled in the
art to any type of automatic or semi-automatic
telephone switching equipment. The line-finder-
district selector shown in Pigs. 2, 23 and 25 is
but a modification of the panel line-finder-dis~
trict selector disclosed in Figs. 1 and 35 of the
telephone system disclosed in Patent No. 1,862,-
549, granted to R. Raymond and W. J. Scully,
and dated June 14, 1932, Likewise the trip,
start and link circuits shown in Figs. 3, 5, 4 and
6 correspond respectively, exactly to the same
circuits in the same numbered figures in the
above mentioned patent. The sender, decoder
and connector, which are shown in Figs. 7 to 21
Inclusive of the drawings, are also similar to
the corresponding parts of the above mentioned
patent. The sender circuit, however, has been
slightly modified for operation with my billing
System as more completely described hereinafter.
The decoder connector and decoder, schemati-
cally shown together in Fig. 21, are the control
and translating units cooperating with the send-
er and are also fully described in the above men-
tioned patent. Hence, while the operation of
these circuits, in relation to the invention, is
believed to have been fully covered in the de-
scription following hereinafter, reference is made
to the above mentioned patent for a more com-

2,105,094 .
Plete description of any and ahl parts of uld»

circuits not fully covered herein.

Assuming, therefore, that subscriber 2508
Initiates a call, then the removal of the receiver
from the switchhook (not shown) closes a circuit
from battery through the winding of line relay
2504, inner back contact of cut-off relay 2802,
through the substation circuit, outer back con-
tact of cut-off relay 2802 to ground. Relay 2801
operates, connects ground to conductor 2539 ex-
tending to trip circuit 390, and connects con-
ductor 253( to the line-finder terminal to which
brush 2514 has access, thus initiating the opera-
tion of the trip, start and link circuits and the
assoclated line finder.

The trip circuit 380, shown in Mg. 3, is one
of ten similar circuits serving a group of four
hundred subscribers’ lines. The purpose of the
circuit is to trip the proper set of brushes on
the line finder which hunts for the calling line
and to insure that calls are served in order and
one at a time. The gang switch 348 serves to
connect the trip circuit with the line and: with
the start circuit 609, and permits the rapid trans-
fer to the emergency trip circuit 358 ahould
trouble arise.

The start circuit 508 is common to the ten

trip circuits and sefves to bring about the asso-

clation, without interference, of calling subecrib-
ers’ lines with: district. selectors and senders.
The gang switch 881 which connects the start
circuit 500 with the trip circuit 308 and with the
Iink circuit also serves to transfer these circuits
into connection with the emergency start circuit
898 in case of trouble.

The link circuit shown in Figs. 4 and 6 is one
of a group of link circuits serving_half of the
group of four hundred subscribers’ lines, When
normal the lnk circuit is associated with an idle
district selector and advances to a sub-allotted
position. The link circuits are arranged in a
chain and when one link circuit is taken for use
the next link is advanced to an allotted position,
Therefore, only one link circuit is ready for use
at a time. The link circuits serve to ‘connect
a calling line through a lne-finder district se-
lector circuit with a sender for recording the
number of the wanted line and for controlling
the establishment of the connection.

The connection of ground to conductor- 2§30,
which is common to a group of twenty lines, com-
pletes a circuit through switch 340, back con-
tact of relay 302, upper winding of relay 301 to

battery. Relay 38! connects ground over its

lowermost front contact, inner contact of relay
308, upper contact of relay 303, switch 349, con-
ductor 316 to gang switch 8§81, through the wind-
ing of relay 616 of the start circuit 509 to-bat-
tery. It also closes a circuit from ground over
its next-to-lower front contact, outer contact of
relay 306, lower back contact of relay 303, up-
per winding of relay 304, switches 349 and 801,
upper back contact of relay 518 to battery. Re-
lay 304 operates and locks in a circuit from
ground over the lowermost contact of relay 304,
inner back contact of relay 388, lower winding
and inner lower front contact of relay 384, over
the back contacts of similar relays in the other
trip circuits to the start circuit 500 and through
the lower winding of relay 518 and resistance 8§11
in parallel to battery.

Relay 81§ operates, connecting’ battery through
its lower winding and through resistance 817 in
parallel with conductor 242. With relays 304
and 51§ operated, a holding circuit is completed
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for relay 301 from ground at the outer front
contact of relay 518, outer lower front contact
of relay 304, inner front contact and lower wind-
ing of relay 301 to battery. This circuit also ex-
tends in parallel with the lower winding of relay
381 to the winding of relay 308 and battery. Re-
lay 388 locks over its upper front contact, outer
back contact of relay 386, next-to-the-lower
front contact of relay 38{ to ground and thereby
closes an additional locking circuit for relay 301.
Relay 388 closes a circuit from ground over its
lower front contact, outer upper front contact
of relay 304, middle front contact of relay 301,
outer back contact of relay 811, inner back con-
tact of relay 808, conductor 518, lower contacts

"of cam 689, to brush 408 of the trunk finder 400.

This finder has been positioned on the terminals
leading to an idle district selector and the dis-
trict selector sequence switch has been advanced
to position 2 in the manner described herein-
after, so that the above traced circuit extends
over conductor 248, upper winding of relay 2301,
conductor 2307, right contacts of cam 223, wind-
ing of relay 226 to battery. Relay 226 operates
in this circuit and initiates the operation of line
finder 2610. Relay 2301 operates, locks over its
lower winding and bottom inner contacts to bat-
tery through resistance 2318. Through its bot-

tom middle contacts relay 2301 partially closes a -

path from conductor 2312, bottom ocuter contacts
of said relay, conductor 2364, winding of mag-
net 2413 to battery at the back contact of relay
2487, in preparation for the selection of and
connection with a call recording mechanism at
the time when the district selector switch 200
advances to position 3 as described hereinafter
and at its lower contacts prepares the circuit
of holding magnet 2411{.

Relay 304 salso closes a circuit from battery
through winding of trip magnet 25iT of line
finder 2510 over conductor 2527 to ground at its
inner upper front contact. Relay 305 also closes
a circuit from battery through the upper wind-

ing of relay 306, upper winding of relay 303,

lower front contact of relay 305, to ground. Re-
lay 303 operates in this circuit but relay 308 does
not operate in series with relay 303. Relay 303
upens the circuit of relay 516 and that relay re-
leases unless its circuit is maintained at some
other trip circuit belonging to this group of lines.

‘When relay 226 operates as above described, it
locks over its inner upper front contact, upper
contacts of cam 222, back contact of relay 221,
commutator strip 2522, brush 2519 to ground.
Relay 228 also closes a circuit from battery
through the up-drive magnet 2515 of the line
flinder 2514, inner lower front contact of relay
226, right coniacts of cam 218, outer lower front
contact of relay 226, upper right contact of cam
209, lower right contact of cam 212 to ground.
The line finder 25i0 is moved upward in search
of the calling line under the control of magnet
25i8. When the line finder has passed the trip-
ping zone so that the proper brush set has been

‘made operative, brush 2520 encounters the con-

ducting part of the commutator strip 2523 com-
pleting a circuit thereby from ground over brush
2520, segment 2523, upper contacts of cam 206,
conductor 242 through make-busy keys (not
shown) and thence over the inner front contact
of relay 515 to the winding of relay 515 and
resistance 517 in shunt of the winding of relay
304. Relay 304 now releases, in turn releasing
trip magnet 2517. When brush 2620 leaves the

5

segment 2828, relay 88 also releases to restore
the operating circuit for the relays such as relay
304 in the other trip circuits.

When the line finder finds the calling line, a
circuit is closed from ground over the upper con-
tacts of cam 221, winding of relay 221, brush
2814, inner front contact of relay 26014, conductor
2831 which extends to the lower winding of relay
308 and the resistance 310 in parallel. Relay
221 operates in this circuit connecting ground
over commutator strip 2522, front contact of re-
lay 221, through resistance 228 in parallel with
its winding, permitting relay 306 to operate. Re-
lay 306 opens the locking circuit of relay 305 and
the holding circuit of relay 301. The release of
relay 388 opens the energizing circuit of relay
303 and that relay releases unless held locked
because relay 6§16 is held operated from some
other trip circuit.

In the start circuit, at the same time that the '

operation of relay 305 connected ground to con-
ductor 818 to operate relay 226, this ground also
extended over the inner upper back contact of
relay 508, through the winding of relay B50S,
upper winding of relay §08, outer lower back
contact of relay 503 to battery. Relay 505 oper-
ates in this circuit, locking to ground at its front
contact independent of relay 308, but relay 508
does not operate at this time. However, when
relay 226 operates to start the line finder, it also
connects ground over the upper right contact of
cam 208, outer lower front contact of-relay 226,
upper right contacts of cams 218 and 207, con-
ductor 247, brush 4085, lower left and upper right
contacts of cam 617, conductor 690, lower wind-
ing of relay 508 to battery. Relay 508 now oper-
ates, short-circuits relay 505, opens the operating
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circuit of relay 226 and locks to ground at the .

front contact of relay 305. Relay 508 also closes
a circuit through the upper winding of relay 515
for holding that relay operated. When the call-
ing line is found, the operation of relay 227 also
opens the locking circuit for relay 226 and that
relay releases, opening the circuit of up-drive
magnet 2515, bringing the line finder to rest.
Relay 2301 whose ‘operating circuit is opened
with that of relay 226 does not release at this

time as it is locked over its bottom winding as-

already described. The release of relay 226 re-
leases relay 508 completing the restoration of the
start circuit 500. Relay 226 released, closes a
circuit from battery through the winding of cut-
oftf relay 2502, resistance 2532, brush 2513, re-
sistance 2526, top inner back contact of relay
2525, conductor 2834, outer upper back contact
of relay 226, lower contacts of cam 215, lower
contacts of cam 212 to ground. Relay 2502, in
operating, opens the circuit of the line relay 2501
which in turn disconnects ground from conduc-
tor 2530 releasing relays 30 and 306 in the start
circuit and relay 227 in the district selector, and
reconnects relay 2503 with the terminal engaged
by brush 25i4. The release of relay 301 com-
pletes the restoration of the trip circuit 300 to
normal.

When relay 226 operates to start the line finder
it also transmits a signal to the link circuit to
start it hunting for a sender. The circuit for
this purpose is the same as that used for oper-
ating relay 508 as far as brush 4085 whence it
extends over the right contacts of dam 618
through the winding of relay 420, resistance 421
to battery. Relay 420 operates and locks over
its lower front contact to ground over the upper
left and lower right contacts of cam 625. It

40

45

50

66

60

85

70

75




e

also closes a circuit from ground over its lower-
most front contaét, right contacts of cam sit,
winding of magnet 600 to battery, advancing the
Hnk sequence switch to position 2 in which posi-
tion relay 420 releases. In position 2 a circuit

- 18 closed from battery through the winding of
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relay 423, upper right and lower left contacts
of cam 619, upper back contact of relay 424,
lower left and upper right contacts of cam 618
to ground. Relay 423 prepares relay 424 for
testing for an idle sender by connecting ground
over its inner upper contact to the lower winding
of relay 424 which is connected over the left
contacts of cam 8624 through the middle winding
of relay 424 to battery and over the lower left
and upper right contacts of cam 824 through the
upper winding of relay 424, back contact of relay
420, upper contacts of cam 628 to brush 484,
Relay 424 is so wound that this combination of
circuits renders it quick to operate when the
proper condition is found and quick to release
If some other Unk has just tested the same
sender. Relay 423 also closes a circult from
battery through the upper winding of relay 422,
upper front contact of relay 423 to ground at
the lower back contact of rélay 424. Relay 422
in operating completes a circuit from battery
through the winding of up-drive magnet 467,
upper contacts of cam §23, inner lower front
contact of relay 422 to ground at the outer lower
back contact of relay 420. The sender selector
450 is therefore driven upward under the control
of magnet 467,

Idle senders are characterized by battery
through 270 ohms resistance and, assuming that
the sender shown is the first idle one to be en-
countered, a circuit will be closed from battery
through resistance 1302, left back contact of re-
lay 1303, lower back contact of relay 7128, con-
ductor 746, brush 454 to ground through the up-
per and lower windings of relay 424. Relay 424
operates in this circult and closes a locking cir-
cult for itself from ground over its lower front
contact, lower left and upper right contacts of
cam 624, upper winding of relay 424 to battery
over brush 454 as above traced. This circuit
alters the potential on brush 454 so that no other
link circuit which may be hunting can stop on
The operation of relay 424 opens
the circuits of relays 422 and 423 which now re-
lease. With relay 428 released and relay 424
operated, sequence switch 600 is advanced to po-
sition 3 in a circuit from battery through the
winding of magnet 680, left lower contact of cam
€13, contacts of jack 607, back contact of relay
423, upper front contact of relay 424 to ground
over the lower left and upper right contacts of
cam, 6(8. ,

While sequence switch 600 was in position 32,
a circult was closed from ground over the left
contacts of cam 608, right contacts of cam §06,
to the next link circuit in the sequence, which is
the first one shown, over a contact of jack 667,
left contacts of cam 666 and the right contacts
of cam 665 to the sequence switch of that link
to advance said link into position 1 in readiness
for use. Likewise with the link Sequence switch
600 in position 2, a circuit is closed from ground
over the lower right and upper left contacts of
cam 608, brush 481, conductor 243, upper. left
contact of cam 213, upper right contact of cam
210, upper winding of relay 225 to battery. Re-
lay 225 locks over its inner upper contact to
ground over the left contacts of cam 221. When
relay 226 releases after the calling line has been
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found, a circuit is closed from battery through
the winding of sequence switch magnet 200,
upper right contact of cam 224, lower front con-
tact of relay 228, lower back contact of relay
- 228, upper right contact of cam 289 to ground,
advancing sequence awitch 200 to position 3,
When sequence switch 208 leaves position 2, re-
lay 228 releases. When sequence switch 200
reaches position 3 the circuit of cut-off relay
2802 is closed to ground over the upper left and
lower right contacts of cam 212, holding the cut-
off relay operated under the control of relay
. 2828 until the sequence switch leaves position
17%. 1In position 3, ground is connected to con-
ductor 2312 at the left upper contact of cam
212 and completes thereby :the circuit of magnet
2413 of the call recorder asg already described.
Now the number of recording mechanisms
available to a group of line-finder-district selec-
tors depends on the needs of the traffic. That
i8 to say, it depends on the number of calls origi-
nated by the group which have to be recorded
for charging purposes, whether local or toll.
Hence, the number provided and the operative
connection with, the group of line-finder-district
selectors to which they appertain may be ar-
ranged with respect to each other in any con-
venient method known to the ]
art. In the preferred embodiment of the inven-
tion and simply by way of. {llustrating how one
of the means can be used to attain this result, the
well known Keith line switch arrangement, most
extensively used in step-by-step automatic teleph-
ony, to connect together a calling district se-
lector with an idle recording mechanism has been
adopted. The mechanism of this switch and its
inter-relation with its controlling circuit 1s so
well known that it is sufficient to refer fot a de-
Scription of its operation to the prior art and
particularly to any suitable text on the subject
such as, for example, Smith and Campbell’s “Au-
tomstic Telephony”. Hence, it ig herein simply
referred to and shown diagrammatically in Fig. 24
without further encumbering this specification
with a description of its operation beyond that
which is necessary for a disclosure of the prin-
ciples of our invention. Magnet 2413 is a part of
the Keith line switch structure and when it op-
erates, directs its plunger 2442 into the contact
groove of its cooperating contact bank level, op-
posite to which contact groove the master switch
shaft 2443 has previously directed the plunger.
The engagement of contacts 2444 closes a circuit
from battery through the winding of holding
magnet 2411, lower contacts of relay 2304 to
ground on conductor 2312. The operation of
magnet 2411 operates mechanism for holding the
digit registers of the recording mechanism and
closes a circuit from ground over plunger oper-
ated contacts 2462 for holding magnet 2461, and
causes the operation of relays 2459 and 2487 and
‘stepbing magnet 2488 of
rotate shaft 2443 to position other plungers be-
fore contacts appertaining to another idle re-
corder. In position 3 a circuit is also closed from
ground on conductor 2312, winding of release
magnet 2388 of timing switch 2318 and, in par-
allel therewith, through the back contacts of re-
lay 2388, to the winding of release magnet 23671
of timing switch 2380. Both switches 2300 and
2318 are of the rotary forward stroke construc-
tion, well known in the telephone art, except that
they are modified by having their stepping pawlis
in engagement with their ratchet wheels to ad-

vance their wipers only when their release mag- Y5

electrical switching.
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nets are operated and that their wipers are re-
turned to normal only when these magnets are
released and the stepping pawls-are restored out
of contact with the ratchet wheels.. With mag-
nets 2308 and 2367 operated, both switches are
in condition to respond to timing impulses which
are transmitted subsequently, as more completely
described hereinafter.

With link sequence switch 600 in positions 234
to 3, conditions are set up in the sender to iden-
tify the class of service to which the calling sub-
scriber is entitled. Subscribers, besides being di-
vided in groups of convenient sizes for the pur-
pose of identiflcation as more completely de-
scribed hereinafter, are further grouped into
zones In accordance with the rate at which they
are to be charged for calls into different zones of
the exchange area. Different zone groups of sub-
scribers are served by different groups of link cir-
cuits and the link circuits are provided with
means for signaling the senders the group to
which the calling subscriber belongs. This s
done by establishing one of two conditions to the
tip side of a fundamental circuit leading to the
sender, and one of two conditions on the ring
side of the fundamental circuit, before the sender
functions to make selections. These conditions
are either open circuit or direct ground, connect-
ed to brush 456 over cam 612, or open circuit or
ground connected to brush 455 over cam 611. For
the purpose of illustrating the principle and op-
eration of the invention it may be assumed that
the service to which subscriber 2500 is entitled
may be identified by an open circuit to brush 456
and ground to brush 455 from whence the circuit
may be traced over conductor 747, outer right
back contact of relay 1303. conductor 1315, right
winding of relay 1401 and to battery.

With sequence switch 200 in position 3, when
sequence switch 600 also reaches position 3, a cir-
cuit Is closed from battery through the winding
of relay 229 and the upper left contact of cam
211 and in parallel through the lower winding of
relay 2525 and the lower right contact of cam
211, thence over the lower left contact of cam
201, conductor 245, brush 403, lower right and
upper left contacts of cam 621, brush 453, con-
ductor 745, right back contact of relay i385, out-
er left contact of relay 1232, middle and left
windings of relay 1306 to ground. Relay 2525 is
marginal and does not operate at this time. Re-
lay 229 operates, but is ineffective in this position
of the selector sequence switch 200.

Relay 1306 also operates in this circuit, in turn
operating relay 1234 which closes a circuit from
battery through resistance 1304, winding of re-
lay 1233 to ground at the right front contact of
relay 1234. Relay 1233 locks to ground at its
inner left contact and connects ground to con-
ductor 1238 which carries off-normal ground to
all parts of the sender circuit. it also operates
relay 1303 which removes battery from conductor
748 to remove the idle condition, and connects
ground to conductors 1317, 1318 and 1319. It also
completes a circuit over conductor 1238 through
the winding of relay 1301 to battery at the left
back contact of relay 1237 which prepares for the
subsequent release of the sender. In addition, it
completes a circuit over the back contact of re-
lay 88f, through the winding of relay 902 to bat-
tery, operating relay 902 in preparation for the
reception of the first digit.

The removal of battery from conductor 146 re-
leases relay 424, which closes a circuit from
battery through the winding of sequence switch

7

_magnet 800, upper right contact of cam 618, back

contact of relay 424 to ground over the lower left
and upper right contacts of cam 818. Sequence
switch 880 is advanced to position 5 in this cir-

“cuit. In position 5 the sender and district selector

are connected together over the following circuits:
conductor 243 of the district selector is connected
to conductor 743 of the sender over brush 401,
upper contacts of cam 608 to brush 45{; con-
ductor 244 is connected to conductor 144 over
brush 402, upper contacts of cam 609 and brush
452; conductor 241 is connected to conductor 147
over brush 408, left contacts of cam 617 and brush
488; conductor 248 is connected to conductor 148
over brush 408, left contacts of cam 842 and brush
488. The circuit connecting conductor 245 with
conductor 745 extends, in position 5, from brush
403, left contacts of cam 627, upper winding of
relay 424, upper back contact of relay 420, upper
contacts of cam 624 to brush 453. Relay 424 does
not operate, but the circuit is maintained in

preparation for the advance of the link circuit..

No circuits are closed over either conductor 246
or conductor 146 at this time.

As soon as sequence switches 200 and 600 reach
position 3 the dialing circuit is closed, which may
be traced from battery through the lower winding
of relay 124, over conductor 744 through the link
circuit to conductor 244, lower winding of relay
2368, conductor 2309, left contacts of cam 202
winding of relay 231, lowermost back contact of
relay 2525, brush 2512, through the subscriber’s
substation and dial (not shown), back to line-
finder brush 2511, bottom inner contact of relay
2525, left contacts of cam 201, conductor 2310,
upper winding of relay 2368, conductor 23i1, con-
ductor 243, through the link circuit to conductor
743, resistance 729 to ground at the outer back
contact of relay {237, Relays 724 and 2368 oper-
ate In this circuit, the latter to perform funections
to be described hereinafter. Relay 724 closes a
circuit from battery through the windihg of relay
716, front confact of relay 724 to ground at the
inner back contact of reiay 1237. Relay 748, in

gperating, connects ground through resistance 743
to the winding of relay 718 which alsc operates,

in furn operating relays 714 and 7§8. ‘With relay
748 operated, a circuit is closed from ground over
the inner front contact of reiay 7i%, voper wind-
ing of relay 724 through condenser 730, right back
contact of relay 828, ouier left front contact of
relay 3902 to the source oi dial tone. A tone is
thereby induced in the primary winding of relay
72é from whence it extends to the subscriber’s
line to inform him that he may proceed to dia).
In the meanwhile the operation of reiay 2368
closes a circuit frem ground on ihe back contacts
of the No. 6 contaci set of relay 2303, front con-
tacts of relay 2368, winding of slow-release relay
2365, to battery. Relay 2865 operates and locks
in 8 circuit extending over its left inner contacts,
No. 9 centacts of relay 2303, to ground on con-
ductor 23i%. .
It will be noted that relay 2368 is in series with
relay 124 and both are in series with the sub-
scriber’s line. Hence both relays will respond to
dial operations. In this description I wiil con-
sider, first the circuit reactions in the sender fol-
lowing the responsiveness of relay 728 to dial im-
pulses and subsequently I wiil describe the reac-
tions following the responsiveness of reiay 2368.
When the subscriber operates his dial for the
first digit, relay 724 releases momentarily as each
pulse is received. Relay 116 releases each time
that relay 124 releases, but is not as quick tg
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" operate as relay 124 so that it may or may

10

not
reoperate each time that relay 7124 does. Relays
113 and 714, on the other hand, are definitely slow
to release so that they do not release during the
poasible short openings of their circuits and
relays 113, 714 and 718 remain operated during
the intervals between digits. When relay 124
closes its back contact in response to the first
pulse, it connects ground over the upper front
contact of relay 1i4, inner left front contact of
relay 1234, over the upper back contacts of relays
710, 788, 188, 184, and 102 to the winding of relay
701 of the primary register 708 and battery.
Relay 101 operates, locks through the winding of
relay 182, front contact of relay 784, lower back
contact of relay 784, conductor 138, back contact
of relay 120 to ground at the outer upper front
contact of relay Ti8. The release of relay 116
closes a circuit from battery through resistance

119, winding of rélay Ti8, inner back contact of *

relay 718 to ground at the outer upper contact of
relay Ti5. Relay 118 is slow to release so that it
remains operated even though relay Ti¢ may
momentarily break its operating path, . At the

_end of the first impulse relay 724 reoperates and

relay 102 operates and locks in the circuit of
relay 70(. The operation of relay 702 closes a
circuit from ground, over the lower front con-
tact of relay 702 to conductor 7131. With relay
982 operated a circuit is completed over the inner
left contact of relay 984 through the right wind-
ing of relay 904 of the first secondary register 900
to battery operating that relay.

When the next pulse is received, the clrcuit
controlled by relay 724 extends, as above traced,
to the armature of relay 782 and over the front
contact of that.relay to the winding of relay 103.
Relay 708 locks through the winding of relay 104,
front contact of relay 783, back contact of relay
308, to conductor 738. Relay 704 does not operate
until the end of the pulse at which time it opens
the locking circuit of relays 181 and 782, which
release, in turn releasing relay 884. It also con-
nects ground to conductor 132 and over the outer
right contact of relay 882, to the right winding
of relay 888 and battery operating that register
relay.

'I'lyle third pulse causes the operation of relays
108 and 788 in turn and relay 708 grounds con-
ductor 181 reoperating relay 984. Relays 108 and
708 lock in parallel with relays 183 and 764 which
remain operated so that relay 908 also remain
operated. The fourth pulse operates relays 107
and 788 which open the locking circuits of relays
708 to 188, releasing relays 304 and 308. Relay
788 also connects ground to conductor 738 and
over the middle left contact of relay 902, to the

t winding of relay 988 and battery.

At the fifth pulse, the circuit controlled by
relay 124 extends over the front contact of re-—
lay 708 to the winding of relay 188 and battery.
Relay 708 operates locking through the winding
of relay 118, front contact of relay 108, back

- contact of relay T04 to conductor 136. At the

70

.end of the pulse, relay 710 operates opening the

Jocking circuit of relays 707 and 108 thereby re-
leasing relay 888. It also closes a circuit from
‘ground over its inner lower front contact, upper
back contact of relay 112 to conductor 134, over
the middle right contact of relay 882 to the right
winding of relay 841 and battery. In addition it
closes a circuit from grounded conductor 188, al-
ternate contact of relay 110, lower back contact
of relay 112, winding of relay T{( to battery. Re-

,’. Jay 111 locks in series with relay 112 over its front

2,105,024

contact to conductor 188, ‘Therefore, the lock-
Ing circuit of relays 711 and 712 is independent
of the remalning counting relays. Relay 7i2
does not operate at this time being shunfed by
the operating circuit of relay 7i1.

" At the sixth pulse, the circuit controlled by re- -

lay 728 extends over the front contact of relay

1198, the back contacts of relays 786, 704 and 102

.to the winding of relay 18f. This relay locks
through the winding of relay 182, as before,
grounding conductor 131, 'The seventh pulse op-
erates relays 103 and 104, releasing relays 101
and 702 and grounding conductor 7132 in the
Same manner as the second pulse. Relay 7104
also opens the locking circuit of relays 709 and
718 and these relays release permitting relay 712
to operate in the locking circuit of relay 1il.
With relay 712 operated, a new circuit is closed
for relay 881 over the front contact of relay 712
and the back contact of relay 110 so that relay
887 ig held operated. N

The eighth pulse causes the operation of relays
108 and 108 in the same manner as the third
bulse. Relays 703 and 184 remain operated and
conductors 732 and 13/ are grounded causing the
operation of relays 984 and 885. The ninth
pulse causes the operation of relays 707 and 708,
releasing relays 703 to 108 as well as relays 904
and 985 and operating relay 366 instead.

The tenth pulse reoperates relays 109 and 119
releasing relays 107, 708 and 988. With relay
112 operated, the operation of relay 118 opens
the circuit for relay %07 and closes instead a
circuit from ground over the inner lower front
contact of relay 110, lower front contact of re-
lay 111, conductor 738, inner right contact of
relay 802 to the right winding of relay 803 and
battery.

When the last pulse of the digit has been re-
celved, relays 730 and*1{8 remain operated for
8 considerable length of time. The circuit of
relay 118 is thereby opened and a circuit is closed
from battery through the winding of relay 720,
normal contacts of relay TiI8 to ground at the
front contact of relay TI5. Relay 728 closes a
holding circuit for itself under the control of re-
lay 716. It also connects ground from the front

contact of relay 118, over the front contact of

relay 7120, outer left back contacts of relays 1112,
1102, and 1022, back contact of relay 1030, outer
left back contacts of relays 1002, 822 and 912 to
the winding of relay 981 and thence over the
left front contact and the left windings of the
operated relays of secondary register 880 to bat-
tery. This provides a locking cir¢uit for the reg-
ister relays as well as an operating circuit for
Telay 801. It may be noticed, however, that the
locking circuit of relay 904 is only closed when
either relay 805 or 887 is also operated. This
prevents the registration of a falge preliminary
pulse since a single pulse can not lock up the first
register. The operation of relay 728 also releases
any of the relays of primary register 700 which
were operated. :

Relay 801 in operating locks over its outer left
contact to grounded conductor 1317. It aiso
opens the circuit of relay 802, disconnecting the
relays of secondary register 900 from primary
register 100. In addition it extends ground from
-conductor {317 over its inner left contact, the
back contact of relay 81{ to the winding of relay
912 to prepare register 810. . '

Assuming that the called subscriber’s number
is Halifax 3678 which requires the code 4—2—5 to
be used, relay 912 is operated as above described
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and the next operaffon of the dial brings about
the registration of the’ second digit on register
810. When the last pulse has been received, the
register relays lock in series with relay 911 which,
in turn, operates and locks to conductor 1317,
opens the circuit of relay 8§12 and connects ground
from conductor 13{7 over the inner front con-
tact of relay 8if{ and the back contact of relay

82 to the winding of relay 922 to prepare for .

recording the 3d digit on register 9290.
Following the registration of the office code the
numerical digits are recorded, the thousands
digit on register 1000, the hundreds digit on reg-
ister 1010, the tens digit on register 1020 and the
units digit on register 1100. If the call is one
that is to be completed at a manual office where

station digits are employed, this digit will be

recorded on register 1418. Following the regis-
tration of the thousands digit, the operation of
relay 1001 extends conductor 1317 over its inner
left contact to the windings of relays {0i2 and
1030 in parallel. Relay 1030 supplies locking
ground for registers 1010, 1020 and 1106. Sta-
tion register (110 obtains locking ground through
relay 1101. The operating circuit for the cut-in
relay 1112 of the station register extends over the
lower contacts of cam 86 to the back contact of
relay 1111 and the front contact of relay 1101.

The operation of relay 881, following the regis-
tration of the first digit, closes a circuit from
battery through the winding of sequence switch
magnet 1780, lower right contact of cam 1702,
conductor 1728, left back contacts of relays 1506
and 1504, conductor - 1508, outer right back con-
tact of relay 1821, left back contact of relay 1310,
outer left front contact of relay 1234, conductor
1238, inner left front contact of relay 901 to
ground at conductor 1311. Sequence switch {700
advances to position 2 in this circuit connecting
ground over the lower left contact of cam 1708
and the lower right contact of cam {716 to con-
ductor 1238 as long as the switch remains out
of position 1. At this time a circuit is also closed
over the lower right and upper left contacts of
cam 1724, winding of relay 1226, right back con-
tact of relay 1227 to ground, operating relay 1226
to prepare for the closing of the fundamental
circuit.

In the meanwhile relay 2368, in series with
relay 124, has been simultaneously following the

" dial pulses. On the first pulse a circuit is closed

from ground on the back contacts of the No. 6
contact set of relay 2303, back contacts of relay
2368, right inner contacts of relay 2365, contacts
closed by plunger 2442, winding of relay 2410,
brush and the first cooperating terminal of arc
2431 of rotary switch 2450, winding of the first
digit stepping switch magnet 240f, to battery.
Relay 2410 operates and, in turn, closes an obvi-
ous circuit for rotary switch magnet 2422,
Switch 2450, however, is of the back-stroke mov-
ing type so that, so long as its magnet 2422 re-
mains operated, brush 2431 remains on the first
terminal. Stepping switch 2401, on the other
hand, is of the forward-stroke type, that is, ad~
vances its brush assembly on the operation of
the magnet so that, with the operation of magnet
2401, brushes 2415 and 2416 of said switch are
advanced one step. At the end of the pulse, re-
lay 2368 reoperates and opens the circuit of relay
2410 and switch magnet 2401. The magnet re-
leases, but relay 2410, being slow-release, holds
its operated position between pulse intervals.
Each succeeding pulse of the first digit, there-
fore, alternately closes and opens the circuit of

" cal designation of the fourth digit.

o

relay 2368, and In response thereto, the first
digit register switch magnet 2481 advances its
brushes 2418 and 2416 one step for each puise,
These brushes are retained in their - advanced
position by virtue of the operated condition of
magnet 24(f. When all the pulses of the first
digit have been received and recorded relay 2368
reoperates and remains on its front contact for
a longer period than it does between pulse in-
tervals, Relay 2410 now releases, in turn re-
leasing switch magnet 2422. On the release
stroke of said magnet, brush 243(1 is advanced
cne step, connecting said brush with the second
terminal of the associated contact bank, and ex-
tending thereby the circuit path through relay
2410 to the winding of the second digit register
magnet 2402.

On the first pulse of the second digit, the re-
lease of relay 23688 closes the previously described
circuit through the winding of relay 24{8 but
now completed through the winding of magnet
2402 to battery, causing both the: relay and the
magnet to operate. The former causes the oper-
ation of miagnet 2422 while the latter operates
and advances switch brushes 2417 and 2418 one
step over the terminals of their corresponding
and respective arcs. Magnet 2482 now steps with
each pulse and advances the switch brushes 2411
and 2418 a corresponding number of steps so
that, when all the pulses of the second digit are
rceeived, these brushes will have been positioned
on terminals on their respective arcs correspond-
ing to the numerical designation of the digit. At
the end of the digit, relay 2410 releases, in turn,

releasing magnet 2422 and advancing brush 2431.

to the third terminal of its are, thereby connect-
ing the winding of relay 2410 to the winding of
tnurd digit register magnet 2403.

The impulses of the third digit now cause the
setting of brushes 2418 and 2420 of switch 2403

10
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30

upon terminals corresponding to the numerical

designation of this digit.

The first pulse of the fourth or thousands ngit
extends the pulsing circuit through the winding
of fourth digit magnet 2404 and the pulses of
this .digit cause the setting of brushes 2429 and
2430 on terminals corresponding to the numeri-
The pulses
of the fifth or hundreds digit are recorded on
arcs cooperating with brushes 2427 and 2428 of
fifth digit switch 2405. The pulses of the sixth
or tens digit are recorded on the terminals of the
arcs cooperating with brushes 2425 and 2426 of
the sixth digit switch 2406. The pulses of the
seventh or units digit are recorded on the ter-
minals of the arcs cooperating with brushes 2423
and 2424 of the seventh digit switch 2407 and,
if there is a party station’s digit, the pulses of said
digit are recorded on the terminals of arcs co-
operating with brushes 2421 and 2422 of the
eighth digit switch 2408.

When all the digits are thus registered in the
call recorder, relay 2368 reoperates, thereby open-
ing the circuit of relay 2410 and the station’s
digit switch magnet 2408. Relay 2410 releases, in
turn, releasing magnet 2422 and causing brush
2431 to advance to the next terminal.
ing this terminal, a self-interrupting circuit is
closed from the grounded spare terminals on the
arc cooperating with brush 243{, interrupter con-
tacts of magnet 2422, winding of magnet 2422,
resistance 2432 to battery. Magnet 2422 oper-
ates in this circuit and advances brush 2431 over
the grounded spare terminals until it again
reaches the terminal of first digit magnet 2401

On reach-.
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at which time said self-interrupting circuit will
have been opened and the recorder is ready to
perform further functions as completely - de-
scribed hereinafter.

Returning, now, to the operation of the sender,
when the office code digits have been registered
as indicated by the operation of relay 821, a cir-
cuit is closed from battery through the winding
of relay 121, inner left front contact of relay 821
to grounded conductor 1311, Relay 121 is oper-
ated and initiates the operation of the decoder
connector, which is schematically shown in Fig.
21, by completing a circuit from battery over the
lower right and upper left contacts of cam 1724,
conductor 839, right back contact of relay 838,
left "back contact of relay 838, lower back con-
tact of relay 7123, inner lower back contact of

" relay 721 to conductor 930. Battery on this con~
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- ductor is supplied to the windings of relay 2100

individual to this sender in the decoder connector.

The decoder connector comprises a complete
circuit as shown in Fig. 21 to Fig. 24, inclusive,
of the Raymond-Scully patent above mentioned.
It is a connecting medium for connectlng to-
gether, at the proper time, a sender and a de-
coder. It comprises a plurality of channels, each’
accommodating a group of senders, the size of
said group being determined by traffic conditions.
Accessibility. by a sender to its connecting chan-
nel as a means of establishing connection with a
decoder is accomplished through a multi-contact
relay having an appropriate number of contacts,

while the connection of a decoder to any chan- -

nel is likewise accomplished through a multi-
contact relay; with this difference, however, that
while a sender can connect with a decoder
through one channel only and is therefore pro-
vided with a multi-contact relay only in that
channel, the decoder must have .accessibility to
the senders in every channel. It is, therefore,
provided with a connecting multi-contact relay
in every channel. The circuits for operating the
decoder connector are arranged so as to prevent
interference between senders simultaneously
seeking a decoder and to make each decoder a
first choice in certain channels. Since the con-
nector channel comprises no part of the inven-

tion and is simply a connecting medium between

the sender and the decoder, it is not thought nec-

essary to encumber this specification with a com-

plete description of its further arrangement and
operation but reference is made to said Raymond-
Scully patent for a complete description. Suffice
it to say that the operation of relay 2381 results
in the operation of the multi-contact relay 2104
which connects the appropriate sender conduc-
tors to the channel wires and further results in
the selection of an idle decoder through the op-
eration of its multi-contact relay 2101 on the
same channel, all in accordance to the manner
described in the above mentioned patent to Ray-
mond-Scully.

The decoder itself is a device for translating
the dialed office code into the proper electrical
equivaient which, when transmitted to the send-
er, can be utilized by it to set the train of selec-
tors into the proper and respective positions for
reaching the desired line. 'This translating de-
vice may be of any character and may be located
anywhere. That is, it may be an independent
entity, as it is for the type of sender herein used,
or it may be an integral part of the sender where
the number of codes to be translated.does not
justify the use of un independent translator.
However, for the purpose of illustrating the pres-
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ent embodiment of the invention a sender was

chosen which is capable of recording a large

number of codes and hence requires a corre-
sponding number of translations. For this pur-
pose a separate translator or decoder- is used,
such as the one disclosed in the said Raymond-
Scully patent and shown in Figs. 25 to 34, inclu-

sive, therein. At the proper time, that is, when

& code has been dialed into the sender and that
code is to be translated for the selection of a
trunk extending in.the wanted direction, the
decoder is connected to the sender through .the
medium of the sender connector as above indi-
cated.

Briefly the specific embodiment of the decoder
disclosed in the above mentioned patent com-
prises a set of receiving registers for recording
the registered code received from the sender, a
set of decoding relays selectively operated in ac-
cordance with the setting of the receiving regis-
ters, a group of route relays, one of which 1is
operated for each call as determined by the
translation of the dialed code through the selec-
tive operation of the decoding relays, and a set
of outgoing registers electrically interconnected
with all of the route relays for transmitting back
into the sender the “translation” determined by
the operation of the route relay correspondlng to
the code.

The decoder, or any translating device, is not
a part of the invention and the various registers
mentioned above therefore are but schematically
shown in Fig. 21. The specification will be lim-~
ited in describing the operation of such parts of
the decoder as are necessary to a complete un-
derstanding of the invention, referring again to
the above Raymond-Scully patent for a more
complete and detailed description thereof.

As soon as relays 2101 and 2104 are operated,
the receiving registers in the decoder are ready
to receive from the sender a record of the wanted
code as registered on the operated relays of regis-
ters 900, 910 and 920. Since the office code of the
wanted number is 4—2-—5, relays 906, 915 and
927 will have been operated in each of the above
registers, respectively. = The following paths,

_ therefore, will be closed: from ground, right front

contact of relay 906, conductor 936, through the
decoder connector to a completing circuit in the
receiving registers to record the digit 4; from
ground at the right front contact of relay 818,

-conductor 945 through the decoder connector to

another completing circuit in the receiving regis-
ter to record the second digit 2; from ground at
the right outer front contact of relay 921, con-
ductor 951, through the decoder connector to
another completing circuit in the receiving regis-
ter of the decoder to record the third digit 5.

It will be remembered that relay 1407 was op-

erated from the link circuit to identify the class

of service to which the calling line 2500 is en-
titled. Relay (4087 locks in a circuit from bat-
tery over the lower contacts of cam 1724, con-
ductor 1729 through the left winding of relay
1407 to grounded conductor 1238. Relay 1407
also closes a circuit from ground over its right
front contact, conductor 967, through the decoder
connector- to another completing circuit in the
decoder for recording the class of service to
which the subscriber is entitled. *

Now in accordance with the operations de-
scribed for the recoder in the above mentioned
Raymond-Scully patent, after the code and class
of service records have been seét up in the ap-
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cuits are closed thereby through the decoding re-
lays to decode this registration and results in

‘the operation of a route relay corresponding to

the code. For the purposes of illustration it will
be assumed that this route relay is relay 3205.
As already indicated, the contacts of all the route
relays are cross-connected through a terminal
rack to the appropriate windings of a group 6f
outgoing registers which, in accordance with the
particular route relay operated, operate in dif-
ferent combinations for grounding conductors
which connect with the selection registers of the
sender, shown in Figs. 18 and 19. These registers
are (800, 1810, {820, 1900, 1910 and {920. The
relays in each selection register are operated in
the appropriate combination called for by the
combination of outgoing registers responding to
route relay 3205, and each of the selection reg-
isters records the equivalent of electrical informa-
tion which is later utilized by the sender to guide
and position the train of selectors for establish-
ing the talking connection between the calling
subscriber’s line and the called subscriber’s line.
Since the manner in which these registers are
operated is no part of this invention and may be
easily obtained from the above mentioned Ray-
mond-Scully patent, it will be assumed for pur-

- poses of future operations that the following re-
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lays are operated in each selection register by the
outgoing registers in the decoder which responded
to route relay 3209. .

Selection register Relays operated:

1812.

1901, 1902.

_| 1912, 1914,

1924, 1925.

1310, 1321--local zone.

It will be observed that three of the operated
relays of the selection register, namely relays
1310 and 1321 are, for convenience, located in
different figures of the drawings. Relays 1120,
(421, 1123, 1322 and 504 are also parts of the
selection register and located in a different figure
likewise for reasons of convenience but are not
operated in the combination required for the
proper disposition of the call under consideration,
that is, the call to the office whose code is 425.

When all of the registers are operated and the
decoder has made appropriate tests to determine
that only the proper registers have responded to
ihe circuits closed by the outgoing registers, a
circuit is closed from ground in the decoder, con-
ductor 958, upper winding of relay 122, to bat-
tery. Relay 122 operates and closes a locking
circuit for itself from battery over its inner lower
front contact and lower winding to grounded con-
ductor 1238. Relay 122 also connects relay 123 to
battery in parallel with its lower winding. Relay
723, at its upper contact, prepares the funda-
mental circuit for making selections and, at its
lower contact, connects ground to conductor 131
to provide a locking circuit for stations delay

5 relays (120 and 1121, talking selections relays

1310 and 132(, two-wire office relay 1322, class
register relay 1801, 1802 and 1803 and the com-~
pensating resistance register relays 1921 to 1925,
all of which comprise parts of the sender selec-
tion registers. In addition, this ground extends
over the left contacts of cam 1704 in positions
2 to 3 of sequence switch 1700 to form the locking
circuit for the district brush register relays 18il
to 1813, the district group register relays 1901
and 1918 and the zone relays 1804 and 1605,

11

while said ground further extends over the lower
contacts of cam 1704 in positions 2 to 7 of se-
quence switch 1700 to form the locking circuit
for the office brush register relays 1821 to 1823,
office group register relays 1911 to 1914 and the
skip office relay 1123,

In addition, relay 723 disconnects battery from
the start conductor 930, the effect of which is to
release sender connector relay 2100 in the decoder
connector. This relay, in turn, releases multi-
contact relays 2101 and 2104 thereby completely
disconnecting the sender from the decoder, while
other circults are responsive in the decoder, as de-
scribed in the Raymond-Scullly patent, to restore
the decoder to normal.

Recapitulating the operations in the sender as a
result of its connection with the decoder and
assuming the connection to be extended to a panel
type office in the local zone, the following relays
have been operated in the selection register as a
result of the code translation by the decoder;
relay 1924 to indicate that a short trunk needs
considerable compensating resistance in the re-
vertive pulse loop for positioning the various se-
lectors; relay 1925 to indicate that marginal
trunk guard relay 1314 is to be used; no relays
of class register 1800 have been operated and by
circuits controlled through their back contacts
indicate & full mechanical type call; relay 1812
indicating that the third district brush is to be se-
lected; relays 1322 and (310 indicating that the
district selector is to be advanced to the second
talking position, that is, that the call is to be
completed in the local area; relays 1901 and 1902
to indicate the selection of the fourth group of
office selectors; no relays of the office brush reg-
ister 1820 being operated to indicate the selection

- of the first or zero brush; relays 1912 and 1914 to

indicate the selection of the eighth group of trunks
outgoing from the office selector; and relays 1120
and (121 to indicate that the call is to an office
employing neither stations digits nor five-digit
numbers. .

When relay 723 operates to release the decoder,
the fundamental circuit is completed for making
district brushselection. Thecircuitfor thispurpose
may be traced as follows: From battery through
the upper winding of relay 225, upper right con-
tact of cam 210, lower right contact of cam 213,
conductor 248, through the link circuit to con-
ductor 748, upper front contact of relay 723, lower
contacts of cam 1722, winding of relay 1300, back
contact of relay - 1220, inner left contact of relay
1226, right winding of relay 1225, resistance 1230,
left back contact of relay 1506, conductor 1514,
upper right contact of cam 1109, lower left con-
tact of relay 1708 to ground. Relay 225 operates
in this circuit locking over its inner upper front
contact and the lower left contact of cam 2i0 to
the fundamental circuit as traced. - Relay 228
closes a circuit from battery through the winding
of sequence switch magnet 208, upper right con-
tact of cam 224, lower front contact of relay 22E,
lower back contact of reiay 228, upper right con-
tact of cam 208 to ground, advancing sequence
switch 200 to position 4. In this position the
operating circuit of relay 225 is opened but the
relay remains operated in its locking circuit, It
also closes a circuit from baitery through the
winding of up-drive magnet 2356 of district
selector 2350, upper contacts of cam 215, lower

front contact of relay 225 tc ground as above .

traced. Magnet 2354 causes the district selecior
to move upward in a brush selecting movement.
In this movement it closes & circuit from ground
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over the lower confacts of cam 212, brush 23858,
commutator strip 2362, lower contacts of cam 213,
to the fundamental circuit, closing a substitute
locking circuit for relay 22% and shunting relay
1300. This circuit is closed each time that brush
2368 encounters a conducting segment of the
commutator strip and is opened each time that it
passes over an insulating segment.

Relay 1300 also operates in the fundamental
.circuit, but the direction of current flow is such
that relay 1225 does not. The operation of relay
1300 closes a circuit from ground over the left
contacts of cam 1708, conductor 1320, front con-
‘tact of relay 1300, conductor 1730, left contacts
of cam 1701, conductor 1135, upper right contact
of cam 1720, lower right contact of cam 17149,
left back contact of relay 1813, outer left front
contact of relay 1812, conductor 1842, back con-
tact of relay 1216, winding of relay 1218, inner
lower front contact of relay 7122, to battery. Re-
lay 1218 operates in this circuit and locks through
thewindingofrelay 1216, frontcontactofrelay 1215,
outer left contact of relay 1226, upper right con-
tact of cam 17108, lower left contact of cam 1708
to ground. Relay {216 can not operate because its
winding is shunted by the operating circuit of
relay 1215. When commutator brush 2358 makes
contact with the first conducting segment of strip
2362, closing the shunt around the winding of

-relay 1308, that relayreleases permitting relay 1216

to operate. When brush 2358 reaches an insulat-
ing segment, relay 1300 reoperates and the circuit
closed over its contact is extended over the front
contact of relay 1216, back contact of relay 1218,
winding of relay 1217 to battery. Relay (217
operates and locks through the winding of relay
1218, back contact of relay 1228, lower left and
upper right contacts of cam 1705 to ground, but
relay 1218 does not operate until brush 2358
reaches the next conducting segment. When
brush 2358 leaves this segment, relay 1300 re-
operates and the circuit is extended over the front
contact of relay 1218, lower left and upper right
contacts of cam 1713 to the winding of relay 1218
and battery. When brush 2358 reaches the third
conducting segment, shunting relay 1300 for the
third time, relays (220 and 1229 operate in the
locking circuit of relay 1219.

The operation of relay 1220 opens the funda-
mental circuit, releasing both relays 1300 and 225.
The release of relay 225 opens the circuit of mag-
net 2384 and brings the selector to rest in posi-
tion to select the third set of brushes. It also
closes a circuit from battery through the wind-
ing of sequence switch magnet 200, lower contacts
of cam 219, lower back contact of relay 225, back
contact of relay 228, upper right contact of cam
209 to ground, advancing sequence switch 200 to
position 5. In this position a circult is closed
from battery through the winding of trip mag-
net 2388, upper right contact of cam 218 to
ground, rotating the trip rod to trip the selected
set of brushes when the selector next moves up-
ward. Another circuit is closed in parallel with
trip magnet 2356 by way of the right back con-
tact of relay 2304, winding of relay 2308 to bat-
tery. Relay 2305 operates to perform functions
hereinafter described.

Concurrently with the preparationof thedistrict
selector for making group selections, which is the
selection subsequent to the operatiorr of trip mag-
net 2866, other circuitsare closed tosignal thechar-
acter of call which is being set up to the call re-
corder. At this junction it is thought advisable to
mention the fact that the preservation of the con-
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nection of the call recorder to the district selector
on a signal from the sender that the call is to be
extended within the local rate area is entirely a
function of whether or not the operating com-
pany desires to handle the charging of local calls
purely on a subscriber meter basis, and to time
and preserve a record of only such calls as are
extended beyond the local area, or whether it
desires to time and record all calls to be charged
regardless of whether they are local or toll. The
invention is entirely flexible for accommodation
with a varlety of telephone commercial and

. billing practices and any type of apparatus or

telephone systems. In some cases, for instance,
and as already indicated, the operating company
may desire to make a record of toll calls only. In
other cases, in addition to the toll record, a record
of the charges for local calls may also be thought
desirable, with this difference, however, that
while the calls made and the time of each call are
properly correlated to the calling line from which
they are made, no record is preserved of the
called line number. - And yet there are other prac-
tices where the operating company desires the
usual record of the billing details of a toll con-
nection but also complete details of local con-
nections for verifying the identity of calls in case
of disputes. The invention is easily adaptable to
each of these three representative practices as

well as to others and the slight modifications In =

the apparatus or circuits which may be required
to effect its adaptation to any system or com-
mercial practice may be easily discerned from the
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tyrical means herein disclosed for accomplishing 7

~such modifications. . o .

If, now, it is assumed that the operating com-
pany desires to obtain its record of local calls
from the operation of a subscriber’s meter and
desires no permanent record of such calls, or of
calls made from flat rate subscribers or for “free”
calls generally, then there is no further necessity
of holding the district call recorder or the record
of the called line therein. Purther, if it is as-
sumed that the operating company desires to
preserve & record of all charged calls whether
local or toll, then whether the call recorder is
held connected to the district or not depends

upon whether, in the case of local calls, the op- -

erating company desires to make a record of the
destination of the call and the time of the con-
nection without making any further use of-the
called line number in the subsequent use of that
record in the preparation of the record for print-
ing the monthly bill. It is evident that where
local calls and calls charged for on a local rate
basis are billed in bulk to the subscriber, a preser-
vation of the complete record of calls would be
desirable should a dispute arise about the ac-
curacy of the total local charges. If, therefore,
on local calls, and calls charged for on a local
rate basis, the operating company -desires no
record of the destination of the call, the call
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recorder is dismissed; if, on the other hand, a

record of the destination of the call is to be made,
. regardless of the type of call, the recorder is held.
Consequently, in the first case, when the sender
through the operation of relays 1310 and 1322 in
the selection register, recognizes the call as one
to be completed in the local area, a dismiss signal
is transmitted from the sender to the call
recorder by the completion of a circuit from
ground on the right outer contact of relay (310,
right front contact of relay 322, right contact
of relay 1226, left contacts of cam 1714, back

T0

contact of relay 1231, conductor 741 and bank 78
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terminal connected thereto, brush 488, through
the link circult as already described, brush 408,
and terminal cooperating therewith, conductor
241, contacts of relay 2308, bottom inner contacts
and winding of relay 2301 to ground. The hold-
ing winding of this relay is now shunted and sald
relay is caused to release. The ground closure
from the sender to the lower winding of relay
2301 and the consequent release of this relay is
the signal transmitted to the recorder that the
call is completed within the local rate zone.
Under such circumstances, therefore, there is no
further necessity to hold the recorder so that,
with the release of relay 2301, the circuit of
magnet 2411 is opened, opening the circuit of
plunger holding magnet 2461 and releasing the
call recorder from the district selector. Holding

. magnet 2411, due to its mechanical relationship
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to the pawls of the separate digit recording
switches, also causes the return to normal of all
the brushes of said switches. The recording cir-
cuit is now normal and ready for seizure by any
other district selector allotted for service.

In the second case where the operating com-
pany desires to preserve a record of the called line
office and number for, local calls as well as for
calls beyond the local area, the discriminating
signal described above-is not transmitted, relay
2301 is not released and the recording circuit is
held. Where the number of “free” calls is small
in proportion to all other calls which have to be
recorded, the separation of a district selector
from & call recorder and their connection to-
gether through the medium of a connecting
switch when needed, may not be economical. In
such an event, it is entirely possible to incorpo-
rate the recorder as a part of the district selector
and to omit the connecting medium, like the
Keith line switch, for example. In any event,
the gist of this feature of the invention is a call
recording circuit which may be made either in-
tegral with or separated from the district selec-
tor according to the commercial practices of the
operating company.  For the purpose of illustrat-
ing the operation of the invention, it will be as-
sumed that -the call Halifax 3678 while not a
local cal, is to be charged for on a five cent local
base rate, say ten cents for the initial conversa-
tion period of five minutes and five cents for each
additional five minutes or fraction thereof. Also,
that while no record of the called line number or
date of the call is to appear in the monthly bill,
nevertheless a record of the complete telephonic
transaction is to be made on the primary tape.

1t is also evident without any further amplifi-
cation or description that in the case as assumed
wherein the call recorder is to be held, the dis-
missing signal to the call recorder as above de-
seribed could be eliminated either by removing
the ground closure through the talking selection
relays 1310 and 1322 or by changing the transla-
tion of the code in the decoder so that the opera-
tion of the route relay 3205 in response to the
called code in the local area will result in the
operation of relay 1310 and the non-operation of
relay 1322 or the non-operation of either or by
any other suitable means which avoids the signal
and yet does not change the remainder of the

" - selection register settings for the proper position-

ing of the various selectors in extending the call-
ing line to the called line.

The necessary details of the call which have
to be recorded on the primary tape, under the

- above assumption are: .

K

1. A record of the calling line number.

i3

2. A record of the called line number.

3. The time of conversation.

4. The date. .
+ Under the circumstances of the above assump-
tion, therefore, and in accordance with the circuit
and apparatus structure used to disclose the
preferred embodiment of the invention, the
translation of the code by the decoder results in
the non-operation of either one or both talking
selection relays 1310 and 1322 and the ground
closure described above as having been trans-
mitted from the sender to dismiss the call
recorder is not available. Hence, relay 230( is
not released and the call recorder is not dis-
missed. Nothing further happens to the record-
ing or timing apparatus until the called sub-
scriber answers. The rest of the connection be-
yond district brush selection is set up as follows:

When relay 1228 operates as previously de-
scribed it closes a circuit from battery through
the winding of relay 1228, lower contacts of cam
1748, right back contact of relay 1235, front con-
tact of relay 1229 to ground. Relay 1228 locks
over its inner right contact to ground over the
lower left and upper right contacts of cam 1708.
Relay 1228 also closes an obvious circuit for re-
lay 1221. When relays (228 and 1227 both op-
erate, the circuit of relay 1226 is opened and that
relay releases. The operation of relay 1228 opens
the locking circuit for the odd numbered counting
relays, while the reiease of relay 1226 opens the
locking circuit for the even numbered counting
relays including relays 1219, 1220 and (229. The
release: of relay 1229 closes the circuit from
ground over its back contact, outer right front
contact of relay 1228, upper left contact of cam
1701, winding of sequence switch magnet (700 to
battery, advancing sequence switch 1700 to posi-
tion 3. As soon as sequence switch 1700 leaves

position . 2, the locking circult of relay 1228 is

opened and that relay releases. When relay 1228
recloses its back contact, relay 1226 reoperates
over the back contact of relay 1228, upper left
contact of cam 17116 and the lower left contact
of cam 1708 to ground.

The release of relay 1220, the reoperation of
relay 1226 and tHe advance of sequence switch
1700 reclose the fundamental circuit. Relays 228
and 1300 again operate, relay 225 locking as be-
fore and advancing sequence switch 200 to posi~
tion 6 in which position the up-drive magnet
2354 is again operated under the control of relay

- 225 and an intermittent circuit prepared from

ground as above traced over brush 2359, commu-
tator strip 2363, lower contacts of cam 210 to
the winding of relay 225 and in shunt of the wind-
ing of relay 300. As the district selector moves
upward in its group selecting operation, this cir-
cuit is intermittently closed, releasing relay (300
in the manner above described.. With sequence
switch 1700 in position 3, the counting relay cir-
cuit extends from ground over the contact of
relay 1300 to conductor 1135 as above traced and
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thence over the upper. left contact of cam {7119, .

right front contact of relay 1901, right front con-
tact of relay 1902, conductor 1843, back contact
of relay 1214, winding of relay (213 to battery.
The counting relays function to count four clo-

_sures of the intermittent circuit and then the op-

eration of relay 1220 opens the fundamental cir-
cuit. Relay 225 releases bringing the district se-
lector to rest with the brushes engaging the first
trunk in the fourth group. It also advances se-
quence switch 200 to position 7 in the manner
above described. B
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With sequence switch’' 208 in position 7, relay
225 is reoperated in the éircuit which may be
traced from battery through the lower winding
of relay 228, upper left contact of cam 228, right
contact of cam 222, lower contacts of cam 2117,
front contact of relay. 228, lower left contact of
cam 214, toground. Relay 228 advances sequence
switch 200 out of position 7 and into position 8.
When sequence switch 208 reaches position 71,

-the testing circult from the first outgoing trunk

Is closed over the sleeve of that trunk, sleeve
brush 2383 of the district selector, lower contacts

of cam 221, inner upper front contact and wind-.

ing of relay 225 to battery. Therefore, if the
first outgoing trunk is busy, as indicated by
ground connected to its sleeve terminal, relay 225
is held operated. Another holding circuit is closed
over the outer upper front contact of relay 225,
and the right contacts of cam 203, to the sleeve

‘brush. If relay 228 remains operated in position

8, up-drive magnet 2354 is again operated and
the selector moves upward in search of an idle
trunk. Relay 225 is beld operated between trunks

in a circuit through its lower winding, upper left

and lower right contacts  of cam 220, centering
commutator strip 2861, brush 2387, left contacts
of cam 218§, lower front contact of relay, 225, back
contact of relay 226, upper right contact of cam
208 to ground. :

When an idle trunk is found and the brushes
of the selector are properly centered, relay 22§
releases, advancing sequence switch 200 to posi-
tion 9. In position 9 relay 228 is operated
through its lower winding, upper right and lower
left contacts of cam 217, front contact of relay
229, lower left contact of cam 214, to ground. Re-
lay 225 advances sequence switch 200 to position
10 where relay 225 is held operated under the
control of relay 228. In this position the tip of
the fundamental circuit is extended from con-
ductor 248, upper back contact of relay 237, lower
contacts of cam 204 to brush 235/ and thence to
the tip conductor of the office selector, and the
ring of the fundamental circuit is extended from
conductor 241, over the lower right and upper left

contacts of cam 205 and brush 2352 to the ring -

conductor of the office selector. At the office se-
lector, the tip and ring conductors extend to bat-
tery and ground respectively. _

- In the sender, the operation of relays 1220 and
(229 performs the same function as above de-

scribed, advancing sequence switch 1700 to posi--
tion 4. With sequence switch 1700 in position 4,

a circuit is closed from battery through the wind-
ing of relay 1602, upper right and lower left con-
tactsof cam 1710 to grounded conductor 1318. Re-

lay 1602, in operating with neither relay 1504 nor -

relay 1508 operated, closes a circuit from battery
through resistance 1603, inner left front contact
of relay 1602, inner left back contact of relay
1504, right back contact of relay 1505, right wind-

ing of relay 1506 to ground. With relay 1506 op-
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erated, the circuit for testing the office selector
is closed. This circuit extends from the .office
selector over the fundamental circuit to conductor
148, upper front contact of relay 723, left back
contact of relay 1804, through resistance | 125,
lower left and upper right contacts of cam 1703,
conductor 1131, right front contact of relay 1506,
conductor {510, right front contact of relay 1925,
winding of relay 1314, back contact of relay 1220,
inner left contact of relay 1226, right winding of
relay 1225, left contacts of cam (71 1, back con-
tact of relay 1921, through resistances 1927 and
1826, back contact of relay 1922, upper right and

- 9,165,934

lower left contacts of cam 1714, back contact of

. relay 1234 to conductor 747 and thence to the

office selector. If the circuit is properly com-
Pleted at that point, relay 1314 operates but re-
lay 1225 does not. The presence of resistance
1125 in the circuit 2180 prevents the premature
operation of the control relay of the.office selec-
tor.  Relay (314 closes an obvious circuit for

- relay 1307 which locks to ground over conductor

17134 and the lower right contact of cam 1708,
Relay 307 closes a circuit from ground at its lett
front contact, left contacts of cam 1106, through
the winding of sequence switch magnet (700 ad-

" vancing the switch to position 5. :As soon as the

switch leaves position 4, the locking circuit of
relay 1307 is opened. The advance of the switch
from position 4 also opens the testing circuit and,
as soon as position 5 is reached, the fundamental
circuit is closed from conductor 748 to the lower
right contact of cam 1722, lower left contact of
that cam, through the winding of ‘relay (300 to
the back contact of relay 1220 and thence as
traced for the testing circuit to the fundamental
ring conductor 7141,

The operations for making office selections are
very much the same as those described for mak-
ing district selections. The counting relay cir-
cuit for making office brush selection may be
traced from ground over the front contact of re-
lay 1300 to conductor 1138, upper right contact of
cam (120, upper right contact of cam 1718, back
contact of relay 1821, left back contact of relay
(822, right back contact of relay 1823 to conductor
1840, lower left and upper right contacts of cam
1113 to the winding of relay 1218 and battery.
Therefore, a single revertive impulse from the
office selector satisfles the recorded condition in
the sender and the first office brush set is select~
ed. Relays 1220, 1229, 1228, 1221 and 1226
operate as previously described to advance se-
quence switch 1700 to position 6 where office group
selections are made. In this position the re-
operation of relay 1226 awaits the release of re-
lay 1227 which is slow to release. The funda-

mental circuit is the same as that for office brush .

selection but the counting relay circuit extends,
in this case, over the upper contacts of cam 1120,
rightback contact of relay 181, outer left front
contact of relay 1812 to conductor 1842. Two
revertive impulses therefore cause the operation
of relays 1215 to 1218, inclusive. With relay 1218
operated the circuit now extends over the left
contacts of cam (71(3, right front contact of relay
{914, conductor 1845 to the back contact of re-
lay 1202, winding of relay 120( and battery. The
following five revertive impulses cause the oper-
ation of relays 1201 to 1210, inclusive, and the
operation of relay {2{0 extends the counting eir-

-cuit to the winding of relay 1219 so that the eight

revertive impulse causes the operation of relays
1220 and (219 resulting in the opening of the
fundamental circuit and the advance of sequence

switch 1700 to position 7 where a test is made of -

the trunk outgoing to the incoming selector lo-
cated at the wanted office. As in position 6,
the fundamental circuit is not reclosed until re-
lay 1227 has released.

As soon as sequence switch 700 leaves position
3, the locking circuit for the relays of registers
1800 and 1819 is opened, and relays 1801, 1902
and (812 release. When sequence switch 1700
reaches position 7, a circuit is closed from bat-
tery over the inner left back contact of relay
1804, conductor (850, through the winding of
relay 1501, conductor 1811, upper contacts of
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cam 1118, conductor 1732 and thence over the in-

. ner left front contact of relay 1001 to grounded
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conductor 1311. Therefore, relay 1581 can not
operate until the thousands digit has been re-
corded as indicated by the operation of relay 1801.
Relay 1501, in operating, connects the thousands
register 1000 to the district brush register 1819
which now becomes the incoming brush register.
Relay 1830 is now included in this register. Since
the number of the called subscriber was as-
sumed to be 3678, relays 1004 and 1005 of register
1000 will have been operated and a circuit will
be closed from ground over the middle right con-
tact of relay 1004, outer right front contact of re-
lay 1501, winding of relay 1830 to battery. A
second circuit is closed from conductor 1732

which is grounded by the operation of relay 1001,

inner right. contact of relay 1008, middle right
contact of relay 1561, conductor 1041, winding
of relay 1811 to battery.

In position 7 of sequence switch 1788 the trunk
testing circuit extends as traced in position 4,
except that the quantity of compensating re-
sistance inserted in the. fundamental circuit is
now controlled by relays 1923 and 1924 and the
circuit, therefore, extends from the lower left
contact of cam (714 to the lower left contact of
cam (117 by way of the right front contact of
relay 1924, resistance 1928 and the right back
contact of relay 1923 so as to include only re-
sistance 1926 instead of both resistances 1921
and 1926. Relay 1802 and relay 1506 are again
operated in positions 6 and 7 to complete the
testing circuit as previously traced. As before,
thé completion of the circuit at the distant selec-
tor permits the operation of relay 1314, in turn
operating relay 1307 which locks as long as se-
quence switch 1780 is in position 7. It closes a
circuit from ground over its outer left contact
and the lower contacts of cam 1706, right back
contact of relay 1804 to the winding of sequence
switch 1700 advancing the sequence switch from

position 7 to position 8. The advance of sequence’

switch 1700 opens the locking circuit of relay 1307
which releases. It also opens the locking cir-
cuit for the relays of registers 1820 and 1918,

In position 8 incoming brush selection takes
place in s manner similar to the previous selec-
tions, the fundamental circuit extending as for
office selection except that resistance 19826 is in-
cluded alone as in the test circuit. The counting
relay circuit for this selection extends from
ground over the contact of relay 1300 to con-
ductor 1135, inner left back contact of relay 1238,

3 lower contacts of cam 1719, left back contact of

relay 1813, left back contact of relay 1812, right
front contact of relay 181§ to conductor 1841 and
thence to the winding of relay 12471 so that two
revertive pulses are received and the second brush
set of the incoming selector is chosen.

The operation of relay 1228 closes a circuit from
ground over its front contact, right back contact
of relay 1235, lower left and upper right contacts
of cam 1718, winding of sequence switch magnet

5 1700 to battery, advancing the sequence switch

to position 9.

In position 9 a circuit is closed from battery
over the back contact of relay {804, conductor
{850, winding of relay 1502, conductor 15§2, up-
per contacts of cam 1721, conductor 1742, inner
left front contact of relay 1041, to ground at the
front contact of relay 1030. Incoming group
selection is under the joint control of the
thousands and hundreds registers, and therefore
can be made only after the hundreds digit has
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been recorded as indicated by the operation of
relay 1011, With relay 1502 operated, a circult
is closed from ground over the middle right front
contact of relay 1502, upper right contact of cam

1101 to the winding of sequence switch magnet

§100, advancing the sequence switch to position 10
in preparation for making incoming group selec~
tion. Relay 1802 also connects the hundreds
register 1010 with office brush register 1820 which
now hecomes the final brush register and, with re-
lay 1901 of the district group, register 1900 now
becomes the incoming group register. Under the
assumption made, relays 10i4 and 1017 are oper-
ated. A circuit is closed from ground at the
right contact of relay 1014, outer right front con-
tact of relay 1502, conductor 931, right winding
of relay 1821, to battery. Another circuit is
closed from ground over the inner right contact
of relay 1041, inner right contact of relay 1502,
conductor 1081, right winding of relay 190f to
battery. Since relay 1830 was operated, a cir-
cuit is closed from ground over the upper front
contact of relay 722, conductor 150, outer left
front contact of relay 1581, right front contact
of relay 1830, right back contact of relay 1813 to
the winding of relay 1802 and battery.

With sequence switch 1700 in position 10, the
fundamental circuit is established for incoming
group selection and is the same as that for in-
coming brush selection. 'The counting relay cir-
cuit extends as for incoming brush selection to
the lower left contact of cam (719, and thence
over the upper left contact of cam (T(9, right
front con‘act of relay 1901, front contact of relay
1902, conductor 1843, back contact of relay 1214
to the winding cf relay (213 and battery. There-
fore, four revertive impulses are required to satis-
fy the sender and the fourth group of final selec-
tors is selected. The incoming selector hunts
for an idle final selector in the usual manner and
extends the fundamental circuit to it when found.
The operation of relay (229 advances sequence

- switch 1700 to position 11. When sequence switch

1700 leaves position 10, relay {581 releases in
turn releasing the relays of register i810. In
this position, the fundamental tip is connected
to the fundamental ring to dissipate any charge
due to cable capacity which may have accumu-
lated thereon before starting final selection. The
circuit extends for this purpose from conductor
748 to the back contact of relay 1804, through
resistance (725, left contacts of cam 1703, resist-
ance {126, right back contact of relay (23( to
conductor 7471. Since relay 1502 is operated,
sequence switch 1700 is immediately advanced to
position 12 where the fundamental circuit is re-
closed for final brush selection. )

The counting relay circuit for final brush selec-
tion extends from ground over the lower left and
upper right contacts of cam #1108, conductor {730,
front contact of relay {3389, conductor i320, up-

per contacts of cam (107, conductor 735, inner

left back contact of relay {236, lower left and
upper right contacts of cam 1719, front contact
of relay 1821, back contact of relay 1822, conduc-
tor 1841 to the winding of relay 1217 so that the
second brush set of the final selector is taken for
use. As before, the operation of relay 1229 ad-
vances sequence switch 1100 to position 13. The
advance of the sequence switch releases relay
1502 and the relays of registers 1820 and 1900.

In position 13 a circuit is closed from battery
over the back contact of relay 1804, conductor
1850, through the winding of relay 1503, conduc-
tor 1513, lower contacts of cam 1715, conductor
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1743, inner front contact of relay 1021 to ground
at the front contact of relay 1030. Relay {503
connects the tens register 1020 with the relays of
register 1910 which now becomes the final tens
register. Since relays 1025 and 1021 were oper-

- ated, circuits are closed from ground over the
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right contact of relay 4025, inner left contact of
relay 1503, conductor 1052, winding of relay 1912
to battery and from ground over the inner right
contact of relay 1021, outer right contact of relay
1503, conductor 1054, winding of relay 1914 to
battery. Relay 1503 also connects ground to the
winding of magnet 17100 advancing the sequence
switch to position 14 in which position final tens
selection is made. The counting relay circuit
for final tens selection may be traced over the
contact of relay 1300 to conductor 1735, inner
left back contact of relay 1236, lower left con-
tact of cam 17119, upper left contact of cam 1720,
back contact of relay 1811, left front contact of
relay 1912, conductor 1842, back contact of relay
1216, winding of relay 1215 to battery. Two
revertive impulses operate relays 1215 to 1218
when the circuit is extended over the front con-
tact of relay 1218, left contacts of cam 1713,
front contact of relay 1914 to conductor 1845,
back contact of relay 1202, winding of relay 1201
to battery. Wve more impulses operate relays

.1201 to 1210 when the circuit is extended to relay

12i9. Therefore, eight revemive impulses are
necessary to satisfy the setting of the sender.
The operation of relay 1229 advances sequence
switch 1700 to position 15, releasing relay 1503
and the relays of register 1910,

In position 15 a circuit is closed from battery
over conductor 1850 through the winding of relay
1601, conductor 1604, lower contacts of cam 1721,
conductor 1744, inner right front contact of relay
1101 to ground at the front contact of relay 1030.
Therefore, relay (601 can only operate after the

~units digit has been eompletely recorded. Relay

1601 connects the units register 1100 with the
relays of registers (968, which now serves as the
final units register. Since relays 1104, (105 and
1107 are operated, circuits are closed from ground
over the right contact of relay (104, inner left
contact of relay 1601, conductor 1081, winding of
relay 1801 to battery, from ground over the right
contact of relay 1108, outer left contact of relay.
1801, conductor (082, winding of relay 1902 to
battery, and from ground over the outer right
front contact of relay §107, middle right contact
of relay 1601, conductor 1084, right winding of
relay 1904 to battery. Relay 1601 also closes a
circuit from ground at its outer right contact
over the upper right contact of cam (101, through
the winding of sequence switch magnet (700 ad-
vancing the sequence switch to position 16 in
which position the fundamental circuit is rees-
tablished for making final units selection. With_
relays 1801 and 1902 operated the counting relay
circuit extends over the left contacts of cam
i119, front contact of relay (90i, front contact
of relay 1902, conductor {843, back contact of
relay 1214, winding of relay 1213 to battery.
Three revertive impulses operate relays 1213 to
1218 when the circuit is extended over the lower
contacts of cam 1113, front contact of relay 1904
to conductor 1845 and the winding of relay 1201.
Five more revertive impulses result in the opera-
tion of relays 1201 to 1210, inclusive while the,

ninth revertive impulse operates relays 1219, 1220

and 1229. In this position. of sequence switch
1700, the operation of relay 1228 causes the op-
eration of relay 1228 in turn operating relay 1221

2,165,024

and releasing relay 1228 to release the counting
relays in the manner previously described. With
relay 1229 released, and relay 1228 operated,
sequence switch 1700 is advanced to position 17,
releasing relay 1601 and the relays of register
1900. In position 1T the fundamental circuit is
reestablished for receiving reversed battery from
the incoming selector as soon as relay 1226 reop-
erates following the reclosure of the back contact
of relay 1221.

After the wanted line has been found, the in-
cor:ing selector is advanced to a position in which
reversed battery is connected to the fundamental
circuit. Therefore, relays 1300 and 1225 are both
opcrated.. Relay 1228, in operating, closes a cir-
cuit .rom ground at its contact over the left con-
tacts of cam 1711, through the left winding of
relay 1225 to battery holding the relay operated.
1t also closes a circuit over the upper left and
lower right contacts of cam 1711, winding of re-
lay 1238 to battery. With relay 1235 operated,
the operation of relay 1300 closes a circuit from
ground over its front contact to conductor 1135
as previously traced, inner left front contact of
relay 1235, winding of relay 1219 to battery. Re-
lay 1219 operates and locks as before described.
A relay in the incoming selector also operates over
the fundamental circuit and advances the incom-
ing selector to a position where the reversed bat-
tery is removed. Relay 1300, therefore, releases,
but relay 1225 is locked holding relay 1235 oper-
ated. The release of relay 1300 removes the
shunt from relays 1220 and 1229 and these re-
lays now operate. Relay 1229 closes a circuit

_ from ground over its front contact, right front

contact of relay 1235, winding of relay 1231 to
battery. Relay 123{ operates, locking over its
inner left contact to grounded conductor 1238.
Relay 1231 opens the fundamental ring conduc-
tor at its right contact. Relay 1229 also closes
a circuit from ground at its front contact over
the right front contact of relay 12385, lower con-
tacts of cam 1112, right contacts of cam 812
through the winding of relay 1232 to battery.
Relay 1232 in operating closes a circuit from hat-
tery through the winding of relay {228, right
front contact of relay 1232, upper right contact
of cam (718 to ground. Relay 1228 locks over

cam (708, operates relay 1221, releases relays-

1226, 1219, 1220 and 1229. When relay 1229 re-
leases, it closes a circuit over its back contact,
front contact of relay 1228, cam 178!, to magnet
1700 advancing the sequence switch to position
18. Relays 1228 and 1238 release. Relay 1231
remains locked and holds relay 1282 operated.
Relay 1228 also releases, reclosing the circuit of
relay 1228 over the upper left contact of cam
1716 to ground.

The operation of relay 1232 opens the shunt
around the high resistance winding of relay 1308,
including this resistance in the circuit of relay
229 at the district selector. Relay 228 cannot
remain operated in series with this resistance
and, therefore, releases, in turn releasing relay
225 which advances sequence switch 200 from po-
sition 10 to position 11. With sequence switch
200 in position 11, ground is connected to con-
ductor 245 over the lower right contact of cam
214. This ground is connected to conductor 248
before relay 229 is disconnected therefrom and,
therefore, reoperates -that relay. If the calling
subscriber still has the receiver off the switch-

-hook, relay 231 is held operated in the dialing

circuit previously traced and a second circuit is
closed for relay 229 through resistance 239, front
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contact of relay 231, upper left contact of cam:

214 to ground in which it is held operated
through position 17 of the sequence switch under
the control of the calling subscriber. Sequence
switch 208 is advanced from position 11 to posi-
tion 12 over the upper right contact of cam 224,
right contacts of cam 21§ and the lower contacts
of cam 212, When sequence switch 208 leaves

position 11, relay 229 is disconnected from con-

ductor 245.

In the sender, the disconnection of battery
from conductor 248, opens the circuit of relay
1308 which releases, in turn releasing relay 1234.

With relay 1234 released a circuit is closed from

ground over its outer right back contact, left con-
tact of relay 1233, winding of relay 1388, to bat-
tery. Relay (388 locks over its outer right front

~contact to conductor 748. It also connects

ground in shunt of battery through resistance
1304 so that relay 1233 also releases.

With relay 1234 released, the circuit for mak-
ing talking selection is completed as follows:
battery through the upper winding of relay 228,
upper right contact of cam 219, lower right con-
tact of cam 2(3, conductor 248 through the link
circuit to conductor 148, front contact of relay
123, lower contacts of cam 1122, winding of relay
1389, back contacts of relay 1229, front contact of
relay 1226, right winding of relay 1228, resistance
1230, inner right back contact of relay (234 to
ground. Relay 1388 closes a counting relay cir-
cuit from ground as previously traced to the up-
per right contact of cam 1720, lower left contact

"of that cam, back contact of relay (224, front

contact of relay 1310, front contact of relay 182(,
conductor 1841, lower back contact of relay 1218,
winding of relay §217 to battery. Relay 228 in
operating closes a circuit from battery through
the winding of sequence switch magnet 200, up-
per right contact of cam 224, lower front contact
of relay 22§, upper left contact of cam 208 to
ground. As sequence switch 200 advances out
of position 12 through positions 123 and 133
ground is connected over the left contacts of cam
221 and lower left contact of cam 218, lower right
contact of cam 213, to conductor 248 in shunt of
the winding of relay 1300. Relay 1300 releases
twice, permitting relays 1211, 1248, 1219, 1220
and 1229 to operate. Relay 1220 opens the hold-
ing circuit for relay 225 which now releases hold-

ing sequence switch 208 in position 14 in which a

charge is made. .

When sequence switch 200 advances to position
11Y; the dialing circuit is opened and in position
111 the calling subscriber’s talking circuit -is
completed from ground over the upper left wind-
ing of repeating coil 234, upper contacts of cam
201, bottom inner contact of relay 2525, brush
2841 of the line finder 2510, through the sub-
scriber’s substation back to brush 252, bottom
outer contact of relay 2§28, winding of relay 281,
lower contacts of cam 202, lower left winding of

‘repeating coil 232 to battery. The cuttings of

cam 202 overlap sufficiently to prevent the re-
lease of relay 231. The opening of the dialing
circuit releases relay 128 which in turn releases
relays 116, 713, 714, and T1b.

The operation of relay 1229 closes a circuit
from ground over the front contact of relay 1229,
back contact of relay 1235, left contacts of cam
1148, winding of relay (231 to battery. It also
connects ground over the left back contact of re-
lay 1234 and the left contacts of cam 1723 to the
winding of relay (231 to insure its operation.
The release of relay 228 also connects ground over
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the upper left contact of cam 209, lower back
contact of relay 228, right contacts of cam 219,
conductor 247, through the link, to conductor T47.
The operation of relay 1237 opens the circuit of
relay 1301, connects battery through. the resist-
ance 1302 over the outer left front contact of
relay 123% and the inner right front contact of
relay 1308 to conductor 7485. .

The connection of battery to conductor 145 re-
verses the direction of current flow through the
upper winding of relay 424 so that the relay now
operates, closing a circuit from ground over its

- lower front contact, lower contacts of cam 624,
upper winding of relay 422 to battery. Relay 422
locks in a circuit from battery through its upper
winding and upper front contact to ground over
the lower contacts of cam 625. Relay 422 closes
a circuit from ground at the lower back contact
of relay 420, inner lower front contact of relay
422, right contacts of cam $23 to the winding of
Sequence switch magnet 600 and battery, ad-
vancing sequence switch 808 to position 6. In
this position conductors 743, 144, 748, 147 and 148
are all disconnected from the corresponding con-
ductors of the district selector, the connection of
conductor 148 being maintained until the se-
quence switch moves out of position 5%, at which
time relay 424 releases. .

In position 6, the locking circuit of relay 422
is held closed if the sender selector is within pre-
determined distance of the top of its terminal
bank. This is determined by the use of commu-
tator segments 463 and 464. Segment 464 ex-
tends over the top ten terminals and segment 463
extends over the next ten terminals, so that, ac-

“cording as segment 483 alone or both 463 and 464
are used, the locking circuit of relay 422 over the

. right contacts of cam 615 is held closed if the

sender selector is engaging one of the top ten
or one of the top twenty terminals. With relay
422 held operated in position 6, the circuit is
closed from battery through resistance 421, wind-
ing of relay 428, upper left and lower right con-
tacts of cam €18, outer lower front contact of
relay 422, lower left and upper right contacts of
cam 618 to ground. Relay 428 closes a circuit
from battery through the winding of down-drive
magnet 488, upper contacts of cam 611, lower-
most front contact of relay 420 to ground. The
sender selector is thereby driven to its lowermost
position where a circuit is closed from ground
over commutator segment 460, brushes 468 and
4588, commutator segment 461, lower contacts of
cam 618, to resistance 421 in shunt of the winding
of relay #20, releasing that relay and opening the
circuit of the down-drive magnet 466, leaving the
sender selector in its lowermost position ready
to hunt for another sender. As soon as brush
458 leaves segments 464 and 463, relay #22 re-
leases. If the sender selector is engaging any
set of terminals below the eightieth set, relay 422
releases when sequence switch 600 leaves position
5%, and the sender selector remains in engage-~
ment with the set of terminals last used. .
When relay 422 falls back, the magnet of se-
quence switch 800 is energized over the upper
left contact of cam 613, lower back contact of
relay 422, lower left and upper right contacts of
cam 618 to ground, advancing sequence switch 600
to position 7. In this position, the link is ready
to associate itself with another idle district.
When a district is ready for association with a
link circuit, its sequence switch is advanced to
position 1 and a circuit is closed similar to that
traceable from ground over the lower right con-
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tact of cam 212, lower right contact of cam 214,
lower left and upper right contacts of cam 2i14,
contact of jack 230, conductor 248, contact of
jack 822, contact of jack $14, lower contacts of
cam 618, upper back contact of relay 424, lower
left and upper right contacts of cam 618 to the
winding of relay 423 and. battery. Relay 423
closes a circuit from battery through the upper
winding of relay 422 and also closes a circuit
from battery through the middle winding of re-
lay 424, left contacts of cam $24, lower winding
of relay 424, to ground at the front contact of
relay 423. At the same time, a circuit is closed
from ground at the iner upper front contact of
relay 423, through the lower winding of relay 424,
lower left and upper right contacts of cam €24,
upper winding of relay 424, back contact of relay
420, upper left and lower right contacts of cam
8268, contact of jack $i4 to brush 404 to test for
a district selector in the awaiting link condition.
With relay 422 operated the circuit of up-drive
magnet 4(8 of the district finder is closed over
the lower left and upper right contacts of cam
623, inner lower front contact of relay 422, to
ground at the lower back contact of relay 420. In
position 1 of the district selector sequence switch,
battery through a predetermined resistance is
connected to the terminal to which brush 404 has
access over a circuit similar to that traceable
from battery through resistance 241, lower left
and upper right contacts of cam 216, contact
of jack 230 and conductor 246. When the district
finder reaches a set of terminals marked in this
manner, relay 424 operates, releasing relay 422
and thus opening the circuit of up-drive magnet
413. .

If the district finder 400 reaches the top of its
bank without finding a district ready for asso-
ciation with the link, a circuit is closed from
ground over commutator strip 410, brushes 499
and 408, commutator segment 418, lower left and
upper right contacts of cam 810, winding of relay
420, resistance 421 to battery. Relay 420 locks
over its inner lower contact and the upper left
and lower right contacts of cam 625. It also opens
the circuit of up-drive magnet #13 and closes a
circuit, from ground over its lowermost front
contact, upper right and lower left contacts of
cam 61], winding of down-drive magnet 414 to
battery. The district inder is restored to normal
in this circuit. Relay #20 also opens the testing
circuit leading to brush 484 to prevent the false
operation of relay 424. When the finder has

reached normal, ground is connected over seg-*

ments 410 and 411 and brushes 408 and 409, up-
per right and lower left contacts of cam 61§ to

resistance 421, shunting and releasing relay 420

which restores the testing circuit as well as the
circuit of up-drive magnet 413 and the hunt
continues.

When a district is found in position 1, relay
424 operates opening the circuit of relay 423
which now releases, closing a circuit from bat-
tery, through sequence switch magnet 800, lower
left contact of cam €13, contact of jack 607,
lower back contact of relay 4283, upper front
contact of relay 424, lower contacts of cam 618,
contact of jack 614, contact of jack 622 to ground
over conductor 249. Sequence switch 600 is ad-
vanced to position 8 in this circuit. In this
position relay 424 remains locked under the con-
trol of battery from the district selector. In
position 8 a circuit is closed from ground over the
upper right and lower left contacts of cam 618,
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cam §88, brush 481, to the tip conductor of the
district selector engaged by finder 400 whence
the circuit is similar to that traceable over con-
ductor 243, upper left contact of cam 213, upper
right contact of cam 218, upper winding of re-
lay 22§ to battery. This relay operates, locks
over its inner upper front contact and the left
contacts of cam 22§ and advances sequence
switch 280 to position 2.  As the sequence switch
leaves position 1, relay 226 releases and the se-
quence switch comes to rest in position 2. The
advance from  position 1 disconnects battery
from conductor 248 thus permitting relay 424 to
release and close a circuit from battery through
sequence awitch magnet €80, upper right contact
of cam 613, back contact of relay 424, lower left
and upper right contacts of cam 618 to ground,
advancing the sequence switch to position 9. The
link remains in this position until the link next
to it in the chain has been taken for use and ad-~
vanced to position 2. Assuming that the link
represented by cams §3{ to $38, inclusive is the
next link, when this link reaches position 2, a cir-
cuit is closed from ground over the left contacts
of cam §38, right contacts of cam $36, contact of
jack 607, left contacts of cam $86, right contacts
of cam §08, to the winding of sequence switch
magnet 600, advancing the sequence switch to
position 10 which is the equivalent of position 1
and making this link ready for use in connec-
tion with the next incoming call in this group
of lines.

Returning now to the sender, the disconnec-
tion by the link of the conductors extending to
the district selector results in the release of relay
1308. With relay 1308 released, as well as the
relay 114 as above described, a circuit is closed
from battery through the winding of sequence
switch magnet (700, lower right contact of cam
(101, lower contact of relay 114, back contact
of relay (233, back contact of relay (308 to
ground. Sequence switch 1788 advances in this
circuit to position 1 thereby disconnecting bat-
tery at cam (124 from the various conductors
associated therewith, and ground at cam (718
from conductor 1238, which in turn releases relay
1303. With sequence switch 1100 in position 1,
a circuit is closed for returning sequence switch
2000 to position 1, it if should be off normal.
The disconnection of ground from conductor 1238
releases relay 826 which controls the time meas-
ure switch, thereby closing a-circuit from ground
at its back contact, lower left contact of cam 898,
upper right contact of cam 801, left winding
of relay 827 to battery. Relay 827 closes a circuit
for advancing sequence switch 880 which is main-
tained until sequence switch 800 reaches posi-
tion 1 at which time relay 827 also releases and

brings the time measure switch to rest, there--

by restoring all parts of the sender to normal.

In the district selector when the sequence
switch 200 comes to rest in the talking position
selected, i. e., position 14, the outgoing end of
the talking circuit is established from tip brush
2351, left contacts of cam 204, upper right
winding of repeating coil 234, left contacts of cam
203, winding of relay 233, lower right winding
of repeating coil 234, left contacts of cam-208
to ring brush 2352. :

In the meantime the incoming selector con-
nects ringing current in the known manner to
the called subscriber’s line and, when that sub-
scriber responds by removing his receiver from
the hook, the current flow through relay 233 is

upper front contact of relay 424, left contacts of reversed so that relay 233 operates, closing a cir-
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cuit from ground over the lower right contact
of cam 208, front contact of relay 233, lower left
-and upper right contacts of cam 220, left contact
of interrupter 288, the winding of relay 226 to
battery. Relay 228 locks over its inner upper
front contact, right contact of cam 222, lower
left contact of cam 220 to ground under the con-
trol of relay 233. When interrupter 238 closes
its right contact a circuit is closed from ground
on this contact the outer lower front contact of
relay 226, upper right and lower left contact of

"cam 218, winding of relay 237 and battery. Re-

lay 237 operates and:locks to ground through its
bottom inner contacts, the upper left contact
of cam 209 to ground. The operation of relay
231 is the signal to the district selector after the
interval measured by interrupter 233 to allow for
line disturbances, that the called subscriber has
answered and indicates the instant from which
the conversation period is to be measured. Con-
sequently after the operation of relay 231, a cir-
cuit is completed from ground through the top
middle contacts of relay 287, conductor 2314,
left outer contacts of relay 2365, winding of re-
lay 2304 to battery. Relay 2304 operates and,
through its left inner contacts, connects ground
to conductor 2833 which extends to resistance
28626 and sleeve brush 2513 while through its
right inner contacts it closes a circuit from
ground through clock controlled interrupter 2369,
right inner contacts of relay 2304, winding of
magnet 237( of timing switch 2300 to battery.
Timing switch 2300, as well as timing switch
2318, is of the positive stepping type similar to
any of the register switches 2401 to 2408, inclu-
sive, so that, with the closure of the interrupter
2369 after the passage of the proper time inter-
val, the close of the above described circuit to
magnet 2371 will cause brushes 2372 and 2376
of switch 2380 to advance one terminal on their
respective contact arcs.

Now interrupter contact 2368 may be closed
periodically at any suitable interval. In this dis-
closure, it is assumed that it closes once every
minute. Since each of the contact arcs of switch
2308 has eleven terminals, the rotation of brushes
2372 and 2378 over one complete revolution meas-
ures a conversation period of ten minutes.

However, telephone conversations may last
more than ten minutes, especially those relating
to local calls. It becomes necessary, therefore, to

provide some recording mechanism which will

record the passage of each ten minute interval of
whatever may happen to be the maximum con-
versation period which has to be recorded. For
this purpose, switch 2310 is added. Its brushes, as
more completely described hereinafter, advance
one terminal for every complete revolution of the
brushes of the minute switch 2309. Since switch
2310, like switch 2390, is provided with a terminal
bank having ten working terminals for each
brush, it is possible thereby to record a conversa-
tion period of 100 minutes or one hour and 40
minutes. When it is desirable to record conversa-
tion periods longer than this on the basis of one
minute intervals other switches may be added to
record the additional time. Or again, switches
of larger terminal capacity may be used and the
standard base interval reduced from one minute
to 30 seconds. In the present embodiment of the
invention, in order not to encumber the specifica-
tion and the illustrative figures with descriptions
and disclosures which illustrate capacity of regis-
tration rather than the principle upon which
registration is based, it has heen assumed that,
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although the use of switch 2318 permits record-
ing maximum conversation periods of one hour
and 40 minutes, the maximum conversation period

is limited to 30 minutes and that the base interval

is one minute. Consequently when the brushes of g
switch 2300 have advanced to the 11th terminal,
switch contacts 2376 are closed and a circuit is
completed from ground on said contacts, winding

of relay 2366 to battery. Relay 2366 operates, locks
over its bottom contacts to ground on the off nor- g
mal contacts 2388 of the minute switch 2308 and ’
opens the circult of release magnet 2387 of switch
2300 thereby permitting the return of brushes
2312 and 2315 to the normal terminals on their
respective arcs.’ Relay 2386, through its top inner 3§
contacts, further completes a circuit to the wind-
ing of magnet 2317 of the 10 minute switch 231§
which, in its mechanical structure, is identical
with the minute switch 2300.

The operation of switch magnet 23171 causes g¢
brushes 2374 and 2313 to be advanced one ter-
minal on their respective contact arcs to register,
by such advance, an elapsed interval of ten min-
utes of the conversation period.

In the meanwhile the return to normal of the g§
minute switch 2300 caused the opening of the oft
normal contacts 2308 in consequence of which
relay 2866 releases and, in turn, opens the circuit
of magnet 23717 and recloses the circuit of holding
magnet 2367 which, by its operation, permits the 30
brushes 2372 and 2315 to advance once again
along their respective arcs on the registration of
the second ten minute interval or fraction thereof.

With the 10 minute switch 2310 registering a
ten minute conversation period, and the minute 3¢
switch 23080 normal during the succeeding one
minute interval, the timing mechanism is ready
to register another 10 minute interval or fraction
thereof and further, at the proper time, another -
ten minute interval; the timing continuing until g
the conversation is terminated, every revolution of
the minute switch 2308 measuring a ten minute
period and every step of 10 minute switch 23(8
recording a 10 minute interval. The total conver-
sation period, therefore, is measured by the num- gg
ber of terminals traversed by the brushes of switch
2319 representing so many ten minute intervals

" and the number of terminals to which the brushes

of switch 2300 has been advanced representing the
number of minutes less than ten.

At the end of the conversation, when the called
subscriber restores his receiver to the switch-
hook, the current flow through relay 233 is re-
versed and the relay releases, in turn releasing
relay 226. When the calling subscriber restores
his receiver, relay 231 releases in turn releasing
relay 229. With relay 228 released, a circuit is
closed from ground over interrupter 23§, back
contact of relay 229, lower left contact of cam
208, lower right contact of cam 241, lower wind-
ing of relay 2%28 to battery. Relay 282§ operates
and locks through its upper winding and inner
front contact, conductor 2834, to ground over the
upper left and lower right contacts of cam 2{2.
Relay 2825 further disconnects the tip and ring ¢¢
conductors of the calling line from the tip and
ring brushes of the liné finder district selector,
but ground from the left contact of relay 2304 is
still connected through resistance 2§26 to brush
-2513. Relay 2525 also connects ground through 7o
its top outer contacts, lower right contact of cam
216, upper left contact of cam 223, through the
winding of sequence switch magnet 200 to bat-
tery, advancing the sequence switch to position
17. As the sequence switch passes through posi- g§
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tions 15 to 17, the locking circuit of relay 237 is
held closed through the lef{ upper contact of cam
209. Consequently, a circult is closed from bat-
tery through both windings in series of relay 2302,
conductor - 23(8, bottom outer contacts of relay
231, bottom contacts of cam 208, conductor 2311,
brush 2614 and associated terminal, back contacts
of relay 2801, winding of line identifying relay
2803 to ground. Relay 2302 operates in this cir-
cuit to perform functions hereinafter described,
but relay 2603, being marginal, does not operate.

Figs. 25 and 26 show the manner in which sub-
scribers’ lines are divided into groups for pur-
poses of identification.
gether, show ten lines of a main group of forty
lines. Each line has an identifying relay, like
relay 2803, connected to the back contact of its
associated line relay. Now in a line-finder frame
of the panel type which normally accommodates
400 lines, the lines of said frame can be divided
into ten main groups of forty lines each when one
recording machine is to be used for recording all
calls made by the lines on one frame. How-
ever, it is possible that, due to the number of
calls which may originate from so large a group,
the use of one machine for the entire group may
unduly add to the holding time of line-finder-
district selectors since each of sald selectors is
held in position 17 until the record of the call
is made. Hence, in this embodiment of the inven-
tion, it has been assumed that one recording ma-
chine would be used for the lines of one-half of
the frame or two hundred lines instead of for the
whole frame or four hundred lines. Consequently,
for purposes of identification, each group of two
hundred lines is divided into five main groups of
forty lines each instead of ten main groups, al-
though if one recording machine is sufficlent for
one frame or for a group of frames, other appro-
priate subdivisions readily suggest themselves.

Each group ‘is provided with an identifying
relay, such as relay 2111 or 2818. Since, accord-
ing to the assumption, there are flve groups of
40 lines each, there are 5 group identifying re-
lays for one half of the frame. Each of these
group relays is electrically responsive to the op-
eration of each and every line-identifying relay
within its own group so that the operation of a
Mne-identifying relay and the resulting operation
of the group identifying relay marks the sub-
scriber’s group and the numerical position of
that line within the group.

The forty lines of each group are next sub-
divided into four sub-groups of ten lines each,
a8 for example, the subdivision schematically dis-
closed in Figs. 25 and 26. The calling subscrib-
er’s line, therefore, is identified by (1) the op-
eration of the group-identifying relay of the par-
ticular one of the five groups of forty lines to
which it belongs, (2) by identifying the particu-
lar sub-group of tens of the four such sub-groups
in each group of forty in which the line belongs
and (3) of identifying its numerical position with-
in the sub-group itself.

@8 'The entire identification is carried out by the

yo the main group, since there are but five groups -

use of code characters, as more completely de-
scribed hereinafter, there being a separate code
character for each of the three identifying ele-
ments mentioned above. In order to identify

to one half of the frame, use is made of three
separate signaling conductors provided in com-
mon to all the group relays of one half of the
frame. When these conductors are connected

¥8 to ground either singly or in proper combination

Both figures, taken to- -
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through the ,operated group relay, the conductor
or conductors so grounded identifies the group
associated with the operated group relay. These

conductors are designated on Fig. 28: 2818, 2811,

2816, and they are grounded as follows to iden-
tify each one of the five main groups:

Conductors grounded

Main group

- 03 B e

The identification of the sub-group of ten sub- -

scribers within the main group of 40 lines is car-
ried out on the same principle. There are four
separate signaling conductors which, by the op-
eration of the line identifying relay, as described
hereinafter, grounds one of said conductors.to
denote the particular sub-group in which the
calling line is located. These conductors are des-
ignated in Fig. 28 as conductors 2815, 2814, 2813,
2812. The combination which identifies each of
the four sub-groups is as follows: '

Conductors grounded Sub-group

1
2
L L 3
p-.) b . 4

The identification of the numerical position of
the calling line within a sub-group is carried out
by the use of four identifying conductors. These
conductors are connected to the individual line
identifying relays in a particular order so that
the operation of an identifying relay grounds
the signaling conductors connected thereto either
singly or in a combination to identify the particu-
lar line in the sub-group. The order of ground-
ing is as follows:

Number of the
line within the

Conductors grounded
: sub-group

It must not be supposed, however, that the
specific arrangement of line grouping as outlined
above limits the scope of this part of the inven-
tion to the preferred example herein described
and disclosed. The example given above is chosen
for illustration simply because it typifies the gist
of this part of the invention, which is an ar-
rangement of apparatus and controlling circuits
for transmitting to the recording machine, de-
scribed hereinafter, a group of signals for identi-
fying the calling line. The above described ar-
rangement of circuits and apparatus is necessarily
dependent on the group arrangement of the lines,
the character of the telephone system of which
they form a part and the kind of the identify-
ing character to be transmitted. Therefore, while
the subscriber identifying circuits shown in Figs.
25 to 28 inclusive are merely typical and illus-
trative of one suited to a panel telephone system
with a particular arrangement of lines, any identi-
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fying character and the means of transmitting
the same which is adapted to the character of
the telephone system to which the invention is
applied and the type of recording machine used
is to be understood as coming within the scope
of the invention, )

Returning, now, to the operation of the circuit,
it will be recalled that, as the district selector
sequence switch 200 advanced from position 15
to position 17, a circuit was completed between
relay 2382 of the district timing circuit and the
identifying relay 2503 of the calling line and that,
due to the high resistance of the top winding of
relay 23082, relay 2503 did not operate but relay
2302 did operate, all as above described. The
operation of relay 2302 closes a circuit extending
from ground through its bottom outer contact,
conductor 2328, winding of relay 2203 to battery
and, in parallel therewith, back contact of relay
2284, winding of motor magnet 2202 to battery.
Simultaneously, another circuit is closed from
ground over the bottom inner contacts of relay
2302, conductor 2326, to the first arc contact
with which brush 2204 cooperates to mark the
district selector of Figs. 2 and 3 as one having
a call to be registered in the recording mecha-
nism,

Fig. 22 shows an allotter circuit whose func-
tion is to close through the appropriate circuits
for connecting the district selector awaiting call
registration in position 17 with the recording
mechanism common to a line-finder frame,

which mechanism is to record on a tape the nec- .

essary items of information with regard to the
call, as described hereinafter. Essentially the
allotter comprises. a switching mechanism pro-
vided with a suitable number of contact termi-
nals to which all the district selectors associated
with one line-finder frame are connected. When
relay 2382 is operated in response to the proper
association of the district selector timing circuit
with the identification relay 2503 of the calling
line, the particular selector switch of the allotter

circuit is operated to select on its terminal arcs-

those terminals to which the district selector
associated with the calling line is connected.
Specifically, the allotter shown in Fig. 22 com-
prises  a plurality of switches 2218 to 2280, in-
clusive, instead of one switch, in order to reduce
the time taken for switch” brushes to reach the
contacts of the district to be identified. All the
district selectors of the group available to one
line-finder frame associated with one recording
machine are divided for convenience into sub-
groups and the individual selectors of each of
these sub-groups are terminated on the arc ter-
minals of a fast hunting sub-group switching
mechanism. . If, as in the specific case under il-

‘lustration, the number of district selectors avail- _

able to one line-finder frame is fifty, then the
group of fifty is divided into five sub-groups of
ten selectors each, switch 2210 being associated
with the first group and switch 2258 being asso-
ciated with the fifth group. The starting and
marking conductors of each selector in each sub-
group, as for instance conductors 2325 and 2326,
respectively, are connected simultaneously to the
allotter switch of the particular sub-group to
which they belong.

Switch 2280 in the allotter is a master swltch

which, at the proper time, causes the connection

of the selector awaiting call registration in any
allotter sub-group with the recording mecha-
nism. Assuming the district selector whose oper-
ations are being described to belong in the first
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sub-group, then switch magnet 2202 is operated
in preparation for advancing its brushes 2204
and 2205. If the district selector is not con-
nected to the first terminals, then the switch
magnet 2202 and relay 2203 operate as above
described. Brushes 2284 and 2205 are advanced
to the next set of terminals, at which time mag-
net 2202 will have reclosed its interrupter eon-
tacts to reclose the magnet circuit above de-
scribed, causing said magnet to reoperate and
advance the brushes to the next set of terminals.
This operation continues until the brushes reach
the respective terminals to which conductor 2326
of the district selector is connected, whereupon
a circuit is closed from ground through the bot-
tom middle contacts of relay 2382, conductor
2328, brush 2204 and its associated terminal,
winding of relay 2201 to battery. Relay 2201 op-
erates, opens the circuit of magnet 2202 thereby
arresting its further advance and further pre-
pares a circuit from battery through the winding
of relay 2303, inner contacts of relay 2302, con-
ductor 2327, brush 2208 and its assoclated ter-
minal, front contact of relay 2201, to the first
terminal of the arc of master switch 2260 with
which brush 2208 cooperates. In the meanwhile
and at the time when relay 2203 operated, a cir-
cuit was closed from ground through its outer
contacts, conductor 2218, back contacts. of relay
2212, interrupter contacts of magnet 2211 of
master switch 2260, winding of said magnet to
battery. The switch magnet operates and ad-
vance brushes 2208 and 2209 step-by-step over
their respective arcs. When brush 2208 reaches
the first terminal, a circuit is closed from ground
through the inner contacts of relay 2203, brush
2208 and its associated terminal, winding of
relay 2212 to battery. Relay 2212 operates,
breaks its back contacts, prevents magnet 2211
from any further operations, and connects its
front contact to brush 2209. When switch 2210
has advanced to where its brushes have estab-
lished contact with the waiting district selector
and relay 2201 operates as a result, the circuit
through the winding of relay 2303 extended to
brush 2209 as above described, is now completed
through the front contacts of relay 2212 to
ground at the inner contact of relay 2203.

Relay 2803 operates, opens the locking circuit
of relay 2368 at its No. 9 contacts causing said
relay, after an interval, to release, closes the
circuit of relay 2489 over its No. 2 contacts, short
circuits the top high resistance winding of relay
2302 over its No. 1 contacts and closes a holding
circuit over its No. 7 contacts for magnet 2411,
The current now flowing through the circuit
comprising the identifying relay 2503 and the
bottom low resistance winding of relay 2302 is
such that relay 2883 operates to perform func-
tions hereinafter described. Relay 2203 and
other similar sub-group relays of the allotter are
made slow to operate in order to give the sub-
group switches 2210—2280 an operating start
before closing through the circuit to the master
start switch magnet 2211. In this manner there
will be no possibility of falsely moving brushes
2208 and 2208 off the terminals of the respective
sub-groups before the sub-group switch has actu-
ally started operating.

In the present embodiment of the invention, as
already indicated, there is provided one regis-
tering mechanism for each group of 200 lines for
registering the call history record of all calls
originated and successfully completed by the
lines within the group, independent of the type
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or character of the service to which each of said
lines is entitled. That is, if it 18 assumed that
the line-finder frame is of a known panel con-
struction and accommodates 400 lines, then one
registering mechanism will take care of all the
records for 200 lines of this frame while a similar
mechanism is provided for the registration of
calls for other groups of 200 lines, The register-
ing mechanism used herein is a tape punching
device comprising a number of punch magnets
and cooperating pay-out and take-up mecha-
nism for advancing, at the proper time, unper-
forated tape underneath the punching prongs of
the several magnets. The important parts of the
mechanism are schematically disclosed in Figs.
27 to 30, inclusive, It comprises a group of punch
magnets 3000 to 3010 inclusive for recording, in
code form, the calling subscriber’s line-finder ter-
minal number that is, the group number identified
by relay 25603; magnets 301f to 3014 inclusive
and magnets 2900 to 2907 inclusive for record-
ing in code form the called office code; magnets
2908 to 2919 inclusive and magnets 2828 to 2832
inclusive for recording the called line number,
also in code form; magnets 2833 and 2834 for
recording whether the call is to be charged at the
evening or night rate; magnets 2835 to 2842, in-
clusive, for recording in code form the conver-
sation time, and magnets 2700 to 2719 inclusive,
the date in code form. For this purpose, there-
fore, a perforating machine is required which is
capable of making sixty-four punches for regis-
tering by code all of the above information. Since
the record is to be perforated in a single line
across the tape, the width of said tape'is approxi-
mately 8 inches, provided, as indicated in the
several figures, with 64 separate punch positions,
1 to 64 inclusive. The punch prongs are ar-
ranged in a die with a magnet for each punch,
the magnets being associated with their respec-
tive punches by punching mechanism controlled
through the operation of the magnet armature in
the well known manner. The type of punch mag-
net contemplated in this invention is well illus-
trated by the one disclosed in Patent No. 1,851,838,
granted to R. Hoover et al. on March 29, 1932,

As described hereinafter, any combination of
magnets may be selected and, if operated, force
their respective punches through the broad paper
tape, perforating the same. In addition to the die
and punches, the perforating machine is equipped
with a tape pay-out reel 3016, a take-up reel 3015
and a magnet 3018 of the back stroke type for
advancing the tape a step after each perforating
operation, as more completely described herein-
after. The tape has a series of perforations 3041
at one of its edges somewhat similar to that of a
moving picture film, The advancing mechanism
engages these perforations by means of sprocket
teeth 3019 to insure the advance of the tape a
definite distance for each step.

Associated with each perforating machine is a
multi-contact relay 2712 by means of which the
windings of forty of the sixty-four punch mag-
nets are connected to the timing switches 2300
and 2310 of the district selector and to the re-
corder registers of Fig. 24. The three punch
magnets 3000, 3001 and 3002 are connected to the
several contacts of the main group relays such as
2711 and 2819 and eight punch magnets, 3003 to
3010 inclusive are permanently connected to the
contacts of the line-finder terminal-indicating
relays 2503—2507 and 2600—2604—, and to the
other indicating relays in the main groups. The
remaining punch magnets 2833 and 2834 and 2700
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to 2710, inclusive, which are used to record the
rate of charge and the date of the call, are con-
nected through the contacts of relay 2113 to the
contacts of the mechanically locking keys 2114 to

- 2121, inclusive, which determine the date and

the rate setting. These keys are common to the
office and their contacts are, therefore, wired in
multiple to the multi-contact relays associated
with the punching machines of each of the line-
finder frames thereby requiring but one operation
for setting the date and rate indications for the
entire office. Further, these keys may be of any
suitable type of construction, that is, they may
be manually operated requiring re-setting at the
required periods or they may be clock controlled
and automatic without -departing from the spirit
of the invention.

Before proceeding with the further operation
of the system, it is desirable to describe briefly the
code system adopted for recording all the in-
formation to be perforated on the primary tape.

The varfous records which are required to be
punched and the punch positions on the primary
tape where the punch-mark registrations of said
records are to made, follow:

Table I
Punch posi- Nug;ber
tions
1Y

To record the line-finder terminal....._. 1to 11, incl. 11
To record the calied office code. . 12 to 23, incl. 12
To record the called iumber. . 24 to 43, incl, 2
To record the night rate..._._. 44 1
To record the evening rate...___ 45 1
To record the conversation time..__.____ 46 to 53 8
To record the date of the call....__.___.. 54 to 64 11
Total . oo 84

As already indicated, the record of each item is
made by code, and the code characters for indicat-
ing the line-finder terminal number of the calling
line has been described. The several combina-
tions of operated punch magnets for identifying
the line-finder terminal number of the calling
line is as follows:

Table II—Terminal number

Group
Punch ¢
Punch magnets operated positions d::xgg:
1 1
2 2
3 3
1-2 4
1-3 5
Tens desig-
nation
4]. 1
5 2
8 3
7 4
Units desig-
B007 .o e 8 1
B008. e 9 2
3009 - 10 3
3010 11 4
3007, 3008.. ... 5
3007,3009..____...o_.____ 8-10 [}
3007, 3010 811 7
3008, 3009__._. 9-10 8
3008, 301 9-11 9
3009,3010_._____ 10-11 0

The code character for each of the other sev-
eval items is based on the same code system of
providing three or four signaling conductors
grounded in appropriate combination, and each
of which is connected to a separate punch mag-
net. In the case of the called office code, each
of the code letters is the equivalent of one of
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ten possible digits. Consequently, the code of
each separate letter is obtained by providing four
conductors each connected to the windings of
magnets 301t to 3014, respectively, and ground-
ed separately or in the required combination for
representing the digit or letter of the code. The
several combinations of operated punch magnets
for the first or A digit of the called office code
are as follows:

Table 111 —A digit

Punch magnets operated m %W
12{1 A
13| 24A,B,C, !
4|3,DEF,
1B|4GH]I,

19-18 | 8,],K,L,

1314 | , M,N, O,

EHEAN
'

1318 | oW, X, Y,

14-15 | 0, Operator.

The several combinations of operated punch
magnets for the second or B code digit are the
same as shown in Table III except that the punch
magnets operated are 2909 to 2903 inclusive, and
perforations are punched in the tape in punch
positione 16 to 19 inclusive. The combinations
of operated punch magnets for the third or C
code digit are the same as shown in Table III
except that the punch magnets operated are
2804 to*2967, inclusive, and perforatioms are
punched in the tape in punch positions 20 te 33,
inclusive. Similarly, the several combinations of
operated punch magnets for the numerical dig-
its of the called line number are the same as
shown in Table III, except that magnets 2008 to
2811, inclusive, punch perforations in punch po-
sitions 24 to 27, inclusive, for recording the
thousands digits; magnets 2912 to 2918, inclu-
sive, punch perforations in punch positions 28
to 31, inclusive, for recording the hundreds digit;
magnets 2916 to 2919, inclusive, punch perfora-
tions in punch positions 32 to 35, inclusive, for
recording the tens digit and magnets 2828 to
2828, inclusive, punch perforation in punch po-
sitions 36 to 39, inclusive, for recording the units
digit. .

The station’s digit may comprise one of four
Jetters, 3, M, R or W. Each of these may be
expressed in code characters made up of three
conductors either singly or in combination to
represent each of the letters. In the present
embodiment of the invention, it was deemed
simpler to represent each letter by a particular
punch position on the tape so that the ground-
ing of one of four conductors and the consequent
operation of the associated punch magnet des-

, 23
Table V.—Rate designations
Punch magnet operated -Punch poa'mons Rate
2833, —— - #4| N iéht.
- & - S, 45 | Evening.

The duration of the call is recorded in code
form. The timing circuit of the district selec-
tor, as disclosed, is arranged to record conver-
sation time of one hour and 40 minutes and for
this purpose two groups of four signaling con-
ductors each are provided; the first group to
record intervals of ten minutes or less which
provides for a maximum registration of two
hours of conversation time, and the second to
record separate minute intervals, as followa:

Table VI—Conversation time (2 hours) .

Punch magnets operated | Punch positions Time

46 | 10 minutes or less, -
20 minutes.

48 | 30 minutes.

40 minutes.

50 minutes.

60 minutes.

1 hr. 10 minutes.
1 hr. 20 minutes.
1 hr. 30 minutes.
1 hr. 40 minutes.
1 hr. 50 minutes.
46-48-49 | 2 hrs.

However, it will be remembered that it was
assumed for purposes of illustration, that the
maximum time to be registered would be limited
to 30 minutes and in 10 minute intervals with
the fractions-thereof registered in minute inter-
vals. Hence, for the-registration of the three
ten minute lntervals{comprising the thirty min-
utes, only three magnets are necessary, punch-
ing, say, perforations in posifon 46, 47 and 48
(and disconnecting the winding of magnet 2838
for punch position 49) as follows:

Table VII.—Conversation time (30 minutes)

Punch magnets operated | Punch positions Time

48
47

10 minutes or less.

20 minutes or less
but more than 10
minutes.

30 minutes or less
but more than 20
minutes.

48

The minutes elapsed time code on the basis of
a 30 minute conversation period comprises four
magnets operated singly or in combination to
indicate minute intervals of elapsed time, as fol-
lows:

ignates the dialed party letter as follows: .
: Table VIII.—Conversation time (minut
Table IV.—Party letter intervals) (minute
Punch magnet operated Punch positions | Party letter Punch s operated Puﬁeh positions T{‘J‘“ up')to
-+ £ 1% '
' - : Minutes
P D N 42| R.
2832 = a|w 280, % i
2241 52 3
2842 53 4
The night and evening rate designations are Zop o8 e H
each signaled by & separate signaling conduc- zsaozs‘? 50-53 7
tor controlled through keys, suitably located at a0, ses e 5
the same desk as the keys which control the 2841,2842. 52-53 10
date setting. s
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The date of the call requires three separate
code characters, one for the month and two for
the day. Since provision is required for twelve
separate code designations, one for each month
of the year, each of these designations is obtained
through four separate conductors and associated
punch magnets, singly or in combination for
each of the required characters, as follows:

Table 1X.—Date—month

Punch magnets operated Punch positim}s Month

54 | January.
55 | February.
March.

57 | April.
May.
June.
July.
August.
September.
October.
November.
December.

The designation of the day of the month is
divided in two parts, a tens and units part.
Since there are but three possible ten day groups
to the month, each of the three groups may be
characterized by a separate conductor and as-
sociated magnet, as follows:

Table X.—Date—tens digit of day designation

° Punch magnet operated Punch positions | Tens digit
. 58 1-10
% ........... 59 11-20
b 2(1 S 60 21-31

The units digit comprises eleven possible char-
acters, one for each of the eleven digits, as fol-
lows:

Table XI.—Date—units digit of day designation

Punch magnet operated Punch positions | Units digit
61 1
62 2
T 63 3
64 4
61-62 5
61-63 6
61-64 7
62-63 8
62-64 9
63-64 10
61-62-63 11

Returning now to the operation of the circuit,
it will be assumed that the followng conditions
exist with respect to the record of the call to be
printed when multi-contact relay 2712 operates:

2,165,024

conductors 2816, 2811 and 2818 and that the
individual indicating relay 2503 associated with
the calling subscriber’s line indicates the proper
tens and units in that group. As shown in Fig.
27, relay 2711 has its indicating contact con-
nected to conductor 2818, so that when relay 2741
operates, a circuit is closed from ground on its
left contact, conductor 2818, winding of punch
magnet 3000 to battery. Magnet 3000 operates
and punches a hole in the No. 1 punch position
of the tape, indicating, according to the three
conductor codes described above, that the call-
ing line is to be found in the first main group.
When relay 2711 operates, it further closes an
obvious circuit to the winding of multi-contact
relay 2112 associated with the punch machine
serving the 200 lines in which the line of the
call to. be registered belongs. Relay 2111 op-
erates and cuts through to the punch machine
the called office code-signaling conductors, the
called line number-signaling conductors and the
elapsed time-signaling conductors. It further
closes an obvious circuit for multi-contact relay
2713 which, on operating, closes through the
date, night and evening rate signaling conduc-
tors. Relay 2713 further closes a circuit from
ground on its No. 12 contact set, conductor 2743,
winding of advance magnet 3718 to battery. The
magnet operates and causes the pawl to advance
into the next notch of ratchet wheel 3011, of the
take-up roll 3015. The magnet remains in this
position with the pawl engaged, keeping the take-
up roll stationary until the magnet releases, as
more particularly described hereinatter.

The tens designation indication is controlled
through four conductors which, according to the
adopted code, furnish four separate indications.
The calling line is assumed to be in the first tens
group. Consequently, the outer contact of relay
2503 is connected to conductor 285, Hence,
when relay 2303 operates as above described, a
circuit is closed from ground on conductor 2538,
outer contact of relay 2503, conductor 2815, wind-
ing of punch magnet 3003 to battery. Magnet
3003 operates and causes a hole to be punched
on the No. 4 punch position of the tape indicat-
ing thereby that the calling line terminal is in

the first tens group of the first group of forty

lines,

The units digit of the calling line terminal is
1 and according to the code, conductors 2820 and
2824 are to be grounded. Consequently when
relay 2503 operates, the following circuits are
closed: (1) ground on conductor 2535, next to
the outer contact of relay 2503, conductor 2823,
winding of punch magnet 3007 to battery. Mag-

Subs. line | Called office | Called Duration
terminal code No. Rate of call Date Rate of charge
' Minutes .
U7 . Halifax 425 _ 3678 | Evening. 15 | July 17 | 15 cents for 5 minutes, 5 cents for each 2
minutes or fraction thereof.

It will be recalled that the present embodiment
of the invention assumes the use of one punch-
ing machine for half of a line-finder frame
which, in turn, is of the well known panel type
accommodating 400 subscribers. In such an

_ event the 200 lines on one half of the frame are

divided into.five groups of forty lines each, as
already described, wherein relay 2711 indicates
one of the five groups by the proper connection
of its left inner contact to the group indicating

net 3007 operates and causes & hole to be punched
in the No. 8 punch position of the tape; (2)
ground on conductor 2835; next to the inner con-
tact of relay 2503, conductor 2520, winding of
punch magnet 3010 to battery. Magnet 3010 op-
erates and causes a hole to be punched in the
No. 11 punch position of the tape. - Thus, holes
Punched in positions Nos. 8 and 11 indicate the
seventh digit of the calling line line-finder ter-
minal,
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Summing up the code punchings for the line
terminal designation:

Group 1. Tens 1| Units 7

Tape punching position 1___. ... _.__...__. 4 8,11

All the holes punched on the tape of the call
being illustrated are shown as small circles im-
mediately above the punch position number.
The called subscriber’s number was assumed
to be Halifax 3678, wherein the first three digits
dialed for Halifax correspond to the numerical
code 425 of the ordinary telephone impulse dial.
Consequently, when the subscriber dialed 425,
the brushes 2415 and 2416 of the “A” digit switch
2401 were set on terminal 4 of the cooperating

-arcs in response to the reception of four impulses

for the first digit, brushes 24(7 and 2418 of the
“B” digit switch 2402 were set on terminal 2 of
the cooperating arcs in response to the recep-
tion of two impulses for the second digit, and
brushes 2418 and 2420 of the “C” digit switch
2403 were set. on terminal § of the cooperating
arcs in response to the reception of five impulses
for the third digit.

Now the code perforations of the “A” code digit
designation are made by punch magnets 3011 to
3014, inclusive, as already described. Since ihe
“A” code digit of the called office code is assumed
to be 4, then, when relay 27112 operates, a cir-
cuit is closed from ground on the No. 2 contacts
of relay 2409, conductor 2445, brush 24(5 and
associated No. 4 terminal, No. 4 contacts of relay
2112, conductor 2728, winding of punch magnet
3014, to battery. Magnet 3014 operates and
causes a hole to be punched in position 15 of the
tape, thereby recording in code form, the digit
4 for the “A” code digit.

The code perforations of the “B” code digit
designations are performed by punch maghets
2900 to 2803, inclusive, as already described.
Since the “B” digit of the called office code is 2,
then, when relay 2712 operates, a circuit is closed
from ground on the No. 4 contact set of relay
2409, conductor 2446, brush 24171 and its associ-
ated No. 2 terminal, No. 6 contacts of relay 2712,
conductor 2129, winding of punch magnet 2901
to battery. Magnet 2901 operates and causes a
hole to be punched in position No. 17 of the tape
thereby recording, in code form, the digit 2 for
the “B” code digit.’ .

The code perforations of the “C” code designa-
tion are made by punch magnets 2804 {o 29017, in-
clusive, as already described. Since the “C” digit
of the called office code is 5, then, when relay
2112 operates, the following circuits are closed;
(1) ground on the No. 6 contacts of relay 2409,
conductor 2441, brush 2419 and associated No. 5
terminal, No. 9 contacts of relay 2112, conductor
2130, winding of punch magnet 2904 to battery.

Magnet 2804 operates and causes a hole to be .

punched in position No. 20 of the tape; (2)
ground on the No. 5 contact set of relay 2409,
conductor 2448, brush 2420 and associated No. 5
terminal, No. 10 contacts of relay 2712, conductor
2131, winding of punch magnet 2905 to battery.
‘Magnet 2905 operates and causes a hole to be
punched in position No. 21 of the tape. Holes
punched in positions 20 and 21, therefore, indi-
cate the digit 5 of the “C” code.

The called subscriber’s number was assumed to
be 3678. Consequently when the subscriber dialed
3678, the numerical switches of the call recorder

25
advanced their respective brushes over their co-
operating arcs to terminals corresponding re-
spectively to the digit impulses received.

The code perforations of the thousands digit
code designation are made by punch magnets
2908 to 2911, inclusive, as already described.
Since the thousands digit of the called subscrib-
er’s number is 3, then, when relay 2712 operates,
the following circuit is closed: ground through
the No. 7 contact sef of relay 2409, conductor
2449, brush 2429 and the associated No. 3 ter-
minal, No. 15 contacts of relay 2712, conductor
2132, winding of punch magnet 2910, to battery.

- Magnet 2810 operates and causes a hole to be
punched in position No. 26 of the tape to indicate
the thousands digit 3. .

The code perforations of the hundreds desig-
nation are made by punch magnets 2912 to 2915,
inclusive, as already described. Since the hun-
dreds digit of the called subscriber’s number is 6,
then, when relay 2712 operates, the following cir-
cuits are closed: (1) ground on the No. 10 con-
tact set of relay 2409, conductor 2451, brush 2427
and its associated No. 6 terminal, No. 17 contacts
of relay 27112, conductor 2133, winding of magnet
2912 to battery. Magnet 2912 operates and causes
a hole to be punched in position No. 28 of the
tape; (2) ground on the No. 9 contact set of relay
2409, conductor 2452, brush 2428 and its associ-
ated No. 6 terminal, No. 19 contact set of relay
2112, conductor 2734, winding of punch magnet
2918, to battery. Magnet 2914 operates and
causes a hole to be punched in position 30 of the
tape which, with the hole punched in position

/glo. 28, indicates in code form the hundreds digit

The code perforations of the tens designation
are made by punch magnets 2946 to 2919, inclu-
sive, as already described. Since the tens digit
of the called subscriber’s number is 7, then, when
relay 2112 operates, the following circuits are
closed: (1) ground on the No. 12 contact set of
relay 2409, conductor 2453, brush 2425 and asso-
ciated No. 7 terminal, No. 21 contacts of relay
2712, conductor 2135, winding of punch magnet
2916 to battery. Magnet 2916 operates and causes
a hole to be punched in position No. 32 of the
tape; (2) ground on the No. 11 contact set of
relay 2409, conductor 2454, brush. 2426 and its
associated No. 7 terminal, No. 24 contacts of re-
lay 2112, conductor 2136, winding of punch mag-
net 2919 to battery. Magnet 2918 operates and
causes a hole to be punched in position No. 35 of
the tape. Holes punched in positions 33 and 35
indicate the designation of the tens digit 7.

The code perforations of the units designation
are made by magnets 2825 to 2828, inclusive, as
already described. Since the units digit of the
called subscriber’s number is 8, then, when relay
2112 operates, the following circuits are closed:
(1) ground through the No. 14 contact set of re-
lay 2409, conductor 2455, brush 2423 and asso-
ciated No. 8 terminal, No. 26 contacts of relay
2112, conductor 21317, winding of punch magnet
2826 to battery. Magnet 2826 operates and causes
a hole to be punched in position No. 37 on the
tape; (2) ground through the No. 13 contact set
of relay 2409, conductor 2456, brush 2424 and its
associated No. 8 terminal, No. 27 contact set of
relay 2712, conductor 2738, winding of punch
magnet 2827 to battery. Magnet 28271 operates
and causes & hole to be punched in position No.
38 of the tape which, in conjunction with the
hole punched in position No. .37, designates in
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code form, the units digit 8 of the called sub-
scriber’s number.

"The rate of charge according to the assump-
tion, is the rate termed “evening rate”. It is con-
trolled by the depression of key 2718. Conse-
quently when relays 2712 and 2713 operate as al-
ready described, another circuit is closed from
ground on the contacts of key 2715, No. 14 con-
tact set of relay 2718, conductor 2739, winding
of punch magnet 2834 to battery. Magnet 2834
operates and punches a hole in position No. 45
of the tape, thereby designating the evening rate
in code form.

It has been assumed further that the conversa-
tion time is 15 minutes and that the district tim-
ing switches 2300 and 2310 measure a maximum
of 30 minutes. Hence when the conversation is
terminated, brushes 2313 and 2374 of the 10-
minute switch 2310 are resting on the second
terminals of the respective arcs and brushes 2378
and 2372 of the minutes switch 2300 are resting
on the fifth terminals of their respective arcs.
Consequently when relay 2712 operates, the fol-
lowing circuits are closed: (1) ground through
the No. 3 contact set of relay 2308, brush 2313 and
its associated second terminal, No. 34 contact set
of relay 2112, conductor 2741, winding of punch
magnet 2836 to battery. Magnet 2836 operates
and causes a hole to be punched in position 47
of the tape thereby designating, in code form,
that the conversation has lasted less than 20
minutes, but more than 10 minutes; (2) ground
through the No. 5 contact set of relay 2303, brush
23715 and its associated fifth terminal, No. 37 con-

> tact set of relay 2712, conductor 2742, winding of

punch magnet 2839, battery. Magnet 2839 oper-
ates and causes a hole to be punched in position
50 of the tape; (3) ground on the No. 6 contact
set of relay 2303, brush 2312 and its associated

fifth terminal, No. 38 contact set of relay 2712, .

conductor 2744, winding of punch magnet 2840
to battery. The magnet operates and punches a
hole in punch position 51 which, in conjunction
with the hole punched in position 50, indicates
that five additional minutes have been consumed
beyond the 10 minute interval, or 15 minutes in
all. '

According to the assumption, the date of the
call being registered is July 17. The month of
July, being the seventh month of the calendar
year, represents the seventh of the twelve com-
binations of the four conductor code, above de-
scribed. Hence keys 2716 and 2720 are oper-
ated and multicontact relay 27{3 is also oper-
ated. The following punch magnet circuits are
closed: (1). ground on contacts of key 2716, No.
11 contact set of multi-contact relay 2118, wind-
ing of punch magnet 2700, battery. Magnet
2700 operates and causes a hole to be punched
in position 54 of the tape; (2) ground on the
contacts of key 2720, No. 8 contact set of relay
2713, winding of magnet 27103 to battery. Mag-
net 2703 operates and causes & hole to be punched
in position No. 57 of the tape which, in con-
junction with the hole punched in position 54,

designates In code form, the month of July as '

the month when the call is made.

The days of the month are divided, for code
purposes into two parts, the tens digit and the
units digit, as already described; there 'being
three tens digits and eleven units digits. The
three tens digits are identified by the three con-
ductor combinations controlled through the three
tens digit keys, viz: keys 2721, 2722, and 2723
while the eleven units digits are identified by

9,165,094
the eleven conductor combinations controlled

through the four digit keys z¥i° o 2727, inclu-
sive. Hence, on the seventeenii. day of the
month, key 2721 is depressed for the tens digit
one and keys 2724 and 27127 are depressed for
the units digit seven. Consequently, when multi-
contact relay 2713 operates, the following cir-
cuits are closed: (1) ground on the.contacts of
key 2121, No. 7 contact set of relay 2713, wind-
ing of punch magnet 2104 to battery. Magnet
2704 operates and causes a hole to be punched
in position 58 of the tape; (2) ground on the

contacts of key 2124, No. 4 contact set of relay

2113, winding of punch magnet 27071, battery.
Magnet 2707 operates and causes a hole to be
punched in position 61 of the tape; (3) ground
on the contacts of key 2727, No. 1 contact set
of relay 2743, winding of punch magnet 2710
to battery. Magnet 2710 operates and causes
a hole to be punched in position 64 of the tape.
A hole punched in position 58, another in posi-
tion 61 and yet another in position 64 designate
in code form the seventeenth day of the month.

While the circuits of each of the punch mag-
nets involved in the perforation of the record
of the call have been described in a manner con-
sistent with the arrangement of the magnets in
the various drawings, it will be realized that these

‘magnets are operated simultaneously after relays

2112 and 2713 are operated, which occurs dur-
ing the interval when switch 200 is in position
17. When switch 200 reaches position 17, relay
226 is released and relay 237 is locked as already
described. Hence, in this position, a circuit is
closed from ground on interrupter contacts 236,
top back contacts of relay 229, lower left con-
tact of cam 208, right lower contact of cam 211,
left back contact of relay 2304, upper left con-

. tact of cam 2186, right upper contact of cam 223,

winding of relay 226 to battery, thereby operat-
ing relay 226. Relay 226 locks over its inner
upper front contact, the right and lower left con-
tacts of cam 222, commutator strip 254{ and
brush 2518 to ground. With relay 226 operated,
magnet 200 is energized over the lower right
contact of cam 207, upper right contact of cam
218, lower front contact of relay 226, upper right
contact of cam 209 to ground. Sequence switch
200 is thereby advanced to position 18. As se-
quence switch 200 leaves position 17 the above
described circuit, including the identifying relay
2503 and the lower winding of relay 2802 is
opened, thereby causing these relays to release.
With relay 2503 released, magnet 2411 is released
to restore the recorder and to release plunger
holding magnet 2961 thereby disconnecting the
recorder from the district selector. Ground is
removed from the tens and units punch magnets
3003, 3007 and 3010. The circuit of group relay
2711 is also opened. Relay 271l releases, re-
moves ground to the winding of punch magnet
3000 and further opens the circuit of multi-
contact relay 2712 which, on releasing, further
releases relay 2713. With both of these relays
released all conductors leading to the punch
magnets are opened, causing them to release and
withdraw their respective punches from the per-
forated tape. Relay 2713 further opens the cir-
cuit of advancing magnet 3018 which, on re-
leasing, causes the pawl attached to its arma-
ture to advance the tape roll 3018 one notch to
prepare the tape for the registration of a sub-
sequent call by any line in that half of the line

- finder frame served by the punching mechanism.

It will be noted that the time allowed for the
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operation of the punch magnets is controlled by
the release of relay 2304 since it is through the
left back contacts of this relay that the circuit
for operating relay 226 is controlled and which,
in turn, controls the advance of sequence switch
200 from position 17 to position 18. Relay 2304
is made very slow-release in order to allow ample
time. But should the magnetic or mechanical
structure of the punch magnets make additional
time necessary, other slow-release relays may be
added in serles with relay 2304 or the required
interval may be obtained by any other suitable
means controlled by the release of relay 2304.
Beyond position 17% the circuit of relay 231 is
also opened and ground is removed from con-
ductor 2312, thereby releasing holding magnets
2367 and 2306 to release the timing switches 2300
and 2310.

With relay 237 released, ground is disconnected
from brush 2612 and cut-off relay 2502, thereby
restoring the subscriber’s line circuit to normal.
In position 18 the down-drive magnet 23556 of
the district selector is energized in a circuit from
battery through the winding of magnet 2355,
left contacts of cam 210, left contacts of cam
221 to ground. At the same time a circuit is
closed from battery through the winding of
down-drive magnet 2516 of the line finder, upper

contacts of cam 218, bottom outer front contacts -

of relay 226, upper right contact of cam 209 to
ground. When the line finder reaches normal,
the locking circuit of relay 226 over commutator
strip 2541 is opened so that relay releases. When
the district selector reaches normal, a circuit is
closed from battery through the winding of se-
quence switch magnet 200, upper left contact of
cam 224, normal commutator segment 2360, brush
2351, lower contacts of cam 212 to ground, ad-
vancing sequence switch 200 to position 1 where
it awaits selection by another link in the man-
ner above described. .

Section 1I.—Secondary tape

Having described the formation of a permanent
record of the history of all calls over a defined
billing period made by a group of lines having
access to one recording machine, the next step is

_ to use this record for making a separate record
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for each line of all the calls made by each of
said lines in the group. Each of the records thus
made is of a character which can be used with a
commercial printing tabulator, modified accord-
ing to the needs of the present invention, to print
the subscriber’s bill, as more completely de-
scribed hereinafter,

It will further be remembered that, due to the
character of the recording machine used, the pri-
mary record is contained on a roll of paper, not
unlike a player piano roll, in which the trans-
verse series of punches is a code record of one call,
and that the record of all the calls consecutively
contained thereon are not grouped with respect
to the lines making the calls. Hence, the record
of all the calls made by the group of 200 lines
must be broken down into a separate record for
each line and containing thereon the record of
all calls made from said line while the coded
information of each call so recorded must be re-
vised, translated or suppressed in accordance with
the manner in which the charge for the call is to
be entered on the printed bill.

In order to sort out and decode each of the
calls, therefore, it becomes necessary to have some
mechanism which is responsive to the character
of the record made on the primary tape. Since

27

the record in this case is a tape having a series
of holes punched therein by a perforating ma-
chine, transversely across the tape, the mecha~
nism which is responsive to such perforations is a
pneumatically controlled device, not unlike the
pneumatic system of a player piano.

Although pneumatic systems in the piano art
are old, it is believed that their application to
automatic decoding systems of the character
herein described and claimed is new. For this
reason, the principle of the pneumatic system
by which the perforated record is translated will
be described in detail.

Pig. 42 shows the important parts of the pneu-
matic system responsive to one perforation and
is commercially known in the piano player art
as the single valve system. Since the perforated
record of a call involves & number of perforations
transversely made across a tape provided with
64 punching positions, there will be 64 pneumatic
devices of the kind shown in Fig. 42, each re-
sponsive to a perforation in the particular punch
position in the tape for which a pneumatic valve
is provided. .

The valve 4200 comprises a disk 4202 placed
so that it rests above a leather pouch or dia-
phragm 4201. 'The disk is centered on a wooden
spindle 4210. A button 421{ at the end of the
spindle rests just above the pouch. The latter
is bedded in the floor of a chamber 4206 which
is connected by means of a suitable port 4203
with the bellows system (not shown) so that a
state of reduced air pressure or partial vacuum
may be maintained within it. Under the pouch
is a channel 4207 which is not connected with
the chamber save by a smail vent 4205 and which
connects with a channel 4207 connecting with the
paper tracker duct #208.

The top of the disk 4202 is exposed to the outer’

air, but it rests upon the roof of the chamber
4206 in such a way as to shut off any air from
entering the chamber over its top. Sixty-four

- of these valves are arranged in any suitable man-

ner and connected to one general port leading to
the bellows with an individual bellows or pneu-
matic 4212 corresponding to each valve. As is
shown in the figure, all the channels 4214 for all
of the valves are brought together in straight line
terminating in a smooth brass tracker bar 4215
which is as long as the width of the primary tape,
and along which sixty-four tracker ducts like
4208 are spaced so that each punch position of the
primary tape covers one opening 4208 of the
channel. The perforated tape record is wound
on a pay-out reel 4213 and rewound on a take-up
reel #209. Both reels are driven by a power
mechanism of any suitable description whose
speed can be controlled to suit the operating
characteristics of the decoding equipment con-
trolled by each of the pneumatic valves respon-
sive to the tape perforations, as more completely
described hereinafter.

As already indicated, the ends of the channels
are brought together on the face of the tracker
bar 4215 in the same order as the punch positions
of the primary tape and the punched record
travels across the bar at the speed required to
operate each of the several decoding mechanisms
when the perforated holes on the tape coincide
with the channel openings.

Assume, now, that the perforated tape is in a
position to seal up the tracker duct 4208, that is,
no perforations are present. If, now, the cham-
ber 4206 is put in a state of partial vacuum by
the operation of the bellows acting through the
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port 4203, it follows that whatever air is In the
tracker duct 4207 will leak out into the chamber
4208 through the vent 42086 until the pressure
in the chamber and that in the duct are equal
but both below normal. Consequently, the atmos-

pheric pressure above the disk 4202 will press

down and hold the disk firmly on the roof of the
chamber, keeping the pouch 4201 down and pre-
venting any air from reaching the chamber
through its roof. Hence, there will be free pas-
sage of air from the pneumatic 4212 to the atmos-
phere whereby the pneumatic will remain ex-
panded as shown. .

Suppose, now, that, in the process of decoding
the primary tape, the perforation in a position
registers with its associated tracker duct. Imme-
diately the atmospheric air will rush into the
tracker duct through channels 4214 and 4201,
killing the partial vacuum and restoring the nor-
mal pressure under the pouch. ‘The pouch, being
larger than the disk, will therefore overcome the
pressure which is holding down the latter from
above and will force the disk upwards until it
presses against the underside of the channel 421§
which is above the roof of the chamber and leads
to the pneumatic 4212. Thus, the atmospheric
air will be shut off from the pneumatic while a
passage is opened between the latter and the
chamber. The atmospheric air trapped in the
pneumatic, therefore, will at once rush out into
the low-pressure chamber 4206, and the pneu-
matic will collapse by the action of the atmos-
pheric pressure on its outside movable wall. The
collapse of the pneumatic causes the lug 4217
carried by the movable wall to bear on the con-
necting rod 4218 which operates a contact as-
sembly 42(9. These contacts now operate and
close electric circuits which control a part of
the decoding equipment as more completely de-
scribed hereinafter.

When the atmospheric air entered the cham-
ber by way of the duct it did not, however, dis-
charge at once through the vent 4208 into the
chamber 4206 and so nullify the effect of open-
ing the duct. The vent is too small to empty the
channel of atmospheric air so long as an end of
the latter is open. The quantity of atmospheric
air flowing constantly down into the channel 4214
is always greater than the capacity of the vent
to reduce its pressure by absorption into the
chamber. Therefore, so long as the end of the
channel is open, that is to say, so long as a per-
foration in the paper registers with the entrance
to the channel, it remains under atmospheric
pressure, and the pouch and the valve remain up.
The pneumatic, in consequence, remains collapsed
and maintains contact assembly 4219 operated.
When the perforation has travelled past the en-
trance of the channel and said channel is closed

by the succession of the air tight surface of the

paper, the atmospheric air trapped in the channel
is reduced in pressure by the absorption of part
of it into the chamber through the vent. Conse-

quently, the pressure under the pouch 4281 is re-

duced below the pressure above the top of the
disk. The disk, therefore, drops, the roof of the
chamber is at once sealed again, atmospheric
air flows into the pneumatic which re-inflates and
raises rod 4218 which, in turn, restores the con-
tact assembly 4219 to its original position.

Each pneumatic, therefore, controls the opera-
tion of its own contact assembly, there being, as
already mentioned, sixty-four bneumatics like
4212 and sixty-four valve systems with an equal
number of contact assemblies although the sepa-

2,160,094

rate contact assemblies may differ from one an-
other by the contact combination required to

care for the proper operation of the electrically. .

responsive apparatus econtrolled therethrough.
The number of pneumatics, of course, may be ex-
panded or restricted depending upon the size of
the record to be decoded. _

While the manner by which the.chamber 4208
is maintained at workable pressures lower than
atmospheric forms no part of the invention and
hence is not shown, any workable and commer-
cial device for maintaining such a pressure may

- be used without departing _!rom the spirit of the

invention. :

Having described the pneumatic system and
the necessary apparatus by which a perforated
record causes its operation, we will proceed to de-
scribe how, by the use of sald apparatus and the
manner of its operation, the perforations on the
primary tape control the making of a secondary
record for each line containing, in chronological
order, a record of all the calls made by said line
‘during the billing period.

In order to obtain a clear understanding of the
principle underlying this part of the invention as
well as the details of its operation, Figs. 31 to 41,
inclusive, should be arranged as indicated in
Section II of Fig. 1. With the drawings so ar-
ranged, 3/00 represents the perforated record as
passing across the surface of the tracker bar 3101,
the entire width of the perforated record being
extended across Figs. 31 to 37, inclusive for a
Clearer exposition of the decoding apparatus.

~Each one of the tractor ducts leads to a pneu-
matic valve and attached pneumatic of the type
described. These valves are schematically repre-
sented in Figs. 31 to 37, inclusive. While there
are in all sixty-four such pneumatics to corre-
spond to the sixty-four punch positions on the
primary tape only representative combinations of
the entire number of pneumatics'together with
their contact assemblies are shown in said draw-
ings for the sake of clarity.

Betore proceeding with the detailed description
of the making of secondary record for each line
it is desirable, first of all, to point out the oper-
ating.objects sought to be accomplished when the
perforated primary tape travels across the tracker
bar and the call record punches come into coin-
cidence with the tracker openings for operating
the pneumatics involved.

As already mentioned, while the calls com-
pleted during the billing period by the group .of
200 - subscribers served by one perforating ma-
chine are recorded in chronological order, they
are not, however, grouped together with respect
to the lines from which they were made. Since
the printing tabulator, as described hereinafter,
prints the entire bill for one line at a time, it is
necessary to sort these calls, allocate them to

‘the lines from which they were made and make .

a separate record of these calls for each line, satd
record being subsequently used to operate the
tabulator to print the subscriber record of calls,
- where one is necessary, and the bill therefor. In
order to do this, it becomes necessary to make
another record, one for each line in the group
and containing thereon a record of all calls made
from that line. In this manner all the calls re-
corded on the primary tape are transferred to
two hundred secondary records individual to each
of the lines in the group. For this purpose, two
hundred secondary punching machines are pro-
- vided, one for each line-finder terminal of the
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through one common analyzing mechanism, here-
in called the analyzer and shown in Figs. 31 to 41,
inclusive. Obviously, if a secondary punching
machine appertains to a line-finder terminal
number and the entire office, for billing pur-
poses, is divided into a plurality of two hundred
line groups, each group being one half of a line-
finder frame and each terminal in the group hav-
ing the same identifying number as correspond-
ing terminals in all other groups, then all groups
will make similar primary tape records so far as
line-finder terminal number identifications are
concerned. When it follows that one analyzer is
sufficient with which to decode the primary tape
records of all the groups in the office. Further,
since corresponding terminal numbers in differ-
ent line-finder groups are recorded on the pri-
mary tape by the same code method as above de-
scribed, the analyzer makes no distinction be-
tween the line-finder terminal number codes re-
corded in one primary tape and those recorded
in another. Hence each of the 200 secondary
tape records ultimately produced by each primary

_tape record so analyzed relates back to the cor-

rect subscribers by identifying not only the line-
finder terminal number but also the line-finder
group to which the primary tape appertains. This
discrimination  between line-finder groups, of
course, is not evident from any record in the
primary tape but simply from the fact that each
primary tape belongs to a different line-finder
group. In this manner the analyzer and the two
hundred secondary punching machines coopera-
tively associated with it can be made to serve one
office of 10,000 lines.

By the application of the same principle to
an entire telephone area, one analyzer and its
200 secondary punching machines can be made
to serve each and every office in said area. For
if the subscribers in each of the offices are divided
into 200 line groups and the line-finder terminal
numbers in each group correspond to the line-
finder terminal numbers in every similar group
throughout the area, then all primary tape rec-
ords, as far as line-finder identification numbers
are concerned, are identical regardless of the
office of origin or of the particular group therein.
Each of the 200 secondary records. produced by
some one primary tape record then relates back
tc a particular line-finder terminal number, the
subscriber corresponding to which is then further
identified by the line group to which the primary
tape belongs and to the office in which said tape
was made.

There is, however one important difference
between the use of the analyzer for one telephone
office and its use for one telephone area. In the
latter case, the offices are usually divided into
different calling zones for each of which a dif-_
ferent charge rate may prevail for calls completed
from any office within the zone to points outside
of the zone. Since, as described hereinafter, the
secondary record of any line does not contain, in
code form as does the primary tape, the record
of the telephone conversation time but only a
record of the charge to be made for the call,
analyzer, in the case it is common to the area,
must contain facilities for distinguishing the pri-
mary tape records emanating from the offices in
the different zones in order that, in making the
secondary record for a line from a given primary
record of an office, the proper charge rate ap-
plicable for the zone in which said office is lo-
cated may be used in computmg the charge for
the call.

29

The analyzer as shown in Figs. 31 to 41, in-
clusive, performs six separate functions. Its
entire mechanism, therefore; may be functionally

‘divided ‘into six parts as follows:

Part 1—The mechanism which is responsive
to the perforated records on the primary tape.

Parit 2—The means for selecting the sécondary
punching machine . appertaining to the line-
finder terminal number registered with the call
record and thereby to distribute the call rec-
ords on the primary tape common to 200 lines

over 200 secondary tapes, one for each line-finder

terminal number or subscriber appertaining
thereto.

Part 3.—The means for translatmg the called
office code into a called office name, if necessary,
and of further means responsive to the called
office code record for determining the charge
rate to be applied.

Part 4—The means responsive to that part of
a call record on the primary tape which involves

20

certain information to be further copied as a -

part of the secondary record.

Part 5—The apparatus for computing the
charges for each toll call into money units, and
for each local call into call charge units, together
with the means for associating the conversation
time in minutes and also the evening or night
rate indication with the said apparatus for com-
puting charges.

Part 6.—The means for associating the line-
finder terminal number on the primary tape with
the directory number of the subscriber to which
said line-finder terminal number appertains and
the zone of the office in which the office contain-
ing said line belongs.

To describe the operation of the analyzer for
the most general case, let it be assumed that it is
to be used for decoding primary records from a
plurality of telephone offices comprising a local
telephone area divided into a number of different
calling zones and that each of said zones defines
the charge rate for calls established from any
office within the zone to all other zones of said
local area. Furthermore, all of the offices in the
area are to be assumed to have their subscriber
lines uniformly divided into groups of 200, and
that corresponding line-finder terminal num-
bers in all the groups in the area are the same
and recorded on all primary tapes in the manner
already described. It will also be recalled that
the object of breaking down the primary record
of calls made by a group in any office is to make
a secondary tape record for each line in that
group, and that, in order to accomplish this with
one common analyzer for the whole area, as for
one office, 200 secondary punching machines
operate in combination with the one anlyzer.
Each of these machines is of the same structure
as the one used for punching the primary tape.
It has a feed mechanism comprising advance
magnet 3818, a cooperating ratchet mechanism
382f, a take-up reel 3819, and a tape feed roll
3820, a group of punch magnets and controlling
circuits for operating the same to perforate a
number of holes across the tape to indicate the
required information relating to one call. Each
punch magnet has a punch associated with its
armature, for example, in the manner disclosed
in Patent 749,033, granted January 5, 1904, F. G.
Creed. The schematic representation of such a
secondary punching machine is shown in the
lower portions of Figs. 38 fo 41, inclusive, and
will be considered in detail in connectlon with the
operation of the a,nalyzer
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Associated with each punching machine and
forming 'a part thereof, is a multi-contact relay,
such as relay 3800 which, when operated, extends
& number of conductors from the analyzer to the
punch magnets of the related punching machine.
The conductors from the analyzer are multipled
to corresponding contacts of other multi-contact
relays. That is, of the entire 200 multi-contact
relays, only one is operated at one time so that
any electrical condition imposed on the com-
moned conductors as the result of the decoding
process initiated by the perforations of a call
record on the primary tape will be extended
only to the punch magnets of that punching
machine whose associated multi-contact relay
has been operated. Thus, it is only necessary to
select the multi-contact relay designated by the
code of the line-finder terminal number con-
tained in the call record in the primary tape to
insure the selection of the secondary punching
machine which has been made to appertain to
that number and hence to the subscriber repre-
sented by that number.

Now, in the example chosen to illustrate the
manner in which our entire invention operates,
it has been assumed that the calling line-finder
terminal is 117 and that, to record on the primary
tape the code of such a number, holes were
punched on the primary tape in punch posi-
tions 1, 4, 8 and 11. Consequently, when the pri-
mary tape advances to the position where the
perforations which record the assumed call are
coincidental with the corresponding holes in the
tracker bar 3101, the exposure of the vent holes
to-the atmosphere as a result of the coincidence
of the perforations with the tracker hole open-
ings causes the associated valves to operate as
described and cause the collapse of their associ-
ated pneumatics 3102, 3103, 3200 and 320f. The
collapse of the pneumatics, in turn, causes the
operation of their respective contact assemblies
3110, 3114, 3204 and 3202. By this operation a
group of decoding circuits is operated by which
the particular multi-contact relay of the sec-
ondary punching machine appertaining to the
line-finder terminal number 117, recorded on the
tape, is caused to be selected and operated.

The entire scheme for the selection of one of
the 200 secondary punching machines or, what
amounts to the same thing, the one multi-con-
tact relay which causes connection thereto, is
based on a group of relays which controls, by
elimination, the selection of the one conductor
which is connected to the winding of the par-
ticular multi-contact relay sought to be selected.
The pneumatics operated in response to the code
perforations of the line-finder group code close
circuits to operate a group relay which, through
its contacts extends a group of 40 common con-
ductors to a particular main group of 40 other
conductors correlated to the main group of 40
lines indicated by the operated pneumatics of
the group code. The operation of the “tens”
code group of pneumatics further causes the ex-
tension of a group of tens conductors, into which
the main group of 40 conductors is divided, to
the contact assemblies of the units code pneu-
matics while the operation of the latter pneu-
matics, according to the units code perforations
of the line-finder terminal number, completes the
circuit over one particular conductor in the se-
lected group of ten conductors thus partially ex-
tended. This conductor is connected to the
winding of the multi-contact relay appertaining
to the line-finder terminal number,

2,165,024

The line-finder terminal number of the line of
origin of the call under consideration is assumed
to be 117 which means, first of all, the first group
of the flve main groups of 40 lines each into
which the group of 200 lines is divided. Con-

- sequently, the operation of the group pneumatic

3102, in response to the hole punched in position
1 of the primary tape, causes a circuit to be closed
to the first group relay 3104 extending from bat-
tery through the winding of multi-contact relay
3104, conductor 3109, make contacts of the No. 3
contact set of contact assembly 3110, normal con-
tacts of the No. 1 contact set of contact assembly
3119, normal contacts of the No. 2 contact set of
contact assembly 3912, to ground. Relay 3104
operates and closes its contacts through to the
common conductors which extend to the other
four group relays, namely, 3105, 3106, 3107 and
3108. Relay 3104 further closes a circuit from
ground on a supplementary contact, conductor
3119, winding of relay 3822 to battery. Relay

3822 operates but performs no useful function at

this time.

The operation of tens code pneumatic 3103, in
response to the hole punched in position 4 to in-
dicate the first tens group, causes a circuit to
be closed from ground on contacts 3114, conduc-
tor 3115, winding of relay 3118, to battery, there-
by operating this relay and further extending
the first subgroup of ten conductors to the con-
tact assemblies of the units code pneumatics,
while the remaining 30 conductors remain un-
extended. .

Finally, the operation of units code pneumatics
3200 and 3201, in response to holes punches in
positions 8 and 11 corresponding to the seventh
units digit, now causes a circuit to be closed from
ground on the alternate contact of the contact
assembly 3202, the normal contact of the No. 2
contact set of contact assembly 3208, the normal
contact of the No. 3 contact set of contact as-
sembly 3207, the alternate contact of the No. 4
contact set of the contact assembly' 3204, con-
ductor 3205, No. 7 contact set of relay 31186, con-
ductor 3117, No. 7 contact of relay 3104, con-
ductor 3118, winding of multi-contact relay 3800,
to battery. Multi-contact relay 3800 is the mul-
ti-contact relay marked by the line-finder termi-
nal number 117, is one of the 200 similar relays,
one for each line of the unit group of 200 which
associates a particular secondary. punching ma-
chine with a particular line-finder terminal num-
ber of any office within the telephone area. The
operation of multi-contact relay 3800 now closes
64 sets of contacts, each of which extends a com-
mon conductor from the analyzer to the winding
of a punch magnet of the secondary punching
machine. The secondary punching machine has,
therefore, 64 punch magnets each of which, when
operated, perforates a hole in a correspondingly
numbered position. The entire record of a call
as it is to be transmitted for printing to the print-
ing tabulator, as described hereinafter, will be
contained in the series of holes punched trans-
versely across the secondary tape..

Having selected the secondary punching ma-
chine correlated to the proper line finder termi-
nal number, I will now describe how the remaining
information contained on call record perfora-
tions of the primary tape is translated, suppressed
or directly reperforated on the secondary tape
by the secondary punching machine.

It will be recalled that immediately next to
the code registration of the line finder terminal
number there is registered on the primary tape
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the called office code between punch positions
12 to 23, inclusive. Now the office code trans-
lator of the analyzer comprises a series of pneu-
matics which operate in accordance with the A
code perforations contained between positions
12 to 15, inclusive, the B code perforations con-
tained between positions 16 to 19, inclusive, and
the C code perforations contained between posi-
tions 20 to 23, inclusive. Each office code digit
is punched in accordance with the four unit
code as previously described. When, therefore,
the particular punched holes of the entire office
code uncover the corresponding tracker duct
openings connecting with the pneumatics re-
sponsive to the above punch positions, their oper-
ation causes the closure of their respective con-
tact assemblies which, in turn, cause the conse-
quent operation of another group of translating
relays as follows: ‘

The operation of the pneumatics for the A
digit in accordance with the code of that digit,
grounds one of eight conductors, all of which are
multiplied to corresponding contacts of -eight
The operation of each of the relays is, in
turn, controlled through the contact assemblies
of the B digit pneumatics. These relays, in Fig.
33, are designated 3303 to 3310, inclusive. Since
the eight conductors from. the A code pneu-
matics are multiplied to each of these relays, it
is evident that any one of the eight conductors
may be extended through any one of the eight
B digit relays which may be operated, making it
thus possible to extend 64 conductors in all
through all of the eight relays. The operation of
one of these relays further extends the grounded
conductor from the operated A code pneumatics
to the multiplex contacts of ten C code multi-con-
tact relays 3404 to 3413, inclusive, each one of
which, in turn, is operated by the proper combi-
nation of C code pneumatics. The conductor
grounded by the A code pneumatic is then car-
ried through the B code relay operated by the B
code pneumatic, to the contacts of the particular
C code relay operated by the C code pneumatics,
which latter operated in response to the C digit
perforation on the primary tape. The contact
so grounded is the particular code point apper-
taining to the called office code punched on the
primary ‘tape. :

As an example, it will be remembered that the
called office code of the call used for illustra-
tion is Halifax or 425. Consequently, the punch-
ing of a hole in position 15, corresponding to the
code punch position for A digit 4, causes the
corresponding pneumatic 3311 to operate and
close contact assembly 3301, after which a path
is closed from ground on the alternate contact
of contact assembly on 3301, the normal contact
of the No. 2 contact set of contact assembly
3319, the normal contact of the No. 3 contact set
of contact assembly 3320, the normal contact of
the No. 4 contact set of contact assembly 3312 to
conductor 3313, which extends in parallel to the
No. 3 contact set of all of the B digit code relays
3303 to 3310, inclusive, the No. 1 and No. 8 con-
tact sets of which only are shown for all of said
relays except 3303 for which are shown the No.
3 and No. 8.

The coincidence of the hole punched in posi-
tion 17 as the code perforation of the B digit 2,
causes the operation of pneumatic 3315 which,
in turn, operates its associated contact assembly
3316 and thereby causes a circuit to be closed

from ground, normal contact of contact assem-’

bly 3403, normal contact of the No. 1 contact set
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of contact assembly 3401, conductor 3400, the

. alternate contact of the No. 1 contact set of con-

tact assembly 3318, conductor 3318, the normal
contact of the No. 2 contact set of contact assem-
bly 3302, conductor 3317, winding of relay 3303
to battery. The first B digit code relay 3303
operates in the above circuit and closes its eight
sets of contacts, further extending thereby con-
ductor 33(3 through conductor 3314, through
its 3rd contact set to conductor 3419, .

The coincidence of the holes punched in posi-~
tions 20 and 21 in response to the perforation
of the code for the C digit 5, causes a circuit to
be closed from ground, normal contact of con-
tact assembly 3418, normal contact of the No, 1
contact set of contact assembly 3411, the alter-
nate contact of the No. 1 contact set of contact
assembly 3416, the alternate contact of the No.
2 contact set of contact assembly 3415, conductor
3414 to battery through the winding of multi-con-
tact relay 3408. Relay 3408 operates. Ground on
conductor 3419 is now further extended over the
No. 3 contact set of multi-contact relay 3408,
conductor 3420, winding of code relay 3801 to bat-
tery. Relay 3801 is the relay which identifies the
called office code. Since, therefore, the translat-
ing facilities provide for 640 possible code trans-
lations; the present embcdiment of the invention
discloses the possibility of using the automatic
billing system for 640 possible called offices.
However, it must be understood that no such
limitation is intended. The telephone art is re-
plete with innumerable devices for translating
any number of codes, all of which devices may
be easily modified for incorporation into the in-
vention. Where, for instance, the number of
codes to be translated is greater than 640, such
as might be the case if more than eight digits
were to be used for the A code or B code or both,
the four-unit code provided for translating each
of these digits can be easily expanded to include
two more conductors in the A code group and
two more relays in the B code group thereby
furnishing circuit facilities for translating a
maximum of a thousand codes. However, the
number of codes which may be translated is not
the essence of the invention; these facilities may
be expanded or restricted in accordance with the
traffic complexities and the number of called
offices involved in any particular area for which
the billing system is adapted. What is included
as a part of the invention is simply a code trans-
lator responsive to the code record contained in
the primary tape.

The object of translating the office code is two-
fold; first, the called office must furnish the
basic traiff rate applicable to the call so that, in
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computing the total charges for the call, the

correct base charge may be applied; secondly, in
the case of a toll call or of any call for which
the called office and number is to be itemized on
the bill, the office code designation as thereon
printed must appear as shown in the telephone
directory.

Therefore, each code relay like 3801 must fur-
nish controlling means for indicating the base
charge and other means for indicating the office
name. For both of these purposes, each office
code relay, like relay 3801, contains five sets of
contacts which, when the relay operates, grounds
five separate conductors, three of which extend
to cross-connecting frame 3802, the fourth con-
ductor 3823 is extended to a terminal on a plu-
rality of zone switches, 3922, 3923 and 3924 for
supplying the rate indication, and the fifth con-

70

(]




10

15

45

50

55

60

65

70

({]

32

ductor 3813, for supplying ground to the contact
assemblies of the pneumatics which control the
called number and date registration for a purpose
described hereinafter.

The three conductors extending to the cross-
connecting frame 3802 are further cross-con-
nected by way of block 3812 for operating relays
which, in turn, control certain punch magnets
of the punching machine for perforating the code
of the called office in the letter code in which
said office appears in the directory. However, in
order to minimize the number of punches re-
quired for this purpose, each of the letters cor-
responding to a letter in the office code is punched
in a five-unit code such as is used, for example, in
printing telegraph systems. A set of relays A to

'Y, inclusive, therefore, is provided for each code

digit and the conductors on the code relays cor-
responding to individual offices are cross-con-
nected to these letter relays as required by the
lstters of the office code. For example, the office
name of the called office corresponding to code
425 has been assumed to be Halifax, the first
three letters of which are dialed by the sub-
scriber as the code of the wanted office, Since
relay 380f is the code relay corresponding to
office code 425 and, therefore, to its letter equiva-
lent Halifax, the conductor grounded by the No. 1
contact set of relay 3801 Is cross-connected from
block 3802 to block 3812 and from thence to the
winding of the relay corresponding to letter H
of the first group of twenty-six relays provided
for translating the first digit of the office code
into its letter equivalent. This relay, in Fig. 38,
is designated as relay 3803. The conductor
grounded by the No. 2 contact of relay 3801 is
cross-connected to the winding of the relay cor-
responding to letter A of the second group of
twenty-six relays corresponding to the letter
translation of the B digit. This relay, in Fig. 38,
is designated as relay 3804. The conductor
grounded by the No. 3 contact set of relay 3801
is cross-connected to the winding of the relay
corresponding to letter L of the third group of
twenty-six relays corresponding to the letter
translation of the C digit. This relay, in Fig. 38,
is designated as 8805. Each relay in each group
of letter relays is provided with as many contact
pairs as are required by the flve-unit code for
characterizing the letter represented by the re-
lay. The conductors connected to the front con-
tacts of each of the letter relays of the first group
are each further extended to one contact of a
contact set of a group of five contact sets on
relay 3800 reserved for the letters of one digit
of the code. The same is true of the front con-
tacts, appertaining to the letter relays of the
remaining two groups; the extensions to the con-
tact sets of relay 3800 in each of these two other
cases taking place to other separate groups of
contact sets reserved for each of the other two
letters. - In this manner, the magnets operating

between punch positions 1 to 5, inclusive, control -

the registration of the A digit in accordance with
the five unit code, the magnets operating between
punch positions 6 to 10, Inclusive, control the
registration of the B digit and the magnets which
operate between punch positions 11 to 15, inclu-
sive, control the registration of the C digit.
Returning to the illustration, the A digit code
letter relays, of which only relays corresponding
to the letters A, H and Y are shown, show relay
3803 of the letter H having two sets of contacts,
the first of which is cross-connected to the No. 3
contact set of relay 3800 which, in turn, controls

2,165,924

the operation of punch magnet 3808, and the sec-
ond is cross-connected to the No. § contact set
which, in turn, controls the operation of punch
magnet 3807. Consequently, the operation of re-
lay 3803, which occurs over an obvious circuit
when relay 3801 operates, closes two circuits, as
follows: (1) ground on conductor 3817, outer
contact of relay 3803, No. 3 contact set of relay
3800, winding of punch magnet 3806, battery.
The magnet operates and causes a hole to be
punched in punch position 3 of the secondary
tape; (2) ground on conductor 3817, inner contact
of relay 3803, No. 5 contact set of relay 3800,
winding of punch magnet 3807 to battery. The
magnet operates and causes a hole to be punched
in position 5 of the secondary tape. The holes
punched in these two positions, that is, positions
3 and 5 designate the letter H, according to the
above five-unit telegraph code.

Relay 3804 of the second group of letter relays
of which only the relays corresponding to let-
ters A, U and Y are shown, corresponds to the
letter A. It has two sets of contacts and they
are cross-connected to contact sets Nos. 6 and 7
of relay 3800, which control, respectively, thc
operation of punch magnets 3808 and 3839. The
relays corresponding to letters U and Y show
their contacts cross-connected to the appropriate
contact sets of relay 3800 for the designation of
their appertaining letters according to the above
mentioned telegraph code. Hence, when relay
3804 operates, two circuits are closed as follows:
(1) ground on conductor 3817, outer contact of
relay 3804, No. 6 contact set of relay 3800, wind-
ing of punch magnet 3808, battery. The magnet
operates and causes a hole to be punched in posi-
tion No. 6 of the tape; (2) ground in conductor
3811, inner contact of relay 3804, No. 7 contact
set of relay 3800, winding of punch magnet 3809
to battery. The magnet operates and causes &
hole to be punched in position No. 7 of the tape
which, in conjunction with the hole in position 6,
designates the second letter A of the dialed office
code.

Relay 3805 of the third group of letter relays
of which relays corresponding to A, L and Y only
are shown, corresponds to the letter L. It has
two sets of contacts, the first of which is cross-
connected to the No. 12 contact set of relay 3800
which, in turn, controls the operation of punch
magnet 3810, and the second is cross-connected
to the No. 15 contact set of said relay which, in
turn, controls the operation of punch magnet
3811. Consequently, when relay 3808 operates
two circuits are closed as follows: (1) ground on
conductor 3817, outer contact of relay 3808, No.
12 contact set of relay 3800, winding of punch
magnet 3810, to battery. Magnet 3810 operates
and causes a hole to be punched in pesition No. 12
of the tape; (2) ground on conductor 3817, inner
contact of relay 3808, No. 15 contact set of relay
3800, winding of punch magnet 3811 to battery.
Magnet. 3811 operates. and causes a hole to be
punched in position 15 of the tape which, in
conjunction with the hole punched in position 12,
designates the letter L of the dialed office code.

Thus relay 3801, corresponding to the called
office code 425, has been translated for reperfora-
tion on the secondary tape into the appropriate
letter code HAL which, it is assumed, is the letter
code printed .in the telephone directory. All
other office code relays, of course, have their con-
tacts extended through cross-connecting frames
3802 and 3812 to the appropriate one of each of
the relays in the three groups of letter relays
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which correspond to the A, B, C letters of the
code identified by the separate office code relays.
It should be noted that if digit figures are used
instead of digit letters for the office code, then
since a maximum number of ten possible char-
acters would be required for each of the three
digits, the number of translating relays in each
group would be reduced from twenty-six to ten.
The four-unit code heretofore used for register-
ing, in code form, the items of information on the
primary tape could then be similarly used to
register, also in code form, each of the numerical
characters of the office code digits. Or, again, if,

as is at present the case in large metropolitan

areas, the last digit of the office code is one of
the ten digits in order to provide for the use of
the same office name for a plurality of offices
such as, for example, Halifax 2, Halifax 3, etc.,
then, the last group of twenty-six letter relays
can be omitted and ten relays for the four-unit
code can be used to record the numerical char-
acter. Where, however, the four-unit code is
used, only four punch magnets per digit are re-
quired instead of five.

The information on the primary-tape next to
be recorded on the secondary tape is the group
of codes designating the called number. The
punched holes indicative of the number appear
in various combinations between positions 24 to
43 inclusive, Since the number may comprise
five separate digits or characters including a party
station designation, each digit or character is
recorded by a four-unit code involving the per-
foration of one or two holes in four punch posi-
tions allotted for each digit, namely, the thou-
sands digit registration. between positions 24 to
27, inclusive, the hundreds digit registration be-
tween positions 28 to 31, inclusive, the tens digit
registration between positions 32 to 35, inclusive,
the units digit registration between positions 36 to
39 and the stations digit registration between
positions 40 to 43, inclusive.

The called number, if it is to be itemized in the
bill and therefore must be recorded on the
secondary tape, needs no translation from the
manner in which it is recorded on the primary
tape. Hence, the record as contained in said
tape may be directly copied into the secondary
tape. Therefore under such circumstances, each
of the pneumatics responsive to the several punch
holes indicating the called number close con-
tacts which extend ground on conductor 3813 to
the separate contact pairs of the multi-contact
relay 3800, the mates of which contacts, in turn,
extend, respectively, to the windings of separate
punch magnets so that, when relay 3800 operates
and the called number pneumatics responsive to
the punched holes have operated, the punch mag-
nets which have been directly connected by the
operation of relay 3800 to the grounded contacts
of sald pneumatics, operate in the combinations
corresponding to the holes in the primary tape
and punch the same record and in the same codes
on the secondary tape.

Since each one of the pneumatics operated by
the holes of the called number code controls an
associated contact assembly which has but one
pair of contacts, all of these separate pneu-
matics are not shown, but only the first, which is
responsive to punch position 24, and the last,
which is responsive to punch position 43, the con-
ductors connected to all of the other pneumatics
being simply indicated as connected thereto and
extending to contact sets Nos. 16 to 35, inclusive,
of multi-contact relay 3800.

33

It will be remembered that the called sub-
scriber’s number was assumed to be 3678. In
consequence of this, the thousands digit 3 is
represented by a hole punched in position 26 of
the primary tape, thereby causing the operation
of the corresponding pneumatic (not shown), and
the consequent grounding of conductor 3500 by
way of ground on conductor 3813 connected thereto
through the No. 5 contact set of office code relay
3801. Hence, a circuit is closed from ground on
confiuctor 3500, No. 18 contact set of relay 3800,
winding of punch magnet 3901 to battery. Mag-
net 3901 operates and causes the punching of a
hole in position No. 18 of the secondary tape
thereby recording, in code form, the thousands
digit 3.

The registration of the hundreds digit 6 caused
holes to be punched in positions 28 and 30, re-
spectively, of the primary tape, thereby causing
the consequent grounding of conductors 3801 and
3502 by way of conductor 3813. Hence circuits
are closed: (1) from ground on conductor 3501,
No. 20 contact set of relay 3800, winding of punch
magnet 3902, battery. The magnet operates and
causes a hole to be punched in position 20 of the
tape; (2) ground on conductor 8502, No. 22 con-
tact set of relay 3808, winding of punch magnet
3903 to battery. The magnet operates and causes
a hole to be punched in position 22 of the tape
which, in conjunction with the hole punched in
position 20, records, in code form, the hundreds
digit 6.

The registration of the tens digit 7 caused holes
to be made in positions 32, 35, respectively, of the
primary tape, thereby causing the consequent
grounding of conductors 3603 and 3504 by way of
conductor 38813. Hence, circuits are closed: (1)
from ground on conductor 3803, No. 24 contact
set of relay 3800, winding of punch magnet 3904 to
battery. The magnet operates and causes a hole
to be punched in position 24 of the tape; (2)
ground on conductor 3504, No. 27 contact set of
relay 3800, winding of punch magnet 3905 to bat-
tery. The magnet operates and causes a hole to
be punched in position No. 27 of the tape which,
in conjunction with the hole punched in position
24 records, in code form, the tens digit 7.

The registration of the units digit 8 caused holes
to be punched in positions 37 and 38, respectively,
of the primary tape thereby causing the conse-
quent grounding of conductors 3505 and 3506 by
way of conductor 3813. Hence, circuits are

“closed: (1) from ground on conductor 3505, No. 29

contact set of relay 3800, winding of punch mag-
net 3906, to battery. ‘The magnet operates and
causes a hole to be punched in punch position 29;
(2) ground on conductor 3506, No. 30 contact set
of relay 3800, winding of punch magnet 39017, to
battery. The magnet operates and causes a hole
to be punched in punch position No. 30, which in
conjunction with the hole punched in position 29,
records in code form, the units digit 8. .

There being no station’s letter for the assumed
number of the called subscriber, no holes were
punched in positions 40 to 43, inclusive, of the
primary tape. Consequently, their corresponding
pneumatics in the analyzer.are not operated and
the corresponding punch magnets for positions 32
to 35 of the secondary tape remain unoperated.

The secondary tape besides containing the req-
uisite perforations to print the called office and
number when required, must contain, as well, a
punched code which designates (a¢) the charge for
the call in terms of a base call charge unit if the
call is completed within what has been defined as
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the local area, () the charge for the call in money
units if said call has been completed to a toll point.

-In the case of local calls, or such calls completed

to points within the local area for which different
rates apply for different calling zones, it is the
usudl practice for the operating company to bill
such charges to the subscriber only in terms of
standard local charge units rather than in money
units and furnish no itemized account for the call.
For example, local calls may be designated as calls
which may be made for flve cents for a standard
period of conversation, and flve cents for each
defined overtime period thereafter; others for ten
cents or two call charge units for the initial con-
versation period and five cents or one local charge
unit for each period of overtime thereafter, and
yet others may have an initial charge rate of
fifteen cents or three local charge units of flve
cents each for the first period of conversation and
five cents or one call charge unit for each defined
period of overtime thereafter. For instance, if
the subscriber has conversed for fifteen minutes
over a connection in which the initial charge is five

cents and the overtime charge is five cents for each"

additional five minutes or fraction thereof, the
bill to the subscriber would merely indicate three
local calls at five cents each., Or again, if the call
is to an office within the Iocal area but for which
the base rate charge is ten cents for the first five
minutes and five cents for each three minutes of
overtime or fraction thereof, this call would be
billed to the subscriber as five local five cent calls
without an itemized account of the fact that the
call was completed to the “ten cent” area. The
same thing would be true for the fifteen cent rate
wherein the base rate would be charged as three
local charge units and the overtime charged in
terms of conversation periods adjusted to the local
base rate. Inother words, the operating company
may deem it expedient to make no distinction
between the three different types of calls and sub-
ject them all to the “bulk billing” practice so long
as a detalled account of a call is confined to such
as are characterized as “toll” calls; that is, calls
completed to toll points.

It will be observed that, in the preferred em-
bodiment of the invention, the primary tape is
arranged to make no distinction between calls
which have to be itemized or separately reported
as & part of the subscriber’s bill, and those which
do not have to be so itemized. A toll call typically
represents the former while a purely local call
typically represents the latter. And it will be
recalled that the district call recorder was ar-
ranged to select a primary punching machine for
all calls, whether local or toll, on a signal from the
sender and to cancel the record of the called office
code and number for other than toll calls if the
charges for local calls were to be obtained from
message registrations on the subscriber’s meter.
However, where no meter is provided at the sub-
scriber’s line, the call recorder preserves the rec-
ord of the called code and, if desired, the record of
the called number. But the fact that the entire
record of the call, whether local or.toll, is so con-
tained on the primary tape does not mean that all
items so recorded must necessarily be repeated on
the secondary tape. In the case of local calls or
calls to be charged for on a local rate basis as
above described, the called office and number,
although recorded on the primary tape, are not
itemized on the bill. Hence, although this infor-
mation appears on the primary tape in code form,
it must not appear on the secondary tape. It will
be observed from Fig. 38 that the called office code

2,165,024
relay, relay 3801, has three sets of contacts used’

for connection to the office code letter relays, as
already described, another set of contacts for con-
trolling the charge for the call, as described here-
inafter, and yet another set of contacts which,
when the relay is operated, grounds conductor
3813. In the case of calls to those offices which
are to be reported on a bulk-billing basis and for
which an itemized report of such calls is not to be
furnished the code relay can be omitted entirely
and conductor 3420 which is connected to its
winding can be extended directly to the proper
charge terminal on the zone switching blocks 3922,
3923 and 3924. As a matter of convenience, two
conductors are shown as extending from the code
contact in Fig. 34, namely, conductor 3420 when a
code relay is used, and conductor 3421 when the
code relay is not used. In the latter case, con-
ductor 3421 extends directly to the zone switching
blocks 3922, 3923, and 3924. Under such circum-
stances, the coincidence of the punched holes in
the primary tape designating the called office and
the consequent operation of the corresponding
pneumatics, will not cause a record of such desig-
nation to be perforated on the secondary tape, for,
in such a case, the entire translation of the office
code, without the code relay, results in the ground-
ing of conductor 3421.
operated, the punch magnets between punch posi-
tions 1 to 15, inclusive, of the secondary tape can
not operate. No office code record, therefore, is
punched on the secondary tape. And, further,
since there is no code relay, conductor 3813 is not
grounded so that, although the primary tape per-
forations of the called number cause the operation
of their corresponding pneumatics, nevertheless

‘o punch magnet circuits are closed through thefr

respective contact assemblies since these circuits
are completed to ground on conductor 3813 and to
which no ground is now connected. Hence, the
punch magnets operating between positions 16 to
35, inclusive, do not operate and no called number
is recorded.

It is entirely possible, of course, to suppress the
perforation of the office code and number In the
primary tape. The call recorder, which registers
the digit impulses at the same time they are reg-
istered in the sender, can be easily arranged to
receive from the sender the zone of the calling
subscriber and thereby the implied information as

- to whether the called number is or is not to appear

on the bill. Under such circumstances, the
ground which controls the completion of the cir-
cuits to the various magnets of the primary punch
machine for recording said number can be placed
under the control of that signal. It is thought,
however, that, for record purposes, it would be
desirable to make a permanent record of the call
and that such a record can be appropriately made
on the primary tape. If the subscriber should dis-
pute the accuracy of his bill with regard to local
calls charged for in local service units, the oper-
ating company is in a position to prove to his
satisfaction that some of the calls entered in his
bill as local calls, although charged for on a local

- rate base, nevertheless have initial and overtime

charges different from the standard local unit.
Hence, in the preferred embodiment of the inven-
tion, I have disclosed what appears to me to be the
more desirable commercial arrangement. But
either method is perfectly satisfactory and both
are included as a part of the invention.

Further, in the present embodiment of the in-
vention, and in order to show the completeness
with which all items of information may be re-

Since no code relay is thus
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ported to the subscriber if so desired, the disclo-
sure is arranged to record all information on the
secondary tape even though the call is completed
within the local area. Since the called office Hali-
fax is assumed to be within the local area and one
for which the initial call period is three times the
base rate, this called office and number would
ordinarily not be printed on the bill. We can,
however, without injury to the description of the
invention but simply to aid in its clarity assume,
alternately, that the office Halifax is within the
local area or outside.of it and that, in this in-

_stance, it is outside, that is, in the toll area and for

which the called office code and number must
appear as a separate item on the bill, making it
necessary to punch a record of said office and
number on the secondary tape, as already de-
scribed. On the other hand, if the office Halifax
is within the local area as originally assumed and
the charge for a call to which is to be made in
maultiples of the local service unit and an itemized
account of sald call is not to be entered in the bill,
the code relay 380f can be entirely omitted and
conductor 3421 extended directly to the zone
switches, as already described. Now, when the
office code and called number pneumatics operate,
the absence of any connection to the letter trans-
lating relays on the one hand, and the absence of
ground in conductor 3813 on the other, will not
cause the punch magnets from punch position 1
to .35 to operate, thereby suppressing the called
office and number from the record of the call on
the secondary tape.

Having recorded the called office and number on
the secondary tape,.it now becomes necessary to
record the charge to be made for the call. This
information is to be recorded in terms of local
service units if the call is completed to an office
within the local area and in terms of actual money
charges if the call is completed in the toll area.
Since the only information recorded on the pri-
mary tape which relates to the charge to be made
for the call is the code of the office to which the
call is completed and the duration of the conver-
sation, the information to be recorded in the sec-
ondary tape is a translation of the time consumed
for the call in terms of the local rate charge or the
total money charge, in either case as determined
by the prescribed rate for the office. This trans-
lation is achieved through the rate computer,
shown in Figs. 39 to 41 inclusive.

The structural arrangement of the rate com-

" puter, as disclosed in the present embodiment of
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the invention, is based on a predetermined rate
structure. It involves the combination of means
responsive to the elapsed interval of conversation,
divisible into a predetermined initial period and a
number of predetermined overtime increments
thereof, and means responsive to the rate indica-
tion as determined by the code of the called office
and the zone of the calling ofice. This combina-
tion marks a group of contacts which are further
utilized to operate a required number of magnets
to punch the charge for the call in code form, in
terms of multiples of local service units or in
actual money charges, different groups of magnets
being reserved to punch the different types of
charges.

Necessarily, then, the number of groups of
marking contacts to be provided in the computer
depends on the number of different conversation
periods which may be obtained out of each base

‘charge for the maximum: period of conversation

which can‘be registered. For instance, if the
entire local area is divided into three calling zones

35

and the maximum conversation period which can
be recorded is thirty minutes, then, on calls from
offices located in the first zone the number of
groups of contacts to be provided for this rate is
& function of the initial period of eonversation,
the overtime increments thereof and the maxi-
mum period of conversation. If calls from this
zone are to be charged for on the basis of a five
minute initial conversation period and thereafter
in overtime increments of five minutes or fraction
thereof, then, for a maximum conversation period
of thirty minutes, there would be a possibility of
six different charges as defined by the duration
of the call. A group of contacts, therefore, is
provided for each different charge. Or, again, on
calls from offices located in the second zone for
which the base rate may be assumed to be ten
cents, the number of groups of contacts ta be
provided for this rate is likewise a function of the

‘initial period of conversation, the overtime in-

crements thereof and the maximum period of
conversation. If the calls from this zone to
points outside of the zone but within the local

"area are to be charged for on the basis of ten

cents for an initial period of conversation lasting
five minutes and thereafter five cents for each
three minute increment or fraction thereof, then,
for a maximum period of conversation of thirty
minutes there would be a possibility of ten dif-
ferent charges as defined by the duration of the
call. And, in the same way, calls from zone 3 to
points outside of the zone but within the local
area which may be assumed to be charged for on
the basis of fifteen cents for the initial five
minute period of conversation and thereafter five
cents for each two minute increment or fraction
thereof, there would be a possibility of fourteen
different charges as defined by the duration of
the call. -

In the same manner the maximum number of
different charges for each toll rate provided may
be determined. Once a group of contacts is fixed
to represent a specific charge it remains fixed
unless and until the rate structure is changed,
at which time the maximum number of possible
charges for each rate is redetermined by the
newly defined initial and overtime periods as-
signed for the rate.

Obviously, once the charge is identified by a
specific group of contacts, the registration of the
charge on the secondary tape may be controlled
by circuits effective through said contacts. And
the character of the registration may be adapted
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to conform to what the operating company finds.

suitable to report to the subscriber to be charged
The most prevalent practice, as already indicated,
is to report each charge for a toll call as a
separate item in the money unit representing said
charge while all local calls, that is, calls com-
pleted within the local area, are not so identified
and are reported in bulk as so many local rate
calls, including those for which the charge for
the initial period is a multiple of the local service
unit. If the registration mechanism of the com-
puter is adapted to the practice above illustrated
and if it is borne in mind that the record as con-
tained in the secondary tape is what actuates the
printing tabulator, as described hereinafter, then,
each separate charge for each call emanating
from zone 2 or 3 will have to lose its identity in
the registration and has to be recorded simply as
so many local calls of five cents each. The regis-
tration of toll calls, on the other hand, will be in
terms of dollars and cents. It must be evident,
then, that the registration of the charge 1tself
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on the secondary tape is entirely flexible, is a
function, not only of what is to be registered,
but also of the characters by which the registra-
tion takes place.

The registering mechanism of the computer, as
contained in the present embodiment of the in-
vention, is based on the practice above described.
It then follows that, in illustrating one form of
registering mechanism, ro limitation of the scope
of this phase of the invention to any specific type
of register is intended. Any form of registration
which is responsive to a defining contact, or group

of defining contacts, is within the spirit and scope.

of the invention and not any particular structure
which, in all events, must be consistent with the
cooperating parts of the mechanism used for
registration and the character of the information
to be registered.

The registering and computing circuit of the
analyzer, arranged for operation in accordance
with the above practice, is shown in Figs. 36, 37,
39 to 41, inclusive. It comprises a group of ten
“minute” relays, 3615 to 3624, inclusive, each re-
sponsive to the minutes pneumatic code record
of a particular call and indicating how many
minutes of the ten minute subdivision the call
has lasted. Each of these relays has three pairs
of contacts, and therefore, thirty pairs of contacts
in all, the corresponding contact of each pair on
each relay being multipled to each other and ex-
tended, through the front contacts of switching
relay 3626, to one contact of the contact assembly
of one of the “tens” pneumatics. The operation
of one of the tens pneumatics, 3600, 3601 or
3602, in response to a ten minute subdivision of
the duration of a call, and the operation of a
minute relay in response to the operation of the
appropriate pneumatic or pneumatics of the
minute code, causes the grounding of one pair
of the thirty pairs of contacts carried by all the
minute relays.

From each contact pair of each minute relay is
a conductor which extends to the winding of a
multi-contact relay having thirty-six pairs of
contacts. Since there are thirty pairs of contacts
for all the minute relays, there are thirty multi-
contact relays, relays 4001{ to 4030, inclusive. One
contact of each pair of contacts on each of said
multi-contact relays is multipled to a correspond-
Ing contact on every other multi-contact relay
making, thereby, one continuous conductor of all
of said contacts. Since each multi-contact relay
has thirty-six pairs of contacts, there are, there-
fore, thirty-six common conductors | to 36, as
designated on Fig. 40, extending across all of said
relays.

Now according to the present embodiment of
the invention, the computer is arranged to dis-
criminate between 12 basic rate charges, namely,
three local rates, the five, ten and fifteen cent
rate for local calls and of which the five cent
rate is the local service unit, and nine toll basic
rate charges, namely, the ten, fifteen, twenty,
twenty-five, thirty, thirty-five, forty, forty-five
and fifty cent base charges. Each of these rates
is represented by a relay, namely, relays 3968 to
3919, inclusive. The winding of each of the toll
rate relays, with the exception of relays 3917, 3818
and 3919, terminate on cross-connecting block
3928. The winding of each of the local rate re-
lays, namely, relays 3908, 3909 and 3910 termi-
nate on corresponding contacts on the right side
of relays 3928, 3927 and 3928, respectively. Re-
lays 3817, 3918 and 3819, representing the forty,
forty-five and fifty cent base toll charges, respec-

tively, are not connected directly to terminal block
3828, They are controlled, instead, through the
contacts of two other relays, namely, relays 3821
and 3828 which are responsive, respectively, to -
the operation of the “night” and “evening” pneu- g
matics 3509 and 3888. The rates represented by
these three toll relays may change in the course
‘'of the day, and therefore, provision is made for
adjusting the rate in accordance with established
regulations for the evening and night revisions. 3¢
When it is desirable to effect a similar change in
the lower rates, relief relays may be introduced
which will be likewise responsive to the night and
evening pneumatics and the control of the lower
rate relays extended through the contacts of g
these relief relays. . :

The thirty-six conductors extending across the
thirty multi-contact relays are divided into groups
of three conductors each, there being, therefore
twelve groups. Each group Is now extended to 20
the contacts of & rate relay. Conductors |, 2
and $ of the first group are extended to the five
cent -rate relay 3988, conductors 4, § and § to
the ten cent rate relay $888—etc. concluding with
conductors 34, 38 and 3§ which extend to the
contacts of the fifty cent base rate relay 3919.
Hence, the operation of any base rate relay re-
sults in the grounding of three conductors which
are common to the entire group of thirty multi-
contact relays. 30

The rate conductor from each of the local code
relays, as for example, conductor 3823 in the
case of code relay 3881, or conductor 342! for
the same code where no code relay is used, is

“extended to the terminals of the switching blocks gy
3822, 3023, 3024.

Referring back to the assumption that the
operation of the analyzer is herein described for
1ts most extended application, that is, for a whole
telephone area, it 1s assumed that all of the ¢
offices within that area are divided into a number
of calling zones with respect to each of which
different rates may apply for calls completed to
offices outside of the zone. Hence, the rate con-
ductor which extends either from the contacts of 44
the called office relay, like relay 3801, or the office
code translator, like conductor 3421, must be
flexibly extended to the different base rate relays
in accordance with the rate applicable to each
of the different zones. Now for convenience of
illustration, it is assumed that the entire tele-
phone area is divided into three calling zones
with respect to all telephone offices within the
area and that the entire area itself further com-
prises but one zone with respect to toll calls or gg
all calls completed by any office within the area
to any office outside the area.as defined by the
minimum base toll rate of ten cents. This divi-
sion, of course, is not strictly accurate as, in
practical cases, the entire calling area may in- gg
clude parts of the toll area as well and to this
extent the number of calling zones is increased
to take parts in of the toll area. Since, however,
the principle of division is always the same,
namely, the use of one base charge for a calling gg
zone to all called offices within the area, the use
of three calling zones will be sufficient to illus-
trate the manner in which the rate computer of
the analyzer can be adapted to any number of
zones into which the telephone area may be 7o
divided. ,

Now at the time a primary tape is transmitted
through the analyzer, not only is the office to
which it belongs a matter of knowledge but also
the various calling zones in which the lines of 78
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that office are located. As will be described here-
inafter the zone indication is recorded on a
“master” tape in punch positions 46, 47 and 48,
positions ordinarily reserved for the registration
of the ten minute interval of conversation and
is run through the analyzer ahead of the primary
tape. Since hut one of three zones is to be re-
corded in the example assumed, the operation
of the corresponding pneumatic at that time by
the master tape operates the analyzer to ground
elther conductor 3613, 3603 or 3628 depending
upon the zone. If the calling office is located in
zone 1, a hole will have been punched in position
46 in which event conductor 3613 is grounded
and a circuit Is completed through the outer back
contacts of relay 3626, conductor 3621, continuity
contacts of zone relay 3926, winding of relay 3926
to battery. Relay 3926 operates and locks to
ground over conductor 3934 and contacts 37100
which are closed by lever 37101 when a tape record
is threaded over the tracker bar 3181, thus lifting
roller 3104 out of groove 3703 in the tracker bar.
If, on the other hand, the calling office is in calling
zone 2, 8 hole will have beén punched in position
47. to register this fact, whereupon conductor
3603 is grounded and a circuit is completed over
the middle hack contacts of relay 3628, conduc-
tor 3828, continuity contacts and winding of the
second zone relay 3921 to battery, operating this
relay which also locks to the same off-normal
ground. Agaln, if the calling office is in zone 3,
a hole is punched in position 48, conductor 3625
is grounded and a circuit is completed for zone

relay 3928 which extends from ground on con- -

ductor 3628, inner back contacts of relay 3626,
conductor 3629, continuity contacts and winding
of the third zone relay 3928 to battery. Relay
3928 operates and locks to off-normal ground.
When any of these three relays operates, an ob-
vious circuit is closed from ground over conduc-
tor 3934, the right outer contacts of said relay,
conductor 3931, winding of relay 3626 to battery.
Relay 3626 operates and transfers conductors
3613, 3603 and 3625 to the time register whose
function is described hereinafter.

Hence, as the result of initial perforations on
the primary tape, made as described hereinafter,
& zone relay is operated in the analyzer, which
corresponds to the calling zone perforated on
the primary tape. Prior to the running of the
primary tape through the analyzer, however, the
appropriate zone switch 3922; 3923 or 3924 has
to be set in conformity with the calling zone
recorded on the tape. Therefore, if the correct
switch has been set, and a code relay such as
relay 3825 is operated, the proper zone relay is
operated, a path will be prepared from battery,
through the winding of relay 3908, and the right
inner contact of relay 3928, if the zone 1 switch
3922 is operated, or through the winding of re--
lay 3909 and the contacts of relay 8927 if the
zone 2 switch 3923 is operated, or through the
winding of relay 3910 and the contacts of relay
3928 if the zone 3 switch 3923 is operated. The

5 path is further completed on the other side of

the switch to ground on the rate conductor
which is grounded either at the contacts of the
code relay if one is provided, or is grounded at
the translating point of the code translator in
Fig. 34, if one is not provided.

Should it happen that the operated zone
switch and the operated zone relay do not corre-
spond, no path is provided for completing the
circuit of any of the rate relays, in which event
. a rate relay can not operate. Since the path
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to the advance magnet 3818 is controlled through
& closure of the left contacts of any of the rate
relays, the tape can not be advanced to record
subsequent calls. A suitable time alarm circuit
is controlled through the back contacts of the
advance magnet 3818 and if said magnet does
not operate in the prescribed length of time it
takes for the primary tape to advance from one
set of perforations to another, an alarm is given
which will call attention to the fact that the
proper zone switch is not the one which was op-

.erated. In this way, the precaution is taken of

making absolutely certain that the proper rate is
applied for any given call. Thus, if the calling
office is located in zone 1 and the called office
Halifax is located within zone 3, and the basic
rate for a call from zone 1 into zone 3 is fif-
teen cents for the initial charge period, con-
ductor 3823 or conductor 3421, would be ex-
tend to each of the zone switches and zone switch
8922 which would have been operated, would
cause the energization of fifteen-cent relay 3910.

On the other hand if the calling office is lo-
cated in zone 2 and the called office Halifax is
located in zone 3, and the basic rate for a
call from zone 2 into zone 3 is ten cents for
the initial charge period, switch 3923 of the sec-
one zone is thrown and the rate conductor of
the Halifax office is thereby extended to the
winding of the ten cent rate relay 3909. Sim-
ilarly, if the calling office is in zone 3, zone 3
switch 3924 will have to be operated and the
rate conductor of the Halifax office extended to
the five cent rate relay 3908 since the basic rate
for calls within the same zone is five cents for the
initial charge period. -

On the other hand, if the called office is out-
side the local area and, of necessity, is in the toll
area, then the rate conductor of that office would
be extended to the winding of the appropriate
toll base rate relay by appropriate cross connec-
tions between terminal blocks 3929 and 3930.
Therefore, the grounding of a rate conductor
and the setting of the zone switch, if the call is
completed in the local area, or the grounding of
the rate conductor, if the call is outside of that
area, results in the operation of a rate relay
which determines the rate to be applied in com-.
puting the total charge for the call. Since, how-
ever, one group of the twelve groups of com-
moned conductors extending across the thirty
multi-contact relays 4001-4030 is connected to
the contacts of each of the twelve rate relays, the
operation of a rate relay results in the ground-
ing of the group of conductors which are ex-
tended to its contacts. The operated rate relay
further closes a circuit from ground on the con-
tacts of relay 3822, conductor 3833, left contacts
of the operated rate relay, conductor 3832, wind-
ing of advancing magnet 3818 to battery. The
magnet operates, breaks its forward contacts to
stop the alarm circuit while its pawl engages the
next tooth in the ratchet wheel 3824 preparatory
to advancing the tape on the release of the mag-
net, as described hereinafter.

The operation of the rate relay, then, grounds
a particular group of three conductors. The in-
terrelation of these conductors with the re-
mainder of the rate computer will be described
shortly, but it is sufficient at present to note that
the office code relay or conductor which desig-
nates the code of the office, furnishes a rate In-
dication for that code. From this indication and
the record of the total conversation time, the
translating computer, as described hereinafter,
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computes the total charge, either in call charge
units or in actual money units.

Returning, now, to the structural arrangement
of the computer, the corresponding group of

8 three contacts in each multi-contact relay which,

when the relay operates, engage the three com-
‘'mon conductors extending to the contacts of
some one base rate relay, are further extended
in groups of three to the cross-connecting termi-
10 nal block, 4000. Prom the block each conductor
in each group’is further extended to the ap-
propriate contact set of multi-contact relay 3800
which extends to the winding of a punch mag-
net in the group of magnets which registers the
1§ number of local call units in the case of ‘local
calls or to the winding of a punch magnet in
the group of magnets which registers the actual
money charges in the case of toll calls,
It is manifest from the arrangement of the
g0 rate computer as above described that each group
of three contacts on each multi-contact relay
represents a specific charge, and that the charge
to-be made for any call is marked by the ground-
ing of the three common conductors extending to
28 an operated rate relay and the operation of a
particular multi-contact relay as determined by
the ten minutes and the minute pneumatics. The
group of three contacts on the multi-contact re-
lay so operated which contact with the three
30 srounded conductors extending thereto, fixes the
charge for the call being recorded on the sec-
ondary tape. In:the case of local calls, it, how~
ever, has been assumed that the identity of the
~ rate Itself will have been -discarded once the
35 total charge has been fixed in the computer
by the marking of contacts which represent the
charge and that said charge will be recorded
simply as so many local calls at the local service
rate. Hence, all groups of contacts on the multi-
40 contact relays appertaining to the 5, 10 and 15
cents local base rate relays, that is, the groups
of contacts in all multi-contact relays cooperating
with common conductors 1 to 9, inclusive, are ex-
tended to those contact sets of relay 3800 which
48 close through to the windings of punch magnets
operating in punch positions 59 to 64, inclusive,
in appropriate code combinations for recording
the equivalent number of charges in local service
units for calls whose charges are marked by the
so respective group of contacts engaging the three
separate groups of conductors i--3, 4&—8, T—9.
According to the time rate structure assumed,
which makes the charge of the longest local call
that having a base rate of fifteen cents for the
g5 first five minutes, five cents thereafter for each
two minutes increment or fraction thereof, this
call is to be registered as the equivalent of 16
local calls at local service rate of flve cents per
call. Hence, magnets operating between posi-
g0 tions 59 to 64 are divided into two groups, name-
ly, a group of two magnets operating in positions
59 and 60 to register whether the number of local
charges to be assessed is less than ten or more
than ten, and another of four magnets operating
¢5 between positions 61 to 64, inclusive, to register,
in terms of a four unit code, the units digit of
the total number of local service charges to be
assessed. Each contact of the contact pairs on
relay 3800 which extends to the winding of one
70 of the magnets of the first group is cross-con-
nected to the first conductor of the group of three
which marks a local call charge, namely, to con-
tact set §9 if the total charge is less than ten
local service units and to contact set 60 if the
75 total charge is more than ten local service units.

2,165,024

To one or two contact pairs on relay 3800 of the
four contact pairs extending to the winding of
punch magnets operating between punch posi-
tions 61 to 64, inclusive, of the second group, are
cross-connected one or two of the remaining con- g
ductors of the group of three which marks a local
call charge. They are cross-connected as called
for by the four unit code to represent one of the
ten digits depending on the units number of
the local charge, 10

In the case of toll calls, each group of three
contacts which marks the charge can not be ex-
tended directly to the punch magnets to record
the charge in equivalent number of base charges
but must be cross-connected, instead, to record jg
the actual money charge. This registration may
involve punching the record of three numbers if
the total charge for any one toll call is limited
to $8.00, requiring a code record for each digit
thereof. For this purpose three groups of relief 20
relays, 4031 to 4034, inclusive, and 4038 to 4040,
inclusive, and relays 4041 and 4042 are interposed
between terminal block 4087 and the punch mag-
nets to supply the additional conductors required
by the four unit code for punching the code of 25
the numerals 5 to 8, in the case of the dollars
designation and 5 to 0 for the tens digit of the
fraction of a dollar and 5 to 0 for the units of
a dollar.

The toll charge punch magnets comprise a g9
group of four magnets operating between punch
positions 36 to 39, inclusive, to record in the four
unit code, the Aumber of dollars to be charged
for the toll call, a group of four magnets op-
erating between punch positions 40 to 43, inclu- g4
sive, to record in the four unit code the tens
digit of the fraction of a dollar, and another
group of four magnets operating between punch
positions 44 to 47, inclusive, to record in the
same code either the 5 or 0 units digit of the 4
fraction of a dollar since a telephone call is not
charged ordinarily on any other base than five
cent increments. )

One contact of a set of three contacts closed
by a muiti-contact relay, for example relay 4014, 44
is connected over terminals of blocks 40871 and
4041 directly through contacts of relay 3880 to
one of four punch magnets for punching a hole
in one of punch positions 36 to 39 if the dollar
charge is less than five dollars or 18 connected 4,
to the proper one of relief relays 4031 to 4934
inclusive which in turn closes circuits over con-
tacts of relay 3889 to combinations of the same
four punch magnets if the dollar charge is five
dollars or more. "A second contact of the set of gg
three contacts is connected over terminals of
blocks 4000 and 4057 directly through contacts
of relay 3800 to one.of four punch magnets for
punching a hole in one of punch positions 40 to
43 if the fraction of a dollar charge is less than ,,,
fifty cents or is connected to the proper one of
relief relays 4038 to 4039 inclusive which in turn
closes circuits over contacts of relay 3880 to com-
binations of the same four punch magnets if the
fraction of a dollar charge is fifty cents or more. g5
The third contact of the set of three contacts is -
connected to either relay 4041 which on operat-
ing grounds conductors extending over contacts
44 and 45 of relay 3880 to operate punch mag-
nets controlled thereover to register a five for 70
the cents digit of the charge or to relay 4042

-which on operating grounds conductors extend-

ing over contacts 46 and 47 of relay 3808 to op-
erate punch magnets controlled thereover to reg-

ister a zero for the cents digit of the charge. L
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The structure of the rate computer, as a unit,
will be more apparent by describing a few specific
instances of its operation. The call which has
been hitherto described; viz., Halifax 3618, has
been assumed to have been made from a calling
line in zone 1 and to have lasted 15 minutes. It
was also assumed that the Halifax office is in the
third calling zone. Hence, prior to the passuge of
the secondary tape through the analyzer, zone
switch 3822 is closed, and relay 3926 operates as
previously described. A circuit is now closed from
ground on conductor 3823 or conductor 3421, zone
switch 3922, next to outer right contacts of relay
3926, winding of relay 3910, to battery. Relay
3910 in operating, grounds conductors 1, 8 and 9.
Since, further, the conversation has lasted fifteen

minutes, a hole was punched in position 47 of the

primary tape causing thereby the consequent op-
eration of pneumatic 3801 and the grounding of
conductor 3603 to indicate that the conversation
has lasted more than ten minutes but less than
twenty. The conversation, moreover, has lasted
for five minutes beyond the ten minute period
marked by position 47. Therefore, holes were
punched in positions 50 and 51 in response to the
setting .of the minute switch of the district se-
lector, causing thereby the operation of pneu-
matics 3604 and 3605. A circuit is now closed
from ground on the normal contact of the con-
tact assembly 3607, normal contact of the No. 1
contact set of contact assembly 3808, alternate
contact of the No. 1 contact set of operated con-
tact assembly 3609, alternate contact of the No.
2 contact set of operated contact assembly 3610,
conductor 3611, winding of five-minute relay
3619 to battery. Relay 3618 operates.. Since,
however, conductor 3603 is grounded and relay
3626 is operated as already described, a circuit
is now completed from ground on said conductor,
middle front contacts of relay 36268, middle con-
tacts of relay 3649, conductor 3612, winding of
multi-contact relay 40{4 to battery. It is seen,
therefore, that for a conversation lasting fifteen
minutes, two relays were operated by the pneu-
matics, namely, the five-minute relay 3619, and
the multi-contact relay 4014. Further, since the
call is a local one having a fifteen cent base rate,
relay 3810 was operated by the office code relay.
Hence, conductors 1, 8 and 8 are grounded by said

relay which, in turn, extend to the corresponding -

make contacts of contact set 4054 of the multi-
contact relay 40(4. These contacts, as already
indicated, are extended to terminal block 4000
and from thence are cross-connected to the com-
bination of punch magnets which perforate, in
code form, the number of local unit charges which
is to be made for a call that has lasted fifteen
minutes to an office whose code relay 380( or
charge conductor 3421 caused the operation of
the base rate relay 3910,

Since, in the computer, no dlscrimlnation is
made between a local rate five cent call and a

“local rate fifteen cent call except that the latter

appears on the bill as the equivalent of three
five cent calls and since, further, each additional
two minutes of conversation or fraction thereof
is simply added as another five cent call, it is
therefore apparent that the fifteen minute call
under consideration would be the equivalent of
eight local calls of five cents each. Consequently,
with contact set 4054 of multi-contact relay 4014

‘operated, charge conductor 7 is not extended and

charge conductors 8 and 9 are extended over the
middle and lower contacts of contact set 4054,
cross~connection blocks 4008 and 4057, contact

" contact relay 4001.

39

sets 62 and 63 of relay 3800 for operating punch

- magnets 4102 and 4104 to punch holes in posi-

tions 62 and 63 for. designating in code form
eight local charge units. -
As a further illustration let it be assumed that

" the call to the Halifax office lasted five minutes
or less in which case pneumatic 3600 operates.in-.

stead of pneumatic 360i. Conductor 36(3 will
therefore be grounded and one or more of the
minutes pneumatics 3607 to 3610 inclusive will
operate in accordance with the number of min-
utes the conversation has lasted. As a result,

10

one of the minutes relays 3615 to 3619 inclusive

operates. Hence, the grounding of conductor
3613 and the operation of one of the minutes
relays results in the operation of either the first
multi-contact relay 4001, or the fourth relay
4004, or the seventh relay 4001, or the tenth re-
lay 4010 or the thirteenth relay 4013, depending
upon which of the minutes relayg 3615 to 3619
inclusive has been operated. The contact sets of
any of these multi-contact relays which make
contact with conductors 1, 8 and 9, grounded by
the operation of charge relay 3810, will extend
these grounded conductors to corresponding sets
of terminals on terminal block 4000 which, how-
ever, will be cross-connected together on the
terminal block and connected to a single set of
terminals on block 4057. One of these terminals
oh block 4057 will then be extended over contact
set 63 of relay 3800 to punch magnet 4104 for
punching a hole in position 63 of the secondary
tape to indicate-three charge units for the call
since the call has not lasted beyond the initial

five-minute period.

As a further illustration, it will be assumed
that a call has been made from an office in zone
1 to another office in the same zone for which the
base rate is five cents for the first five minutes
of conversation and that the call lasted but one
minute.
be operated in this case and charge relay 3908
would also be operated in order to ground charge
conductors [, 2 and 3. Minute relay 3615 will be
operated and pneumatic 3600 will ground con-
ductor 3643 resulting in the operation of multi-
Relay 400f now extends
grounded conductors 1, 2 and 3 over its contact
set 4055 to terminal block 4000. Since the charge
to be made for the call is five cents or only one
local charge unit, the conductor extending from
the contact of contact set 4053 making with
grounded conductor 3 is cross-connected from
block 4000 to the terminal block 4857 which fur-
ther connects with contact set 61 of multi-con-
tact relay 3800.

Zone switch 3922 and relay 3926 would:
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When, therefore, relay 3800 is
. operated, the computer setting as above described .

will complete a circuit to punch magnet 4102 .

which, on operating, causes a hole to be punched
in punch position 61 to designate, in code form

- 80

that one local charge of five cents is to be regis- :

tered for the call.

If the conversation on a five cent call has lasted
six minutes, then the minimum charge against
the subscriber would be two local charge units.
Minute relay 3620 will have been operated by the
appropriate minutes pneumatics and, due tc the
operation of pneumatic 3600, indicating a con-
versation period of less than ten minutes, an ob-
vious circuit will have been closed to the six-
teenth multi-contact relay, that is, relay #4016.
In this case, however, although the base charge
is still five cents, yet the total charge will be
equal to two local charges or ten cents and this
fact, in the rate computer, is determined by
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- 34, 35 and 36.
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cross-connecting the conductors extending from
the three contacts of contact set 4086 on relay
4016 engaging with conductors {, 2 and 3, to the
punch magnets operating between punch posi-
tions 61 to 66, inclusive, in accordance with the
code to be punched to represent two local
charges. Since the units registration of the num-
ber of local charges is accomplished by the per-
foration of holes between punch positions 61 to
66. inclusive in accordance with the code and
since, further, the numeral 2 would be repre-
sented by a hole punched in position 62, only the
conductor which extends from the contact of
contact set 4056 that engages grounded conduc-
tor 3 is further extended from block 4080 to con-
tact set 62 of relay 3800. On the operation of
relay 3800, the punch magnet 4108 operates and
punches a hole in position 62, to register, in code
form, two local charge units for the call.

In the case of tell calls involving the operation
of any basic rate charge relay 38/1 to 3919, in-
clusive, the charge punchings on the secondary
tape do not represent local charge units but the
actual charge in dollars and cents. The reason
for this is the fact that toll calls are not subject

‘to bulk billing and are usually listed separately

as & part of the monthly bill. The most usual
practice is to list all the toll calls on a separate
slip, together with their listing and total charges
and transmit it to the subscriber along with the
regular bill containing the bulk summation of all
calls within the local area,

For example, if the call Halifax 3678 were as-
sumed to be a toll call instead of a local one, and
its base rate were fifty cents for the first three
minutes and ffteen cents thereafter for each
one minute or fraction thereof, then, if the call:
lasts for fifteen minutes, the total charge would
be $2.30.

In this case, the rate conductor 3823, instead of
having been extended to the zone switches, would
have been extended to terminal block 3930, from
which it would then be cross-connected to that
terminal on block 3929 which is further connected
to the winding of the fifty cent base rate relay
3919. This terminal, for convenience, has been
marked 3933 and extends to the winding of relay
3919 by way of the outer right back contact of
relay 3921, and the outer right back contact of
relay 3920. Consequently, when conductor 3823 is
grounded by the operation of the office code relay
3801, relay 3919 operates in the path above de-
scribed, thereby grounding common conductors
Further, since one of the zone
relays 3926, 3927 and 3928 will have been op-
erated because the entire local area has been as-
sumed to be divided into three local zones, relay
3626 operates in the manner already described
and transfers conductors 3613, 3603 and 3625 to
the armature contacts of the minute relays.
Through the left contacts of relay 3919 a circuit
is completed from ground on the left contact of
relay 3822, conductor 3833, left inner contacts of
relay 3919, conductor 3932, winding of advance
magnet 3818 to battery. Magnet 3818 operates,
its pawl engages the next tooth on ratchet 3824
preparatory to advancing the take-up spool 3819
and, at the same time, breaks the armature con-
tacts to stop the alarm circuit. The toll call con-
versation has been assumed to have lasted fifteen
minutes. Hence, relays 3618 and 4014 are op-
erated in the manner previously described and the
three contacts of relay 4014 which have engaged
the grounded conductors 34, 35 and 36 extend
these conductors to a set of terminals on block

9,165,024 .

4000, which are cross-connected to terminals on
block 4057. Since the three contacts on relay
4014 which engage conductors 34, 35 and 36 mark
a total charge of $2.30, conductor 34 is extended
to contact set 31 of relay 3800, conductor 35 is
extended to contact set 42 of relay 3808, while
conductor 36 is extended to relief relay 4042
which, on operating, grounds contact sets 46 and
47 of relay 3800. When relay 8800 operates
punch magnet 4047 punches a hole in position 37
to record the digit 2, the operation of punch
magnet 4048 punches a hole in position 42 to
record the digit 3 while punch magnets 4049 and
4050 punch holes in positions 46 and 47 respec-
tively, to record the digit 0. The charge $2.30 is
thus recorded on the secondary tape as a part
of the call record.

If, in connection with this call, the “evening”
rate is assumed to apply, then a hole is punched
in position 45 of the primary tape, in consequence
of which, pneumatic 3508 operates and closes the
circuit of relay 3920 by grounding conductor
3801. The operation of relay 3820 opens the path
to the winding of relay 3819 and closes one to
the winding of the forty cent base rate relay
38171 which can be assumed to be the evening
rate where the day rate is fifty cents. It will fur-
ther be assumed that with a base rate of forty

.cents, ten cents instead of fifteen cents will be

charged for each minute of overtime conversa-
tion. Consequently, the ground on conductor
3823 is effective in this case to operate relay 3911
over a circuit extending through the outer right
back contact of relay 3821, outer right front con-

‘tact of relay 3920, winding of relay 3817 to bat-

tery. Relay 38171 operates and grounds con-
ductors 28, 29 and 30 which, as already described,
extend to correspondingly numbered contacts on
all multi-contact relays that, in turn, terminate
in groups of three on block 4800. The operation
of multi-contact relay 4814 extends ground over
the contacts (not shown) engaging conductors
28, 29 and 30 to a set of terminals (not shown)
on block 4000. One of these terminals 18 further
cross-connected to contact set 38 of relay 3800,
another to the winding of relief relay 4032 (not
shown) in the group 403! to 4034 and which,
when operated, grounds conductors connecting
with contact sets 40 and 42 of relay 3800, while
the third is cross-connected to relay 4042 which,
when operated grounds conductors connecting
with contact sets 46 and 47 of relay 3808. This
particular cross-connection, representing the
charge of $1.60, causes the operation of punch
magnets 4052, 4053, 4048, 4049 and 4058 causing
holes to be punched in positions 36, 40, 42, 46
and 47 to record in code form $1.60.

If the call is made at a time when the “night”
rate applies, then the rate code woud have caused
a hole to have been punched in position 44 of the
primary tape, which would cause the operation
of pneumatic 3808 and the subsequent operation

" of relay 3921 over an obvious circult. It will be

assumed that the night rate is thirty-five cents
and that ten cents is charged for each minute of
overtime conversation. In this case, the rate
conductor 3823 which has been assumed con-
nected to terminal 3938 would be transferred to
the thirty-five cent rate relay 3818 over the outer
right front contact of relay 392f. This rate relay
would ground common conductors 28, 28 and 27
in the same manner as relay 39171 grounds con-
ductors 28, 28 and 30, the extension of which
through a contact set (not shown) of relay 4014
to terminal block 40080 and the further extension
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thereof to contact sets 36, 48, 4(, 48 and 49 of

_relay 3800 causes the operation of punch mag-

nets to punch holes in the corresponding punch
positions for the registration of the charge $1.65
which is the charge marked by the group of con-
tacts on relay 48{4 engaging common conductors
28, 28 and 21.

The remaining information which has to be
recorded. on secondary tape is the date which, it
will be remembered, is punched in eleven posi-
tions of the primary tape, beginning with punch

- position 54 and ending with punch position 64.

The pneumatics controlled through these posi-
tions, like those which are controlled through
positions 24 to 43 and involving the called num-
ber, control the grounding of conductors extend-
ing directly to the contact sets of multi-contact
relay 3800 through which the grounds are then
further extended to the windings of the several
punch magnets which, on operating in the appro-
priate combination called for by the code for each
of the remalning items, that is, the month and the
day, (the latter subdivided into a tens and units
code) cause corresponding holes to be punched
in the secondary tape to record therein the same
information and in the same code the date set-
ting contained in the primary tape. The punch
positions 48 to 58 on the secondary tape corre-
spond to positions 54 to 64 on the primary tape.
Consequently, the registration of the date July
17th of assumed call, which was recorded by
holes punched in positions 54, 57, 59, 61 and 64

will now be recorded by holes punched in posi-,

tions 48, 51, 53, 55 and 58 of the secondary tapc.

It is thus clear that the secondary tape com-
prises a transverse series of perforations ar-
ranged in definite groups and in appropriate codes
to indicate the following information for a toll
call: the called office, the called number, the total
money charge, the date. For a local call, if the
alternative wiring such as conductor 3421 is used,
the only information is a record of the number of
local charge units to be charged for the call since
with no route relay such as 3801 operated, the
office code is not translated and recorded on the
secondary tape and no ground is connected to
conductor 3813 for circuits controlled by the
called number and date pneumatics.

As the primary tape advances over the tracker
bar 3101 and the perforations of the terminal
group record are succeeded by an interval of un-
punched tape, the pneumatics are re-inflated,
and, with the re-inflation of pneumatic 3102, relay
3104 releases, and the circuit of slow-release re-
lay 8822 is opened. Since this relay is made slow
to release, it will release after an interval where-
upon the circuit of tape-advancing magnet 3818 is
opened and magnet 3818, on its back stroke, ad-
vances the secondary tape one step to provide
thereby a fresh supply of unpunched tape for
recording the next call from the same subscriber’s
line. Relay 3822 is made sufficiently slow to re-
lease to allow sufficient time for the release of all
punch magnets and their associated circuits as a
result of the re-inflation of all pneumatics. The
operated zone relay 39826, 3927 or 3928 and relay
3628 are held operated by off-normal switch 3700
until the primary tape has passed through the
analyzer.

Separate entries for each call involving the
same subscriber’s line terminal are entered on
successive lines so that the secondary tape con-
tains a plurality of horizontal serles of perfora-
tions, each series representing the data of one
connection.

‘tape from another.
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And in the same manner, as the primary tape
advances across the tracker bar and the calls ap-
pertaining to different subscribers are presented
for translation, the line-finder terminal perfora-
tions recorded with each call will cause the
analyzer to select, in succession, each of the
several punch machines assigned to the separate
terminal numbers for recording on their cooperat-
ing secondary tapes, the data of the call recorded
with the line-finder terminal number perfora-
tions.

From what has been descrlbed thus far, the
secondary tape made for each subscriber’s line

contains a perforated record of each call made

from said line over a defined billing period, as
each of said calls is to be entered in the sub-
scriber’s monthly bill. This record contains: (1)
a perforated record of each local call in terms
of the total local charge units to be assessed for
the call; (2) a perforated record of each toll call
in terms of the total money charge for the call,
as well as the record of the called office code, the
called subscriber’s number and the date.

However, it must be realized that since the
analyzer contains a punching machine for each
line in one-half of a line-finder frame, that is,
two hundred punching machines, a similar record
is made for each line without any indications on
the secondary tape to distinguish one secondary
But each secondary tape
must be identified with the subscriber to which
it appertains because the printing tabulator, as
described hereinafter, must receive some signal
which marks the subscriber to which the particu-
Jlar secondary tape belongs.

The deseription of how and what forms the
substance of this indication has been postponed,
however, until the making of the secondary tape
had been described because the perforation of
the required information to indicate the sub-
scriber’s directory number is likewise based on
the punching of a code which indicates that
number. In point of time, however, and as
already indicated, this information is punched on
the secondary tape before any of the calls are
recorded thereon. )

As previously pointed out, the perforated record
of all calls for the entire subdivision of two
hundred lines on the primary tape gives the call-
ing party’s line-finder terminal number but not
his telephone number, the relation between one
and the other being purely arbitrary. It is, how-
ever, customary to handle the subscriber’s ac-
count by his telephone number and consequently
it become necessary to translate the line-finder
terminal-number into the subscriber’s directory
number for accounting and billing purposes.

The record of the line-finder terminal-number,
the telephone number and class of service to
which the line is entitled is kept in the wire chief’s
department. From this information a “Master
Record” is prepared on a tape of the same width
as the primary tape and with the same code
perforations and the same spacings as the primary
tape. The master record contains the line-finder
terminal-numbers of two hundred subscribers’
lines in the code previously described and on the
same lines therewith the directory numbers of said
subseribers, with a last entry to denote the class
of service to which the lines are entitled, all in
the same code. For purposes which are described
hereinafter, the perforations comprising the line-
finder terminal-number appear in the same cor-
responding positions as the perforations of said
number on the primary tape, i. e., positions 1 to
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11; the perforations comprising the code of the
corresponding directory number, however, are
punched in punch positions 24 to 43, inclusive, of
the primary tape, while those relating to the
calling zone are punched in punch positions 46 to
48, inclusive, of the primary tape. Since these
positions in the primary tape are used, respec-
tively, for perforating the directory number of
the called subscriber and the ten-minute in-
tervals of elapsed conversation time, it is ob-
vious that the directory number and class of
service of a calling subscriber can likewise be
punched thereon to effect the same reperforating
equipment in the secondary punch machine.
Therefore in addition to and preceding the per-
forations of the called number and elapsed time
interval of the first call there may be recorded in
the punch positions allotted therefor, and in the
same code, the directory number and the calling
zone of the entire calling line group.

The master record above referred to may be
perforated by a hand-operated perforating ma-
chine or by any other suitable means. The line-
finder terminal code, for instance, may be per-
forated on the master record blank by means of &
permanent die, these perforations being the same
for all master records since each master record,
so far as line-finder terminal number arrange-
ments are concerned, is the same for each half
of a line-finder frame. )

The master record tape only needs to be pre-
pared by hand initially. But at each billing pe-
riod it must be brought up to date. Where
changes are required between line-finder termi-
nals and directory numbers, they may be made
by pasting a strip of paper over the telephone
number and class of service perforations to be
changed and then reperforating this tape to in-
dicate the new number or class of service change.
In the case of a “take-out” the covering of the
telephone number and the class of service per-
foration with a blank strip of paper will suffice.
Should a master record become worn or have too
many corrections, it will be a simple matter to
produce a new copy by feeding the old one
through a punching machine of the character
described.

Prior to running the primary ta.pe of a par-
ticular group of lines through the analyzer, the
master record tape is run first. As the line-finder
terminal number code perforations for each sub-
scriber’s line become coincidental with the track-
er holes of the pneumatics in the analyzer which
are responsive to the line-finder terminal num-
bers, the particular multi-contact relays, such
as relay 3800, appertaining to the secondary
punching machines of said line-finder terminal
numbers are operated as already described to
associate the proper secondary punching ma-
chines with the analyzer. Simultaneously there-
with the perforations in positions 24 to 43 com-
prising the directory numbers of the calling sub-
scribers corresponding to the line-finder terminal
numbers become coincidental with the tracker
holes of the pneumatics responsive. to the code
perforations of the called subscriber’s number
and, through operations in the analyzer already
described, the codes of said directory numbers
are perforated on the secondary tapes as the first
item on sald tapes and in punch positions 16 to
35 thereof, that is, in the same punch positions

" in which the numbers of the several called sub-
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scribers will subsequently appear, ground for the
punch magnets being connected over the right
back contact of relay 3628 to conductor 3813.
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Assuming that there are three zones, then, when
the master record has advanced to the last or
zone perforation, the calling zone perforation is
made in either position 46, 47 or 48, and result
in the operation and locking of relay 3928 or
3927 or 3928 as already described, followed by
the operation of relay 3628 which removes the
giound from conductor 3813. Where the num-
ber of zones exceeds three, then the perforations
may be made in a code suitable to the registration
of each of the entire number and the number
of zone relays and zone switches shown in Pig.
39 may be increased in conformity therewith,

As the punched holes of the master tape are
followed by an intervening space of unpunched
tape, the secondary punching machine apper-
taining to the particular line-finder terminal
number releases as already described with the
exception of the operated zone relay 3928, 3827
or 3928 and relay 3828. The succession of the
next transverse series of punches relating to an-
other line-finder terminal number and its corre-
sponding directory number then causes the se-
lection of the secondary punching machine ap-
pertaining to this next line-finder terminal num-
ber. In this manner, the master tape operates
the analyzer and causes it to select, in succession
each one of the two hundred secondary punching
machines for perforating on each of their sec-
ondary tdpes the telephone number and class of
service indications of each of the corresponding
two hundred lines. The first line perforations
of the secondary tape record, therefore, the di-
rectory number of the calling subscriber and the
calling zone ‘in which the office. appertaining
thereto belongs.

Just before the master record tape has been
completely run through, the individual primary

tape to which sald master record appertains is

then inserted and run through the analyzer to
record on the separate secondary tapes all the
calls made by the separate subscribers in the line
group, as already described care being taken that
ground on conductor 3834 is not disturbed by
any false release of switch 3706.

Section 3.—The printing tabulator

- The secondary tape is assumed to contain a
record of all local and toll calls for a billing pe-
riod made from the station to which the. tape
appertains. Consequently, when the tape is com-
pleted it is ready for passage through the print-
ing tabulator, which is responsive to the per-
forations denoting the several calls. The tabu-
lator, through its operation, adds up the local
calls in the equivalent number of local charge
units and prints the total charges therefor on
what may be called the “local service charge”
bill. It turther prints an itemized list of all toll
calls on a separate slip together with their indi-
vidual charges and the total of these toll charges.

Any commercial printing tabulator, or electric
typewriter, with an adding attachment capable
of performing the above functions is contem-
plated for use as a part of this invention and
the mechanism selected for fllustrating its most
generalized application is the one commercially
known as the Hollerith tabulator disclosed in
Patent No. 685,608 to H. Hollerith dated October
29, 1901, together with the improvements made
thereon as disclosed in Refssue Patent 16,304 to
C. D. Lake dated March 30, 1926, and Patent No.
1,600,413, also granted to C. D. Lake on BSep-
tember 21, 1926. This tabulator, of course, is of
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junction with a punched card of relatively small
dimensions containing various punched codes of
accounting and bookkeeping items and the like.
It is proposed, therefore, that while the operat-
ing mechanism and the associated circuits of this
tabulator shall remain undisturbed as far as pos-
sible, nevertheless it is obvious that some im-
portant modifications of its structure will have to
be made in order to adapt it for operation with
the continuous secondary tape of the character
above described and for printing and tabulating.
the character of the information perforated
therein. Hence, while this specification describes.
the operating features of such modifications as
are both novel and necessary to the complete
operation of my invention, it is not intended to
burden this specification with a detailed descrip-
tion of the entire mechanism of the printing
tabulator or of its well known mechanical parts
with which persons skilled in printing tabulator
mechanisms are entirely familiar. Reference,
however, is made to the above mentioned patents
for a more complete description of such parts
of the tabulator as are omitted from the follow-
ing description.

As already indicated, the Hollerith commercial
printing tabulator uses a punched card through
the holes of which electrical brushes close elec-
tric circuits controlling the separate magnets
which effect the positioning of their respective
counters, While the use of the same brush con-
tacting system could be used in cooperation with
the perforations of the secondary tape with the
necessary re-alignment of the contacting brushes
in a single horizontal row to agree with the hori-
zontal perforations of the call registrations of
the tape, it is thought that the use of the pneu-
matic system used for controlling the electrical
elements involved in the perforations of the sec-
ondary tape appears to- me to be a more desirable
arrangement for illustrating the modification of
the tabulator. In this manner, the ease with
which the tabulator for any system of electro-
mechanical recording can be modified to coop-
erate with the mechanism of the tabulator is
thereby demonstrated.

As already indicated, the printing tabulator
herein disclosed uses a pneumatic system for con-
trolling the electrical elements which operate in
response to the perforations in the secondary
tape. This pneumatic system comprises a series
of valves, each adapted to control the movable
member of a pair of bellows, normally kept in-
flated by air at atmospheric pressure, when the
valve is lifted by atmospheric air entering a valve
chamber that is kept at partial vacuum. The
collapse of the bellows controls the operation of
a signaling device. And, of course, when the
supply of outside air is cut off by the secondary
tape covering the aperture through which the
air is admitted, the valve chamber is again re-
duced to a partial vacuum, the valve is reseated
in the chamber roof, the bellows are again ex-
panded, and the contacts carried thereby to close
the circuits of the signaling device: are opened,
leaving said device under the control of a sepa-
rate locking circuit. Accordingly, the pneumatic
system has a tracker-bar with atmospheric open-
ings connected to a number of valve chambers
equal to the number of punch positions in the
secondary tape, while the motor control of the
feeding mechanism is made responsive to the
presence of the tape on the surface of the track-
er-bar. :

Figs. 43 to 53, inclusive, arranged as shown in
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Section I of Pig. 1, {llustrate the presence of
the secondary tape across the tracker bar of the
tabulator. There are sixty-four pneumatics to
correspond with the sixty-four punch positions
of the secondary tape. Most of these pneumatics
each controls a contact assembly which, sepa-
rately or in combination with contact assemblies
of other pneumatics of the code group register-
ing a particular item of information, controls the
responsive circuits of the tabulating and record-

.ing mechanism as more particularly descrited

hereinafter. The tracker bar 4300 is shown ex-
tending across Figs. 43 to 53 inclusive with the
secondary tape 4301 threaded over it. In PFig.
53 is disclosed a spring depressed rocker arm
8302 that carries a roller 5308 which is held light-
1y in the groove 5304 of said tracker bar by spring
4305 when no tape is on the tratker bar and
causes the arm controlled contact switch assem-
bly 5380 to be held open. When, however, the
tape covers the surface of the bar and hence also

the surface of the groove, roller 5308 is forced -

out of the groove 5304, tilting the arm 5302 and
thereby causing the closure of contacts 5306,
5365 and 8350. The closure of contacts 5306
closes the circuit of the tape feed motor control
8307, said circuit being controlled through the
left back contacts of relay 3811 which is normal
at this time, operating the main shaft motor
(not shown) for advancing the tape. The clo-
sure of contacts 5380 closes the circuit of tabu-
lator motor control 538{ which revolves the shaft
4308 and shaft cams 4331 and 5308 keyed thereto.
The tape 4301 is thus advanced across the face
of the tracker bar 4300, bringing successive rows
of call perforations into coincidence with the
tracker bar holes. The advance of said tape
and the speed of rotation of countershaft 4308
are so adjusted with respect to each other that,
with relay 831 { unoperated, the shaft 4308 makes
one revolution between one series of perforations
on the tape and the next.

Looking at the tape from left to right, the
punch positions as therein shown are identical
with those shown in relation to the punch mag-
nets of the secondary punch machine, and the
tracker bar holes correspond with the punch po-
sitions of the tape. The coded information
therein recorded, therefore, is in the following
order:

Called office code_.... Positions 1 to 15 inclusive.
Calling line number.. _

Called office mlmber__}Positions 16 to 35 inclusive,
Positions 36 to 47 inclusive.
Positions 48 to 58 inclusive.
Positions 59 to 64 inclusive.

The general principle controlling the modifica-
tion of the tabulator for operation with this in-
vention is:

(A) The setting of the appropriate letter
wheels and counters in the case of toll calls for
printing (1) the letter code of the called office
and the number of the called subscriber, (2) the
money charge therefor, (3) the date;

(B) The setting of the appropriate -counters
in the case of local calls for adding up the total
number of minimum local charge units for all
calls beyond the minimum of such charges al-
lotted to a subscriber for a billing period and at
stated rates which may diminish with the total
units used at prescribed rates.

The printer mechanism of the tabulator can
be conveniently ‘divided into two parts, one part

responsive to the toll entries which may be print-
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ed on a separate slip of paper as entered, and the
other part responsive to the local service units
which are added successively.

Referring to the above mentioned drawings
for a description of each of the above modifica-
tions, the pneumatics responsive to each of the
punch positions 1 to 5, inclusive, each operate
a multi-contact relay 4333, 4309, 4310, 4311 and
4312. The pneumatics operate in response to the
perforations contained in these positions which,
it will be recalled, are code perforations indica-
tive of a particular letter designating the first
letter of the code of the called office. )

It will be recalled that the code perforations
punched in positions 1 to 5 correspond to the
five-unit code representing the first letter of the
called office code and since, generally speaking,
this letter may be any one of the twenty-six
Jetters of the alphabet, the pneumatics operate
in such combinations as to ground any one of
twenty-six different conductors, one for each let-
ter. These conductors, are extended to the twen-
ty-six separate segments of the commutator
4313. Since, however, the letters Q and Z are
generally not used in office codes, the conductors
extending to segments Q and Z of commutator
4313 may be omitted. The distributor brush
4315 and letter wheel 4318 are mounted on sleeve
4332 and normally do not partake of the rota-
tional movement of shaft 4308, as described here-
inafter. .

In order to describe how the setting of the let-
ter wheel 431§ i{s effected, consider the operations
of that part of the apparatus which is shown in
Fig. 43. When the secondary tape is attached to
the tracker bar and the contacts §306 of the con-
trol apparatus are closed and, as a result thereof,
the tape is advanced to the position where the
perforations of the first call are coincidental with
the corresponding tracker bar openings, then,
since the name of the called office assumed for
illustration is Halifax, with holes punched in po-
sitions 3 and 5 for designating the letter H, pneu-
matics 4317 and 4318 collapse and cause the op-
eration of their associated multi-contact relays
4310 and 43(2 respectively. These relays, in op-
erating, close their contact assemblies and, in
particular, close their respective No. 1 contact
sets to common conductors 4319 and 4328, lock-
ing each of these relays to battery through con-
tacts 4326 controlled by cam 4331, which contacts
are closed at this time. A circuit is now closed
extending from ground over the No. 5 contact set
of multi-contact relay 4312, No. 5 contact set of
multi-contact relay 4318, conductor 4326, to com-
mutator segment H.

Now the letter wheel 43168 and brush 43{8 are
mounted on sleeve 433! which is mounted loosely
on shaft 4308 which is constantly driven at a
uniform speed by the motor (not shown) operat-
ing in synchronism with the moving tape as al-

. ready mentioned. Thus, the turning movement

70
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of the shaft will not actuate the sleeve 4382 unt'l
it is brought into positive connection therewith.

The connection of the sleeve with the shaft 4308

is effected by means of a clutch 4321 comprising

clutch teeth on wheel 4318 cooperating with
teeth on disk 4314, splined on the shaft 4308 so

that it will slide on the shaft and turn therewith.
This clutch member is effective only in one direc-
tion of rotation thus avoiding any reversal of
movement and permitting the operation of the
mechanism at high speed and without objection-
able vibration. The spring retracted armature
4323 of the clutch control magnet 4322 is in thc

3,165,094
- form of a bell crank and the depending arm of

sald crank is suitably connected to the hub of the
clutch disk 4321. When the control magnet is
energized, its armature will be attracted toward
the magnet and the movement of the armature
will carry the clutch disk connected therewith in-
to locking engagement with the letter wheel 4316,

The operation of relay 4310, or 4312, also closes '

& circuit for relay 4324 in series with the clutch
magnet 4322 extending from ground on the No. 2
contact set of either relay, winding of relay 4324,
contacts of relay 4328, clutch magnet 4322, con-

tacts 4326, to battery. Contacts 4328 are con-

trolle by cam 4331 keyed to shaft 4368 and is timed
80 as to close contacts 4328 at the beginning of
one revolution of the shaft and open them at the
end. ' Magnet 4322 operates and throws the re-
volving clutch disk 4314 into engagement with the
letter wheel 43(8. Relay 4324 operates and locks
through its contacts in serles with the magnet
4322, The control of the letter wheel by mag-
net 4322 thus established by the operated pneu-
matics is maintained notwithstanding the rela-
tively brief duration of the pneumatic contact
agsembly closures which are operated only dur-
ing the coincidence of the punched holes with
their assoclated tracker bar channel openings.
PFurther, the previously grounded conductor 4320,
traced through the contact paths of the operated
multi-contact relays, is also undisturbed by the
re-inflation of the pneumatics and the consequent
cpening of their respective contacts since the
multi-contact relays 4318 and 4312 originally op-
erated by the collapse of the pneumatics, are now
locked under the control of contacts 4326 inde-
pendent of the pneumatic contacts. The mag-
net circuit is locked under the control of the
contacts of relay 43285 contacts 4328 which
latter are arranged to b the circuit simul-
taneously through magnet 4322 as well as other
magnets, as described hereinafter, by the con-
stantly revolving cam 4331 carried by the main
shaft at the instant the advancing tape brings
the next serles of holes into nearness with the
holes of the tracker bar.

In the meanwhile, the engagement of the
clutch disk 4314 with the letter wheel 4316 im-
parts .movement to the latter. Bince, however,
the distributor brush 4318 of the commutator is
connected to wheel 4316 through sleeve 4332, the
movement of the wheel, when engaged with the
clutch, imparts movement to the distributor arm
also. As the wheel revolves, successive letters on
its periphery are advanced to face the sight po-
sitlon and, at the same time, distributor brush
4318 is rotated over the successive segments of
cqmmutator 4313. When the letter H on the
tape wheel is advanced to the sight position, the
distributor arm is in contact with commutator
segment H whereupon a circuit is closed from
battery through the winding of relay 432§, com-
mutator ring 4321, distributor brush 4318, com-
mutator segment H, conductor 4328 to ground on
the No. 5 contact of relay 4312 as previously de-
scribed. The operation of relay 4325 opens the
cireult of clutch magnet 4322 and the circuit of
relay 4324, causing both of them to release. The
release of magnet 4322 throws out the clutch
disk 4314 which disengages the letter wheel, caus-
ing it and the distributor brush 4315 to remain
at rest in the position at which they are stopped,
that is, with the letter H on the periphery of
the letter wheel in the sight position and the
distributor arm in contact with segment H of the
commutator. In the meanwhile, as letter wheel

——
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4318 revolves, gear 4329 revolves with it. This
gear connects with the type-setting mechanism
of the printer so that the positioning of the let-
ter wheel simultaneously positions the corre-
sponding printing wheel for the subsequent
printing of the first letter designation of the call.
The setting of the printing mechanism is accom-
plished in any suitable manner and hence is
neither shown nor further described herein, ex-
cept to mention that, with the operation of re-
lay 4325, a path is closed from the printer motor
control terminal T to conductor 4338 which, as
described hereinafter, loops to other letter and
numerical wheel mechanisms for completing the
printer control circuit when all of said wheels
have been set in response to the other perfora-
tions of a given record.

The letter wheel 4316 has now been set to con-
form with the code registration of the first letter
of the called office’ code and while the shaft
4308 continues to revolve after the disengage-
ment of the clutch, the position of the letter
wheel remains undisturbed. At the end of the
revolution, that is, just before the tape begins
to uncover the tracker bar openings with the
perforations of the next call record, cam 4331
opens contacts 4326 and unlocks multi-contact
relays 4316 and 43{2 which now release.

Simultaneously with the positioning of letter
wheel 4316 of the first letter of the office name,
all other wheels, involving the remaining two
letters, as well as those comprising the called
number and date are similarly and simultaneous-
ly set. Shaft 4308 is continuous and carries all
the clutch discs for driving other indicating
wheels. For the purpose of not incumbering
this specification, only those wheel combinations
which are electrically or structurally different
from the one described will be explained in de-
tail while the others will be briefly indicated.

Fig. 44 shows the letter wheel mechanism for
the second letter of the code at 4408 and the
letter wheel for the third letter of the code at
440f. Each of these wheels is set at the same
time as letter wheel 43{6 since the perforations
of one call record become coincidental with the
tracker bar openings simultaneously. Further,
as the second letter of the code is A and the code
of which requires perforations in punch posi-
tions 6 and 7, the operation of multi-contact re-
lays (not shown) responsive to the operation of
corresponding pneumatics cause a ground to be
extended to conductor #4402 which through the

operation of relay 4404 stops the letter wheel

4408 with letter A on its periphery in the sight
position. At the same time relay 4404 extends
the path from the printer motor control termi-
nal T from conductor 4330 through its left con-
tact to conductor 4406.

In the same way, the letter wheel 4409 for the
third letter of the office name is revolved until
the latter L is in the sight position, at which time

ground on conductor #4403, closed thereto by the

operation of multi-contact relays responsive to
pneumatics operating in positions corresponding
to punch positions 12 and 15 for the code of the
letter L, closes a circuit to operate relay 440%

which opens the circuit of the clutch magnet, -

stops the letter wheel and associated distributor
brush from any further displacement and fur-
ther extends the printer control path to conduc-
tor 4407. The position of the three wheels, In
their sight positions, now display HAL to con-
form with the directory name of the called office
name while the printer type wheels geared to

45

the separate letter wheels are set to correspond-
ing letter positions.

Fig. 45 discloses in detail the electro-mechani-
cal apparatus for controlling the setting of the
thousands digit wheel. It comprises a multi-
contact relay responsive to each pneumatic re-
spectively, a numerical wheel 4501 with each of
the ten digits designations on its periphery, a
fixed commutator 4510 and the distributor brush
4509, all mechanically arranged as the similar
combination shown in Fig. 43.

When, in response to a perforation in punch
position 18, the code perforation for thousands
digit 3 of the assumed called subscriber’s num-
ber 3678, the pneumatic #4505 operates, an ob-
vious circuit is closed for relay 4506 which, on
operating, locks through its No. 1 contact set
to battery on conductor 4328. A path is further
closed from ground through the normal contact
of the No. 3 contact set of relay 4611, the alter-
nate contact of the No.. 3 contact set of relay
4508, the normal contact of the No. 4 contact set
of relay 4516, the normal contact of the No. 5
contact set of relay 4512, conductor 4507 to seg-
ment 3 on commutator 4510, At the same time,
a circuit is closed from ground on the No. 2 con-
tact set of relay 4506, conductor 4514, winding of
relay 4502, back contact of relay 4504, winding of
magnet 4503, conductor 4328, contacts 4326, to
battery. Relay 4502 operates and locks to ground
on its contacts while magnet 4503 operates and
engages the clutch disk 4513 with the number
wheel 4501 and rotates it until the numeral 3
on its periphery is in the sight position at which
time distributor brush 4508 will have been ro-
tated to segment 3, whereupon a circuit is closed
from battery through the winding of relay 4504,
commutator ring 4508, distributor brush 4508,
commutator segment 3, conductor #4507 to
ground. Relay 4504 operates, closes another con-
tact of the series path of the printer control ter-
minal T, opens the circuit of magnet 4503 and
relay 4602, the latter unlocking and the former
disengaging the clutch disk 4513 from wheel 4501,
causing it thereby to remain in the position in
which the numeral 3 appears in the sight posi-
tion. When, just prior to the movement of the
next series of punched holes on the tape into
coincidence with the associated tracker bar holes,
the shaft has completed its revolution, cam in-
terrupter 4331 breaks the contacts 4326 where-
upon battery is removed from conductor #4328
and multi-contact relay 4506 released. The tab-
ulator has thus positioned the thousands wheel
for the first or thousands digit of the called sub-
scriber’s number and the printer has been simi-
larly positioned through gear #616. The setting
of the number wheel 480f and associated type
wheel for other thousands digit values will be
apparent by tracing each of the conductors ex-
tending to the digital segments of the commu-

. tator 4510 to ground at one of the relays 4512,

4517, 4506 and 45i1.

Punch positions 20 to 23 control pneumatics
which are responsive to the code perforations of
the hundreds digit of the called subscriber’s
number while punch positions 24 to 27 control
pneumatics which are responsive to the code per-
forations of the tens digit of said number. The
equipment and controlling circuits for the setting
of the corresponding number wheel mechanims
4600 and 4610 are the same in both cases as that
for the thousands digit, already described, and is,
therefore, but diagrammatically indicated in Fig.
46. Since the hundreds digit of the called num-
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ber is 6, requiring a perforation in punch posi-
tions 20 and 22, the operation of the multi-
contact relays (not shown) responsive to the
pneumatics of these positions causes ground to
be connected to conductor 4681 connecting with

the sixth segment of the commutator, causing

thereby a positioning of the wheel to display the
numeral 6. In a substantialy similar manner,
ground is connected to conductor 4802 by the
operation of the tens pneumatics in response to
the code perforations of the digit 7 in punch
positions 24 and 27. The printer control path is
then extended from conductor 4818 over con-

 ductor 4603 to conductor 4604. ®

15

Punch positions 28 to 31, and 32 to 35, both
inclusive, are responsive, respectively, to the code

- perforations of the units digit and the station’s

20

25

letter. The equipment and controlling circuits
for setting the corresponding number wheel
mechanisms 4700 and 4710 in each of these cases
is the same as that for the thousands and hun-
dreds digits and is, therefore, but diagrammati-
cally illustrated in Fig. 47. For setting number
wheel mechanism 4100, conductor 4101 is ground-
ed in response to operations resulting from per-
forations in positions 29 and 30 for the digit 8

- and causes the wheel to be positioned for the
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digit 8. Wheel 4110 is not disturbed for the as-
sumed case since the called number does not
have a station’s letter.

The pneumatics of Figs. 48 and 49, operative
in punch positions 36 to 47, inclusive, are respon-
sive to the perforations of the codes which desig-
nate the total money charge for a toll call.
Punch positions 36 to 39, inclusive, designate the
dollar charges and, through the operation of the
control circuits responsive to the operations of
the pneumatics in these punch positions, cause
the setting of the dollar wheel mechanism 4800
to correspond to the dollar charge designated
by the code perforations in said positions.

Punch positions 40 to 43, inclusive, designate
the tenths of a dollar charge and, through the
operation of the control circuits responsive to
the pneumatics in these punch positions, cause
the setting of the tenths of a dollar wheel mech-
anism 4810 to correspond to the tenths of a dollar
charge designated by the code perforations in
said positions. ’ .

Punch positions 44 to 47, inclusive, designate
the “cents” charge. In this case, however, only
the 0 and the 5 setting is necessary since, as
already mentioned, toll calls are only charged
for in five cent increments. Hence, the pneu-
matics responsive to the perforations in these po-
sitions respond to the 0 or 5 code, each response
grounding conductor 4901 and 4902, respectively,
for setting the “cents” wheel 4900 either to the 0
or to the 5 position. The pneumatics for posi-
tions 44 to 47, inclusive, do not carry contacts
adapted to operate multi-contact relays. The
contact assemblies required to close the neces-
sary circuits are only three in number, well with-
in the lifting power of each of the pneumatics
and, therefore, the contact assemblies are con-
nected directly to the moving members of the
bellows. It will be obvious, of course, that relays
could be provided if desired.

As already mentioned, the mechanism for

‘printing the total charges is driven by the three

separate gears controlled by the wheels 4800,
4810 and 4900, respectively. This mechanism
may take the form of a separate type wheel of
similar construction to the wheels shown and,
of necessity, will take the same setting as each
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of the separate wheels which are positioned for

a particular toll charge. These printing wheels

may, in turn, be geared to a group of integrat- -

ing printing wheels which will be positioned suc-
cessively to add up the charge of each additional
toll call as the record thereof causes a new set-
ting of the wheels which control them. When
the entire record has been analyzed and a record
of the individual toll items made, the total toll
charges may be printed from the setting of the
integrating wheels through a control which may
be exercised by relay 85344, as suggested here-
inafter.

It should be noted, however, that if the as-
sumed call is completed within the local area
there will be no perforations on the tape between
positions 36 to 47 and also none in the other pre-
viously discussed positionsrelating to thecalled of-
fice code and number as well as none in positions
48 to 58, inclusive, to be discussed presently, which
contain the code perforations of the date when
the call was made. In fact, the perforations of
a local call record are only those which may be
contained between positions 59 to 64, and hav-
ing to do with the codes of the charges in local
service units since these codes are the only perfo-
rations made on the secondary tape for a local
call.

Punch positions 48 to 51, inclusive, designate
the code of the month in which the call was
made. The electro-mechanical equipment made

responsive to the pneumatic operations is the .

same as that previously described for any of the
digits of the called number except that the
wheel 8808 carries twelve indications on its pe-
riphery, one for each month of the year, while
the commutator 5881 is correspondingly divided
into twelve segments with a conductor connected
to each segment, each of which conductors is
extended through the appropriate combination
of the multi-contact relays responding to the
pneumatics which, in turn, operate 1\n the com-
binations called for by the four-unit code as
shown in Table IX.

In the case assumed in which the call to Hali-
fax 3678 was made on July 17, holes were punched
in positions 48 and 51 in response to the code for
this month whereupon the corresponding pneu-
matics and multi-contact relays operate and
ground conductor 5003 which, by operations cor-
responding to those previously described, causes
the wheel 5008 to stop when the designation
“July” on its periphery has been revolved to the
sight position. Gear 35004 revolves with wheel
5000 to set the printer type to correspond with
the month designated by the setting of the wheel
5000, while the operation of relay 5003 to stop
the wheel from further rotation, advances the
printer control path from conductor 4903 to con-
ductor 5002,

Perforations made between punch positions
52 to 58, inclusive, designate the day of the
month on which the call was made; punch posi-
tions 52 to 54, inclusive, designating the tens
subdivision thereof, and punch position 55 to 58,
the units subdivision. In this case, however, the
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mechanism shown in Fig. 51 comprises a num- -

ber wheel 8108, a tens commutator 8181, with
its distributor brush 5103, and a units commu-
tator §402 with its distributor brush 5104, the
brushes 5103 and 5104 and wheel 5100 being con-
nected by sleeve 8126 which is normally loose
on shaft 4388. The tens commutator is divided
into three segments, one for each tens subdivi-

sion of the month, and the units commutator 78
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into thirty-one segments, one for each day of the
month, The first segment of the tens commu-
tator has a circular length equal to that of the
first tens subdivisions of the units commutator,
the second segment a circular length equal to
the second tens subdivisions, while the third
segment has a circular segment equal to the last
eleven subdivislons. To the first segment ex-
tends conductor 5118 connecting with a contact
on relay 5116, to the second extends conductor
5117 connecting with a contact on relay 8107 and
to the third extends conductors 5118 connecting
with a contact on relay 5119,

Now, the call Halifax 3678 was assumed to have
been made on the seventeenth day of the month
and the code perforations which designate this
date consist of a hole in position 53, one in posi-
tion 55 and a third in‘'position 58. Consequently,
when the perforations of the call record are
aligned over the tracker bar openings, pneu-
matics 5129, 5105 and 5108 operate and cause the
ohbvious operation of relays 5107, 5108 and 5109,
respectively, which lock over their respective No, 1
contact-sets to battery on conductor 4328. Over
their No. 2 contact-sets, ground is applied to con-
ductor 5110 which causes a circuit to be closed
from ground on said conductor, winding of relay
5141, back contact of relay 5112, winding of clutch
magnet 3113 to battery on conductor 4328. Relay
8111 and clutch magnet 5118 operate, the former
locking through a circuit including its contact
and the latter throwing the clutch disk into en-
gagement with the numerical wheel 5100 caus-
ing the latter to revolve with the shaft 4308. As
the wheel revolves, distributor brushes 51803 and
5104 advance over their respective commutators.
Since, however, a circuit over one of the conduc-
tors which are connected to the separate segments
of commutator 5102 can only be completed by the
application of ground to conductor 5120 which
is done through the operation of relay 5i(4,
distributor brush 8104 can only be effective in
completing the circuit of relay 5112 if relay 5i (4
is operated. The circuit of relay 5114, however,
is completed only when the distributor brush 5103
has revolved to the beginning of that segment
which has battery connected to it. For instance,
the call being illustrated, having been made on
the seventeenth and relay §{07 having been op-
erated in consequence of the perforation of the
code of the tens subdivision of the mouth, bat-
tery is connected to conductor 5111. Hence, while
the distributor brush 5103 is on the first segment,
that is, while distributor brush 5104 is on any
one of the first ten segments of its own commu-
tator, relay 51(4 remains normal. When, how-
ever, the shaft rotates sleeve 5126 to the point
where distributor brush §103 makes contact with
the second segment, at which time distributor
brush 5104 makes contact with segment {1, a
circuit is closed from ground through the wind-
ing of relay §1i4, commutator ring 5119, dis-
tributor brush $103, second segment of commu-
tator 5101, conductor 8111, No. 3 contact set
of relay 51071 to battery. Relay 5114, operates,
locks over its right contact to battery on con-
ductor 4328 while over its left contact it connects
ground to conductor §120. As, now, the shaft con-
tinues revolving and distributor arm 5104 ad-
vances to segment 17, a circuit is completed from
battery through the winding of relay 8§12, com-
mutator ring 5121, distributor brush 5104, con-
ductor 5122, alternate contact of the No. 6 con-
tact-set of relay 5108, normal contact of the No.
5 contact set of relay 5§i27, the normal contact
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of the No. 4 contact set of relay 5123, the alternate
contact of the No. 3 contact set of relay 5109, con-
ductor 85120, to ground on the left contact of
relay 5ii{4. Relay 5112 operates, extends the
printer control path from conductor 8002 to con-

“ductor 5124, opens the circuit of magnet 5113

which releases and throws the clutch disk out of
engagement with the wheel §100 thereby causing
it to come to rest with the numeral 17 on the
periphery of the wheel in the sight position.
Gear 5125, in the meanwhile, has rotated with
wheel 8100 to set the corresponding printing
mechanism for printing the numeral 1.

This concludes the setting of the tabulator for
items which are printed as a part of a toll call,
consisting of the called office code, the numerical
designation of the called line, the toll charge in
dollars and cents and the date on which the call
was made.

As already mentioned, the operation of relay
8112 closes another contact of the printer con-
trol path extending the path to conductor §124.
This conductor terminates in one contact 5348
of a switch 8348 corresponding to contacts desig-
nated 53 and 54 in Fig. 36 of said patent, Re.
16,304 to Lake, above referred to. When these
contacts are closed the circuit is completed to
the printer control from terminal T of the printer
control cross-connected to terminal T at the con-
tact of relay 4328, thence extended by the oper-
ation of relays such as 4328, as previously de-
scribed, through the series circuit above described
extending to conductor 8128, contacts 5348 and
5349 to the other side of said printer control of
Pig. 53. The printing apparatus of the tabulator,
having been set in accordance with the setting
of the wheels, the printing circuit is now operat-
ed to cause the various items to be printed in
accordance with the indicator wheel and printer
settings. . At the end of one revolution, cam 4331
open contacts 4326 which removes ground from
conductor 4328 unlocking thereby all the relays
locked thereto in preparation for thé re-setting
of the wheels for the next call.

In case the perforated record of a call is that
of a local call, then there are no perforations
whatever in any of the punch positions between
1 to 58, inclusive. The only perforations present
in the record in this case are those between po-
sitions 59 to 64, inclusive, which is the record, in
code form, of the number of local charge units
to be assessed for the call. In such an event
the only part of the tabulator which is re-
sponsive to the perforated record, is the integrat-
ing local charge computer, diagrammatically il-
lustrated in Figs. 52 and 53.

In order to describe the operation of the inte-
grating computing mechanism which is respon-
sive to the code of a local charge and which fur-
ther integrates all the local charges appearing
on one secondary tape, it will be assumed that
the call Halifax 3678 represents a local call for
which a charge of eight local service units is
to be made, as already explained in the descrip-
tion of the rate computator of the analyzer. Pur-
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ther, in order to understand the arrangement -

of the computing mechanism, it is desirable first
of all to indicate briefly what functions are to be
accomplished by said mechanism. )
According to the most prevalent telephone
charging and billing practice with respect to what
are known as message rate subscribers, telephone
rates in large metropolitan areas are computed
on the basis of an allowable defined maximum
number of local calls for a given billing period

(]




10

15

48

and for a stipulated minimum charge. Beyond
that defined number of local calls, the remaining
local service charges are computed at a rate per
unit which diminishes with the total units used.
For instance, subscribers may be given a maxi-
mum of sixty-five calls a month for a certain
monthly charge, say, of $4.00 a month. The
next one hundred calls may be charged at the
rate of five cents each, the next hundred after
that at four and one-half cents, the next hun-
dred at four cents and next hundred at three
and one-half cents.  Therefore, the integrating
mechanism of the printing tabulator which con-

trols the associated printing apparatus for print- -

ing total local charges for a billing period, must
be responsive to the several discriminations in
the rate structure. Hence, the computing mech-
anism disclosed in this specification for adapta-
tion to the commercial printing tabulator is ar-
ranged to (1) add up a required number of local
charges which correspond to the number allowed
over the billing period for the contracted mini-
mum billing charge and eliminate them from
any further consideration since the charge for
these calls is, presumably, otherwise taken care of
in a manner such as hereinafter described; (2)
add up the required number of calls beyond the
allowed maximum, compute the charge at the

prescribed rate for each given number and cause .

the printing mechanism to print the total charges
computed at the different rates.

Referring now to Figs. 52 and 53, it will be
seen that there are five commutators, viz. $214,
5222, 8223, and B5234. To the segments of
commutator 82i{4 are connected the marking
conductors which extend to the contacts of re-
lays 8208, 5249, 3280 and §28(, controlled by the
pneumatics responsive to the units digit code per-
forations of the total charge. The ground to
any of these conductors is controlled through the
left back contact of relay 63801 by way of con-

. ductor 5308 and is further controlled over the
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contacts of the relays above-mentioned so that
when these relays operate either singly or in
combination in response {0 & units code of the
local charges, ground is extended to any one of
the conductors. The wiring organization of the
pneumatically controlled units multi-contact re-
lays is identical with that of the pneumatically
controlled relays shown in Fig. 45 and, therefore,
is not shown in detail. Commutator §228 is the
tens commutator. Since, in the present embodi-
ment bf the invention, the rate structure assumed
limits the maximum number of local charges
for the longest local call to 14, there is but one
conductor extending from the tens pneumatical-
ly responsive multi-contact relays, through the
back contacts of relay 5301 to the number 1 seg-
ment of commutator §223.

In this connection it will be observed that two
punch positions, 59 and 60 on the tracker-bar,
are reserved for the tens designation of the local

charges, and two pneumatics, 5202 and §208, are |

provided to respond to corresponding perforations
in the tape. However, inasmuch as the dis-
closure of the present embodiment of the inven-
tion is predicated upon the assumption that the
total of local charge units for any one call is
fourteen, it is only necessary, as described later,
to provide but one signal to indicate the differ-
ence between a call having less than ten charge
units and one having more than ten. A per-
foration in position 59, for instance, indicates
that the total of charge units for the call is less
than ten, while a perforation in position 60 in-
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dicates that the total of charge units is more
than ten but less than twenty. Should it be
necessary to modify the mechanism to indicate
a greater number of charges, say more than
twenty but less than thirty, both perforations
could be utilized to give this indication and the
pneumatic equipment responding thereto and the
electromechanical equipment controlled thereby.
could easily be modified to provide a correspond-
ing control of the call recording apparatus, whose

number of revolutions, in registering the total

call units for any call, depends, of course, upon
the maximum total for which the equipment is
designed. In the description which follows,
therefore, no use is made of pneumatic §202 which

_operates when the total charged units are less

than ten but pneumatic 5203 is utilized when it
responds to a perforation in position 60 to indi-
cate total charge units of more than ten but less
than twenty. The perforations in position 59
and the equipment responding thereto have been
disclosed in the present embodiment of the in-
vention to show the ease with which the inven-
tion may be modifiled and expanded to include
a record of as many local charge units as de-
sired, it being evident that position 59 can be
combined with position 60 and with other posi-
tions, if necessary, to give the record of the
number of charges.

Commutator §222 is but a feeding mechanism
and its relation to the rest of the computing ap-
paratus will becomme apparent from the descrip-
tion of the operation which follows.

Assume, first, that the number of local charge
units to be assessed for the call is eight. Since
the total of these charges is less than ten, pneu-
matic 5202 is operated in punch position 59
although as already explained it performs no
useful function. The units pneumatics 5288 and
$248 operate in response to the code perforations
in punch positions 62 and 63, respectively, for
the units digit 8, causing thereby the operation
of relays 6280 and $249 which lock to battery on
conductor 4328 in the same manner as the oper-
ation and locking of previously described pneu-
matically responsive multi-contact relays.
Therefore, a path is extended from ground on
the left back contacts of relay 5381, conductor
5309, through a normal contact of relay $208,
alternate contacts of relays §249 and 5250 and a

10

normal contact of relay 86261, conductor $206 to

segment 8 of commutator §204. In the mean-
while, the operation of relays 5248 and $280 fur-
ther closes a circuit from ground on contacts
5310 which are controlled by cam 8308 keyed to
the main shaft 4308 and timed to close contacts
5310 at the beginning of the revolution and open
them at the end, left contact of relay 5308, con-
ductor §313, contacts of relay 5249 and 5280, con-
ductor 83(2, right outer back contact of relay
§381, back contact of relay 831, conductor 5314,
winding of start magnet 8213 to battery. Now
commutators §2(4 and §222 are fixed but their

" respective distributor brushes 5215 and 8220

which occupy relatively similar positions on their
respective commutators, are keyed to the shaft
85219, which further engages with main shaft
4308 through friction clutch 5218. Shaft 5218
also carries gear 5218 which is permanently
meshed with gear 35217 and gear 5258 through
which rotation is imparted to gear 5288, having
unity gear teeth ratio with gear 5265. Gear 52886,
on the other hand, is mounted on an auxiliary
shaft with gear 8287 which meshes with gear
§288 that drives gear 5228 through the clutch
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The gear teeth ratio between
gears §287 and 8288 is 11 to 10 to insure that

gear 5226 makes one complete revolution in the

time taken by distributor brush $218 to com-
plete ten-elevenths of a revolution for the pur-
pose hereinafter set forth. When, therefore,
magnet $213 operates by the closure of the above
circuit and the stop controlled thereby is raised,

the shaft 8219 is freed to be driven by the fric--

tion clutch 5218. Both distributor brushes begin

to revolve with the shaft §218 away from their .

normal segments while gear 8§28 also revolves
and causes the rotation of gear $211. However,
the rotation of gear §2({1 performs no useful
function at this time. Also, when the distributor
brush #$218 has been rotated from its normal
segment, distributor brush §228 will have also
been rotated from its normal segment so that
a circuit closed for relay 831f from battery
through the winding of sald relay, conductor
8318, outer ring of commutator §222, distributor
brush 5220 to ground. Relay 83{{ operates and
over its inner front contact connects shunting
ground to one terminal of the winding of relay
§5301.
normal position the shunt i3 removed, causing
relay 5381 to operate in series with relay §3fl
and to perform functions noted hereinafter.
Relay 8311 also prepares a locking path for re-
lay 5319 which operates as hereinafter described.
At its left contact relay 5311 opens the feed con-
trol circuit to arrest the advance of the record
tape until the record of the toll call has been
tabulated. At its right outer back contact relay
5311 opens the circuit of start magnet 82(3
thereby causing the release of said magnet which
is then in a position to re-engage the stop latch
of shaft 8219 at the end of one revolution of
When the distributor brush
5248 reaches segment 8, the ground connected
thereto over conductor §208 completes a circuit
through the distributor brush and commutator
teed, winding of clutch magnet 5237 to battery,
and in parallel therewith over condtictor 5221,

winding of relay 5319 to battery. Relay 85319

operates and locks over the right back contact
of relay $389 to ground thus locking magnet §237
in its operated position. Magnet 5237 causes the
disks of clutch 5225 to engage. Cear 5228 is
keyed to the same shaft as the right disk of
clutch 5225 and when the two clutch disks are
coupled thereby and impart rotation to the shaft
which carries gear 5226, said gear rotates by
virtue of the rotation of shaft 5219 through gears
5255, 5286, 5257 and 5258 and causes the rotation
of gear 5228 which is permanently meshed with
it. QGear 5228, being now mechanically coupled
to shaft 8219 now revolves in unison with the dis-
tributor brushes 5214 aud 85220. :

It will be observed that distributor brush 5218
revolves past two segments of the commutator
before it contacts with segment 8, and that after
passing this segment, ground is removed from
the circuit of clutch magnet 5231. The mag-
net, however, does not release since, at this time,
it being held over the ground that locks relay
5319, the disks of clutch 5228 remaining engaged
and gear 6228 because of the ratio between gears
5287 and 5258 making eight-tenths of a.revolu-
tion by the time the distributor brush $2i5 has
rotated past segment I.

It is to be noted that when gear wheel 5226
makes one complete revolution for every com-
plete revolution of the distributor brushes 5218
and 5220, gear wheel 5228 which has a reduc-

When distributor brush 5220 reaches its
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tion gear ratio with respect to gear wheel 5226,
will make one-tenth of a revolution equallng
one-tenth of the monthly local calls allotted for
the stipulated monthly rate. For instance, if
the number of local charges allowed per month
were to be 100 then the ratio of gear 5228 to gear
§22¢ would be 10 to 1. Hence, if the call being
registered represents a charge of eight local serv-
ive units, gear 5228 revolves eight-tenths of a
revolution and gear 85228 revolves eight one-
hundredths of a revolution in the registration
of the eight call charges.

When the distributor brush $220 has completed
one revolution and is again resting on its nor-
mal segment, the short circuit around the wind-
ing of relay 8§381 is removed, causing said relay
to operate in series with relay 5311. At its left
contact relay 8301 closes an obvious circuit for
relay 5388 which opens the locking circuit of re-
lay 8319 and that of clutch magnet §237 where-
upon said magnet releases and disengages the
clutch 5228, causing both gears 5226 and 5228
to remain in the position to which they were thus
advanced. Relay 5309 also opens the locking
circuit of relay 531f and the circuit of relay 5301
causing both of sald relays to release. Relay
6311 upon releasing again causes the tape record
to advance.

In the meanwhile, when the main shaft 4308
compietes one revolution, cam 5308 causes con-
tacts 5318 to open, thereby removing ground from
the contacts of relay 4309, thus restoring to nor-
mal whatever apparatus was locked thereto while
cam 4331 causes contacts 4326 to open, thereby
disconnecting battery from conductor 4328. The
removal of battery from conductor 4328 further
unlocks relays 5248 and §250 which release. The
entire mechanism is now normal with the excep-
tion of gear §228 which remains in the position
to which it has been rotated in evidence of the
registration of the eight local charges for the
particular call.

It will now be assumed that the call which is to
be registered contains ten or more local unit
charges, say fourteen, as would be the case, for
instance, in a4 connection between two offices for
which the base rate is fifteen cents for five min-
utes, the overtime rate is five cents for each ad-
ditional two minutes or fraction thereof and that
the conversation has lasted twenty-seven min-
utes. In this case the units pneumatic 5204 op-
erates in response to the perforation in punch
position 64 of the units digit code and further

‘operates relay 8208 which closes the previously

traced circuit for start magnet 6213 for starting
the rotation of shaft 5219. As soon as commuta-
tor brush 5220 moves off normal, relay 53i! op-
erates as before and locks through the winding
of relay 5301 to ground at the right back con-
tact of relay 5308 after which brush 5220 leaves
the off-normal segment as pointed out before.

‘Relay 5301 being shunted does not operate.. When

the commutator brush 5215 engages segment 4
of commutator 5214 with units relay 5205 oper-

- ated, relay 6318 and magnet 5231 operate in par-

allel as before and during the remainder of the
first revolution of shaft 5219’, gear 5228 is ad-
vanced four one-hundredths of a revolution.
Relay 531t upon operating opens the initial op-
erating circuit of start magnet 5213 but this
magnet does not release in this case because of
an alternative operating circuit to be presently
described. Relay 5311 at its left contact has also
opened the circuit of feed control 5307 to arrest
the further advance of the tape record so that the
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operated pneumatics are maintained operated to
hold their respective relays operated, in the pres-
ent case relays §205 and 5809. o

In the meantime, pneumatic $208 which oper-
ated at the same time as pneumatic 5204 under
the assumption that the number of charges to be
made is more than ten, has caused the operation
and locking of relay 5209. Relay 5209 upon op-
erating closed a circuit extending from ground
over its inner contact, conductor 5207 inner back
contact of relay 5301, conductor 5318, winding of
clutch magnet 8252 to battery, and in parallel
therewith, through the back contact of relay 8327
and winding of relay 5328 to battery. Relay 5328
operates and closes a supplementary circuit for

start magnet 5213 over conductor 5314, the right-

contact of relay 5328, outer right back contact
of relay 5381, conductor 85312 to ground over a
contact of relay 5208. Relay 5328 at its left con-
tact closes a supplemental shunt around the
winding of relay 5301 which is effective to hold
relay 5381 unoperated when brush 83220 reaches

- normal, this circuit extending from ground over
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brush 5228, normal segment 5221 of commutator
5222, conductor 5320, left contact of relay 5328,
inner front contact of relay 5341, winding of re-
lay 8301 to ground at the right back contact of
relay 5309. 'Thus, on a call involving more than
ten charge units, relay 5328 is effective to prevent
the stopping of shaft 5219 at the end of its first
revolution and to prevent the operation of relay
5301 which would otherwise operate at the end
of the first revolution to release clutch magnet
5231. Shaft 5219, therefore, continues to rotate
through a second complete revolution, driving
gear wheel 5228 an additional ten one-hun-
dredths of a revolution.

At the time relay 5328 operated in response to
the operation of tens relay 5208, clutch magnet
5252 operated in parallel therewith over con-
-ductor 5316, moving clutch disk 5235, slidably
keyed to auxiliary shaft 5208, into engagement
with gear wheel §217. Thus, during the first rev-
olution of shaft 5219 as previously described,
shaft 5208 is also rotated and rotates distribu-
tor brush 5224 over the segments of commutator
5223. Since the gear ratio between gear 5216 on
driving shaft 5218 and gear 5217 is assumed to be
1 to 10, the distributor brush 5224 makes one-
tenth of a revolution during the first revolution
of shaft 5219 and will have been positioned on
the No. 1 segment of commutator 5223 at the time
the distributor brush 5220 on shaft 5218 moves
off the normal segment 5221 at the beginning of
the second revolution of shaft 5219. - Consequent-

ly with tens relay 5208 operated, a circuit is closed

from battery, winding of relay 5321, conductor
5210, distributor brush 5224 and the No. 1 seg-
ment of commutator 5228, lower front contact of
relay 5209, conductor 83171, middle right back
contact of relay 5301, conductor 5229, off-normal
segment of commutator 5222 and brush 85220 to
ground. Relay 5327 operates and locks itself in
parallel with the winding of clutch magnet §252
over the inner right back contact of relay 5301,
conductor 5207 to ground at the inner front con-
tact of relay 5208 and, at its back contact, opens
the circuit of relay 5328. Relay 5328 upon releas-
ing releases start magnet 5213 in order to stop
the rotation of shaft 5219 when it has completed
its second revolution and opens at its left contact
one shunt around the winding of relay 5361.
When the shaft 5219 has completed its second

‘revolution and the remaining shunt for relay 5381

over conductor 5315 is removed at the time when

2,165,094
- distributor brush $220 reaches its normal posi-

tion, relay §381 operates, releasing relay $327 and
clutch magnet 5282. Relay $30{ at its left con-
tact closes the circuit of relay $308 which oper-
ates thereby releasing relays 5319, 538( and 8311
and clutch magnet 8§2371. Relay 538! upon re-
leasing releases relay §309. When relay 8311 re-
leases, the feed control 8307 again operates to ad-
vance the tape record whereby an unperforated
portion of the record is brought over the open-
ings of the tracker bar. Since the shaft cam 4331
opens the contacts 4328 at the time when the
shafts 4308 and 5219 have completed their sec-
ond revolution, the operated pneumatically con-
trolled relays 5208 and 209 now release. When
clutch magnet $282 releases, the distributor brush
8224 is moved back to normal position by a tor-
sion spring, one end of which is attached to the
auxiliary shaft 5208 and the other end to the

frame of the mechanism and which spring was _

tensioned during the advance movement of brush
§224. The mechanism is now in condition to be
reoperated in accordance with the record of the.
next succeeding call on the record tape.
_ The gear wheel 5228 has thus been advanced
four one-hundredths of a revolution during the
first revolution of shaft 5219’ and ten one-hun-
dredths of a revolution during the second revolu-
tion of shaft 85219’ or a total of fourteen one-
hundredths of a revolution indicative of fourteen
call unit charges for the local call just con-
sidered. It remains in this advanced position
following the release of clutch magnet 52317.

Having described the operation of the comput-
ing machanism for the registration of the total
local service units for one call we will now pro-
ceed to describe its further operation with re-
spect to the registration and integration of call
charges beyond the maximum allowed and at a
diminishing rate which increases with the num-
ber of units.

Let it be assumed that the rate structure allows
a subscriber 100 calls for the regular monthly
charge, an additional 100 calls at the rate of
five cents each, the next 100 calls at four and
one-half cents, the next 100 calls at four cents
and the next 100 calls after that. at three and
one-half cents. The integrating gear 5228, as
already indicated, is calculated to make one revo-
Jution for the maximum number of calls allowed
for the monthly rate.
shaft on which is also keyed the gear 8232. Gear
5232 is, in turn, meshed with a larger gear 5233

This gear is keyed to a
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which, in accordance with the rate structure as-

sumed, bears the ratio of 5 to 1 with the gear 5232.
The gear 5233 is keyed to a shaft carrying dis-
tributor brush 5236 which contacts with a com-
mutator 5234 having as many segments as there
are different rates. For the rate structure as-
sumed there would be flve segments including a
segment for the fixed charge rate cared for in
the monthly charge contract.

To the shaft which carries gear 5228 there is
slidably connected one member of a clutch 524§
controiled through clutch magnet 5244 which is
capable of engaging shaft §211 with shaft 52189.
The shaft 52{f is arranged to drive a group of
call units counters 5288 capable of adding up
to 10,000, gear 5254 meshing with gear 5212,
and gear 5342 meshing with gear 5329 the latter
two gears having a unity ratio. Gear 5329 is
keyed to shaft 5326 on which are also slidably
keyed clutch disks 5333, 5352, 5383 and B5354.
These clutch disks may be engaged, respectively,
with gears 5334, 5335, 5336 and §3371 loosely
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mounted on shaft §326 through the operation of
the respective clutch magnets 5331, 5341, 5341
and $343 to drive the integrating gears 8321,
8322, 5323 and 85324 keyed to shaft §388. Shaft
8385 also drives the money charge counters 5348
and positions the printing mechanism through
the rotation of gear 5318 in mesh with gear 5328,

If it be assumed that throughout one billing
period a number of local calls are made which,
so far as the total charge is concerned, can be
represented as the equivalent of 500 local service
charge units, then these calls are all recorded on
the secondary tape. When the tape is run
through the tabulator, all these local charge
units are recorded in the computer mechanism
in the manner described above; that is, by the
operation of the gears 5226 and 5216, respec-
tively, and the integrating gear 5228. As this last
mentioned gear revolves in adding successive
local charges, gear 5232 which is carried by the
same shaft, causes gear 5233 also to revolve one-
fifth of a revolution for each revolution of gear
5232 and hence for one revolution of gear 5228,
But one revolution of gear 5232 is the equivalent
of ten revolutions of gear 5226 which latter, in
turn, revolves ten times in response to 100 local
service units. It has been further assumed that
100 local service units is the maximum number
of calls allowed the subscriber for the con-
tracted monthly charge. Hence, when gear 5228
has completed one revolution, the contracted 100
local service units have been properly counted
and gear 5233 has been advanced one-fifth of a
revolution.  Since these calls do not enter into
the printing of that part of the bill which is con-
trolled by the tabulator, neither the call units
5260 nor the money charge counters 5340 are in
any way affected.

When gear 5228 completes the one revolution
by which the contracted local service units are
counted and gear 5233 has rotated one-fifth of a
revolution, its associated distributor brush 5238
will have left the normal segment and will be
making contact with its commutator segment
§230. A circuit is now completed for relay 5330
from ground over distributor brush 5236, segment
5230, conductor 5212, winding of relay 5338 to
battery. Relay 5330 operates, locks to ground
on contacts 5365 which are closed until the rec-
ord tape has been entirely fed through and fur-
ther closes a circuit from battery through the
winding of clutch magnet 5331, back contacts of
relay 5332, right outer contact of relay 5330 to
Through its inner
right contact, relay 5330 extends the circuit of
the gear clutch magnet 5237 in parallel with the
winding of magnet 5244, This magnet engages
the clutch 5245 to couple shaft 521 for rotation
with shaft 5219. Hence, after the contracted
local charges for the month are properly counted,
the charges to be entered in the computing
mechanism thereafter will cause magnet 5244
to operate in parallel with magnet §237 to en-
gage clutch 5245 and cause thereby the rotation
of the call units counters 5260 through shaft 5211
in the well known manner to count up all local
charge units beyond the contracted number.
Through gear 52{2, the printing counters are
simultaneously set. The revolution of shaft 5211
also causes the rotation of the various rate gears
as described hereinafter.

It will be remembered that the 100 local
charges immediately following the maximum
monthly allowance are assumed to be at the rate
of five cents each. 'That is, when gear 5228 has

81

-completed oné revolution the charge rate changés

and actual computations begin in the computing
mechanism. It will be further recalled that the
circuit of magnet §244, controlling the clutch
mechanism 85245 and that of magnet 85331 con-
trolling clutch 5333, have been closed as already
described. Consequently, when clutch 524% cou-
ples shaft 8211 to shaft 5219, gear 5342, through
gear 5328, revolves shaft 8328 and the coupling
of clutch disk 8333 with its cooperating gear
$334 causes the rotation of gear 5321. Gear 5334
bears a ratio of 5 to 10 with its driven gear 5321
so that each revolution of the latter is the equiv-
alent of twenty calls at five cents each. Since
the money charge counters 5348 are driven by
shaft 8288, it follows that at each revolution of
gear 8321 the right outside wheel is rotated one
complete revolution to register one dollar. With
five revolutions for counting the total of 100
calls, the total charge registered will be five
dollars, each revolution of the outside wheel
being recorded by the advance of the middle
wheel through the intermediate gear shown be-
tween the two wheels to record one dollar, and
each revolution of the middle wheel being re-
corded by the advance of the left outside wheel
through the intermediate gear shown between
the last two mentioned wheels to record ten
dollars. Through gears 5318 and 5325 the print-
ing type mechanism which may be of the same
type construction as mechanism 6340 except
that the numerical characters on the peripheries
of its wheels are raised to permit an inking de-
vice to Ink the surfaces of said characters for
printing purposes is correspondingly set.

‘When 100 calls at the five cents rate have been
thus recorded, gear 5228 will have made another
revolution and gear 5233 will have advanced an-

.other fifth of a revolution. But the second ad-

vance of this gear will have brought its distribu-

tor arm 5236 in contact with segment 5238, and

& circuit is closed from ground on said segment,

winding of relay 5332 to battery. Relay 5332

operates, locks to ground at contacts 5385 and,

over its right front contact further closes a cir-

cuit from ground at contacts 5365, right outer®
contact of relay 5330, right front contact of relay
5332, right back contact of relay 5339, winding

of magnet 5341 to battery. Relay 5332 also opens

the previously traced circuit for magnet 5334

which releases. Magnet 5341 operates and throws
in its cooperating clutch disk 5852 to engage gear
wheel 5335 whose ratio with its driven gear 5322

is 415 to 10. This indicates that the local serv-

ive units which have been charged at five cents
per unit have been exhausted and that the rate
is to be changed. Since gear 5385 bears a 4% to
10 ratio with its gear 5322, then one revolution

of gear 5335, which represents the registration
of ten charge units, will have caused nine-tenths
of a revolution of gear 5322. But since one revo-

lution of gear 5334 causes an advance of the
money charging counters 5340 involving, a rota-

tion equivalent to fifty cents, then one revolution
of gear 5335, likewise representing ten charge
units, will cause a corresponding advance of said
counters add forty-five cents to the total.

Ten revolutions of the gear 5226, one revglu-
tion of gear 5228, another fifth of a revolution of
gear 5233 and the ten consequent revolutions of
gear 5338 marks the full registration of 100 call
charge units at four and one-half cents per unit
causing the wheels of money charge counters
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and fifty cents and causes a corresponding setting
of the printing type mechanism to print this
amount, while the 100 calls at this rate are count-
ed on cell units counters 5260 in the same manner
as the previous 100 calls at five cents were count-
ed thereon. Hence, when the distributor brush
$238 has advanced to segment 5239 which occurs
on the third full revolution of gear 5228, a cir-
cuit is closed from ground on segment 5239, wind-
ing of relay B339 to battery. Relay 5338 oper-
ates, locks to ground on contacts 5366 opens the
circuit of magnet 5341 and closes that of magnet
§347 by way of ground at contact 5365, right
outer front contact of relay 5330, front contacts
of relays 5332 and 5339, back contact of relay
§338, winding of magnet 5347 to battery. Mag-
net 53471 upon operating engages clutch disk 5353
with gear 5338 so that upon the advance of the
tape to record the next group of 100 calls, gear
8338 is revolved. This gear has a 4 to 10 ratio
to the gear 5323. Each revolution of the shaft
B214, in response to the addition of ten local
charge units, causes gear 5336 to make one revo-
lution and gear 5323 to make four-tenths of g
revolution causing thereby a corresponding ad-
vance of the charge counters of money charge
counters 5340 to add forty cents to the total for
each ten call charge units and a corresponding
setting of the printer type mechanism. When
the additional 100 call units have been received
and caused thereby the operation of the comput-

ing mechanism as already described, gear 5228 .

will have made one revolution, gear 5233 will
have been advanced one-fifth of a revolution,
the call unit counters 5260 wili indicate a total of
300 calls, the money charge counters 5340 will
indicate a total charge of thirteen dollars and
fifty cents and the printing type mechanism,
controlled through clutch 5225 will be set to
print this amount. .

Following the recording of the first 300 call
units, the distributor brush 5236 will make con-
tact with segment 5247 whereupon a circuit is
completed from ground on said commutator seg-
ment, distributor brush 5236, winding of relay
5338 to battery. Relay 5338 operates, locks to
graund at contacts 5365, opens the circuit of mag-
net 5347 and closes the ecircuit of magnet 5343
extending from ground at contacts 5365, right
outer contact of relay 5330, front contacts of
relays 8332, 5339 and 5338, winding of magnet
§343 to battery. Magnet 5343 operates and causes
the engagement of clutch disk 5354 with the gear
5337 meshed to gear 5324. This gear 5337 has a
ratio of 315 to 10 with respect to gear 5324. Con-
sequently, one revolution of gear 5337 which regis-
ters a receipt of ten local charge units, causes
thirty-five one-hundredths of a revolution of gear
8324 and a similar rotation of the money charge
counters 5340, which will advance to register

.thirty-five cents for the registration of each of the

ten Jocal charge units. For 100 calls at this rate,
the money charge counters 5340 adds three
dollars and fifty cents. At this time, call unit
counters 5268 will indicate 400 calls, the money
charge counters 5340 will indicate a total charge
of seventeen dollars and the printing type mech-
anism will have been set to print this amount.
Distributor brush 5236 will now rest on its normal
segment again.

The information thus prepared for the printing
mechanism by the computing tabulator through
gears 5254 and 5212, will, set the printing mech-

anism to print 400 as the total number of calls

made in excess of the 100 calls allowed at the
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flat rate as indicated by call unit counters §260
and to print a total charge of seventeen dollars
therefor as indicated by money charge counters
§340.

The mechanism of the computing tabulator as
disclosed has been arranged, of course, as illus-
trating the principle by which the gearing and
controlling circuits can be arranged for a specific
rate structure and bulk billing discounts. When
the number of local charge units exceeds 400 be-
yond the contracted number of such units for a
glven monthly period and lower rates are to be
furnished for additional calls, it is believed that
the principle of the arrangement of the computing
tabulator as above described will easily furnish
one skilled in the art with the means of expanding
the equipment and modifying the controlling cir-
cults to accord with further and additional rates.

The setting of the printing mechanism through
gears 5284, 5212 and 8318, 5325 has been briefly
indicated but may be accomplished by any suit-
gble means. Thus the printing mechanism may
itself comprise a number of printing wheels of
similar construction to the number and letter
wheels illustrated in the various figures of the
drawings and further shown in Fig. 1 of Patent
1,881,585 and set substantially in the manner
shown therein except for the difference in mo-
tive power. Being rotated by the gears men-
tioned, they will take an identical setting with
sald wheels when positioned in the manner de-
scribed. That portion of the printing mecha-
nism which is set to print the number of total
charge units and the total amount of these
charges may be, as said before, of similar con-
struction to the call units counters 5260 and the
money charge counters 5340, respectively.

At the termination of the record analysis, man-
ual switch 5349 is operated. This serves to close
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the circuit of those printing magnets which coop- o

erate with the group of printing wheels con-
trolled by gear 5212 and the group controlled by
gear 5325, which then operate to print the totals
recorded on each of said groups of wheels, the
former being a record of the total number of
local charge units, in excess of the units allowed
at the base rate, accumulated throughout the
billing period at the different rates, and the lat-
ter being the total money charge for said units.
‘When the printing is accomplished switch 5349 is
again depressed against its lower contact in
readiness to record individual toll calls of an-
other record tape.

When the entire tape has been run through,
contacts 5355 open releasing relays 5330, 5332,
5338 and 5338, furnish a totalizing signal by
any suitable means for operating relay 5344. Re-
lay 5344 operates and closes contacts to the total-
izing and printing equipment control of the tabu-
lator (not shown) to (1) add and print the total

‘money charges on the toll slip which contains

the itemized list of toll calls and their associated
money charges as previously described, and (2)
to print the total calls as indicated on call units
counters 5260 and the money charges as indicated
on money charge counters 5340 on the regular
monthly bill including the prescribed charges
which may be recorded on the printing wheels
as an original setting thereof.

It will be recalled that the secondary tape
4301 which is passed through the tabulator mech-
anism has preliminary perforations therein in-
dicative of the calling line directory number and
that these perforations were made therein as a
result of the passage of & master record through
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the analyzer. Thus, prior to the operation of the
tabulator mechanism in response to the perfora-
tions in the secondary tape appertaining to toll
or local calls, the pneumatics in punch positions
16 to 35 operate in accordance with the pre-
liminary perforations relating to the calling line
directory number to cause the type mechanism
of the tabulator to be set, in the same manner
as previously described in connection with the
setting of the printing mechanism in connection
with called line numbers for printing on the bill
the calling line directory number.

What is claimed is:

1, In a telephone system, a calling line, a
called line, means for identifying said calling line,
means for establishing a talking connection be-
tween sald lines, sald means including other
means for discriminating between a timed and
an untimed connection, timing and registering
circuits operably associable with said talking con-
pection, means in said timing and registering cir-
cuits responsive to said discriminating means
when indicating a timed connection for register-
ing the duration of said talking connection, a
tape recorder, and means responsive to the ter-
mination of said connection for operably asso-
clating said tape recorder with said calling and

- called line identifying means and said timing and

registering circuits for simultaneously recording
said calling and called line identifications and
the duration of said talking connection.

2. In a telephone system, a calling line equipped
with a dial, called lines, means responsive to im-
pulses from said dial for establishing local and
toll connections between said calling line and
said called lines, said means including other
means for discriminating between local and toll
connections, a registering circuit for making &
registration of the designation of each of a plu-
rality of connections comprising means for the
connection thereof with said calling line, regis-
ters responsive to sald impulses, means respon-
sive to said discriminating means for making a
rogistration of sald toll connections, and means
responsive to said discriminating means for dis-
connecting said registering circuit from said call-
ing line if said discriminating means indicates
a local connection.

3. In a telephone system, a calling line equipped
with a dial, a called line, a tape recorder, means
for identifying said calling line, & switching trunk,
a first register associabple with said trunk, a
register sender, a second register associable with
said trunk for registering the duration of a con-
nection, means responsive to the initiation of
a call from said calling line for connecting said
trunk to said line, means for connecting said
register sender to said calling line through said
trunk, means in said sender for registering the
code impulses of said called line designation,
means in said first register simultaneously re-
sponsive with said impulse responsive means in
said sender for registering therein the impulse
code of the called line designation, a translator
associated with said sender responsive to said
code impulse registration in said sender for con-
trolling the establishment of a talking connec-
tion between said calling line and said called line,
said talking connection including said trunk,
means in said translator for determining the

-character of said talking connection from said

impulse code registration, and means responsive
thereto on one character of talking connection for
connecting said tape recorder to said first register,
to said second register and to said calling line
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identifying means for simultaneously recording
in said tape recorder said calling and said called
line designations and the duration of said con-
nection. ’

4. In a telephone system, a calling line, a
called line, impulse responsive means for estab-
lishing a connection between said calling and said
called lines, said impulse responsive means com-
prising a translator capable of determining
whether a connection to be established is local or
toll, a registering mechanism comprising an im-
pulse circuit capable of being serially connected
with said first mentioned impulse responsive
means, registers responsive to said impulse circuit
of said registering mechanism for registering the
series of impulses designating said called line,
means responsive to said translator for discon-
necting sald registering mechanism if said con-
nection is local, a tape recording mechanism for
recording the calling and called line designations,
and means responsive to said translator for con-
necting said registering mechanism to said tape
recording mechanism if sald connection is other
than local.

5. In a telephone system for automatic billing
of connections, a calling line, a called line, means
for identifying said calling line, means for estab-
Hshing a talking connection between said lines,
a plurality of registers responsive to the establish-
ment of said connection for registering the desig~
nation of said wanted line and the duration of
said connection, a plurality of other means for
registering the date of said connection, a record-
ing mechanism comprising a controllable im-
pressible medium, means responsive to the ter-
mination of said connection for operably asso-
ciating said mechanism with all of said registers
and said calling line identifying means, and
means responsive to the operation of said identi-
fying means and to the setting of all of said
registers for simultaneously recording on said
medium the designation of said calling line and
the designation settings of all of said registers.

6. In a telephone system for automatic billing
of connections, a calling line, a called line, means
for registering the designations of said lines,
means for establishing a connection between said
lines, means associated with said connection for
registering the duration of said connection, tape
recording means, including a controllable tape,
means responsive to the termination of said con~
nection for operably associating said tape re-
cording means with all of said registering means,
and a group of punch magnets operatively respon-
sive to the setting of all of said registers for
simultaneously perforating in said tape a plu-
calling line, the' designation of said called line
rality of holes to record the designation of said
and the duration of said connection.

7. In a telephone system for automatic billing
of connections, a group of lines divided into a
plurality of sub-groups, means for identifying
each of sald lines, called lines, means for estab-
lishing a plurality of connections between the
calling lines in the several sub-groups and said
called lines, registers operably associated with'
each of said connections for recording the respec-

" tive called line designations and the respective

duration of each of said connections, other
registers for recording the date of each of said
connections, a recording mechanism common to
said group of lines, and an allotter circuit re-
sponsive to the termination of each of said talk-
ing connections for operably associating said re-
cording mechanism in succession with each group
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.  2gisters correlated with a terminated connec-
tion for recording the calling and called line
designations and the date and duration of each
of the appertaining connections. :
8. In a telephone system for automatic billing
of connections, a group of lines, another line,
a recording mechanism common to said group of
lines, means for establishing a connection between
one of said lines in said group and said other line,
registers associated with said connection for
registering the designation of said other line and
the duration of said connection, and an allotter
circuit responsive to the initiation of the dis-
establishment of sald' connection for operably
associating said recording mechanism with said
registers for recording said other line designation
and the duration of said connection as recorded
on said registers. : _ :
9. In a telephone system for automatic billing
of connections, means for establishing a plurality
of telephonic connections, a group of registers

assoclated with each of a number of established _
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connéctlons. means for setting up on each of said

- group of registers a registration of the calling

and called line designations and the duration of
a particular connection, means for setting up on

_ other registering means a registration of the date

of each of sald connections, and a recording
mechanism comprising means for connecting said
mechanism with one of said group of registers
associated with an established connection, a tape,
a tape magnet for advancing said tape, a plu-
rality of punch magnets connectible with said
registers and responsive to the various settings
thereof for simultaneously operating said magnets
to perforate holes through said tape for record-
ing by means of sald holes the settings of said
registers, means responstve to the operation of
sald magnets for operating saild tape magnet,

-and means responsive to the release of said punch

magnets for releasing sald tape magnet to ad-
vance said tape.

CHARLES L. GOODRUM.
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