2235803

W. W. CARPENTER

March 18, 1941.

TELEPHONE SYSTEM
Filed June 17, 1938

81 Sheets-Shest 1

$€:919 | w013 w\_.um -5 911\g-p¥ 919
2991 8&...\.,_‘,: seors | ovous | Erord [y-swous g-5p°917
,,Sék 99913 | §9913 | @r'otd | €691 | 6€°9L
.u&,.ut 6901 | #9019 | Lr013 | 26914 mn.mt.
1014 | 02914 | 69O1F | 97 9IS |16 91d | L8791
_N.,u\.m 25914 | 15791 osous | oeors | 9€01s | 61909
€013 | €5°919 | p§°914 | S5°919 | 62914 | PZ°91T | 81913 ,t.u.t
ey sLold | L5794 96014 | €2°014 | 12919 _\Q.e\.# 9 ond
92914 65919 | 85915 zzo1 | 02014 | €914 | #'OIT
20914 | 49914 | 69014 | 82°013 | 22°014 | WIS | 21°DId
82914 %.ut_ 29914 92914 sz14 | orotd
2014 ]

INVENTOR
W. W.CARPENTER
- ATTORNEY

& T

6014 | 2014\ 5919
gons | 9014 | pOld | €911
1914



2,235,803

81 Sheets-Sheet 2

TELEPHONE SYSTEM
‘Filed June 17, 1938

W. W. CARPENTER

March 18, 1941.

Sanvd | .
INIT
YIGNFS
. ONY XNIT
19/41510
YIHLO OL| ocp

.

e

10€]

' 20¢- Q

ot -t

92€

-

. 7 ]
syoLowar ant 7§

leze

p—s26

e -

Ao

WWCARPENTER
ATTORNE

W

=~ INVENTOR

N

SLIN2¥12
T0YLNOD
NNIT
YIONIS .
&IHLO0 0L
r—A——

nT++¢u»mgn,

2In2¥12

TO¥LNOD
YNIT 3N

£9/4

9IE,

B

Ss¥oLINNr
L2/8LS1G 00!

 STHILIMS. INIT

AYYaNOIIS 0/

SHNIT 3INIT 00/

STHILIMS INIT AYYWI¥Y OF OLOI

SINIT ¥IGIYISENS
0oz 0L 007

g



2,235,803

W. W. CARPENTER

March 18, 1941.

TELEPHONE SYSTEM

AYYGNOI3S Of

SIHILIMS _LIYLSIC SY¥OL NN LIIELSIG 007

AYYNIYS O

L& e
W N
. D! RT ly
0 Lz G20 2w -eor eee”H mN Q3
o . 3
o . . .
S .‘ . A »or o~ zer NM. 39
& oz o e .. or | mﬂ = L
K 62k A = X
& - [ 4 ﬁ .wnm
v pr I ! A .
. [zr R T | | [ ] Q
-+ \ ! or  |oor
. .A ] . G
: 169, - ol |
8 oen) & W 3 L £eg
. = /& , .
B~ teor .
~ er o . | | .
‘© . tor  2or -
m .
o . }
s .
K]
b
Z v w_ev
265\ ¥ v'9ld
525\ +-
o) T |
[ _ P
NQ_\ N A
i SINVYS IIQN IT =T
SEP, ~ 440 | ' 1 NNIT 1440 . Y
!..V//, t!ﬁo/.ob i - I_vl t.uvho oz _
N‘ - h\‘ Vg
f 4 ’ L » O ¢
AV B o gy i \ |
-~ v. o \apmm— - . 7\ ,w‘\“‘ § = J J - y
SWOLINNI 331450 002  SIHILIMS  LDIY1SIQ SHNIT LIi¥LS10 002



2 235,803

W. W, CARPENTER

March 18, 1941.

TELEPHONE SYSTEM

81 Sheets-Sheet 4

Filed June 17, 1938

L

[ N\\%
/

N -~

. ]

ors. 5% !

Ny |
AL N
SIS v15 s gl
> W\%.

_ 1

\wm’ 0es

1}
A"

L

-t

Ny {

=4

i2¥

hd 2 N J | ) 7
s¥30n35 " 001 04 SIHILIMS NNIT YIONIS SNNIT ¥RONIS 05 STHILIMS NIT IANTS
AYYANGITS S ~AYYNIYd Of q
. )
, ‘gor ‘219 ece-FP
v ,

-82¢

D268

WA rem

&y

TS A

LIN2yia
MWYLNOD
HNIT
YIONZS

|l
ol

YTHL

$9/4

—/0¢

AT TORNEY



2,235,803

' W. W. CARPENTER

TELEPHONE SYSTEM
Filed June 17, 1938

81 Sheets-Sheet S.

 INVENTOR.
WWCARPENTE, R

8y

w

ATTORNEY

W

}

March 18, 1941.

- |29 t-r29 Fo29 |-919
osl-or| or| o1
ity gt —t—r
o9 _ 909- 509 (09 009
775 . L L
19 e St
(619 . 29 . O— 2P
1
: . 909 109 lozsr
/29 —o1—- F..I--LI ?_I--IT \ ! --IT
_ : ‘
SEN AN N N N _
229 > > Terg b b 5 £2r
Teoo| ' :
€29 . Zer
»29|
v29
p2s) - ~ 209 994
fees . Lt Lfob o
—rl ° - _ - i o
1 ] ]
- £ -
== =~ -H_H 609 o1—-- S R :
WWW , (pr9 €09 ) B % (52
l
, : : €09 o
_ . _ ) : rer
o _ ot l.—ll o2 . — ° ..
(o] I3 - == ! . - pt—— H
. 1 ] ] N
. ml O— ; L - . .
€9 - D> _\ HT SIWVYS HNIT _blwllniw!‘ —_—— SINVYS INIT .-
\$/9 oy LAHYLSIG YIHLO WOYS LIHYLSIG ¥IHLIO WOYS
. . N [VJ\I[ ————) -
e J Lo~ Lo19 J2r 907
S117d8S ML us\\Q.tQuu‘ SIHIL \;-u..( I21440 SHNIT huw\kko 002 h..utu.niaw FoNIS0 S$¥OL uib\i F21450 002
AYVYANOIZS Of -

SHNNYL LNO 0020L OO AYYWIYd Of



W. W. CARPENTER

2,235,803

March 18, 1941.

81 Sheets-Sheet 6

TELEPHONE SYSTEM -
Filed June 17, 1938

SYOLITNNOI - ¥IHL0 OL

YOLIINNOI
JNYYS 301440
nhk &l \h% ot

w

T

d .
i

YOLITINNOI

m..hkm_ V_W\H

INVYd 12191510
NR m\ Sl VR

INVENTOR
WHW.CARPENTER '

MMt
_ATTORNEY

14 A
_ @ _, ﬁ ~ 7 T | ¥0.123NN0C? ¥INYYIY Q
6¢L mMm nnmmwx 122, 024 617, 61Z qﬂ%mgx 204, cgm
i o 0F B | | =
1t ﬁ t tt tt »40.«.'&3?«..., —
v . ¢t yInyvw 4 ‘oo« [
Tos I yzanzs
YOLIINNOI Yoz
- JNVES 31940
ﬂ\k P-4 /4 \\% o
ﬁ 411 gﬂ@%uwu\ Sra i
. Al
H P - ve/ €222 49S s
m t q il
0LITNNOD YINIYIW _
u u&uﬁ 5 ow & .owu | il el nl o
mwa\ N_w_ 5L a 0 od- :
: » .,. . w » \ Nhk w t.«ntmuL
4 SINYYI . Ay
—— " Vsz : i .
{ 1 e - - h
952 ‘g5z lpey oy v30w3s
goz
) 909 B
A 11 = I =
8c9 VN.“ 0z9 b\W —p09 T t - T —
i 1 L0y 774 NF12
= 4

Ver



2,235,803

W. W. CARPENTER

March 18, 1941.

81 Sheets-Sheet T

TELEPHONE S}'STEM
Filed June 17, 1938

r———— _'—_———»————‘——'——>

l . .
S
L)

SHNNYL LNOQ
or 40 O
JNOYD L5314 N

sy
N
WW.CARPENTER

WRT M

ATTORNEY

rTW
i B
~
9 19| N
T ©
029" 12b
T .
£2970

- T T e U - - SYNNYL LNO OF
—o | ! _ 40 JNOYD LSIL™,
] L] . .
gns {3MN—o0 LN " 7 - ILPNYILTIVA] =
: s : YIaNIS J
““Jog £081 321440 1INV “ _ | ¥2¥ ¢29
, - -— P YILNII WIAGNVL :
| L. 40233738 7104
l*..ll_lo.o.._-ll_l dINIVW| T - [@3ongs L-.208 ——— 2wiowo, 452
_ _ . owrs | “owrs 1929 X »
u . FIvwoIIw ===kt
o ~YNINYIL s ==F=F
& § 4 i g29 - 620(| ]
' . §08
]
| N - 1 o ~—ot
H 1_ ITING?
_ . WIONVL TYNIOIYO,
I —- I toes 1€
[-] -1 ) -
ons INvYd NNIT 331440

| F2N4I0 YVESSOoYI

_ L\ocm

LNIWDINOI XNNYL INILVYNIWYIL OGNV WIGNVL

aIYIENNN GO0 OL

INVYd ANIT 321440 _ |
QIYIANWNN NIA3 OL i



2235803

3

W. W..CARPENTER

March 18, 1941.

TELEPHONE SYSTEM -
_“Filed June 17, 1938

81 Sheets—Sheet 8

; . . . o006
‘ons) —0 e - — 1O —canle

906 | 431432 waones | ¥013373S 331440

/ JYIn oML ] C 3YIM IF9HL
eosl T30 N SMW«N :

-~ co [l Sffos
21440 1INVS ' NO/LiSOo
sl . —] S¥0LVYIIO0

- a 1.496 T 1ip>y1>
D. : [wors¥340
. . .. . H
D —~lz
506 -7 806
EL\ _ .
_ _ ~~908
291440 qv.b%!.. . L “ 6°9/d
! .
v , _ v 2294 9794~
LNINGINGZ HNNYL INILYNIWNY I GNV WIaNV.L G 797
A

. INVENTOR
W.W.CARPENTER

-2 4%

VAT Aty

ATTORNEY



2,235,803

W. W. CARPENTER

March 18, 1941.

TELEPHONE SYSTEM

‘81 Sheets-Sheet 9

Filed June 17, 1938

(4
-
IH@%&
sg57 " 2552

&ns

. (! N N
_mmn\u (820 2 = & N
7 N g
- T £ orl/ MN m
Cpesi| <opOl  9£0/- #t cE0/ Mw““. WW_ . ﬂ_
‘ S5 < e/ | | oo : Q&
grol = = IR ] gs0/ L cp0/ 8ss/ WM .
oeol+— 9/0/ /5l - IV 5
020 KR s B o504 ~sv0r |1 X 2
RS i - 6e0/ ) o Isor _ W
] = | R
sror i b 4= SN 11 N | aavemm _ \m
47 120/ F sm.oaw .«m..oQ u&tw&i&.ﬁ_ .v.. ‘
: ] E [ 1 m“ M : X
agi==! : : =
=X =4 = 90/
220/ __ ) .
IH 1 » -u ) < 1
= ._ $I0
620/ . SE07 GIo17- A= 4
== U= TYRYYVY 3 Y
o/ T 1 ==4F n\wm\a\ 1 =hk : o
SN TS || LHIHHE [
S L = 91 LRLIE J
- 6/01 “%Q _ Wi _ |
o/ '9/4
0€0/~ UP” [V BV LY .
= §50/~% ; -
/ & (()
8 .
o _Z AR 22014 it
/ 1s €00/
Yoor 50/ ‘ #500,
IM \\Q.
»Q L—2c01 | ) 3
IT&Q b= seory reol) €01y zgal, 190/, ogor 0| 0¥ :
LA 4 ~ J 4_ \ [/ ]
P — \ i [ L] @ 000/



2,235 803

W. W. CARPENTER

March 18, 1941.

TELEPHONE SYSTEM

81 Sheets-Sheet 1'0

Filed June 17, 1938

et well v -4 65¢/ Etuti“ @ - U
P 7| & 62t 09— \:.%u Hteee = S _.__/,_ <
Pot] = [O9¢€!! -
£o5/ = a1 ¥l = e S q R
2| || L con oz , - e Y ~
970Ny H Ut lplpl | = 121411 114 p tip s2/ MDI <
st forrr— 1l _, t1 Von .
1901 4T 1 san NPA.. uu.\
y/4/4 iz XoEir| 6ee/] Jﬁnss. h.o\\\. o~ W M
| esu plel gen * :
e R i/ 1L 4 2 |2
2261, O = =t =5
,2 2888 == —  —7 /Y P {27k w
| i = - = = Keir/zd 118 A
| Zsir Q
. H- . stz
X L/ I/
1 R " son || 11 UK Neor B my
- ) e — o511 : &5«.
TZin| | esw ot/ =h= —HF S /227
- Ssi = ||_oe N I /-7 r-/E i) . .
261 h T ¥~ —r2z/
G5/ 410 sz
; vai’ simA1 : -
eeh TN zzer
/ B! ozl T = SR E =
¥ F=F= 7 ‘ 2011 &ﬁ =| = G2
1ieen ﬁ%\“_ o St Voa 1] ond 1 = T
)
leery
< 4 P > 1
L1257 LA J 1 _ F
- 7 son o e &
==i=g . — ; 20 | 1oar 0 Y | e
el e 22 vezi|  |eeey
=
: "7
ap - —
oS/ = z . : .
oIl
950/ o[ o) povs L s g1l . :
figisiey //'914
| peor 2| | eend ! -
101
LYoo . / = sol -
- 1
L6001 2
ovor | 1l g, (o3 : = =
T d d w i
WMM.“ &L oo, .wwmwlll. — lﬂsh,_ #liy = — -
o 200/~ TE0/ C C +-goss
bost | 4ol u Zze ] EgR/ et €0/ son_ | L
_ | | | ]



2.235,803

W. W, CARPENTER

March 18, 1941.

TELEPHONE SYSTEM

INVENTOR
WWCARPENTER

v
— = , ) i
o o029l " T= NiT=
el 6/9/ : ) =w 9CH «=w
[«] o ==
8 %3. ﬂ» 1 ﬂ kI ="l \&w [ ﬁ C
9 €6t A
.m - — — 10847} %;.
S LI . | :
s 4 €22~ _95Ih_#12h 5 </Z%I|__65ih
I I
o =X . 11 (6027 | VIR ) £2¢/-
= @l AL
ol \ |
o 2 1 ply ¢
w» 1 e e ] =<
tg =>—
m = v/ ~gle/
== ~see| [ozer—
=5 T £e0/ [ 2217 .
i Y . "
3 = I 2 T =
1] = | BT~
9 A A Rra '
° 290 | 26
o> i Uy _ plpll bl Yoz .!u ] “ &
=< = 11 _.J HNT lecz
Canzainezl A

. : 502,
r2it’ | 221/ - = S =
f _[]]
< 9T gl by Ll .
- B P S ‘\ - ! = ™
i _.. s . w7 s _
- W a4y == £0c/ . = - - \Q%\ — ) ) VLY
=L H = o= R 2l | Hozer a5
f e L , [
2021 . 00z~ o= vert
. . N _ ozei-
el ol LINDHIS IN0H THINOZIHOH ONY

L

MNIT INIT INIT

AT TORNEY

8y




AT TORNEY

2,235,803

81 Sheets-Sheet 12

W. W. CARPENTER
. TELEPHONE SYSTEM
Filed June 17, 1938

March 18, 1941.

_%M'au

Hed
oo
[T o50r I
p2s/ 2 Q@
(i . N - R
725 | [ v o957—; 3
el e . j — = = y
..... —p5i . 5261 = S
[T e/ A Tire, P
5907 g i
#7¢1 ced7 w617, L35,
-ses/ 795/~ %77
Zeen | _.8.& %n“ (#eor [T ocery loperd | 72617
=7 . B
il ke e = A /28]
\‘Q.f\é_ Aéh .____ ! ﬁa . .=_=_=. ZA%\ A Ipdady ‘ﬁ Il nﬁ. ;=q=_=.=.=L 0ze/
[N N JoUg J44 ...IE» . i . .Ihp—. &
= .
Lip-
7

Er€l

- WWCARPENTER
WRR/M

8y

=T ‘QQWW_-: 926/ : B, Al
| Q.rl = e —f=r
h)

HWovy |
4161 YOrviW

- |
'
I

081 = 08! . ‘ :
== €25/ )
@1.’1_! . == szayj| |||sem, —pl oy Moan L]—5%
L awvrr sovm | &% o) * R _soes :
orsi 05/

L 02y T
o311 %Qtw

ose | H‘l_.__; =, £/°9/4
o]l ° ; 256/

s I Nsoer ok
1211 T 511 26
! o1/ [ 162 sssi—HH

T




March 18, 1941.

W. W. CARPENTER
TELEPHONE - SYSTEM

Filed June 17, 1938

2,235,803

81 Sheets'—'Sheet 13

-//57

73

230

il

itis

424

AT

1405
—3

%

158

1438

423 -

422

Luzs

1621

INVENTOR '
W W.CARPENTER

” \‘\WMMM

ATTORNEY




12,235,803

81 Sheets-Sheet 14

* TELEPHONE SYSTEM

" W. W. CARPENTER

March 18, 1941.

60755 L5

Filed June 17, 1938

92s/ ! | __ wn,. .
e il B
SEE/ i Q
W- _ s ety
o lmww HEHESE
o ) & 33 T
ol T || X E
7 —_— . x k.
0557 : : : L2 6/8, W
FEO. 3 026!
e e— I ) . 2251
JII ﬂ.@l-ll I = = " thNm.\ N
- post N==L_Hl= ) 2
kY% ey
? =i = | |
oroz wnu._ ~—3 ,
— . Zi5”
ﬁﬂ byl
" ‘
L s0s1y 908 W\ : N —
| [U £ -
|} | ===a—d oLl ™ | . . 7
T l-8667 luQ\; - h F='I~V . | F
A o6t .:.M\;"u = . . =
” H Ly | IR nd g L S A 1 955/ Y| €Tey
| — %6/
1761 \ésor
/ $68/ _ 1
arsi .
925/ <258 _
sostl | || [ Bl ST
A T = { . .
Tl bt _ mikn RS T bbbl A 1By |zzed
i) Nt : £he1
it R 5 s S1°914
S ¢ ' [\ - - 095/ . .
] —~szal | 105 209 | 008/ Ww!w
DEET_GEl SPOTEST~ .  EEeTs i . AT, .
X A . &Y

il “ m ‘ | |z

AT TORNEY



March 18,1941. w. W. CARPENTER 2,235,803

TELEPHONE SYSTEM

Filed June 17, 1938 ‘ 8) Sheets-Sheet 15
XXXXX ' ) 'I"PH %igég‘gg‘i '+ ‘s
i =
130 h
2 2 i g
== j 3 X
o L HF
== =t = =
i g : i annd B cnia]
== = —_—
T - 3
el —<H | | :
= ﬁl :
1 Tl
= L?_] 3{ ' B ”}”ﬂ%fl
l— N gy <O . (] g . 1
r"=’=‘?]‘#§~ _ f:fg_;-—T— =T|i I [ &

|
]
| .

1607,
,]_1,

R | N
7606

J"i’)‘rﬂf | YHX-

Y777

Ly

virr.{'ﬂ
_"J;J l

=

J

|__‘§ A)
: INVENTOR
WWCARPENTER

Mvm%@mm(_

' ATTORNEY .




- March 18, 1941. | W. W. CARPENTER ' 2,235,803

TELEPHONE SYSTEM

Filed June 17, 1938 . 81 Sheets-Sheet 16
‘ — il
19 : :
33 g gL
= Q3

1105 |

TS e 3 -
| TNy N S T R
e d |8 (P == | &
En— — ] R InE
= 7k — L q"“*—e L S|
o d —_ml / I 4 %
§[\J s | 3 3 g ’1 3]
' " S N &
’ ' ! S
S
Lt o K A O 3
3
b -
g E 3 ]
: Enes ALY IHE
e %8 I
N = ].__' :
. T w)
] i
. WWCARPENTER

\AfQTWM°ﬂ;LAA»~x43/'




2,235,803

W. W, CARPENTER

TELEPHONE SYSTEM

March 18, 1941.

056/~ 229/ - =5 | i ..cm CON :
& T-ppg/ Yzer , .mm«.ommﬂ EQMN&RW cN._
- — . | — . \Q\ 2/6/44 0¢6/. mE m
[+ =i L. S .
o A m%ﬁﬂ.___me T 1A Sq N
a A8 Y e P 83 R
; hy 1 - — \ 225 S
2 = . T | o557 . SR
m O — . een . N W
2 : 1|99 _son, o X
. e L6 | T ocor 9erI] . ’
. otg/ ’
| e _ 77 OCET, wm
B . ™
8 = = 2 !._ | sear INISE resp
[ A i 5 l[f.’r” - =
! lﬂl.E = =)y <)) =) 0/8) a
~ _%T\_.DH w\%\?ﬂ«n QW_EH:, &M.: — S — :
g U e, ”uw m# .
. N -~ 2 e/ L%
5 — O e 3 kit IR
g 2 9]
-~
m..u.“ - - - BUQ\ T
~ CC {
£2617 PG m\q\\m INim 2o’ \lrg
D —
= : 2o =
081 a _ =.mu N ”r_ = N%J 608/, 5
726l 1A BBy | | PP ve | =] _ or
1 ~ <~ oy &
- __ SQHQLJ,D 108 e . ; % -
= ' u.. 1! -
o e s ) w1 =
: r_ ! %\%\J R S o ..lu”,.u_.ln..”,‘w_
: | — )
= | = ! ozar] s’
. . V247
| 8/ °9/4 7o,
X 9557 ozs/ H{ 0y
M&Q |
255H% — 8551\ 925/




2,235,803

- 81 Sheets-Sheet 18

INVENTOR :
W WCARPENTER

W{YM(&A%

W. W. CARPENTER
" TELEPHONE. SYSTEM
Filed June 17, 1938

March 18, 1941.

" sz67 #46/~ IE6], s061 2¢617
: — 1
B /= . H“\ /56/-
R . . 666/ - . ’ .
- -Av — ~. ° -
. (061 (#061
: == _ 016, = : s6/  |[PE0
= 2o | 7] - G
#2617 — .| = _ , — | =
Ny TH—a = Al¢ M —— =
oL I ! mil 3
= Bic, =Pl f =S
T i ] 161 == - Wl a2
SHoF gasi = ~oar
ezsr || E Q_WHH_P =~ L or67
- : _ gea - ——
_ P1 tY
—_— —sc6/ : So ,~ T ﬂk go6! u.._ |
" . - AY
.@.\um.____nﬂ | I 281 |-eea a16)= " 006
o e ©os/
ﬂ —_— ;_ ’_Mu.ﬂ_u_ |Vecar e =
L R X p . . :
v 126, —= - ___ = K = =
£261 00 P, ‘ =
o - R F2US 3 .. et
.Ir"l__mu_._v yﬂhﬂ. ~ 6p6/] 106
by JU.___Tl oz61- || |-as6r - ,
I _ f 4 e | -pp8)  OPEI—
5161 A 3 :
dej 676/}l
_— _ i _ sz 2261\
9561) e/6 TEE : H A
: ] =F .
L gesy
 — . ) se6/ 1261
le = e - 6/°914 _ 3 | s

AT TORNEY

- 4



2,235,803 -

W. W, CARPENTER

March 18, 1941.

TELEPHONE -SYSTEM

v 2921 | L 20514 Loz gooel | —2HEA )
. : 2t ] i =
o 4se27 seoe|[r = \J\_f | 6702~ —\\R 1 S8 ([ ore
~ . 2 ’ = ' .
» s ooz w.u_l DL LRl TN :— b0z
lL_Ht—TcCk 2. - g\“
g 1 serz] 2602y e cg ﬁ g Zl ﬁl g A
9 5P =2 (6202 S Gt
8 I : . .
‘\ MmN J ) -
2 s =1 | |re0z 1202
© ¢ ﬁlm
~ | - N
[+4] L - gl —1-9 \ |l
sz e/ T2
& ] il =
s 9102 ﬁ.l.%n wow.umﬂ_m_
.-t i —oziz | " £502, _ _ ‘
ki AN
£ P2 <
& 8212 \szee | leZe \eesy ‘oSSl t <
. =
o 7l 2 7> ﬁ=; =
m . .
) 25227 : = _..H.——
O T - /|
o 1508 02/ 1egz.] .~ g0z’ oz’ L
Ex H-e5r2 | 1-9e02 ;
IMEELES | om0 '
B ! I ] ~h
e | |2} =1 il R
2| L1 < s002 || — : . [
T IHE—.UHI ) lﬂ___ i /1502 —ac T
2 O A« o ——x 1| S252
7/ 7 1||ﬁ|l 7 v — Y T
7 7 Jlﬂ =& 'y T
L2 LN » €552 \255¢
7’ 7 lil.ﬂ...L =]
gcoz” .\7=@\W§F SPO2\
eroz” | Sowﬂ.wﬂ.l./ 0522
: : Y
oc ‘9/4 ] C— ST
: P02 > ~ | 0sseerse _
, eosz |lIi

INVENTOR
W.W.CARPENTER.

i, ATTORNEY



W. W. CARPENTER

2,235,803

TELEPHONE SYSTEM

March 18, 1941.

Filed June 17, 1938

81 Sheets-Sheet 20

&
2nz _ MN
e Ry
ez Q
e .W_R
127 4 NA
o /C
kic 1551 i W
-rerz L \
oerz, — X
62/2] | .
osKe| _ - _ ,
1502 - -—
9582 > N
SI2 ez’ - . 3 Q
Loerz . .
1374 . i
L Leroz == -
L1599 |—19502 cne
| L —rerve = N
— 1612 \!NL.MI.— ILGE ]
vesez .
| 2o1d || 2|l L
[ A . HHl_ﬁ -ale
INARARARANARAA==YE dy
R ARARARARANESE S = =2
—w. Yilc
EXSVYNX Q& S Q¥ e : . !
T =T S : 5008 | e
ﬁ r212 eviz1 4 E; 1 ~ = #5111
a -ec/ic geie-H mQ\\.N H.m : M%NNNI
€€ 9502 52124 ez 2z S\NI% wxﬁ
, oz, =F = 7] ,
= =
se02— 022 20/2- = (slz 2012 \~ — SHSI-
i =R
ooz 0012
R0z — 3
992z ge1z”  Igst- —
F2E02 Zes/—4 202, rsst
|—-9212 - 085! ~}+H .
] - ) =
§ — Uric
TIiir##re asse—{[-ssez B oe0z”  ozrz—] [ Teeoz D[R

ATTORNEY



12,235,803

" 81 Sheets-Sheet 21

TELEPHONE SYSTEM

W. W. CARPENTER

Filed June 17, 1938

_csez —es22 e a T | , o662 orez 2562+
- = . 2522 5027 @
- peez Wl | ose [ = 602, N
. 9zz— orez-HH 9EES M >
iz T A S
esee-1 )| @l N 1522, RN
(——v ’ N
: s | 1=/ = <) 2922y =
= QNNM : S €8] . m v AN
— 5 | Ve e N 0202/
, : ] v <1
WM_ = ﬁ . ml« ox) satz) L
7 /22| : v 3 Ay iz
4 - qlq w .— ' m.NNN 22z, | 7. N&&J ‘WU* Nezie
| i H y LN 4 3 .
— — 2 = e 1 Hosz1H| awwﬁld o) \ez1z
= B Y o7l
S i e
= ] orzz e <29
\ ] . 4 . = v ] NV
u-quﬁ ) - )| — ] ﬂngl ."\ v \.4* e
EN - — v .
= . ieel {reeet— — S
_..M..lg : S A 3 4 —~ —
L 5 -
h_ 4 T % arze, seze— - sz} S6€2
- _lesezs —
4 )
\esiz wzz’ . _ Y
— . T
AJ. ) Locoz
- v N ~
9eze/ 6522~ 3 .Iw 1= N IhNMM )
, 7 | seee s < 4522
. hd )J
ur = ﬂr = ":l A.j /w \,
r Y L~ R —= o i
. ot Samh T —= < ir0z”/ i
- POCT, £ Y507 202¢ - > MY :
== == == = d.ll( A o
ID = s THHD\hn.l_L. HD.\M.%." apreee .m.N.P.m
 p— ﬂ.\mwww“.ﬂ..l _Hl.lw. sv2Z . . T
or22 [~ PR gy gree - ‘
f Wt - ) 6622 1022~ 22 914
\. - T pL2E. J \J
erez” mnwm__ ._ pa — T Ik .
=.| . . v 2022 -~ H_uw_ 7082805 [ ]~ Jv
il L ey — = L | | | ponaesnziat— |

" March 18, 1941.

1 , ] - ssz2’
i | WG - R v

W.W.CARPENTER
AT TORNEY



2,235,803

_W. W. CARPENTER

TELEPHONE SYSTEM

March 18, 1941.

81 Sheets-Sheet 22

Filed June 17, 1938

= 6262 T 5
| 8
P e : E— mwu"
. ] Jomt=— == —LL
= - Iﬂ\ e ___.n-l NP
mnm.w\ﬂﬁ_.*u. =1 = . Lo 1 e Hﬂ 33
a= 2267 SN A AIMCIIRS
. J B 5= rece Goezl o == N grez|| N
. — | = 5262 % L = N
AL - R Fre— i
= = [ oeer” 1 '
\— ez _J 262 e "_%swh.i.muw. 4_ 3
ﬂm.\mw 2 1 - . L F o _
€557 ——
_ w.____u.&& — N
_.IH%J = _\w& L .eJ_
‘ h:hu ) —= = —/062 bmw
L sreg ! mmmMMm o QRW lee -
p L i
‘ o) wigz lﬂ MUJ ez L 6rcz QR«.L
1 | | 1,
|~ J = lonz + seea) | =
“ogeIN jur S {[l==— e
ez = Lre2— M . sz | =
o, B || [l L =
\ | ] " 2
= (t=— el aﬁw&ﬂ W seez)
— = |I= —
e 15— Il e
Zzz>  reee] 2067 ooz [eree 1 =) mN/. 014
{ - = arA
1 B—gree = 4t
i ¥ 3 €o0e2
[y Im_ _—Ucl Heyee) 19283 -1 M..QNNJ P92 J f 3d
= _ 8952
= =l
= > |l m*__fﬂﬂ.,wré T 00
wze || |—9se2 B e S5~ , T —c
L—0s22 51 .
6922 _ — 2562 = :
892 2622 |||~ i r /562

ATTORNEY

WM m 4(&4»@»6_




2,235,803

W. W. CARPENTER

March 18, 1941.

TELEPHONE SYSTEM

81 Sheets—Sheet 23

Filed June 17, 1938

Q@
. . m
A
h S
2
S
= Wm
[ H 6182 SN
TH V IVILNINIING | X
1 L. mﬂmu any
x> o a32i4dv70d
T :
QVVN N“MJN\ \NWM.N - -~ = - - ]
_ pEP2, ﬁ S
orsa |22 — T £ 602 _ QS.A = 4 9074 = I
A = i T ] = T m_ ) o = 1
pLVEN _mmw , _ SN
5662 _ _ oo £0%¢ e Porz
) M : )
6cve, 262, i z ol L - . ] N
Al L Hl—:H
gerz— 1 | 11 , | ogp2 gorz| L
+ i1 ||z o2 T ey || | F o\
cs :JLMZ T B 1UE L L]
: - - Q\.NWNEWMQNQ
T [. i]lcaba 1 8 SEFZ, y : JNoY9
| o2 1L VL _ o -
orrz (— : = L5852
250 EhE e | B 6772
I —peed IS _Mal = __ ] AR HMHlIN_
[T Foerz . | 1 A oove
e |1 = LNG: seved “zove (0Z &hlv
ored| \Ttomwe, =g . ] LSYIdYs 3
e, i =
, » /et
zeiz Viere Eﬁz.t
. T<e’e Ucoz _
T — -
i Ww_ _ ..waw 22 °9/4

ey

AT TORNEY

WY



2,235,803

W. W, CARPENTER

| March 18, 1941.

TELEPHONE SYSTEM

81 Sheets—Sheet 24

Filed June 17, 1938

_ TTWQ@WN

.
« 1
, e
9952 Q.
IS
gese 4958 20
- (| = 6652 SN
€52 >
- [ B85 3
o _wm&\q 5 %
g5 .bn,m ’
o255 cocz
EXN e I ——
spse | =2 =i TTiteese wwm.w“B .n_._qm\npﬂ 9zse
_ _ 1 =7 - =)\ L—"==
N IRECES TE | ﬂ_ T — rr02)
eyl IR 11 e P =
MES /SPO2Z. gese =i = psee 1007
AYY IV YOrvW — I ; ul_.nqu 2rsz / S0/
v ] Y L
7 = Sk (=7 7255 = =] _
zosz T 15i52 o5z, w/mnmw Toes L = 5
- 6082 " 9082, 1252 x = - . = (374
— P —3 rl”.m.____ul £052 N AT IS~ JL.:..D.W; 5SS
T ? = : \e\www o | fo=av/052 0552
20852 2052, —.ﬂq.d.l.\m.\m.w ¥ $E52 - |6zs2l
L4 v [
—* N ——eaise Z75e] rEse = *0 czort
—] ] L —
T I Py e = 2052965| Yeremy
152 \gic2 Y992 hN%bN /n_ cESe Yeez

VMET W



" W. W. CARPENTER

March 18, 1941.

2,235,803

" PELEPHONE SYSTEM

81 Sheets-Sheet 25

Filed June 17, 1938

_.ﬂ._ Grge w~ f |

£282 &
49282 RF_M
T (§282 m:N,_
= = zq
_ _ = , $892 J _._V._R
M /T — 9292 NM
=€ = < 6292 <%
<sroc | g A ..
\9roz g o W
Nr9oe 1l hY
gr9 = !
<&F . .
Yo% 7 ee——— M
/S92 ' gl A
<zc97 2 yd
pI— 0£9¢2
i T 999211 { =
“ycozg v h) .
o — 92°91
Sosvz TI—+ [‘eesz £ Sai .
wruw i : ] 9892 L 2992 w. o19¢ ' ===
< > v ﬁvl.kh - ¢
oot 1 2 e =
< = r _ e = = 892 2192
St T =5 |5
ry > 4 1 Y S | 1
\g€92 I = t
Ts997 ? g :
: : 9/9Z —i et
£192,  £492.9498 5492 el = (L L3792 — =-p192
_. m . = ; nM"Jlﬂ . I. - l
0192 .=~ 2052y
—

e AR
4
g292 [x=|209¢ =5.489¢ :
\\ 6292 =L/ = §095 : —
0892 m 9092, m,“m.N 0182 6092 p.on.N NQQm.N
l.lm. »092. ] I
—s | I ]
L ? —— ! t /
0692 892 ooz 2052 6152 0I5 Y9z bggz

LA CRVETR
ATTORNEY



2,235,803

81 Sheets-Sheet 26

TELEPHONE SYSTEM

W. W. CARPENTER
Filed June 17, 1938

March 18, 1941.

| A7ddnS IV
anEmm—— , 6142, o X
0242y —tts| g ———9112 F
_ = — C 2122 cilz
B, U] = A2 ,,m; =18
1222 YT | 1 v s nl | =
. oy | —_— - )
3]
1782,
Tize s =
. 2142 ’ QR.N_ clleZ
_ ) W I.. e = -
= =i {0022 |vosom|| |404410%2
. R =
vz . = _|sese| . ) o.ckml_ \numgﬁhmkwa.ﬁ.__l d Al
\ —=- =" ! i
5582, — t 1 Ml WEV.Iv JOr vV a. @. m = S L.
es02, —o|| =7 0EL~—_ wQA.. a_ =1L
hiE R 2 || | aage |©F | @M THEY)
592 9022 |Ghrz . L2l2 L Suis ocse
. { by P-4
5P = _ - : -
2582, wa = rad _I— -
50 3 lccpe i —
PAZTAN — = | _‘ T ._
T Y = £042| [YOLOH C0L2| gese
grez/ T — s bo =
&.mm\ _ r£62 ,i__fmn\_\ 1942 231430 mwkmv vaLj_ = f _
OININIL ‘e
‘o8z Vcgz t aN027s) 6 @ m B
) , C o/ Iy Lol = E
9952 - mmmum.l/_u nﬁme lﬁ_
_ 2le :
2952 . : PO, ) ) )
L AARA
952 22 °9/4 ,mmuwu./n_x__. 00/2 7¢,2
-—0/52 . |_
—1/§2 i ) i )

ATTORNE Y

" INVENTOR
W W.CARPENTER




803

2,235,

W. W. CARPENTER

TELEPHONE SYSTEM

' March 18, 1941.

81 Sheets-Sheet 27

Filed Jpne 17, 1938

!
\iZse vose
10452
. \,.wmw 0282 : 19952
L= |LEF |18 e
_
: <]

=
"S-z

=3

=

N

] .
g9z ‘gege |
5202
, €282 | | 9282
0698 r2g21 | | tz2ee
_
0792
| “ese

. INVENTOR
W.W.CARPENTER

wﬁww
ATTORNE



2,235,803

W. W. CARPENTER

March 18, 1941. -

TELEPHONE SYSTEM

81 Sheets-Sheet 28

Filed June 17, 1938

ATTORNEY .

___ _ = 26/0 1562 &
096¢ nwmw“w _._N_
—0262 gele 9sbe 6096 . 6162 /662 M...N,_
i hargt u:_m_l , ~:s 258
. ._ 2
N 5 _,Zmn := =§N |\ 8%
A \ == .. T hore IO
66624 5162 T rl62 £/62 2162 vaw 8
_ — 552 N
2162
e 262 650¢
€262 \ %VQﬁ -
2262 ] \erpz
2 .u 1 --
_ .._ r_— __“ . _scr2
= e nd Al o 8
H 1162—=1 Q.mhm» 60623 8062t (062——_} |006 5062 po62. £40E. vywe-
r T=T = —|[=5 oz
¢.__ | ._ _ ] i 4t ~-6ep2
=I5 . 3 : ,
H 5262 — 9/62
=S-0pp2
9262
| /262 :
' -b20€ — : .
 { 1 .
- 962 PPIRIRIIE JLYRJig ﬁ b ( vl_ | o d _ 444 L= .
e R |
__ — = |— = tee—————c/2.
1 . T 2662
- - T - Je062 o062 — IVVVN
W A i — - : 7 SN
t€62 m\ g6z | 626z [ vz6Z 62 911 : =tz
2e68 oc62 8262 wee oveéed erre



2,235,803

81 Sheets-Sheet 29
. N

March 18, 1941.

W. W. CARPENTER

TELEPHONE SYSTEM

Filed June 17, 1938

e

—$§1//€

L-0€0¢ |1 }-5€6¢

18262 €662
PE62 OPOE

9€624
0£52

ﬁI»H.,.m.\Qm.

S

r% €£/0€
=T [Uml_i

==

170€

2/0¢

LH1-71/$
14 €62

L6778

jgese

. INVENTOR
W W.CARPENTER

WKW 4M

8y

Lieoe

L.{p

AAMAA

600€

200z |

reoe!

g

1

&~ /7

lecog (zeoe Ysor|

—~Z00€

L4443

WP

L MAA

VYV

R0/08 906 Lr _|_

aI2IYV 70d

1

Cd

008

1
7

[—

f———
le————n

ke

o

=
C—
h

k4

\!

+0c0€

=
090¢

&70¢T

SPOEHT

croe

N.lm.\N

6162

Fze62

ATTORNEY



2,235,803

W. W. CARPENTER

March 18, 1941.

. TELEPHONE SYSTEM

|1 &
S | .F 2616 W 5
s ] e 5§ 3
S ! - W-ge/e ! Sl o
2  Wogere % Sq 2
73 | et
- 1262 1£1€ W& N
b y - L~
? il AT Tl 1 L6 I SN
& v i EEE 1L one 4 _ og0¢ mmww\.. W W v
=) 1992¢ 601¢ " = g i
® ; / = sas ||. eret—
Il .WNQM. He >..~.... , QQ\m.. T :QN\M esral— W
A 2ilE T gevy
: . _ 921 L, || [Terie
AR M5 v 2
(¢33 I
R /667 7 ///mw“m
5 — Let— reoe ! RN
- 4 . and N4 ﬁ\AI C N4 et b /\N\n
-1z aihd —{9%'€ sorey £oIc 02I¢
> 5 &= : A ’
L) . T o - . - w \AAL)
3 e : == N
- leic
i 22 rﬂm : rore+—= vl N7
L ce/¢ . 5 (SlE
zod .
L
L p2IE sz0€
lzel€ ,A 1 _ i _ = M \wm
19z¢ oroce || ﬁ =—=-7
926 S m_ﬁ_ﬁ B ___ J | N
_ = = = , ’ _V 6/6€
/26 . — i (72763 T =0i7r
Ap0E . 20l€ 10l€ =0ty
—C0c : 8%z _ A ///(.w\.w\wm.
1 \JWM..NM e evey
b - s
roes §116- ogos- fvgw olIE— H——zsoz



2,235,803

g1 Sheets-Sheet 31

TELEPHONE SYSTEM
Filed June 17, 1938

W. W. CARPENTER

AN

March 18, 1941.

‘vmi - Vesr o |fezer cee] zecr-| 6268 ammL B mwwm&
e6e 692€ grze \| 2pze || op2E gpae | grEE woze | avze vz | OEB M
§92¢. : . 6296 i
VbNmJ o = 5 E E E s = st o
‘J al- o ad- Iy Re— . - -0 ol o L (=N e s g W ON
[ - [ ) ey = [ i om = = - |0 g - —/E
= el ool ot = = St e RS NW
- 2} : - p. e £ = = yel 'I_n -~ . E ’
_coze|l | - . | orze S
- Z292¢ /W.
= _ 9926)
Ei R _— ; - =T 828E, W
19261 o " n = - F gy 2= \ T 1o C o
~ a1 t-o - - - ol o - -0 - L™ - o N
= ot g [y = [y -} |—o- [ e e - a— [
= -l |—oud Bt | ] |-o= = ot =l -l O At [ Quers At |0 o e ) A /NNQM.
o - -l A B = ~t ol o = Al B
= o] = = < = > = M ad o b = 192E
652 o] 952€ VEZE cze|| - seee el Nwee | \eeze | veze  oeze |[\\N92%¢
- Lesze - _ . <_g52¢
(g mﬂwh x_wmm 922€ \mm_wn peze | gzeE | 38%E 122€ 022¢ —.., kol
e = e S e e M= = X o277
- e N
622¢ AN
" o126 gres|| - 212¢ gres siee pize | g12€ g1ze | 1g€ 012€ - ﬂmv&.
- - _ - L1 = - o - =<
= 5 : 5288
- L. - al - ad- - |-o s
15255 Tozee _
W 5ezc eoze poze  loze  oze  §0ZE  bOGE goze  20ZE 10¢e| =  ooee
m N \M.MNM.\\ \\ £ y4 L ,s yi 4— yi
e C o=t - o= y o (o o 5 = - - ./{Q:m.
- - At 0=y - = a1 -6 L — - =
= i ot » = [= . ~A] 32 - 2 o o o
at ] o) o] = ] = . LS. i3 [= == r=
_%mm/ ) l._
| 9cee _ _
L /E1E . - L
%mmm Chére ZC 9/ 1806 b .9&
292€lir
Yyt :\g% _ 6eve

ATTORNE

WRm



2,235,803

W. W. CARPENTER

March 18, 1941.

TELEPHONE SYSTEM

o : _ cery. E582 _
spee . gpee  bec  ovse  svee  wpee  eves  evEe  IVEE EE6EY)  SFEE &
o / g ) ) ¢ ¢ ¢ : e _zeoe,)| orsel (4 N
w i I ] ] 7 7 : “ . e S ¥
o | e oceclll OF 2
o - - - - - - — —o |- (o - o - 0 1 R
-M ol o - - aul al- ol | - - - al o .NP m
@ S R O E TR mEE: = SET AN 3T
ajt v 2l ¥ zairl) €21t  Saip) | oarl | opLE g R .wm E A
.m z . . W. E.
R | GZIP (I ELER 1 x X
m =y 5 - = - o = . g | ~ e - o - o W
s T < P it =t = T At = N\
e al . a o] p o -~ 4 - -~ 1 -1 //QNQM.
skl odeellMil zZeel} odeel| 11| seeetl 1| oeee M) =eell 11| 2] I/ e2e M) 2% oot
Q , : EOr
o |t o i .
2 T_Tnmvw szee|lil| eece zzcelitil ozee || |1 |s2ee pece gzce 22ee 12€€ oetE
=1 ‘ A= = e = =3 == a= e = =
-t e od b ol |=od -l ol ol o ot ok [ s = gy e F///&NQ“
@ = al 5 & ad. o o] al ol -~ P al QNQM.
5 L4262 ! gcor
2| L, reen| \lozen zeem] ll[ocer e o
o gc1€ €68 ko
= povE _ Ngcor
= = = E e s He Fe =] ®_$Z6€
<51|... {04 Ot o Bl [0 ot e .y al. [—27 [P iy Y o] 1—od [y - atl |—o=d —/VNQM
= = = o = s = = o = N-or2v
1 f siov
v ) 1 ) 2 :
srecill | eres zres(|[1lo7ee srec ||| eree ||| _€re€ 2reel\ll rree 0IE€
: : ] | \ez6¢
- - = — t—0| - = | 14 ~ o -] at o ?NNQM:
s e e e e e e P e e e == 126¢
: e Fe e o 1 I e 1 [ = = o = - 0z26¢
B v ;r, .r { rnﬂ, rnm - ) r_ r_ r, r_ /,8%
28 60€€ goce loge 90¢€ socc | poce | coeg 20€€ 1og¢ - | ooge
, | L~ €£68 - . ——0S£E
paic—  1€€6] {4 ccol) | zeen] OE¥ 05€r™ N i




'2,235,803

W. W. CARPENTER

March 18, 1941.

TELEPHONE SYSTEM

=141

81 Sheets-Sheet 33

Filed June 17, 1938

’/Nl' li

ATTORNEY

Y

Iy

1£56 oese | |62sE 225¢.{925¢€ _w.wmm_)vwmm gery zzset—
_ . 1T 785 e .
] ; . {4
VEIT: t F T T Q
, zz10 == } = : : = o=
caiv Sair ‘9ziv sz1v | ey = Mrﬁ_
. | o
p— — — —3 a — gL
iy L_Ul 61vg BN E
v v —~ b ~ b~ : . -
L i = H iR _ =1 X
= seve ver g2r B rzrel| |ozre ] I F3
92r¢ zere Wwev N
Leore 200 Q .
L711e szor
Hzese
Heese /
T7es€ = czor
| . = zz00
| ] 1 | [ | v | | Czl€
s =nadil . L.W R || B s
gIvg \ : ﬁ..v:‘.m =\ -
= 216€ 9Ib¢ sive ﬁ.hl £10g Zivs 715E A4
: \_6/00
_ /Sov i
21256 . e
s 6255 8256 9256 §25€~ p256— case | | I\ 6zpe
sl 6er6 vam\vn mnvm\f EEPE. E0E-1] mmv?% m,wm?ﬁ _
H SrelH  Serettl  Pered zeve] osreH  saret reseH .
5 p— =l #£791#
i —1 1 —r——1 — 3 1 1 1) A
600€ . 1 ] ]
gorel=i | Love gopefe |sopele |poPE corefe |eoret= ) roret= Joore zpe
N 3 -1
re6a—  ccez-| cec62—| €62 0€62—| 6262 826 2262/ wnqw.‘_ Esve
. . W —pore
- . - . o e | _cpse
L —gpse




2,235,803

W. W. CARPENTER

-TELEPHONE .SYSTEM

‘March 18, 1941,

81 Sheets-Sheet 34

Filed June 17, 1938

‘epey

lorse Lrse

m\ww\_\. | ﬁ

B My il

——1—025€

1

6/5¢

818¢:

v
pd

C218€

Vm\dm.

‘ee6e |
155€ \mvwm

. | sosei
osse |9orsel ]

£

\NN\V

\.ﬁhm,

[

14344

L

Loy \N\Nm. .2VSE 9E6E

—

JiH

ATTORNEY s

INVENTOR

W. W. CARPENTER

W

.

W

g

vI156

€156

i
—'; 1

-LEE, ..
I

.\bm. (14

.
e

g0s¢| .Jw_.s

0lsE

v

Thead

| r05E]
e

Mf _jose 0ose]

— 8.0“ £ _ .wﬁwm

rE8E—]
8g585—i

-——L11 €
—CESE.
—EESE

VESE

€56
6256 1—

8ase

5914
VELTS

1250
A4 Lt

sereq |

-
] L1

Al

L —-/25€



2,235,803

“

W. W, CARPENTER

March 18, 1941.

TELEPHONE SYSTEM

g £20€] -
G Hitecze|ll 20f £6061— g1 9F| 2£0¢8 o
0 1€1e|] 9206 | " 6/19¢ 21965 LE0€ 2z0e- . sécr1H
vl 6224|1206 0/ 9¢- £19¢] »30€ 0ro¢- £ EZerin
o 9/9811] 02 9eHH 1€0¢] - 9goefit 2678 8628 = 02621
[:]
o J -
& obog 509¢
o Corpz +
’ .ﬂ /] 4 .
s 209¢ _ - m =L
(7] |_V‘ < 4 % p ﬁ H E
- . k
@ L M eeoe 909¢
L e/62 {L
I czoc| 6608 \szer
S19¢ mun%cm. —6€0€ - "
. -o£0€ —4162 gery 21 9¢]
R = _ lifgeoe p208. | M
o = == \"Jﬂ
—,— ! -
- tzgog NG [ =
® 1€0¢€ . =
{ 220¢
620 :
8 ‘ezoe ||| £0F ﬂ_ .
- /9¢ ‘ !
® 920¢ rv \
o $20¢ 09¢ NFgoge
[zy i hd
1
* s
-ﬂ 111
(5562 | 106 :
g/6e Mghm ‘ 4.03214v T0d P Lor9¢ ~H
zzoc | zo9elHE 1.1 1096 219¢
((609¢ J 4 1 Vees
.“ _ = __J. 009¢
el ( _ 809¢ v
— add v&w - - . - 9914
Ngery
. \QNQN \Q\QN 162

INVENTOR =~
W.WCARPENTER

WMRM

8y

.

ATTORNEY



12,235,803

W. W. CARPENTER
. TELEPHONE SYSTEM

March 18, 1941.

i 8/66— | ge2e
? = mW%m.. Z/6¢€ D08
w .96} -8iLc TI—¢77¢ £26¢ 4266 2Elb
) .m‘ ‘ i HE—grz¢ 2gee 9E0E: /286 9/6¢
3. = ~6/8€
3 EIE e =
5 (080~ A —— [60€ %/8&. v
o =1 — .
& ; !
~ §0LE
@ .Lg Al
TGS I =
-— 17 y . —
Yie (|zzse o202 doze
Q= oiLe { —
& §ere 1l |22e0[
- 2eg O 3444 £12€
- . 2200+ (
- lvare ARES
o 251f) . =T
[-/¥s] 2 .
J%&:. .= :;l Tm. r—E04E
mhlw\\\\m Yere ff 14 )
{ . v
& e 1sc posg £19€
= pa £29¢ —6€0€
He [ 2iz¢ 8/96—
= i 1
Yicr 9/6¢] 2006 -
. /0. )
7 f = fi=
516€ /6¢ . .
oszr . _
LEer £/t = ﬁ= 7 o0z
reoeidl | | el Iy _
= 2028 ||||ezee T = [ :
pu 620¢€ [|[ViZ¢ 5 - :
SI1E = . “oe 2162 etoe wmwmw.\-
Q\Qn. A ICER £ £0€ . h.Nm.Vul
§20¢ re16{l] o%0dll |- 6/9¢ 2/ 96 zoe LEDS | ... el
wmx.%w[l# 6220475206 019¢ £/96-11 A4 Loroc |
22! “9r9el 5898 /€0¢ scos || | YEZE75 02621

Il

INVENTOR .
W.W.CARPENTER

ATTORNEY .

=1 d



2,235,803

81 Sheets-Sheet 37

W. W. CARPENTER
TELEPHONE SYSTEM

‘March 18, 1941.

g

INVENTOR ;
W.W.CARPENTER
B ATTORNEY

MRM

l-id

Filed June 17, 1938

_ geoef— __[evee] || oeoel] seoe | 288 6| 220¢| 1086 =
z¢8¢ -
.IJI_I_ [2se i 8/6¢ 1 i)
o { { . 1| 9¢ese
A f ! 69| Z/6E: H L _ g {
leege szl ] 22bE ) I
16/661 11 5 P44 1 1 =5 || weey
\MN-%MW!-:. . -8/8€ anmm./ 8l - T
' _\ o] 220 a
/L€ 0/8¢ .
I*ww&. _ Z ull , : gzer]
— J. Blteree| | || [559¢ |s2ee] | 1 ﬁL [T - __.,
" , - .
—17 , = _1o2¢r L ‘
Gmlwmwm 1 v i
(o92el'os26 : i goge|. 6osc|| ‘ecer
[CE77mp— ] i 995¢ 4085
mwvh_’ 1 1 [[[RLE __h. _ I m —=.;_ o) —ZV =.
, /9¢] . _
g == + é o).
992¢ : cra¢] 1
: :
525e = . v. | -
.\vwnm L =n7 ' Lt l
s — : ~08¢
6/ s 08¢
g/l _ : - _
Tone — =—co9¢ =—108¢
T , ML : il un o] 1 :
b Ltorsz J__ gel—HF ] ﬁ :
- 2181 ‘ 208¢ ooge
Cecre =ff ! %
2iLel »18€ = + e
: seref] _ 8/6¢- 9648 92er
et | oo | ZEl| ITEHRS2e——tsses mwwmww
Tl ’ 9coctH ~—1-128€ - ogée
| 572 £est eoeJHH —-o0zer¢ 6/e¢




2,235,803

W. W. CARPENTER

TELEPHONE SYSTEM

March 18, 1941.

ke gt -2 ocec e L] s
.n“ + |25 —p 68 H —2c/b OBED m
2 — 3 606€ J2cp. @ N~
o “T7 e — ——— — — ] Q N
§J 1] 4 3 . . : Gk ] 1 N
5 Tree |leess =  feor =1L ) = 2
3 beee ze8e = czsel| [ gose: = [ v
o 2ror| 920 ) N
& ezecd LT /W.
1] — 4 nhr\o.m: -~
26¢ - .
o m% ;,m.m *
7 T H b
\a‘M.QV- IHI 3 4 F L B
cezr = 906¢ 2066
3 : ' .
[ ] il
2 ! Qqn
- T -
o I €/6F g
o [ 2z6¢llpzzs = > : bk I
3 9e6¢ jecor = roéee: - sosey
3.t . : —]
= —1 67711 1 EE{d4
& 207 boizelll 3
1 T 2I6E H _
‘seoe|l ‘orer| | 1 > E . a1yl 3
b26¢c {'sio0 - 0/6¢] 206¢ . £06¢ )
| T 6691
M H —
I
L
L\nwmw «wmm 4114
\mw% .mm% I | B : g LiCq H L —9€6€
T ) oose 066 secr
pi105 5 scof B Y g
o 176€ seof : {14
‘ ' €256 ] gzcr
. 8/66-
G5 e | |orsel] 25T 44 L4
Trec eH B g —
—§/5¢ p20s: 9/6€|¢20E| I1r8e _

WML mirg
: :S'TOPNE v



2,235,803,

'W. W. CARPENTER

March 18, 1941.

TELEPHONE SYSTEM

L2820

(414

2620 0E0P.]

2el L1zy_9c2v.] 165 ¢ /1£02 o
= ; S
o = : ra 7
=X 1 H6ese 7 Z20t-H 3 7 Q
== llegopl | [¥21% | 4856 seevyloely ‘6£5¢ leor e SR
5 €508 7 — g
9 nwvi % bt X
& oo grzell Usse . A ozzr| [ [722Pbrze| W&
9 ez 4 [GEse 7507 VAl LPSE over) 8120 S
n 5% eeseril Mt [ °N
.m oon : t . 250 ‘6200 X
w - SR | —y_ 4 ] | W
- s A 1 oy L2 [ A
[ve] %NQN\ : — e e —a A [1“. Q
rzor Il U1 hl A s —hi IS !
925, . T — — . —
20 3 == IE Tu =] _ !
I '’ { 7
@ 22 i } —= Igoor S50 oo Z00b 000> e
& ceor HR e N . N
~ ocosl 1 AR M ~trz/e 14 iy I -4 4
n/.m\\n Y14 {11 19/0¢] ﬁtwv
Rl : S265€
o s HHH ] 7 T
/62 SECE] /200 ] .
.m 1 \ 0208 gzor gcor /WMMW
Qg glog _ v = M\Mww
.m ,nwmm H . = @mmm
| | = =] L |[|[\Nezes
slos] - % . 3 : L T—=
/001 Ll " ] b f _—
, e LI ! = i
= ~ €108, "y 6008 ey - —1J — 100651
, ] -5 10 T 200 = = ) :
ven : H Ty J_llu._ =]
m erre L (_H ~”H '1]| soor coor .
H Y4 A v 22V ,SI0F ,9IZF S
HIFfEeE : e = o
<2/2p
= - X206
AQN\NQWM\\ ) A%NVV m.m.mm.g = | —reer
veoe| | o7 94 Zese oo geer
8zret— 3 o1
26l bEES L —czep
Secp | —ceer

ATTORNEY



2,235,803

W. W. CARPENTER
TELEPHONE. SYSTEM

March 18, 1941.

= )
= e . 4 = =
m VmMWn rere —— sur H mvmmv mw g .uh”_w:v ) ogip— n*H = T
hl'hn r._;.\_ Zrse Iiuﬂ 1.u_\|« Jl.ﬂm_.L
@ cw\v(ll\mﬂr e _ ul o9 QIO el o 6EEY
o Gsse 3 L Lroze -—% osse |
[ A
, T _ 14
& 6214 ,mm“w v , ssre| \ \ w\vwv
&
2277 <67t ovzp (220€ | | 0¢0F £5i7|Geew Zelp
8 ——
o0 = * '
- €1L€ _ eze 111 Sect
. HN : Year vezw
. 9g6e 9106 \e&v [ { \n&v 2e2r
. .
g
2 b
rSE . e
EE : —FF ZITE | oTF goi7 || 9075 [ FoTF z- //W
et B 1 L 8
Fw_fw »Lj wwmm\..\l MUP an.n\ _ UDP. ﬁﬂﬁl Tmml TUDI hDM/ J.ND
veoe] \oret! (2605 ==L — 1 Lo =
- i So-622
1sesel ] TR =
= _ 7% £I76 G 601 || Zoi7 |[I| coip 7 wo\v_ ﬁ
q 1 D. D1- Dh Dl. D1 , D./umo\v =
zvee] LE00 =l 5 T
i » =975 £2/p] _ s | czzp
m_ 7 2217 :
mv\%v _ » ﬁ
] (FETTE v 9c2p = -1l 4
. |sezoe sl ) 9 2825 106€|| [Peor
- s ; : 0
et _ _ : boesis/P| 2656 OIS |[TgEzy ﬁwm\v - 2eog] 500 tom

INVENTOR
W.W.CARPENTER
ATTORNEY

By



2,235,803

W. W. CARPENTER

March 18, 1941.

TELEPHONE SYSTEM
-Filed June 17, 1938

‘81 Sheets-Sheet 41

vze  lepse Upge

2020
1 \ G321V 70
. - »<<><>< - yl
= —602¢ x‘_m_”M 1ﬂ= V«
: L4 ' [Neoze =7
erer, [ 611¢ 902k
om&i ovzt 1 _
— ]
552682y S02p vozy
I i s T f
| -[\! - “ .. “_- F a1
3 A zz08 || |[Geze [ | [oripd (dpetifiilh M=
SEer HK 4 QQL 2 Zelr HM_ v
2z)] ., s ce/b) seer = v i .
b cocr
_ . F _
_ . vezr||[]] weic =
_ 7 r 2eze \ anv s
0Ezh A Scer Zectl'orse
€2t |9zt gccs
- - Yzar
— ﬁ=_ﬁ_w_.=mm 9zzp _uw_r Y
|“ {— T = { =
— = 1028 oozl
‘Zocr ey =
zesed | (552007 m p116 i
: 221€
Lezar Jeer
- L 520€
(4 2128 , _£/2p
_ 0z/e  6ecH ~9/2p —z/12t
N. rdd4 922 P U\I.\ gccy
121y ocey 805t g 11—y~ 0r§e-
- 1-6/2¢ 620k | Jpée 9EEH——
2zey ~el2y 2208 5125 e —]

INVENTOR .
W.W.CARPENTER

M‘!‘%M,

By

ATTORNEY



2,235,803

W. W. CARPENTER

March 18, 1941.

TELEPHONE SYSTEM

Filed June 17, 1938

81 Sheets-Sheet 42

 /519¢ 0216 | LL12E )
H y 2egp] obge]
] . N
=t d 1 A
= —— | s1zo-it] | 2p5E ez
122r| ozer _orcr gvse L2/20
rnwm 8120 1756120 sccrll L5200 vize| || ,
. 1 20p gecr4 9cer
" ; — X PICk — - | 1124
—1-/Z¢r N x < =1
zzzb || = i= RS ‘ (= — A 66SE
Jeoe . Uncwnv 616 m-_g /gt = 250 _ /Hﬂ.l .
/ \\ NNV —w T‘”Ul _ v === i lm ey
vice = r=— 1 T
IX NN 4 = _ seor o ?
[weee lgzzr| . ] i
_ NM@:V ﬂkm.h.hll
/€ v = — ¥
[ e = v 1
7 Enn-\hDL | /60 m\nvh.ﬂl . Bl SEEr
1 = A ] - _
L scer W 'L<?.s orert_ =
(OEEY —= new
. Srer tzg6¢
z
B2Cr , —
25 ,92€0 AL3EP 424 fWu\ll.ﬂ_-_-vL
£ L =—zocr
— e L | _.”u i
— La .k] & =
4 [,[ <J<><> o '\IDI \Qh‘
_ 5 eder L0Eb S voce. - ¢
60¢s — : : = 00t T oats
= Gzt : ] 7 —— \
1 7 azz19v 700
bt e — .
ZEV : ,.
R \ _ & 914
p20¢ -

INVENTOR
ww C'ARP£ NTER

ST M

By

ATTORNEY

’



2,235,803

W. W. CARPENTER

March 18, 1941.

TELEPHONE SYSTEM
" Filed June 17, 1938

81 Sheets-Sheet 43

.

s _gzrp
| =

| | L iez/e ] .
1L P reeee 9ery 6/0¢l |ozos
| Llgzoel 11l VL1 1 B L Leege )
| 19¢cc¢ e elle sevy osee 1502
8208 L — gl/€
9sz¢ H 1 8/0¢ grra-
45261 | 626 [LEeiroeee  S1E o€ erozlH
§52 € 921 €1 \HNQm.m.m . P AR =
l esy oser 41—
M _ rf = )
A4 4] [ . } |
‘ ] ﬁ_ =.| , 1260 . HW_WL_ wn\nlm o qu
L s = 11 oovy 2o cu
= |sore " ve s
T =il
\vort copr
. 6100
| @ J
. 1”1l 44 LIve
il X
ozvr
erry | L /ppp
eror | | |Lovw pery P
\\ 1 .
szse | [777 gerv | | |ores M MM M - g
| Pry "9l ]

INVENTOR

3 ¥
1y Q-
Q o .
S8
S = v
W..W
X

A

Q



W. W. CARPENTER

March 18, 1941.

12,235,803

TELEPHONE SYSTEM
Filed June 17, 1938

81 Sheets-Sheet 44

v20ot

£§EE

INVENTOR
W W CARPENTER

Wv\wm

9s2¢ - B .
2268 s
\ s660¢/ 25€ sszE —eere
/ Yy .
L 62/¢ 9/1€
T 1t i1—9¢re = ,
1] i
" ..I.Illll%m\.%m —82/¢
% .
gorz
T 8598 Hozoe | H—sese £2rot—
[ 11 —9zry —TOE8E ocvy £202+—1]
1L -¢cepe| {17582 6/0€¢ 220¢€.
; osee +-419¢ osr 21 zeve.
df|4f]e] < ,vr J L 4 vt § ) B , , 4
LTI (1 1 ez B, (L1
. = 0 ore. ||
=] 7 2oz, |
SorL 7 sors
rovy
_m=697%
, govy
orvp ]’ .H._L 1 ¢ maﬂ_ ¢
o] 905F .
Ihﬂ.._-_- v 2008
ey 9Ivy
~IcEy
| 27 J o]
vd VaE :
1344 | 62r7 give .
€251 gcry—| gry'9/4 025k
2zsrt4 - g/0e_ L8
1284111 Reidd

ATTORNEY "



2,235,803

W. W. CARPENTER

March 18, 1941.

TELEPHONE SYSTEM

81 Sheets-Sheet 45

Filed June 17, 1938

prrett pers ||
pyzoc Y44 7
sase | [<cer ocry-| orry L ‘
_ : ; 12§ reae| IPPY SEPY | hozsy 9/1¢~ varoH
_ 2zer
s ozse 1
osee 1] F ;
A i ) ST .
err¥ erry —=F L= 1057 _N"..r
€05t - 2os¥ =
Hmwl b N
= ! —— — =
& i = —uﬂ N—Lﬂ
e _ 3 00sr
s —
5 - . ;
= - =
olsel—=" e — —— p—
(i . P0SF oowww/hj.l - ﬂgﬁ.
IY = v 1/ - Fu— - ,
Gise —=1 sosv| 205¢ m sosk
= L = :
il
N N L risy ﬂwwmv _
N J_m_\w\wv ww _I _- v
Oy = 6 °
L SISy ISP 1S
~ip= €150
TN m m\\Q\%V & “_ a: .
., _\Ov 1 = .
_ 8/5v. sy 9/

INVENTOR
W W CARPENTER

ATTORNEY

N

8r



2,235,803

March 18, 1941.

W. W. CARPENTER

" TELEPHONE SYSTEM

8l Sheets—Sheet 46

Filed June 17, 1938

oseE | ocr |
. [[244
| gzse ‘ A
’ . zzse L H | Feery —rE8E ; 9/0€—
|—p20€ gchy 62ry 125047  pops ozen ]
] . j S
cost—| L=< |00 —H 105t , —
: II_ uﬂu — 005b. =T
ILU“II._ -— - . . . —J*
. — =]
N _ flﬁ .
M- /]P.I 205P. ) 90SP T VQ.M.V
:mv\\ == F— _ M ’ : Ly -
. 60sv || Z0so|[—_v — Jcber
<ils —
- visy L b25t
s m\wv 1. s rA 2ISy
We ) %“— . .
=il . o ISy
gsy o/

INVENTOR
W.W.CARPENTER

) o _WW/W\M )

ATTORNEY



2,235,803

W. W. CARPENTER
TELEPHONE S_YSTEM

March 18, 1941.

INVENTOR
ATTORNEY

W.W.CARPENTER

“ - 2eor] _ - mwmw\l.._
> - 60Lr—iT| HiPOS — . ]
H 164 gosr—(l |H¢er . | cogr mew\‘ . , w\%m\r
© 1£8F—111 L-9/9F - v ' ]
..._w _ / 1£97 _ . ) 0198 "oy . 29y . 2o 1097 oo9r
: , el el =l || Ol Ol e
g ) =l =l = - - e
& | _ _
. T = e ==& = == e = o) -
. 4 o= S ESE= == e = G
5608 e === == e e = L A
) QM.%V - —— B o B vl P o B s A Sy S - at
W0 | 969/ i s N = K = “ATg = e S [y _.....@N.wun
m - \DEV H ] I - - o = = [ ol e ~ ‘2o
: WS == o e g = ey —
= . > 1= o v g i o g s e = = = R TR
5 Tz A = == E=3 =+ — - =F (773
.e ZEoy - o ey oy o sy - S Sy ey i x
1 fo]5:] 2 - e = = o ) [ o ol . A rNWNI
1Uu peop # .|H —ro—| I.H = At ”.. o —t _ﬂﬁ
€E98 = S == = e — tSere ]
B8 19k —HTT —— = S =t= = R oy e =+ Coele
- 2e0p— L= == == = iy g e oy — Wk
m.. = e 1= s ES e [ g = e 5= \95r2
E - i Y R [ vy = == T [o—t— ey = -
629F . Mbm = ”HM = o] HH _ F o MH ”I - T o fsX74 9
‘ k : i = == =+ - =
, : g i e o = —e— — .
- = o = —ta B s e A Aot oy A +
_.mm% o[l A e eI Eas TR IR 90f IS 2K
mm.bv‘./g VNWVJ —==1 = = T A —F ——— P— Ie.l||..0%3
P9kl 290, R s == E e ==& = == e o = Mol
i ; A = == = ot —
{ I =P 1 S =] S o T Fodm &t { !
+} S = s _l=== o e R g = == = L\ E5cE L
\ e o i e e I = = B = =) & i - 4
= ot —— - == -EOT5 = e o e = = [ i
1 41 T ol - - a0 -] A At [ —Org— et
2296 129¢] ‘8I9F e o =+ 3 =] B S I 2 \1z6e Lroc
_ 029 6I9% | fix:1 4 : _
| =ty e R , 9v°914
2164 £195 1 ———5/9% ¥300230 4300330 Vo Yransd’ :
7198 [T —9/90 AN 0L 1514 04 15V7 02 "INI 01
! éeap—H —2/9¢ A




12,235,803

March 18, 1941.

W. W. CARPENTER
- TELEPHONE SYSTEM

' INVENTOR
W. W CARPENTER

M Ml

By

vﬂvwvﬁ

(449

© EFOr—
~
e} . :
S .
2 L H %\N& LY L0y
1 .
4 b TA0TT TO ITOTT 70 ‘
ey . JINGVYIY YINS YW JNOYI 40 - JdNoY9 40
© &3G0230 ¥300230 . 4IAN3S YIANIS
m AN! 04 LSY/S Od LSVYT 04 LNI Od
n
m._ cizr | : = - O o) = =
-» [y o] 4> For] s e | [ g wry [
. (d = T T 4— o J—= = e P iy e - . FLFE
\MWN‘ “ 1= o] - I N ey al ek U N VT SO \ZPre
LI > put R = s aay o] o iy ey e L A5E
\“ — >y R e e ey R 22 e vy iy = gy o NT77
. 7F > Y o] 4 e Al |—od - [ iy e - - rNMﬁ
® o7 e o — = e S 1= A1)
;] 2S5y “ =y g e g oy oo 1= o Iy o T e iy v ml - 1P PE
— @ 4 - iy 3ot 1= R e e ey ot et al rﬂ\“
N 4 pu mry [ o s mary [ = = o g e o iy
fond \Lm [« J= o] -[—& o] 1” —- lﬁ.” - i ot o= = Y14
~ - /43 “ P Iy = vy P A oy o - = o = <
© \MWM“ - T Y e vy Rl ==y e o vy g iy /QN‘
i \\MNNV : - T Jo—] 4= € e vy [ g e Yy = o rwm.\ 3
=3 e ME e =y o] [ g e o e e A = — 2.
Y S — pu -y Fod = Fodl = el e g = my =TT
- AT o e . = e R S
@ pui iy o] [ TS R ey e g e vy [N Sy e 3y -
n LSELP QQNVI| | ] “ pot mry T3 d= IH o] = [ g e g IH [ g e Hl e MMM“M
=] 17 2 : A o B - - ey T P = = 1 = — O£
CPLR QELE R e ey R = = vy - o] s oy e ) AL ot - o557,
L “ o oy Ao] o T e 41—~ e o iy v o g 2!
\N.WN“ > J Y IH o = I.||. Il 1= o s TR H o /rWlW. 1
1713 U e I = I e = b = e i o == i = W7 (1
$ SELY “ pm i i s o . A I 7Y - Sy e o iy e e i Y S2SE.
— LovLy 60/% —THT] Rl o N e e wry IR ™ o nary o - al T ode [ == 2€5¢
¥ - - o IH Fod 4 D P i Y - — fode T e ey (625€ 4
LIELY += e e et = 7 |
V2213 s Pl oy Bl e g iy B e e ey o~ o= . al ot e LEESE ’
P2 L/ o = = e e e =2 71
a [ PN S s ey - Py e L ot -~
ﬁkmNVN\N‘ 7 p P et g vy Foo] = o iy S it g R 2 ps my s KV\M.WM
) \ X ot oy — = o e - o= =23 (12s€
Rt TR» _ _ _ cEoLk
: |
ccor™] ¥09% gy i"er aiy 202 . 10s¥ oosr 111 PP
- : thxuu.\l. L1898 27 9/ ~1 [909¢ POy 6£8F7
ez sg8r 11 -oig% 6085 . rr8F \||-coop =0

ATTORNEY.



2,235,803

W. W, CARPENTER

. TEhEPHONE SYSTEM

March 18, 1941.

g1 Sheets-Sheet 49

[e0]

(3]

[+)]

—

=

-~

i+ .
. 628V _— [
= 2
! \——
ko]

g gzer sIg¢
S

owevy
378100V 04

‘9cor u

[#13°) oa

R
= pegy. H‘lﬂ_ h_J .
. f

= H@_

ozgy | 12y nw  22er
— 1 - > \ - “ m ,
_ Lil=
1 = = 1 JES 618¢ :JLH_I = scor
._., T : sho¥
‘1 giorl - _- . i
Lidei= || S| L= _ m& Hm_.uhm
= == = I ! =2
$3 w8y
7 - 2085 108#. %Jﬂ_._rr
] or T =]l s — Iper
ugr - _F
ofer por—| ¥ 2089 |\ s08r |-s08r :
=14 9087 -
4 . gr o/4 -1 6esp. N
9/8% 6087 srar |H-0095 eror— rosr] | 1~ zere

INVENTOR
W.W.CARPENTER

WM ML By
: ATTORNEY

8y




2,235,803

81 Sheets-Sheet 50'

W. W. CARPENTER
TELEPHONE SYSTEM

Filed June 17, 1938

March 18, 1941.

_ | L5562 | gges i | -roor =
\ \le ] L — ¢ - { [f
750 reer]|[foser eser  goor || 5057 0219 I89 S2IS .
] —|-/cer cosr Tl ||[[F—reer - peor Wy
1260, = = _ = —0967 —— o B
. . ] Kl
‘ : =2 Q
: |EA~ Us .Eg R Mr hwu. ﬁrn | .EJL _ — —F~ v
vs s T A
Ie6 se6r ‘ M| coe9r mwwm
Yeor _ Yeor ooy N
=[H || - = < = =] e
1T Rkt Gty e ol /T e
ExZd 114 96k - (OF9F
(829 =
, zeor’ ocor
= = — = ;
= = = 006
il ] Hise
ey 11 Cf ilda ir HHHIcosr
6265| |- £c6 |-ceok L56¥ g I » 068
: & . - A .m -
62%pcsp 7E6F gee | . i = 0
= = = zer =] | wor
(NN WAL 2ot [ lteeIL|I1 pe
LT 1 tGIGRE L i T . 11,8698
‘ _ _ : 11 zi6r~ 2189 11| [(/2¥9%
. : oz ——
\ci6h = . 316 —
W\%‘\\ = : . : %NNW\M. —
/W§wpa» . : : reor
9rsr  ppes X 67 '9/4 : €297 1111
=M (e : 2208
\ o— i _ 129%
ESS—_—— cig| yerss o ooos |\eeor  ané] i
A1 67671 0zer | 5651 ! [ :
G omrwwm o568 \m%.w% 2zer B 8I9F Tt _

ATTORNEY

"MM

TS

I-id



[L=

- 2,235,803

81 Sheets—Sheet 51

W. W. CARPENTER
TELEPHONE SYSTEM
Filed June 17, 1938

oods  bus _ T —219¢ H—ev9p
, L—iop
H——s19p

5, ||| Sawye¥
p * ' .

| |

il

L ||
=i
-

€871 . ={ 4! | 205 ||. £/0.
gozr—| , u._. i ‘6%
60L8 - .Wu |
900s, J.: 1 L

RNEY

. INVENTOR -
W.W, CARPENTER
ATTO

W T

8y

i
Syl

5005 . o |.= el
0205— Jﬂlﬁl /200 [ _ £005°
6/€5 1005, = 3 T |
—€8L5 = = 2r9e _
lmwhmw ; _N\Nc&. ) _
_y 4 _ 419 }LLL. L

March 18, 1941.

L greg A _ (005
Ly Erpe— _ . _ 7 f

? . ‘ EEE == . 2005
T 7 €z _ _ \6/05 0s 914 _ w\&\_.




2,235,803

W. W. CARPENTER

March 18, 1941.

TELEPHONE SYSTEM
Filed June 17, 1938

81 Sheets-Sheet 52

—8//s

ﬁ\ﬁw_ s €115 I_. 225 000s-{-—22o6 _ Llis] (#u6k | www» 1l
6205 . H 4
[ o2zrsy | |\—sus ez | B == =
1 \ - = - i ECP~ @
T w \\ 7 = .".Uﬂ = ] \ 7 m
—] 29I 5HIZ 22027 7702 == i_ —  10I§ 23 eeordill =
: T Uil b == o ES 2=l — s i S
i | el 2= = = 714
i 1 ogis ~ evis o.u_w._m ! _,n*n_...Dnﬂ.n_._ = cm\WmD.___T. 2SS
625 = WS —— L[S == = — giorltlf -
Tore ..= _Wh.% = 205 ¢cole l—s—1¢ [=
_ -, =
s Felty 17
18125 1 -8/is _
X740 -
cE2 o = o5 ||[\eeis - _
1 . = . —
‘0265 1N . . 4 |
H-£019 M.U 60/ a {11 7%
| l<ers N 1 L 0229
vintA MFLE —) _ oc
@’ 1 - .
; . = 5 | oz
0 = = .
9215 1915 .
T 7 1A | >
_ \eris| zels . P EH
- (ECIS_SPIS _
GOIS
_ 5785 — = = = = = .. =1 1=
VI ;ql ﬁ _ﬂ i __: =) g 15914
5 0l e 11 14 e
L 2715 205" _ ._l.l _ M\M\M
[~ 9075 :
%5 »elSy _\..‘IMN\W
1
s T Jeoost] ‘ {—oirs | ;
worsl_tserel s | eziE]serst T 4 < 8%, eves, 84S
bol ol Zove| | Leck| o , ers ozl |Joes] s 92¢s —HHitoers

W.W.CARPENTER

S L

I-id

AT TORNEY



2,235,803

81 Sheets~Sheet 53

W. W. CARPENTER -
- PELEPHONE SYSTEM
Filed June 17, 1938

March 18, 1941.

sy

ATTORNEY

INVENTOR

W. W CARPENTER

):3%
“WMTIm

| . )
-y »269 6205
- T
120411 ' . ) 9717/ wms il S
02074 )
8154 §u 2R
L e
$10Z 2o~ [HIL L]
7104 216211 -
6002 6216—
8004 e7s:
2002 5 0c/is—
9007 90#5—
00. _
7004 8804
2169
8125
1225
me_
) A
pe e —— e : = 422s
922X 81265
Ze2]
022s ﬂ..l||| ;
- _6025\| #r15y
1 = \.ﬂll".r
>.>->.M.|L; o
1 ~L=~002¢
1025 §
10¢s _=\soz¢ IP1S
O
‘gais
s
~7757 g
[g/e5- 25 9/4 |1
F\wm




2,235,803

"

81 Sheets-Sheet 54

ATTORNEY

INVENTOR
W. W.CARPENTER

MR

8y

TELEPHONE SYSTEM
Filed June 17, 1938

W. W CARPENTER

March 18, 1941.

| | 7269 : Lrsal]| 9%
| |—ores v 0269 . EI6% 2p6p 097
_\..wau _ 1 ||F-6r69 { 7 1068 - 82041
. ' L { pI6Y
" T . . N " X T T - \ 6
_ rees — —tco7 | by
| — T Vores — . = Oces
“ leges = __ __W ) 1€€5 —le.”_ i .
| Loc69 —T._._. __. E£I€S Al 2ees - ~QQV%
f o5 g
(pecz .
(roes
/OES
00€s
; i e 6165
1 = \@Rw
2 = L 9oes TTEE, [8/6S
1< womn 1
_ Q%NMW&QN Mwmwmu |._.L " L — oz ‘oz Y-/ 3
Leios | \eroz ot N | (=
8l07 600/ : Tl | =| teco7 || 16209
M 4 4! p! Ir —m T
7 - : SIS || 20ES
{ ] ]
Y§769  \gzge i
e t \zaes
N W.__ | Heossl|l|'\cres
8
4169 _ *rezed| | _ 3 -eoss
7e2eql _ Sers]
1 . 622511 r '
1 L
! lozes tezel o peg
: 82265-
X otzs 1se  lozeeT 7709
82¢€5- £5°9/4 gegermmnnll| i—9res vees rigs PIESTS
a6z 20e54-  [—Lzes - ggzeriill ||i—ersd . 626§ |~£092




2,235,803

k1

TELEPHONE SYSTEM

W. W. CARPENTER

March 18, 1941.

| 677 Lzsi ) | Hoos _8% w,wwm. iz S
] -1 -1 185
»3) Lov9| | |e2ré 402 £ : 3 w.n_
0 _ e/ A zeisH |ots—| ] —sers I , ~
o oors| |65 ‘6er 9/S 2€1S _ 1 czeor | | ‘9erg 277NN
e | : . : -c2¥s : . i . m_mﬂ._
5 1= : - 6olv+— || Q0LP oris 1 1 .cN,_R
— L - . L] I
Py | 16909 3§
© rier 3 . 0229 2O
-muv ecrs [ == By ] = - ﬁ \gp/s /W
& W W=l o T L] Al =| : = _ ry92 ¥
: | Juatif Il
_ A 3
i pOP.
T \ {
— U | cops T07S ..bwwm
QI : . Yzrs
9 ocs' oes|[ | \7oes 10r%: s/es’_Zivsy] - |
tal In 02 ZErS, o =t
= 22 21t 0orsiINT: S f L PISS
rorglill Hm WEFH )\ T8 = = T
M Trsre = = % = :. ..= =| _ SISS
616 ey ° ] .
.MJ\% KA 4 o lip Uy B ply 1 119 Tlelrby 19 rv,..— _
1 h [ J h . — ~
b — Wrcs ] L
- 1223 lerss T _ 200§
F t 7S — 592
: LippS [1E8Y T I /Q.N\h
3 } grrs \/g?
IecES- -0 Ps
7/ ¥ i §Ivs rers IS
= [ = oess([ll=x=[" = = = h e —>6/£5. nmwmw
| | W15l | rzes lf , .“_. scoz
_ lm ] T gree
/ Ll Fb 1] =T y ] 118 y 9£/5
12084 t - 1
? Jree / — Ll e T 2762 VELS
sEts] si6¢  PEPS - |leers ; 199
9209 - . = L12/pg
SI1€S " : ] " ) ..lxwo,w
Oeogco9S W09/ ‘ezrs ; | |sez¢ H~-8248 _¢c2/5
1695 #2ES” : . = £EPS.
: = &mwm/l. 1195
eors 7789 1 \_ . 0ss$ | = i
4209 VS '9/4 szosl |Htsess  rees L ££09
Fres PiEsA  bewss s | gerit— 15 2209

ATTORNEY



2,235,803

81 Sheets-Sheet 56 -

ATTORNEY

INVENTOR
W W.CARPENTER

TELEPHONE SYSTEM .
Filed June 17, 1938

W. W. CARPENTER

March 18, 1941.

6/¢: Nmmw\i g0zt . |
HE—9/EF 11 pels , -
i £eop VxR b . .  coos
birs 600 1 ,“ ‘ .
E . _.h,\\wm.q \.@ .
EO09 8oLy . - ¢ 7. 0555 2162 |A
(|08 _—oFis _. : | . A
roz , §255 = ) -
8res ; _ P . 2r9e
|| }—1—9Fls . Yorevi | =
: 115 1=l . 2005
= Yars , _= =|H : ‘ ~ | 6055 #00S
T —"ews . /
] \V\hw. . I, u _ ] plepl | 9255 . L . ,
‘cigs . : _  pper
255
&2,
2255
\NQV.«.
ecor||
N
6zps
-1V {s2ss!
Y L rrews
s |pees]
\OV\.ﬂ
el e215” 6po9—|
£009
6765 . 0509
es . $G 914
ols v : . 6arsT _




2,235,803

W. W. CARPENTER

March 18, 1941.

TELEPHONE SYSTEM

81 Sheets-Sheet 57

Filed June 17, 1938

—T6lES 265 PE2L V90K wn._ .
5§y
_ . R
B 1\ 5295 | OEiS e e & 544 K S
5275 \coo9 'gzrs B e Loers 7 beu, MW Ws ~
[T - — —— N <
— I SAH = - - - \ WC W” <
T w0 - 2195 ﬁ_u el | X G
] gais - €09 ﬁ nesH r 0195 f ! N W
ez | e || Ty oo iih Ty LA TAms ||| N
oris|iE9s Somsgvn| || Ly Q
PrE T —zocs 1909 5795 m\ﬂww |
= \ =
q..mém eS| == =z | b = =
si¢ ﬁ = | 1] T3 %0 5 'm =
i )] sz/s-H
fire] [ 1111 £ess ELNES Ly bl e
2 == gros| | /
9298 )
7
= seis . VopZs 07IS| _ N 2609 =
S == L = = I 1295
o gt 15 oo L[| Wlee
_ § gezs | 1 Ly ARl & | L [2ros i oo,w,m.w,
: 4 sivs - 7255
t — | 6709
i g —H315s ,%mww o222 - H—¢2/64
Tmat Bl _ 2055 N AT 6290
: < = 029§ = L= I 209§ I I.Nm.m\,m.
[ g = e T —¢609
| z295 | s/9¢ T 49%
L bl tH 2| oroed s = |yl ke i I L5702
A\ [ 2| ﬂ HUII Q.o%.lql ) A i = q i MM%M
Togk L= : R _ —200%
L7755 PEYT : 5507
,,,,,, - — 9909 SF09
VcES : _ %.W%W
s 0% —eres \ei9 wr9z L09s 969/ ZZTEH 2508



2,235,803

81 Sheets—Sheoct 58

Filed June 17, 1938

'W. W. CARPENTER

v

" TELEPHONE SYSTEM

March 18, 1941.

]
i 1
R ) 1 1 1
_ — 17705 82p5{oed5— 1 76l &
e 1 | _ 52951
..MWWW QNNM § 284S \V 2L 906/ _.om. 17 - 6155 Rr_”_
P#s%mq@h\ 7 LS TgiTe — I 9275 OrN._
T/ =T/ | FxE | = F = 3 = Ny
= = = = o = = 1 9/€9 NR
ﬁ i a VM
1 f ) - \ _ > 1 ! 22rg =
— : . ££95 =W
. [ Tgois 7646 8525 |§2lsHisds 6045 — [#IES
GIs [ 2928 [-192% » t X
{ront } T ER=2geZs .
/€95 09.8\p166 - €EEY. ] [ i) e 9095 b Y
0e9s pIes MNNQ./ , 5095 — 20 wB
T . 2
H...”_H _m.\ﬂm.HuHH 212§ HWIW.. fNQm.m.. “.HH el H.H” “M—WH “..l”n = (WVN%%
mil i < . T804S T =ml0LS T B T #ozg] |1 R e, 6295
i 2094 E T.\ ‘.l\_ _.Io\ i »e
RO il | ] coss 20s8 os ] UM/%% it (%545 i SE97
1] 265 T — | T 9045} f i 1E0G
geLS L — — ~E££09
XY 4
WYY YE526 = 2525 1 [T lw\m.w.
i H-zé/ 1l 16845 I 2
P28 eels —Fr-1e === *Hh I ovis —ree
LT i = SH -t = - Ti—=t , £ ovis
H e =1 = = s N7
5458 ,r =00 | LT 300 72 T [owsl)| s
v =5 v = — 16009
= _Jf = | gy - 4209 92/5
8Irvs
- - =025
aree
- 0£L8 vEls
1= = fr.. | Pzes| &= | = T _ TaELs
0245, - L .
.= 4 2248 _ % £eL : _ £5°9/4
L ML) P fezesintyy Tl T
! ] - LI [ecse —~p2Es
— = 22651 7S4S N—gp/§
0525’ pels CEZ T 2 . P9ELS i L}W\\WW
$05Z iG5| 7598 L 1792 0p9e i 1 2 kv.c%
posz 61451 0§92~ 7592 2009 669z 125 seagt—lHH v o9s

ATTORNEY

.

ST M



2,235,803

ATTORNEY .

ST MY

W. W. CARPENTER

March 18, 1941.

TELEPHONE SYSTEM'

21
Y L 9z/9
] Hﬁmnﬁuv& - = > (998 Y c99z | Q
i PEES copc . A 9555 4
@ - nmww : $98¢ . - 859~ w)l.l._ _ ~
o] [ y{33] v9854 [ “zcag /98¢ n0,/.N
° P « A T 0€8S 92 Ly
oy ] 572 1€65 P27 ] ~Q
& == G/ZZ . Looed TT 0985 2Q
i . - = }
.Mw Ik = ' Hl|~|” = rir W M : g g m M { I — Vm
: R e g | =
m _ b X L : > — /W.
£€95 == X
2 i |
LN i TS ll| jeere || 2288 o205 _ >
1 fmwmn ﬁ = il 1285 gs Q
| i s |
> [\ e , a i % ' _
2] = ==l _7\ Fues .
- IR Nse] || €789 2I8s S S — 9r5s
= S/6S _ :
- — ||.m'm.km I.bl.\.le.J —
° Hoo77
o H . = T . »£09- 1] cel
..m m\m.m.«. IWILING eses ~02rs . 2E08 --I.VQQM
o -4 3410 ANV r08s 4008
2 6€8S| G32/14V,70d = - = | F |
o 530 - |ﬂ.'..T Indndpl==bobbq} = _
; il
_ k] g T ot 8758
seae[ P9 L ] 008 e6e = 20857 T 7295
" T AT T8 = R Cas, i I 0509
1 0r92| ocso poui/e » 065 . - 725G
" 2065 |zwmowwn[ [ (9585 - .{-‘\\mw%w
YSES HA T
7 il 1-er09
; : sl AN (e
_ ores | ||970° ([ == soes 11 | (@005 | 2792
5085 % l% 14 .% _ T -erog
. €009
_ | il orelTt bl i -£00g
= — 5 7 2183 7785 (L1 _ 2292
. _ 505 M | 000 g2es | acosl]l lviina. s 6592
[} 44 - f— ‘
| C 5709 UErS 0585 0€19, | £€09 Mw%“%..mau _ eroe
ﬂ 90851 erosd 22091 €045 QM.Q\L\ _



2,235,803

W. W. CARPENTER

March 18, 1941.

TELEPHONE SYSTEM

_ | -1 i | 1
Il . 8€9Z |—/275 |- 9€92. _
o p0SZ Ueoz | 1792 0r92 | nR._
©o Q%ON“\ - Iﬂ-
2 1—6145| 15925557 [ $129 .R_M
& mft M m m__“..r_,
] ’ .
.m QR.N g4 .V\kk F_M.
2 L S48 42651 9464 WC
& Mo #0927 22154 R
@ i 2092\ 1160 15251+ X
2 2095 P0SZ N
: (=R == —_—
0
gl uie
R %902 et WL
2] H 11 I 9265 suey 2985y | €% 4
B 2265 €265 G065 r#i9,_L065] 4959 _l _
2 “ogos / ' 2 | v
Sl (i 1l 27ee = | £ = 11/ 5768
- A Hess| 1 1 v = _ = - I ————2/09
: i) : W 7%
o erzz] plpl sl | Y 1l e el P ———egz09
e 17y 1n e ] H.ﬂ L Hm._ -6005
| HE 7T = sroz 2°0°
[ Ze/9\|| 5719 — £06% L [s065
{ Z009- !
- 6844 £ : | 4065
6165 6v92 | |rzes Y079 I
A = —7wih 7165 || [906¢ 1065 206s
Hﬁ T Hﬁ Mﬁ. = MS = imiE 65914
. 1 ’
; : g_ _
Jorss I} "jerest” ] [ 1 14 T 9IS
099z 2€65< o e i e T £
{6592 9ri5l|| | —£765 = . _ dEPS
— 10952 €S — 4 £09§
72651 2719 =277 7705 9065+ 1T it __ €09

"ATTORNEY



2,235,803

W. W. CARPENTER

March 18, 1941.

TELEPHONE SYSTEM

81 Sheets—Shee_t" 61

Filed June 17, 1938

S5o=005 | cpgr|  bd-oses 0209 L 1G5 ‘
9igs 2209 | presy _ RoL -uvuiwvnw _ mmmm L _ Q
6/es gro9 | (9985 — £25s THHT W
T/ ] . 6P0911 ] N
9N5 099 5709 ~gr95 i sre5 || \IE 9
J_ 6592 \ 0009 /1209, Z < e \mwm-mw.\ i mom:
_ D P T = | Lacos = o = e
| . = = 285 . [T L= 3 M.
| Gl | W T =1 | VE
. L1914 T — Pril ) — T ccos 7| _ Wm . .H
“. .:. 1— ) b.n 99 1 W. w
= e e A = R
\ 6009 . £095 |- AT @
|| 052525 79009
21557 ‘2609 :
s | T = . Z|[ ==l
NN\uwuNm. i £l Qoo . t tHH— 6209 ‘_h 1:\ %me
20097 " r 1| r - dd
s A 5 l =T [ : ﬁ 255
U255 criv /009 A+ ||6es
4 6£09/] | C00%,
_ 6ors 2909\ & \grgs L T
\ .ll ——— et —— — ~I —
h 5219 2162 o] Treosy =
[ 6292 T 1 E
NI 2209 Gigs__ 6015 L 4592 1 croz
t L = £909||6v9C I /592
o 8el9 — 11098209 | riog ! ' = M _ Rzl IWWwW
= 82 = = - = = ar09 92
, RS = s = = - T - cr02
1 N i L IR R =
0109 [m — _ 4 i H1—099¢
j /.
| 709, 0r09 __Tl ] 7 . 2592
' G109 = =7 =\ 9009 __ 8509 L6597
—o¢c/9 = = = = 3 = . H-9p92| %h YW T iwos)
- =g X = = Tm B
. : =] |l-v0es = b 09'9/4
|— 929 . ik I 1 _.lH._ €009 2009 _
| .\ 6/cs || = — 1 ] ! Sy t # 55097
6219 | 9IS - I K e — = — _
vvo\ . s 5765 T o Us09 || 9509 wizoA|
9 %052 ZI09 C0G5-1 /585 wos \esop POEI— 029 €2i51 s0e9-remsr—rosz Ires

AT TORNEY



2,235,803

W. W. CARPENTER

March 18, 1941.

‘TELEPHONE SYSTEM

Filed June 17, 1938

81 Sheets-Sheet 62

; ! . _ j 2162
R - 225 R £065 ] T Sl
#0139 zgc L—s19 omg'eres 2009 L] ¢ 906¢ | |02 .._ﬁ_ .
S05/ T e, ! sz6s—H—H| _ M F7ose S o
J\IWNQ&%W.\.. A g0/ — 59 = Vﬂ\b .NNNh..ll\l. i . \%Wwwmrf_ M
ey 225 - 3 ="5Q S
‘ ) | 629 0p/9 ! 2 ¢ x K
R | L Mless | 1Y — ; 1 M \ 1619 | nn%NM >~
o i 7 . 0308 G i beae X (2
Pal Z. 1. .
ssu %mm xe\wmo@n (6109 2619, 9€19(#19—] 065 N
(9522 |\|2147 90/9]. 15 } - i .
i . = p [ : N
f HMMMM i ”M % 4 ~ dpdndsape e sghob T VNO.O &
7 T 4 il = :: 5002
(22, e ML e 2 e 2a 8009
T . |7 : ==
f — . XY/ 74 7/ .
[5eL_|[5l | /5] _ mew
? H = 22vs
_ : =1 = = . Y009
F 919 =M= == = - == . :
il I ! E F. | a3
o . r ‘ml
T _ iy ) th rly y b 60,
C E = : olns —\\G mw\}_/,w\% =
t 7 & TCeor
ez 219 1L —/ Z \V\Qb
. AP
¥70d T =
877 601 =
I — 1ios Mwmw
\ = — s = . /
|- E= = = = 2 |~
N , : LH— 9279
[ . _ IBL! LI U f L LI 219,500
LY -P / " -4 \
.:\lmvmm “cors ‘2019 5 »w Mw%%%
- 907 - -
L—go// /9 . — . 21661 QN\%\
....... el (%0 4 19019 L ame” 08 1 7o 75057 1"
L T 2! L7 & 4 o L
oess =0 |—ze29 9c29 9l #9”| 80297 ' o297\ Tues 057



2,235,803

W. W, CARPENTER

TELEPHONE SYSTEM

March 18, 1941.

_ $129

: __ _ __ ) . ] n e v
- Immw- — mmv— T —— ——— — ——— II\. = == NQM...WN— 66
w 5165 (565 BIESH €109¢0g% 1585 poco 9085 029| €215 4 Chiorsz il
(1] t - T
\\Iﬂ" =~
3 — L o 1 Treees _ —
= > — ; 3 2
@ sz 'ver0 952 brus obis /2100219 5029 _ o X
m BlLLy JELdy (EELL 6175 \_J Niswoe.
8 7 FzE 0% si29)) Wepaal| /
7 i 2 N1 94921
. — — ws2| W=l 292
@ f—r oS s =z esvel| 1T
C———7 1 _T_ = 0592
Tl T ] === T A RS ™ : T
o Je29( sp19[L029 b p—— E— | = T %0z ;
909" 2109 2629 e == = 1592 || 2592 ps02 s502
@ ——m .JJM_ I b —~ S — . 9592 \
o ‘90¢9 — — > — _ ]
e . [y N ol N
- . L m NWL = n )
7 - 1l £ V20 0€29.., : 7soz_ IIH
M oLl yots \gc29 (5% 629 % bocod waw\\ L
. === _F 1992 099 [ —
8 Tooes Tgoz9 €229, m W riz9 | (199
- = r =3 < = N
.4 = r——— — v p————v .
] Q\nmv \namm. o =) ] ) ~ 7220 = \ \~.
- . S — ¥ HESE——= e £992] ‘992 f—
= oes ews’ Yoeo =] S __.“n._ _Fu.r_ __sosy 9992 569¢ bz
DH . i
{poc9 - £/t — EIEG e 129 J 0129 N
6029 8129 U]_ _A.WJWHH —=]! _ﬂ;
L0890 | [ 2129 =
. 7 o ; == 29914
9zo  ises : — — | 1 IB= : = | .
T \ — e el
— 1 7 v a4 = .
5029 | = ooz%0 L= Py = | I —
A ] I
\ \ / [
17 77

Noeoz

1692 8192 692 ‘og9

INVENTOR
W.W.CARPENTER

_ ATTORNEY

8y



2,235,803

W. W. CARPENTER

March 18, 1941.

TELEPHONE SYSTEM
Filed June 17, 1938

22t

4669

9€29

$0c9—

€219/

$HI9]

8029

2029 5]

) LiBSgcy

T

992 957,

(o p

p219
\\m\%\ s

99| L0g9

170

6577

ecLl| -

21654

9229 ~ pp1¢ U219)

T]

9029 #2229 0219
[ IELL (€642

H
BlLLc0807

‘81 Sheets-Sheet 64

‘|-5084

/
peLL \ oeLL \m\k \ &k\
€cLL FLL IELL 1L

€L

L

/
1
I

7

o

\

- €€€9

N

Th\&k

N6/

-z

€9

i

i)

I-/€€9

L_AAA —

e

>~ /1S

> PEE9

<
> <

an 9029

/uwmﬂ \ oo To%
9

l9oco

NT

\geeo

7

I

\ZiZZ 9029

‘9088
6/¢s, €095

Il

=1

‘ores

6165 o9

poe9

(8129 ,4129

£059

2069

JAE
\0E9

\I8gS

10€9

i

- 00¢€9

6029 |

Lo/z9
£9 9/

/5029

—7

/

/

T
~-L_p

[

/

T

Nos9z

1692 892 6492 ‘0892

INVE N 7' OR

ATTORNEY



2,235,803

W. W. CARPENTER

March 18, 1941.

TELEPHONE SYSTEM

81 Sheets-Sheet 65

—I 164

i

lix

Y

ror9

g1

8/4v

€Ly

20/r9

:_:a

~£0F9

Py
—

— cor9

anEns

|sH

—
—

; ——
—

Filed June 17, 1938

9079
L0¥9

R~

JsHe

Z:—

/1009

—
—_—

Al

A1
S
-y

[aH

82Lp-

INVENTOR
- W.W.CARPENTER

piZy

LY

0249 1
P89
5215

6967

—896/
— 4960
9967

Herer
||-e6r6r

eréy

[-2567 \m f414

i

AT

H-zz6p 00 op6p 4/6V
H HHB\QV
“‘ﬂ\ H—cPesr gl60

—S/6%

o9

[— cl6L

-—p560

5560

— 9560
4560

l— £560

—2960
L— /964

£968
— V960
-— €960

[~ 096/

614

veLw
1744

L7744

=0cLr
SZLy

— 05LP
—2ZLp

=/2L¥r

Yeszp
(6L

res? |1}

88Lr

627111

2Lyt —

\~sesr

19LY—
9/4P—

(9527 _“—onty

e8!

e S

V)44

v9°9/4

ATTORNEY

& SR M




2,235,803

AN g~2199 ,
1799} _ 899 or99! _ N\me ¢
o 7759 189

81 Sheets—Sheet 66

TELEPHONE SYSTEM

W. W. CARPENTER

Filed June 17, 1938

March 18, 1941.

2o vies =T . oz
T = TYNISYYW ﬂd . .
== [E ] : g
T—LHE .M.Jﬁ"ﬂnﬂww\m " p159 nso| | o059 - A
= ——//59 | ‘ _ 1 | o
oson LA rl.ﬂ L7 : e
= J £ - v : e
Ij - 1 ﬂ .
g
{
6159
/249 ,
| = ||| =—| = =| = = | = T _ | T . 0089
11___v 1 Y 1 i U r— Tl | =f
y ——— [ S— ——J y —— [ S— [ — ) p S ]
8055 059 _ 5059, 059 2059, Im
059 1059) , 4
[& h cv ; X _\ ) LX) X3 [ LB 774
6059 2259 0259 - 9059 1269 ; 9ir
| o
. , 120~ ||
L1825, 9ELb,  SELF, PELP\  EELP £/
e s S
1 T i T i
ZELy  [Elp OELr 624 82LP
—Z0c/
4!.»8&
I o) oz9—]
l 2162 59 914 el
| e Y AR . . $2r5
Y. I_

1

INVENTOR
W-W.CARPENTER
AT.TORNEY

=T

T




2,235,803

W. W. CARPENTER

March 18, 1941.

TELEPHONE SYSTEM

- £/997 UH
TVNIOY VI

Filed June 17, 1938

G£99 = €E99 -2£99
. U
B pplate v%.bn_ 1£99 ._m
8 5 0£99
7 stos (Tl LT . S
@ | sz = T
reg 4 P
o= J— 8199 =
i L9199 2199
- |\P799
@ [ gr99
i £ + 1 ¢ -
= = f a et o] . f_
e N R T = B | |
€199 2 L Je : 3 1 34 d
am ||| B5 s % 5 s LN s 2 i
[ 6799 BP99 © 7 — | sarit
_ 6799 9099 ©p0EL T 5699 .mel.,
relr—]
_ v £2/r ]
0799
6094, geLe Yeur 02ir =
, G125 / = ¢
a 199 £t 8000 = . N hM\MM
1;_ =Y | LT === == 1=
[ ?x.\,\\u_&wl\ﬂ L2 : —_ = ——
s 0005 2099111'| 9099 16095,
1799 0i99] TYILTF | cood 000 2099 1099 69)
125c et =] = i el e
/80 V€99 g/59- |—sels EP99 soe = g X N N
T 2r99 799
- o { f £ T 1 ;
geoo T =p1g9 . erLe vy ovlr 6ELp GELE 99 O[S ___ _

W W.CARPENTER

MM

By

ATTORNEY



2,235,803

81 Sheets—Sheet 68

-

W.W. CARPENTER

MM

W. W. CARPENTER
TELEPHONE SYSTEM

Filed June 17, 1938

March 18, 1941.

19 E 819 T 6129
—UT =L 5
= 1.'— by = . . = 5
. —= | 5
. seis 8199y N
[ L3S
T =
279944
i v . , 920/ 207
IRZEAZZ ‘ . L [er02 ool
589 =) Hw\% 0149 6029 _ L t prrraiin
7 B ..lgl ]lﬂ' . . QNNQ\X{‘
0589 l“ ) _ ‘
-qv.z\ukt:ﬁl _ = P =] v reo
T | 149 (Lsess . . v T ~ i
T | . \e20z
N = 1 g - vers
mlﬁum.l _ /#9 8049 2049 1214
os | L ﬁ IB rl_ul .
_ ‘ 1~ = _H _ 1_ £2/9
T m&_w.\ :
N | e (ETZ
L B 24
s o
L2699
—= R -y : : : MM,
] ; : L . = —L 1 | = | e 8/2s
IN_.__DG\%. m ]
1 q|u| Lo L L ql..;
1 1| 5029 &4 [t [ 1 b9 = | 0049
. v [~ 2029 3
%079 = p0£9 €029 T ¥ | | ©49
: tH—0249
|\|||W.“M..W | 5 [ [ [ , 6 3 ¢ & [ H—0504
X 7 7% [T {(li—</¢2
| _¢/90 : §2L9 2229 L 8229° | ‘92,9977 —i ,
6789 —cers 90¢2 - . . mmw
6189 -H—1249 o - 29°9/4 £/199— — 9254,

sy

ATTORNEY

By



2,235,803

W. W. CARPENTER -

March 18, 1941.

TELEPHONE SYSTEM
Filed June 17, 1938

g1 Sheets-Shect 69

i =
e HE—————— 7189 6159 /229 V99 i .
Zea ||| -sers werms €689 f R e s N
, Nm.m.o.HD : 8199 W G
g I« . 2 " =] 299111 ~ 2
6/997 - TYNIYYH - _ — rees 9991 L] T = m
T :  — 5991 Sl N
- /€89 ) ~ P
t =5 . _ Ny - 719911 S8 £ o
0569 . 699 S 0£89 = 0z Q& - ¥
_ . I3 kL
—6/5 " : D N
#1699 N Mm :
. . | [ T T —
-l .| ] »
2889 . mbl — - ) — — e aJ
gy i)
: — |[8° 5 d A —° | gz
— e €799 8689 9eLp
.."n.lﬂ 6689 il
==
—
N | — resr -
.4"___ €ELP- =
. (ELY mmu
: “0€2v50p |[ic2r] Al
g [
_ e et geLr||vig9
9£89 4 6089, 1 L S e —— A
9 D._ momv.ﬁ.l. m BS.L £089—1 Zoe9= S%.I_ 5
T . r— [ - —d . A °
1I.U.Whﬂ : = _J $089 _
— - ) . D
T o 9089 0089 89'9/4
TYNIDSYH .Im ﬂJ - 1 1 } 4 —+ 3 A g ’
.mew, L — 33 ) ) 35— 3] 0SO0cL| eles| H—ues
S04, - Nirg9 org9 _ 2re9 - -
Ir @9 | —z02z \P0eZ \€ofZ 'g0¢Z ‘#Oel

9264



— 202/

2,235,803

81 Sheets-Sheet TO

TELEPHONE SYSTEM
Filed June 17, 1938

W. W. CARPENTER

“WR WY

March 18, 1941.

— 1229 0504w — 'S
?m
N
SQ
| | R
. : # = = e =1 20
- o] | - .. .. L RIS R W.
AAAAAAAAAAAAAAAﬂ, 4]} ¢ MRS L_ — m
- S169 _2169 169 21691 /
QVQVV
Q
; 8079
= = = = |- s8/es
AL L L L 1 i _“: 1L 7069
‘.‘Tﬁ.AA.N ovaue.m | ‘ VA el | ‘ ¢ Q\QV.
. e = ==
.; = % = ; = Hn—ses
,...‘......‘.‘u..ﬁ........‘ —,. e .‘-,‘ﬁ..‘“ --\M.WQ%
w65} 6069 509, Dt
TN T RN )
0179
T = : E= QW | aoso
......THA.A.‘.. <[l fjeile < e 4 qjel4}j¢ ] .._H.._.ll_v 7 5/6v
cOEL €069 1069,
£ . /i
£0€L Goes ] 9/67
g
69 9/ .
=14 = omorr I TE-see

ATTORNEY

~



6278\ 92p8) (Li2L _ 2elL L ££169

2,235,803

81 Sheets—Sheet Tl

TELEPHONE SYSTEM

W. W. CARPENTER
 Filed June 17, 1938

March 18, 1941.

| | %
. YizZ 050l R
7 7 2269 - I x>
I N Qg
2269 GpiLL1i Ny
eee! : A 5
2162~ 215, o 6/69 lozeg g%
il ) ‘ _ —_— SN
LY N C
E TV TTY, _ = : = X
€06/ _ S i = . = N
5550 VIR z _
I ooes ot v _ 1__ _W.ﬁ_ NN N
ot J | P oL @
= Wz 2
90r5:
FEIS:
RE | 9093 821 P - (2255 :
\Q,.ﬁ:. \.. _N.\nk 04N mQ\\N - .
3 EH §Z s204
> : €20L
9Z0s 2 = = | | si0s
_ = — =1} v = 6215 77
| : .
Yy : _ l , _.._W_ LI 920,
J] ,~ L 4# A_ MNQQN 1 1004 L pree
W 1 ,
£0a/ C v20L
2zo2-
73 —9¢€L
m poIL ! v
] 9/iL il ez
Iir : e :
Y IIIYITIANI 5534 [o31-000¢_S$70L_#10z LI 8204
7202 5 o _ 221/
ofos gt |1 || FPrErEaes: : . 269 a2 [
4% 2 | 0s°91
s10.] 500z [— 216/ 0269—T|}— 6169 6205

sy

ATTORNEY

m

WiTY



2,235,803

W. W. CARPENTER

March 18, 1941.

TELEPHONE. SYSTEM
Filed June 17, 1938

81 Sheets—Sheet 72

— —tZorZ . \9gps  \62rs 26/l — R_M X
SPIL P17 o Y
o _mP =g
ores .EM z N
- — N .
1el NC <
5 —1 ZZ~ , = AGNQ Y E-
= = e R N (= = 2162 X W
el : .: . :. _ ‘: 1 S
- les Uhl — : AL 4T # . Al —) = = Q
L : __ _ 1mm) e 7 _ I
- o = : } _
SoiL
170 il P
, = 1> HE,R
HH: Nsers
= : FEER 9008
7777 . /El%
o7 ‘ \\ocrs
612 . O Y¢
BEl7 = - o _
- N ”\ N “Ih“. o .”“n - &l ”hn
oct | €01 lm._ v .= .: L L P .: s
6212 ER (LT
T
¢€1s zolZ
i =212
£l oo (T IHE 7%
/€12 T SO 2067
Ly o2 =] || [ i
. —— L e . S0E7
) 1 oz 0014 [ | 1 YOEL
seig . _qorss  ___suATI] Hpor) 2269
. Pz (T
s2IL £°60/Z 8r// 9067
Y 4 914 £0/Z 2 pil 7067
£2iZ 2017 Fovil 5067




' 2.235.803

W. W. CARPENTER -

March 18, 1941.

TELEPHONE SYSTEM

81 Sheets—Sheet 73,

Filed June 17, 1938

w o
- 1 601/ vm% ]
oclL L90// N b
0c - 20/, TS W
62ld 1190/ o 3
oglt [ ——— I 1150/Z ~qQ o
o8 Y : R | oAl § 5 S
—seil C62//|! ZIE 1| S W ~
2217 eriff | hiZeez| ||} =09 - <
£21Z 157 SY g ¥
+ 9517 . .
= - W \Mv
_IH_.._IIBNN _ P
:Az. ﬁ : :—:; 4 A:A: .:_:H ofjeljalle Lo @
cHiL . ] MR L] 0oz
: 4 i 11 R
vl —I \
0 122/ —~0/22 in
nv.w @awﬁ f 10/ 920¢
HHH geil 182 NN~g/eZ
B 2614 124 ‘ 6022
28 5 — -
Rt el ’ B
) | THEeeiz = : | | 11— 50/4
' "N 14 ) | 1] A
_ _ AN (1057
. (N Y - /1L gu= 67/7
| Uylede gj q |ﬁ { ‘ v _ 6017 Y97,
. orez S %515
£z22/ N . _ 90144
) 202/
Y5574 €£2L
_ 4|4
I I
/€L _ o4 x-/4
o%wn _ _ Vi 4 4324
8%, : L) | e
VEED, , _ vres mh\\ 22
€€9s _ . §£2/1 : #0€2
222/ €12L . gres-
e oee o2z 2L 2/674— yess
‘ 2269— E74 2062 907
b7 £OEZ L—Z067
1664 $0¢Z —g0€7




2,235,803

81 Sheets-Sheet 74

TELEPHONE SYSTEM
Filed June 17, 1838

- W, W. CARPENTER

March 18, 1941.

reas

: ) g1/ m
11 —ccog ZIEZ N
7y 29e4 oonN cv.._
——ECES 12269 o€l TM,L 2
_ pocs g > &
yecl W 3 O
o . y269- 92¢s N 4 N~
snz PIL QOIL C6pIL S0 - W. s
: (6014 [s012 . lepil ~w <
» 0% \ iz HWL%R, 2 T
Josie|[{oniz) <ld NI
HAILA ——s€2, : W
0269 3
X [ H SEEL ; ._“_ﬁu_r_nnﬁ
b i
L L -
rEL — ) ﬂﬁM&
Srel €L =1
roeL oPEL
EPEL Vi dY4 111
evesLd LA N sr7074+H1 |
T =
ewe #1z. 9012. 41z EnE
: %muk. nwmst nmwuk - |K—90¢s
201 .—Nﬂk tvk ] H—Z0€Z
By ,_ _ 1 \: o 505/
N VY 6/69, £2£5, 10€Z,
T
4 efedatas
_ B zsbl
WAL
Iylqietlelqiqly E/ ﬁ/d/\m.k £/69
\ 02
(T F{V]
2del \ \eeel
el
i
£ Yees  \eees
0EEL €12/ s | e . .
62621 9122} (o)) _M._ T o/67 & 914
826/ s1ZZ-11 .
2264 el ores




2,235,803

TELEPHONE SYSTEM
Filed June 17, 1838

W. W. CARPENTER

March 18, 1941.

K e9s ‘el
occs H—e/2z €164 o0£gL
62¢7 9127 9/€Z 6254
82es I /7 82¢s
226/ 512/ 5157 ["22¢2

INVENTOR
WW.CARPEN TER

‘\AAQRfV“§r<QA~A~£A%

0czs? | 19225

rees- -
\M.Nh.w w m mm.NNm.
6228’ 4229

T
1T
Ty

81 Sheets-Sheet 75

PIEZ ] (€led

s1€ 91/
= = = = vzl | | eral
v a ? 5 :nhn =W = = ?wu\ _Sw\,
4jefell«¢ Q“N v .A d|lj<i|« QM.VN 44 je bm;‘k LSIERIRS AVM.VN
. i = u -
x| =
_ | a a_wm_l::&
. qdlle|qa]|

£ E 1]
._u.lﬂlq?« [(zerz _ sevs
. . 4

v Ol

AT TORNEY

By



' 2,235,803

81 Sheets-Sheet 76

TELEPHONE SYSTEM

W. W. CARPENTER
Filed June 17, 1938

March 18, 1941.

FE= ==
1 p {
g2es ezl 2265 €os oces R.M
oced ogzs Ay 19984 mm.,_
62€L 8225 e 2 :
82EL 922§ 6226~ Wy
[2zEe [ pezs - va z
== == ‘2oes W g
22 . W &
, : .. : eeos V\M
‘/ees  6zzs  ‘zzs zzg : Q
: : Gzes
CIEZ [ YIEZ]  prez .
e \sres V2L
_ YRIE2N e h
_ S = = Wp
. — <tfelle AWTNWMK\ LF F‘\N\“&QM@N L\— fjee l.a- < ‘ afj« QQ.«;N .
: : C61E7 \_ o154 W £0S¢ o
615 034 6052 905/ §
1= = 1= ES
sjeljelle sljafe]ja . €]t l.l L4ERIR] lAl 4 4 L]
€ESL 1652 . €054 1052
_\w\& _ ,
$082
$4 94 Yoss
se22-| co9]
9ELL

AT TORNEY




12,235,803

March 18, 1941.

W, W, CARPENTER

TELEPHONE SYSTEM
Filed June 17, 1938

81 Sheets-Sheet T7

o~

9ELL]
£094

(2094

A

SELS\

#09¢;

U095

10894

8094

0094

N

_ ~ lecro
ZE19

hm. 09/

9/ 9l

CINVENTOR -
W.W.CARPENTER

ST 2y
ATTORNEY

8y



2,235,803

W. W. CARPENTER

March 18, 1941.

* TELEPHONE SYSTEM

81 Sheets-Sheet T8

. Filed June 17, 1938

= N
oL
|4H.___ —T] 5 iy W
%k”ﬂ. 8047 20477~
o — )
e ‘Ir
.ﬂ“p-lm =g |
= m
.mmu\eek
| {= s0.
- 01z
ﬂ__ mw, 2
v W Bl D B
el | 2042
A
J 7
) , ~~1N6L4
: _ $9/7
002z, 5655
0044 9€L4
2977
0555
2977 .
Y. _ogs/ 1944 6944
H—rg77 2224 r1l4 17977
6877 J77Z 6427 €777 9977
8877 6777 0844 Vs222 || 1222 | Fo9zz

RNEY

m .
R N
22444 o
G627 ~
v sl | &
24 914 0844 VM FR
6222 2 EN
9€LL ~ W " g
(4t W
o = ge/s >
09241 <9577
2577
9572
- 57 V777
IWVYS 321440 QGO-1 M. “MM
L
9L 5 L 555s
mg/7
ilklua\nwk
=r5ss
647
Q77
| 9247
| £ £377
. <_ /147
loass
T
|pess
eui
0€22
6377
82/l
2247 -
9277
cc/7 122
1 L pgrz Lorzz
L1 £2/7 - Leizz] -
| FZezzt—0642: 1L 1122




2,235,803

81 Sheets-Sheet T9

TELEPHONE SYSTEM

W. W. CARPENTER
Filed June 17, 1938

ATTORNEY

March 18, 1941.

8844 0982 §56L 794 ] |
§844 [ 6584 ..kk/ elis : mw.ot .:\--.”nnnmwwm p 1.} osss FDru_
[Tz | [ ey |[Essd A oS
E R 84 - L1y
| L = &= mnﬁnD._/__ = .nHwam uunnnummm e mmm 122 m%
i et osss\ bzos 3 _uNE.F.Wv 592 1E252 ) pegs prL .W._R
z - |-0eL4 8282 |_sze< =22 st \ Y4 162216122 X =
= T ((eelz ARSI
9844 L H W W
p4-794 ’ W
(77 - A
‘eels =668 = Q w
Tyl D } . = _ = \gu
e W = | r._ [_ AAAA ARAAAA AR L LA AL AN T \DElLL
z8ss | r28L Dr_ﬂ [ — =1 ) ¢ : . ,7_ inl ,_‘ il o
—-¢0/7 |[ecoz 228/ 1284 # ‘E\ 1 Any 1/ AAL 104 t4l4 liqlq U484 11 2184
=1 = 4 = B il H I e b LI LEL
= = L —=} 1| o8z
Nozez . 3
-4y 72 ’ : A
Rz N A W._ 6164
| A 084 : v |- .
]. A A7 % \gﬁ‘ = ‘gy =X
) 1 )
. T = €184
S984 1 D —u!
Hil| i \ﬁ.éa\ 17
. A A5AA E Y E e I\
T .@ = : = €87 e |
] [:[i;ﬂ 111 Thoss | (=A== .
5082 GrA R, . . | 27827 \ugz ,;: orsz
. = 408/ h_ ~998/ _ 2r8L] rﬁm_r:, .
_ gog- = e 898 £ vy
| B 7

__cosz  \z08z ) ~~/692
L==r'= — 1 992
/| T L ey \ —e

»
] 7 : T} 6192
19670 ereT BB Ve orEr T 9584 Yoos  ises (zses ocerY 056L 0692” -0g9z

= t | 6982 = P%M = 74 ..Q\..l
QO0—— A \ ﬂ mm 3 08l | = | :
Gmm\_ul.oomk WYY YONIW | n.EL J . . L_U\ o
A




W. W. CARPENTER

2,235,803

March 18, 1941.

81 Sheets-Sheet 80

TELEPHONE SYSTEM
Filed June 17, 1938

[ oPES

SJOLVIIGNI FT78N10YL

64 '9/4

A , “ , o«
,.MQQ%\*\_ —\NQQQ : mNmkl\\— —9/6/ K\Nkb ) _ m
N
o 1 IR
19 HOLYIIGNI TTENOUL S——— bl - _ , _ . Mwm
. 40 L — a—s IFIIIIIIII - NA
. ANIWJINDI INIGHOITY —_————— — ) |_| l_ /M
i €164 : i 3 E
S | || === || _ —=7F| " N
) = . . I?ul..thN _ O\ 9P oS
e . W» === _ Ilolulﬂﬁ&m |||OI||IM\VQW
wtFn I = | ,.lllvlnwna,ﬁww == Hﬁ% |
€06, 1062 ooec _ .Iluallrr,,lqmﬁ _ _ L
...QQQN h.. . _ |o|v|4eadw4| — _ IolmHmH _
. = =N/ . [ ... ——r™
a = U=
= ﬂ% L —— |l U—= il
N -
NQM..N v|= 6062 lllolpdimw.wﬂ _ _ Io.lnﬂwwﬂmwun __
NES T IT T =g || _ —= _
. = . ! ———21530 i —— 58 _
E. | |eowm = nee L S _ | lll% __
ISR = s 1
coed | ERRr=real i |
Ee0p | [USES [TIEEST| OERS L ere , ro6s 1264~ el 06, 026l | |2z
. . } - : g
J LIN2YID : w\&\_ , ,

I 4

W MATanamtst
. ATTORNEY .



p .
5 .
SN

J

‘F

i

R S
NS
; ‘b %‘

_.t_.__.._.-_f_--__-fl . :
———— — s s )

L]

~ March 18, 1941. W. W. CARPENTER
TELEPHONE SYSTEM

99
N ISlsfs
o SN
N
: N
;___k..__.__.._

INVENTOR
| o, WWCARPENTER |
| ‘ | | \Aﬂ;ﬁ,muqzlakﬂ~ﬂzr. |
o o . ATTORNEY ;



<t

bl
<

nx
c a3

" ‘eonnection to one of these.

58

Patented Mar. 18, 1941
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 TELEPHONE SYSTEM

‘Warren W. Carpenter, Garden City, N. Y., assignor
to Bell Telephone Laboratories, Incorporated,
New York, N. Y., a corporation of New York

Application June 17, 1938, Serial No. 214,356

35 Claims.

This invention relates to telephone systems and
particularly to systems in which sutomatic
switching equipment is employed for the estab-
lishment of conversational connections.

The objects of the invention are to obtain a
more uniform and more efficient use of the trunks
comprising the different groups provided for the
service of calls; to reduce the likelihood of a ‘call
falling for any reason, such as a trouble condi-
tion or the busy condition of the trunks or other
circuits over which it i1s desired to extend the
eall; to enable the controlling equipments to
make successive trials to serve a call and in a
manner consistent with the most efficlent use of
said equipments; to economize in the amount of
equipment used by permitting its use simultane-
ously on different calls; and otherwise to secure
improvements and advantages in systems of this
character. ) : :

‘Systems have been devised heretofore in which
connections are directively extended from calling
lines to outgoing trunks by means of selective
switching stages comprising a plurality of serlally
related cross-bar switches and connecting links,
in which one of a number of common register
senders receives and registers the digital im-
pulses from the calling subscriber’s dial and
transfers a portion of the registered -designation
to an idle one of a plurality of decoding and con-
trolling mechanisms called markers, in which the
marker tests the desired trunk group and the
links interconnecting the successive cross-bar
switches and then selectively operates these
switches to extend the calling line through the
switches and links to the chosen idle trunk in
the group, in which the sender releases from
the marker as soon as the latter has chosen an
idle trunk and before it has completed its control
of the switches in order that the marker may be
seized by another sender for a new call, In which
the marker releases itself as soon as it has fully
completed its functions, and in which the sender
remains associated with the extended connection
and controls the further extension of the con-
nection at the distant end of the trunk and then
releases itself. In case the trunks that lead
directly to the desired destination are all busy
the marker then makes a test of a second group
of trunks, that may be provided as an alternate
route for the call, and, if they are all busy, it
then tests the overflow trunks and sets up the
Also, if the marker
encounters trouble before it is disconnected from
the sender, the sender releases it and again
seizes & marker which now attempts to route the

(CI. 179—18)

call over & trunk in the alternate route group.
In case the second-trial marker similarly en-
counters trouble, the sender releases it and again

calls in a marker which proceeds at once to route

the call to an overflow trunk. A system of this
kind is disclosed in the patent to Carpenter, No.
2,093,117, of September 14, 1937, .

A feature of the present invention is-a system .

of the same general character as the one dis-
closed in sald Carpenter patent having-the ad-
vantage that a marker, which for any reason

10

ceases at any stage to progress with the perform- -

ance of its functions of extending the call, can
notify the sender of this condition and release,
whereby the sender proceeds sgain to call in one
of the markers for a new trial. )

A related feature is an arrangement whereby
the marker, on encountering a trouble condition

which prevents it from proceeding, is capable of’

sending a trouble signal to the sender whether
" the trouble is encountered before or affer the
regularly established connection between the
sender and marker has been released.
A further related feature and one that will be
explained more fully hereinafter is an arrange-
ment in which the marker sends & signal to the
sender, notifying the latier that a mnew trial
should be made, in the event the marker is un-
able to proceed in the establishment of the con-
nection because all available circuits are engaged,
‘the marker being capable of giving the sender
this notification either before or after the regular
connection between them is severed. . '
Another feature of the invention is a system
in which the marker, having been seized by a
sender in response to & call, and having pro-
gressed to a certain stage in its operations, is
.dismissed by the first sender and may then be
seized by a second sender to begin again its cycle
of operations for the purpose of controlling the
extension of a second call while it is still com-
pleting. its control of the extension of the first-
mentioned call, in which the marker is arranged
to transmit & signal indication to the first sender
in the event the marker fails to continue its
_progress in connection with the first call after
having been dismissed by the flrst sender, and
“in which the sender on receiving such a signal
from the marker is arranged to make a second
attempt to serve.the first-mentioned cail. Fur-
thermore, the system incorporating this feature is
so arranged that the marker, failing to continue
its functions with respect to either of the two
calls it may be serving simultaneously, is able
to transmit & signal to the corresponding one
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of the senders may initiate a second trial.

The foregoing features of invention are incor-
porated in a system in which any one of the
markers, having been seized by a sender through
a marker connector, and having received from
the gender the information concerning the call,
and having successfully completed a certain part
of the functions required of it in connection with
said call, is released from sald sender by way of
the marker connector in order that a second
sender may seize said marker and transmit there-
to the information for a second call while the
marker is still operating to set the switches for
the first call, in which the marker may at any
time, either before it has heen disconnected from
the sender by way of the marker connector or
thereafter, send a trouble release signal to the
sender if the marker encounters trouble or for
any other reason falls to progress in its normal
controlling operations. If the failure occurs be-
fore the sender has released its direct connection
to the marker, the marker sends the signal to the
'sender by way of this direct connection through
the marker connector, but, if the failure occurs
after this connection has been severed, the marker
the sends its trouble release signal by way of the
calling district trunk eircuit, to which it remains
connected until it has substantially completed all
of its functions in connection with the call, and by
way of the sender selector to the sender, which
‘also remains connected to the calling trunk
throughout this entire period. When the sender
receives this trouble release signal from- the
marker, it releases the marker at once, if it has
not already done so, and seizes again one of the
markers for g second trial. Similarly, if the sec-
ond marker fails to progress to the completion
of its operations, it sends a trouble release sig-
nal to the sender, the sender releases the marker,
if it has not already done so, and seizes again one
of said markers for a third trial, this time the
attempt being made only to extend the connec-
tion to an overflow signal trunk. This arrange-
ment economizes in the marker holding time by
permitting the marker to function simultaneously
on two different calls and yet provides a channel
whereby the marker can at any time signal the

. sender from which it received its information con-

cerning the first call in case the marker fails
to complete the connection, thereby making it
possible for the sender {0 conduct the desired
second and third trials before the call is per-
mitted to fail. As will appear more fully herein-
after, the marker’s failure to complete the con-
nection either on the first or second trials may
result not only from the fact that the marker
encounters trouble at some stage in its opera-
tion, but also from the fact that all trunks tested
are busy at the time, and also from the fact that

‘all link paths available for extending the call to

an idle trunk are found busy at the time they
are tested.

A further feature, and one alluded to above is
a system in which the marker on a first trial
first tests the trunks of the direct group leading

to the called office, then the trunks of an alter-

nate-route group, and then the trunks of an
overflow signal group, and, if all of the trunks
tested in these groups are busy, the marker sig-

nals the sender, the marker is dismissed, and

the sender again seizes one of the markers and a
second trial is made to find an idle trunk. On
the second trial the marker first tests the alter-
nate-route trunks, and if these are all busy, it

) 2,235,803
of the two senders, whereby either one or both

then tests the overflow trunks. In case all over-
flow trunks are busy, a signal is sent to the sender,
the marker is released, and the sender again calls
in a marker for a third trial. On the third trial
the marker omits both the direct and alternate-
route trunks and proceeds to test the overflow
trunks and to extend the call o an Idle one of
these overflow trunks. s

A still further feature, referred to above, is a
system in which the marker flrst makes a test
of the trunks over which it is desired to extend
the call and, on finding an idle one of these
trunks, then proceeds to make a matching test
of the several link paths that can serve to extend
the calling circuit through the successive switches,
such as the district and office selectors, and in
which the marker, on failing to find one of these

"link paths available, meaning that the connec-

tion cannot be completed to the selected idle
trunk, sends a signal to the sender, and the
sender thereupon proceeds to make another trial.
Since the sender disconnects itself from the
marker by way of the marker connector as soon
as the marker has proceeded in its operation to
the point where trunk test is completed, the sig-
nal which the marker sends o the sender when,
later, it finds all link paths busy must be trans-
mitted by way of the calling distriet trunk, to
which both the marker and the sender are con-
nected at this time.

Another feature of the invention is a system in
which a direct-route group of trunks is provided
for each of the distant called offices in the area,
in which alternate-route groups are provided for
reaching some of these offices in case the direct
group is busy, in which the marker making the
first trial first tests the trunks of the direct
group and then the {runks of the alternate group
if an alternate group is provided, and in which
the marker making a second frial first tests the
trunks of the alternate group if one is provided,
but, in case no alternate-route group is pro-
vided, the marker making the second trial again
tests the trunks of the direct group in an effort
to find an idle one. )

Another feature is a system in which a marker
is seized by the sender in the originating office
to make a second trial in case the call, having
first been extended over a direct-route trunk to
the terminating office equipment, fails to progress
due to trouble or busy conditions, the second-
trial marker proceeding at once to test the alter-
nate-route trunks and to extend the call over
an idle one of these trunks by way of the tandem
center. TUnder this condition the terminating
equipment, which may be located in the distant
called office, failing to complete the call to the
wanted line, sends a signal back to the sender
in the originating office. The sender then calls
in a marker for a second trial and notifies the
marker to ignore the direct route and to attempt
to establish the connection this time by way of
the alternate route through the tandem point.

Referring now to the drawings:

Figs. 3 to 9, inclusive, when taken in the order

shown in Fig. 1, disclose schematically the man-
ner in which & connection is established over a
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telephone exchange system embodying the fea- -

tures of this invention;

Fig. 3 shows certain of the primary and sec-
ondary line switches and the line link control
circuit of one line link frame, together with a

subscriber station and subscriber lines connected -

to the primary switches, line links interconnect-
ing the primary and secondary switches, and



10

20

25

30

35

40

60

i

2,335,803 o ,
“frames, odd and even numbered, and their con-

district junctors extending from the secondary
switches; - )

Pig. 4 shows certain of the primary and sec-
ondary district switches of one district link
frame, together with district junctors connected
to the primary switches and: exftending from
several line link frames and to an associated
sender link frame, district links interconnecting
the primary and secondary switches, and office
junctors extending from the secondary switches;

Fig. 5 shows certain of the primary and sec-
ondary sender link switches and the sender link
control circult of the sender link frame which

is associated with the above district frame, to- .

gether ‘with district junctors connected to the
primary switches and extending from the dis-
trict link frame and from several line link frames,
sender links inferconnecting the primary and

secondary switches, and conductors extending to -

a group of subscriber senders;

Fig. 6 shows certain of the primary and sec-
ondary office switches of one office link frame,
together with office junctors connected to the

‘primary switches and extending from several

district link frames, office links interconnecting
the primary and secondary switches, and out-
going trunks - extending from the secondary
switches; ' . '
Fig. 7 shows several subscriber. sender and
originating decoder marker circuits, and cer-
tain relays of the sender, district frame and office
frame connector circults which serve to con-
nect the decoder marker to the senders and to
the switch magnets, junctors, links and ocutgoing
trunks of the district and office link frames. For
brevity, the subscriber sender and the decoder
marker circuits will hereinafter be referred to
as the sender and the marker, respectively;
Fig. 8 and Fig.' 9 show various types of tan-
dem and terminating ecircuits associated with

the distant ends of outgoing trunks extending -

from office link frames, with subscriber stations
to which calls may be established;

Figs. 10 to 80, inclusive, when taken in the
order shown in Fig. 2, show in detail those por-
tions of the various circuits referred to above,
which are necessary for a complete description
of the various functions performed; .

Figs. 10 to 19, inclusive, show one line link
frame with the group and control circuits:

Figs. 20 to 24, Inclusive, show one sender link
frame and sender link control circuit;

Fig, 25 shows one district junctor:

Fig. 26 shows one district link frame and ifs

3 econnector circuits;

Figs. 27 and 28 show zone registration eaquin-
ment used in connection with district junctors

for multiple charging on subscriber line message .
 registers for calls beyond the local single charge

area; . :
Figs. 29 to 43. inclusive, with either Figs. 44A

and 45A, or 44B and 45B. show one subscriber

sender, Figs. 44B and 45B being used in equip-
ments arranged for monitoring by an operator
in case of partial dialing by subscribers or in
case of senders stuck on account of trouble, and
Figs. 44A and 45A being used in equipments where
such conditions are cared for automatically;

PFigs. 46 to 48, inclusive, show a marker con-
nector for connecting a subgroup of ten senders
to markers as required;, :

Figs. 49 to 76, inclusive
marker; - -

Figs. T and 78 show a pair of office link

'show one originating

‘and the fixed spring.

nector circuits; and = -

Figs. 79 and 80 show a portion of the trouble
indicator circuit and certain connecting relays
of the marker circuit. -

GENERAL DESCRIPTION OF SYSTEM

Figs. 3 to 17, Inclusive, show diagrammatically
the originating equipment in a cross-bar cen-
tral office by means of which calling lines "in
the office obtain access to the different types
of called central offices, reached in some cases
through tandem offices, located in the exchange
area with the originating cross-bar office, and
also to the different types of operators’ posi-
tions located in the originating cross-bar office
itself. These called offices and operators’ posi-
tions are illustrated in Figs. 8 and 9. The ter-
minating equipment for the cross-bar office, rep-

" resented by Pigs. 3 to 7, is not shown in detail

in the present disclosure. It is the same, how-
ever, as the terminating equipment of the called
cross-bar office illustrated briefly in the upper

‘part of Fig. 8. For a complete disclosure of the
terminating equipment suitable for use in these’

cross-bar offices, reference is made to the patent

-to Carpenter, No. 2,089,921, granted August 10,

1937.
The switches shown in Figs. 3, 4,5 and 6 and in

‘the upper right corner of Fig. 8, and also those

{llustrated in Figs. 10, 20, 26, 28, 32 and 33,
and 78, are of the cross-bar type and consist
briefly of a plurality of sets of contacts arranged
in horizontal levels and vertical files. Associated
with each horizontal level of contact sets is a
horizontal operating magnet, not shown, here-
inafter referred to as a select magnet, under
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control of which the contact sets of that level -

are prepared for operation. Associated with each
verticel file of contact sets is a vertical operat-
ing magnet, not shown, hereinafter referred to
as a hold magnet, under control of which any
one set of contacts in that file, after being pre-
pared for operating by the operation of ifs re-

‘spective select magnet, is caused to close and
- remain in the closed” position under conirol of

the operated hold magnet. - For example, switch
314 on Fig. 3 has two hundred sets of contacts
arranged in ten horizontal levels and twenty ver-
tical files. Each contact set consists of four or
five contacts, and each contact consists of two
springs which may be termed the moving spring
When a contact set is
closed each of its moving springs makes. elec-

trical contact with its mated fixed spring. Cor- j5;

responding moving springs in the ten contact sets
of the left-hand file of switch 314 are multipled

‘ together and connected to the four or flve wires

associated with subscriber line 38, and the
moving springs of nineteen other files are sim-
flarly connected to . nineteen other subscriber
lines. Corresponding fixed springs in the twenty
contact sets of the top level of switch 214 are
multipled together and connected, through a sim-
{lar multiple of switch 315, to the four or ilve

wires assoclated with line link 322, and the fixed . - :
springs of the nine other levels are similarly-

connected to nine other line links. If the select
magnet associated with the top level is operated,
and then the hold magnet associated with the
left-hand file is operated, the top left-hand con-
tact set will close and connect subscriber line
318 and line link 322 together. The select mag-
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net is then released, but the hold magnet is kept.:

energized as long as it is desired to maintain
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the connection between the subscriber line and
the line link. When the select magnet has been
released, another select magnet and another hold
magnet may be operated to connect another sub-
scriber line to another line link, and this proc-
ess may be continued until all ten line links
are connected to ten subscriber lines.
more detailed explanation of the construction
and operation of one suitable form of cross-bar
switch, reference may be had to the patent to
Reynolds 2,021,329 of November 19, 1935. It
will be understood, of course, that any of the
numerous types of cross-bar switch structures
of the prior art may be used as the switching
medium in this system.

The subscriber lines are arranged in groups
which may vary in size, say, from two hundred to
seven hundred lines each, the size of the group
depending upon the relative activity of the lines
in the group. Each group of lines is served, for
the purposes of both originating and terminating
calls, by the line switches and line link control
circuit of one line link frame such as shown in
Fig. 3. These provide for connecting any line
of the group, upon the origination of a call over
that line, to a district link frame circuit such as
shown in Pig. 4 and to a sender link frame cir-
cuit such as shown in Fig. 5. They also provide
for connecting any line of the group, when that
line is called from a distant point, to a line junctor
and thence through an incoming link frame to
the distant point. The completion of these calls
to called lines is, as above mentioned, the func-
tion of the terminating equipment of the office,
suitable equipment for this purpose being fully
disclosed and dsecribed in the said patent to
Carpenter, No. 2,089,921.

The primary switches of a line link frame, such
as switches 304 to 315, inclusive, are arranged in
ten horizontal rows, of which only the two lower
and two upper rows are shown. Each row con-
tains from one to four switches, of which two and
part of a third are shown with twenty vertical
files in each switch, except perhaps one switch
in each row may have only ten flles, so that each
row contains from twenty to seventy files, and the
ten rows from two hundred fo seven hundred
files, Each separate flle is connected to a sub-
scriber line, such as lines 317 and 318, and each
iine terminates in one or more subscriber sta-
tions, such as station 316. )

The line link frame has ten secondary line
switches of which the two lower switches 323 and
324, and the two upper switches 325 and 326, are
shown. Each switch has twenty vertical files, of
which ten are connected to line junctors such as
junctors 327 extending to incoming link frames
for terminating calls, and ten are connected to
district junctors such as junctors 335 extending
to district link frames and sender link frames for
originating calls. The ten district junctors con-

nected to one switch form a subgroup, such as’

subgroups 332 to 335, inclusive, and the ten sub-
groups are combined in pairs to make five groups,
each group being connected to two adjacent

switches and extending to one district link frame

and its associated sender link frame, but no two
groups extend to the same district link frame and
its associated sender link frame. Each group of
twenty junctors may be multipled to several line
link frames, as indicated by the multiple taps 330
and 331, but the several groups of junctors are
multipled to different line link frames so that as
far as possible no two line link frames use more
than one group of junctors in common,

©
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Each primary or secondary line switch has ten
horizontal levels. Corresponding levels in all
vrimary switches in one horizontal row are multi-
pled together. The levels of the primary and sec-
ondary switches are interconnected by one hun-
dred line links such as links 39 to 322, inclusive,
and these are distributed so that there is one
link from each horizontal row of primary switches
to each secondary switch. Thus primary switches
304, 305 and 306 are connected by link 319 to sec-
ondary switch 323; by link 320 to secondary switch
326; and by intermediate links, not shown, to the
intermediate secondary switches. By this dis-
tribution every subscriber line is given access to
every one of the one hundred district. junctors
connected . to the line link frame on which it
appears.

The line link control circuit 300 of the line

link frame controls the operation of the select and

hold magnets of the primary and secondary line
switches, acting in conjunction with a sender
link control circuit such as 500 in Fig. 5, to estab-
lish a connection between a calling subscriber
station, an idle district junctor and an idle sender,
over an idle line link and an idle sender link such
as shown in Fig. 5, To permit this combined ac-~
tion the line link control circuit 380 is connected,
as indicated by line 30i, to the sender link con-
trol circuit 500 of that particular sender link
frame to which- are connected the group of
twenty district junctors 332 and 333 extended
from the secondary line switches 323 and 324, and,
as indicated by the multiple tap 302, the line link
control circuits of all other line link frames which
multiple to district junctors 332 and 333 also
connect to that sender link control circuit. Line
link control circuit 300 is also connected as indi-
cated by the four lines 803 to the sender link con-
trol circuits of the four other sender link frames
to which are connected the four other groups of
twenty district junctors extended from secondary
switches on this line link frame.

A district link frame such as the one shown in
Fig. 4 has ten primary and ten secondary cross-
bar switches, each with ten horizontal levels and
twenty vertical flles of contact sets, The two
lower primary switches 404 and 405, the two up-
per primary switches 406 and 407, the two lower
secondary switches 416 and 4{7, and the two up-
per secondary switches 418 and 419, are shown.

To the ten levels of each primary district switch
are connected the ten district junctors of one
subgroup, and to a pair of adjacent switches as
404 and 405 are connected two subgroups such
as 332 and 333 forming one group of twenty dis-
trict junctors extending from a pair of adjacent
secondary line switches on each of several line

"link frames. To the four other pairs of primary

switches are connected four other groups of
twenty district junctors extended from other line
link frames. Each- district junctor has trans-
mission and supervisory equipment such as equip-
ments 400 to 403, inclusive.

The twenty vertical flles of each secondary
district switch are connected to office junctors
such as junctors 420 to 435, inclusive, extending
to office link frames. Each secondary switch is
divided by its horizontal strapping into a left
half and a right half, although so far as the
mechanical action of the switch and its magnets
is concerned there is no division. The distribu-
tion of office junctors varies according, to the
number of office link frames required, but the
arrangement shown is one suitable for ten office

link frames. The twenty office junctors con- 7
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5 518 to 521, inclusive.
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nected to the left-hand file of each half ‘switch,
of which junctors 420 to 421, inclusive, are shown,
extend to one office link frame. such as the one
shown in Fig. 6. Similarly, each twenty corre-
sponding files in the twenty half switches are
connected to junctors extending to a different
office link frame. .

The vertical files of the primary district
switches and the levels of the secondary half
switches are interconnected. by two hundred dis-
trict links such:as links 408 to 415, inclusive, and
these are distributed so that there is one link
from each primary switch to each secondary half
switch. Thus primary switch 404 is connected
by links 408 and 409 to the halves of secondary
switch 416, by.links 410 and 441 to the halves of
secondary switch 419, and by intermediate links,
not shown, to the intermediate secondary
By this distribution -every district
junctor is given access to every one of the two
hundred office junctors connected to the district
link frame on which it appears and so to every.
office frame. = | ’

A sender link frame such as the one shown in
Fig. 5 is definitely and exclusively associated with
each district link frame such as the one shown
in Fig. 4, for the purpose of connecting district
junctors to senders while connections are being
established from subscriber lines. The circuit
from district junctor to sender consists of eight
wires and it is connected up through two sets of
contacts, of four contacts per set, on a pair of
primary cross-bar switches, and two similar sets
of contacts in different sections of one secondary

- switch. A sender link frame has five pairs of

primary ‘switches and five secondary switches,
each switch with ten horizontal levels and twenty
vertical files of contact sets. The bottom pair of .
primary switches 502¢ and 5020, the top pair
of primaries 583¢ and 503b, the bottom secondary
switch 512 and the top secondary 513, are shown.
To the vertical files of each pair of primary
sender link switches such as switches 502a and
502b are connected the twenty district junctors
of one group such as junctors 332 and 333, four
wires of each junctor connecting to a file on each
switch of the pair. .
Each secondary sender link switch is divided
by its horizontal strapping into four sections, al-
though so far as the mechanical action of the
switch and its magnets is concerned there is no
division. The quarter levels are connected to
subscriber senders such as shown on Fig. 7, two
quarter levels per sender, there being a total of
one hundred senders in.the group, divided into
ten subgroups of ten senders each. For example,
the bottom levels in the left outer and right inner
sections of switch 512 are connected as indicated
by line 514 to sender 102, the top levels in the
same sections by line 515 to serider 103, and the
intermediate levels in the same sections to eight

other senders in the same subgroup of ten. Thus .

each secondary switch is connected to two sub-
groups of ten senders as indicated by the lines
The entire group of one
hundred senders is multiple to all sender link
frames associated with' the group of senders, as
indicated by the multiple taps 516 and 511.

The horizontal levels of the primary sender
link switches and the vertical files of the second-
ary switches are interconnected by fifty sender
links, each link consisting of two parts as 504a

and 504b, of four wires each. The links are dis- -

tributed so that there is one link from each pair

of primary switches to each half of each second-*

f 5
ary switch. Thus primary switches ‘§02a¢ and
$02b are connected by links 504c—504b and
.506a—S506b to secondary switch 812, by links
§050—505b and 50Ta—501b to secondary swiuc.l
513, and by intermediate links, not shown, to the
intermediate secondary switches. By this dis-
tribution every district junctor is given access to

" every one of the one hundred senders.

The sender link control circuit 508 of the send-
.er link frame controls the operation of the select
and hold magnets of the primary and secondary

sender link switches, acting in conjunction with

a line link control circuit as described above. It
is.connected as indicated by line 301 with the
line link control circuits of all line link frames
_which connect to the district junctors appearing
on the bottom pair of primary switches in its
frame, and as indicated by lines §01 to the line
link control.circuits of all line link frames which
connect to the district junctors appearing on the

- four other pairs of primary switches in its frame.

_An office link frame such as the ‘one shown in
Fig. 6 has ten primary and ten secondary Cross-
bar switches, each with ten horiZontal levels and
twenty vertical files of contact sets. The two
lower primary switches 600 and 601, the two up-
per primaries 602 and 603, the two lower second-
ary switches 612 and 613, and the two upper sec-
ondary switches 614 and 615, are shown.

The vertical files of the primary office switches
are connected to two hundred office junctors ex-
tended from' district link frames. Each primary
switch is divided by its horizontal strapping into
a left half and a right half, although so far as
the mechanical action of the switch and its mag-
nets is concerned there is no -division. The dis-
tribution of office junctors varies with local con-
ditions, but with the arrangement illustrated each
group of twenty junctors from a particular dis-
trict link frame is distributed over the twenty
primary half switches, connecting to a file in the
same location on each switch. Thus junctors
420 to 421, inclusive, forming part of such a
group, connect to the left-hand file on each half
of switches 600 to 603, inclusive. .

The horizontal levels of the secondary office
switches are connected-to outgoing frunks such as
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trunks 616 to 631, inclusive, extending to distant

central offices or to tandem, or to terminating

. equipment in the same central office. The strap-
ping of some of the levels may be split in the
middle and the half levels connected to . two
trunks such as trunks 616 and 620, and other
levels may be not split but connected to one trunk
such as trunk 624. In regard to splitting or not
splitting, the levels are taken in pairs and each
pair is treated alike in all ten switches,
if the two lower levels are split they are split in
all switches, while if the two upper levels are
strapped straight through they are so strapped
in all switches, as shown in Fig. 6. In general,
large trunk groups are connected to non-split
levels and small trunk groups to split levels, the
large groups being more efficiently loaded and
therefore requiring greater facilities for connect-
ing to each of them.

Outgoing trunks are tested by the marker in
groups of forty, a test group usually comprising
several trunk groups of various sizes extending to
various destinations, with the trunks of ‘any one
trunk group ‘collected togetherin some part of the

test group of forty trunks. The twenty even-num--

bered trunks of a test group are connected to the
secondary switches of an even-numbered office
link frame, and the twenty odd-numbered trunks
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to the switches of the next odd-numbered frame.
The trunks of a test group are so distributed that
those of any particular trunk group will be di-
vided evenly between odd and even frames, be-
tween odd and even switch levels, and between
left and right half levels if the levels are split,
and will be spread over as many switches as pos-
sible. : .
Assuming that frame 0 is the oné shown in
Fig. 6, frame | will be wired the same. Of one
test group of forty trunks appearing in the two
lower levels of each switch, which are split, trunk
0 is represented by line 616, trunk 2 by line 6i7,
trunk {6 by line 618, trunk 18 by line 619, trunk
20 by line 620, trunk 22 by line 621, trunk 36 by

-line 622, and trunk 38 by line 623. 'Trunks f, 3,

17, 19, 21, 23, 371 and 39 of the same test group
are connected to the same half levels in frame {
as trunks 0, 2, 16, (8, 20, 22, 36 and 38 are in
frame 0. Another test group of forty trunks is
connected to the other halves of the two lower
levels. Of one test group of forty trunks ap-
pearing in the two top levels of each switch,
which are not split, trunk 0 is represented by line
624, trunk 2 by line 6§25, trunk 16 by line 626,
trunk {8 by line §27, trunk 20 by line 628, trunk
22 by line 629, trunk 36 by line €30, and trunk
38 by line 631. Trunks 1, 3, {1, (9, 21, 23, 31 and
39 of the same test group are connected to the
same whole levels in frame | as trunks 0, 2, 16,
18, 20, 22, 36 and 38 are in frame 0.

The half levels of the primary office switches
and the vertical files of the secondary switches
are interconnected by two huridred office links
such as links 604 to 611, inclusive, and these are
distributed so that there is one link from each
primary left half switch to each secondary left
half switch, and one link from each primary

* right half switch to each secondary right half
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switch. Thus the left and right halves of pri-
mary switch 6008 are connected respectively by
links 604 and 605 to the left and right halves of
secondary switch 612, by links 606 and 607 to
the left and right halves of secondary switch 615,
and by intermediate links, not shown, to the left
and right halves of the intermediate secondary
switches. By’ this distribution every office junc-
tor is given access to every one of the outgoing
trunks connected to non-split levels and to half
of the outgoing trunks connected to split levels.

An extension of an office link frame, a so-called
“build-out” frame, which is not shown in the
figures, may be used to increase the number of
trunks to which the office junctors have access.
This build-out frame is used when groups of
trunks are made accessible also to a panel office
or to another cross-bar office and the load on
these common groups of trunks is too great for
an efficient use of the office links, should the size
of the trunk groups be limited to that possible
for a single frame. The extension consists of an
additional set of ten secondary office switches,
with their vertical files multipled to the corre-
sponding files in the regular set of secondary
switches, and their horizontal levels connected
to separate trunks in the same trunk groups as
the corresponding levels in the regular set of
switches.

Fig. 7 shows four subscriber senders of which
700 and 701 belong to one subgroup of ten send-
ers, and 7102 and 703 to another subgroup, the

. entire group consisting of ten subgroups or one

hundred senders. Fig. 7 also shows two originat~

. ing markers 704 and 705 of a single group for the

central office, which may have, say, from three
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to eight markers depending upon the load of
traffic. :

A marker is used for a short time during the

establishment of a connection between a calling
subscriber station and an outgoing trunk, for
the purpose of translating part of the record as
dialed by the subscriber, of setting up certain
conditions in the sender according to the nature
of the terminating central office, of choosing an
idle trunk and an idle path to-it from the dis-
trict junctor, and of operating select and hold
magnets in the district link and office link frames
to close the path through.to the trunk. To this
end an idle marker is connected briefly: to the
sender and to certain equipment in the district
and office link frames by means of marker con-
nectors, district frame connectors and office
frame connectors. .,

A connector consists of a group of relays, of
which a representative few are shown in the fig-
ure. Parts of two marker connectors are shown
by relays 106 to 709 and Ti0 to Ti3, inclusive,
parts of two district frame connectors by relays
114 to 121 and 122 to 729, inclusive, and parts of

two office frame connectors by relays 730 to 739 :

and 7140 to 149, inclusive. Each relay has a plu-
rality of contacts, of which for simplicity only one
is shown for each relay, or two in the case of re-
lays 130, 131, 740 and 141, and each line leading

from a contact represents a plurality of conduc-

tors. .

One marker connector is provided for each
subgroup of ten senders, and it contains one re-
lay for each of the ten senders, and one relay for
each marker.
relays are multipled together as shown. Any
sender can be connected to any marker, but at
any one time only one sender in any subgroup of
ten can be so connected. For example, if relays
106 and 109 are operated, sender 160 and marker
105 will be connected together over the con-
ductors represented by lines 150 and 15! and the
multiple wiring of the connector relay contacts.
Since the conductors represented by line 151 are
multipled to relay 713 and to corresponding re-
lays in all other marker connectors, marker 705
can be connected to any sender. The same is
obviously true of marker 704.

One district frame connector is provided for

each district link frame, the connector repre-

sented by relays 122 to 7129, inclusive, for ex-
ample, being associated with the frame shown in
Fig. 4. 'This connector consists of two parts, each
part having the contacts of all its relays multi-

pled together. - 'The part shown above has one ;

Corresponding contacts of all the ¢
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relay for each marker, with its contacts multipled ~

to the corresponding relays in all district frame
connectors and connected to the marker, as for
example, relay 127 by line 752 to marker 105; and
one relay for each of the ten primary district
switches of its frame, with its contacts connected
to the district links attached to that switch and
to the primary hold and secondary select mag-
nets associated with those links, as for example,
relay 128 to link 408 and the nineteen other links
attached to primary switch 404. The part of the
connector shown pelow has one relay for' each
marker, with its contacts multipled to the cor-
responding relays in all district frame connectors
and connected to the marker, as for example, re-

lay 123 by line 153 to marker 105; and one relay

for each of the ten office frames of the assumed
equipment, - with its contacts connected to the
office junctors extending from the secondary dis-
trict switches to that office frame and to the sec-
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" not shown, associated with those junctors,

10

20

12,236,808
manual office 904, being in the original route to-

magnets,
as for
example, relay 124 to junctor 42f and the nine-
teen other junctors extending from their dis-
trict frame to the same office frame. By op-
erating relays 121, 128, 123 and 724, marker 708

ondary district and primary office hold

. gets control of the above-mentioned district links,

office junctors and associated magnets.
One office frame connector is provided for each

office link frame, the connector represented by .

relays 740 to 149, inclusive, for example, being
associated with the even-numbered frame shown
in Fg. 6. This connector consists of two parts.
The part shown above has one relay for each

5 marker, with its contacts multipled to the cor-

responding relays in all even-numbered office
frame connectors and connected to the marker,
as for example, relay 1471 by line 154 to marker
708; and one relay for each of the ten secondary
office switches of its frame, with its contacts con-
nected to the office links attached to that switch
and to the primary select and secondary hold
magnets, not shown, associated with those links,
ag for example relay 749 to link 6068 and the

= nineteen other links attached to secondary switch

615. The contacts of all the relays are multipled

. together, and by operating relays 147 and 149,
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marker 706 gets control of the above-mentioned
links and magnets.  The part of the connector
shown below has one relay for each marker, with
its contacts multipled to the corresponding relays
in all even-numbered office frame connectors and
connected to the marker, as for example, relay
741 by lines 155 and 166 to marker 105; and one
relay of half as many contacts for each left half

level, each right half level, and each unsplit level, '
of any one secondary office switch, or from ten to-

twenty relays altogether, with the contacts of re-
lays connected to the outgeing trunks which ex-
tend from those levels and to the associated sec-
ondary select magnets, as for example, relay T44
to outgoing trunk 6§16 and the nine other trunks
attached to the boitom left half levels in the sec-
ondary ofiice switches, and relay 742 to outgoing
trunk 620 and the nine other trunks attached to
the next-to-bottom right-hiand half levels in the
secondary office switches. The contacts of relays
734, 146 and similar ones are multipled to the
marker relays, and those of relays 142, 143 and
similar ones to other contacts of the marker re-
iays. By operating relays 181, 742 and T44, these
belng assoclated with an even-numbered office
frame, and the three corresponding relays in the
office frame connector associated with the com-

panion odd-numbered frame, marker 705 gets:

control of the outgoing trunks in one test group
of forty trunks, and of their associated secondary
switch select magnets.

PFigs, 8 and 9 show tandem and terminating
trunk equipment for completing calls originated
by subscribers in the originating cross-bar ¢en-
tral ofice. Bach of trunks 816, 618, 620, 622, 624,
626, 628 and 630 is the first trunk of a trunk group.
Trunk 616 extends to a three-wire office selector
800 of the panel type in the same building with

the originating cross-bar office, whence a.con-

nection may be extended through a distant two-
wire tandem center 902 to panel office 903 and
completed to subscriber station 808, Trunk 618
extends to jack 901 in a service operator’s posi-
tion in the originating ofice. Trunk 620 extends
to overflow circuit 807 in the originating office, to

“which a calling subscriber is connected in case

no idle path can be found through to the destina-

tion he desires to reach. Trunk 622 extends toa

that office, where the connection may be com-
pleted by an operator to subscriber station 908.

7 .

Trunk 624 extends to a full selector tandem cen- -

ter 802, being an alternate route to manual office
904 and panel office 803. If a connection cannot
be completed over the original route it may be
completed over the alternate route, being ex-
tended through the tandem office in the well-
known manner. Trunk 626 extends to panel
office 803, being in the original route to that office,
where the connection ' may be completed to sub-
scriber station 804. Trunk 630 extends to cross-
bar office 800, beihg in the original route to that
office, where the connection may be completed to
subscriber station 80f in the manner described
in Carpenter Patent No, 2,093,117, issued Septem-
ber 14, 1937. Trunk 628 extends to a two-wire
tandem center 808, being an alternate route to
cross-bar office 800, by which a call may be com-
pleted to subscriber station 804 in case it cannot
be completed over a trunk of the original route,
such as trunk 630, . ‘
An explanation will now be given of how an
idle district junctor and an idle sender are seized
by & calling line, how an idle marker is asso-
ciated with the sender and also with certain dis-
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trict and office switches, and how those switches .

are operated, all for the purpose of recording the
number dialed by the subscriber and then -ex-
tending the connection to an outgoing trunk
leading to the desired office.

Assuming that a call is initiated by the sub-
scriber at station 316, whose line 317 terminates
in the right-hand vertical file of primary line
switch 313 in the top row of primary line switches
in a certain line link frame, the line switch con-

- trol circuit 300 of that frame starts in action, and

after noting the location of the line in the frame
it explores all possible paths to a sender, in order
to determine which of the ten line links from the
top row of primary line switches are available at
the moment. For line link 32, for example, to
be considered avallable on this first search, five

conditions are essential: First, line link 321 itself ,
" must be idle; second, the subgroup 332 of ten dis-

trict junctors, to which the line link has access
through secondary line switch 328, must contain
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at least two idle junctors; third, the sender link .

_control circuit 500 associated with those district

junctors must be idle; fourth, at least one of the
ten sender links to which those distriet junctors
have access through primary sender link switches
5022 and 502b, such as sender link 606a—506D,
must be idle; and fifth, at least one of the idle
sender links must be able to reach an idle sender.
Link 506¢—506b has access through secondary
sender link switch 512 to the group of ten send-
ers reached by lines 6§19, including senders 700
and 701, and for this link to be available one of
those ten senders must-be idle. If the line link
control circuit finds all ten line links unavailable
on this basis, it makes a second search, with its
requirements relaxed to the extent that it will be
satisfied with a subgroup of ten district junctors
of which one is idle, instead of two as in the first
search. The reason for this procedure is to avoid
the complete occupation of a sub-group of ten
district ‘junctors except when absolutely neces-
sary, in the interest of a possible succeeding call
for which that'sub-group may offer the only
available path to a sender. '

60

70

When the line link control circuit finds one or. -

more line links available by the above definition,
it chooses one group of twenty district junctors
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of which one or both subgroups are reached by
available links, and signals the associated sender
link control circuit. Unless the sender link con-
trol circuit is at the same time receiving a de-
mand from a more favored line link control cir-
cuit, in which case the one under consideration is
rejected and set to searching again, the line link
control and the sender link control circuits are
bound together and start setting up the connec-
tien. The line link control circuit. chooses one
of the two subgroups of district junctors if both
are -availakle, such as subgroup 332, and the
sender link control selects one district junctor

-from that subgroup, such as junctor 328. The

sender link control selects an available sender

" link, such as 506a—586b, and an idle sendér in
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the subgroup-of ten reached by that link, such as"

sender 100, preferring a sender subgroup having
two or more senders idle. The two control eir-
cuits then operate the select and hold magnets
of the primary and secondary line switches and
sender link switches, establishing a connection
between subscriber line 317, district junctor 328,
and sender 700,

As the subscriber at station 316 proceeds to dial
the number of the desired station, the sender 100
registers this number. When enough has been
dialed to identify the desired terminating cen-
tral office, that is, the office code, the sender pro-
ceeds to establish connection with an idle marker,
such as marker 7805. It does this by causing the
operation of relays 706 and 709. The sender
transmits to the marker information as to the
office code dialed, the class of service of the call-

ing line, as whether message rate individual, flat .

rate, etc.,, and the number of the district link
frame on which the chosen district junctor is lo-
cated. The marker transmits back to the sender
such informaticn as it will require to complete
the connection after an outgoing trunk has been
engaged, proceeds to connect to the district frame
and to the pair of office frames, to the switches
of which are connected the outgoing trunks to
the desired destination, for the purpose of choos-
ing an outgoing trunk and a path to it, and oper-
ates the switches to extend a connection from
the district junctor to the idle trunk. :

The marker first connects to a test group of
forty outgoing' trunks from the secondary
swiiches of two office link frames, containing the
even and odd-numbered trunks of the original
route to the desired terminal point. If the par-
ticular test group is the one containing outgoing
trunks 616 to 623, inclusive, for example, marker
105 connects to the test group by operating relays
T4(, 142 and 144 for the even-numbered frame,
and corresponding relays of the similar connector
for the odd-numbered frame. The marker next
tests as many trunks of the test group as are in
the trunk group to the desired point, and selects
one of them which is idle as the trunk to be used,
as say trunk 616. If all the trunks are busy, the
marker shifts to the alternate route, if any, and
proceeds the same with that. Failing. there, the

marker shifts to the group of trunks leading to

overflow circuits, such as trunk 620 to overflow

circuit 907, '
Having selected outgoing trunk 616, which is

attached to secondary office switch 612, marker

105 connects to the twenty office links which are

attached to that switch, including link 604, by
operating relays 7471 and 148. Marker 705, hav-
ing registered the district frame number as men-
tioned above, also operates relays 723 and 721.
Working ‘through sender 700 and district junctor
328, marker 705 operates relay 728, thereby con-
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necting to the twenty district links, including link
408, which are attached to primary district switch
404 and serve as outlets for district junctor 328.
Marker 706 also operates relay 124, thereby con-
necting to the twenty office junctors, including
junctor 421, which interconnect the secondary
switches of the particular district link frame in-
volved with the primary switches. of the partic-
ular office link frame involved. The marker is
now temporarily connected to all the district
links, office junctors and office links which can be
used to form a continuous connection between
the district junctor and the outgoing trunk which
have been selected. It tests for busy, selects one
set of idle elements forming a continuous con-
nection, and operates the proper select and hold
magnets in the primary and secondary district
and office switches, except the primary district
select magnet which is operated by the district
junctor, and the connection is established..

If the marker cannot find idle elements to form
a continuous connection from the district junctor
to the idle trunk which it selected on either the
odd or even office frame of the pair containing
the outgoing trunks, it attempts to select an idle
trunk on the other or mate frame of the palr of
office frames and then finds an available channel
thereto from the distriet junctor. If the marker
fails to find an idle trunk 6n the mate office frame
or finding an idle trunk, cannot find an idle
channel thereto from the district junctor, it no-
tifles the sender and that circuit proceeds to
choose another marker which goes through the
same operations except that it seeks a trunk in
the alternate route, if any, and. if there is no

. alternate route it searches again among the

trunks of the original route, but tests from the
other end of the trunk group to select another
trunk, to which a through connection probably
can be found.

If the second marker trial is unsuccessful the
marker notifies the sender and that ecircuit
chooses a third marker and directs it to directly
estaslalish connection with an overflow circuit such
as 901.

When a connection is established through the
district and office switches, the marker is re-
leased and the sender proceeds to complete the

.connection to the called station, or to an operator

who will connect to the called station.
" DETAILED DESCRIPTION OF OPERATION.

Referring now to the complete detailed sche-
matic drawings of the system.as shown on Figs.
10 to 80, inclusive, a number of calls of different
kinds will be described in full detail, to explain
the action of the circuits under all regular and
specidl conditions which they may be called upon
to deal with.

‘Types of calls to be described

In call 1, and also in calls I—a to {—k, inclu-
sive, it is assumed that the subscriber on a cer-
tain individual message rate line initiates a call
for a subscriber in another central office, which
may be of the cross-bar type or of the panel type,

dialing a certain three-digit office code followed’

by & certain four-digit subscriber number. It is
further assumed that there are two routes over
which the connection may be extended from. the
originating office to the terminating office. 'The
preferred, or so-called original route, consists of
& group of direct trunks from one office to the
other, the group being divided into two subgroups,
one subgroup being first choice to about half of
the originating calls and second choice to the
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other half; and the other subgroup being first
choice to the other half of the originating calls
and second choice to the first half. The alternate
route, used when the regular route is not avail-
able to a particular call on account of some all-

trunks or all-links-busy condition, consists of a-

group of trunks to a two-wire tandem center,
whence calls are extended to various terminating

. offices including the terminating office in ques-

tion. This group is divided into thirteen sub-
groups, twelve of which are each first choice to
about one-twelfth of the calls, and the thirteenth
is a common second choice for all the calls. In
call | only one marker trial is required, an idle
trunk being selected in the first choice subgroup
of the original route and a connection established
to the called station. In call {—a only one mark.
er trial is required, an idle trunk being selected
in the second choice subgroup of the original
route and a connection established to the called
station after the first choice subgroup of the
original route is found all busy. In call {—b
only one marker trial is required, an idle trunk
being selected in the first choice subgroup of the
alternate route and a connection established to
the called station after the first and second choice
subgroups of the original route are found all
busy. In call {—c only one marker frial is re-
quired, an idle trunk being selected in the com-
mon choice subgroup of the alternate route and a

‘connection established to the called station after

the first and second choice subgroups of the origi-
nal route and the first choice subgroup of the

altérnate route are found all busy. In call {—d -

only one marker trial is required, an idle over-
flow trunk being selected and a connection estab-
lished to it after the first and second cholce sub-
groups of the original route and the first and
common choice subgroups of the alternate route
are found all busy. In call i—e two marker trials
are required, the first trial finding the first and
second choice subgroups of the original route, the
first and common choice subgroups of the alter-
nate route, and the overflow trunks, all busy. On
the second trial no attempt is made to select a

trunk in the original route, but an idle trunk is

selected in the first choice subgroup of the al-
ternate route, which happens to be a different
subgroup from the one which was first choice on

Jthe first trial, and a connection is established to

the called station. In call I—f two marker trials
are required, the first trial selecting an idle
trunk in the original route, but being unable to
find an idle path to that trunk, On the second
trial no attempt is made to select a trunk in the
origindl route, but an idle trunk is selected in the
first choice subgroup of the: alternate route, and
the connection is established to the called sta-
tion. In call {—¢g two marker trials are required,
the first trial failing as in call |—-f by selecting
an idle trunk in the original route and then be-
ing unable to find an idle path to that trunk. On
the second trial no attempt is made to select a
trunk in the original route, and the first and
common choice subgroups of the alternate route
are found all busy, so an idle overflow trunk is
selected and a connection established to it. In
call i—~ two marker trials are required, the first

trial being successful in establishing connection

to an idle trunk in the original route, but con.

‘nection to the called station not being completed

because of an all-trunks-busy condition in the
terminating office. . On the second trial no at-
tempt is made to select a trunk in the original
route, but an idle trunk is selected in the first

2

choice subgroup of the alternate route, and the
connection is established to the called station,
the all-trunks-busy condition in the terminating
office not being encountered on the second at-
tempt because of the different routing. On call
I—i two marker trials are required, the first trial
resulting in a failure to complete the connection
because of an all-trunks-busy condition in.the
terminating office, as in call I—#. On the sec-
ond trial no attempt is made to select & trunk
in the original route, and the first and common
choice subgroups of the alternate route are found

" all busy, so an idle overflow trunk is selected and

a connection established to it. In call {—f three
marker trials are required, the first resulting in
a failure to complete the connection either be-
cause no idle path can be found to the idle trunk
selected in the original route, as in call I—f, or
else because of an all-trunks-busy condition in

‘the terminating office, as in call I—k. On the

second trial no attempt is made to select the trunk
in the original route, and this trial fails either
because- no idle path can be found to the idle
trunk selected in the alternate route, or else be-
cause of an-all-trunks-busy condition in the ter-
minating office. On the third trial no attempt

‘is made to select a trunk either in the original

route or'in the alternate route, but an idle over-
flow trunk is selected and a connection estab-
lished to it. In call I—k three marker trials are
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required, the first two failing as in call I—f, or

else because on both trials the original route,
the alternate route, and the overflow trunks are
found all busy. On the third trial no attempt
is made to select a trunk either in the original

route or in the alternate route and the overflow -

trunks are found all busy. No connection is es-
tablished, but the marker and sender are dis-
missed and the calling line is left connected to
a district junctor until the call is abandoned.

In call 2, and also in calls 2—a to 2—d inclu-
sive, it is assumed that the subscriber on a cer-
tain individual message rate line initiates a call
for a subscriber in another central office, which
may be of the cross-bar type or of the panel
type, dialing a certain three-digit office code fol-
lowed by a certain four-digit subscriber number.
It is further assumed that there is only one
route over which the connection may be extended
from the originating office to the terminating
office. This route consists of a group of direct
trunks from one office to the .other, the group
being divided into two subgroups, one subgroup
being first choice to about half of the originating
calls and second choice to the other half, and
the other subgroup being first choice to the other
half of the originating calls and second choice
to the first half. ‘The conditions are thus the
same as in call | except that there is no alternate

route provided. In call 2 only one marker trial

is required, an idle trunk being selected in the
first choice subgroup of the only route and a
connection established to the called station. In
call 2—a only one marker trial is required, an
idle trunk being selected in the second choice
subgroup of the only route, and a connection
established to the called station after the first
choice subgroup is found all busy. In call 2—b
only one marker trial is required, an idle over-
flow trunk being selected and the connection
established to it after the first and sécond choice
subgroups of the only route are found all busy.
In call 2——¢ two marker trials are required, the
first trial selecting an idle trunk of the only

route, but being unable to find an idle path to
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that trunk. On the second trial the trunks of
the only route are tested in the reversed direction,
an idle trunk is found, an idle path is found to
that trunk, and a connection is established to
the called station. In call 2—d three marker
trials are required, the first failing as in call
2—c by selecting an idle trunk of the only route,
and then being unable to find an idle path to
that trunk. On the second trial an idle trunk
is selected but all paths thereto are agaln found
busy. On the third trial an idle overflow trunk
is selected and a connection established to it.

In call 3 it is assumed that a certain subscriber
having flat rate service dials the same office code
as was dialed by a subscriber having individual
message rate service in call i, that office code
being restricted as to flat rate subscribers, mean-

_ ing that they are not privileged to dial that code
" but should call the operator for connection to it
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and be specially charged for the service. Having
dialed such & restricted code, the subscriber is
connected to a trunk to an operator just as if
he had dialed 0 as he properly should.

Tn call 4 it is assumed that a- certain sub-
scriber having two-party message rate service,
and being that one of the two parties on the line
whose ringer is connected to the so-called tip side
of the line, dials the same office code and sub-
scriber number as was dialed by a subscriber
having individual message rate service in call I.
A connection is established to the called station
just as in call 1, the only difference being that
the calling line is equipped with two message
registers, one for each of the two parties, and
this call is charged to the tip party register be-
cause that party made the call.

Call 5 is the same as call 4 except that the
call is originated by the other subscriber whose
ringer is connected to the so-called ring side of
the line, and it is charged on his message register.

In call 6 an individual message rate subscriber
calls a subscriber in another central office of
the cross-bar or panel type, and the connection
is established as in call 1. In this case, how-
ever, instead of having one call charge on his
message register, two charges are made for the
call if its length does not exceed five minutes,
and one additional charge is made for each
additional five minutes.

In call T an individual message rate subsecriber
calls a subscriber in another central office of a
cross-bar or panel type and the connection is
established as in call . In this case, however,
the office code of the called office consists of
two instead of three digits.

- In call 8 an individual message rate subscriber
calls a subscriber in another central office of the
cross-bar or panel type and the connection is
established as in call {. In this case, however,
there is only one route to the called office, and
that is through three-wire office selectors in the
originating office and thence through a two-wire
tandem center. .

In call 9, and also in calls 9—a to 8—c, in-
clusive, an individual message rate subscriber
calls a subscriber in a central office of the manual
type. It is assumed that there are two routes
over which the connection may be extended from
the originating office to the terminating office,
the original route consists of a group of direct
trunks from one office to the other. The alter-
nate route consists of a group of trunks to a
full selector tandem center, whence calls are ex-

‘tended to various terminating offices including

the terminating office in question. In all cases
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the calling subscriber dials a three-digit office
code first. In call 8 he follows that by the four-
digit number of an individual subscriber line,
and the connection is completed over the original

route. In call 9—a the calling subscriber follows

the office code by a four-digit number and a
party line station designating letter, for a sub-
scriber on a party line, and the connection is
completed over the original route. In call 9—b
the calling subscriber follows the office code by

a five-digit number from 10,000 to 10,499, for an -

individual subscriber line, and the connection is
completed over the original route. . In call 9—c
the same line is called as in call 9, but the
original route is found all busy, so the connection
is completed over the alternate route.

In calls 10 and 18-—a a subscriber calls an
operator in another central office by dialing a
three-digit office code, not followed by a number.
It is assumed that there are two routes over
which the connection may be extended from the
originating office. The original route consists of
a group of direct trunks to the distant operator.
The alternate route is through the same full
selector tandem center which served as the alter-
nate route in the case of call 9—c to a certain
manusal office. In call 10 a connection is estab-
lished over the original route, in call 10—a over
the alternate route.

In call 11 a subscriber calls a local operator by
dialing the single digit zero, and the call is com-

_pleted over the one group of direct trunks.

In calls 12 and 12—a a subscriber takes his re-
ceiver off the hook but fails to dial, or else a
trouble condition on his line causes the same re-

- sult, that is, his line is connected to a sender

without making any dial registration in the
sender.. In call 12 a connection is established to
one of a group of local trunks to an operator,
known as permanent signal trunks. In call (2—a
the permanent signal trunks are found all busy,
and without any complete connection being estab-
lished the marker and the sender are dismissed
and the calling subscriber is left connected to a
district junctor, a signal lamp on fhe district
link frame being lighted to notify the mainte-
nance force of the condition.

In call 13 a subscriber starts to dial an office
code and number, but fails to complete the dialing.
Depending upon whether the sender is equipped
for monitoring with Figs. 44B and 45B, or for
automatic disconnect with Figs. 44A and 45A, an
operator is called in to request the subscriber to
hang up, or a tone signal is sent to him intended
to convey the same request. If he does not hang
up steps are taken to clear out the sender, by
the operator, or automatically as the case may be,

In calls |14 to 20, inclusive, the calling sub-
scriber abandons a calls by hanging up before
the sender has completed its functions. The
action taken depends upon the stage reached at
the time the subscriber hangs up, and in some
cases upon the class of call, that is, the type of
office to which it was originally destined. In call
{4 he hangs up before the line link switches have
operated, in call 15 after that but before the
sender link control circuit is dismissed, in call 16
after that but before -a marker has been engaged,

in eall 1T during the time a marker is engaged..

In calls I8, 19 and 20 he hangs up after a marker
has finished functioning, call 18 being to a cross-
bar or a panel office, call 19 to a manual office or
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else through a full seléctor tandem center, and .

call 20 to an operator,
Following the detailed description of the fore-
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’ going typical calls, a description will be given of

=

10

20

30

the provisions made for calling attention to
trouble conditions which cause calls to fail with-
out being completed,

Start of originating call operation of line and
sender link and control circuits

Each subscriber line is provided with a line re-
lay 1008, a combined cut-off relay and hold
magnet 1004, and, in the case of two-party mes-
sage rate lines, two message registers 1002 and

{003. For each group of ten lines there is pro- -

vided a pair of connector relays 1007 and 1008
whose function is to associate certain individual
conductors of the line circuit with corresponding
common conduétors to the control connector cir-
cuit, as will be explained later. Each horizontal
group, consisting of from twenty to seventy lines,

is provided with a horizontal group circuit com-.

prising a start conductor control relay 1819 and
a multicontact relay 1008, the latter relay serv-
ing to associate various conductors pertaining to
the horizontal group with corresponding com-
mon conductors to the control connector circuit.

The start circuit, which is common to the line
link frame, comprises the pairs of duplicate start
relays 1020 and 1016, etc., together with the gate
relays 1023 and 10198, all shown in Fig. 10, and the

duplicate start equipment shown in Fig. 11 and .

the upper portion of Fig. 13. Figs. 12 and 14
show the mate frame start circuit corresponding

. to Figs. 11 and 13, respectively, while the con-
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necting conductors between the two circuits show

"how the frames are interlocked to prevent inter-

ference when the control circuit of one frame is
serving both in an emergency.

The control connector, which cornects the vari-
ous frame conductors either into the home con-
trol circuit of Figs. 18 and 19 or into the control
circuit of the mate frame, is shown partly in Fig.
13 and partly in Fig. 15. Corresponding portions
of the mate frame circuit are shown in Figs, 14
and 16, respectively.

'The initial steps in connection with an originat-
ing call are briefly as follows: The group start

circuit, acting through the common start circuit, -

causes various common or frame conductors to be

switched through the connector relays to the -

control circuit. The common conductors, with
one end thus attached to the control circuit, must
now have their other end switched through addi-
tional connector relays to appropriate points in
the equipment associated with the horizontal
group, the tens group, and -the line itself, These
latter switching operations are governed in each
case by relays which record the position or loca-
tion of the calling line,

When the subscriber at station 1008 originates
a call, the removal of the receiver from the switch-
hook operates line relay (006 over a circuit from
battery, through the winding of relay 1006, outer
break contact of hold magnet 1004, through the
station circuit, inner break contact of magnet
1004, to ground, Relay 10066 grounds individual

. conductor 1024 which later serves to identify the

calling line in the group of ten, and also grounds
start conductor 1025 which is multiplied by way
of strap 1026 to a corresponding contact on the
other line relays in the same group of ten. The
start conductors 1025, one of which is provided for
each of the two to seven-line groups in the hori-
zontal group, are initially tied together at break
contacts of relay (010, and from the junction
point two branch paths diverge for operating the
duplicate start relays (020 and 1018, etc.

‘two relays.

This -

11
start circuit may be traced from ground on the
make contact of one or more line relays 1006,

conductor 1025, left break contacts of relay 1010

to & junction point on conductor 1027; thence
over one branch through a break contact of relay
1010, conductor 1028, right outer break contact
of gate relay 1023, conductor 1029, to the winding
of start relay 1020; and over the other branch
through a break contact of relay 1010, conductor
1030, right outer break contact of gate relay 1018,
conductor 1031, to the winding of start relay 1016,

Relay 1020 energizes the master start relay

(105 in a circuit extending from battery on a-

break contact of relay 1315, conductor 113, wind-
ing of relay 105, conductor fi{4, right outer
break contact of relay 1104, conductor 1118, right
outer break contact of relay {107, conductor 11186,
right outer break contact of relay.1209, conductor
1213, break contact of jack 1305, conductor 1322,
right inner make contact of relay 1020, conductor
1032, break contact 1164 of relay {108, conductor
1119, break contact 1161 of continuity springs on
relay 1112, conductor 1§20, break contact of con-

- tinuity springs on relay 315, break contact of key

1313, to ground. Similarly, relay 1016 energizes
relay 1104 over a path irom battery on a break
contact of relay 1314, conductor 1121, winding of
relay {104, conductor 1122, right break contact of
relay 1105, conductor {123, right outer break con-
tact of relay 1108, conductor 1124, right outer

20

break contact of relay 1210, conductor §2(4, break .

contacts of jack 1366, conductor 1323, right inner
make contact of relay 1018, conductor 1033, right
inner break contact of relay 1206, conductor {2185,
break contact of continuity springs on relay (111,
conductor 1129, break contact of continuity

- springs on relay 1314, conductor 1329, break con-

tact of key 1313, to ground. Relay 1104, how-
ever, is made slow operating so that although it
is energized at the same instant as relay 110§ its
operation will under normal conditions be pre~
vented by the speedier movement of the latter re-

"lay. Relay 1105 locks itself around the right out-

er break contact of relay 1104, in order to pre-
vent the possibility of buzzing action between the
Relay 1105 also starts the time alarm
circuit and operates relay 1110. The time alarm
circuit extends from ground at the right inner
make contact of relay 1105, by way aof conductor
(134, right inner break contact of relay 1108, con-
ductor 1135 to interrupter 1303, The circuit for
relay 1110 extends from battery on a break con-
tact of relay (315, over conductor 1113, winding
of relay 1140, conductor 1130, right inner break
contact of relay (209, conductor 1216, left outer
make contact of relay 1108, conductor 1133, left
inner break contact of relay {108, conductor 1117,
to the same ground path just traced for the op-
eration of relay 1105.

Relay. 1110 now operates the control connector
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relays to bring into use the link control circuit of

Figs. 18 and 19. Control connector relay 1321

_operates in a-circuit from battery at a break con-

tact of relay 1315, over conductor 1326, winding
of relay 1321, conductor 1327, a right front con-
tact of relay 1110, conductor 1136, to ground at a
break contact of release relay 1808 in the control
circuit. Relay 1321 locks itself with ground from

its own front contact, over conductor 1328, make . -

contacts of relay 1110 in series, conductor 1321,
back to its own winding. Control connector re-
lays 1501, 1503, 1508, and 1513 operate in parallel
from battery at a break contact of relay 1315,
conductor 136f, windings of the four relays in
parallel, conductor {519, make contact of relay

¥5
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by relays 1801,

12

1110, conductor 1131, to ground at a break con-
tact of release relay 1809 in the control circuit, A
locking circuit for the four relays just mentioned
is provided by ground at the left outer make con-
tact of relay §513, over conductor (555, right outer
pair of make contacts on relay 1110, conductor
1519, to the windings of the four relays.

" Control connector relay 1321 operates gate re-
lay 1023 in a circult.from battery, winding of re-
lay 1023, conductor 1034, to ground at a make
contact of relay 1321. Relay 10238 locks over

conductor 1035 to ground at a make contact of

relay (105, and opens the operating paths of all
ten of the start relays 1020, etc., so as to prevent
interference from calls originated subsequently
in other horizontal groups. The start relays 1020,
etc., which have been simultaneously operated
remain locked to their respective start leads, the
locking path for relay 1020, for example, being
traced from its own winding -and right middle
make contact and over lead 1028 to start ground.

A supplementary locking path for relay 1020 is.

provided through the right middle and left inner
make contacts of the relay in series, over conduc-
tor 1036, right middle break contact of relay 1108,
conductor 1139, a make contact of relay 1503, con-
ductor 1520, to ground through the winding of
relay 1804 and also to direct ground over the
shunt path including conductor 1918 and the
grounded lower break contact of relay 1914, The
supplementary lock path, just traced for relay
1020, is wired in a series chain through transfer
springs of the ten start relays. This chain and
the two other chain circuits provided on the start
relays serve to give preferenge to the lowest num-
bered start relay which is operated, and hence to
the lowest numbered horizontal group which is
calling.

The horizontal group relay 1009 corresponding

to the preferred start relay is now operated from .

ground supplied by the operated gate relay 1023.
This circuit may be traced from battery, winding
of horizontal group relay 1009, conductor 1037,
left outer make contact of relay 1020, conductor
1040, a make contact of control connector relay

1513, conductor §521, left outer break contact of -

relay 1108, conductor 1041, left outer make con-
tact of gate relay 1023, to ground. The ten line
links accessible to the horizontal group repre-
sented by relay (009 are now put in readiness by
the operation of their secondary select magnets.
Relay 1009 closes these paths, one of which may
be traced from battery, winding of line link sec-
ondary select magnets 1012 and {014 in parallel,
conductor 1057, make contact of relay 1003, con-
ductor 1058, to ground at the break contact of the
make-busy jack 1101, Also various individual
conductors pertaining to the horizontal group
under consideration are connected through the
make springs of relay 1009 to corresponding com-
mon conductors, which at one end are multipled
to all ten of the relays 1009 over strap wires,
such as 1065 on conductor (945, and at the
other end terminate on contacts of control con-
nector relays 1321, 1501, etc.

. In this way the seven start conductors 1028, as-
sociated respectively with the seven ten-line
groups composing the horizontal group, are con-
nected over a corresponding number of common
conductors, through the control connector relays
to the control circuit, and-so to the windings, re-
spectively, of the seven chain relays represented
1802, and 1803. These seven re-
lays serve to make a record of whatever ones of
the seven ten-line groups are attempting to orig-
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inate calls at the moment; and by their chain at-
rangement these relays glve preference to the
lowest numbered group. All seven of the relays

. 1801, etc., operate initially, since the seven start

conductors 1025 are for the time being tied togeth-
er at break contacts of relay 1010. The path for
operating relay (801 may be traced from battery,
winding of relay 18061, conductor {818, upper in-
ner break contact of relay 1800, conductor 1818,
left inner make contact of control connector relay
150f, conductor 1523, a make contact of relay
1009, conductor 1042, start conductor 1025, to
ground at the left make contact of line relay 1008.
All other relays of the chain, such as 1802, etc.,
operate over a similar path, through the left
break contacts of relay 1010 and the muitiple
point on lead 1627, to start conductor 1028. These
relays do not depend wholly for their operation
upon start conductor ground supplied from the
line relay, since an auxiliary ground for the start
conductor is supplied by the locking path for start
relay 1028 previously traced. The use of this
auxiliary ground and the reason for operating the
entire group of seven relays 1801, etc., will be
explained presently.

- Relays 1801, etc., close a path from ground,
through their upper outer make contacts, con-
ductor 1821, bottom outer break springs of relay
1809, conductor 1822, to the winding of relay 1943,
to battery, operating that relay. Relay (913
completes a path for operating relay 1914 in a

“serles circuit carried through make contacts of

the seven relays (881, etc., so as to check the
operation of the latter relays. This path extends
from battery, winding of relay {814, conductor
19{8, make contacts of relays 1803, 1802, etc., in
series, conductor 1824; lower inner msake contact
of relay 1913, conductor 1920, a make contact of
relay 1513, conductor 1524, a make contact of
horizontal group relay 1009, to the common point
on conductor 1027, left break springs of relay
1010, to start conductors 1025 and ground on con-
tacts of line relay 1008. Relay 1914 in operating
removes ground from conductor 1918 to open the

shunt around relay 1804, grounds a path for op- .

erating relay (010, and prepares a locking path
for itself in series with relay 1805. The path for
operating relay (010 extends from ground
through a make contact of relay 132, conductor
1921, lower make contacts of relay 1914, conduc-
tor 1922, a left make contact of relay 1503, con-
ductor 1528, right outer make contact of relay
1020, conductor 1043, winding of relay 1010, to
battery. The locking path for relay 1914 extends
from ground. on conductor (92{ just traced,
through a lower make contact on relay 1914, con-
ductor 1923, winding of relay 18058, conductor
1823, to a junction point on conductor (919, and
by way of that conductor to the winding of relay
1944 and battery. Relay (805 remains normal
for the moment, since its winding is shunted by
the ground present on conductor 1819,

Relay 1810 upon operating opens the operating
paths for relays {016 and 1020, restoring the
former and leaving the latter locked in series
with relay _(804. Relay 1804, with its second
shunt removed in this manner, now operates in
series with relay 1020. Relay 1010 also separates
the seven start conductors from each other, thus
removing ground from the start conductors of
all non-calling tens groups and restoring the
corresponding chain relays 1801, etc. The chain

" relays corresponding to calling tens groups re-

main operated, and they lock themselves in obvi-
ous ma.xmer around the break contacts of gate

v
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relay 1800 through which their respective operat-
ing circuits pass. Relay 1010 also removes
ground from conductor 1027 which has been con-
nected through series contacts of relays 1801, ete.,
to the winding of relay 19(4, as already shown.
The shunt is thus removed from around relay
1805, which now operates in series with the lock-
ing circuit of relay 1914 in a path just traced
above.  Relay 1805 closes the circuit for operat-

‘ing gate relay 1800, in a path extending from

battery, winding of relay 1800, right outer make
contact of relay 1805, conductor {8217, chain cir-
cuit extending through lower inner transfer
springs of relays 180f, etc., make contacts of
these transfer springs, conductor 1820, conduc-
tor 1819, and the same circuit used for operating

~ relay (801, to start ground.
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Selection of the tens group first to be served is
governed by the series wiring on chain relays
1801, etc. - Preference is given to the lowest num-
bered group and the selection is' completed by
‘operating the corresponding line connector re-
lays 1007 and 1008, a pair of which are furnished
for each tens group in the horizontal group. The
operating circuit for this pair of relays is closed
by relay (800, the path being traced from bat-
tery, windings of relays 1007 and 1008 in par-

allel, conductor 1044, a make contact of relay -

1009, conductor 1045, right make contact of re-
lay 1503, conductor 1526, make contact of upper
transfer springs on relays (801,.etc., the chain
circuit wired through these transfer springs, con-
ductor 1825, make contact of relay 1804, conduc-
tor 1826, lower middle make contact of relay 1800
to ground. Connection is thus established be-
tween the selected tens group and the control
circuit in preparation for the next step, namely
that of recording the calling lines in the group
and of selecting the line to be served. Relay 1008
connects the individual contacts of the ten line
relays 1006 to the windings, respectively, of the
ten control circuit relays represented by {811,
1812, etc. A typical path may be traced from
ground, make contact of relay 10068, conductor
1024, contact of relay 1008, common conductor
i046, a make contact of relay 1321, conductor
1330, lower break contact of relay {810, conduc-
tor 1828, winding of relay 1811, .to battery.
Common conductor 1046 and others of the kind
on relays 1807 and 1008 are connected over mul-
tiple taps such as 1866 to all other pairs of these
relays on the frame. As many of the ten relays
1811, etc., operate as there are lines calling, and
the lowest numbered relay in the group operates
relay 1808 in a circuit from battery, winding of
relay 1808, conductor 1830, lower inner series
chain and make contact of relay 1811, etc., con-
ductor 1829, to conductor 1330 and the path
already traced to ground at the left make con-
tact of line relay {006. Relay 1808 closes the op-
erating circuit of relay 1887 from ground on the
conductor used in operating relay 1811, ete., lock
contact of the latter, conductor 1831, lower outer
make contact of relay 1808, conductor 1833, wind-
ing of relay 1807, to battery. Relay 1807 locks
itself through its right inner make contact, and

its right middle make contact, conductor 1834,

left outer make contact of relay 1508, to ground.
This locking ground for relay 1807 is passed back
over conductors 1832 and 1831 to lock the lowest
numbered relay in the group 1811, 1812, etc., and
the same ground is also carried through the right
middle double make contact of relay (807, over
conductor 1835, winding of relay (8i0 to battery,
operating the latter relay. Relay 1810 serves as

13

a gate relay for the ten relays 1811, etc., to pre-
vent interference from lines of lower number
than the one receiving preference and to release
all relays in the group of higher number than the
relay locked as already described. Relay (808

- continues to hold over its energizing path, already

traced, to the individual contact of line relay
1008. .The selection of the line to be served has
now been accomplished, since this line is the one
whose hold magnet derives its energizing path
from the only chain relay 1811, etc., left operated,
namely the lowest numbered one of these relays.
The hold magnet path may be traced from bat-
tery, winding of hold magnet 1004, conductor
1041, a make contact of relay 1007, common con-
ductor 1049, a right make contact of relay 15608,
conductor 1527, make contact of transfer springs
on operated chain relay 1811, for example, chain
wiring, conductor 1837, to a ground path to be
traced later.

~The holding control over the connection under-
goes a change following the operation of relay
1807, as will now be shown. Up to this time, with
the exception of the brief interval required for
checking the seven start conductors, holding con-
trol has rested with the calling subscriber, since
the line relay has controlled the locking circuit
of the lowest numbered chain relay such as 1801,
together with its assoclated gate relay 1800. If
the call is abandoned at this stage, line relay 1006

-and relays 1801 and {800 will restore, followed

by relay 1918, assuming that the last named relay
is not held operated by some other operated chain
relay such as 1802, With relays (80f and 1913
restored, release relay (809 operates in a circuit
from battery, winding of relay 1809, conductor
1838, upper break contact of relay 1803 and the
chain. circuit of other relays in the chain, con-
ductor 1825, make contact of relay 1804, con-
ductor 1826, left inner make contact of relay 1805,
conductor 1924, lower break contact of relay 1913,
conductor 1925, a make contact of relay (321, to
ground. With release relay 1809 operated, the
line link equipment is disconnected in a manner
to be described later. Assuming that other tens
groups have initiated calls simultaneously with
the preferred one, so that some other chain relay
such as 1802 is operated, then relay 1913 will be
held operated by relay (802 after the release of
relays 1800 and 1801, and so release relay 1808
cannot operate to cause disconnection. Relay
1802 now becomes the preferred relay, and it sup-
plies ‘a ground through the lower chain circuit
to reoperate gate relay 1808. A new pair of line
connector relays 1007 and 1008, corresponding to
relay 1802 and to the waiting tens group, are op-
erated, and the line recording relays 1811, etc.,
are reset in the usual manner. Thus one tens
group can relinquish its hold on the control eircuit
in favor of another tens group in the same hori-
zontal group, provided the call is abandoned early
enough. However, if the operations have reached
the stage where all registration has heen com-
pleted and relay 1807 operated, the line link cir-
cuit - becomes self-locked and remains so either
until the time alarm operates or until the con-
nection reaches the sender, from which latter
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point a disconnection signal is passed back to -

the link frame. Relay (807 establishes this self-
locking condition by connecting ground from its
left middle make contact, over conductor 1836, to
lock relay 1800 and the operated chain relay
1801, etc. 'Thus the calling line ceases to control
the release. relay 1809 directly and is deprived of
immediate control over disconnection of the link.
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It the lock-in were delayed until the connection
had reached the sender, the line link circuit could
be abandoned by the first line and selzed by a
second line, the transfer taking place at a time
when the sender had already received certain in-
formation regarding the first line, such as class
of service, On the other hand, if the line link
were locked in immediately after starting, a com-
plete link connection to the sender would result
from every transient starting impulse, such as
that caused by & line surge. Hence the lock-in
is set at a compromise point; early encugh to
avold the possibility of giving false information

to the sender, and yet not so early as to require -

complete link operation on every mcmentary
starting impulse.

At this point it can be made clear why a con-
tinuity check is provided for in connection with
the seven conductors used to operate the vertical
group recording relays 1801, etc. The need for
making the check arises out of the use of a single
line relay contact to perform two functions;
namely, starting and tens group selection. As-
suming that the check were not provided, a call
could be initiated over any start path that was
intact as far as the group start relay, whereas
the start lead extension or branch used for tens

group selection would, if open, block the call until

the time alarm caused throw-over to the mate
frame. Likewise, with the assumed circuit in
good working order, a call abandoned before tens
group selection would result in throw-over. In
short, a circuit lacking the check feature would
be incapable of distinguishing between an aban-
doned call and a trouble condition which war-
ranted throw-over. In the circuit as actually ar-
ranged, however, the branch path in question
is first checked as intact, and then the subsequent
disappearance of ground from that path is a
sure Indication of an abandoned call. Another

part of this checking feature which has already

been mentioned is the auxiliary or back-up
ground supplied to the start conductor from the
locking contact of the group start relay such as
1020, etc., during the checking process, The pur-
pose of the auxiliary ground is to insure that the
checking is completed and an opening in any of
the branch paths detected, regardess of any ac-
tion on the part of the subscriber. With the
auxiliary ground omitted, switchhook flashing
might pump the start circuit and thus delay the
alarm and the throw-over.

District group test and selection

While the operations of selecting, recording
and -connecting to the calling line are still under
way, steps are taken to select a group of ten dis-
trict junctors from among the one hundred
which are accessible to the line link and which
run in five major groups of twenty to various
district link frames and their associated sender
link frames. The line link conirol circuit first
makes an availability test on the basis of groups
of ten district junctors, to determine how many
such groups: (a) contain each at least two idle
district junctors, (b) have their sender link con-
trol circuit available at the moment, and (¢) have
at least one path available from the calling line
through line link, district junctor, and sender
link, to a sender group containing an idle sender.
District junctor groups not meeting all these re-
quirements are disregarded. The line link circuit
signifies a preference for one of the available ten-
junctor groups by operating a lockout relay cor-
responding to the twenty-junctor group which
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contains the preferred ten-junctor group. This

lockout relay excludes other line link control cir-
cuits and connects the line link control circuit in
question to a portion of the common control con-
ductors which are associated with the twenty-
junctor group and which, on the one hand, are

multipled throughout all line link frames served

by that twenty-junctor group, and on the other
hand, terminate at the sender link frame where
the junctor group terminates. Over these con-
ductors a signal is passed to the sender link con-
trol circuit telling it that a call is waiting on the
twenty-junctor group, and this group receives
service if it is in preferential relation to other
twenty-junctor groups which may at the same

_moment be attempting to place calls from other

line link frames. A signal of acceptance is now
returned from the sender link over the common
conductors above mentioned, to the line link con-

trol circuit. The line link control circuit there-

upon ‘definitely selects the twenty-junctor group
and. next the particular ten-junctor group to be
used, employing for this purpose certain connector
relays to establish connection with additional ones
of the common control conductors associated with
the twenty-junctor group. The choice as to the
ten-junctor group is signaled from the line link
control circuit to the sender link control circuit,
and the latter circuit proceeds to select the indi-
vidual district junctor, sender link, and sender, as
will be described later.

The test for availability of paths begins with-
_the operation of relay 1089, since this relay closes

test paths from the sleeves of the ten-line links
to the windings of the ten relays represented by
relays 1815 and {916. One such path may be
traced from battery, winding of relay 1915, con-
ductor 1926, a make contact of relay 13214, con-
ductor 1331, upper lever spring and break contact
of jack 1101, conductor (141, a make contact of
relay 1009, conductor 1050, to sleeve conductor
1051. The sleeve conductors are held busy by
connection to ground, as will be explained, so
that the presence of ground -on the sleeve will
operate the corresponding relay 1915, etc., and
the latter relay by opening the operating paths
of its associated relay 1909, etc., will indicate that
the line link is engaged. Available line links will
be indicated by normal relays 1915, etc. The
next step in the test is taken during registration
of the tens group containing the calling line,
when relays {813 and 1914 operate. These re-
lays close the operating paths for the ten test
relays represented by relays 1909, 1810, etc. Each
of these latter relays corresponds to a group of
ten district junctors, and the five pairs of relays
such as 1909 and 1910, 1811 and 1912, etc., cor-
respond to the five groups of twenty district
junctors which respectively extend, under ordi-
nary wiring arrangements, to five different dis-
trict link frames and their associated sender link
frames. The operating path for relay 1909 runs
from battery, through the winding of relay 1809,
by way of conductor 1927, upper inner make con-

tact of relay (913, conductor {928, upper break:

contact of relay 1915, conductor 1929, upper in-
ner break contact of relay 1811, conductor 1930,
a make contact of relay {321, conductor 1332, up-
per inner break contact of relay 1504, common
conductor 1528, upper break contact of relay
2103, conductor 2118, lower outer break contact
of relay 2113, conductor 2119, Iower outer break
contact of jack 2112, conductor 2120, upper in-
ner break contact of relay 2014, conductor 2016,

break contact of sender link hold magnet 2005,
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to ground. The operating path for relay 1310,
although not shown in full, runs like that just
traced for relay 1908 until it reaches conductor
1530 at the upper armature spring, second from
the core, on relay 1504, thence by a break con-
tact to conductor 1531, upper break contact on
relay 2407, conductor 2121, lower outer break
contacts of relay 2113, to conductor 2119, from
which a path has already been traced to ground
at the hold magnet 2005. -

Various elements of the test paths just traced
will now be considered. Conductor 1528, with
its multiple tap 1529, may be taken as typical of

" the common control conductors already referred
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to, which at one end terminate in the sender link
frame equipment associated with a twenty-junc-
tor group and at the other end multiple to all
line link frames served by that group of twenty
district junctors. Relays 2103 and 2107 are part
of the sender link equipment which is peculiar
to the twenty-junctor group and these relays
when normal indicate respectively that the first
and second groups of ten junctors, in the major
group of twenty, contain at least two idle district
junctors aplece.  This is hereinafter described
under the heading, “Districts, available test.”
Relay 2113, which like relays 2163 and 2107 is
assoclated with the twenty-junctor group, be-
comes operated whenever the sender link control

circuit is engaged. Conductor 2120 has ten .

branches like the one traced through break con-
tacts of relay 2014 and hold magnet 2008, each
branch corresponding to one of the ten sender
links which carry traffic from' the group of
twenty. district junctors to ten different sender
groups. Each of the ten sender groups has its
group busy relay such as 2014, which operates
when all senders in the group become busy, and
which breaks the test. conductors such as 2018,
to keep further traffic from entering the busy
group, Similarly each of the ten sender links
under consideration provides its own busy indi-
cation, by opening conductor 2016 at the break
contacts of its hold magnet 2008. Hence con-
ductor 2120 may be regarded as a paths available
conductor for the group of twenty district junc-
tors, indicating by the presence of grounds some-
where on its branches that at least one path is
available through a sender link to a sender group
containing an idle sender. Five conductors such
as 2120 are provided for the sender link frame,

one for each group of twenty. district junctors.

Reviewing now the operation of relay 1909 in the
line link control circuit, it is clear that the op-
eration of this relay indicates the following:
(a) that for the corresponding group of ten dis-
trict junctors the line link providing access to
that group is available for use, (b) that the group
of ten district junctors in question contains at
least two junctors available for use, (¢) that the
sender link is available for use, (d) that for the
group of ten district junctors in question at least
one sender link path is avallable and (e) that
the group of senders to which this link path con-

nects is non-busy or in other words, has at least-

one of its senders available. These indications
have already been referred to, though in diﬂ’erent
order.

Having determined through the operation of
relays 1909, 1910, etc., which groups of ten dis-
trict junctors are able to serve the call, the line
link control circuit next expresses a preference
by operating one of the lockout relays such as
1516, 1511, and 1518, which correspond to the
group of twenty districts containing the pre-
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ferred tens group. One such relay is provided
for each line link having access to the twenty
district junctors. Considering relay {618 as the
one to operate in this instance, its energizing
path may be traced from ground, over a chain
circuit involving the upper break contacts of
relays 1516 and 15i1, respectively, winding of
relay 1518, .conductor {534, a make contact of
relay 1321, conductor 1333, make contact of left
middle transfer springs on relay {909, assumed
operated, conductor 1931, break contact of left
middle transfer springs.on relay 1912, conductor
1832, jumper between cross-connection blocks

1808 and 1904, conductor 1933, lower break con- -

tact, third from the bottom, on relay 1903, con-
ductor 1934, right inner make contact on relay
1808, resistance 1808 to battery. It will be ob-
served that the operating chain circuit for re-
lays 1518, 16117, etc., just traced Is wired in re-
verse order with respect to the functional chain

.circuit wired through the lower transfer springs

of these relays, so that if two or more become
operated, the one farthest from the source of
operating ground receives preference. There-
fore, when some relay such as 1518 operates, it
gives its corresponding line link frame access to
the group of twenty districts and excludes other
line link frames. It will be noted furthermore
that relays 1518, etc., not only act as lockout re-

lays, but they serve also as connector relays to

connect their respective line link frames to some
of the common control leads pertaining to the
twenty-district group. Thus at relay 1518 con-
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ductor 1535 from the line link frame connects -

through a make contact of relay i518 to multi-

ple tap 1533 and the common control conductor
1532. Multiple tap 1536 on lead #1535 illustrates

the multiplying by which the line link reaches - ‘

its four other relays like (518, so as to gain
access to the common control conductors of other
twenty-district groups.

With the operation of relay 1518, the line hnk
frame is able to signal over the common control
conductors to the sender link frame and demand
service on thie twenty district junctor group. Re-
lay 1913 connects ground from its lower outer
armature and front contact, over conductor 1935,
make contact on relay 1513, conductor 1535, con-
tact of relay 1518, multiple strap 1533, conductor
1532, make contact of key 2209, normally oper-
ated, conductor 2221, winding of start relay 2212,
series chain through continuity contacts of re-
lays 2213 and 2214, series chain through lower
inner hreak springs of relays 2207, 2206, 2205, and
2204, to battery at the bottom break springs of
relay 2208. The start relays represented by 2212,
2213, and 2214 are five in number, one each for
the five groups of twenty district junctors served
by the sender link frame, In order to cope with
simultaneous operation, these relays have their
operating chain wired in reverse order with re-
spect to their functional chain. Hence the op-
erated relay nearest the beginning of the func-
tional chain receives preference, while an oper-

- ated relay nearest the source of the operating

chain opens the latter chain to guard against in-
terference. Assuming relay 2212 to be the pre-
ferred relay in this case, it locks to battery on its
right inner make springs and closes ground from
its left outer armature and make contact, over
conductor 2224, a contact of key 2209, normally
operated, conductor 2225, winding of relay 2013,
to battery. One relay 2013 is furnished for each
group of twenty district junctors, and each such
relay has its armature contacts wired to various
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common or frame conductors and its make con-
tacts to corresponding individual conductors as-
sociated with the twenty district junctors. Con-
sequently the relay upon operating appropriates
the sender link frame for use with the corre-
sponding twenty-district group, since the opera-

tion of other relays of the kind is prevented by

the chain wiring on the left outer contacts of
start relays 2212, ete. :

Having granted preference to a particular
group of twenty district junctors, the sender link
circuit signals accordingly to the line link cir-
cuit attached to that district junctor group. 'The
ground used for this purpose is the paths avail-
able ground already traced from break springs of
hold magnet 2005, conductors 2016, break con-
tacts of relays 2014, etc., to conductor 2§20, thence

by conductor 2017, through a make contact of

relay 2013, over conductor 2048, a make contact

of key 2209, operated, conductor 2226, break con-.

tact of relay 2310, conductor 2335, a make con-

- tact of key 2209, coriductor 2227, a make contact

of relay 2013, conductor 2019, lower armature and

make contact of relay 1518, conductor 15317, make

contact of relay 1513, conductor 1538, lower out-
er armature and break spring of relay 1803, con-
ductor 1937, the jumper between the terminal
blocks 1904 and 1908, conductor 838, chain cir-
cuit on right inner armature and break contact
of relay 1912, assumed normal, conductor 1938,

to the lock winding of relay 1908, and battery.’

From conductor 1538 a branch conductor {936
carries ground to the winding of relay 1817, and
battery. Relay 1909 locks operated, while relay
1917 operates and opens the operating paths of
all ten of the relays 1809, 1810, etc., thus restor-
ing all except the locked one. Relay 1917 con-

‘nects ground from ifs lower make contact over

conductor 1940, winding of relay 1815, to battery,
operating the latter relay. Relay (815 closes a

. circuit from ground at the left inner make con-

(]

tact of relay 1807, conductor 1839, upper inner
make contact of relay 1815, conductor 1840, low-
er inner break contact of relay 1903, conductor

1941, cross-connection between terminal blocks .

1904 and 19808, to the chain circuit at the left out-
er transfer springs of relay 1912, conductor 1942,
left outer make contact of relay 1909, conductor
1943, a make contact of relay 1321, conductor
1334, upper outer make contact of relay 1518,
conductor $539, winding of relay 15i1, and bat-
tery. Relay 1511, like relay 1518, is representa-
tive of the preferred group of twenty district
junctors and its operation completes the proc-
ess of selecting the twenty group. Relay 1511 al-
so closes additional control leads for the selected
junctor group, and completes the operating paths
for relays 1509 and 1510, which represent respec-

tively the first and second ten district junctors in

the twenty group. Relay 1509 will be the one to
operate, since it is assumed that the first one in

the pair of test relays 1909 and 1910 be locked

operated. The operating path for relay 1509 ex-

" tends from battery, through the winding of re-
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lay 1509, conductor 1540, upper inner make con-
tact of relay 1514, conductor {541, left inner make
contact of relay -1503, conductor 1542, left inner
make contact of relay 1909, conductor {944, left
inner break contact of relay 1912 to conductor
1945, jumper across connecting blocks 1908 and
1904, conductor (946, lower break contact, sec-
ond from bottom, on relay 1903, conductor 1847,
lower outer make contact on relay 1813, to
ground. Relay 1508 is now enabled to operate
the primary select magnets of the line link, since

2,235,803
"the choice of the district tens group determines

the terminating or secondary end of the fine link,
while the horizontal group relgy 1009, previously
operated, determines the originating or primary

end of the link. The operating path of the se- !

lect magnets may be traced from battery, wind-
ings of the primary select magnets such as 1005,
two to seven in number, multiple strap {055 and
conductor (054, a make contact of relay 1009,
common conductor {058, upper inner make con-
tact of relay 1508, conductor 1543, a make con-
tact of relay 1543, conductor 1544, to ground at a
break contact on release relay i809. Relay {509
also notifies the sender link as to the choice of
the district tens group, with ground from its low-
er make contact, common control conductor 1545,
winding of relay 201{ and battery, operating re-
lay 20fi. Relay 20il operates relay 2009 in an
obvious circuit and prepares paths for making a
busy test: of the individual districts composing
the tens group, as will be explained later. Relay
2009 prepares the operating circuits for the ten
pairs of primary hold magnets, such as 2000 and
2001, which give access from the ten district
junctors to the corresponding ten sender links.
Returning for a moment to the stage at which
‘the start relays 2212, etc., operated, it will be
seen that any one of these relays closes a cir-
cuit to operate relay 2219, from battery, right
outer make springs of relay 2212, etc., conduc-
tor 2228, upper outer break contact on relay 2216,
conductor 2229, winding of relay 2218, to ground.
Relay 2219 connects ground from its upper make
contact, conductor 2230, winding of relay 2203,

conductor 2231, to battery at the upper break :

springs of relay 2220, operating relay 2203.
Meanwhile relay 2208 operates in a path from
battery, winding of relay 2208, conductor 2232,
a make contact of key 2289, conductor 2234, to
ground at a make contact of relay 2613. Relay
2208 grounds the off-normal ground conductor,

=t
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supplies ground for operating relays 2204, etc., °

and operates relay 2202 over a path from ground
at the upper outer break contact of relay 2328,
conductor 2235, lower inner make contact of re-
lay 2208, conductor 2238, winding of relay 2202,
to battery. Relay 2208 also removes battery
from its lower break contact in order to‘open the
operating circuit of the flve start relays 2212,
etc., and prevent useless operations. Relay 2202
upon operating locks to the off-normal ground,
conductor 2268, grounds conductor 2238 to oper-
ate relay 2332 and start the timing circuit, and op-
erates all five of the district group busy relays,
such as 2113, by connecting ground from its left
make contacts over paths including conductors
2239, make contacts of key 2209, conductors
2020, windings of the relays 2113, to battery.

‘Each relay 21(3 opens the paths available con-

ductor 2119 to make the corresponding twenty
district junctor group test busy to all its asso-
ciated line link frames. :

District junctor test

With the operation of relay 208i§ above men-
tioned, the ten test conductors such as 2021 com-
ing from the ten district junctor circuits are con-
nected respectively through the windings of the
ten test relays represented by 2204, 2208, etc., to
ground. The test conductor of a busy district
junctor is opened, while that of an idle district
junctor is connected through a resistance to bat-
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tery, so that idle districts will be indicated by -

operated test relays 2208, 2208, etc. Taking re-
lgy 2204 as an example. its operating path ‘;s“
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traced from ground at a make contact of relay
2208, winding of relay 2204, right outer make
contact jof relay 2203, a make contact on key
2209, conductor 2023, left outer make contact of
relay 2011, conductor 2021, to the district junctor
circuit, break contact of make-busy jack 2588,
conductor 2572, lower outer break contact of
relay 2522, upper outer break contact of relay
2501, resistance 2599, to battery. Relay 2204 is
supplied with operating ground over an individ-
ual conductor, while the other nine test relays are
for convenience supplied with ground in groups
of threes. The operated test relays, having
locked themselves in local circuit to battery on
their upper inner make confacts, connect bat-
tery to conductor 2240 and through a make con-
tact of relay 2202 to the winding of relay 2216
and ground, operating the relay. Relay 2218 at
its upper outer make contacts, connects battery
from conductor 2228, through a make contact of
key 2209, conductor 2267, to ground through the
winding of relay 2400, operating that relay for
a purpose to be explained later.

At this stage the test relays 2204, etc., provide
economical means for recording on a traffic meter
the number of times the last district junctor in
a group of ten is selected to serve a call. Relay
2216, at its upper outer break springs, opens the
energizing circuit of relay 2219. The latter relay
is slow to release, so that it momentarily delays
its own release and that of relay 2233 controlled
by it. Relay 2203, released by relay 2219, opens
the operating paths of all the test relays 2204,
etc., but the delay occasioned by slow-release re-
lay 2219 has meanwhile covered any inequalities
in the operating times of the test relays and has
therefore insured the operation of all such relays
having operating paths to idle district junctors.
Having made sure that all idle districts are regis-
tered, the circuit distinguishes between the case
where only one district is idle, and the case where
two or more are idle. This is done by means of
chain circuits on the upper contacts of test re-
lays 2204, etc.

traced from battery, make contact 2245 and make
contact 2246 on relay 2207, over a conductor to
make contact 2247 on relay 2208, to conductor
2243, a right make contact on relay 2202, con-
ductor 2244, operating relay 2220 through its
winding to ground. Hence, as regards this pair
of test relays, both relays operated together will
energize relay 2220 to indicate that the two dis-

trict junctors represented are idle, whereas either:

test relay operated alone will fail to operate relay
2220 and will indicate that only one of the dis-
trict junctors is idle. Successive pairs of adja-
cent test relays are similarly equipped to indi-
cate the availability of their corresponding two
districts. Now to extend the scope of this ar-
rangement to any two test relays, whether adja-
cent or not, as well as to any number of the re-
lays, a tie is made between the series chains of
the several pairs of relays.
break contact 2248 on relay 2206 and break con-
tact 2249 on relay 2205, and it will be noted now
that pairs of non-adjacent relays such as 2207
and 2205 provide a series path leading to con-
ductor 2243, while the three relays 2207, 2206
and 2205, provide, between them, two series paths
to conductor 2243, and so on. The failure of re-
1ay 2220 to operate indicates that out of the group
of ten district junctors only one idle district is
left to serve the call, and so with relay 2220 nor-

mal a count is registered on trafic meter 2007.

Considering the pair of adjacent
" relays 2207 and 2206, a series circuit may be

This tie is shown at

17

The meter control relay 2008 is energized in a
path from battery, winding of the relay, right
inner make contact of relay 2009, conductor 2028,
make contact of key 2209, lower break contact
of relay 2220, conductor 2250, to ground at a
lower make contact on relay 2305, whose opera-
tion Is explained later. Relay 2008 energizes the
meter 2007 and locks to a break contact of the
meter until the latter fully operates. If on the
other hand relay 2220 operates, it does so be-
cause two or more districts in the group are
available, and it opens the meter path to prevent
registration. Relay 2223 locks to conductor 2243
to make itself independent of the test relays
2204, etc., and opens the operating circuit of re-
lay 2203 to restore the latter without waiting for
the release of slow relay 22189.

With all idle distriet junctors in the group
registered upon operated test relays 2204, etc.,
as above described, the -selection of the individ-
ual district junctor is actually determined,
though it- remains uncompleted for the moment.
The way in which this selection 1s governed by
chain wiring on the lower outer contacts of test
relays 2204, etc., in combination” with certain
preference conductors grounded in the line link
circuit, is explained later under the heading,
“Operation of sender link primary and secondary

" hold magnets and llne link secondary hold mag-

net.”

Sender group test (regular) and sender group
selection

While the distrlct tens group is being selected
and the test for idle districts is under way, the
sender link controel circuit proceeds to test the
sender groups for available senders, and next to
select a sender group and an individual sender
to serve the call.

Ten test relays represented by 23!9 etc., in the

-sender link control circuit, test respectlvely the

ten sender groups serving the sender link frame,
to determine how many of the sender link paths
accessible to the selected district group will each
meet the following requirements: (a) that the
sender link itself is idle, (b) that the associated
sender group is not being selected at the moment
by some other sender link frame, (¢) that the
sender group is not entirely busy, and (d) that
the sender group contains more than one idle
sender. Sender groups containing only one idle
sender apiece are disregarded at this time, since

they are held in reserve for a reason which will

be explained further on. Taking test relay 2318
as an example, its operating path runs from bat-
tery, winding of relay 2319, left outer break con-
tact of relay 2311, conductor 2336, a contact of
key 2209, conductor 2251, lower break contact of
relay 2014, common conductor 2029 to a make con-
tact on relay 2013 corresponding to the selected
district group, individual conductor 2030 corre-
sponding to the first sender link for that district
group, break contact of secondary hold magnet
2004 of the sender link referred to, common con-
ductor 203 relating to the sender group serving
the sender link in quéstion, inner break contact of

" relay 2400, common conductor 2431, break con-

tact of relay 2401 to conductor 2433, left inner
break contact of relay 2405, conductor 2434, to
ground at the right inner chain contacts of re-
lays 2412, 2413, etc. Various elements in the fore-

going path require further explanation. The ten
sender group busy relays 2014, etc., have already
been mentioned in connection w1th the paths
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available test of the line link circuit. One of
these relays per sender group is furnished on each
sender link frame served by that sender group,
and the relay operates and opens the test paths
whenever all senders in the group become busy.

. Conductor 2030 is individual to the sender lnk,
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and hence for each twenty district junctor group
represented by group connector relay 2013, there
are ten conductors 2030 fanning out to break con-
tacts of the secondary hold magnets 2004 of the
ten sender links. Common conductor 2031, with
its multiple strap 2032, appears on the armature
springs of the flve secondary hold magnets 2004
which give access respectively from the five dis-
trict groups to the sender group corresponding to
conductor 2031. One relay 2400 is furnished on
each sender link frame to switch the ten test
conductors 2031 corresponding to the ten sender
groups. Further mention of relay 2400 will be
made later in the discussion of the sender group
reserve feature., Relays 2401, 2402, 2405, the ten
relays 2409, etc., and the ten relays 2412, etc,
are sender group equipment, furnished on the
basis of one set for the office. The relays repre-

each for the individual senders composing the
group, and each relay is operated, as described
hereinafter, when its corresponding sender be-
comes busy. The right inner contacts of these
relays are arranged in chains to indicate on test
conductor 2434 whether or not the group contains
at least two idle senders, the arrangement being
the same in principle as that previously described
for the district test relays 2204, etc. Since an in-
dication relative to two elements in the group is
desired, a chain circuit embracing two relays is
furnished on each pair of adjacent test relays such
as 2413, 2414, etc. Each such chain feeds ground
~to the test conductor 2434, thus giving a ground
indication when both the corresponding senders
are idle and a non-ground indication when either
or both of the senders are busy. In order to ex-
tend this method of indicating consecutively num-
bered busy senders so.as to apply to any pair or
any number of pairs in the group, the various
chains are tied together as indicated at the right
inner contacts of relay 2413. Consequently test
conductor 2434 will be grounded if two or more
senders in the group are idle, and it will not be
grounded if only one sender remains idle or if
all are in use. )

Returning now to the ten test relays 2318, etc.,
the operation of any one of these indicates that
for the district junctor group carrying the call
there is a path available over a particular sender
link to a sender group containing at least two
idle senders, and furthermore that the sender
group at the moment is free to accept the call.
After testing in this manner, the control circuit
selects one. of the sender groups by operating
the lockout relay such as 2i15 corresponding to
that sender group. A preference chain of lockout
relays 2115, 2{{6, etc., is furnished for every
sender group, the first relay 21138 being controlled
by the first or preferred sender link frame served
by the sender group, the second relay such as
2116 by the next sender link.frame served by the
sender group, and so on. Consequently each
sender link frame controls ten lockout relays,
one for each sender group, but the wiring may be
“slipped” or rotated in such way as to give a cer-
tain sender link frame a position of first prefer-
ence over other frames with reference to a given
sender group, second preference on another sender

sented by 2412, 2413, etc., are fen in number, one

2,335,803

group, and so on. The operating path for relay

2{18 may be traced from ground, through the

winding -of relay 2118, conductor 2122, contact
of key 2208, conductor 2331, right make contact
of relay 2318, through connecting blocks 2322
and 2323, conductor 2338, left inner make contact
of relay 2212, to battery through resistance 2211.
Resistance 2211 prevents the battery fuse from
being blown by accidental crosses between the
left-hand adjacent sets of contacts on relays
2212, etc., during relay adjustment. It will be
noted in connection with the path just traced for
operating relay 2118 that the preference as among
the various sender groups. is governed partly Ry
the sequence wiring on relays 2318, etc., repre-
senting the ten sender groups, and partly by the
wiring on relays 2212, etc., representing the five
twenty district junctor groups, the two chain cir-
cuits being suitably interconnected by jumper
wiring at terminal blocks 2322 and 2323. The
result of this combination is the random choice
of a sender group and hence the random distribu-
tion of traffic over the various sender links, for
the purpose of equalizing wear upon the links.
Because of the chain wiring on relays 2319, etc.,
the sender link can operate only one of its lockout
relays such as 2118, at a time. If some other
sender frame at the same instant operates its
lockout relay such as 2116, the latter relay will
lock itself and will take precedence because the
functional chain on the upper outer chain con-
tacts of the relays runs from left to right or in
reverse direction with respect to the operating
chain on the lower contacts. Assuming, however,
that relay 2118 is the only lockout relay operated
in theé present instance, this relay at its bottom
chain circuit opens the operating path of other
relays in the group to exclude other link frames,
and at its upper outer make contact closes a lock-
ing circuit for the corresponding test relay such
as 2319. The lock circuit may be traced from

-. ground at the upper outer contacts of relay 2117,

chain circuit through relay 2116, upper outer make
contact of relay 24195, conductor 2123, contact of
key 2209, conductor 2339, right inner or lock con-
tact and lock winding of relay 2318, to battery.
Relay 2115 also connects the same ground through
its upper inner make contacts to conductor 2124,
through a contact of key 2209, conductor 2340, to
the winding of relay 23{l, to battery, operating
relay 23i1. Relay 2311 is a gate relay whose op-
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eration opens the energizing paths of all the test -

relays 2319, etc., to release all except the locked
one. Relay 2311 also at its right make contact
supplements the ground on the paths available
conductor 2226, so that if the last path available
is being used to serve the call the subsequent
opening of the paths available conductor 2226
will be unable to remove ground from conductor
2335 and thus dismiss the line link. Relay 2311
furthermore closes one section of the energizing
path for relay 2318, traced from battery, winding
of relay 2318, left outer make contact of relay
2311, left middle bresk contacts of the normal

‘relays 2321, 2320, etc., left outer make contact of

relay 2319, lower outer break contact of relay
2308, to conductor 2233 and a path already traced
to ground at a make contact of relay 2013.

Relay 2318 may be considered as a check relay
which, in conjunction. with the indicating chain
arrangement at the left middle and outer contacts
of relays 2321, etc., certifies the release of all
unused ones of the latter relays and prevents them
from causing interference. The elements of the
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chain arrangement are as follows: (a) a serles.

chain A through the left outer break contacts of
relays 2819, 2320,.etc.,, which derives its ground
at the first chain relay and connects through a
make contact of the last chain relay to the wind-
ing of check relay 2318.
a source of ground from preceding normal relays
to enable the last chain relay to operate the check
relay; (b) a series chain B through the left
middle break contacts of relays 2321, 2320, etc.,
which .carries the winding of the check relay
through the last and intermediate relays to a
make contact of the Airst chain relay and ground.
Chain B thus brings the check relay under con-
trol of each chain relay succeeding the first, and

enables the first chain relay to operate the check.

relay; (¢) a make contact connectlon such as
2341 on each intermediate relay to serve as a
tie between chains A and B when the relay is
operated. Thus chain A, with preceding relays
normal, becomes a source of ground whereby an
intermediate relay such as 2320 can operate the
check relay, whose winding is brought over chain
B from the succeeding normal relays. The oper-
ation of some other relay preceding relay 2320
will open the ground supply, while the operation

of some other relay succeeding relay 2320 will

open the winding path of the check relay, so that
in either case the check relay is prevented from
operating. Thus the condition for operating the
check relay 2318 is that all the chain relays 2319,
etc., except one shall have restored, and so the
control circuit is guarded against the possibility
of connection with more than one sender group,
even momentarily.

‘With the operation of relay 23(8, connection
is made to the selected sender group circuit by
way of connector relay 2{14. One such connector
relay is furnished on the link frame for each
sender group, so that there are ten such relays
per frame, with the frame wires multipled at the
armature contacts of all ten, From the view-
point of the senders, there is one connector relay
per sender group on each sender link frame served

by the sender group. The wiring from the sender

group equipment of Fig, 24 multiples across from
frame to frame, appearing on the make contacts
of the various connector relays 2114 representing
the sender group. 'The operating path for relay
2114 may be traced from battery, winding of re-
lay 2114, conductor 2125, key 2209, conductor
2252, upper inner make contact of relay 23i8,

" left inner make contact of relay-2318, to ground.

Sender link selection

The same ground supplied by relay 2318 to con-
ductor 2128 for operating relay 2114 is passed
back over branch conductor 2033, through a make
contact of relay 2013, to operate a pair of select
magnets 2603 and 2002 at the primary end of the
sender link to be used. ‘' By referring to the trunk-
ing. diagram of Fig. 5, it can be seen that this
sender link is the proper one to select; for both
ends of it have now been identified, the primary
end by the.operated relay 2013 representing the
selected district group, and the secondary end by

the locked up relay 2319 representing the sender -

group to receive the call.
Sender selection

With connection established by way of con-
nector relay 2114 to the chosen sender group, se-
lection is made at random from among the idle

Chain A thus serves as

19
senders in the group. Relays 2412, 2413, etc.,
represent ten relays which serve as busy relays

‘respectively for the ten senders in the group, each

relay being operated when its corresponding send-
er is busy. Purnished also for each sender is a
selection relay 2409, etc., the ten such relays be-
ing connected in the usual chain arrangement
already described, so as to select their respective
senders according to a certain order of preference.
A preference chain is also provided on the con-
tacts of the ten busy relays 2412, etc., for con-
trolling the operation of the selection relays 2409,
etc.,, but this preference chain is reentrant or
closed from the last relay 2414, through to the
first relay 2412, and back again, and at five equally
spaced points around the chain the five ground
supply conductors such as 2435 are brought in.
Assuming the first sender to be among those
idle at the moment and ground to be present on
conductor 2438, then the busy relay 2412 is nor-
mal, and relay 2409 receives preference and oper-
ates to select the first sender. In detail, the as-
sumed operating path extends from battery at the
right inner break contacts of relay 241 (, the chain
circuit through the right inner break contacts
of intermediate relays 2410, etc., winding of re-
lay 2409, left outer break contact of relay 2412,
conductor 2435, right outer break contact of re-
lay 2402, conductor 2436, a make contact of re-
lay 2114, conductor 2126, a make contact of relay
2013, common control conductor 2034 for the se-
lected twenty-district group, to the line link cir-
cuit, a make contact of relay 1511, make contact
of relay 1501, conductor 1546, chain circuit on up-
per middle contacts of relays 1812 and {811, make

[
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contact of relay I8f1, to ground. Five complete .

ground paths like that just traced are provided,

each taking its source on a pair of the ten line-

test relays 1811, 1812, etc. Only one such con-
ductor can be grounded because normally but a
single one of the relays 1811, etc., is allowed to
remain operated, as already explained, and an
extra safeguard is provided by means of the series
chain wiring. - Moreover, since the line test re-
lays 1811, etc., represent calling lines, which origi-
nate calls at random, the five conductors are
grounded at random on successive calls and thus
afford convenient means for distributing traffic.

- 'The first such use of these conductors is in con-

nection with the random selection of an idle

40
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sender in a group of ten, as just described above.

The sender selector relay 2409 having oper-
ated to the conductor 2435 locks itself to battery,
and at its right outer chain contacts closes a
branching. ground circuit to select its corre-
sponding sender. The ground is supplied from a

make contact of relay 2114, over conductor 2127,

and after passing through the right outer make
contact of relay 2409 to conductor 24317, it is fed
over branch conductor 2438, make contact of
relay 2114, conductor 2128, winding of secondary
select magnet 2006 to battery, operating the se-

lect magnet. The chain circuit at the right outer -

contacts of relays 2409, etc., prevents the ground-
ing of more than one select magnet, although ten
paths are provided. It is obvious that the sec-
ondary selecting magnet energized as shown is
the correct one, since the choice of these select
maghets has been restricted by connector relay

-2114 to the ten magnets giving access to the

senders in the selected group, and since, further-
more, the individual select magnet is energized
by the same sender selector relay 2409 that se-

lects and starts the individual sender. The start-
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ing of the sender by relay 2409 is accomplished
with ground supplied from relay 2408 to con-
ductor 2431, as already described, thence by way
of branch conductor 2439 to the sender and the

windings of sender relays 2800 and 2903 oper-:

ating these relays.

The sender now records the class of service
characterizing the subscriber .line, such as in-
dividual message rate, two-party message rate,
coin, etc., in the manner described hereinafter.
Since the position of a calling line on the line
frame is necessarily recorded in the line link con-
trol circuit, as already described, the position of
the line affords a convenient basis for indicating
the class of service. To assign a line to a class of
service, the line is placed in a particular posi-
tion in its group of ten lines, so that all lines
of a certain class appear, for example, as No. 1
in their respective tens group, while lines of an-
other class appear as No. 2, etc. In the line link
control circuit, the line recording relays 1811, ete.,
apply ground to a single one of the ten class con-
ductors (881, etc., depending upon. which relay
is operated to record the calling line. Ground
is thus passed over conductor {841, a make con-
tact of relay 1321, conductor 1335, class connec-
tion blocks 1505 and 1506, make contact of relay

1511, common conductor 1547 associated with the-

twenty-district group, to the sender link circuit,
a make contact of relay 2013, conductor 2035,
make contact of relay 21t {4, conductor 2129, com-
mon to the sender group, thence to the sender cir-
cuit, & make contact of relay 2906 of the in-
dividual sender, to battery through the winding
of relay 2905 which is one of the eight class of
service recording relays of the sender. The func-
tions of relay 2905, which operates over the afore-
mentioned circuit, will be discussed later. It will

be noted that & maximum of eight different class

of service indications can be passed through the
sender link circuit to ‘the sender circuit, this be-
ing a suitable limit imposed by the capacity of
the connecting relays. For the same reason, in
the line link circuit a limit of five is placed upon
the number of class indications that may be
passed from & given line link frame to its asso-
ciated sender link frames. Thus a sender link
frame may assemble eight different class of serv-

ice indications from all the associated line link

frames, but only five such indications from a
particular line link frame,

The sender also at this time makes a record of
the district link frame, so that later the in-
formation can be used by the marker in oper-
ating the district frame connector. The oper-
ated relay 2414 provides convenient means for
indicating the location or number of the district
frame, since as already stated, each sender group
has one of these connector relays on each of its
associated sender link frames, and the sender
link frame in turn serves to designate the corre-
sponding district frame, Each connector relay
2114 is wired to give a.ground indication over
two conductors, one to show the tens group in
which a frame is located and the other the in-
dividual or unit. Thus conductor 2442 is
grounded by any one of the first ten connector
relays 2114 for the given sender group, and con-
ductor 2443 is grounded by any of the second ten.
The ten conductors which designate the units are
shown under bracket 2441, each one appearing
on & connector relay in the first ten and mul-
tipling to a corresponding connector relay in the
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second ten. To take an example, the ninth frame
would be indicated by ground on conductor 2442,

representing the first ten, in combination with -

ground on conductor 2448 under bracket 2441.
The twelve frame indicating conductors just men-
tioned, common to the group of senders, are car-
ried into the selected sender over make contacts
of sender relays 2908 and 2903. :

Initial operations of sender—Recording class of
, service and district frame number

Before proceeding further with the discussion
of the operation of the line link and sender link
circuits, the initial operations of the selected
sender, 1. e., its recording of the class of service
to which the calling subscriber is entitled as well
as its recording of the number of the district link
frame contalning the district junctor being used
on this call, will now be described since these
sender operations take place at this time and
must be checked, by the sender, as being com-

_ pleted before that circuit assumes control of the

line and sender link switches and subsequently
causes the release of the control circuits asso-
clated with those switches.

As previously set forth, the operation of sender
selector relay 2408 of the sender link control
circuit connects ground to conductor 2439 ex-
tending into the selected sender to operate relays
2800 and 2903 of that circuit. Relay 2800 oper-
ates directly from the ground on conductor 2439
to battery through its winding, while the circuit
for relay 2903 may be traced from ground on con-
ductor 2439, right break contact of relay 38i4,
conductor 2918, to battery through the winding of
the relay. With relay 2800 operated, the ground-
ing of conductor 2128 operates the class of service
relay 2905 as already described. In operating,
relay 2905 extends its operating ground over its
lower inner make contact to conductor 3024 as
a preliminary off-normal ground and further ex-
tends this same ground over its lower middle make
tontact and over conductor 3049 to battery
through the right winding of relay 3002. The
functions of relay 3002, which operates over the
circuit just traced, will be discussed subsequentiy.
As previously set forth, the information that the
district junctor used on this call is located on dis-
trict frame No. 8 is transmitted to the sender by

.the connection of ground to conductors 2442 and

2440. The ground on conductor 2442 extends
over the right outer make contact of relay 2900
to battery through the winding of relay 2901
which operates and registers the information
that the first digit of the district frame number
is 0. When the district junctor used on a connec-
tion is located on one of the frames No. 18 to No.
18, inclusive, conductor 2443 instead of 2442 is
grounded and, in this event, frame register relay
2902 instead of 296f would operate.

The units digit of the district frame num-
ber, as well as all the digits subsequently dialed
by the calling subscriber, are recorded on a cross-
bar register switch consisting of select magnets
3400 to 3409, iInclusive; hold magnets 3818 to
3818, inclusive, and 3811 to 3915, inclusive; and
cross-points 3200 to 3249, inclusive, and 3300 to
3349, inclusive. The operation of relay 2903 closes
circuits from the windings of the ten select mag-
nets 3400 to 3409, inclusive, each representing one
district frame numbered 0 to 8 or 10 to 19, re-
spectively, to the ten frame indicating conductors
extending into the sender link control circuit.
Some one of these ten conductors is grounded,
in this case conductor 2440 over a make contact
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of relay 2114. This ground extends from con-
ductor 2440, over & right make contact of relay
2903, conductor 2935, cabled conductors 2939 and
3138, continuation of conductor 2935, winding of
select magnet 3409, and through resistance 3410
to battery. Select magnet 3409 operates in this
circult and extends its operating ground over

its make contact, conductor 3427, break contact

of relay 3102, to battery through the winding of
relay 38700. Relay 3700 operates and closes an
obvious operating circult for operating relay
37181 through the left winding of that re-
lay. Relay 3702 thereupon operates in a cir-
cuit from battery through its winding, right
make contact of relay 3101, conductor 2911,
lower outer make contacts of relays 2905 and
2901, to the ground previously traced to con-
ductor 3024, this being the off-normal ground
supplied at this time from the sender link con-
trol circuit over conductor 2442. In operating,
relay 3102 opens the circuit through the wind-
ing of relay 3700 which releases, and also closes a
holding circuit for relay 370f in series with hold
magnet 3814 which operates. This circuit is
fraceable from the off-normal ground on cone
ductor 3024, right break contact of relay 3000,
conductor 3028, left make contact of relay 3102,
right winding of relay 3704, right break contact
of relay 3101, conductor 3821, right outer break
contact of relay 3802, left outer break contact
of relay 3812, conductor 3822, a left break con-
tact of relay 3101, conductor 3828, winding of
hold magnet 3814, to battery. Select magnet 3409
having previously operated, the operation of hold
magnet 3814 causes the closure of cross-points
3209 of the register switch, thereby recording the
information that district frame No. 9 is involved
on this call. In operating, magnet 3814 Jocks in
a circuit from the off-normal ground on con-
ductor 3024, inner make contact of the magnet,
conductor 3822, a left break contact of relay 3101,
conductor 3823, to battery through the winding
of the magnet. The presence of ‘this ground on
conductor 3822 short-circuits the right winding of
relay 3101 which thereupon releases and in furn
releases relay 3702. The operation of magnet
3814 also opens the circuit over which relay 2903
is being held operated and that relay thereupon
releases and in turn opens the operating circuit
for select magnet 3409 which also releases. .

The above-described. operation and release of

" relay 3102 during the registration of the num-

60
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ber of the district frame causes relays 3705, 3707
and 3800 to operate as o preparation for the sub-
sequent registration of the number to be digled
by the calling subscriber. - When relay 3702 op-
erates, the off-normal ground on conductor 3024 is
extended over its right make contact, left break
contact and winding of relay 3705 to battery
through resistance 3706, and also over the left
break contact of relay 3107 to the junction of the
winding of that relay and resistance 8708, the
other side of this resistance connecting to bat-
tery. Relay 3105 operates in this circuit, locks
to the off-normal ground on conductor 3024,
breaks its operating circuit, and closes the ground
on conductor 3024 to one end of the winding of
relay 3707. Relay 3107 does not dperate, how-
ever, since its winding is short-circuited by the
previously traced ground over its left break con-
tact. When relay 3702 subsequently releases it

opens this short eircuit and relay 3707 thereupon

operates. The left inner make contact of relay
3107 connects the ground on conductor 3024 over
conductor 3730, in a similar circuit over the

21

break contact and through the winding of relay
3800 to battery through resistances 3801, and also
over the ileft break contact of relay 3802 to the
junction of the winding of that relay and re-
sistance 3803, the other side of this resistance be-

. ing connected to battery. Relay 3800 operates

over this circuit, locks to ground on conductor
3024, and connects this ground to one end of the
winding of relay 3802. Relay 3802 does not oper-
ate at ithis time, however, since its winding is
short-circuited by the ground on conductor 3730
and over its, left break contact, Relay 3702 can-
not operate until some one of the class of service
register relays, relay 2905 in this instance, and one
or the other of the 0 and {0 frame register relays
2901 and 2902, relay 2901 in this instance, have

- properly operated, thus insuring that hold magnet

3814 does not operate and cause the release of
relay 29803 before the class of service and frame
register relays have had time to operate. The
operation of relay 3800 is dependent upon the re-
lease of relay 3702 which occurs following the
‘'operation of hold magnet 38{4. The operation of
relay 3800 at this point is therefore a check that
this hold magnet has properly operated and ef-
fected the closure of & set of cross-points on the
sender register switch for the purpose of record-
ing the number of the district frame involved
on the connection. In operating, relay 3800 partly
closes a future operating circuit for relay 3000,

_the operation and functions of which will be de-

scribed later.

Operation of sender link primary andi_secondary
hold magnets, and line link secondary hold
magnet

>

While the sender is occupied with the registra-

tions explained above, preparations are made for
operating the primary hold magnets of the se-

lected sender link. Relay 2409 and its left outer °

make contact closes ground to operate relay 2401,
which opens the test path associated with the
sender group and makes the latter test busy at
other sender link frames served by it. Ground
from a make contact of relay 2(14 is supplied
over conductor 2130 to the left inner double make
contacts of the sender selector relays 2409, etc.,
and this ground is used to lock up the operated
relay 2409 and to energize relay 2402. Relay

2402, having first opened all five of the conduc- °

tors 2436, one of which has been used for operat-
ing the sender selector relay, then connects con-
ductor 2131 to conductor 2132 to operate relay
2211 in the control circuit. The operating path
for relay 22171 runs from battery, through the
winding of relay 2211, left outer break contact of
relay 2203, upper middle make contact of relay
2216, conductor 2253, upper inner break contact
of relay 2365, lower outer make contact of relay
2318, conductor 2342, a make contact of key
2209, conductor 2254, make .contact of the op-
erated select magnet 2006 at the secondary end
of the selected sender link, conductor 2036, a
make contact of relay 21{4, conductor 2132, left
outer make contact of relay 2402, conductor 2131,
a make contact of relay 2114, conductor 2037,
make contact of relay 2013, conductor 2038, make

G0

contacts, in series, of select magnets 2302 and -

2003 at the primary end of the selected sender
link, conductor 2225 and ground at the right
outer make contact of relay 2009. Certain ele-
ments of the path just traced require explana-
ticn. Conductors 2254 and 2036 closed by sec-
ondary select magnet 2006 are common to the
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frame, so that any secendary select magnet on
the frame is able to close this part of the path.
Condictors 2036 and 2037 are connected together
by relays 2114 and 2402, which pertain to the
selected sender group. Conductor 2037, common

to the frame, is connected through contacts of.

district group relay 2013 to a branching path
which is related to the ten sender links serving
the district group and which is arranged to be
grounded whenever any one of the ten links has
its pair of primary select magnets operated. Thus
it will be seen that relay 2217 cannot operate
and prepare the energizing path for any hold
magnet until after the select magnets at both
ends of the sender link have closed their make
contacts and therefore have had opportunity to
position their select fingers. The line link select
magnets have previously been operated, as de-
scribed, so that now both frames are ready to
have theitr cross-points closed. .
Relay 22iT in operating prepares the energiz-
ing paths for the primary hold magnets of the
sender link, and operates relay 2218. The oper-
ating circuit of the latter relay traces from bat-
tery through the winding of relay 2218, left inner
break contact of relay 2203, lower inner make
contact of relay 2217, conductor 2343, upper outer
break. contact of relay 2308, conductor 2231, lock-

ing contact of relay 2202, to off-normal ground.

Relay 2218 locks itself to conductor 2343 and
energizes, simultaneously, both the secondary
hold magnet of the line link and the primary
hold magnet of the sender link. The ground

used for operating these hold magnets will be .
the one which has been used already in selecting -

a sender at random and which is supplied over
one of the five preference conductors from an
operated line test relay in the line link control
circuit. Without retracing this conductor from
its source, it will be found entering the sender
link circuit as conductor 2034 in Fig. 21, thence
through a make contact of relay 2013, conductor
2126 and the branch 2039, a make contact of key
2209, conductor 2255, upper outer contact of re-
lay 2218, to branching conductor 2258. One
branch feeds ground directly to the lower middle
chain circuit of relay 2204 and through the make
contact, assuming this relay to be operated,
thence by conductor 2258, a mdke contact of key

‘2208, conductor 2257, make contact of relay 2043,
~onductor 2040, to the line link circuit and the .

upper middle make contact of relay 1509, con-
ductor 1548, winding of the line link secondary
hold magnet 1011, and battery, operating the
hold magnet. The other branch of conductor
2258 feeds ground through the upper outer make
contact of relay 2217, lower outer chain circuit
cn rejay 2204 and the make contact, conductor
2259, a2 make contact of key 2209, conductor 2041,
left outer make contact- of relay 2009, to the
windings of hold magnets 2000 and 2001 in par-
allel, to battery, operating the magnets. The
chain circuit wired to the lower middle transfer
springs of the ten district test relays 2204, etc.,
is a closed chain, and entering it at equal in-
tervals are the five preference conductors rep-
resented by conductor 2258, the first one enter-
ing at the armature spring of the first relay
2204, the next.on the third relay, etc. The chain
circuit on the lower outer springs of the ten
relays is wired in the same way, and the points
of entry for the five branch conductors from

relay 22{1 exactly correspund to those on the -

- conductors through to the sender.
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other cham circuit. Furthermore, examination
of the circuit will show the following:

(@) That the hold magnet on the secondary side
of the line link frame, controlling the out-
going end of a district junctor, has its op-
erating path so wired as to be controlled
by the same test relay such as 2204, etc.,
that represents the district in question.

(b) 'That the pair of primary hold magnets on
the sender link frame, controlling the ter-
minating end of the district junctor in
question, likewise have their operating path
controlled by the same test relay 2204, etc.,

that represents this district. Thus the test 1

relay representing a given district junctor
operates the hold magnets at each end of
that district junctor, and the chain wiring
prevents the operation of more than one
such pair at a time. Now it will be re-,
called that several of the test relays 2204,
etc., may be operated at the same time if
their corresponding districts are idle, and
furthermore that selection of the district
remains uncompileted until relay 2218 closes
the preference conductors. If now the first
preference conductor is grounded, prefer-
ence is given to the first tesi relay 2204
or to the nearest operated test relay, count-
ing upward. If the fifth preference con-
ductor is grounded, preference is given to
the ninth relay, and so on. Thus prefer-
ence is distributed among the test relays
and their associated districts in accordance
with the grounding of the preference con-
- ductors; and since the grounding of these
conductors from call to call takes place
at random, traffic over the districts is like-
wise distributed at random.

The sender link primary hold magnets 2000
and 2001, in operating, close the cross-points to
connect the district junctor leads to the sender

_link. The ground used for operating the hold

magnet is extended forward over conductor 2042
to the windings of the secondary hold magnets
2004 and 2005 in parallel, to battery, operating
the latter magnets. These secondary hold mag-
nets close their cross-points to extend the link
Included
among these conductors is the sleeve conductor

. 2043 which later is to serve as a locking conduc-

tor for the four hold magnets but which at the
moment carries their operdting ground into the
sender, through a make contact of sender relay
2900, back over conductor 2444, make contact of

relay 2114, conductor 2133, contact of key 2209,

conductor 2260, winding of relay 2305, conductor
2344, lower outer make contact of relay 2208, to
battery. Reluy 2305 operates and thus serves to
check the closing of the cross-points at botn
ends of the sender link. The upper inner con-
tinuity contacts of relay 2305 open the operating
ground of relay 2217 and at the same time switch
this ground over conductor 2345, winding of relay
2306, to conductor 2260, while another make con-
tact of relay 2305 applies supplementary: ground
to conductor 2345. Relay 2217 now restores and

‘opens the energizing ground for the four sender

20

30

40

50

60

65

link hold magnets and relay 2303 as well, leaving

magnets and relay dependent for their holding
circuit upon the ground applied to conductor 2260
through the winding of relay 2306. Relay 2306
now makes a double connection test; for if the
sleeve of the connection just established is closed

‘with or otherwise in contact ‘with the sleeve of
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another busy connection, ground from the latter

- will shunt relay 2306 and prevent it from operat-
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ing. In such case the time alarm will operate, as
will be explained later. Assuming, however, that
no such trouble condition is present, relay 2308
will operate in serles with the four sender link
hold magnets and relay 2305, all in parallel, to
battery. Relay 2306 in operating energizes relay
2313 in a path from ground, left outer break con-
tacts of relay 2210, conductor 2261, make contact
of relay 2306, winding of relay, 2318, lower inner
make contact of relay 2305, resistance 2304, con-
ductor 2346, right outer make contacts of relay
2212, etc., and battery. Relay 23(3 at its upper

make contacts locks itself to ground, and closes’

ground to conductor 2347 for a purpose to be ex-
plained further on. It will be noted that until
relay 2306 operates, relay 2313 is kept shunted
with ground through the break contact of relay
2306, lower inner break contact of relay 2313,
lower inner make contact of relay 2308, resistance
2304, to battery, the resistance 2304 serving to
safeguard the battery fuse. This arrangement
insures that the double connection test is actually
made, and relay 2306 operated, before the con-
nection is allowed to proceed; for otherwise a
trouble cross between the make contact and arma-
ture spring of relay 2306 would permit relay
2313 to operate prematurely.

The sender link primary hold magnets 2600 and
200( not only close the cross-points, but at their
local contacts they close certain. control leads.
Magnet 2000 grounds conductor 2045 to operate
relay 2522 in the district, and magnet 2001 pro-

vides a locking path for the line link secondary.

hold magnet, connecting ground for this purpose
over conductor 2044, upper outer break contact
of district relay 2526, through resistance 2500,
sleeve conductor 1053 of the district junctor to
the line link frame, locking or local contact and
winding of line link secondary hold magnet 1011,
to battery.

Operation of line link primary hold magnet and

complétion of connection into sender

The closure of the cross-points by line link

secondary hold magnet 1011 connects the operat- .

ing ground of the latter magnet through its local
contacts -and through the sleeve cross-point to
sleeve conductor 1051 of the ‘line link. This
ground is extended, over a path already traced,

to the line link control circuit and. the winding

of the test relay such as 1815, corresponding to
the line link under consideration. Relay 1915
upon operating provides a check upon the closure
of the line link secondary cross-points, since it
serves to close the operating path of the line
link primary hold magnet. This operating path
for primary hold magnet 1004 has already been
traced into the line link control circuit and to
the lower outer chain circuit on the operated

‘relay 1811, etc., which designates the calling line

to be served. Resuming at that point, the path
runs over conductor (837, through the upper
outer make contact of relay 1815 (this relay op-
erated ,when relay 1911 energized), conductor
1842, right outer chain circuit and make contact
of relay 1909, lower make contact of relay 1815,
conductor 1948, a make contact of relay 1513,
conductor {549, a make contact of relay 1518,
to common control conductor 1550 extending to
the sender link circuit, key 2209, conductor 2264,

and ground at the lower inner break contact of .

relay 2308. Control conductor #550, just men-
tioned, is- one of three conductors which are

multipled by way of taps 2145 to other district
group equipments associated with the sender link
frame. Primary hold magnet 1004 upon operat-
ing closes the cross-points, including its own lock
circuit to sleeve conductor 1051 of the link. Hold
magnet 904 also combines with the function of
the line switch that of cut-off relay, for at its
lower break contact it detaches ground from the
tip conductor, and line relay battery from the
ring conductor, of the subscriber line. Line relay
1006 upon releasing removes ground from the
conductor 1024, thus releasing relay 1808 in the
line link control circuit. The release of relay

1808 controls the progress of the connection at

this stage as already shown, and it indica.tes the
following:

(a) That the line relay has released and is,
therefore, unable to cause a false start upon
release of the line link control circuit,

(b) ‘That the line cross-points are closed and the
line conductors extended into the sender,
thereby enabling the sender to assume charge
and dismiss the two control circuits.

Relay 1808, in releasing, closes a circuit trace-

able from ground, upper inner ‘make contact
of relay 1810, upper outer break contact of relay
1808, conductor 1843, a make contact of relay

~ 1321, conductor 1336, make contact of relay 1548,

common conductor {551 extending to the sender
link frame, a make contact of relay 2114, con-
ductor 2136, to the sender circuit, a make con-
tact of sender relay 2900, break contact of sender
relay 2915, conductor 2920, make contact of
sender relay 3800, conductor 3022, winding of
sender relay

already been operated as a result of its check of
the registration of the class of service and dis-
trict .frame indications as previously described.
Sender relay 3000, in operating, closes ground
over a left make contact to conductor 2448, to
operate sender busy relay 2412, and the latter re-
lay breaks the operating path of relay 2409 and
opens its portion of the test path to conductor
2434, in order to mark the sender as busy. The
operation of relay 3000 supplies off-normal
ground to conductors 2448, 3023 and 3024, this
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3000, to battery. Sender relay
3800, controlling the circuit of relay 3000, has
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ground on conductor. 3024 supplementing the ..

ground previously supplied thereto from the
sender link control circuit over conductor 2129
and the locking contacts of relays 2901 and 2905.

Closure to sender for dialing—Dial tone

In operating, relay 3000 also closes the tip and
ring conductors of the calling station line through
into the sender preparatory to the record-
ing of the number subsequently to be dialed by
the subscriber, and simultaneously completes the
circuit which supplies a tone to the calling sta-
tion as an indication that dialing may proceed.
This dialing circuit may be traced from ground
through the left winding of tone repeating coil
3004, .left outer make contact of relay 3002, left
outer break contact of relay 3001, a right make
contact of relay 3000, conductor 3019, cabled
conductor 4428, continuation of conductor 3019
on Figs. 44A or 44B, left outer break contact of

relay #408 if Fig. 44B is furnished, conductor

2450 in either case, cabled conductor 4428, con-
tinuation of conductor 2450 on Fig. 30, over this
conductor to the secondary sender link switch,
operated cross-point contact, link conductor
2047, operated primary sender link switch cross-
point contact, conductor 2549, conductor 2557,
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- conductor 2533,

24

operated cross-point contact of the secondary
line switch, conductor 1081 of line link 1080,
operated cross-point contact of the primary line
switch, line loop including calling station 1000,
contact of primary line switch, line link con-
ductor 1082, contact of secondary line switch,
conductor. 2550,
primary sender link switch, sender link conductor
2048, contact of secondary sender link switch,
conductor 2451 to Fig. 30, cabled conductor 4428,
continuation of conductor 2451 on PFigs. 44A or
448, right break contact of relay 4408 if Fig. 44B
is furnished, conductor 3020 in either case, cabled

conductor 4428, continuation of conductor 3020 -

on Fig. 30, left inner make contact of relay 3000,
right break contact of relay 3001, right outer
make contact of relay 3002, conductor 36i4, to
battery through the middle of operating wind-
ing of the line or pulsing relay 3602, thereby
operating that relay. The right winding of re-
lay 8602, which is energized whenever ground is
connected to conductor 3024, is & blasing winding
effective in the direction opposite to that-of the
middle or operating winding and whose function

is to hold the armature spring of the relay -
‘against the break contact while the operating
-winding is unenergized. The left winding of -

relay 3602, in series with condenser 3608, rein-
forces the middle or operating winding and
makes the relay faster and more energetic in
operating and releasing.

In operating, relay 3602 operates relays 3600
and 3601 in a circuit from battery through the
windings of these relays in series, make contact
of relay 3682, conductor 3615, left inner break
contact of relay 3101, to the off-normal ground
on conductor 3024. Relay 3600 operates relay
36085 in 'a local circuit. Relay 3603 thereupon
operates from battery through its winding, make
contact of relay 3601, conductor 3612, to ground
over the left inner make contact of relay 3605.
A circuit is also closed from ground over the left
inner make contact of relay 3600, conductor 30217,
right winding of tone repeating coil 3004, con-
denser 3003, conductor 3018, cabled conductor

4428, to the continuation of conductor 30{8 on.

Fig, 44A or 448, from which point the circuit
differs depending upon which of these two figures
is furnished. Where Figs. 44A and 45A are pro-
vided, conductor 3018 extends over the left in-
ner break contact of relay 4420, conductor 4440,
upper outer break contact of relay 4500, to
ground through the upper winding of repeating
coil 4513. ‘
vided, conductor 3018 extends directly over the
upper outer break contact of relay 4500 to ground
through the upper winding of repeating coil 4513.
The other winding of this coil is connected to
battery at one end and to an intermittent ground
through interrupter 4514 at the other end. A
tone is thereby induced in the upper winding of
the coil and in the left winding of coil 3604. This
tone is further induced in the right winding of
coil 3004 and is transmitted, over the dialing
circuit traced above, to the calling subscriber’s
station as an indication that the equipment is in
readiness to receive dial pulses.

The aforementioned operation of relay 3605
closes the operating circuit for relay 2914 which
is traceable from battery through the winding of
that relay, conductor 2919, right outer make
contact of relay 3605, conductor 24486, right make

contact of the operated sender busy relay 2412,

conductor 2445, left outer make contact of relay
2900, conductor 2134, a make contact of relay

contact . of .

Where Figs. 44B and 45B are pro- -
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2114, conductor 2262, a contact of key 2208, con-
ductor 2348, upper break contact of relay 2314,
conductor 2341, to ground over the upper make
contact of relay 2313. Relay 2814 in operating,
locks over its right inner make contact, con-
ductor 3061, left inner break contact of relay
3004, right inner and next-to-outer make con-
tacts of relay 3000, conductor 3060, to ground
over the left outer make contact of relay 2914.
This ground also locks relay 3000. This locking
ground for relay 2814 extends from the wind-
ing of that relay, over its left inner make con-
tact to conductor 2043, and also over a left
make contact of relay 2800 to conductor 2444. In
addition, the locking ground for relay 2814 also
extends over its right and left middle make con-
tacts and over a left make contact of relay 2900
to conductor 2447. The ground on conductor
2043 extends back through a make contact of
the operated secondary sender link switch cross-
points associated with hold magnet 2004 and
thereby provides a locking circuit for hold mag-
nets 2000, 2001, 2004 and 2005. The sender thus
assumes control of the connection since these
aforementioned hold magnets, now locked under

“control of the sender, in turn control the locking

circuit for the line link hold magnets. The
ground on conductor 2447 extends back into the
sender link circuit, over a make contact of re-
lay 2114, conductor 21385, key 2209, conductor

2263, lower inner make contact of relay 2313,

conductor 2349, to battery through the winding
of relay 2307. Since the ground for locking the
sender link hold magnets has up to this mo-
ment been supplied through the winding of con-
trol circuit relay 2306, this relay may release
when conductor 2043 is grounded by the opera-
tion of sender relay 29i4. If relay 2308 does re-

<«
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lease, it operates relay 2307 in a circuit from -

ground over the left break contact of relay 2210,
conductor 226, break contact of relay 2308, lower
inner make contact of relay 2313, to battery
through the winding of relay 2307. 'In any event
relay 2307 operates and energizes release relay
2308 through the upper winding of that relay.
Release relay 2308 at its upper outer transfer
contacts opens ground from conductor 2343 to
release relay 2218, and returns ground over con-
ductor 2237 in order to hold relay 2202 operated

and to maintain ground on the off-normal ground .

conductor. Relay 2218 at its upper make con-
tacts opens the preference conductor ground
whereby the line link secondary hold magnet was
operated. Release relay 2308 at its lower inner
transfer contacts detached ground from con-
ductor 2264 and switches the latter to conductor
2350, and through the lower middle break springs

40

of relay 2218, now normal, to branching con- -

ductor 2268, over one branch to the locking
winding of the release relay 2308, and over the
other branch extending through key 2209 to con-

60

ductor 22686, to the line link frame, a make con- -

tact of relay 1518, conductor 1552, a make con-
tact of relay 1513, conductor 1553, right outer
make contact of control circuit relay 1801, upper
inner break contact of relay 1808, winding of re-
lease relay 809, and battery. Both hold mag-
nets on the line link frame have now been de-
prived of their operating ground, so that both
magnets are dependent upon their locking path
already traced through the cross-points and the
junctor sleeve conductor, through the district
junctor circuit, to ground controlled by the sender
link primary hold magnet. This holding ground
backs up over the path just traced above, to hold
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the sender link release relay 2308 and operate

the line link release relay (809. The continuity

of the $leeve holding path is thus verified by the
immediate release of the control circuits, whereas
discontinuity of the holding path will delay re-
lease of the control circuit until the alarm circuit

. operates, as will be shown later.

20

Return of control circuits to normal

Sender link relay 2308 at its lower outer break
contact deenergizes relay 2318, and the latter
relay at its upper make contacts deenergizes
sender connector relay 2114 and the sender link
primary select magnets 2002 and 2003. Relay
2114, in releasing releases the sender link second-
ary select magnet 2006, and the sender group
relays 2402 and 2409. Relay 2409 releases relay
2401. The left inner make contact of relay 2402,
which' restores after relay 2114 releases, shares
the current load with the right inner make con-
tact of relay 2114 and saves the latter from break-

- ing the combined current for the sender link
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secondary select magnet 2006 and the sender
relay 2900. The select magnet 2006 is first de-
energized by a separate make contact on relay

2114, and later the sender relay 2900 is deener- -

gized when relay 2402 restores. Relay 2801, whose
operating path has been opened by the release
of sender connector relay 2114, remains operated
over a locking path through the upper outer
make contact of relay 2305, lower outer make con-
tact of relay 2307, to ground on conductor 2233.
Further disconnections in the sender link circuit
must wait upon the line link circuit.

The line link release relay 1809 operates over
the path already traced, and releases the primary
select magnet 1005 and relay 1913. Relay 1913
releases relay 1509 and removes ground from
conductor $1935 to release relay 2202 in the sender

link circuit. Relay 1509 in releasing releases

sender link relay 2041,

In the sender link circuit, relay 2242 opens the
operating circuit of relay 2013, but the latter has
its release delayed until after relay 2011 releases
relay 2009. Relay 2212 also releases relay 2400,

Y relay 2313, and lock-out relay 2115, while the

last-named relay releases relay 2319. Relay 2013
releases relays 2208 and 2307, and opens the se-
lection lead 2019 to release line link relay 1909.
Relay 2307 deenergizes one winding of release re-
lay 2308, leaving the latter operated momentar-
ily over its other winding to the release lead 2265
extending to the line link circuit. Relay 2208
releases the operated relays 2204, ete., and relay

. 2305. Relays 2204, etc., release relay 2216. Re-

. lay 2305 releases relay 2311, which has been held

operated thus long in order to prevent the false
reoperation of relays 2319, etc., in a circuit over
make contacts of relay 2013, while relay. 2013 is

‘waiting to be released. With the release of all

relays which have contributed ground to the off-
normal ground lead 2268, relay 2202 is free to re-
lease. . Relay 2202 releases relay 2220 and relay
2332. Relay 2332 releases any operated timing
relays such as 2328, 2329 and 2330.. A new con-
nection cannot be made unless the timing circuit
is reset, for relay 2328 must release and reclose
its upper break contact before relay 2208 can
again operate relay 2202.  Relay 2202 also deen-
ergizes all five of the relays 2113, assuming their
locking circuits to have been opened in & manner
to be explained later. :With the release of relays
2{13, the various set of test leads 1631 and 1528
are regrounded and the sender link is again made
available for use. o e

The line link release relay 1809, besides pro-
ducing the actions already described, closes
ground over conductor 1844, through the upper
inner continuity contacts of relay 1903, and the
winding of the latter relay, through resistance
1902 to battery. Relays 1903 and 1900 constitute
a counting relay combination whose purpose will
be explained later. Relay 1900, although sup-

_plied with operating ground simultaneously with

relay 1903, remains shunted by ground through
its lower break contact and resistance 190f to

battery. Relay 1908 in operating locks to ground -

on its upper inner contact, continues the shunt
on relay 1900, and opens its own operating cir-
cuit. Relay 1903 also, at its upper outer transfer
contacts, opens the grounded conductor 1949,
which serves to lock release relay 1809 and pre-

vent its releasing so long as relays 1903 and 1900

are both operated or both normal. Meanwhile,
release relay 1809 operates relay 1816 with ground
from its own operating and locking -circuit,

20

through one of its lower make contacts, conduc- .

tor 1845, lower outer make contact of relay 1800,

.winding of relay 1816, to battery. Relay 18186 in

operating connects ground over its upper outer
make contacts to the common lock circuit of

release relay 1808, thus enabling the latter relay.

to verify the release of relay 1816. The function

. of relay 1816, whose momentary operation at this

stage is without significance, will be discussed
later. :

The line link circuit now awaits the release of
sender link relay 2013, already mentioned,
whereby ground is removed from the selection
conductor 1538 to release line link relays 1811
and 1909. Relay 1909 releases relays 1518 and
1511, and relay 1518 breaks the release conductor
2286 to release the sender link release relay 2308.
Line link relay 1811 releases relay 1815, and the
latter in releasing closes ground from its lower
outer break contact, upper inner make contact
of relay 1809, conductor 1846, make contact of
relay 1321, conductor 1337, winding of relay 1108,
conductor 1142, to battery at a break contact of
relay 1315. Relay 1108, in operating, opens the
operating path of relay 1110 and closes & circuit
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for holding relay 1105 independently of relay -
1620, this path being traced from battery, break h

contact 1338 on relay #1315, conductor 113, wind-
ing of relay (105, conductor (114, right outer

break contact of relay 1104, conductor 11148, right 5

inner make contact of relay 1108, conductor 1032,
break contact of relay 1106, conductor 119, right
inner break contact of relay 1§12, conductor 1120,
left outer break contact of relay 1315, to ground
on key 1313. Relay 1108 also, at its right-hand
transfer contacts, opens the operating path of
pick-up relay 1302 in the time alarm  circuit.
Relay 1302, depending upon the position of in-
terrupter 1303, may or may not have operated,
but if it has operated it momentarily holds relay
1110 over a path traceable through locking con-

- tact 131 on relay 1110, conductor 1132, left make

contact of relay 1302, conductor 1339, left trans-
fer springs on relay 1110, conductor 1322, make
contact of relay {020, conductor-1032, to ground

_already traced. Relay 110 cannot release un-
less pick-up .relay (302 does so and, therefore,

the release of the latter relay is verified and the
timing mechanism restored in preparation for
the next call. Relay (108 also, at one of its
right-hand break contacts, opens the locking cir-
cuit of relay 1020 and of relay 1804, and at ifs
left outer break contacts opens the operating
circuit of horizontal group connector relay 1009.
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All the relays just mentioned release. Relay (020
releases relay 1010. Relay 10089 releases relays
1007 and 1008, the ten secondary select magnets
1012, and any operated one of the link busy test
relays 1915, 1916, etc.

Meanwhile, the release of relay 1110 has opened
the locking paths for the control connector re-
lays 1321, 1501, 1503, 1508 and 1513, the operating
grounds for these relays having been previously
broken by release relay 1809. Relay 1321 de-
energizes control circuit relays 1805 and 194 and
releases relay 1108. Relay 1108 releases relay
1105, and the latter ‘releases gate relay 1023.
Connector relay {508 opens the holding ground
for relays 1807, 1810 and (81}, allowing these re-
lays to release. Relay 1807 releases relay 1800
and relay 1801 if the last-named relay has not
already been released by the release of relay
1805. Relay 1800 releases relay 1818, and the
latter .opens the last locking ground path of re-
lease relay 1809. Relay 1809, with its branched
locking circuit running locally to several points
in the control circuit and over lead (847 to the
control connector relays, thus has its release de-
layed until after it has checked as normal the
various relays concerned. Relay 1809 in releas-
ing opens ground from conductor 1844, and there-
by removes the shunt around relay 1900 and al-
lows the relay to operate to ground supplied by

<4 relay 1903. The function of relays 1960 and 1903

will be explained later. ‘

The line link control circuit, like the sender
link control circuit, has now been restored to
normal and is ready to handle another call. The
calling subscriber’s line remains connected
through the line link, the district junctor, and the
sender link to the sender, and the sender holds
the connection.

The further progress of the call being de-
scribed, upon the subsequent dialing of the
wanted number by the calling subscriber, will be
set forth later as it is desired at this point to dis-

.cuss certain additional features of the line and

sender link circuits not hereinbefore described
in detail, ) :

Districts available test

Every time the sender link circuit restores to
normal it tests the twenty-district group from
which it has just selected a district, to determine
whether all districts in the group are now busy,
or whether one or more than one are still avail-
able. If -the two subgroups of ten districts are
found to contain more than one idle district
apiece, the sender link immediately restores the
paths available ground to the regular test leads
1528 and 1531 (Fig. 21) representing these sub-

groups, thus making these channels again avail- -

able to the associated line link frames. When a
subgroup shows only one idle district, the paths
available ground is withheld from the regular test
lead and is switched to the corresponding reserve
test lead 2137 or 2138. If all districts in both
subgroups prove to be busy, the paths available
ground is withheld from all the test leads for the
group, so long as the busy condition lasts, and
the associated line link frames are obliged to seek
outlet through other district groups. -Before con-
sideration is given to the district reserve test, the
details of the districts available test above out-
lined will be explained. .

Involved in this test is that portion of the dis-
trict group equipment shown in Fig. 21. In the
group equipment for the particular twenty-dis-
trict group chosen to carry the call, the connector
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primed or put in readiness to make the districts
avallable test in the group under consideration.
Thus relay 2103 is operated in a circuit from

" battery through resistance 2102, winding of relay

2103, conductor 2028, make contact of relay 2013,
conductor 2024, key 2209, conductor 2241, to
ground at the lower inner make contact of relay
2218, which operates while the ten test relays
2204, etc., are engaged in testing the district busy
test leads 2021. Relay 2103 at its upper inner
make contact lockseitself to ground, and at its up-
per outer make contact connects the ten busy test
leads 2021 through ten resistances, two of which,
2100 and 2101, are shown, to a common junction
point on conductor 2139, thence through the
windings of relays 2608 and 2109 in series, to
ground on conductor 2028. At this time relays
2108 and 2109 are short-circuited by ground from

conductor 2140 supplied from conductor 2026 ..

through a separate make contact on relay 2013.
This ground connection not only shunts relays
2108 and 2109 to postpone their operation until
the proper time, but it also short-circuits com-

‘pletely any of the grounded test relays 2204, etc., -

whose test paths over their busy test leads may be
open at the time because their associated dis-
tricts happen to be in use. *Without this shunt,
a test relay such as 2204 corresponding to a busy
district would tend to operate falsely from
ground, through its winding, make contacts of
relays 2203 and 2011, conductor 2021, through re-
sistance 2101, the common junction point on con-
ductor 2139, back over resistance 2100, etc., in

relay 20i3 controls paths whereby the circult is

10
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parallel, to locking battery on the upper inner ..
make contacts of operated test relays 2206, etc.,

representing idle districts. The ten-district
group not concerned in the connection has its
test relays prepared in similar manner. Relay
2107 is locked in local circuit, and relays 2110

and 21l are short-circuited. The group busy -

relay 2113, at its upper outer and upper inner
make contacts, provides individual short-circuits
for relays 2109 and 2111, respectively.

The test equipment now remains unchanged M
until the sender link control circuit restores,

whereupon relay 2013.in releasing opens the
shunt around relays 2108 and 2110 and opens
the operating path of relay 2{13. Relay 21143
remains locked, however, under control of both
halves of the test circuit, in a path from battery,
upper winding of relay 2113, lower break con-
tacts of relays 2108 and 2110 in series, then by
one branch through its own contact 2141, to
conductor 2026 and ground on the locking con-
tact of relay 2103, and by the other branch
through contact 2142, to conductor 2{43 and
ground on the locking contact of relay 2107.
Relays 2109 and 2ttt remain short-circuited at
the contacts of relay 2113. Relay 2108, with
ground supplied from relay 2103, is enabled to
make a test through resistances 2100, 2101, etc.,
to the busy test leads of the.associated district
subgroup A, and relay 2110 makes a similar test
on its subgroup B. Relay 2108 is comparatively
sensitive, so that it is capable of operating
through a single resistance such as 2101, over
the busy test lead 2021, and so to battery through
low resistance 2599 in an idle district junctor.

Relay 2110 is identical with 2108, and either relay -

in operating registers the fact that in its asso-
ciated subgroup of ten district junctors there is
at least one idle. Assuming first that relay 2108
operates but relay 2110 does not, the former will
unlock and release relay 2113. Relay 2113 will

41h
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reconnect the paths available ground from con-

ductor 2119 to conductor 21i8; but relay 2103.

being operated, will withhold the ground from
the regular test lead 1528, while relay 2108, also
operated, will connect the paths available ground
through its upper make contact to the reserve

test lead 2131, District subgroup A will, there-
fore, be indicated as available on a reserve basis,.

whereas subgroup B will be indicated as un-
avallable, since the operated relay 2107 and the
non-operated relay 2110 will withhold ground
from both the regular and the reserve test leads.
Relay 2109, with its shunt opened by the release
of relay 2113, is inserted into the test path in
serles with relay 2108. Relay 2109 is of low re-

. sistance and is designed to be marginal in its
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.operation so that it will not operate on the rela-

tively small current through the resistances in
a single busy test path, whereas it will operate
on the current through two or more paths in
parallel. Assuming now that relay 2109 operates
in the present instance, its contacts connect its
own low resistance winding in shunt with the
winding of relay 2103, which is designed to re-
lease under this condition. Relay 2103 in re-
leasing opens its locking ground and the ten
busy test paths, and releases relay 2108. With
both relay 2103 and relay-2108 normal, the paths
available ground is removed from the reserve test
lead 2137 and is replaced on the regular test
lead 1528, so that the district subgroup A is now
indicated as containing at least two idle districts,
and possibly more than two. The test appara-
tus for the busy subgroup B withholds the paths
avallable ground from the regular and reserve
test leads until its districts commence to restore,
whereupon it passes through the stages just out-
lined for subgroup A. Thus each time a group
of twenty district junctors serves a call, its two
subgroups are automatically tested to see whether
all their districts have been used up, or whether
only one is left on the subgroup, or more than
one; and suitable indications are set up on the
test leads to inform the associated line links
accordingly. ‘ }

District reservé test
District subgroups which contain only one idle

‘district junctor apiece are held in reserve, so long
as any other subgroup on the frame contains

more than one idle junctor., Broadly speaking,
the purpose of this reserve arrangement is to
preserve for the line link frame, to the greatest
extent practicable, the availability of outlets to
district junctors. Since a subgroup of ten dis-
trict junctors, in order to be loaded efficiently,
must be multipled to several line link frames,
the seizure or use of all ten junctors occupies
outlet facilities totaling the number of multiple

appearances times ten, of which total, the ten are

usefully employed and the remainder are blocked
or “covered.” This cover effect is attributable
to the fact that the districts are multipled, or in
general to the concentration of numerous con-
necting paths (. e., line links) upon a smaller
number of outlet paths (. e., district junctors).
Assuming that no provision were made for a dis-
trict group reserve test, in light traffic the cover
effect ordinarily would signify merely a reduction
of one-tenth in the outlet facilities of each line
link frame concerned. In heavy traffic, how-
ever, a certain line link frame might have link
outlets available to only one district subgroup
while other line link frames had access to this
district subgroup and others besides, yet the line

27

link frame in question might have its available
outlet covered by reason of the seizure, at some
other frame, of the last district in the subgroup.

The call on the blocked frame would thus be de- -

" layed. To distribute the traffic and reduce the

frequency of such blockades, the circuit is ar-
ranged to prevent selection. of the last district
junctor in any subgroup unless all ten of the
subgroups are-likewise depleted, or unless the
only line links available for the call are those
leading to reserve subgroups. -

In connection with the paths available test in
the line link circuit, the ten test relays 1809 etc.
initially use such of the regular test leads 1528
and 163t as happen to be closed to paths avail-
able grounds in various ones of the five assocliated
sender link circuits. It will be recalled that the
regular test path may be opened by any of the
following occurrences, alone or in'combination:
The corresponding line link may be busy; the
corresponding district subgroup may be used up
to the reserve point; the corresponding sender
link circuit may not be available; none of the
accessible sender links may be idle; for any avail-

~able sender links, the corresponding sender

groups may not be available. Considering the
ten paths as a whole, the frequency of occurrence
of the district reserve condition is much greater
than that of the other events, taken in con-
Junction or even singly. Consequently the open-
ing of the ten test paths and the failure of the
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regular test within a short interval [of time .

serves as a fairly reliable indication that the
district subgroups have all reached the reserve
point. In such case the ten test leads as they
emerge from the line link circuit are switched
from the regular to the reserve test paths, and a
retest is made in connection with the reserve
districts. :

The district reserve test feature is controlled
in part by relays (816 and i811. Relay 1817 is
operated early in the connection over a path from
battery, winding of relay (811, thence by one
branch through the left outer break contact of
relay 1807 to conductor 1848, and by another
branch through the lower outer break contact of
relay 1816 and the lower inner break contact of
relay 1815, to conductor 1848, then over conductor
1848 to ground at a.make contact of relay 1503.
Shortly afterward, relay {816 operates in a path
from battery, winding of relay (818, lower outer
make contact of relay 1800, conductor 1845, up-
per make contact of relay i817, conductor 1950,
lower break contact of relay 1911, conductor 1951,
contact of relay 1321, conductor 1348, branching
conductor 1554, to the sender link circuit, through
a lower break contact of relay 2143, to ground.
From the viewpoint of the sender link frame, each
district group busy relay 2113 supplies a separate
conductor 1554 to each line link frame on which
the district group has an appearance. From the
viewpoint of the line link frame, there is one
conductor 1340 per frame, with five branch con-
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ductors §554, one branch for each district group -

serving the line link frame. Or, since the district
groups in general are terminated at different
sender link frames, there will be one branch con-

65

ductor 1554 from the line link frame to each of -

the five associated sender link frames. The open-

~ing of all five of the branch conductors 1554 de-

prives line link relay 1816 of its operating path
and thus indicates that the line link frame has
no outlets available; but so long as any of the
branches retains its ground, relay i8{6 remains
operated to show that at least one district group,
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with its associated sender Unk circuit, is avafl-
able. Relay 1811, which is made sufficiently slow
in releasing to more than cover the time required
for the Fegular test, has one branch of its oper-
ating path opened when relay 1816 operates, and
the other branch opened when relay 1807 operates
at the completion of line registration. The latter
event therefore marks the starting point of the
timing. If the regular test is not accomplished
within the allowed time interval, the release of
relay 1841 closes ground from conductor 1848,
already traced, through the lower break contact
of relay 1815, lower make contact of relay 1816,

lower break contact of relay 1811, conductor 1849,

make contact of relay 1321, conductor 1341, wind-
ing of relay 1504, to battery. Relay 1504 in oper-
ating transfers the ten test paths 1332 etc. from
the regular test paths 1528 etc., to the reserve
test conductors 2137 etc., respectively, These re-
serve conductors 2137 etc. will have been con-
nected to paths available ground in the various
sender link circuits as already explained, pro-
“vided the corresponding district subgroups each
retain one idle district junctor, and provided also
that the other conditions affecting the paths
available conductor have been met. The line link
circuit then makes a selection from among the
reserve district groups, following the usual pro-
cedure. ‘

It will be noted that a reserve test conductor
such as 2131 is normally connected to paths avail-
able ground through the upper break contacts of
sender link relay 2108, when relay 2103 is normal
and the district subgroup is not set for the reserve
test. This connection comes into use when the
associated sender link circuit has been momen-
tarily busy and has occasioned the reserve test,
although the group of districts concerned may
not have been used up to the reserve point. The
non-reserve district subgroup is thus enabled to
participate in the retest, in competition with the
reserve subgroups.

The short time interval measured by slow-
release relay 1817, being intended to cover only
the actual testing time, cannot start while the
test is delayed through some condition such as the
momentary occupation of all district junctors.
Such an event is attended by the operation of all
relays 2113 in the sender link circuits concerned,
with the result that line link relay (816 is de-
prived of all its sources of operating ground. Re-
lay 1816 releases and recloses the energizing cir-
cuit of slow relay 1817; and the test conditions
must be reestablished and relay 1816 again oper-
ated before slow relay (81T can be again de-
energized to start the timing. )

A separate timing arrangement measuring an
interval longer than that of the reserve test

- feature but shorter than the alarm interval of

60

the starting circuit, is provided in connection with
the district group test to detect unusual delays.
If for any reason the district group test is de-
layed for an interval exceeding that measured by

- the delay timing circuit, the latter circuit records

i)

78

a count on its register and releases the line link

- control circuit. Hence the call in progress is com-

pelled to give way to other originating trafiic. At
this stage also the circuit arrangement permits
the intrusion of terminating traffic, for in such
case the terminating marker is allowed to release
the control circuit and take possession of the line
start circuit. The minimum time interval meas-
ured by this delay timing circuit is approximately
1Y, seconds. ‘

The delay timing feature is started by relay

2,285,803

1808, which operates after the position of the
calling line has been recorded. Relay 1808 con-
nects ground from its upper make contact, over
conductor 1850, a make contact of relay 1608,
conductor 1556, to the armature of interrupter
1853. When interrupter 1853 closes its right con-
tact, it causes relay 1854 to operate and lock to
ground on conductor 1556. Relay (854 prepares
a circuit whereby relay (886 is operated and
locked to ground on conductor {556 after inter-
rupter 1853 has measured its interval of 114
seconds minimum and has closed its left contact.
Relay 1855 energizes traffic register 1856 and
locks itself under control of the register to insure
the operation of the latter. Relay 1885 also con-
nects ground over conductor 1857, upper break

. contact of relay 1514, conductor 1857, a make con-

tact of relay (321, conductor {342, lower inner
make contact of relay 1808, conductor {854, upper
break contact of relay 1815, assumed to be normal
on account of delays, conductor 1842, chain circuit
wired through right-hand contacts of test relays
1909, etc., assumed normal on account of delays,
conductor' 1952, winding of release relay 1808, to
battery. Release relay (808 restores the line link
control circuit to free it for new calls. If district

.group test and selection - proceeds on either a

regular or a reserve basis within the interval
measured by the delay timing circuit, the release
of the control circuit is canceled, because the
operating path for release relay 1809 is opened
by one or more of the test relays 1909, and later
by relay 1815. Terminating calls upon reaching
the line frame always connect ground over con-
ductor 1558 to the disconnect path above traced.
Such a call will immediately dismiss the line link
control circuit and seize the starting circuit with-
out waiting for the delay timing circuit to func-
tion, provided operations have reached the stage,
just mentioned, at which the position of the call-
ing line has been recorded but no district group
selection has been made.g

Sender group reserve test

Since -2’ sender group is multiplied to several
sender link frames, the sender links giving access
to that sender group are subject to the same kind
of  cover effect that has been explained in con-
nection with the line links. The sender groups,
like the district groups, are furnished with a re-
serve test feature which diverts traffic from
groups containing a single idle sender and which
thereby holds such groups as reserve outlets for
the associated sender links.

It has been shown that initially the ten sender
group test relays 2319, etc., can find grounded
test paths only when the corresponding sender
groups have more than one idle sender each. The
regular test thus made starts when the test paths
for relays 2319, etc., are closed by relay 2013; it

continues with the operation of a lock-out relay

such as re’ay 2i15, and the locking in of the pre-
ferred test relay such as 2319; and it ends with
the operation of gate relay 231f{. The time
allowed for the regular test is measured by the
combined operating times of line link relays 1811,
1815, 1541, and 15609, and sender link relays 2011,
2204, 2216, and 2400. Relay 2400 in operating
transfers the ten paths for the test relays 2319
etc., shifting them to corresponding reserve test
conductors 2449 in the various sender group cir-
cuits associated with the sender link frame. If
during the time interval thus measured the regu-
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lar test has shown no results, the test is repeated-

on a reserve basis, using the various conductors
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2449 and their grounds supplied through break
contacts of relay 2401, TUnless the sender group
is momentarily engaged by another sender link
control’ circuit, relay 2401 will bé normal at this
8 time and will keep the reserve test conductors
grounded. Furthermore, unless the sender group
is entirely busy, its master busy relay 2405 and its
individual busy relays such as 2014 on the various
sender link frames will be normal and will leave
10 intact the test paths leading to the sender group

in question. Consequently a continuous test

path to ground on reserve conductor 2449 desig-
nates the corresponding sender group as one
which is suitable for selection on a reserve basis.
13 The test relays 2319, etc., accordingly repeat their
test, this time in connection with reserve groups
of senders, and sender group -selection is then
made in the manner already described.
It will be noted that the normally grounded
20 condition of conductors 2449 admits to the re-
serve test not only those sender groups which are
strictly in the reserve class, but also any sender
group which at the moment attains non-reserve
status through the release of one of its busy
25 senders.

Timing features—Sender link control circuz‘t .

The sender link control circuit is provided with

a timing mechanism for measuring certain inter-

30 ‘vals of time while the control ecircuit is engaged

in the establishment of a connection to an idle
sender.

Automatic release due to trafic delays

35. If the sender link control circuit is unduly de-
layed in sender group selection it will automati-
cally dismiss the line link control circuit to give
the latter a second trial, and will itself restore to
normal. No alarm will be given in such case, for

40 the line transfer is recognizable as a traffic delay.

Relay 2332, whose operation at an early stage
of. the connection has already been described,
starts the timing by supplying battery through
resistance 2333 and 2334 to relay 2329 and 2330,

48 respectively. Interrupter 233i is designed for
open and closed intervals of approximately one-
half second each. Upon the first closure of the
interrupter following the operation of relay 2332,
ground from the interrupter is supplied through

80 the left inner or continuity contacts of relay
2329 to operate the relay in an obvious circuit
through resistance 2333 to battery. Relay 2329
operates and locks itself, opening its ground op-
erating path.  Relay 2830 remains normal at this

88 time, being shunted with interrupter ground con-
nected through its right or continuity contacts to
the winding terminal which is supplied with bat-
tery through resistance 2334. When interrupter
2331 opens its contact, it removes the shunt from

60 ~elay 2330, allowing the relay to operate from
ground supplied by the locking contact of relay
2328. Relay 2330 in operating opens its own

shunt path and prepares a shunt path for relay .

2329. "About one-half second later. the reclosure
85 of interrupter 2331 shunts relay 2329 to normal,
but relay 2328 at its left inner or continuity
springs maintains a holding path for —elay 2330
under control of the interrupter. With relay

2329 normal and relay 2330 operated, relay 2328

70 is operated in an obvious path, and is locked
through the upper make contact of relay 2332 to
ground on its own upper make contact.
ing that the district test has been made but not
sender group selection, either on-a regular or a

¥8 reserve basis, the operation of relay 2328 closes a

‘cult, relays 2212, 2011,

. and the district group in question are again avail-

Assum-.

29

circuit for operating relay 23i{0, from battery,
through the winding of relay 2310, lower inner
meake contact of relay 2328, conductor 2351, break
contact of relay 2219, lower outer make contact
of relay 2216, conductor 2269, left outer chain &
circuit on relays 2321, 2320, 2319, etc., lower outer
break contact on relay 2308, conductor 2233, over

a path already traced to ground on a make con-
tact of relay 2013. Relay 2310 In operating opens
ground from conductor 2335, which is the selec- 10
tion lead used in holding relays 1909 and 817 in
the line link control circuit. Relay 19(7 releases
relay (815, and relay 1909 causes the release of
line link relays 1518, i511 and 1509. The line
link control circuit is now free to select another 18
district junctor group. In the sender link ecir-
2009, and 2013 now re-
lease. Relay 2013 releases relay 2208, and the
latter relay releases the operated relays 2204, etc.,
and relays 2204, etc., in turn release relays 2220 20
and 2218. Relay 2013 also releases relay 2310
which at its left make contact has been holding
ground on conductor 2237 to keep relay 2202 op-
erated. Relay 2202 now. falls back and causes
the release of timing relays 2332, 2329, 2330 and 28
2328, and opens the operating paths of the five
relays 2113 which have been guarding the sender
link frame against seizure. The relay 2113 asso-
ciated with the district group just occupled by
the connection is the last of the five to release,
and it does so when the district group test relays
2103, 2108, 2109, 2107, 2110 and 2111, have per-
formed their usual test. The sender link circuit

30

able and may be reseized by the line link circuit 35

Just dismissed, although the latter event is un-
likely if the line link circuit has at the moment
available outlets to other sender link frames,
Short traffic delays in connection with sender
group selection cannot cause the dismissal of the 40
line link circuit; for if sender group selection pro-
ceeds within the allotted half-second interval, as -
it usually will do, the test relays 2319, etc. will
open the operating path of relay 2310.

Automatic release under trouble conditions

If the connection proceeds as expected during
the first half-second interval, but fails to clear

45

" through the sender link circuit within g full sec-

ond more, the unusual delay may be attributed to 50
circuit trouble of some sort. Under such condi-
tion an alarm is given and relay 2310 is operated

to dismiss the line link circuit as described before,
but in this case, the sender link is held busy for )
an extra half-second interval to allow the Iline &8
link to select a different sender link frame, if one

is available.

From the explanation already given it can be
seen that after the initial or pick-up ¢losure of
interrupter 2331, the first half-second interval to 60
be measured is marked by the interrupter opening,
the operation of relay 2330, and the continted
operation of relay 2329; that the second such in-
terval is marked by the interrupter closure, the
release of relay 2329, the operation and locking 68
of relay 2328, and the continued operation of re-
lay 2330; and that the third such interval is
marked by the interrupter opening, the release
of relay 2330, the continued non-operation of re-
lay 2328, and the continued operation of re- 70
lay 2328.

- Three intervals totaling one and one-half sec-
onds have now been measured. On the next. in-
terrupter closure relay 2329 again operates and
closes ground through its left outer make contact, T8
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lower outer make contact of relay 2328, right

“break contact of relay 2327, key 2303, winding of

relay 2302 to battery, operating the relay. Re-
lay 2302 operates the minor alarm pilot relay in a
circuit from ground jack 2300, upper outer make
contact of relay 2302, conductor 2352, to battery
through the winding of alarm relay 24271. Re-
1ay 2427 signals a minor slarm by lighting lamp
2428 and operating ringer 2429. Relay 2302 also
locks itself under control of key 2303 and closes
ground through its lower inner make contact to
operate relay 23271, Relay 2327 lights lamp 2324
and at its right-hand contacts switches to the
winding of relay 2325 the ground used just pre-
viously in operating relay 2302. This ground not
only operates relay 2325, but it -also operates a

trouble meter in the sender link circuit over a

path traceable from the winding of relay 2325,
conductor 2353, key 2209, conductor 2279, make
contact of relay 2013, conductor 2046, to the line
link circuit, contact of lire link relay 1518, con-
ductor 1559, winding of relay 1514, and battery.
Relay {514 energizes trouble register 15185, and
locks through its upper winding to ground on the
break contact of the register to insure the opera-
tion of the latter. Relay 1514 also locks to
ground through a make contact of relay (513, in

order to prevent more than one registration per.

call. The sender link circuit itself records a
count of the trouble on its register 2309, which is
operated by relay 2325 over an obvious circuit.
Relay 2325 also locks itself to off-normal ground
and grounds conductors 2241 and 2242 to insure
the operation of relays 2103 and 2107. Relay

2225 moreover operates relay 2310 in a circuit

from battery, winding of relay 2310, lower outer
break contact of relay 2301, upper outer make
contact of relay 2325, left outer break contact of
relay 2330, upper make contact of relay 2332, to
ground at the upper make contact of relay 2328.
Relay 2310 in operating opens the ground from
selecting conductor 2335 to dismiss the line link
circuit by the method already explained. Al-
though most of the relays in the sender link con-
trol circuit are now released, by a process al-
ready covered, the sender link circuit is guarded
against reseizure for the rest of the fourth halif-

second interval now under consideration, and

throughout the fifth such interval as well. For
the remainder of the fourth interval the follow-
ing sender link relays remain operated; relays
2202, the make-busy relays 2118, the district
group relays 2103, 2107, etc., relay 2218 and alarm
circult relays 2332, 2329, 2328, 2325, 2327, 23i0,
and 2302. At the beginning of the fifth half-
second interval, relay 2330 operates and opens the
circuit of relay 2310, but the other relays named
continue operated, because relay 2329 holds

- ground on the off-normal conductor through con-
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tacts of relay 2325. When the interrupter again
closes at the end of the fifth interval, relay 2329

releases and removes ground from the off-normal

conductor to release relays 2325, 2218, and 2202.
Relay 2202 releases relay 2332, and the latter re-
lay releases relay 2328. Relay 2202 also releases
four of the five relays 2113 to put the sender link
circuit back into service, leaving the last relay
2113 for the district group just used to be released
when relays 2103, 2101, etc., perform their usual
test. Thus in the timing operations just de-
scribed the sender link circuit, after dismissing
the line link circuit early in the fourth time in-

_ terval, remains guarded throughout the rest of

75

that interval, and the entire half-second of the
fifth interval, so that meanwhile the line link cir-
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cuit may be expected to have found an outlet
through another sender link frame. The sender:
link is left in condition to serve other calls, but
the minor alarm continues in operation until
key 2303 is operated to release relay 2302. Re-
lay 2327 also remains operated under. control of
relay 2302, keeping lamp 2324 lighted to indicate
the frame in trouble.

False starts )
If the calling subscriber disconnects at some

10

point after the line link is deprived of holding

control over the corinection, but before the sender
link relay 2218 comes up to operate hold magnets,
both circuits will be restored to normal without
delay. As has been shown before, the release of
the subscriber’s line relay releases relays 1811 and
1808, and relay 1808 at its outer break contact
grounds & control conductor which will be found
entering the sender link circuit as conductor
1551 in Fig. 21, branching over conductor 2(44,
through key 2209, conductor 2271, lower break
contact of relay 2218, assumed normal, conductor
2272, upper outer break contact of relay 2305,
winding of relay 2307, to battery. Relay 2307 at
its upper contacts connects ground to conductors
2241 and 2242 to operate district group test re-
lays 2103 and 2107 and prepare them to make
their usual test. Relay 2307 also operates re-
lease relay 2308 and the latter relay grounds the
release conductor to the line link circuit, from
ground at the lower outer break contacts of re-
lay 2305, conductor 2354, upper inner make con-
tact of relay 2216, whose operation must be
awaited, conductor 2355, lower inner contact of
relay 2307, lower inner make contact of relay 2308,
conductor 2350, lower middle contact of relay
2218, conductor 2265, and so by a path already
traced to the line link circuit, where it operates
release relay 1809. From this stage, the line link
circuit and the sender link circuit are restoréed to
normal after the manner already shown.

If the calling subscriber disconnects after re-
lay 2218 operates, the abandoned call cannot be
recognized as such until after the sender has pro-
gressed to the point of testing the dialing tip and
ring conductors for the line closure. With the
connection extended to the sender, the sleeve test
will be made and relays 2305, 2306, and 2313 op-
erated as usual; but because the sender at this
time must wait for a closure across the tip and
ring conductors before it can take control of the
connection, it refuses to restore the sender link
and accordingly withholds the release conductor
ground whereby relay 2307 normally operates.
The sender link timing circuit, after measuring
an interval of one second, operates relay 2314 to
release the connection. The first half-second,
following the operation of relay 2329 on the pick-
up impulse, is occupied by the opening of the in-
terrupter and the operation of relay 2330. Dur-
ing the next half-second the interrupter closes
and relay 2329 releases, relay 2330 remains op-
erated, and relay 2329 operates. The next open-
ing of the interrupter releases relay 2330 and
causes relay 2314 to operate in & path trace-
able from ground, upper make contact of relay
2328, upper make contact of relay 2332, left
break contact of relay 2330, upper outer break
contact of relay 2325, lower middle contact of
relay 2313, winding of relay 2314, conductor 2356,
the chain circuit through the right inner con-
tacts of relays 2214, etc., to battery at the lock-
ing circuit of the operated one. Relay 2314 op-

"erates relay 2316 if key 2317 is thrown, so that
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the “false start” meter 2315 registers a count.
Relay 2314 also operates relay 2307 in a path
traced from battery, winding of relay 2307, upper
make contact of relay 2314, conductor 2348, and a
path slready traced to the sender, and so to
ground at a break contact of sender relay 3605,
non-operated at this time because the sender has
failed to find the line closed. Relay 2307 oper-
ates relay 2308, and the latter operates. the line
link release relay in a path traceable from
ground, lower inner make contact of relay 2314,
conductor 2354, upper inner make contact of re-
lay 2216, conductor 2355, lower inner make con-
tact of relay 2307, lower inner make contact of
relay 2308, conductor 2350, lower middle break
contact of relay 2218, released by relay 2308, con-

ductor 2265, and then by a path already traced to:

the winding of release relay 1809 in the line link
circuit. Both line link and sender link now re-
store after the manner previously described, and
the calling line may originate a new call.
Although meter 2315 has been referred to as a
false start meter its main use is to aid in the rec-
ognition of open-circuit troubles in the tip and

ring paths through the sender link circuit. Prob-:

ably but a small proportion of the true false starts
which affect the sender link will be recorded on
the false start meter, because it is expected that
few such calls will terminate within the short
time intervening between the operation of the
hold magnets and the point at which the send-
er tests the line conductors for closure. False
starts of this class will of course defeat the tip
and ring continuity test in the sender, just as a
tip and ring open circuit between line frame and
sender will do, and in either case a count is made
on the meter when the timing circuit comes into
action to clear out the connection.

It will be noted that the false start feature is
not introduced unless the connection has reached
the sender, as is indicated by the operation of
relay 2313 to close the circuit of relay 2314, It
should be noted also that the failure of the tip
and ring continuity test may be due to failure of
some kind within the sender itself. Or, the trou-
ble may lie in the line link frame, although this
is unlikely because the terminating marker has

facilities for detecting and recording continuity-

troubles of the sort. But on the whole, there are
few possible trouble conditions aside from an
open tip and ring in the sender link frame which

-are able to cause the false start meter to oper-
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ate, and therefore the latter trouble, together
with false starts, may be assumed as the sources
of registration on the meter. The two sources
are undistinguishable from each other until the
records of several sender link frames are com-
pared; and then, upon the assumption that false
starts are equally numerous on all the frames, a
predominance of counts on the meter of one
sender link frame will point to the presence of
actual trouble somewhere in the tip and ring con-
ductors extending through that frame.

Sender link trouble indication, and use of emer-
gency control circuit '

A holding circuit is provided in connection with
the sender link control circuit to assist in the lo-

cation of troubles whose presence has already

been announced by a minor alarm. With the
holding circuit made ready, a recurrence of the
trouble brings in a major alarm and causes the
sender link circuit to be held in whatever posi-
tion it has reached. The setting of the control
circuit then shows how far the call has pro-

31
gressed and indicates the circults involved, such

as the, distriet group, the available districts in
the group, the sender subgroup, and the selected

sender. The line link frame involved is indicated

by the fact that this frame is made to time out

'_and throw over to its mate control circuit, by a

process to be described later on. The sender link
holding feature should be used only under close
maintenance supervision, because the holding
equipment when operated removes from service
the sender link frame with its associated one
hundred districts, together with a subgroup of
senders. '
The holding equipment, consisting of hold
jack 2300 and relays 2301 and 2210, is ordinarily
not used until after some sort of trouble blocks

10

15 -

‘the call and permits the alarm circuit to operate -

relays 2302 and 2307. Relay 2302 remains locked
and actuates the minor alarm until key 2303 is
operated to unlock the relay and silence the

- alarm. The holding feature is then introduced

by inserting a short-circuited plug into jack 2300.
The circuit of the minor alarm is opened at the
inner break contacts of the jack, and relay 2301
is operated in a -path through the ring contact
of the jack and the short-circuited plug, to
ground on the jack sleeve. Relay 2301 at its up-

per make contact prepares the circuit for the ma- .

jor -alarm, and at its lower inner make contact
prepares an operating circuit for relay 2210, Re-
lay 2301 also, at its lower break contact, opens the
circuit of relay 2310 to keep the latter relay from
dismissing the line link circuit. The sender link
frame continues to serve calls, and at the next
appearance of trouble relay 2302 operates and
locks in the usudl way, operating the major alarm
pilot relay in the circuit from ground at the up-
per make contact of relay 2301, upper inner make
contact of relay 2302, conductor 2357, winding of
pilot relay 2424, to battery. Relay 2424 at its up-
per transfer contacts opens the circuit of the
minor alarm and lights lamp 2425, and at its low-

‘er make contact operates.the gong 2426 to sound

the major alarm. Relay 2302 also closes ground
from its lower inner make contact, through the
lower inner make contact of relay 2301, conductor
2358, to operate relay 2210. Relay 2210 at its
right-hand make contacts locks the operated re-
lays 2212, etc., and at its left inner make contact
grounds conductor 2233 to keep relay 2208 oper-
ated and . the off-normal conductor grounded,
thus insuring the eventual release of relay 2210
itself before the sender link circuit can be put
back into service.. Relay 2210 at its left outer
break contact removes ground from conductor
2261 to cancel the double connection test, which
may have failed initially because of a cross be-
tween the selected sender link and a busy sender
link, but which might attempt to proceed if the
busy sender link should become idle. Relay 2210
also, at its left outer make contact, grounds con-
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ductor 2213 to light lamp 2215 through the low--

er outer contact of relay 2217 as an indication
that the connection has reached the stage where
the hold magnets have started to operate. This
same ground on conductor 2213 is also carried
through the upper middle make contact of relay
2305 and the bottom break contact of relay 2313,
to lisht lamp 2312, when the double connection
test fails. : .

The sender link is thus held in the position at
which the failure occurred. The district group
involved will be indicated by the opecrated relay
2212, although the record of the district sub-
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group and the selected district may be wiped out
by the automatic release of the line link circuit
and the consequent release of sender link relays
2011 and 2009. The identity of the district sub~
group may be inferred after noting the idle dis-
tricts and comparing their location against the
setting of the district test relays 2204, etc. The
individual district concerned can be known from
the operated hold magnet of the secondary line
link switch, if the call has progressed that far.
The sender subgroup is shown by the operated
relay 2318, and the individual sender by the oper-
ated relays 2409 and 2412. ’
After all availlable data of the kind just men-
tioned have been noted, the emergency control
circuit may be substituted in place of the regular
one, and traffic resumed on the frame. The
transfer is manually performed, by first restoring

the normally operated key 2209 to. detach the

frame leads from the regilar control circuit and
then operating emergency key 2281 to switch the
frame leads to emergency control circuit 2274.
One emergency key 2201 is furnished for each
sender link frame, the armature contacts being
wired to the frame leads and the front contacts
wired to common leads extending to the emer-
gency circuit. Lamp 2200 associated with key
2201 serves as a guard lamp to warn against
double operation of the keys, and it gives a ready
indication of the frame on which the emergency
circuit may have been connected for use, whether
for ordinary maintenance purposes or otherwise.

The regular control circuit may be examined
for trouble while the sender link frame is being
served by the emergency control circuit. If now
the alarm condition is repeated with the emer-
gency circuit, which is in good working order,
the control circuit is eliminated as the seat of
the trouble.

. Miscellaneous maintenance fealures—Sender
’ link control circuil

In the district group circuit of Fig. 21, jack
2112 provides means for removing a group of
twenty districts from service. The insertion of
a plug into jack 2112 breaks the paths avallable
test conductor 2119, and operates the group busy
relay 2113 in an obvious circuit. The break con-
tacts associated with the tip and ring-of the jack
open the paths controlled by the make contacts
of - relays 2109 and 2iil respectively, making

.possible the adjustment of these relays without

interference from battery through resistances
2102 and 2108. ’

In the sender group circuit. of Fig. 24, jack 2408
provides means for removing from service a

- sender subgroup together with the sender links

giving outlet to that sender subgroup on the
various sender link frames. When a short-
circuited plug is inserted into the jack, relay
24071 is operated in an obvious circuit. Relay
2407 operatés relay 2405, and the latter relay
connects battery from its right-hand make con-
tacts over conductors such as conductor 2457
to operate all the group-busy relays 20{4 for
that sender subgroup on the various sender link
frames. Each relay 2014 at its upper break con-
tacts opens its portion of the branches which feed
ground to the five paths available conductors,
and at its lower break contact it opens the path
whereby the sender link control circuit tests the
sender group under consideration. The latter
test paths for the various sender link frames
converge into a single path, which, as already

" mal.
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shown, passes through transfer contacts of the
reserve test relay 2400, whence the regular test
path extends through break contacts of relays
2401 and 2405. Relay 2406 in operating thus
provides an immediate bar against access to the

busy group, while the various relays 2014, with

their break contacts, block the reserve test as
the group becomes busy and insure their own
release as the group becomes again available.

It will be noted that the master busy relay
2405 operates not only from the busy jack but
also over conductor 2458 and the series circuit
threaded through the left inner make contacts
of the-individual sender busy relays 2412, etc.
When all senders in the group are thus busy
with trafic, a count is made on the sender group
busy register 2404. Ground from conductor 2458,
through the break contact of relay 2407 and the

left next-to-outer make contact of relay 2405,

operates relay 2403, and the latter operates the
register. The register is made inoperative by
relay 2407, when the make-busy jack is in use.

Sender l_oad register

A sender’load register device may be furnished
in connection with the various sender subgroups
to record the number of times a certain per-
centage of these groups become simultaneously
busy. When the master make-busy relay 2405
for a subgroup operates, it connects ground from
its left outer make contact, through resistance
2430, to the left winding of relay 2415, the latter
relay being common to a number of sender sub-
groups. Relay 2415 is a polarized relay of the
permanent magnet type, and its two windings
are differentially connected. The- right winding
of the relay will be cross-connected through
terminal blocks 2416 and 24171 to some one of
the associated resistances, of which resistance
2418 has the lowest value and the others, cbunt-

ing upward, have differing values graduated in

corresponding order. Hence, with resistance
2418 connected in the circuit, the greatest cur-
rent will flow from ground through the right-
hand winding of the relay and the resistance, to
battery, the direction of the current being such
as to non-operate the relay. The design of the
relay and of the resistances is such that under
this condition the relay will remain non-operated
until its left winding receives sufficient operating
current to prevail over the right winding and
the polarizing effect of the relay structure. In
the assumed case this point is reached when six
resistances 2430 contribute current for operating
relay 2415, or in other words, when six sender
subgroups become busy simultaneously.  Relay
2415 operates relay 2420. and the latter operates
register 2419. Relay 2420 also operates relay
2421 which locks to key 2422, lights lamp 2423,
and brings in a minor alarm by operating relay
2427. As soon as one of the senders involved
becomes idle, its subgroup is again available, so
that the corresponding relay 2405 falls back and
removes ground from its resistance 2430, The
operating current of relay 2415 is thereby reduced
sufficiently to let the right winding, aided by the
polarizing magnetism, restore the relay to nor-
Relay 2420 and register 2418 then release,
but relay 2421 and the alarm remain in operation
until restored by the operation of key 2422,

To show the significance of the load régister
feature, let it be assumed that ten sender sub-
groups are associated with the same register cir-
cuit, and that the latter circuit is connected to
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function when six branches of its operating Path
become grounded. The load register 2419 will
then record the number of times that sixty per
cent of the senders become busy at the same
instant, while the ten registers 2404 will show
how many times the various subgroups become
busy md1v1dually

Line Iink control circuit—Rotation of dzstrzct
group preference

Each time the line link circuit restores after
a call it alters the preference arrangement which

governs the choice of a district group, to insure -

that on the next call a different group is selected.
Without such a shift, the calling subscriber might
be unduly delayed or blocked altogether by trouble
occurring somewhere in the preferred route
through district group and sender link frame,
because in periods of light traffic the same faulty
channel might be encountered at every attempt,

* With the circuit as arranged, however, the calling

subscriber will be assured of a change in route
whenever he is obliged to abandon his first call
and try again.

Relays 1900 and 1903 in the. line link control
circuit are used to rotate preference. It has al-
ready been shown how these relays, after remain-

ing normal for one call, are operated by release -

relay 1809 and left operated in preparation for
the next call. Relay 1903 in operating transfers
the four conductors used in connection with the
ten test relays 19069, etc., to effect a choice of dis-
trict group and subgroup. The transfer contacts
of relay 1903 are wired to terminal block 1904,
to be cross-connected at will to the terminal

Dblocks 1905, etc., subject to the rule that the

break contacts of relay 1903 shall connect to the

even or odd test relay of a certain district group, -

while the make contacts of relay 1903 shall con-
nect to the corresponding test relay of a district
group adjacent, either preceding or succeeding.
For example, in the arrangement shown, the break
contacts of relay 1903 are connected to the arma-
ture springs of relay 1912, which is the second
or odd-numbered test relay for the fifth district
group; and the front contacts of relay 1903 are
connected to the armature springs of relay 1910,
which is the second or odd-numbered test relay

of the first district group. For the sake of uni-.

formity, line link frames will be wired alike and
only at long intervals will cross-connections be
changed in order to distribute wear over the line
links.
preference arrangement is associated with two
adjacent district groups, the originating traffic

will tend to crowd or “pack’” upon these district
groups and hence upon the corresponding line
" determine whether or not -the line link control

links. If now the terminating marker is arranged

to pack the terminating traffic upon the same
-links, the remainder of the links serve as over-

flow outlets, which by remaining free tend to fa-

cilitate the matching of paths on terminating
In other words, the packing arrangement -

calls,
just described tends to reduce the cover effect
on the line links, as regards terminating traffic.

With relay 1903 normal, preference will be.
given to the second subgroup in the fifth district-

- group, while with relay 1903 operated the pref-

70
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erence is shifted to the second subgroup in the
first distriet group, so that in the latter case
the call is routed to a different sender link frame.
After the next call the preference is shifted back
again; for when the line link circuit next releases,
relay 1903 is shunted to normal when release re-

It may be noted in passing that since the -
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lay 1809 operates, and relay (900 is released when
relay 1809 restores.

Line link control circuit—Trafic lockout

When calls originate simultaneously in differ-
ent horizontal groups, the group receiving serv-
ice is locked out or denied service for the rest of
its lines until after the other waiting groups have
each placed one call. This arrangement prevents
groups with preferred location in the starting
chain from monopolizing the line link control
circuit and thereby causing undue delays on calls
from groups less favorably situated.

During disconnection of the line link control
circuit, relay §108 operates as has been shown,
and releases relay 1110 and the group start relay
1020 which by reason of its preferred position
has been responsible for the call just completed.
Assuming other group start relays such as 1021,
1022, etc. to have operated at the outset, simul-
taneously with relay 1028, these other start re-
lays will have remainder locked around the break
contacts of common gate relay 1023, through
break contacts of the respective relays 1010, to
line relay grounds controlled by the various call-

ing subscribers. Consequently, with one or more

of the start relays 1021, 1022, etc. held operated
after start relay 1020 releases, relay {105 does
not release but is held over to the next call, which
is allowed to start when relay 1108 is released by
the release of control connector relay 1321. Gate
relay 1023 remains operated under control of re-
lay 1105, to exclude horizontal groups not entitled

. to service at the moment. Relay 1108 in releasing

lets relay 1110 operate in the customary manner
through a make contact of relay 1105, and the
new call proceeds as usual, preference being given
to the horizontal group whose start relay is low-
est in the series chain. At each release of the line
link control circuit, relays 1105 and 1923 are held

.over and one start relay is eliminated. The re-

lease of the last group start relay permits relay
1105 to release, and relay {105 releases gate relay
1023 to admit calls from all waiting groups. It

will be noted that the various start relays 1016,

1011, etc., of the duplicate or “B” start train are
free to operate while the “A” start chain is in
operation, since gate relay 1019 remains nor-
mal. Nevertheless the “B” train is ineffective
at this time because its master start relay 1104
is kept inoperative by the corresponding start re-
lay 1105 in the “A” train,

Terminatling calls

The terminating marker in completing .a call
to a certain line frame first gains access to that
frame through the line choice connector circuit,
not shown in these drawings, and then tests to

circuit is occupied with an originating call. If
the line link group is so occupied, the marker
waits, meanwhile making a busy test on the sleeve
of the subscriber line. Upon the release of the
line link control circuit, the terminating marker
is given its turn, and thereafter, so long as both
originating and terminating calls are waiting, the
two kinds are served alternately. Once having
seized the start circuit of the line link frame, the
terminating marker neutralizes the line link con-
trol circuit and gains access through the hori-
zontal group connector relay (relay 1009) to the
ten line links which serve the desired line. The
secondary select magnets of these links are op-
erated locally by the horizontal group connector

relay, and the primary select magnet for the line
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link to be used is operated from the marker after
the latter has tested the sleeves of the various
incoming links, line junctors, and line links, and
has selected a channel through a combination of
the three. The marker next operates the various
hold magnets of the selected channel, the second-
ary hold magnet of the line link serving to con-
nect the line junctor to the line link, and the
primary hold magnet connecting the line link to
the subscriber line. Finally, the marker makes
certain tests of the connection and of the line and
then releases itself. The connection is held from
the incoming selector, through the medium of the
sleeve conductor and the various hold magnets.
The marker in testing the line link start cir-
cuit uses a double wound test relay, whose low
resistance windings are connected between
ground and conductors {144 and 1143 of the line
link frame. Conductor {144 extends to the
winding of relay 1108 in a path including the
left outer break contact of relay 1104, paralleled
by contact {147 on relay 1109, conductor f145,
right inner break contact of relay 1110, winding
of relay 1108, conductor 1142, to battery at a
break contact of relay 13{5. Conductor (143
goes to the winding of relay 1{01, by way of the
left outer break contact of relay 11095, paralleled
by break contact 1148 on relay 1110, conductor
1146, right inner break contact of relay 1109,
winding of relay (107, conductor (49, to battery
at a break contact of relay {314. If an originat-
ing call is under way, relay 1108 will have its
circuit opened by relay 1110, and relay (10T will
have its circuit. opened by relays (110 and {105
together, so that the double wound test relay in
the marker will fail to find an operating path.
The marker will therefore be obliged to wait, but
in the meantime it tests the sleeve of the wanted
line over conductors 1048 and 1047, winding of
hold magnet 1004 to battery. If ground is al-
ready present on the winding of hold magnet
1004, the marker recognizes the line as busy and
releases at once. Assuming the line to be idle,
however, the marker waits until the line link con-
trol circuit, upon disconnecting, operates relay
1108 in a local circuit already traced. Relay 1108
operated holds relay 1105 and releases relay 1110,
and the latter closes conductors 1144 and 1143
to the windings of relays 1108 and (107 respec-
tively. Relay (10T immediately provides a bat-
tery path for one of the windings of the marker
test relay, and the two relays operate in series.
The local operating ground for relay #1108 over-
laps momentarily with ground from the second
winding of the marker test relay to insure the
continued operation of relay 1108 and thus to
lock out originating traffic until the delayed ter-
minating call has been served. The marker test
relay is able to operate over its one winding alone
in series with relay §107 though its other winding
shortly supplies additional energy when the op-
erating ground is removed from relay 1108. Re-
lay 1108 locks itself around the break contacts

of relay {110, and relay {107 locks around the.

break contacts of relay 1109, for a purpose to be
explained later. Both the “A” and the “B” start
trains are now blocked, because relay (108 pre-
vents relay 1110 from operating, and relay (105
does the same for relay ({04,

The marker, upon receiving from its double
wound test relay the signal to proceed, connects
ground over conductor 1038 to operate relay 1009
for the horizontal group containing the called
line, Relay 1009 gives notice of its operation by
closing together the check .conductors 1059 and
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1060, and operates the ten select magnets 1012

"at the secondary end of the line links giving ac-

cess to the horizontal group. Relay {003 also
connects into the marker the ten link sleeves over
a path including conductors such as (050, make
contacts of relay 1009, conductor 1141, upper

. break contact of jack {101, conductor (140, and

so through the line choice connector circuit, to
ten test relays in the marker. Each sleeve tap
1050 is also connected by a branch path and
through a separate make contact on relay 1009,
through retardation coil 1015, to battery, this
path serving, in the case of idle links, to operate
the corresponding marker test relay.” The oper-
ating path for the primary select magnets (985,

‘which are located on the various cross-bar

switches serving the horizontal group, may be
traced from battery through the windings of se-
lect magnets 1005, conductor 1054 or the branch
conductor (055, front contact of relay 1009, con-
ductor 1081, to ground in the terminating marker.
To complete the connection, secondary hold mag-
net 1013 is operated from the marker over lead
1063, and -line hold magnet 1004 is operated
over conductors (04T and 1048. Both of these
hold magnets lock themselves to the sleeve con-
ductor and close their respective sets of cross-
points. Line hold magnet {004 at its bottom
break contacts detaches the line relay circuit
from the line conductors. The marker now tests
for continuity of the sleeve' circuit and of the
line conductors, and then restores the line choice
connector circuit. Relay
magnets {012 and 1005 are released, but the hold
magnets remain locked over the sleeve conduc-

tor to ground supplied by the incoming junctor

circuit. Upon the release of the marker, relays

"t16T and 1108 are released, the latter releasing

relay 1105 if no originating calls are waiting. A
waiting originating call, however, with its oper-
ated group start relay (020, etc., serves to keep
relay {105 operated, and the latter relay upon.the
release of relay 1108 operates relay 1110, to op-
erate the control connector relays. Although
relays 1118 and {108 control the operating paths
of each other, relay {i10 will operate before the
line choice connector can again seize the line link
frame to reoperate relay 1108, so that at this time
a waiting originating call is assured of prefer-
ence over g waiting terminating call. After the
originating call has been served, relay 1108 again
operates, to give preference to a terminating call,

‘as has previously been shown. Thus in periods

of heavy traffic the originating and terminating
calls are handled alternately. In this connection
it will be remembered that when an originating
call seizes the control circuit and encounters cer-
tain slight traffic delays, a terminating call is
then permitted to displace the originating call
and take over the start circuit for its own use.
Another occasion in which the terminating call is
favored over an originating call arises when the
two attempt to seize the common start circuit
simultaneously. - As has been shown, relays (108
and (1180 of the “A” start train control each
other’s operating paths, and relay 1108 locks in-
dependently of relay {{(0. ' This arrangement is
intended to halt any vibrating or “buzzing” ac-
tion which may be set up when the two relays are
energized at the same instant, and to insure the
locking of relay (108, with resultant advantage
to the terminating call. Relays 1107 and (i03
of the “B” start train are similarly arranged.
Both relays 1107 and (108 start their respective
timing circuits, Relay (107 grounds its inter-
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rupter 1301 with ground through contact §158 on
relay 1109, right-hand operated transfer contacts
of relay 1107, conductor 151, to interrupter 1381,
Relay 1108 similarly grounds its interrupter 1303

‘with ground through break contact 1152 on relay

1110, right-hand operated transfer contacts of re-
lay 1108, conductor {138, to interrupter 1303. The
operation of the timing circuit wil be described
later.

For a better understanding of the manner in
which the terminating marker cooperates with the
line link start circuit in the completion of calls
to the line group reference is made to Carpenter
Patent 2,089, 921 of August 10, 1937.

Emergency opera,tion of line link jrame

Pairs of line link frames are provided with in-

. terconnections which enable either frame of a
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pair to make emergency use of the control circuit
of its mate, although each normally uses its own
control circuit. ‘This transfer arrangement, with
its duplicate equipment and its automatic opera-
tion, Is designed to insure the least possible inter-
ruption to originating traffic if trouble occurs at
a time of day when the maintenance oversight
Js reduced. A time alarm is provided on each

“frame to effect the transfer if necessary and to

announce any trouble, whether in the control cir-
cuit or elsewhere, which delays the call beyond
a set limit.

As has been shown already, duplicate start
equipments, each consisting of horizontal group

relays, master start relays, a timing circuit, and -

control connector relays, are furnished on every
line link frame. The “A” start equipment, shown
at the right on Figs. 10, 11, 13 and 15, causes the
various frame conductors to be connected into
the local control circuit, which for convenience
may be referred to hereinafter as the “H” con-
trol circuit of the home or “H” frame, The “B”
start equipment, shown at the left on Figs. 10, 11,
13 and 15 connects the frame conductors from
the “H” frame across to the mate or “M"” frame
and so to the “M” control circuit. Figs. 12, 14

5 and 16 show the principal portions of the “A” and
“B” start equipments of the “M” frame, the right

to left order being reversed to emphasize the sym-
metrical relationships and to facilitate an under-
standing of the interlocking features of the pair
of frames. Fig. 17 throws into relief the con-
ductors directly concerned with the starting op-
erations, It should be understood that any de-
scription given below in connection with the home

or “H” frame applies equally to the mate or “M” .

frame, for the two are identical.

The “A” start train is quicker acting than the
“B” train and disables the latter under normal
conditions so as to route the connection to the
local control circuit. If the “A” train of the “H”
frame is blocked or delayed through some fault
of its own, the “B” train takes charge and routes
the connection across to the mate control circuit,
the “B” start train of the “H” frame being inter-
locked with the “A” start train of the “M” frame

to prevent seizure of the “M” control circuit from.

both points at once. The “M” frame, without
waiting for its own control circuit to become idle,
may use.its “B” start train to cross back to the
“H” control circuit, which presumably is in work-
ing order. Thus in the assumed case the two
frames may use each other’s control circuit mo-
mentarily, but the transfer is not permanent and

each frame always tries to use its own control.

circuit before seeking the opposite one,
If the “A” start train on the “H” frame is actu-

35
ated properly but the connection is halted by
trouble in the “H” control circuit, the “A” start
train after an interval of from flve to ten
seconds is disabled by its timing circuit, and a
minor alarm is brought in. The “B” train is
therefore permitted to operate and carry the con-
nection across to the “M” control circuit. There-
upon the “M” frame, finding its own control cir-

cuit in use, may cross by way of its “B” start.

train to the “H” control circuit, only to be blocked 10

there by the trouble assumed.  When after five
to ten seconds the “M” frame has its “B” start
circuit timed out and eliminated, the “M" frame
is restricted to the use of its “A” start train and
its own control circuit. The “M” control circuit
thereafter carries the load from both frames, but
the one contro! circuit serves the two frames al-
ternately by reason of the interlocking arrange-
ment provided for the purpose.

If the trouble which causes the “H” frame to
throw over through its “B” start train to the “M”
control circuit lies somewhere in the frame con-
ductors, the trouble may effect the emergency
connection likewise. 'The “B” start equipment on
the “H” frame will then be eliminated by its
timing circuit, and the “A” start train will be
activated; and next the call will revert to the “B”
start train, and so on. The “H” frame will nev-
ertheless afford service for most of its lines. As

will be shown, the circuit arrangement under-

takes to restrict the number of troubles capable
of producing the reaction mentioned, so that the
disturbance can arise only through some fault
associated with a small portion of the lines, such
as. a horizontal group. Other groups, being free
from the localized trouble, will be able to break
in at the end of the time-out delay, and so receive
service.

Various maintenance features are provxded

-such as exercise jacks for the “A” and “B” start

trains, and make-busy equipment for the control
circuit, and these will recelve consideration at
the proper time.

Momentary transfer to opposite control circuit

It has been shown that an originating call
causes two group start relays to operate, such
as relay 1020 in the “A” train and relay 1016 in
the “B” train, and that these in turn energize
their respeqtive master start relays 1105 and { {04,
Relay (104 is made slow-operating in compari-
son with relay 1105 so that the latter ordinarily
opens the circuit of the former, to disable the
“B” start train. However, should group start
relay 1020 fail to operate, or should the circuit
of relay -1105 be opened, the latter relay would
fail to operate and relay 1104 would do so in-
stead. Relay 1104, in operating, at its right
outer break contact opens the circuit of relay
1 105 to disable the “A” start train, and at its right
inner make contact starts its timing circuit by
connecting ground to the break contact of the
right-hand transfer°springs on relay ({071, over
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conductor 1151, to the armature contact of in- -

terrupter 1301. Relay {104 operates relay 1109
in a circuit from battery at the break contact of

- relay 1314, conductor {121, winding of relay 1108,

conductor {217, to relay 1218 on the mate frame,
through the right inner break contact of relay
1210, assumed normal, conductor 1218, left inner
make contact of relay {104, contact 1125 on re-
iay 1107, conductor 1123, to ground previously
traced in operating relay 1104. Relay 1109 op-
erates the connector relays of the “B” start
txain using grounds supplied from the “Mr
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control circuit over conductors 1619 and 1620.

.Ground from conductor {619 is connectéd by a

make contact on relay 1109 to conductor 153,
through the winding of relay 1320, to battery on
a break contact of relay 314, Ground from
conductor 1620 is connected by a make contact
of relay 1109 to conductor (154, through the
windings of relays 1500, 1502, 1507, and 1512 in
parallel, to battery on conductor 1560 supplied
from a break contact of relay 1314. Relay (320
locks itself through the contacts of relay 1109
by grounding conductor 1343, and relay 512
does the same for its group of relays by ground-
ing conductor 1348. The five connector relays
1320, 1500, 1502, 1507, and 512 of the “B” start
train connect the frame conductors from the
“H” frame into the mate control circuit in the
same manner. that the corresponding connector
relays of the “A” start train customarily estab-
lish connection with the home control circuit.
The transfer operation may be illustrated with a
single conductor, namely, one of the conductors
which are tapped off the sleeve conductors of the
line links. This conductor, numbered {331
where it enters Fig. 13, appears on armature
springs of both connector relays 1321 and 1329,
and with the latter relay operated the path ex-
tends by ways of conductor {345 across to the
mate frame and so into the “M” control circuit.
Examination of Fig. 17 will make clear the re-
lationship of the two frames to their control
circuits.

The home frame is now in possession of the

“M” control circuit which, being a duplicate of -

the “H” control circuit, is able to perform the
same functions. After completing the connec-
tion, the “M” control circuit reaches back to
operate relay 1107 in the “B” start train, over
a path traceable from battery at the break con-
tact of relay 1314, conductor 1148, winding of
relay 1101, conductor {i55, make contact of re-
lay 1320, conductor {346, to the “M” control
circuit. Relay 1§07 in operating opens its break
contact 1125 to release relay (109, which in turn
releases connector relays 1320, 1500, 1502, 1501,
and 1512 to dissociate the “H” frame from the
“M” control circuit. Relay #I07 closes a path
for holding relay {104, from the previously traced
operating ground for that relay on conductor
1033, right inner make contact of relay 11017,
and over the right break contact of relay [105.
With the release of the connector relays, relay
{107 has its circuit broken unless a terminat-
ing call is waiting, in which event the terminat-
ing connection is served next.

The mate frame is denied access to the “M”
control circuit as soon as relay (188 of the “H”
frame operates, for the latter relay controls the
path by which the master start relay 1205 and
its associated relay 1210 normally operate. The
path for relay 1205 may be traced from battery
over a left break contact of relay {415, conduc-
tor 1423,
contact of relay 1204, left outer break contact
of relay (207, conductor 1220, conductor 1221,

left outer break contact of relay 1109, conductor .

1151, break contact of jack 1405, conductor 1424,
to ground over a circult extending over the
make contacts of the operated group start re-
lay, not shown, this circuit being similar to the
previously traced operating circuit for relay
1105. ‘The circuit of relay 1210 may be traced
from battery on conductor (423, winding of re-
lay 1210, conductor 1219, left inner break con-
tact of relay 1109, conductor (1586, right middle

winding of relay 1208, left outer break .
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make contact of relay 1208, break contact of
right transfer springs on relay {208, to conduc-
tor 1220 and. the ground just traced for operat-
ing relay 1205. Thus the “A” start train of the
“M” frame is disabled when the “H” frame ac-
tuates its “B” start train to seize the “M” con-
trol circuit. The “M” frame is not obliged to
wait, however, because with its “A” start train
held out of action, its “B” start train is made
operative to seize the “H” control circuit. Mas-
ter start relay 1204 of the “B” train operates
in a path traceable from battery at a break con-
tact of relay (414, conductor 1428, winding of
relay {204, left outer break contacts of relays
1205 and 1208 in series, conductor 1222 to the
“H” frame, left outer break contact of relay
11190, conductor 1188, break contact of jack 1406,
conductor 1426 to the “B” group start relays,
not shown, and ground at an operated contact
of one of these relays. Relay 1204 operates re-
lay 1209 over a path extending from battery on
conductor {428, already traced,. winding of re-
lay 1209, conductor 1223, left inner break con-
tact of relay 1018, conductor (188, right inner
make contact of relay 1204, right transfer break
contact of relay 1207, to conductor 1222 and a
ground path already traced for operating relay
{204. Relay 1209 operates the five connector
relays 1420, 1600, 1602, 1607, and (612 whereby
the “M” frame conductors are switched across
to the “H” control-circuit. The operating path
for connector relay 1420 runs from battery at
a break contact of relay (414, conductor (427,

[
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winding of relay {420, conductor 1428, a left -

make contact of relay 1209, conductor 1224, con-
ductor 1136, and by a path previously traced to
ground in the “H” control circuit. The operat-
ing circuit of connector relays 1600, (602, {607,
and {612 runs from battery at a break contact
of relay {414, over conductor (429, through

~ windings of the four relays in parallel, conductor

1621, left outer make contact of relay 1209, con-
ductor 1225, conductor 1137 and a path previ-
ously traced, to ground in the “H” control cir-
cuit. The connector relays connect the frame

" conductors from the “M’” frame into the “H”

control . circuit, one such conductor for example,
being that from the sleeve of a line link. This
conductor entering Fig, 12 'as conductor 1226,
passes through a break contact of jack (201, to
conductor 1422, through a make contact of con-
nector relay 1420, to conductor 1430, across to
the “H” frame, to conductor 1926 and by a path
previously traced, to the “H” control circuit.
Having served the “M” frame, the “H” control
circuit frees itself in the usual way by operating
relay 1207 over a circuit traceable from battery,
break contact of relay (414, conductor {431,
winding of relay 1207, conductor 227, make
contact on relay 428, conductor 1432 to the
“H” frame and over conductor 1846 to the “H”
control circuit. Relay §201 releases relay 1208,
and the latter releases the five connector relays
1820, etc., to detach the “H” control circuit from
the “M” frame.

On the next call the “M” frame can pick its own
control circuit provided the latter is not engaged

. by the opposite frame; for master stagt relay

1205 of the “A” train can now operate through
the normally closed contacts of relay (109 to
switch the call through the accustomed channel.
When the “M” frame is in possession of its own
control circuit the “B” start train on the “H”
frame is disabled, for relays {104 and {108 of the
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) “B” train both have their operating paths opened

10

20

by relay 1210.
Continuous transfe:_'_to opposite control circuit

The transfer may be effected by the start cir-
cuit time alarm if the connection is delayed for
an interval of flve to.ten seconds. Master start
rélay 1105 of the “A” start train connects ground
to conductor {134, through a break contact of
relay 1108, to conductor 1135, and so to the arma-
ture of interrupter 1303. This interrupter is de-
signed to remain closed on its break contact for
a small fraction of a second; to pass slowly from
its break to its make contact, producing an open
interval of approximately flve seconds; fo close
its make contact for a small fraction of a second;
and to complete the cycle by a rapid return to
its break contact. Assuming the interrupter 1303
to have its break contact closed at the outset,
ground from conductor 1135 will pass through the
interrupter break contact, over conductor 1347,

to the right break contact of relay 1112, to con-
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ductor 1160, winding of relay 1302, to battery.
Relay 1302 in operating locks to ground on con-
ductor 1135 and prepares an operating circuit for
relay (112 traceablé from the make contact of
interrupter 1303, right outer make contact of
relay 1302, upper break contact of jack 1304, con-
ductor 1348, winding of relay {112 and battery.

" Relay 1302 thus serves as a pick-up relay, whose

operation is made to coincide with the beginning
of the five-second interval as a guarantee that
no shorter interval than this can be measured
off. The maximum interval may, of course, be
as much as ten seconds if the interrupter has
just opened its break contact before having its
armature contact grounded. If with pick-up re-
lay 1302 operated the connection for any reason
is delayed until the interrupter closes its front
contact, relay 1112 will then operate over the
path already traced, and will lock through its
right inner or continuity contacts, over conduc-

“tor 1120, left outer or continuity contacts of re-

lay 1315, break contact of key 1318, and ground.
The same ground which locks relay 1112 is ex-
tended through the left outer make contact of
relay 112, conductors 1179 and {1135 to the lock
circuit of relay 1302 and the armature of infer-
rupter 1363. Relay 1112 upon opening contact

4161 of its continuity springs breaks the source

of ground whereby the group start relay 1020 has
been keeping relays (105 and 1110 operated. Re-
lays 1105 and (110 release, the latter releasing the
five connector relays 1321, etc., to disconnect the
“H” control circuit. The group start circuit of
the “A” train meanwhile is held in place by relay
1112, which at its left inner make contact
grounds conductor 1035 to hold gate relay 1023,
and at its right outer make contacts continues
ground on conductors 1138 and 1525 to hold re-
lays 1020 and 1010 respectively. The horizontal
group involved in the time delay is thus locked
out for the moment, but another waiting group,
which may have operated its group start relay
such as 10{7 in the “B” train, may proceed im-
mediately upon the release of re]ay 1105 to oper-
ate relay 1104 of the “B” train and so gain ac-
cess to the mate control circuit.

Relay 1112 also prepares the circuit for oper-.

ating relay 1315, in a path traceable from battery,
winding of relay (315, conductor 1350, make con-

~ tact of right-hand transfer springs on relay {112,
conductor 1341,

to the break contact of inter-
rupter 1303. The interrupter soon opens its
make contact and returns quickly ‘to its break

circuit to seize the “H” control circuit.

37
contact, operating relay 13(5. Relay 1315 locks
in a circuit extending through the right outer
break contact of relay 1314, conductor 1351, left
middle break contact of relay {111, conductor
1162, right outer break contact of relay 1206,
conductor 1228, locking contact 1352 on relay
1315, to ground on a break contact of key 1313.

The left outer or continuity contacts of relay 1315

remove from conductor 1120 the ground just used
for operating this relay and for holding relays
1112 and 1302, but-first these contacts supply a
substitute ground over conductor {363, to contact
1163 on relay {112, From there the ground is
carried through the right transfer contacts of
relay 1112 to conductor {3471, break contact and
armature of interrupter 1303, to conductor 1135,

15

thus holding relays {302 and {112 so long as the .

interrupter remains on jits break contact. Sup-
plementing the holding ground just traced is that
supplied from relay 1315 through its locking
contact 1352, and the locking path traced, to the
winding of relay 1315 and the path including
conductor 1350 used in operating the relay. This
back-up path from the locking contact of relay
1318 is not yet called upon to hold the relays
mentioned, for the same purpose is served more
reliably by the continuity contacts on relay 1315
which close . ground to conductor 1353 before
opening ground from conductor 1120. Relay 1315
upon operating disables the “A” start train by
removing battery from the windings of relays
1105, 1108 and (110 and from the five connector
relays i321, 1501, 1503, 1508 and 1513. The frame
alarm lamp 1319 is lishted with ground applied
by the right inner make contact of relay 13{5,
and the minor alarm is actuated in obvious man-
ner when the alarm pilot relay {307 operates in

a circuit traceable from battery, winding of re-

lay 1301, conductor 1355, left outer break con-
tact of relay 1311, contact 1354 on relay 1315, to
ground. When interrupter 1303 opens its break
contact, it severs the locking circuit of relays
1302 and 1112, Relay (112 releases the group
start relays-1020, 1023 and 1010 to remove the
lock-out restriction from the horizontal group
just involved in the time delay, enabling this

_horizontal group to take its turn with the others.

Relay 13156 remains locked under control of key
{313 and keeps the minor alarm in operation.
With the “A” start train inoperative, master start
relay 1104 of the “B” start train is free to oper-
ate and steer calls from the “H” frame across
to the “M” control circuit.

The “M” frame, unlike its opposite, retains
access at this time to either of the two control
circuits, for upon finding its own control circuit
in use, the “M” frame may employ its “B” start
As-
suming now that the frouble which originally
blocked the “H” frame resides in the “H"” control
circuit, the “M” frame will likewise encounter
the trouble and will be blocked until its “B”
start train times out. The time alarm features

.of the “A” and “B” start trains on both frames

are identical, with the exception of one or two
minor wiring differences which will be pointed
out, and the details of operation need not be
repeated. In the present instance the timed in-
terval ends with relay 1414 operated and locked
to key 1413, and with the “B” start train on the
“M” frame disabled. From this point on, the
both frames are forced .to use the “M” ‘control
circuit, the “M” frame by way of its “A” start
frame and the “H” frame through its “B” start
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train. The single control circuit serves the two
frames alternately as will now be shown.
Ordinarily, the “B” start train of one frame
and the “A” start train of the other frame are
interlocked in such manner that relays 1104 and

1109, for example, have their operating paths

controlled by relay 1210 on the opposite frame,
while relays 1205 and #210 in turn have their
operating paths controlled by relay 1109. In
the present case, however, with alarm relays
1315 and 1414 locked up, relays (104 and 1205
are each made independent of the opposite
frame, while their companion relays 1108 and
1216 remain mutually interlocked as before. In
detail, the operating circuit of relay 1104 nor-
mally extends from battery, through a break
contact of relay {314, conductor (121, winding
of relay {104, right outef break contacts of relays
1105 and 1108 in series, conductor 1124, contact
1229 on relay £210, conductor 1214, break con-

tacts on jack 1306, to conductor 1323 and so to.

ground already traced. Contact 1229 on rélay
1210 is now eliminated from this path by a short
circuit traceable from conductor 1§24, conduc-
tor 1126, make contact 1356 on alarm relay 1315,
to conductor 1323. Similarly, the operating cir-
cuit of relay 1205 normally extends from bat-
tery, a break contact of relay 1415, conductor
1423, winding of relay 1205, left outer break con-
tacts of relays 1204 and (207 in series, conduc-
tor 1220, conductor {221, left outer break contact
of relay 1109, conductor 1157, break contacts of
jack 1405, to conductor (424 and so to ground
already traced. The left outer break contact on
relay 1108 is now eliminated from this path by
a short circuit traceable from conductor 1220,
over conductor 1230, right middle make contact
of relay 1414, to conductor 1424.

Assuming first that the “M” frame has pos-
session of its own confrol circuit, the “H” frame
although obliged to waif, is free to operate relay
1104 of its “B” start train since this relay is
now locally controlled. After the “M” frame
has been served, relay 1208 in its “A” train is
operated from the control circuit, to hold relay
1205 and release relay 1210. Relay (210 releases
the five connector relays to free the control cir-

cuit, and recloses the circuit whereby the oper- "

ated relay 1104 is able to energize its associated
relay 1109. Relay (109 operates immediately
and breaks the operating path of relay 1210, thus
locking out the “M” frame before the five con-
nector relays and relay (208 on the latter frame
have had time to fall back and reestablish the
operating circuit of relay 1210. With relay 1109
operated, the “H” frame operates its correspond-
ing set of connector relays and so takes pos-
session of the “M"” control circuit. Meanwhile,
a waiting call on the “M” frame may have reop-
erated relay 1205, or may have held the relay
operated from the preceding call. , The “M”
frame thus waits until the “H” frame has been
served and has had its relay 1107 operated, and
then, upon the release of relay 1109, the “M”
frame is enabled to operate its own relay (210
and again take its turn with the control circuit.
This alternate action occurs whenever one frame
reaches the waiting position while the opposite
frame is engaged with the single control circuit.
The alternation is dependent upon the interlock-
ing arrangement which enables either frame to
exclude the other upon seizure of the control
circuit, but. which momentarily obstructs the

lock-out feature of the frame just served in order

to give advantage to the waiting fra_me.

2,235,803 .
Certain interlocking arrangements between

the two frames are worth noting. First of all,
as has just been shown, master start relay 1104
in the “B” start train of the “H” frame, and
the corresponding relay 1208 in the “A” start
train of the “M” frame, are each rendered inde-
pendent of the opposite frame under the trou-
ble conditions assumed. Under normal condi-
tions, however, these relays are controlled in
part from the opposite frame, and the reason
for this can now be explained. The “A” start
train relay 1205 of the “M” frame has its oper-
ating path normally controlled by a break con-
tact on the “B” start train relays of the “H”
frame., The reason for this arrangement has
been touched upon already under the:heading
“Momentary transfer,” but it may be briefly
restated here. If the “H” frame, when not per-
manently transferred, uses its “B” start train
to reach the “M” control circuit, the “M” frame
thereby has its quick acting “A” train disabled,
in order that the slow~-acting relay 1104 of its
“B” frame may function. Lacking such an
arrangement, the “M” frame would be deprived
of the use of its “B” train and of the “H” con-
trol circuit, under the conditions assumed.

Next, let relay 1104 be considered. This relay,
constructed to be somewhat slower in operation
than the corresponding relay (105 in the “A”
train, is expected to give the “A” train the
advantage so. that calls will normally be routed
to the “H” control circuit. However, if relay
1104 through weakened adjustment or other
fault should operate faster than relay 1108, the
connection would be routed down the “B” start
train to the “M” control circuit. Such unneces-
sary intrusion upon the “M” frame is prevented
by the break contact on relay (210 which, if
open, prevents relay 1104 from operating. This
contact may, therefore, be considered to supple-
ment the feature by which the opposite “B” train
is normally subordinated to its associated “A”
train. ‘

Lastly, it will be noted, with reference to
relay 1110 of the “H” frame “A” train and the
corresponding relay 1209 of the “M” frame “B”
train, that whereas the two relays control each
other’s operating paths, the former relay is ar-
ranged to lock independently of the latter relay.
This arrangement is intended to prevent “buzz-
ing” on the part of these relays when both are
energized simultaneously, and it tends to give
advantage to the “H” frame when both frames
are competing for the “H” control circuit.

Iet it be assumed that the trouble which
causes the “H” frame to throw over to the “M”
control circuit lies among those conductors which
relate to a single horizonta] group of lines. In
particular, assume a broken or open conductor
1024, associated with line relay 1006 in a certain
horizontal group. The result will be, first, the
failure of line registration in the control circuit,
and next, operation of time alarm relay 1315 in
the “A” start train, to transfer the “H” frame.
The same trouble will now affect the “M” control
circuit which the “H” frame seizes through its
“B” start train, so that a time-out will again oc-
cur and relay 1314 will operate. Just before re-
lay 1314 operates, however, relay 1i1{ will have
broken the locking circuit of relay 1315 in the

- «“A" gtart train, thus restoring the “A” train to

service and establishing a locking circuit for re-
lay 1314, With relay 1314 operated and the “B”
train made inoperative, the “A” start train and
the “H” control circuit resume operation. A re-
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“currence of the time-out releases relay 1314 to

Teactivate the “B” start train and operates relay
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1315 to disable the “A” train, Hence, the hori-
zontal group affected with the trouble causes the
“H” frame to transfer back and forth from one
control circuit to the other, but at each shift the
group is momentarily locked out to grant admis-
sion to other groups on the frame. ‘
Thus it is seen that the frame eircuit under-
takes to provide service despite localized trouble
of the kind assumed, and since the inconvenience
is comparatively limited in extent the trouble in-
dication is given with the minor alarm only. So
far as practicable. frame troubles capable of
producing a more general effect are precluded
by reinforcing the circuit. For example, con-
ductor 1549 extending between relays (513 and
1518 in Fig. 15 might, if open, block all trafiic on-
the frame. Therefore, this conductor is fur-
nished in duplicate, and as an added precaution, -
since the conductor is multipled, the duplicate
conductors are separated and then attached at
extreme points on the multiple. ‘

* Maintenance features—Line link frame

Some of the maintenance features of the line
link frame will now be described in detail.

Chart chain exercise jacks

Since both the “A” and the “B” start trains at-
tempt to give service on every call, the blocking
of one train allows the other to function, and yet
it gives no alarm indication. Troubles produc-
ing this effect may be detected by routing the

‘trains separately through the use of an exercise

jack with which each train is provided. When
the exercise jack of the “A” train is operated
with a plug, it disables the “B” train and forces
calls through the “A” train to the home control
circuit. Similarly, the exercise jack of the “B”-
train disables the “A” train and forces calls
across to the mate control circuit. It is in-

- tended that only one exercise jack shall be used

50

65

at a time, for if the two jacks on a frame are
operated at once they make each other ineffec-
tive. .

Jack 1306 is the exercise jack for the “A” start
train. The break contacts on this jack disable
the “B” start train by opening the operating
path, already traced, for relay 1104. Originat-
ing calls are thus forced through the “A” train
to the home control circuit, so that troubles tend--
ing to interfere with the “A” train will be re-
vealed. The make contact on jack 1306 connects
conductor 1322 to conductor (118, thus short-
circuiting that portion of the operating path of

- relay §105 which includes the break contacts of

60
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jack 1305 and the right outer break contact of
relay 1209, in series. The effect of the shunt at
this time is to make relay 1105 wholly independ-
ent of the mate frame “B” start train in case the
latter should come into use, but another effect
will be pointed out shortly.

In like manner jack 1305 serves as the jack
for the “B” start train. With a plug inserted,
this jack breaks the operating ground path for
relay 1105 of the “A” train, thus enabling relay
1104 of the “B” train to operate on every call
and divert the traffic across to the “M” control
circuit. -Jack (305, through its make contact,
also closes a path traceable from conductor 1323,
over conductor 1324, make contacts of jack 1305,
conductor 1126, to conductor 1124, to short-cir-
cuit that portion of the operating path of relay
1104 which includes break contact 1229 on re-
lay 1210 and the break contacts of jacks 1308, in

39

series. Relay 1104 is thus placed on an equal
footing with relay 1205 in the “M” frame “A”
start train, and the two frames now use the “M”
control circuit alternately. )

If both exercise jacks are put into use at the
same time, thé make contacts on one jack will

- undo the effect of the break contacts on the

other. Suppose, for example, that jack 1308 is
in use to exercise the “B” start train. The break
contacts of this jack open the ground source for
operating relay (105 of the “A” train, while the
make contact of the jack renders relay (104 in-
dependent of jack §306. If now jack 1306 be-
comes operated its break contacts are unable to,
disturb relay 1105, while its make contacts rees-
tablish the operating circuit of relay 1185. Both

master start relays, 1104 and 1105, have now be€n '

restored to their normal relation with each other.
Control circuit make-busy feature

Each start circuit contains make-busy equip-
ment which enables the maintenance man to re-
move the control circuit from service, together
with its associated start circuits consisting of
the home frame “A” train and the mate frame
«“B” train. With its make-busy feature in op-
eration, the home frame routes its calls through

-its “B” start train to the mate control circuit,

and maintenance work may be carried out on
the equipment removed from service. A guard
lamp is lighted when the control circuif is made
busy, to serve as a reminder that the double load
upon the opposite control circuit may occasion
extra delays in periods of heavy traffic. If &
time alarm occurs while one control -circuit is

- plugged busy and the other conmtrol circuit is

serving both frames, the frame whose timing
circuit has functioned will be deprived of serv-
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jce. Under this condition a warning is given -

with the major alarm, in place of the minor.
Similarly, the major alarm is brought in if both
frames have their make-busy equipment oper-
ated at the same time, for under this condition
both frames are put out of service.

The make-busy equipment for the home frame
consists of make-busy jack 1103 and relay 1106,
and associated with it is the guard lamp (102,
common to all frames. When a short-circuited
plug is inserted into jack (103, ground from the
jack sleeve is fed through the plug to the jack

.contacts, operating relay 1106 and lighting guard

lamp (102, Relay 1106 at its right-hand break
contact 1164 opens the ground path already
traced for operating relays 1105 and f110 of the

«“A” gtart train. With the “A” start train ren-

dered inoperative, the “B” train comes into ac-
tion and transfers the frame to the mate control
circuit. Relay 1104 at this time operates inde-
pendently of the mate frame “A” start train, to
insure alternate service between the frames, as

-already explained. Relay 1104 also operates in-

dependently of exercise jack 1306, and of relays
1105 and 1110 of the home frame “A” start train,
in order that the latter train may be subjected to
maintenance repairs without causing interfer-
ence. The shunt path which frees the operating
circuit of relay (104 from the various control
points just mentioned, may be traced from con-

‘ductor 1122 at the winding of relay 1104, through

the upper make contact of make-busy jack 1103,
conductors 1118, 1128 and (121, right inner make
contact of relay 1106, to conductor §128 and so'to
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the ground source already traced. In similar -

manner, the make-busy equipment supplies a
shunt path to modify the operating circuit of
relay {205 on the mate frame, this path extend-
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1205, through the lower make contact of Jack
1103, make contact 1166 on relay 1106, conductor
1165, to conductor 1424 and the ground source
already traced:  This shunt path makes the mite
frame “A'’-start train. independent of its associ-
ated “B™ start train, to'allow for maintenance on

If the “H” frame, whose make-busy jack is as-
sumed operated; times out in connection with the
mate control circuit, it causes a major: dlarm.
Its “B” start train‘is' not permanently locked ‘out
of service,.however, because the trouble causing
the stoppage:may ‘be-Jocalized in’the equipment
of one horizontal group of:lines, and it is'desir-
aRle to give service on-the remaining horizontal

group. Relay 1311, which controls the major '

alarm, operates-in a circuit extending from bat-
tery, winding of relay 1311, conductor 1357, make
contact 1167 on alarm relay 1111 of the “B" train,
conductor 1168, contact 1.169 on make-busy relay
1106, to ground. Relay 131! locks to groumd on
key 1318, lights lamp 1312 to indicate the frame
in trouble, opens the path:including conduetor
1355 to cancel the minor alarm, and at its right
inner contact connects ground to conductor 135§
to operate the alarm pilot relay 1316. ' Relay 1316
in operating opens the circuit of the audible
minor alarm, lights lamp 1811, and actuates the
device 1318 to.give:s major alarm. Relay 1314,
which operates in the usual manner at the end
of the timed interval, cannot lock operated in theé
present case, because its locking circuit has besn
opened. by .make-busy relay.-1106.: This locking
path may be traced from the winding of relay
1314, over conductor 1358, break contact {170 on
relay 1112, conductor 1474, right outer break con-
tact on relay (315, conductor 1360, right outer

break contact. of the .operated relay {106, con-.

ductor 112, locking contact: on relay 1314, to
ground on key. 1313. Since this locking ecircuit
for relay 1314 is broken as stated, the relay re-
leases in due time and does not disable the “B”
start train, so that. repeated -calls can be put
through or at.least attempted.. Relay 1311 keeps
the major alarm in operation until attention is
given to the trouble and key 1313 operated to
restore the relay.

If, with the “H” frame make-busy feature in
operation, the “M” frame is the one which en-
counters a ‘time-out deiay, the major alarm is
operated from -the “M” frame. The. frame is,
permitted to continue in operation,. because the

alarm relays-of its “A” start train are denied a -

locking path. The path by which relay (415 nor--
mally locks is traceable from the winding of the
relay, through the left outer break contact -of

relay 1414, conductor (433, right middle, bregk.

contact, of -relay 1211, conductor 1232, left outer

break contact of relay 1106, conductor 113; lock. . .:..
contact 1434 on relay 1415, to ground at key 1443..
) 1108 " operated,

Hence, with make-busy relay ;
alarm relay 1415 cannot lock up, and the, release
of the latter relay puts the “A” train of the “M”,
frame back into service. The operating .circuit
for relay 1411 extends from the winding of the
relay, over eonductor 1435, through the left inner
make contaet of relay 1106, conductor 1174, con-
tact 1233 on relay 1212, to ground. Relay 14114
in operating locks to key 1413 and substitutes the
major for the minor alarm in the manner already
described for relay 134f.. - .

The operation of the make-busy equipment on.
both frames at the same time would put both

frames out-of action, but would give immediate

warning by means -of the major alarm. Make-

1101, for ex

the biisy grotind.on
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ing from conductor 1231 at the winding of relay busy relay (108 on the home frame cuts out the

“H" control circult by breaking the operating
grouhds of- the associated start trains; namely,
the “A” train of the. “H” frame .and the “B”
traiit of  thé “M”.frame; . Likewise, make-busy
relay 1208 o1 the; ivae ffame cuts out.the “M”
control circiit by, bréaking the operating ground
of the assoclated .start trains; .namely, the “A”
train of ‘the “M” frame and the “B”.train of the
“H” frame,”' A /détailed _description concerning
relay 1208 can be omitted, since the.functioning
of ‘this relay may be inferred from the descrip-
tion"of its counterpart, relay (106 of the “H”
frame. With ‘both “make-busy relays operated,
algrm relay 131t 15 energized over a path from
battery, ‘winding 6f relay 1311, conductor 1357,
conductor M8, right inher.make contact of. re-
lay 1208, conductor 1238, make contact 1169 on

relay (106, to ground. «Relay (3114 locks operated,

lights frame lamp 1312, and operates the major
alarm. In:ltke mbrmer reldy 141F is energized in
a-path from battery, winding of-relay 1411, con-
ductor (435, left~inner:make-contact of relay
1106, conductor {114, contact 1235 on relay 1208,
to ground. - Relay “1411- lotks “operated, lights
frame lamp:t412;:and grounds conductor 1358 to
keep the ma&jor:alarm in operation -

' Stprt cireuit hold jack

~ Hold jaick -1 304 is provided iti ‘coninection with |

tHe 8tart. cireutt o=aid-in maintenance by block-
ing the transfer:feature upon the. appearance of
trouble, and-#y holding the:circuit -in the exact
stage” reached. With a short-circuited three-
contuctor -plug-inserted in this Jack; the operat-
ing paths of-alarme relay 112 in the “A" start
traifi; and-of relay-iti}.of the' “B” start train,
are‘opened.-:Also, the start:jack and the plug in
obviotis' manner rconnect: tha: winding ‘of major
aldfm relay #8tl-to’ the paths -ordinarily used
in'‘operating relays- #$12 ‘dngd- I111, so that the
occlurrence of: a-time-out condition’ which would
ordinarily operaté oné ‘or the other of these relays
will itistead operdte -relay 1311, -Relay 1311 will
light frame: lamip- 4312 and will actuste the major
alarm to call prompt attention to the stoppage
of sérvice-on-the frame.s All apparatus involved
will-be held ifi ‘positfbn, assuming, of course, that
the connection 1§ rio¥ broken:down through some

- agency beyond ‘cohtrol 6f the start circuit, such ,

as disconnection: By the subscriber or by the dial
tone deluy timevout feature; ' h
Where ‘the-recotd‘is effaéed after a brief interval,
some observation‘ds to the setting of the appara-

tus: ‘shbuld -be ‘podsible ‘Vecause the maintenance |

man-is expected:to remain in attendance at the
frame whent using thie hold feature.
Line. link f?dmé"—"".'s'ééoﬁ&ar'y - switch- make-busy

T R o | ICK - .

» A ‘miakesbusy- jack;such 'as jack 110f, is pro-
vided 'for edc¢h ore «6I'the ten ‘secondary cross-
bar switchés on' the ‘ffame;: When for main-
tehance redsofis; 1t s desired to remove one of
these “switehe: i service, the. corresponding
maké-busy j k;s( perated with a plug.. Jack
C mple, in ercepts one of the common
conductors over which .the link. sleeve busy test
Is made on originating.or terminating calls, and
applies busy.graund to the conductor. Since this
coninon conductor. is: multipled throughout the
ten horizontal-group. relays 1008 so as to be con.
nective with the.sleeves of the ten links terminat-

ing’' on a particular secondary- eross-bar switeh,
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serves to make that partlcular secondary swltch
test busy.

The busy test conductor referred to is the con-

ductor ‘wired to the armature contact of the
transfer springs on jack 110f. . With the jack
operated by a plug, this conductor is detached
from conductor (141 and is switched to busy
ground. Branch conductor i{40 from this con-
ductor is accessible to the terminating marker
by way of the line choice connector circuit, and
branch conductor 1331 is accessible to the line
link control circuit by way of the control con-
nector relays. Jack 101 moreover at its lower
break contact opens ground from conductor 1058,
which is multipled throughout the various hori-
zontal group relays 1009 to supply opérating
ground for the select magnets 1012 etc., on the
secondary cross-bar switch under consideratlon
By this means the select magnets of the second-
ary switch are freed from unnecessary operatlon
while the switch is plugged busy.

Line link frame—Miscellaneous check fealures

Various check features are included in the cir-
cuit to indicate the presence of trouble. Some
of these devices have been dealt with in the
course of the foregoing description, and others
will be mentioned now.

The failure of a horizontal group connector re-
lay such as 1009 to release will be indicated by
the time-out alarm associated with relay 1105,

which is kept operated over a path including

make contact 1064 on relay 1008.

A false ground on one of the conductors 1143
and 11484 used in connection with terminating
traffic will manifest itself through the operation
of relay 1107 or relay #108 and the correspond-
ing time alarm. 'The relay (107 or {108 not in-
volved in the trouble may still be used to com-
plete terminating calls.

A false ground on certain group start conduc-
tors which are concerned with the operation or
the holding of group start relays 1020, etc., might
cause a succession of false starts, A ground of

3 this nature is indicated by continued operation

of the group start relay 1028, etc., and its asso-
clated master start relay such as relay 1105, the

Jatter relay actuating the time alarm.

Various conductors to be found in the “A” and
“B” start trains are intended to reveal certain
troubles occurring in those areas of the circuit.
For .example, a trouble ground appearing on the
winding of relay 1110 in the “A” start frame
might produce no noticeable effect until a call

.came in and received service. At disconnection,

relay 1108 will operate as usual, and alarm relay
1302 will release, but relay 1110 will fail to release
because of the trouble ground. This false ground
backs up over conductor 1216 to the left middle
make contact on relay 1105, thence by conductor
1133, left transfer springs and their make contact
on relay {108, conductor 1176, left break contact
of relay 1302, now normal, conductors 1348 and
1348, winding of alarm relay 1112 and battery.
Relay 1112 then brings in the alarm. A similar
indication is given if the left transfer contacts
on relay {110 are out of adjustment to such ex-
tent that all three contacts of the spring com-
bination are bunched or touching each other.
In such case ground from conductor 1322, sup-
plied when group start relay 1020 operates, will
be extended through the bunched transfer con-
tacts on relay 1110, to conductor {177, then by
conductor 1116, left break contact on relay 1302,
conductors 1349 and 1348, winding of relay 112,

41

to battery, operating the relay and so causing
an alarm.

The chain circuit through the lower outer con-
tacts of control circuit relays 1811, 1812, etc.,
used to operate the line hold magnet, is provided
with a check feature to give notice of trouble
grounds affecting this chain. Check conductor
1852 serves to connect this chain to the winding
of release relay 1809, in a circuit traceable from
the chain in questxon conductors (852 and 1851,
upper outer break contact of relay 1815, conduc-
tor 1842, right outer chain circuit through relays
1909, etc., conductor 1952, winding of relay 1809,
to battery Thus, release relay 1809 will be held
operated by trouble ground appearing on the
path traced, and by blocking the control con-
nector circuit this relay will cause the timing
circuit associated with the “A” start train to
function on the next call.

Registration of dial pulses in senbder_’

As previously set forth under the heading
“Closure to sender for dialing—Dial tone” the
operation of sender relay 3000 following the clo-
sure of the primary line switch cross-points com-
pletes the connection of the calling subscriber
line into the sender, the line or pulsing relay 3602
operating over the calling station loop and in turn

‘operating relays 3600 and 3601; relay 3600 oper-

ating relay 3609; relay 3605 operating relays 2914
and 3603; and relays 3000 and 3600, together with

. the previously operated relay 3002, completing the

circuit for supplying ftone to the calling sub-
seriber as an indication that dialing may pro-
ceed. The manner in which these aforementioned
operations take place has been set forth in detadl
hereinbefore, it being desired at this point merely

to review the condition of the sender just prior to

its registration of the dial pulsing.
For the call under discussion it will be assumed
that the calling subscriber dials a three-letter

office code having the numerically equivalent.

digits 4—3—2, followed by the four-digit station

number 9—8-—7—6. TUpon the operation of the.

station dial for the first digit, relay 3602 releases
momentarily as each pulse is received. Relays
3601 and 3603 release each time that relay 3602
releases, and reoperate with it. Relay 3600 has
slow-to-release characteristics, and neither it nor
relay 36035 releases on the dial pulses, nor at any
time until the sender is about to be disconnected
or the subscriber hangs up to abandon the call.
When relay 3601 releases on the first pulse its
break contact closes a circuit from ground over
the left inner make contact of relay 3605, con-
ductor 3613, and the winding of relay 3103 to
battery. Relay 3103 operates, and being slow to
release, it holds up throughout all of the pulses
of the first digit, releasing only between digits.
Relay 3704 had previously operated upon the
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registration of the district frame number, over a

circuit from ground over the left outer make
contact of hold magnet 38i4, conductor 3819,
break contact of relay 3103, and winding of relay
3704 ito battery. Upon the operation of relay
3103, relay 3104 releases, to reoperate when relay
3703 releases.

When relay 3602 relea.ses on the first pulse its
break contact closes a circuit from ground over
the left next-to-inner make contact of relay 3000,
off-normal ground conductor 3024, left inner
break contact of relay 8101, conductor 3618,
break contact of relay 3602, over the right make
contact of relay 3600, conductor 3610, left outer
break contact of relay 3708, conductor 3619, left
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break contact of relay 3607, and the winding of
relay 3604 {o battery. Relay 3604 thereupon op-
erates, and when relay ‘3602 reoperating breaks
that circuit relay 3607 operates in series with re-
lay 3604 in a circuit from conductor 3612, over
parallel break contacts of relay 3603 and make
contacts of relay 3703 to conductor 3618, thence
over make contacts of relay 3604, break contact of
relay 3606, right winding of relay 3607, and wind-
ing of relay 3604 to battery. When relay 3602
releases on the second pulse it closes a circuit
as traced above to conductor 3619, and thence
over a make contact and the left winding of
relay 3607, and the right winding of relay 3606,
to battery, which circuit holds relay 3607 and
operates relay 3606, the latter releasing relay
3604. When relay 3602 reoperating breaks the
circuit from ground to conductor 3619, relays
3606 and 3607 release. The left winding of relay
3606 serves to insure that this relay cannot re-
lease before relay 3604, which would prevent the
release of relays 3604 and 3601 when due. ‘This
cycle of operating and releasing relays 3604, 3606

and 3607 repeats every two pulses, relay 3607 op- -

erating on every cdd pulse and releasing on every
even pulse, -

The operation of relay 3607 on the first pulse
causes relay 3012 to operate in a circuit from
ground over the left inner make contact of relay
3605, conductor 3612, make contact of relay 3703,
conductor 3618, right make contact of relay 3607,
conductor 3035, break contacts of relays 3015,
3013, 3014 and 3016, and the upper winding of
relay 3012 to battery. Relay 3012 locks in a cir-
cuit from battery through its lower winding, its
own make contact, conductor 3038, break contact
of relay 3704, conductor 3036, break contacts of
relays 3013, 3014, 3015, and 3016, conductor 3037,
thence by parallel paths over the left break con-
tact of relay 3704 and right outer break contact
of relay 3790 to ground on conductor 3612. The
release of relay 3607 on the second pulse causes

relay 3013 to operate in a circuit from the ground

on conductor 3618, right break contact of relay
3691, conductor 3620, right inner break contact of
relay 3704, conductor 3039, upper outer make con-
tact of relay 30f{2 and winding of relay 3013 to
battery. Relay 3013 breaks the locking circuit
for relay 3012, releasing it, and locks itself to the
same circuit over the upper inner break contact

ground as traced for locking relay 3012. Sim-
ilarly, the operation of relay 3607 on the third
pulse operates relay 3014 which releases trelay
3013, and the release of relay 3607 on the fourth
pulse operates relay 3015 which releases relay
3014.

The pulsing for the first digit now stops, re-
lay 3703 releases and relay 3704 thereupon oper-

‘ates from battery through its winding, right

break contact of relay 3703, conductor 3819, to
ground over the outer make contact of hold mag-
net 38(4. Select magnet 3404 operates in a cir-
cuit from this ground over the make contact of
hold magnet 3814, conductor 3819, right break
contacts of relays 3703 and 3708, conductor 3040,
break contact cf relay 3017, lower outer make
contact of relay 3015, conductor 2938, cabled con-
ductor 3138, continuation of conductor 2930 on
Fig. 34, winding of select magnet 3404 and re-
sistance 3410 to battery. The make contact of
select magnet 3404 extends its operating ground
over conductor 3427, break contact of relay 3702
and winding of relay 3700 to battery. Relay 3700
operates, breaking the locking circuiit for relay
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3015 which then releases; breaking the operat-

ing circuit of the select magnet but closing a cir-
cuit from off-normal ground conductor 3024 to
conductor 3427 to lock up the select magnet; and
closing a circuit to operate relay 370f through
the left winding of that relay. Relay 3701, in
operating, closes another circuit from off-normal
ground conductor 30284 to conductor 3427 to lock
up the select magnet, and closes a circuit to op-
erate relay 3702 from the ground on conductor
3024, over the lowest make contact of relay 2901,
lower outer make contact of relay 2905, conduc-
tor 2911, right make contact of relay 37684, and
winding of relay 3702 to battery. Relay 3702, in
operating, breaks the operating and locking cir-
cuit for relay 3700 which then releases, and al-
so closes a circuit which holds relay 3101 oper-
ated. Relay 3102 also operates both hold mag-
nets 3815 and 38i6. This circuit is traceable
from ground over the right outer make contact
of relay 3000, conductor 3023, left make contact
of relay 3702, conductor 8Ti{, then splitting two
ways: one path extending through the right
winding of relay 3701, right outer make contact
of relay 3701, conductor 3820, break contacts of
relays 3802 and 3812, conductor 3832, cabled
conductor 4428, continuation of conductor 3832
on Fig. 44A or 44B, break contact of relay 4405,
conductor 3833, cabled conductor 4428, continu-
ation of conductor 3833 on Fig. 38, and winding
of hold magnet 3816 to battery; the other path
extending over the left middle break contact of
relay 3101, conductor 314, right inner make con-
tact of relay 3101, conductor 3115, break contacts
of hold magnets 3818 and 3817, and winding of
hold magnet 3815 to battery. Hold magnet 3816
locks over conductors 3833 and 3832 and over a
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make contact of hold magnet 3815, and the lat- -

ter locks over a make contact of hold magnet
3814, Select magnet 3404 being operated, the
operation of hold magnets 3815 and 38i6 effect
the closure of cross-points 3214 and 3224, these
cross-points remaining closed as long as hold
magnets 3815 and 3816 stay operated. When

both hold magnets have operated, the locking .

circuit for magnet 3816, by its connection of di-
rect ground to conductors 3832, short-circuits
the right winding of relay 3701 which releases,
followed by relay 3102 and select magnet 3404,

Hold magnet 3815 closes a circuit to operate re- 3

lay 4500 over conductor 4520. The operation of
relay 4500 stops the dial tone by disconnecting
the upper winding of tone coil 4513. The pur-
pose of the right transfer contact of relay 3000,

which connects off-normal ground to conductor :

3023 while the district frame number is being
registered, but direct ground while the dial digits
are being registered, is to avoid having slight
differences of potential which might prevent re-
lay 3101 from releasing when its right windmg is
short-circuited.

Absorption of preliminary pulse. .. -

Because of the danger of a single accidental
pulse being generated by the subscriber switch-

hook before the start of dialing, the sender is ar-

ranged to absorb a single pulse at that time with-
out registering, and so “1” cannot be used for the
first digit of any office code. If “1” is dialed for

any other digit, the single pulse will cause relay 7

302 to operate, and when relay 3703 releases,
select magnet 3401 operates over the circuit as
above traced to the break contact of relay 30811,
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thence over the lower outer make contact of re- -

lay 3012, conductor 3041, whichever one of cross-



10

15

20

2,235,803

points 3212 to 3218 was closed by the first digit
dialed, and conductor 2821 to the winding of se-
lect magnet 3401. Before the first digit has been
registered this eircuit is open at the cross-points,
so the select magnet cannot operate on a prelim-
inary pulse, although relay 3012 will operate and
lock. When relay 3103, in releasing, operates re-
lay 3704, the latter breaks the locking circuit for
relay 3012 by disconnecting conductor 3038 from
conductor 3036. This will not occur on later dig-
its, nor on the first digit if relays 3012 and 3017
are operated for “7,” because conductors 3038
and 3036 are joined also by parallel make con-
tacts on hold magnet 3816 and relay 3017,

Registering remaining digits dialed

The remaining digits of the office code and the
called number are registered in a manner similar
to that described above for the first digit dialed.
For the second office code digit “3” relay 3703 re-
leases after three pulses have operated relay
3014, and it operates select magnet 3403. For
the third office code digit “2” relay 3703 releases

" after two pulses have operated relay 3013, and it
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operates select magnet 3402,
“1” would operate relay 3012 and select magnet
3401, and the dialing of digit “5” would operate
relay 3016 and select magnet 3405. For the
thousands digit “9” nine dial pulses are received,
involving counting up twice on relays 3012 to
3011, as follows: The first four pulses operate as
described above, the fifth pulse operating relay
3016 which releases relay 3015. The sixth pulse
operates relay 3017 through its upper winding,
and relay 3017 locks up through its lower wind-
ing to conductor 3031, but does not release relay

again, which this time operates and locks over
make contacts of relay 3017 instead of break con-
tacts of relay 3016, and the operation of relay
3012 releases relay 3016. The eighth pulse oper-
ates relay 3013 which releases relay 3012. The
ninth pulse operates relay 3014 which releases
relay 3013, and, if there were a tenth pulse, this
pulse would operate relay 3015 which would re-
lease relay 3014. When relay 3703 releases after
the ninth pulse it .operates select magnet 3409
in a circuit as traced above to conductor 3040,
thénce over lower make contacts of relays 3017
and 3014 and conductor 2935, to the winding of
that select magnet. Similarly, select magnets
3408, 3407 and 3406 are operated for the remain-
ing digits “8” “7” and “6.”

Relays 3700 to 3102 operate and release for

each digit as previously described for the first
digit. Each time relay 3702 operates it closes a

.circuit through the right winding of relay 3101

to the winding of some hold magnet, and when
the latter operates it causes an associated set of
cross-points to close, the particular set depend-
ing upon which select magnet is operated. Each
hold magnet, as it operates, locks to ground over
a make contact of & preceding hold magnet and
in so doing shunts down relay 3781 and releases
it. The lower connection from the right wind-
ing of relay 3701 is steered to the several hold
magnets in turn as follows:

While the first digit is being registered relays
3705, 3707 and 3800 are operated and relay 3802
is normal, having been left in that condition after
the frame number was registered by the opera-
tion of cross-point 3209. When relay 3702 op-
erates in registering the first office code digit,
off-normal ground conductor 3024 is connected
over its right make contact and the left outer

The dialing of digit -

The ‘seventh pulse operates relay 3012

“hold magnets.

43
make contact of relay 3107, to a point between
resistance 3708 and the winding of relay 3705,
thus shunting out that relay and releasing it.
Then when relay 3702 releases immediately after-
ward. it breaks the holding circuit for relay 37107
and that also releases, causing relay 3892 to op-
erate in parallel with relay 3800 by breaking the
connection from off-normal ground conductor
3024, over the left inner make contact of relay
37017, conductor 3130, and break contact of relay
3802, to a point between resistance 3803 and the
winding of relay 3802, which connection has been
shunting out that relay. Thus, while the second

-

10

digit is being registered, the circuit from the right -

winding of relay 3704 extends over the right break
contact of relay 3707, conductor 3821, right outer
make contact of relay 3802, and break contacts
of relays 3813 and 3812, to the winding of hold
magnet 3817.

When relay 3702 operates in reglsterlng the sec-
ond digit, it causes relay 3705 to operate, and
when it releases immediately thereafter relay
3707 operates, these operations occurring just as
when the frame number was being registered.

“This operation of relay 3707 causes relay 3800 to
release by connecting off-normal ground con- -

ductor 3024 over make contacts of relays 3707
and 3802 to a point between resistance 3801 and
the winding of relay 3800." Relay 3802 remains
operated. Thus, while the third digit is being
registered, the circuit from the right winding of

"relay 3101 extends over the right outer make con-

tact of relay 3707, conductor 3828, right inner
make contact of relay 3802, right inner break
contact of relay 3813, conductor 3836, right break
contact of relay 3910, conductor 3839 to the wind-
ing of hold magnet 3818.

When relay 3702 operates in registering the
third digit, it causes relay 3705 to release, and
when it releases immediately thereafter relay
31707 releases, just as when the first digit was be-
ing registered. 'This release of relay 3707 causes
relay 3802 to release. ‘The operation of hold mag-
net 3818 causes relay 3812 to operate by groiind-
ing conductor 3843 to the relay winding. ' Thus,
while the fourth (thousands) digit is being reg-
istered, the circuit from the right winding of re-
lay 3701 extends over the right break contact of
relay 37107, conductor 3821, right outer break con-

. tact of relay 3802, left outer make contact of relay

3812, left outer break contact of relay 3813, con-
ductor 3835, left break contact of relay 3910, to
the winding of hold magnet 3911.

The operation and release of relays 3705, 3101
3800 and 3802 have been traced through one com-
plete cycle, and they now start on a second simi-
lar eycle. Noting that the operation of hold mag-
net 3912 causes the operation of relay 3910, it
may be readily traced how the winding of relay
3101 is connected successively to the rest of the
For the call now under discus-
sion only seven digits are dialed in all, and hold

magnet 3914 is the last one operated. Its op--

eration causes relay 4502 to operate through its
lower winding by grounding conductor 4523.
The functions of relay 4502 will be discussed later.

In addition to the cross-points 3209 slready
operated to register the number of the district

frame and the cross-points 3214 and 3224 already .

operated to register the first digit “4” of the office
code as hereinbefore described,” the aforemen-
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tioned operation of the select and hold magnets °

causes the following register switch cross-points
to close, in the order listed, and thereby record
the balance of the number dialed by the sub-
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scriber for the call under discussion: Cross-points
3233 for the second digit “3™ of the office code;
cross-points 3242 for the third digit “2” of the
office code; cross-points 3309 for the thousands
digit “9" cross-points 33271 for the tens digit
«“77: and cross-points 3336 for the units digit “6”
of the called station number.

Extending from the sender towards the marker
connector circuit, and ultimately into the marker
as will be set forth later, are approximately sixty
conductors which are used for mutual contrel and
for receiving and transmitting information be-
tween the sender and the marker. Twenty-four
of these conductors are used for transmitting to
the marker the necessary information regarding
the number of the district frame, the class of serv-
ice, office code, tip party of a two-party line, and
alternate route and overflow indications. De-
pending upon the particular call being made, cer-
tain of these conductors are grounded in a sender,
while all those not grounded by the sender are
connected to several checking conductors which
also extend towards the marker connector and
thence ultimately into the marker.

With cross-points 3209, 3214, 3224, 3233, 3242,

3308, 3318, 3327 and 3336 operated as set forth
above for the call being discussed, the twenty-

four sender transmitting conductors are grounded -

or connected to checking conductors as follows:
Of the four class-of-service conductors, con-
ductor 2922 is grounded over the upper inner
make contact of relay 2905, conductors 2923 and
2924 are connected to checking conductor 2925
over upper make contacts of relay 2905, and con-
ductor 3135 is connected directly to checking con-

_ductor 2925 by a permanent connection. Of the

five district frame number indicating conductors,
conductors 3250 and 3251 are connected to check-
ing conductor 2926 over contacts of the operated

! cross-points 3209, conductors 3252 and 3253 are

grounded over contacts of these same cross-
points, and conductor 2821 is connected to check-
ing conductor 2926 over the upper make contact
of relay 290{. Of the four conductors used for
transmitting the first digit of the office code, con-

ductors 3258, 3255 and 3257 are connected to

checking conductor 3048, and conductor 3256 is
grounded, all over contacts of the operated cross-
points 3224. Of the second office code digit
transmitting conductors, conductors 3258 and
3259 are grounded, and conductors 3260 and 3261
are connected to checking conductor 3266, all
over contacts of the operated cross-points 3233,
Of the third office code digit transmitting con-
ductors, conductor 3263 is grounded, and con-
ductors 3262, 3264 and 3265 are connected to
checking conductor 3266, all over make contacts
of the operated cross-points 3242, In addition
to the above, the three conductors used for trans-
mitting tip party, alternate route, and overflow
indications to the marker, conductors 3047, 3134
and 3133 respectively, are all connected to check-
ing conductor 3048 since none of these conductors
is grounded on this particular call. These latter

three conductors are connected to conductor 3048

as follows: Conductor 3047 over the upper inner
break contact of relay 3011; conductor 3i34 over
the right break contact of relay 3109; and con-
ductor 3133 over the right break contact of relay
3110. The functions of the grbunds on the vari-
ous transmitting conductors ag 'set forth above
will be described later in. connection with the op-
eration of the marker circuit.
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Sender preperes to engdge marker

As soon as the office code has been registered
by the -sender that circuit proceeds to signal the
marker connector circuit-with which it is asso-
ciated to cause this latter circuit to function
and establish connections between the sender and
an idle marker circuit. As previously stated, the
operation of hold magnet 3818 which causes the
closure of the sender register cross-points which
record the third digit of the office code also op-
erates relay 38i{2. Relay 3106 thereupon op-
erates in a circuit from battery through its
winding, right break contact of relay 3i1{, left
normally closed contacts of relay 3110, right
normally closed contacts of relay 3108, conductor
3118, right inner make contact of relay 3812, to
the off-normal ground on conductor 3024. The
right middle make contact of relay 3186 closes
a path between conductors 3118 and 3024 to hold
the relay until the off-normal ground is re-
moved from . conductor 3024. Battery is con-
nected over the right inner make contact of re-
lay 3106 to the off-normal battery conductor
3124 one branch of which extends into the
marker connector circuit, and also, from con-
ductor 3124, over the break contact of relay 3101,
to the marker connector start conductor 3132.
The battery connected to conductors 3124 and
3132 causes the marker connector circuit to
function in the manner set forth directly here-
inafter.

Marker connector—General

Referring now to Figs. 46, 47 and 48, there are
shown thereon such portions of a marker con-
nector circuit as are required to illustrate the
manner in which this circuit functions in estab-
lishing connections between a sender, such as
the sender shown in Figs. 29 to 45, inclusive, and
a marker circuit such as that shown in Figs. 49
to 77, inclusive. 'The senders are divided into
groups, each group connecting to a particular
marker -connector circuit. All of the marker
connector circuits have access to a common
group of marker circuits. As many connections
through different marker connector circuits can
be made simultaneously as there are marker cir-
cuits, but only one sender of a group served by a
particular marker connector can be' connected
through to a marker at one time even though
other senders of that group require markers and

. there are available markers at that time. In the

case of simultaneous demand for markers by two
or more senders of the group served by the same
connector, the senders are served in a fixed order

depending upon their relative positions in the

sender preference chain circuit as will herein-
after be set forth. Similarly, in the event
of a simultaneous demand from two or more
marker connectors for markers when all markers
are busy, the marker connectors are also served
in a fixed order depending upon their relative
position in the marker preference chain circuit.

The marker connector circuit is provided with
a sender start relay and two multicontact con-
necting relays for each sender which it serves.
Start relay 4800 and connecting relays 4600 and
4700 are associated with the sender shown in
Figs. 29 to 45, inclusive. Start relay 480{ and

connecting relays 4801 and 4101, and start relay-

4802 and connecting relays 4602 and 4102, re-
spectively, are associated with two other sender
circuits (not shown).

In addition to the sender start and connect-
ing relays, the marker connector circuit is also
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provxded with a start relay, a connector-busy
relay, and two multicontact connecting relays
for each marker circuit to which it has access.
Start relay 4810, connector-busy relay 4820, and
connecting relays 4610 and 4710 are associated
with the marker shown in Figs. 49 to 77, in-
clusive. Start relay 4811, connector-busy relay
4821, and connecting relays 4611 and 4711, and
start relay 4812, connector-busy relay 4822, and

connecting relays 4612 and 4112, respectively,

are associated with two other marker circui_ts
(not shown). The conductors extending from
the contacts of connecting relays 4610 and 4710

to the marker shown in Figs. 49 to 77, inclusive,.

are multipled, as indicated by the straps thereon,
to the corresponding contacts of similar con-
necting relays associated with the same marker
and located in other marker connector circuits
(not shown)

Sezzure of marker connector by sender

When the sender circuit shown in Figs. 29 to
45, inclusive, is ready for connection to a marker,
the sender functions, as previously described, and
connects battery to conductors 3124 and 3132,
Sender start relay 4800 operates in a circuit from
battery on conductor 3132, through its winding,
to ground through the winding of relay 4803
which also operates. Relay 4803, in operating,
closes a timing circuit the function of which
will be described later. Assuming that no other
sender of the group served by this marker con-
nector is connected to a marker at this time, the
operation of relay 4800 operates sender connect-
ing relay 4600 in a circuit traceable from ground
over the upper break contacts of the unoperated
sender start relays 4802 and 4801, upper make
contact of relay 4800, conductor 4864, winding of
relay 4600, to battery on conductor 3124, The
operation of relay 46008 operates the other multi-
contact relays of the pair, relay 4700, in a circuit
from battery on conductor 3124, winding of relay
4760, over conductor 4703, to ground over a make
contact of relay 4600.

The sender start relays are arranged in a chain
circuit in such manner that not more than one of
these relays can be effective in operating its as-
sociated sender connecting multicontact relays at
any one time. In Fig. 48, relay 4800 represents
the first start relay in the sender chain circuit;
relay 4801 represents one of a number of inter-
mediate start relays, and relay 4802 the last start
relay in the chain. The winding of start relay
4800 is connected directly to the winding of relay
4803 and relay 4800 may, therefore, operate at
any time that its associated sender connects hat-
tery to start conductor 3132 regardless of whether
or not another start relay in the chain is oper-

ated. However, in the event that some other

sender start relay was already operated, the oper-
ation of relay 4800 would be ineffective in oper-
ating its associated connecting relay 4608 since
the circuit to the operating ground for this latter
relay, the ground on the upper armature of relay
4802, would be open at the upper break contact of
the previously operated sender start relay such as
relay 4801 or 4802.

‘When sender start relay 4800 operates, its lower
contacts open the chain circuit extending to the
windings of the intermediate and last start relays
4801 and 4802, This prevents the operation of
relays 4801 and 4802 should their associated send-
er circuits call for connection to markers by con-
necting battery to the partially indicated start
conductors 4805 and 4806. Any sender start

45

relay other than the first relay of the chain, re-

" lay 4800, may operate if all preceding start re-

lays are unoperated or if the immediately suc-
ceeding start relay is operated. For example,
start relay 4801 may operate, upcn connection of
battery to conductor 4805 by the sender with
which it is associated,
start relays in the chain, such as relay 4800 or
other preceding intermediate relays similar to
relay 4801, are unoper.ted, or if the succeeding
start relay, such as an intermediate relay similar
to relay 4801 or the last start relay 4832, is oper-
ated. Any sepder start relay which operates, with
the exception of the first relay 4800, locks over its
lower make contacts to ground through the wind-
ing of relay 4803. Whenever more than one
sender start relay in the chain is operated, the one
nearest the end of the chain will operate its as-

if either the preceding .

10

sociated multicontact connecting relay first. For

example, should both relays 480§ and 4802 oper-
ate, relay 4862 would remove the ground from
the chain circuit which extends over the upper
contacts of the preceding sender start relays thus
making the operation of relay 4801 ineffective at
this time. The operation of relay 4802 would
also connect ground to conductor 4807 which ex-

" tends to the winding of the associated sender
‘connecting relay (not shown).

Relay 4801 would
remain locked operated over its lower make con-
tact to ground through the winding of relay 4803.
After the sender associated with start relay 4802
has finished with the marker circuit it would re-
move battery from conductor 4806 and thereby
release relay 4802, A circuit would thereupon
be completed from ground over the upper break
contact of relay 4802, upper make contact of re-
lay 4801, and over conductor 4808 to the winding

of the sender connecting relay (not shown) as- .

sociated with start relay 4801. The above ar-
rangement prevents any one sender from monopo-
lizing the marker connector since the sender

- start relays at the end of the chain circuit, such

as relay 4802, cannot reoperate once they release
until any of-the preceding sender start relays in

the chain which may be operated have been served.

by the connector circuit and have released.
Connection to marker
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With sender connecting relays 4660 and 4700 -

operated as previously set forth, a circuit is com-
pleted from conductor 3132, which has battery
connected to it in the sender, over-a make con-
tact of relay 4600, conductor 4603, to the upper
armature of relay 4820. Assuming that the
marker shown in Figs. 49 to 77 inclusive, is idle
at this time, the battery just traced over con-
ductor 4603 extends over the upper break contacts
of relay 4820, through the winding of marker
start relay 4810, to ground over a chain circuit
which extends over the lower break contacts of
marker start relays 4830 and 4849, these latter
start relays being associated with the same mark-
er as start relay 4810 but located in other marker
connector circuits which are partially indicated

" in blocks 4813 and 4814. Start relay 4810 oper-

ates over this aforementioned circuit, locks to
ground over its lower make contact, and con-
nects ground .to conductor 4809 thereby oper-

50
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60

ating its associated marker connecting relay 4610. -

The other marker connecting relay, relay 4710,
operates in a circuit from battery through its
winding, over conductor 4664, to ground over a
front contact of relay ‘4610. With sender con-
necting relays 4600 and 4700 and marker connect-
ing Telays 4610 and 4710 operated, the various
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conductors used for transmitting, receiving and
checking information between the sender and
marker are closed through from the sender shown
in Figs. 29 to 45, inclusive, to the marker shown in
Figs. 49 to 77, inclusive, and these cirecuits there-
upon proceed with their functions as will be
described later, it being desired at this point to
discuss certain features of the marker connector
circuit.

Marker preference

The marker start relay chain circuit, such as
the chain composed of relays 4810, 4830 and £830
is similar in some respects to the sender start
relay chain circuit previously described. Two
or more start relays associated with the same
marker but located in different marker connector
circuits may operate and lock at approximately
the same time but only one of these operated
relays can be effective in operating its associated

marker connecting relay. For example, assume

that at the time that start relay 4810 operates
and locks, start relay 4830 in the partially indi-
cated connector circuit 4813 also operates and
locks. In this event, the operation of relay 4810
having removed the ground from the chain circuit
extending over the upper armatures and break
contacts of relays 4830 and 4840, the operation
of relay 4830 is ineffective in operating its as-
sociated start relay (not shown).

Each marker connector circuit prefers a par-

ticular marker as its first choice but, should the
first choice marker be busy, will select some other
marker which is idle at the time. The connector
circuit shown in Figs. 46, 47 and 48 prefers the
marker associated with marker start relay 4818
as its first choice. That is, provided that con-
nected-busy relay 4820 is not operated, the con-
nection of ground to the marker start conductor
4603 operates relay 4810 and not relay 4811 or
4812,
erated, in the manner subsequently described,
due to the marker associated with start relay
4810 being engaged by some other marker con-
nector circuit, the marker start conductor 4603
is transferred from the winding of relay 4810 over
the upper armature and make contact of relay
4320, to the upper armature of relay 4822. Should
the marker with which connector-busy relay 4822
is associated be idle, relay 4822 will he unoperated
and marker start relay 4812 will operate and
function in a manner similar to that previously
described for start relay 4810 except that in this
instance marker connecting relays 4612 and 4112
will operate, over the partially indicated .con-
ductor 4847, instead of relays 4610 and 4710,

- As set forth above, there is a connector-busy
relay associated with the marker start relay for
each marker in each marker connector circuit.
The function of these connector-busy relays, such
as the relays 4820, 4821 and 4822, is to advance
the marker start conductor to the next choice
marker in each connector circuit except in the
connector engaging the particular marker. When
marker connecting relay 4610 operates, as pre-

viously described, a circuit is completed from bat-

tery through the winding of relay 4815, over
conductor 4816, to ground over a make contact
of relay 4610. Relay 4815, which is individual to
a marker but common to all marker connector
circuits, operates and connects ground to one end
of the winding of connector-busy relay 4820. Re-
lay 4815 is provided with additional contacts, one
of which is shown, which extend to one end of the
upper winding of a relay similar to relay 4820,

Should connector-busy relay 4820 be op- -

2,285,808 . - |

each associated with the same marker ‘as relay
4820, in each of the other marker connector cir-
cuits (not shown). The upper end of the upper
winding of relay 4820 connects to battery through

resistance 4818 and also, over conductor 4811, to.

a make contact of marker connecting relay 4610.

Similarly, the upper end of the upper windings

of the relays-corresponding to relay 4820 for the
same marker in the other marker connector cir-
cuits (not shown) also connect to battery through
a resistance and to a make contact of their associ-
ated marker connecting relay. - The connection of
ground to the upper winding of connector-busy
relay 4820 and to the upper winding of the corre-
sponding connector-busy relay, for the same
marker, in each of the other connector circuits
(not shown), by the aforementioned operation of
relay 4815 causes all of these connector-busy re-
lays to operate with the exception of that relay in

the connector circuit engaging the marker, relay ¢

4820. Relay 4820 does not operate since its upper
winding is short-circuited by ground over con-
ductor 4817 and a make contact of relay 46{90.
The connector-husy relays in the other connector

circuits, in operating, open the circuits to the 2!

windings of their associated marker start relays
and advance the marker start conductor to the
upper armature of another connector-busy relay.

Preferred marker busy

To illustrate how the marker start conductor
is advanced from its preferred marker should that
marker be already in use, let it be assumed that
the marker associated with start relay 4810 is
engaged by some cther connector circuit prior to
the connection of ground to marker start con-
ductor 4603 by the operation of relay 4600, In
this event the common marker connector-busy
relay 4815 operates over conductor 4816 and over
multiple strap 4605 to ground over a make contact
of a marker connecting relay corresponding to re-

lay 4610 in the connector circuit engaging the’

marker. The operation of relay 4815 connects
ground to the upper winding of the connector-
busy relay for the engaged marker in each of
the connector circuits including the connector-
busy relay 4820. Relay 4820 operates under this
condition, through its upper winding to battery
through resistance 4818 since, relay 4610 being

unoperated, there is no ground on conductor 4817 .
to short-circuit the upper winding of relay 4820. '

The operation of relay 4820 advances the marker
start conductor 4603, over its upper make contact,
to the upper armature of connector-busy relay
4822 which is associated with some other marker
circuit. Subsequent connection of ground to start
conductor 4603 by the operation of a sender con-
necting relay, such as relay 4600, causes this con-
nector circuit to engage some other idle marker
than 'its first choice, which is busy, in the man-
ner already described. )
Whenever a sender connecting relay, such as
the relay 4600, 4601 or 4602, operates, it connects
ground over a make contact to conductor 4606
which extends to the lower break contacts of all
of the connector-busy relays of the connector,
such as the relays 4820, 4821 and 4822. When
connector-busy relay 4820 operates as set forth

above it, therefore, upon the subsequent operation

of relay 4600, locks through its lower winding
and lower make contact, and over the lower break
contact of some other unoperated connector-busy
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relay, such as relay 4821 or 4822, to the ground

over conductor 4606. The purpose of locking the
connector-busy relays, once operated, is to pre-
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vent a'marker connector which has started to en-

gage a marker other than its first choice from

abandoning the engagement of that marker and
reverting to an earlier choice marker should the
latter become idle at the critical time. For ex-
ample, assuming that connector-busy relay 4820
is operated due to its associated marker being
engaged by some other connector circuit, the op-
eration of a sender start relay, such as relay 4600,
in this connector circuit grounds conductors 4603
and 4606." Relay 4820 locks through its lower

winding to ground over conductor 4606 and the -

ground on start conductor 4603 is extended over
the upper make contact of relay 4820 to the upper
armature of relay 4822. - Assuming further that
the marker associated with start relay 4812 is
idle, connector-busy relay 4822 is, therefore, un-
operated and start relay 4812 will, therefore, op-
erate to engage its associated marker. Should
the marker associated with start relay 4810 be-
come idle at this moment, its common connector-
busy relay 4815 would release and open the cir-

" cuits through the upper winding of relay 4820 and

the upper windings of the relays corresponding to
relay 4820 in the other connector circuits. Relay
4820 remains operated, however, being locked
through ils lower winding, and the connector
proceeds to engage the marker associated with
start relay 4812 instead of reverting to its first
choice marker which has just become available,
It will be noted that the locking circuit extending
over the lower contacts of the connector-busy re-
lays, such as relays 4820, 4821 and 4822, is opened
whenever all of these relays are operated at the
same time in order to prevent these relays from
permanently locking,

Alarm and busy features

Each marker circuit is provided with two alarm
relays associated with the marker connector cir-
cuits which have access to'it. The alarm relays
for the marker shown in Figs. 49 to 77, inclusive,
relays 4823 and 4824, are shown on Fig. 48 since
they are associated directly with the marker con-
These alarm relays are both
normally operated whenever the marker with
which they are associated is unengaged.” The
operating circuit for relay #4823 may be traced
from battery through its winding to ground over
a chain circuit extending over the upper break
contacts of marker start relays 4840, 4830 and
4810. The operating circuit. for relay 4824 is
traceable from battery through its winding to
ground over a chain circuit extending over the
lower break contacts of .relays 4810, 4830 and
4840. Whenever one of the marker start relays
associated with a particular marker, such as start
relay 4810, operates, it opens the operating cir-
cuits for relays 4823 and 4824 both of which re-
lease and connect ground to conductors 4831 and
4832, Conductors 4831 and 4832 extend into the
marker circuit and the application of ground to

these conductors causes a time measure and

alarm circuit in the marker to be actuated. The
manner in which this time measure and alarm
circuit functions will be set forth later in the de-
scription of the operation of the marker circuit.
Under normal conditions the marker start relay,
such as relay 4810, releases and allows relays
4823 and 4824 to reoperate and remove the ground
from conductors 4831 and 4832 before the marker
time measure and alarm circuit has had sufficient
time to function. Should any of the marker start
relays associated with any one marker, such 'as

relays 4810, 4830 and 4840, remain operated for -

- 477

a length of time greater than that required for a
normal connection, or should, upon their release,
any of these start relays fail to properly close
their upper and lower break contacts, both or

either of the relays 4823 and 4824 remain oper-

ated and maintain the ground on conductors 4831
and 4832, The time measure and alarm circuit of
the marker thereupon functions, in a manner
which will be described under the operation of

" the marker, -and will release the connection, or

failing to do so, will cause an audible alarm to be
given.

It will be noted that. conductor 4831 which ex-
tends to the marker, in addition to connecting to

break contacts of alarm relays 4823 and 4824, also-

connects to a make contact of marker connecting
relay 4610 and, as indicated by multiple strap
4601, to corresponding front contacts on all other
marker connecting relays associated with the
same marker in.the other marker connector cir-

- cuits. Should a marker connecting relay, such as

relay 4610, remain operated due to some trouble
condition upon the release of & connection be-
tween sender and.marker, ground would there-

fore be maintained on conductor 4831 to cause
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the marker time measure and alarm circuit to .

function, as set forth above, even though the

. marker start relay 4818 released in the normal

manner and permitted alarm relays 4823 and 4824
to reoperate.

30

. Associated with each marker is a marker busy

relay by means of which the marker can be made
busy to all connector circuits. When it is desired
to do this, plug 4826 is inserted into jack 4825
thereby operating the marker busy relay 4821.
The operation of relay 4827 operates the marker
connector busy relay 4815 in local circuit.

busy relay, such as relay 4820, in each marker
connector circuit. The operation of relay 4820
and the corresponding relays in other connectors
open the circuits to their associated marker start
relays and advance the marker start conductor
in each connector in the manner prevmusly de-
scribed.

A circuit extends from the winding of marker
connector busy relay 4815, over the break con-
tact of marker busy relay 48217, and over con-
ductor 4833 to the marker circuit. The purpose
of this circuit is to provide means for notifying
the marker should its busy relay 4815 become
falsely operated at any time.( ‘Whenever the
marker is legitimately made busy to all connectors
by the insertion of plug 4826 into jack 4825 and
the subsequent operation of relays 4827 and 4815
as hereinbefore set forth, the operation of relay
4821 opens the circuit to conductor 4833 to pre-
vent the connection thereto of the operating
ground on the winding of relay 4815. Should
relay 4815 operate falsely at any time, however,
relay 4827 being unoperated, the trouble ground
on the winding of relay 4815 extends over con-
ductor 4833 and causes the time measure and
alarm circuit of the marker to function, in a
manner which will be described later, and sound
an alarm, During the normal functioning of the
marker connector circuit the operation of a
marker connecting relay, such as relay 4710, oper-
ates the marker connector busy relay 4815 and,
since the marker busy relay 4827 is unoperated,
also connects ground to conductor 4833.
is given under this condition, however, since the
marker connecting relay 4710 does not remain
operated for a sumcient length of time to allow

The
operation of relay 4815 operates the connector
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the marker time measure and alarm circult to

function.

A connector-busy jack is provided for each
marker in each marker connector to provide
means for making that marker appear busy to the
connector circuit when necessary.
nector-busy jack #4828, for the marker associated
with start relay 4810 and connector-busy relay
4820, is shown. The insertion of plug 4828 into
jack 4828 operates connector-busy relay 4820
through its upper winding, Relay 4820, in opera-
ting, opens the circuit to the winding of start
relay 4810 and advances the marker start con-
ductor 4603 in the manner previously described.

Relay 4803, which is a connector circuit alarm
relay, operates in series with any sender start
relay, such as relay 4800, as previously set forth.
In operating, relay 4803 closes a circuit from
ground over the upper break contact of relay
4819 and over its own make contact to the arma-
ture of a constantly operating interrupter 4848.
Should the left contact of interrupter 4848 be
closed, or as soon as it does close, relay 4834 oper-
ates to the ground previously traced to the arma-
ture of the interrupter and locks over its right
make contact to the same ground. The speed of
the cam of interrupter #4848 is such that under
normal condition the connector circuit estab-
lishes connections to a marker and thereupon
removes the ground from the armature of inter-
rupter 4848, as will be described hereinafter, be-
fore the interrupter -opens its left contact and
closes its right contact. Should the connector
circuit fail to engage a marker up to the time
that interrupter 4848 closes its right contact,
the ground previously traced to.the armature of
the interrupter is extended over the right con-
tact of the interrupter and the left make contact
of relay 4834 to battery through the uppér wind-
ing of relay 4835. Relay 4835 operates over this
aforementioned circuit and locks through its
upper winding and over its upper inner make con-

- tact to the previously traced ground on the
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armature of interrupter 4848.
operating, connects ground to conductor 4836 to
cause an audible alarm (not shown) to sound;
connects ground to one side of lamp 4837; and
operates relay 4838 in local circuit. Relay 4838

is a make-busy relay provided with a plurality of

contacts one each of which connects to the make-
busy conductor of each of the senders served by
the marker connector. Only one of these con-
ductors, conductor 4423 for the sender shown in
Figs. 29 to 45, inclusive, is shown, the other make
contacts of relay 4838 extending to corresponding
conductors of the other sender circuits (not
shown) of the group served by this connector.
The operation of relay 4838 connects ground to
all of these make-busy conductors thereby making
all of the senders served by this connector test
busy as long as the alarm condition obtains. In
response to the audible alarm, a key 4842, which
is common to the marker connector circuits as
indicated by multiple straps 4845 and 4846, may
be operated. The operation of key 4842 connects
battery to lamps 4837 and 4841 and to corre-

sponding lamps in other connector circuits. Con- _

nector lamp 4837 lichts in a circuit to ground over
the lower middle make contact of relay 4835 and
identifies this connector circuit as the one caus-

ing the alarm. Sender lamp 4841 lights in a .

circuit over conductor 4839 to ground over a
make contact of sender connecting relay 4600
and identifies the particular sender involved in
the connection causing the alarm,

One con-

Relay 4835, in

2,285,808

As soon as a marker connector has established

"& connection to a marker by the operation of a

pair of marker connecting relays as previously
described, one of the pair of operated relays,
relay 4610, 461§ or 4612, connects ground over
one of its make contacts to conductor 4844. Con-
ductor 4844 extends to the winding of relay 4819
and also to the armature of the constantly oper-
ating interrupter 4848. Relay 4818 operates,
connecting ground over its upper make contact
to connecétor lamp 4837 and, over its break con-
tacts, opening the circuits over which ground
is supplied to the armature of interrupter 4848
thereby canceling the first timing interval which
wags being measured by interrupter 4848 and re-
lays 4834 and 4835. Should the left contact of
interrupter 4849 be closed, or as soon as it does
close, relay 4850 operates and locks over its right
make contact to the ground over conductor 4844.
The speed of the cam of interrupter 4849 is such
that under normal conditions the connection be-
tween a sender and a marker is terminated and
the marker connecting relays release and. re-
move the ground from conductor 4848 before.
interrupter 4849 opens its left contact and closes
its right contact. However, should the marker
connecting relays remain operated for an abnor-
mal length of time and maintain the ground on
conductor 4844, the subsequent closure of the
right contact of interrupter 4849 extends the
ground on its armature, over its right contact
and the leit make contact of relay 4850, to bat-
tery through the lower winding of relay 4835.
Relay 4835 operates and locks over its lower inner
make contact to ground over conductor 4844. In
operating, relay 4835 closes ground to conductor
4836 to actuate the audible alarm circuit (not
shown) and also operates the make-busy relay
4838. The operation of relay 4838 makes all
senders served by this connector circuit test busy
as previously set forth.

The cancellation of the first timing interval
and the starting of the second timing interval by
the operation of a marker connecting relay, such
as relay 4610, upon the establishment of connec-
tions between a sender and a marker as set
forth above, serves to check two phases of the
progress of a connection, first, that a sender de-
siring connection to a marker is served within a
normal time interval, and second, that such a
connection between a sender and a marker, once
established, is not held for an excessive length of
time. . ‘

It will be noted that whenever a pair of sender
connecting relays, such as relays 4600 and 4700,
4601 and 4700 or 4602 and 4702, are operated,
ground over a make contact of one of the relays

- of the pair, relay 4700, 4701 or 4702 as the case

may be, is connected to conductor 4843 which in
turn extends to the lower armature of relay 4819.
The purpose of this ground is to provide means
for giving an alarm indication upon the termina-
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tion of a connection between a sender and a -

marker should the sender connecting relays in-
volved fail to release due to a trouble condition.
In this event, upon the release of the operated

65

marker connecting relays, such as relays 460

and 4710, and the subsequent release of relay
4818, the ground over conductor 4843 is extended
over the lower break contact of relay 4819 to the
armature of interrupter 4848. Interrupter 4848
and relays 4834, 4835 and 4838 thereupon func-
tion, in the manner previously set forth, caus-
ing an audible alarm to be sounded and also
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making all senders served by the connector test
busy as long as the alarm condition obtains.

'\ Release of marker connector

In the foregolng description there is disclosed
the manner in which a connection is established
between the sender shown in Figs. 29 to 45, in-
clusive, and the marker shown in Figs. 49 to 77,
inclusive. After the sender has received the nec-
essary information from the marker for complet-
ing the particular connection which it is at-
tempting to establish, in the manner which will
be set forth later under the description of the
marker operation, it removes battery from con-
ductor 3132 as will be described later.
moval of battery from conductor 3132 releases
relays 4800, 4803 and 48(0. The release of relay

4800 releases relay 4600 which in turn releases

relay 4700, these latter relays together opening
all direct connections between the sender and the
marker. The release of relay 4810 releases relay
4610 which in turn releases relays 4710 and 4815.
The release of relay 4810 also recloses the operat-
ing circuits for relays 4823 and 4824 which re-
operate and remove ground from the marker con-
ductors 4831 and 4832. The release of relay 4610
also releases relay 4819 and opens the locking cir-
cuit for relay 4850 which, if it had operated, also
releases. The release of relay 4815 opens the cir-
cuits to the upper winding of connector-busy re-
lay 4820 and the relays corresponding thereto in
the other connector circuits (not shown) thereby
allowing these connector-busy relays in the other
connector circuits, provided they are not locked
through their lower windings as previously ex-
plained, to release, thus again making the marker
associated with start relay 4810 and connector-
busy relay 4820 available to all marker connector

. circuits.

Operation of marker

Connections between the sender and the

marker having been established by the operation .

of multicontact connecting relays 4600, 46i0,
4700 and 4710 of the marker connector circuit as
previously described, information is passed from
the sender to the marker concerning the code
dialed by the calling subscriber; the class of serv-

_ ice to which the subscriber is entitled; the num-

[~
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ber of the district frame involved in this connec-
tion; the number of the attempt being made by
the sender to complete this particular connection;
and, in the case of a call from a two-party line,
which subscriber of the two is originating the call.
This information is recorded in the marker by
operating singly or in combination, various sets
of register relays of which relays 4927 to 4938, in-
clusive, provide for recording the first digit of the
office code; relays 4931 to 4934, inclusive, and re-
lay 4944 provide for recording the second digit of
the office code; and relays 4935 to 4938, inclusive,
provide for recording the third digit of the office
code. The class of service to which the calling
subscriber is entitled is recorded by register re-
lays 4939 to 4942, inclusive, while register relays
5013 to 50171, inclusive, and relay 5027 are pro-
vided for recording the number of the district
frame. Register relay 5119 is provided for re-
cording that the tip party station of a two-party
subscriber’s line is making the call, while register
relays 5120 and 5121 record, respectively, the sec-
ond and third attempt of the sender to establish
a particular connection,

These aforementioned reglster relays all have
battery connected to one end of their windings

The re--

49
while the other end of their windings connect,
over receilving conductors 4613 to 4611, inclusive,
4619 to 4621, inclusive, and 4627 to 4642, inclusive,
to make contacts of connecting relay 4610. Since
relays 4610 and 4600 are operated, battery
through the windings of the various register re-
lays is therefore extended into the sender where
certain register relays will encounter an operat-
ing ground directly in the sender, depending upon
the particular call with which the sender is en-
gaged.

One call' I, the sender circuit, after having
registered the numerical office code 4—3—2 as
dialed by the subscriber, grounds its conductors
2922, 3252, 3253, 3256, 3258, 3259 and 3263 for the
purpose of transfering the office code, class of
service, and district frame number information to
the marker. Register relay 4929 of the marker
operates over conductor 4629, make contacts of
connecting relays 4610 and 4600, to ground over
conductor 3256 in-the sender, thus recording the
first dialed digit 4 of the office code as registered
in the sender. The second digit 3 of the office
code is recorded by register relays 4931 and 4932
which operate over conductors 4631 and 4632, re-
spectively, over make contacts of relays 4610 and
4600, to ground over conductors 3258 and 3259,
respectively, in the sender. 'The third office code
digit 2 is recorded by relay 4936 which operates
over conductor 4636, make contacts of relays 4610
and 4600, to ground over conductor 3263 in the
sender. Register relay 4939 records the class of

- service to which the calling line is entitled, in this

case that of an individual message rate sub-
scriber, and operates over conductor 4639, make
contacts of relays 4610 and 4600, to ground over
conductor 2922 in the sender. The number of
the district frame used on this connection, as-
sumed in this case to be district frame No. 9, is
recorded by the operation of register relays 5015
and 5016, the circuits for which may be traced
over conductors 4615 and 4616, respectively, over
make contacts of relays 4610 and 4608, to ground
over conductors 3252 and 3253, respectively, in the
sender,

In order to check that none of the conductors
over which it receives information from the send-
er are open, the marker connects ground to cer-
tain conductors extending back to the sender, the
latter circuit returning this ground over all of
the marker receiving conductors which it has not
itself directly grounded. One of these checking
grounds may be traced from the lower outer

"break contact of relay 5104, over conductor 4623,

make contacts of relays 4610 and 4600, to con-
ductor 3048 of the sender. A second checking
ground is traceable from the lower break con-
tact of relay 5103, over conductor 4624, make
contacts of relays 4610 .and 4600, to conductor
3266 of the sender. The third checking ground
extends from the upper outer break contact of
relay 5104, over conductors 4625 and 4626, make
contacts of relays 4610 and 4600, to conductors
2925 and 2926 of the sender. Assuming that all
receiving conductors between the marker and the
sender are closed, all marker register relays not
operated from direct ground in the sender ow
operate. Relays 4927, 4928 and 4930 operate over
conductors 4627, 4628 and 4630, respectively, make
contacts of relays 4610 and 4600, to ground over
sender conductors 3254, 3255 and 3257, respec-
tively. Relays 4933, 4934 and 4944, the last two
in parallel, operate over conductors 4633 and
4634, respectively, over make contacts of relays
4610 and 4600, to ground over sender conductors
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3260 and 3261. Relays 4340, 4341 and 4942 op-
erate over conductors 4640, 464( and 4842, respec-
tively, over make contacts of relays 4610 and
4600, to ground over sender conductors 2923, 2924
and. 3135, respectively. Relays 5013, 5014, 5017
and 5027, the last two in parallel, operate over
conductors 4613, 4614 and 4611, respectively, over
make contacts of relays 4610 and 4680, to ground
over sender conductors 3250, 3251 and 2921, re-
spectively. Relays 5118, 5{20 and 512 operate
over conductors 4619, 4620 and 4621, respectively,

over make contacts of relays #6810 and 4600, to.

ground over sender conductors 3047, 3134 and
3183, respectively. :

With all of the register relays operated, as set
forth above, chain circuits are closed over their
make contacts for operating checking relays 5100,
5i0f and 5102.
5100 may be traced from battery fhrough the
winding of that relay, conductor 5112, right inner
make contact of relay 4927, left inner make con-
tacts of relays 4928 and 4929, right inner make
contact of relay 4930, conductor 5{15, left make
contact of relay 5119, right outer make contacts
of relays 5120 and 5121, over conductor 4622, a
make contact of relays 4610 and 4600, to ground.
In operating, relay 5100 locks over its upper in-
ner make contact, upper inner break contact of
relay 5104, to ground previously traced to con-
ductor 4622. The operating circuit for relay 5(061
is traceable from battery through its winding,
over conductor 5113, left inner make contacts of
relays 4931, 4932, 4933, 4934 and 4944, right inner
make contacts of relays 4935, 4936 and 4931, left
inner make contact of relay 4938, to the previ-
ously traced ground on conductor 4622. In op-
erating, relay 5101 locks over its upper make con-
tact, upper break contact of relay 5103, to ground
on conductor 4622, The operating circuit for
check relay 5102 is traceable from battery through
its winding, over conductor 5t 14, right {inner make
contacts of relays 5013, 5014 and 5015, left inner
make contact of relay 5016, lower outer make
contacts of relays 5027 and 5017, conductor 5000,

- right inner make contact of relay 4939, left inner

make confact of relay 4940, right outer make
contact of relay 4941, and over the inner make
contact of relay 4942 to ground on conductor 4922.

With relays 5100, 5101 and §102 operated, indi-
cating that all of the marker register relays are
operated, relay 5104 operates from . battery
through its winding, over the upper outer make
contacts.of relays 5102 and 5100, to ground on
conductor 4622, and locks over its upper inner
make contact to the same ground. Relay 5103
operates from battery through its winding, over
the lower make contact of relay 5101, to ground
on conductor 4622, and locks over its upper make
contact to the same ground. The operation of
relays 5103 and 5104 open the locking circuits for
relays 5100, 5101 and 5102 and remove ground
from conductors 4623 to.4626, inclusive, thereby
causing the release of all marker register relays
not operated directly from ground in the sender.
All register relays with the exception of relays
4929, 4931, 4332, 4936, 4939, 5015 and 5018 there-
fore release and, in releasing, open the original
operating circuits for relays 5100, 5101 and 5102
which also release. )

With relays 5108 and 5102 released, a circuit is
closed from the previously traced ground on con-
ductor 4622, over the upper outer make contact
of relay 5104, upper break contacts of relays 5102
and 5100, to battery through the winding of relay
51086. Relay 5108 operates and connects ground

The operating circuit for relay -
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to. various points in the marker for purposes
which will be discussed later. The operation of
relay 5108 also closes a circuit from ground over
the left break contact of relay 5300, conductor
5301, left inner make contact of relay 5106, con-
ductor 5116, to battery through the windings of
relays 5400 and 6000 in parallel. Relays 5400
and 8000 operate and close off-normal ground and
battery to various points in the circuit for pur-
poses which will be set forth later.

As previously stated sender circuits are ar-
ranged to register a maximum of eight classes of
subscriber service., In cases where more than

. eight classes of service are required the senders

are divided into two groups, one group serving
lines' of eight classes of service, and the other
group of senders serving lines of a maximum of
six other classes of service. Since it is available
to all senders, the marker therefore is arranged to
record & maximum of fourteen classes of service.
Class-of-service register relays 4939 to 4942, in-
clusive, control, over conductors 4900 to 49!3 in-
clusive, the cperating circuits for a maximum of
fourteen class-of-service relays, three of which,
relays 8311, 5312 and 5313 are shown. With

register relay 4939 operated and relays 4940 to

4942, inclusive, released as set forth above, a cir-
cuit is closed from ground over the upper mlddle
make contact of relay 5104, lower break contact
of relay 5102, conductor 5117, break contact of
relay #4942, left inner break contact of relay 4941,
left outer break contact of relay 4940, left outer
make contact of relay 4939, conductor 4901, cabled
conductor 4914, continuation of conductor 4901,
to battery through the winding of class-of-service
relay 5311 which operates and functions as will be
discussed later.

Translation of office code

The office code dialed by the calling subscriber
and recorded by the marker register relays as
previously explained is translated into an in-
dividual code indication by a set of five “tens”
relays 6400 to 6404, inclusive, and a set of six-
teen “fifties” relays 6900 to 6915, inclusive. The
operating circuits for the “tens” relays 6400 to
6404, inclusive, are controlled by register relays
4931, 4932 and 4933 over-conductors 4953 to 4957,
inclusive, while the operating circuits for the

“fifties” relays 6900 to 6915, inclusive, are con- &

trolled by register relays 4927 to 4930, inclusive,
and 4934 and 4944, over conductors 4915 to 4922,
inclusive, and 4945 to 4952, inclusive. With re-
lay 4929 of the first or “hundreds” office code
digit register relays operated and relays 4927,
4928, 4930, 4934 and 4944 released as previously
described, a circuit is closed from ground over
the lower middle make contact of relay 5104,
Jower break contact of relay 5100, conductor 5418,
right outer make contact of relay 4928, left outer
break contact of relay 4927, right outer break
contact of relay 4928, right inner make contaét
of relay 4929, left outer break contact of relay
4930, left inner break contact of relay 4934, and
over conductor 4917 to battery through the wind-
ing of relay 6902, operating that relay. With
relays 4931 and 4932 of the second or “tens” office
code digit register reldys operated, a circuit is
closed from ground over the lower make contact

of relay 5103, break contact of relay 5i0f, con- 7

ductor 5122, right break contact of relay 4933,
right make contacts of relays 4932 and 4931, and
over conductor 4955 to battery through the wind-
ing of relay 6403, operating that relay.

Extending from contacts of the third or “units”
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office code digit register relays 4935 to 4938, in-

clusive, are ten conductors 4980 to 4389, inclu-
sive, which are multiplied to the ten armature
springs of each of the “tens” relays 6400 to 8404,
inclusive. Each of the “fifties” relays 6900 to
8915, inclusive, is provided with fifty sets of con-
tacts of which, for simplicity of fllustration, only
a portion have been shown. The combined fifty

- make contacts of the five “tens” relays 6400 to

10

6404, inclusive, connect over conductors shown
only in part, to the fifty armature springs of

. each of the “fifties” relays 6900 to 8348, inclu-
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sive. With register relay 4938 operated, a cir-
cuit is closed from ground over the lower make
contact of relay 5103, break contact of relay 5181,
conductor 5122, right break contacts of relays
4537 and 4938, right outer make contact of relay
4938, right break contact of relay 4938, conductor
4962, right middle make contact of the operated
“tens” relay 6403, over conductor §405, to make
contact 6918 of the operated “fifties” relay 6902,
this contact being the particular code point cor-
responding to the dialed office code 4—3—2.
Since there are sixteen “fifties” relays each hav-
ing fifty make contacts, a total of eight hundred
code points is provided. Any one of these code
points may be grounded, in & manner similar to
that described for the grounding of point 6916
depending upon the office code dialed by the sub-
scriber and recorded on the office code register
relays of the marker. These code points, namely
the make contacts of the “fifties” relays, control
the operating circuits for marker route relays as
will be described hereinafter. ' :

Recording district frame mmiber

The marker is arranged to function with a
maximum of twenty district frames and is pro-
vided with a district frame relay for each frame
with which it functions. Two of these district
frame relays are shown in Fig. 50, relay 500{
which represents the frame relay for district

frame No. €, and relay 5002 which represents.

the frame relay for district frame No. 9. The
operating circuits for the district frame relays
are controlled by frame register relays §013 to
5017, inclusive, and 5082T1. Register relays 5013
to 5018, inclusive, record frame numbers from
0 to 9 and functional contacts of these relays

extend to the armature. springs of relays 5017

and 5027. The break contacts of relays 5047 and
5027 extend to the windings of the frame relays
for district frames Nos. 0 to No. 8, inclusive, such
as the frame relays 5001 and §002. The make
contacts of relays 5017 and 5027 extend to the
windings of frame relays (not shown) for dis-
trict frames No. 10 to No. 19, inclusive. When-
ever any district frame from No. 10 to No. 19 is
used, the sender, in addition to causing the op-
eration of some one or combination of frame
register relays 5013 to 8018, inclusive, for re-
cording the units digit of the district frame num-
ber, also connects ground to its conductor 2924
which in turn extends over marker conductor
4617 and operates relays 5817 and 5027 in par-
allel. These latter relays, if operating, prepare
operating circuits: for frame relays associated
with distriet frames No. 18 to No.. I9, inclusive.

It has been assumed that the district used on
this call is located on district frame No. 9 and,

" as previously set forth, frame register relays 5019

and 5016 remain operated upon the operation of
relays 5103 and 5104. When relay 5400 operates,
following the operation of relay 5188 as previ-
ously described, it closes the operating circuit for

51

district frame relay 5002. ‘This circuit is trace-

" able from battery through the winding of relay

5002, over the upper outer break contact of relay .

5027, left outer make contact of relay 5018, left
inner make contact of relay 5015, right break
contact of relay 5014, left outer break contact of
relay 5043, left outer make contact of relay 5018,
conductor 5003, left inner break contact of relay
6001, conductor 6003, left next-to-outer break
contact of relay 5108, conductor §123, to ground
over the right middle make contact of relay 5400.
In operating, relay 5002 locks over its inner make
contact to the ground on conductor 6123 and
closes various circuits whose functions wili be
discussed later. )

The routes over which connections may be
completed are ‘divided into two classes; original
routes which represent direct paths to the de-
sired destination, and alternate routes which
represent indirect paths to destinations for which
direct routes are provided and which are used

—

0

20

when the direct routes are unavailable. .There

may be, to any particular destination, either a
direct route alone, or a direct route and an al-
ternate route, depending upon the traffic set-up
provided for a particular exchange. One or two

25

route relays are provided for each original or .

direct route and for each alternate route extend-
ing to a particular destination, in accordance

-with the size of the trunk group of that route

‘as outlined below.

For trunk -groups not exceeding forty trunks,

and for trunk groups subdivided into two sub-
groups, each of which may not exceed forty
trunks, one route relay is provided. For trunk
groups subdivided into three or more subgroups,
each of which may not exceed forty trunks, two
route relays are provided. Where hut one route
relay is provided per destination, it is operated
directly under control of a make contact or code
point of one of the translator relays 6800 to 6915,
inclusive. Where two route relays are provided
for trunks to a particular destination, one of
these relays is the first choice route relay, while
the other is the second or common choice route
relay. In this latter case the first choice .route
relay is operated directly under control of a
make contact or code point of one of the relays
6900 to 6915, inclusive, while the second or com-
mon choice route relay is operated under control
of the first choice route relay when the marker

. is unsuccessful in establishing connections over
- a trunk in one of the subgroups of trunks with

which the first choice route relay is associated.

All route relays-are segregated into five groups,
and the circuits extending over the contacts of
the route relays in each of these five groups are
controlled by a separate set of ground supply re-
lays. All route relays representing original or
direct routes for which alternate routes are pro-
vided are located in the first two route relay
groups, and of these two groups, the first con-
tains those route relays representing the first
choice subgroups of trunks, or the only trunk
group when no common choice subgroup is pro-
vided. The armature springs of the route re-
lays in this first group cross-connect to ter-
minals of block 7000 of Fig. 70 and thence extend

. to contacts of the first group of ground supply

relays, relays 1001, 7002 and 7003. The second
group of route relays contains those represent-
ing the second or common choice trunk sub-
groups of original or direct routes for which al-
ternate routes are provided, and the armature
springs of these route relays cross-connect to
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terminals of block ’IOIU and thence extend to
contects of the second group of ground supply
relays, relays 78414, 1612 and 704{3.

All route relays representing cirect routes Ior
which no alternate routes are provided, and also
all alternate route relays, are located in the third
The third group
contains those relays representing the first choice
trunk subgroups, or the only trunk group where
ne common choice subgroup is provided, and
the armature springs of these route relays ex-
tend to contacts of the third group of ground
supply relays, relay§ 7101,
terminals of connecting block 7{00. Route re-
1nys representing the second or common choice
subgroup of trunks of routes having no al-
ternates, or of alternate routes, are located in
the fourth group and their armsature springs

extend to contacts of the fourth group .of ground-

supply relays, relays T{il, Ti12 and T1{3, over
terminals of connecting block T110. The fifth
route relay group contains route relays repre-
senting overflow and permanent signal trunk
groups, and the armature springs of these relays

.cross-connect to terminals of block 7120.

In accordance with the above outline of the
provision of route relays, it may be noted that a
maximum of five route relays may operate in
the attempt of the marker to complete a par-
ticular connection, the order of their operation
being as follows. First, the route relay repre-
senting the first choice trunk subgroups of the
original or direct route operates, this relay being
located in the first ground supply group; second,
the route relay representing the common choice
trunk subgroup of the route operates, this relay
being located in the second ground supply
group; third, the first choice trunk subgroup
route relay of the alternate route operates, this
relay being located in the third group of ground
supply relays; fourth, the common choice trunk
subgroup- route relay of the alternate route
operates, this relay being located in the fourth

-ground supply group; and finally, an overflow

route relay, which is located in the fifth ground
supply group, operates. The manner in which
these route relays are progressively operated will
be set forth in detail under the description of

- the specific calls outlined hereinafter.
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The functions of the route relays are: (a) to
control the transmission of such information to
the sender as that circuit requires to complete
the connection over the route involved, (b) to
cause that pair of office frames upon which that
group or subgroup of trunks to be tested for
availability is located to be connected to the
marker, (¢) to cause the trunk testing equipment
of the marker, which is arranged to connect to
forty outgoing trunks simultaneously, to limit
its testing operations to only those trunks which
are assigned to that route, (d) to make certain
preparations for alternate routing if the route
which it represents has an alternate, and (e) to
prepare operating circuits for certain traffic
registers. The detailed manner in which these
various functions are performed, with respect
to specific calls, is fully described hereinafter.

In response to the recorded office code §——3—2
which is dialed for call {, the marker connects
ground to make contact or code point 6916 of
the operated translator relay 6902 in the man-
ner previously described. This ground extends
over conductor 6911, through the winding of
route relay 7300, over conductor 73€1,
outer make contact of the operated class-of-

7102 and 7103, over’

next-to-

S 235,803

service relay 581, conductor 5302, to battety
through the winding of relay 05600, thereby
operating relays 5600 and 1300 in series. Relay
5600 is g talking charge relay, the operation of
which indicafes to the marker that the connec-
tion being established is not an operator class
call and that a charge is to be made. The cir-
cuit functions controlled by the operation of re-
lay 5600 will be discussed later.

As previously stated in the general outline of
the call to be described, the office code 4—3—2
dialed for call 1, and also for calls I—a to I—k,

inclusive, represents a destination for which there '

is an original direct route consisting of two sub-
groups of trunks, and an alternate route through
a two-wire tandem center, this alternate route
consisting of thirteen subgroups.of trunks, twelve
first choice subgroups and one common subgroup
which 'is second choice for each of the twelve
first choice subgroups. Since the original direct
route for the destination desired consists of but
two subgroups of trunks, 6nly one route relay is
required, the operated route relay 71300 which
is in the first ground supply group, its armature
springs being cross-connected to contacts of re-
lays 700{, 7002 and 7003 over terminals of con-
necting block 7000,

Transmitting information to sender

One of the functions of the route relays is to
control the transmission of the necessary selection
information to the sender to enable that circuit
to control the establishment of the connection to
the destination represented by that route relay.
This is accomplished through the medium of the
transmitting relays shown in Figs. 65 to 68, in-
clusive, of which relays 6500 to 6515, inclusive,
transmit first office brush and stations delay in-
formation by connecting ground to one or more
of the conductors 4113 to 41171, inclusive; relays
6600 to 6610, inclusive, transmit first office group
and skip first office information over conductors
47i8 to 4722, inclusive; relays 6620 to 6635, incli-
sive, transmit second office brush and second office
compensating resistance information over conduc-
tors 4723 to 47121, inclusive; relays 6700 to 6712, in-
clusive, transmit class of call information over
conductors 4738 to 4141, inclusive; relay6714trans._
mits two-wire office information over conductor
4742; relays §800 to 6810, inclusive, transmit sec-
ond office group and skip second office informa-
tion over conductors 4728 to 4132, inclusive; and

. relays 6820 to 6834, inclusive, transmit compen-

sating resistance and trunk test information over
conductors 4733 to 4131, inclusive. The trans-

-mitting relays are operated over contacts of the

route relays, the particular combination of trans.
mitting relays operated on any call depending
upon the cross-connections from certain contacts
of the route relay involved to the windings of
the double wound transmitting relays.

The transmission of information: from the
marker to the sender in connection with call |
will now be described and the genersl manner
in which this is accomplished may be considered
as typical for all calls. The operated route re-
lay 1300, as previously stated, represents a direct
route to the desired destination and therefore no
first or second office selection information is re-
quired by the sender other than that it should
skip these selections. However, since the direct
route represented by relay 1300 has an alternate
route through a two-wire tandem center, involv-
ing an office selector, route relay 7300 also con-
trols the transmission of the proper office selec-
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tion information to the sender for use by that
circuit should the call be routed over the alternate
route due to the unavailability of the direct route.
Where the alternate route involves two distant
office selections, the original direct-route relay
controls the transmission of both the first and
the second office selection information to the
sender for use should the call ultimately be
routed over the alternate route.

A saving in the number of alternate-route re--

lays required in an exchange is effected by the
use of the contacts of the original direct-route
relay for setting up the alternate route selection
information in the sender for use if it is necessary
to complete the call over the alternate route.
Any number of direct routes to different destina-
tions which have alternate routes extending
through the same tandem point and which re-
quire the same beyond office compensating re-
sistance and trunk guard test conditions in th

sefider, use the same alternate-route relay (o

alternate-route relays, where two are required
because of the size of the trunk group), because
the original direct-route relay contacts furnish
the sender with all of the information which it
requires for controlling the operation of the two-
wire office selector or selectors at the tandem
point. The only information transmitted to the
sender under control of the alternate-route re-

lay concerns the beyond office compensating re-.

sistance and trunk guard test condition and there-
fore this relay may be used as the alternate for
all direct routes having alternate routes through
the same tandem point and requiring the same
beyond office conditions.

Referring to Fig. 51, a circuit may be traced
from ground over the right outer break contact
of relay 5107, over conductor 5124, to various
armature springs of ground supply relays 1001,
7002, 10101, 7012, 1101, 7102, Ttil and T2, all

. of which are unoperated. - E

60

A circuit is traceable from this ground on con-

ductor 5124, over the left middle break contact

of relay 10801, conductor 7004, inner make contact
of route relay 7300, conductor 7302, through the
upper winding of relay 6509 of the first office
brush transmitting relays, windings of relays
6510 and 6516 in series, to battery. Relays 6609
and 6510 operate, but relay 65i6, which is a
marginal trouble detecting relay, does not operate
unless, due to some trouble condition, more than
one of the relays 6500 to 6509 inclusive, are ener-
gized simultaneously. One of the circuits closed
by the previous operation of relay 5106 supplies
off-normal ground to the various groups of trans-
mitting relays. This circuit may be traced from
ground over the right next-to-inner make con-
tact of relay 5106, left outer break contact of

‘relay 5107, down over conductor 5125, to the

windings of the various transmitting check re-
lays shown in Figs. 65 to'68 inclusive. With re-

. lay 6509 operated a circuit is completed from the

‘grecund on conductor 5125, through the winding

of relay 6514, outer make contact of relay 6509,
conductor 4715, make contacts of relays 4710 and
4700, conductor 3430, cabled conductor 3444, con-
tinuaticn of .conductor 3430, to battery through
the winding of relay 3412 of the first office brush
selection register relays of the sender, thereby

operating relays 3412 and 6514 in series. Relay

6509, in operating, also completes a circuit\from
ground on conductor 5125, through the winding
of relay 6513, inner make contact of relay 6509,
conductor 4716, make contacts of relays 4710 and
4700, conductor 3526, cabled conductor 3444, con-
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tinuation of conductor 3526, to battery through
the winding; of register relay 35i8. Relays 3518

‘and 6513 operate in series, the operation of relay

3518 informing the sender that the destination
of the call is to an exchange having no party lines,
so that the sender will not wait for the possible
dialing of a party letter.

Relay 6510, operating in series with relay 6509,
closes a circuit.from ground on conductor 5125,
through the winding of relay 65{1, make contact
of relay 6510, conductor 4717, make contacts of
relays 4710 and 4100, conductor 3521, cabled con-

‘ductor 3444, continuation of conductor 3521, to

battery through the winding of register relay
35117 of the sender. Relays 351T and 6511 operate
in series, the operation of relay 3517 informing
the sender that the destination of the call is to
an exchange having no lines numbered 10,000 or
over, so that the sender will not wait for the possi-

_ ble dialing of a fifth numerical digit.

Relays 6511, 6513 and 6514, which operated in
series with the sender register relays as set forth
above, partially close the path over which the
operation of the proper combination of transmit-
ting relays is later checked. That portion of the
checking circuit closed by these relays is trace-
able from ground over the middle make contact of
relay 6509, make contacts of relays 6814, 6513
and 6511 in that order, to conductor 6518 which

_extends to the next group of transmitting relays.

The information to the sender that it should
skip the first -office selections is transmitted to it
in the following manner. Ground on conductor
5124 (Fig. '10) extends over the left next-to-outer
break contact of ground supply relay 1002, con-
ductor 1014, a. make contact of route relay 7300,
conductor 7308, upper winding of relay 6605 of the
first office group transmitting relays, winding of
relay 6606, to battery through the winding of
the marginal trouble detecting relay 6611, Re-
lays 6605 and 6606 operate in series, but relay 6611
does not operate under normal conditions. The
operation of relay 6605 closes a circuit from
ground on conductor 5125, winding of relay 6609,
conductor 47122, make contacts of relays 4710 and
4100, conductor 3428, cabled conductor 3444, con-
tinuation of conductor 3428, to battery through
the winding of the skip first office selection regis-
ter relay 3411, thereby operating relays 3411 and
6609 in series. The operation of relay 6606 closes
a circuit from ground on conductor 5125, winding
of relay 6607, make contact of relay 6606, con-
ductor. 4721, make contacts of relays 4710 and
2700, conductor 3436, cabled conductor 3444,
continuation of conductor 3436, to battery through
the winding of register relay 3415 of the sender,
thereby operating relays 3415 and 6607 in series.
The transmitting relay checking path is further
partially closed, the ground previously traced to
conductor 6518 now extending over the outer
make contact of relay 6605, make contacts of
relays 6609 and 6607, and over conductor 6612 to
the next group of transmitting relays.

Since no second intermediate office is involved
in either the direct or the alternate route for the
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call under discussion, the only information that -

the sender requires is that it should skip the
second office selections. This information is con-

veyed through the medium of one of the second’

office group transmitting relays as set forth here-
inafter. No information concerning second office
brush selection is given the sender under this con-
dition. However, in order to provide for the future
closure of the transmitting relay checking path
it is necessary to operate one of the second office
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brush transmitting relays, in this case relay 6620
which represents the zero second .office brush.
The operating circuit is traceable from ground on
conductor 5124 (Fig. 70), right inner break con-
tact of relay 7001, conductor 7006, a make contact
of relay 71300, conductor 71304, lower winding of
relay 6620, winding of relay 6632, to battery
through the winding of the marginal trouble de-
tecting relay 6636. Relays 6620 and 6632 operate
in series, but relay 6636 does not operate under
normal conditions. The operation of relays 6620
and 6632 ground none of the conductors extend-
ing back to the sender, and their only function
is to further close the checking path, the ground
prveiously traced to conductor 6612 now extend-
ing over the make contacts of relays 6620 and
6632, and over conductor 6613 to the transmitting

‘relays shown in Fig. 68.

The information that the sender should skip
the second office selections is transmitted as fol-
lows. Ground on conductor 5124 (Fig. 70) ex-
tends over the right middle break contact of
relay 1081, conductor 7007, a make contact of re-
lay 1300, conductor 1305, lower winding of relay

6805 of the second office group transmitting relays, -
winding of relay 6808, to battery through the

winding of the marginal trouble detecting relay
6811, Relays 6805 and €868 operate, but relay
6811 does not operate under normal conditions.
The operation of relay 6805 closes a circuit from
ground on conductor 5125, through the winding of
relay 6809, inner make contact of relay 6808, con-
ductor 4132, make contacts of relays #4110 and
4100, conductor 3429, cabled conductor 3444, con-
tinuation of conductor 3429, to battery through
the winding of the skip second office selection
register relay 3419 of the sender, thereby oper-
ating relays 3419 and 6809 in series. The frans-
mitting relay checking path is further closed, the
ground previously traced to conductor 6613 ex-
tending over the outer make contact of relay

6605, make contacts of relays 6809 and 6808, and

-forth later.
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type. Ground on conductor 5124 (Fig. 70) ex-
tends over the right outer break contact of relay
700!, conductor 7008, a make contact of relay
1300, conductor 13906, lower winding of relay 6701
of the class of call transmitting relays, winding
of relay 6109 to battery through the winding of
the marginal trouble detecting relay 6713. Relays

6701 and 6109 operate in series, relay 6713 re-

maining unoperated under normal conditions.
The operation of relay 6101 closes & circuit. from
ground on conductor 5125, through the winding
or relay 6110, upper make ¢ontact of relay 6781,
upper inner break contact of relay 6702, con-

10

ductor 4138, make contacts of relays 4710 and -

4700, conductor 3522, cabled conductor 3444, con-
tinuation of conductor 3522, to battery through
the winding of relay 3512 of the class of call
register relays of the sender, thereby operating
relays 3542 and 6710 in series.  The transmitting
relay checking path is now completed, the ground
previously: traced to conductor 6813 extending
over the lower make contact of relay 8701, make
contact of relay 6710, lower outer break contact
of relay 6114; make contact of relay 6709, con-
ductor 6720, to battery through the winding of
relay 5602, the functions of which will be set

Should the destination of the call be to an
exchange of the panel type instead of the cross-
bar type as assumed above, none of the class of
call register relays of the sender are operated,
the sender recognizing this class of call by the
nonoperation of these register relays. However,
as previously explained, it is necessary for some
relays in each set of transmitting relays of the
marker to operate in order to complete the trans-
mitting relay checking path. On a call to a panel
type exchange therefore, conductor 7306, from a

make contact of route relay 1300, would be cross- -

connected to the lower winding of relay 6100
instead of to the lower winding of relay 610I.

In Sl case Telays 6700 and G109 would operate
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from the marker to the sender. Every trans-
mitting conductor not used on a particular call
is connected to battery through the winding of
relay 6717 or 6718. For illustration, one of the
conductors not used in connection with the call
being discussed, in each of the :six groups of

_ transmitting conductors, will be traced. - Refer-
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ring to Fig. 65, conductor 4743 extends over the
outer break contacts of relays -6508, 6506 and
6503, break contact of relay 6501; an upper break
contact of relay 65617, conductor 6519, to battery
through the winding of relay 6711, Conductor
4720 extends over the break contaci of relay
6604, conductor 6640, a lower break contact of
relay 6517, conductor 6519, to battery through
the winding of relay 6711. Conductor 4123 ex-
tends over the outer break. contacts of. relays
6628, 6626 and 6623, break contact of relay 6621,

conductor 6617, a lower break contact of relay

6836, conductor 6519, to battery through the
winding of relay 6747. Conductor 4128 extends
over the outer break contact of relay 6803, break
contact of relay 6801, an upper break contact of
relay 6836, conductor 6831, to battery through

the winding of relay 6718. Conductor 4733 ex-.

tends over the outer break contacts of relays
6828, 6825 and 6823, break contact of relay 6821,
conductor 6815, an upper break contact of relay
6116, to battery through the winding of relay
§718. Conductor 4738 extends over the upper
inner break contact of relay 6102, break contact
of relay 6701, a lower break contact of relay 6746,
conductor 6837, to battery through the winding
of relay 6718. All other transmitting conductors
not actusally used in transmitting information to
the sender on a particular call are also connected
to battery through the winding of relays 6717
and 6118 over circuits similar to those just de-
scribed.
conductors in use be short-circuited with one
not in use due to a trouble condition, the ground
on conductor 5125, which is extended to the
conductor in use over some one of the previously
traced circuits, backs up over the short circuit
and over the conductor not in use and operates
relay 6117 or 6118 as the case may be. The
operation of relay 6117 or 6718 operates relay
67(9. Relay 6718 in operating connects ground
to conductor 6814 thereby operating relay 5303
which will block the cail and cause the marker
to time-out and give a trouble release. signal to
the sender as will be described later. -Similarly,
a false ground on any transmitting conductor
not in use will also operate relay 6717 or 6T(8.
Relay 6719 thereupon operates in turn operating
relay 5303 which functions as stated above.
Should a transmitting conductor being used be
falsely grounded between the marker anhd the
sender, or in the sender, the marker relay which
normally operates in series with that conductor,
for example relay 6513 which operates over con-
ductor 4716 as previously set forth, is short-
circuited and its failure to operate holds the
transmitting relay checking path open. The
marker will thereupon block the call and time-
out as will be described later. :
Relays 6517, 6716 and 6836 are cut-off relays
whose function it is to remove the battery
through the windings of relays 6747 snd 6718
from the transmitting conductors for testing
purposes. Whenever the marker times-out due
to a trouble condition it causes a trouble indi-
cator circuit (shown only in part) to be con-
nected to it, as will be set forth later, for the
purpose of taking a record of the trouble condi-

“of two to a maximum of forty trunks.

Should any one of the transmitting

55

tion encountered. The trouble indicator circuit

connects a ground to conductor 6721 thereby .

operating relays 65(], 6T4§ and: 6836, the oper-
ation of these relays rémoving the battery from
the transmitting conductors:- thereby enabling
the trouble indicator circuit to test for the pres-
ence of false grounds thereon.

Office jrame selection and. preparation for trunk
testing T
Each route relay controls the connection to the

marker of that pair of office frames containing
the outgoing trunk group extending to the des-

10

tination which it represents; identifies the levels \‘

of the secondary office switches on which these
outgoing trunks are located; and prepares the
trunk testing equipment of the marker, which is
arranged to test forty outgoing trunks simulta-
neously, to test only those trunks composing the
group involved, which may consist of a minimum
The above
functions are controlled over four contacts of the

20

route relay; in the case of route relay 7300 un-

der discussion, contact 7309 controlling office
frame selection, contact 7310 trunk level identifi-
cation, and contacts 1311 and 7312 the start and
end points respectively of the trunk group in-
volved. . }

As previously stated, route relay 1300 repre-
sents two subgroups of direct trunks to the de-
sired destination. These two trunk subgroups
may be located on the same pair of office frames
but on different secondary office switch levels, or
they may be located on different pairs of office
frames and on the same or different levels thereof.
In addition, the two trunk subgroups may
vary in size, although this is not usually the case.
In any event, the conductors extending from the
office frame, trunk level, group start and group
end contacts of any route relay representing two
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subgroups of trunks must be directed to different .

points in the marker for each of the trunk sub-
groups. This is accomplished by a set of four
grouping relays, relays 1500 to 7503 inclusive.
These relays operate in pairs, under control of a
stepping circuit described hereinafter, relays 7500
and 7501 operating at one time, while relays 7502
and 1503 operate at another time. Relays 7500
to 1503, inclusive, are provided with a multiplicity

of contacts, and the armature springs of relays ;

7500 and 7502 and multipled together, as are the
armature springs of relays 1501 and 7503. The
contacts 1309 to 71312, inclusive, of route relay
7300 connect over conductors 133 to 1316, inclu-
sive, to the multipled armature springs of relays
7500 and 7502. The make contacts of relay 1500
which are associated with the armature springs
to which conductors 1313 to 1316, inclusive, are
connected, extend over conductors 717135, 1506,
1504 and 1505, respeéctively, to those points of the
marker and office frame circuits as required for
establishing connections over outgoing trunks of
one of the two subgroups represented by relay
7300. The specific points to which these con-
ductors connect will subsequently be described in
detail.

60

Those make contacts of relay 7§02 which

correspond to the make contacts of relay 7500,

discussed above, extend over the partially indi-

cated conductors 1507 to 1510, inclusive, to those

points of the marker and office frame circuits as -

required for establishing connections over outgo-
ing trunks of the other subgroup of the trunks
represented by route relay 7300. The circuits
from the make contacts of relay 1502 have not
been shown in detail as they are similar to those

. extending from the make contacts of relay 7500

75
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and perform identical functions. :
sets of contacts of relays 7500 and 71502, as well
as the contacts of relays 75081 and 1503, provide
means for connecting the office frame, trunk
level, group start and group end conductors of

" other route relays (not shown) representing two
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trunk subgroups to the proper points of the
marker and office frame circuits.

When relay 6104 operated it closed circuits for
operating group relays 7600 and 7501. One of
these circuits may be traced from ground over
the lower outer make contact of relay 5104, right
inner break contact of relay 5110, conductor 5121,
upper middle break contact of relay 5201, con-
ductor 5216, to battery through the winding of
relay 1500. The other circuit may be traced
from ground over the lower inner make contact
of relay 5104, left inner. break contact of relay
5110, conductor 5128, upper outer break contact
of relay 5201, conductor 5217, to battery through
the winding of relay 1501. The previous opera-

‘tion of relay 5106 closed a circuit from ground

over its right outer make contact, right break
contact of relay 5i11, over conductor 5126, lower
break contact of relay 5200, winding of relay
5200, to battery through resistance 5208. Relay
5200 operates and locks to the ground over its
lower make-before-break contact.
does not operate at this time since its winding is
short-circuited over its lower outer break contact
by the ground on conductor 5126. Relay 5200
prepares the operating circuit for relay 5201 the
function of which is not involved on:call { but
will be discussed later in connection with call
I—A.

With route relay 7300 and group relay 1500
both operated, the office frame, trunk level, group
start, and group end circuits for the call under
discussions are closed as follows. Referring to
Fig. 54, a circuit may be traced from battery
through resistance 5401 at and over the left mid-
dle make contact of relay 5400, conductor 5402,
right middle break contact of relay 5507, right
break contact of relay 5509, conductor 5514, left
outer break contact of relay 5403, left middle
break contact of relay 5405, conductor 5406, left
inner break contact of relay 7002, conductor 7023,
cabled conductor 7050, continuation of conductor
7023 on Fig. €67, lower inner break contact of relay
6714, conductor 1018, cabled conductor 7950, con-
tinuation of conductor 1018 on Fig. 70, make con-
tact 17309 of relay 7300, conductor 1313, a make
contact of relay 1500, to start conductor 7139 of
office frames No. 0 and No. { on which it is as-
sumed that the first of the two subgroups of out-
going trunks represented by route relay 7300 is
located. The action of the office link and con-
nector circuits upon the connection of this re-
sistance battery to start conductor 17135 of office

‘frames 0 and { will be set forth in'detail herein-

after.

The marker Is provided with a maximum .of
fifteen trunk level relays whose funcifon it is to
identify, under control of the route relay, the
levels of the secondary office switches to which the
outgoing trunk group to be tested is connected
and to pass this information to the office link
and connector circuits of the two office frames on
‘which the outgoing trunk group appears so that
these latter circuits will close through to the
marker the test and control .conductors associ-
ated with the particular trunk group involved.

‘Three of these fifteen trunk level relays are shown .

on Fig, 56, the relays 5618, 5611 and 5612. Re-

Jays 5810 and 5611 represent, respectively, the 0

and 9 levels of the secondary office switches of the

The additional

Relay 5201

so that latter circuits may effect the connection

right outer armatures of relay 8610, over the

ing the 8 level;

which extend from the outer armatures of relay

intermediate levels | to 8, inclusive, similar con-
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‘Tegwlar office frames. Relay §812 represents one
of the levels of the secondary ofice switches of
the build-out office frames, if these frames are
provided as prevmusly outlined in the general

description. 5
The marker Is arranged to connect t0 a test
group of forty trunks simultaneously, twenty of

the trunks of the test group being located on an
even office frame, frame 8 for example, and the

other twenty trunks being located on the odd 10

office frame aof the pair, in this case frame .
In addition, trunk test groups are composed of
trunks appearing in adjacent levels of the secon-
dary office switches. It will be assumed that the
trunk subgroup involved in the call being dis- 15
cussed appears on the 8 and | levels of the sec-
ondary office switches of office frames 0 and |I.
Under this condition the trunk level identifica-
tion circuit dés completed as follows.

Referring

to Fig. 53, a circuit is traceable from ground over :
the right break contact of relay $300, conductor
5304, left inner break contact of relay 5405, con-
ductor 5407, a right break contact of relay 5108,
conductor 5128, a left break contact of relay 7002,
conductor 1815, make contact 1310 of relay 7300,
conductor 1314, & make contact of relay 1500, con-

25

“ductor 1808, winding of trunk level relay 5610, to
battery through the winding of the marginal

trouble detecting relay 6613. Relay 5640 operates

over this circuit but relay 5613 does not, unless, 30

due to some trouble condition, the winding of

some other trunk level relay is also energized at

the same time., Should this occur, the resistance

in serles with relay 5613 is reduced to a value
where the relay receives sufficient current to op-
erate. If operating, relay 583 connects ground

33

to conductor 5663 to operate relay 5305, the op-

eration of this latter relay causing the marker

to time-out and give the sender a trouble release
indication in the manner which will be desoribed 40

later.

Extending from bhe left and right outer arma-
tures of each of the trunk level relays are two
conductors which connect to the office link and
connector circuits, one conductor extending to the 45
even office frames and one to the odd office
frames, and it is over these conductors that the -
marker informs the office frame circuits as to
which switch levels contain the trunks to be tested

0
of the proper test and control conductors associ- 5
ated with those trunks to the marker. Four of

the trunk level conductors are shown, conductors

1128 and 1154, which extend from the left and
53
cabled conductor $§04 and the continuation of the
individual conductors 1728 and 1154, to the even
and odd office frames, respectively, for indicat-
and conductors 1730 and 7155,
A 80
8611, over the cabled conductor 5684 and the
continuation of the individual conductors 1730

and 7768, to the even and odd office frames, re-

spectively, for indicating trunk level 8. For the
63
ductors extend from the armatures of eight other
trunk level relays (not shown) to the even and

odd office frames. When relay 5610 operates, as
set forth above, it connects ground to the 0 level

conductor 1129 extending to the even office frames
and to the 8 level conductor 1154 extending to the
odd office frames. The action of the office frame

70

circuits in response to.the ground on conductors

7729 and 1184 will be discussed later.
‘The trunk level conductors extending from the 76
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marker to the office frames are protected by
trouble: detecting relays 5715, 5716 .and 8717 of
Fig. 57% Should any of these conductors become
falsely grounded, with the trunk level relay with
which they are associated unoperated, one of the
trouble detecting relays 5115, 5716 or 5TIT will
operate.. For example, should conductor 1129 be
falsely grounded with relay 5610 unoperated, this
false ground extends over the left break con-
tact of reay 5610, through resistance 8605, over

conductor 5606, right inner break contact of re-
. ay 5109, to battery through the winding of relay

5715 which operates. Any of the relays 5115,
5716 or 5711, if operating, connect ground to con-
ductor 5503 thereby operating relay 5305 which
will block the call and transmit a trouble release
indication to the sender in the manner which will
be described later. ) .

As previously stated, the marker is arranged to

connect to forty outgoing trunks simultaneously -

for testing. However, an ouigoing trunk group
to a particular destination and represented by a
particular route relay may consist of any even

number of trunks from two to forty. Where a -

trunk group is composed of less than forty trunks
it is therefore nccessary for the marker to confine
its trunk testing and selecting activities to only
those trunks, of a test group of forty to which it
connects, which compose the particular outgoing
trunk -group or subgroup involved. This is ac-
complished under control of the group start and
group end contacts of the route relay represent-
ing the trunk group as will now be set forth.

The marker is provided with forty sets of trunk
testing and selecting relays, eight sets of which
are shown in Figs. 62 and 63. The remaining 36
sets which are not shown are indicated by the
broken conductors extending hetween the sets
which are shown. Each set is composed of four
relays, for example, the first set consisting of
relays 6200, 6210, 6220 and 6230; and the last or
fortieth set consisting of relays 6303, 6313, 6323
‘and 6333. Each set has a trunk group relay,
the relays 6210 to 6213 inclusive, and 6310 to 6313
inclusive, of the sets shown. The group start
contact of each route relay is connected to the
winding of the trunk group relay corresponding
to the first trunk of the group represented by
that route relay, while the group end contact is
connected to the winding of-the trunk group
relay corresponding to the last trunk of the
group. .

In connection with the outgoing trunk group
represented by route relay 71300, it will be assumed
that this group consists of the maximum num-
ber of forty trunks, in which case trunk group
start relay 6210 and trunk group. end relay 6313
are operated, these relays representing the first
and fortieth trunks respectively, of the test group
of forty. Referring to Fig. 53, the operating cir-
cuit for relay 6210 may be traced from ground
over the right break contact of relay §300, con-
ductor 5304, left inner break contact of 5405, con-
ductor 5407, a right break contact of relay §108,
conductor 5130, a left break contact of relay 7002,
conductor 1016, make contact 7311 of relay 1300,
conductor 1315, a make contact of relay 7500,
conductor 1504, winding of the trunk group start
relay 6210, conductor 6204, to battery through
the winding of the marginal trouble detecting re-
lay 6004. The operating circuit for relay 8313
may be traced from the ground on conductor §407
(traced thereto as above), over a right break
contact of relay 5108, conductor 5131, a left break
contact of relay 70802, conductor 70{7, make con-

57.
tact 1312 of relay 7300, conductor 1316, a make
contact of relay 71500, conductor 7505, winding of
trunk group end relay 6313, conductor 6304, to
battery through the winding of the marginal
trouble detecting relay 6005. Relays 6210 and
8313, in operating, cause the marker to include
the entire test group of forty trunks in its subse-
quent trunk testing and selecting operations as
will be described in detail later. For trunk
groups containing less than forty trunks the
group start and group end contacts of the par-
ticular route relay for that group are cross-con-
nected to the windings of some other trunk group
start and end relays than those connected to

- above, the specific connections depending upon

the size of the group and the location of that
group within the test group of forty connected
to simultaneously by the marker. - . .

The marginal trouble detecting relays 6004 and
6005 are provided to protect against false circuit
operation should, due to some trouble condition,

. more than one group start relay or more than one

group end relay operate at the same time.

10

15

20

Should either of these conditions occur, the se- .

ries resistance is reduced sufficiently to allow re-
lay 6004 or 6005, as the case may be, to operate.
In operating, relay 6004 or 6005, or both, connect
ground to conductor 5603 for the purpose of op-
erating relay 5305 which will cause the call to be
blocked and the marker to time out and give the
sender a trouble release indication as will be set
forth later. .

Operation of office frame and connector circuits

Route relay 1300 having connected battery to
the start conductor of the pair of office frames on
which the outgoing trunk group is located; hav-
ing connected groiind to the proper trunk level
conductors extending to the office frames; and
having prepared the marker trunk testing equip-
ment for testing the proper trunks of the test
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group, as set forth above, an explanation will now -

be given of the operation of the office frame cir-
cuits and their connection of the various testing
and control conductors to the marker. .

In Figs. 77 and 78, to which reference should
now be made, is shown the apparatus of the office
link and connector circuits which are used to ex-
tend the transmission circuit from the district
link and connector circuit to the outgoing trunk
to the desired destination. . It is assumed that
the outgoing trunk subgroup involved in the con-
nection under discussion is located on office
frames 0 and | and that these frames are the
ones shown on Figs. 78 and 77 respectively, the
marker having connected resistance battery to
the start conductor 1735 associated with these
frames as hereinbefore set forth.

In order to assure that only one marker at a
time may connect to any pair of office frames a
preference and lock-out circuit is provided, which
is represented by relays 1821, 71822 and 7823, and
which functions like a similar circuit of the dis-
trict link and connector -frame.
associated with the first marker, which may be
numbered 0, relay 1822 with an intermediate
marker to which an odd number is assumed to
be assigned, and relay 7821 with the last marker
which is identified with an even number. Re-
lays corresponding to intermediately numbered
markers, all consecutively numbered, are not
shown but are indicated by the broken conduc-
tors which interconnect those relays which are
shown.- :

Relays 1821, 7822 and 7823 are shown associ-
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ated with the even-numbered frame 0, and when

functioning regularly, as will hereinafter be de-

scribed, serve to.effect the connection of the

necessary conductors from frame 8 to the marker
5 and also from the odd mate frame | to the
marker. If, however, these chain relays should
develop trouble and fail to function properly, an
emergency chain consisting of relays 7107, 7108
and 7709, with intermediate relays not shown,
and which is identified with frame I, is auto-
matically called into service as will be described
in detall hereinafter. i :

When battery is connected to start conductor
1135 by the marker as previously set forth, relay
1828 operates in a circuit traceable from the bat-
tery on conductor 1135, over break contact 7832
of relay 1818, winding of relay 1823, lower inner
normally. closed contacts of relay 1822 and of the
intermediate relays (not shown), lower inner
normally closed contact of relay 7821, to ground
7833. Relay 1823 in operating closes a circuit
for operating a marker connector relay 18{8, one
of which is furnished for each marker for each
office frame. This circuit is traceable from bat-
tery through. the winding of relay 7818, upper
contact of relay 1826, left middle break contact
of transfer relay 7819, and the upper outer make
contact of relay 1823, to ground. Relay 71823 also
closes a circuit for operating on the odd mate
frame 1, a relay corresponding to and identical
with relay 1818 of frame 0, which relay connects
a correspondingly similar set of conductors from
frame { to the marker. This relay is not shown
but is included in the box T7160 with other appa-
ratus of the odd mate frame:also identical with
similar apparatus of the even frame. The circuit
for the operation of the odd frame relay is trace-
able from ground over the upper inner make
contact of relay 7823, left inner break contact of
40 relay 1819, over conductor 7762, outer break con-

tact of relay 7705 to box 7160 and the said relay.

Relay 1823 also connects battery over its lower

outer make contact, through resistance 1824, to
. marker conductor 1736 over break contact 1857
45 of relay 1819.

When connector relay 1818 operates, as set
forth above, it closes the operating circuit for an
additional connector relay 1811, this circuit being
traceable from battery through the winding of

60 relay 1817, inner make contact of relay 1818, con-
ductor 1722, left outer break contacts of relays
6103 and 610f, of the marker, conductor 6104,
right middle break contact of relay §{10, left
middle break contact of relay 5107, conductor

55 5132, to ground over a right front contact of re-
lay 5400. Relays 1817 and 1818 together close
all necessary connections between office frame 0
and the marker. Similarly, on office frame |
which is indicated by box 7160, the operation of

60 the connector relay (not shown) which corre-
sponds to relay T818 closes the operating circuit
for an additional connector relay corresponding
to relay 1811. The operating circuit for this re-

- lay may be traced from box 7768, over conductor
65 1148, left outer break contacts of relays 6102, and

6100, conductor 6104, and over a circuit just pre-
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viously traced, to ground over g right make con- -

tact of relay 5400. These two connector relays
in box 7760, corresponding to relays 7817 and
70 1818 of office frame 0, together close all neces-

sary connections between the marker and office -

frame I. . :
The number of district frames and office frames
provided in a particular exchange depends upon
78 the traffic conditions encountered and may vary
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_from two to twenty frames for both district and

office. For the exchange illustrated and de-

scribed herein it is assumed that'the traffic re-

quirements are such that ten district and ten
office frames are required. The marker is pro- §
vided with a number of office frame relays, one
relay for each pair of office frames of the ex-
change. One of the functions of these office
frame relays is to inform the district link and
connector circuit which set of office junctors it
should connect to the marker, the particular set
of junctors being identified with and extending
to a particular pair-of office frames from the dis-
trict frame involved in the connection being set
up. Since it is assumed that ten office frames are
provided, the marker is equipped with five office
frame relays, two of which, relays 1600 and 1601,
are shown, the other three being intermediate
to relays 7600 and 7601 and are indicated by the
broken conductors between them. Relay 7660
represents the frame relay for office frames 0
and {, while relay 7601 represents the frame re-
lay for office frame 8 and 9.

‘When connector relay 7818 of office frame @
and the corresponding relay (not shown) of of-
fice frame 1 operate, as previously described, they
connect ground over one of their make contacts
to conductor 1121. This ground extends through
the winding of frame relay 1600 of the marker,
over conductor 1602, a left make contact of relay
5400, conductor 5408, to battery through the
winding of the marginal trouble detecting relay
5718. Relay 71600 operates but relay 5718 does
not operate under normal conditions. The func-
tions of relay 7600 will be discussed hereinafter
in connection with the operation of the district
link and connector circuit. Should more. than
one of the office frame relays of the marker, such
as relays 7600 and 7601, operate simultaneously
due to some trouble condition, the consequent
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‘reduction of the resistance in series with the

marginal trouble detecting relay 5718 causes that
relay to operate. In operating, relay 5718 con-
nects ground to conductor 5603 for the purpose
of operating relay 5305 which, in turn, will block 45
the call and cause the marker to give the sender

a trouble release indication as will be described
later.

When relay 1818 of office frame 0 operates as
set forth-above, it -closes the circuits from the 90
marker trunk level indicating conductors which
extend to the even office frames, such as the
conductors 1129 and 1130, to the windings of the
office frame trunk level relays, one pair of which,
the relays 7814 and 1815, are shown. . Similarly,
the operation of a relay (not shown) on office.
frame 1, corresponding to relay 71818 of office
frame 0, closes the circuits from the marker trunk
level indicating conductors which extend to the
odd office frames, such as the conductors 1154

65
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“and 7155, to the windings of trunk level relays

on office frame | which correspond to the relays
71814 and 71815 of frame 0. .

Assuming that all of the horizontals or levels
of the ten secondary switches located on office
frame 0 are split, so that each switch consists
of a left half and a right half switch, there is a
total of ten relays similar to relay 1814, each of
which is arranged to serve one of the ten levels
of the left half of each of the ten switches, relay
1814 servinig the 0 level and having its winding
connected to the 0 level conductor 71729 of the
marker. The winding of each relay 1814 is mul-
tipled, as shown, to an associated trunk level
relay 1815. With this arrangement each relay 6
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7814 serves a designated level of each one of the
ten left halves of the switches, and each mul-
tipled relay 71815 serves the adjacent level of

- each right half of each of the ten switches. The
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~ tenth relay (not shown) similar to relay 1814, is

connected to the ninth trunk level indicating
conductor 1730 of the marker. Intervening re-
lays and conductors are not shown but are indi-
cated by an intervening broken line. Fig. 6 of
the general schematic described at the outset of
this disclosure, illustrates a group of twenty
trunks assigned to split levels, ten trunks being
assigned to the left levels 0, and ten trunks to
the right levels 1. . For a second group of
trunks (not shown) ten trunks would be as-
signed to the right levels 0, and ten trunks to
the left levels i. This illlstrates the general
method for connecting trunks on a split level

basis. When the levels of the ten switches of the .

office frame are not split, as illustrated by the
group of trunks assigned to levels 8 and 9 of the
secondary office switches of Fig. 6, one relay
1814 is assigned per switch to one level and one
relay 1815 per switch to the next higher level.
In accordance with this arrangeiment there would
be five double levels per switch requiring a total
of five relays 1814 and five relays 7815 per frame.
‘When only certain levels of the secondary switches
are split and the other levels are not split, the
number of relays 7814 and 1815 .per frame is
intermediate between five and ten, assuming that
all levels of the switches are in use. Identical
trunk level relays on the ocdd mate frame { afe
simultaneously connected to the 0 trunk level
conductor 1154, to the ninth trunk level con-
ductor 1155, and to the intermediate trunk level
conductors (not shown) of the marker.

As previously set forth, trunk level relay 5610
of the marker operated under control of route
relay 1300 and connected ground to the 0 trunk
level conductor 1729 extending to the even office

extending to the odd office frames. The ground
on conductor 1729 operates trunk level relays
1814 and 1815 of office frame 0 in parallel. Sim-
ilarly, the ground on conductor 71154 operates a
corresponding pair of trunk level relays (not
shown) on office frame . Assuming that the 0
and ( levels of the secondary switches of office
frame 0 are split, relay 1814 represents the 0
level of the left half of the switches, while relay
1815 represents the 1 level of the right half of
the switches. A circuit is closed from ground
over the inner make contact of relay 1814, con-
ductor 1866, make contact of relay 71815, con-

- ductor 71865, make contact of relay 1818, and

over conductor 7726 to inform the marker that
the 0 and 1 trunk levels of the secondary switches
of frame 0 are split. A similar circuit on office
frame | connects ground over conductor 77152
to inform the marker that the 0 and 1| levels
of the switches of frame | are also split. In
the event that the 0 and { levels of the sec-

- ondary office switches of frames 0 and ! are
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not split, conductor 7865 extendmg between
contacts of relays 7818 and 1815, and conductor
1866 extending between contacts of relays 1815
and 1814, are omitted and no ground is con-
nected to marker conductor 7726. * Under this
condition, however, the broken conductors be-
tween the contacts of relays 7818, 7814 and
1815 are furnished and a. circuit is completed
from ground over make contacts of these relays
to conductor 7725 which extends to the marker
and informs that circuit that the 0 and 1 levels

59

of the switches are not split.  Circuits corre-
sponding to.those set forth above are also closed
on office frame |, marker conductor 1152 being
grounded if the 0 and | switch levels are split, or
conductor 7151 being grounded if these levels are
not split. The functions of the grounds on con-
ductors 17126 and 1752 or on 1125 and 1154, with
respect to the operation of the marker, will be
discussed subsequently.

The operation of relays 7814 and 1815 close
through circuits from the sleeve or test con-
ductors of the twenty outgoing trunks connected
to the 0 and f levels of the ten secondary office
switches of frame 0 to the marker for testing
by that circuit for an idle trunk. The circuits
from the sleeve or test conductors 1838 and
1839 of the outgoing trunk 7867, which is as-
sumed to be located on the 0 level of secondary
office switch 0, to the marker may be traced
as follows: Conductor 7838 is extended over con-
tact 1835 of relay 1814, the upper break contact
of jack 7802, a make contact of relay 1818, con-
ductor 7713f, lower break contact of relay 6230,
to battery through the winding of ftrunk test
relay 6220. Conductor 7839 of outgoing trunk
18617 is extended over make contact 71840 of relay
1814, a make contact of relay 7811, conductor
1148, to the upper middle armature spring of
relay 6230. Similarly, nine other pairs of sleeve
or test conductors, corresponding to cohductors
7838 and 7839 of outgoing trunk 7867, of the
outgoing trunks extending from the correspond-
ing levels of the other secondary switches of
office frame 0 are also closed through, over cir-
cuits similar to those just traced, to the marker
trunk testing relays. The circuits for extending
one of these nine other pairs of conductors, the
pair associated with -the trunk appearing on
switch 9, are partially shown, being indicated by
conductor 7732 which extends from an armature
spring of relay 7818, and over the lower break
contact of relay 6332 to battery through the
winding of trunk test relay 6322, and by con-
ductor 7719 which extends from an armature
spring of relay 7817 to the upper middle arma-
ture spring of relay 6332, The operation of
relay 1815 causes ten pairs of sleeve or test con-
ductors of ten outgoing trunks located on the
adjacent level | of the ten secondary switches
of frame 0 to be extended, over circuits similar
to those discussed above, to the marker. The
circuits for two pairs of these conductors, the
pairs associated with the trunks extending from
levels | of the 0 and 9 secondary office switches,

. are partially shown. Conductors. 1720 and 7733,

which are connected to the sleeve conductors of
the outgoing trunk (not shown) on level { of
the 0 switch extend, respectively, to the upper
middle armature spring of relay 6232, and to
the winding of relav 6222 over the lower break
contact of relay 6232. Conductors 1121 and 1134,
which are connected to the sleeve conductors
of the outgoing trunk (not shown) on level
I of switch 8 extend, respectively, to the upper
middle armature of relay 6339, and to the wind-
ing of relay 6320 over the lower break contact
of velay 6330.
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The test conductors of the trunks on the 0
and | levels of the intermediate secondary office .

switches | to 8, inclusive, of office frame 0 are
extended to other sets of marker trunk test-

‘ing relays (not shown) over circuits 51m11ar to
- those just described.

In a manner similar to that set forth above,

"the operation on office frame i of two relays,
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corresponding to relays 7814 and 78i5 of office
frame 0, effects the connection to the marker
of test conductors of twenty outgoing trunks
on the 0 and ! levels of the ten secondary
switches of office frame I. Four sets of these
conductors are shown with respect to their con-
nection in the marker. Conductors 1744 and
1156, which are associated with test conductors
of the outgoing trunk located on level 8 of the
0 switch extend, respectively, to the upper mid-
dle armature of relay 6231, and to the winding
of relay 6221 over the lower break contact of
relay 6231. Conductors T745 and 1157, which
are associated with the test conductors of the
trunk on leve] 0 of switch 9 extend, respectively,
to relay 6333, and to the winding of relay 6323
over the lower break contact of relay 6333. Con-
ductors 7746 and 1758, assoclated with the trunk
on level I' of switch 8 extend, respectively, to
relay 6233, and to the winding of relay 6223
over the lower break contact of relay 6233. Con-
ductors 7747 and 7759, associated with the trunk
on level | of switch 8 extend, respectively, to
relay 6331,
over the lower break contact of relay 6331.
test conductors of the trunks on the 0 and |
levels of the intermediate secondary switches |
to 8, inclusive, of office frame | are also ex-
tended to other seis of marker trunk testing
relays (not shown) over circuits similar to those

’just described.

In the manner just described, the marker has
now been connected to the entire test group of
forty outgoing trunks located on levels 0 and |
of the secondary switches of office frames 8 and
{, this test group comprising the outgoing trunk
subgroup represented by the marker route relay
7300 as previously set forth. Any of these out-
going trunks which are busy have ground con-
nected to their test conductors. For example,
should outgoing trunk 7867 be busy on a con-
nection being extended through the exchange
shown, the hold magnet 1869 which is associated
with the secondary office switch cross-points 7853
to 1856, inclusive, would be operated to effect the
connection to outgoing trunk 1867. Ground over
cross-point contact 71854 would be extended over
a previously traced circuit to the winding of
trunk test relay 6220 and thence to battery,
thereby operating relay 6220. The operation of
relay 6220 would operate trunk relay 6200 in a
circuit from ground over the make contact of
relay 6220, winding of relay 6200, conductor 6205,
and over the right outer make contact of relay
6006 to battery, this latter relay having pre-

viously operated in a circuit from battery through

its winding, over conductor 5409, the right middle
break contact of relay 5405, conductor 4832, to
ground over the upper break contacts of the re-
leased relays 4823 and 4824 shown on the marker
connector circuit. Relay 6006 will remain oper-
ated, upon the reoperation of relays 4823 and
4824 when connections between the sender and
the marker are subsequently released, over a
branch of conductor 5409 which extends to
ground over the make contact of relay 5306, this
latter relay having previously operated in a cir-
cuit over conductor 5410 to ground over a right
make contact of the previously operated relay
5400. In operating, relay 6200 informs the
marker that the trunk which is associated with
it at that time is busy and causes the trunk se-
lecting relays to pass this trunk by as will be
explained hereinafter.

Outgoing trunks may serve both as a cross-bar

and to the winding of relay 6321.
The

2,235,803

exchange, such as that illustrated, and an ex-
change of the panel type, in common. When this
is the case, the sleeve or test conductor of the
trunk at the cross-bar exchange, such as the
conductor 7838 ofs trunk 7867, is multipled -to
the sleeve or test conductor of the trunk (not
shown) at the panel type exchange. Under this
condition, the selection of the trunk for use by
the panel type exchange would cause a ground
to be connected to conductor 1838, which, if the

marker subsequently tests the trunk, would oper-

ate trunk test relay 6220 and trunk relay 6200
in the same manner and over the same circuits
as hereinbefore described in connection with the
finding of the trunk busy due to its use for a
call through the cross-bar exchange.

10

Relays 6105 to 6108, inclusive, of the marker .

are provided for the purpose of checking that
the test conductors of the outgoing trunks on the
pair of office frames involved are properly closed
through to the marker before that circuit starts
its trunk testing operations. These relays are
also used to indicate whether the outgoing trunk
group is .located on split or non-split levels of
the secondary office switches, which information
is required by the marker when it subsequently
makes a test for an idle channel between the
district frame and the selected outgoing trunk
as will be explained later.

As previously. set forth, the operation of the
trunk level relays of the office .frames, such as
the relays 7814 and 18i5 of office frame 0, close
the test conductors of the outgoing trunks to the
marker, and also indicate to the marker whether
the trunks are located on split or non-split levels
of the secondary office switches. Where the
levels are not split, conductors 7725 of office
frame 0 and T151 of office frame | are grounded,
and where the switch levels are split conductors
1726 of office frame 0 and 1152 of office frame |
are grounded, as previously described.

Assuming the levels 0 and | -of the secondary *

office switches of frames 0 and | not to be split,
the ground connected to conductor 1125 from
office frame 0 extends through the winding of
relay 6107, over conductor 6109, to battery over
the left outer make contact of relay 6006, and
the ground connected to conductor T15f from
office frame | extends through the winding of
relay ‘6108 to the battery on conductor 6108,
thereby operating both relays 6107 and 6108.
Should levels 0 and | of the secondary office
switches of frames 0 and | be split, the ground
connected to conductor 1126 from office frame 0
operates relay 6105 to the battery on conductor

6109, and the ground connected to conductor.

1152, from office frame | operates relay 6108 in
a circuit to battery on conductor 6108. The oper-
ation of relays 6107 and 6108 where the trunk
levels are not split, or the operation of relays
6105 and 6106 where the trunk levels are split,
indicates to the marker that the trunk level re-
lays, such as relays 1814 and 7815 of frame 0
and corresponding relays of frame 1, have prop-
erly operated and -closed through the connec-
tions between the marker trunk testing relays
and ‘the test conductors of the outgoing trunk
group to be tested.

At the time that relay 5400 operated it oon-

nected ground over one of its right make con-

tacts to conductor 5i23. One of the branches
of this conductor extends to the trunk testing
relays shown in Fig. 62, connecting specifically
to the upper inner armature of relay 6230. From
this point the ground is extended over the upper
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inner normally closed contacts of relays 6230 to
6233, inclusive, over conductor 6308, upper inner
normally closed contacts of relays 6330 to 6333,
inclusive, conductor 6305, to battery through the
winding of relay 6118 which operated, among
other functions, opened the short circuit around
condenser 6113 and resistance 6114, The pre-
vious operation of relay 6000 connected off-nor-
mal battery and ground to various points in the
marker thereby, among other functions, ener-
gizing . both windings of polarized relay 611 I,
One of these energizing circuits may be traced
from ground over the left inner make contact
of relay 6000, conductor 6008, left winding of re-
lay 6111, resistance 6112, conductor 6009, to bat-
tery over the right inner make contact of relay
6000. The other circuit is traceable from the
battery on conductor 6009, through the right
winding of relay 611, over the right break con-
tacts of the non-split indicating relays 6107 and
6108 in parallel, the right break contacts of the
split level indicating relays 6105 and 6106 in
paraliel, and over conductor 6007 to ground over
a left make contact of relay 6000. The windings
of relay 6111 are so wound that its right winding
exerts a greater force in the non-operating glirec-
tion than its left winding exerts in the operating
direction, and therefore, with both windings en-
ergized as just described, the relay remains un-
operated. It is the function of this relay 6ill,
as will shortly be set forth, to act as a checking
relay in connection with the testing and selecting
of an idle trunk, and its failure to operate at the
conclusion of this phase of the marker operation
will cause the call to be blocked and the marker
to time-out and transmit a trouble release indi-
cation to the sender in the manner which will be
described later. The normal operation of relay

- 8111 will be discussed subsequently in connection
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with trunk selection. Several of the abnormal
conditions which, if encountered, prevent the op-
eration of relay 6111 are set forth herewith:

As previously stated, relays 6105 to 6108, in-
clusive, not only indicate to the marker whether
the outgoing trunk group to which it is connected
is located on split or non-split levels of the sec-
ondary office switches, but also, by the operation
of both relays of the pair, check in the office
frames, informing -the marker that it is properly
connected to each of the two frames involved.
When a marker is making a first trial in its at-
tempt to establish a particular connection, the
failure of either of the relays of either the split
level indicating pair 6106 and 6108, or of the non-
split level indicating pair 61071 and 6108, main~
tains the previously traced circuit over which
the right or non-operating winding of relay 611
is energized and thereby prevents the subsequent

‘operation of this relay, thus causing the marker
‘to time-out as stated above.

Should one of the split or non-split trunk
level indicating conductors between thé marker
and the office frames become short-circuited or
falsely grounded it will cause one of the split
level indicating relays 6105 or 6106, or one of
the non-split level indicating relays 6107 or 6108
to operate, depending upon which conductor is
short-circuited or falsely grounded. The opera-
tion of a split level indicating relay with both of
the non-split level relays operated, or the opera-
tion of a non-split level relay with both of the
split level relays operated, maintains the circuit
over which the right winding of relay 6111 is en-
ergized thereby preventing the operation of this
relay at the proper time and resulting in the

, 61
subsequent blocking of the call and timing out

of the marker as set forth above, By way of il- -
lustration, let it be assumed that with re.ays 6107

.and 6108 properly operated to indicate connec-

tion of the marker to a trunk group appearing on
adjacent non-split levels of the secondary of-

‘fice switches, relay 6108 also operates due to a

short circuit between conductors 1126 and 1726
for example. Under this condition, even though
relays 6107 and 6108 both operate to indicate ;4
proper connection between the marker and the
two office frames, the current flow in the right

or non-operating winding of relay 6411 is main-
tained over a circuit from battery on conductor
6009, right winding of relay 6111, right make 15
contacts of relays 6107 and 6108, in parallel, right
make contact of the falsely operated relay 61085,

to the previously traced ground on conductor
6007. The subsequent failure of relay 61l to
operate causes the call to be blocked and the 26
marker to time-out as previously stated.

When the marker is making a second trial, the
failure of one of the two office frames to which
it connects to signal the marker that it has
checked in as being properly connected to it does o5
not cause the call to be blocked or the marker to
time-out as is the case on a first trial as herein-
before described. When the above condition is
encountered on a second trial, the marker, upon
recognizing the failure of its connection to one
of the pair of office frames, operates those of its
trunk relays which correspond to the trunks on
the frame which failed to check in, thereby mak-
ing all of these trunks appear busy. The marker
then proceeds to test the entire trunk group,
which includes those trunks which it has arti-
ficially made busy, in an effort to find an idle
trunk on that office frame which did check in as
being properly connected to the marker. With
the foregoing arrangement both office frames of
the pair containing the desired outgoing trunk -
group would have to be out of service before the
marker has exhausted all means of connecting to
an outgoing trunk of the desired group. The
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- detailed manner in which the foregoing opera- ¢

tion takes place is set forth directly hereinafter,
- -Assuming that the marker is making a second
trial, its relay 5120 is operated from the sender
in a manner which will be described later. The

-operation of relay 5120 closes the operating cir- gg

cuit for relay 5800. This circuit is traceable from
ground over a right make contact of relay 5400,
down on conductor §123, left next-to-inner break
contact of relay 5108, left make contact of relay' -
5120, conductor 5(33, break contacts of relay 53
5900 and 5901, conductor 5902, to battery through
the winding of relay 5800. The operation of relay
5800 operates relays 580! and 5802 in a circuit
from battery through their windings in parallel, -
make contact of relay 5800, to a previously traced go
ground on conductor 5123. Let it be further as-
sumed that the marker, under this condition,
attempts to connect to a test group of trunks lo-
cated on non-split levels of secondary switches
of a pair of office frames in the manner previ- ¢35
ously described, but that, due to some trouble
condition, one of the office frames, the even frame

of the pair for example, fails to establish proper
connections between itself and the marker. Re-
lay 6108, which represents non-split levels on odd 70
office frames operates, but relay 6107, which rep-
resents non-split levels on even office frames,
does not operate since-the even frame fails to
check in. Relay 5900 now operates in a circuit
from battery through its winding, over conductor yg
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5803, left break contact of relay 6107, left outer

" make contact of relay 6108, conductor 6115, left
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inner make contact of relay 5801, to the ground
previously traced to conductor 5i23. The opera-
tion of relay 5900 opens the previously traced
operating circuit for relay 5800 which starts to
release. Relay 5800 has slow-to-release charac-
teristics which delay its release for a sufficient
interval to allow for any slight difference in time
in the normal checking in of a pair of office
frames to which the marker may connect. How-
ever, when one of the frames fails to check in, as
set forth above, relay 5800 finally releases and
closes a locking circuit for relay 5900 and also
operates relay 6116, The locking circuit for re-
lay 5900 is traceable from battery through its
winding, over its right make contact, conductor
5904, right break contact of relay 5800, left inner
make contact of relay 5801, to ground on con-
ductor 5123. The operating circuit for relay 6116
is traceable from battery through its winding,
down over conductor 1749, left inner make con-

.tact of relay 95900, conductor 5905, left break

contact of relay 5800, to ground over the left
outer make contact of relay 5802. The operation
of relay 6116 operates the twenty trunk relays
representing the trunks located on the even
frame, which is the frame which failed to check
in, thus making these trunks appear busy. The
circuits for operating the four even frame trunk
relays which are shown, the relays 6200, 6202,
6300 and 6302, extend from the windings of
these relays, over conductors 6120 to 6123, re-
spectively, to ground over make contacts of relay
6it86. .

When the reverse of the condition described
above obtains, that is, the even office frame
checks in but the odd frame fails to do so, relay
6107 operates but relay 6108 does not, assuming
still that the marker is seeking connection to a
test group of trunks located on non-split switch
levels. In this event relay 5901 operates instead
of relay 5800, over conductor 5906, left break
contact of relay 6108, left inner make contact
of relay 6107, and over conductor 6115 and the
left inner make confact of relay 5801 to ground

- on conductor 5123. ' The operation of relay 5901

50

causes relay 5800 to release. Relay 6117 there-
upon operates from battery through its winding,
down over conductor 1123, left inner make con-
tact of relay 5901, to the previously traced ground
on conductor 5805. Relay 6117, in operating,
operates the twenty trunk relays representing the

' twenty trunks on the odd frames which failed
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to check in, so that the marker will pass these
trunks by as busy during its subsequent trunk
selection operation. The operating circuits for
the four odd frame trunk relays shown, relays
6201, 6203, 6301 and 6303, extend from the wind-~
ings of these relays, over conductors 6124 to 6127,
respectively, to ground over the make contacts
of relay 6111.

‘The operations just described are based on the
assumption that the marker is attempting to con-

nect to a test group of trunks located on the non-.

split levels of the office switches. Where the
marker, on a second trial, seeks connection to a
trunk group located on split levels and one of
the office frames fails to check in, the failure
of relay 6105 or 6108, as the case may be, to
operate, causes the circuit to function in the
same manner as described above for the failure
of either relay 6107 or 6108 respectively, to op-
erate, and all twenty trunks on the frame which
fails to check in are made to appear busy when
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the marker subsequently tests for an idle trunk.
Under any of the conditions of failure of proper

_connections to both. of the pair of office frames .

involved on 'a second frial call by the marker
as described above, the initial non-operation of
the split or non-split level indicating relays, such
as relays 6105, 6106, 6107 or 6108, whichever one
is identified with the frame which does not check
in, maintains the circuit over which the right
or non-operating winding of relay 61¢1 is ener-
gized. Since, under the conditions just set forth,
the marker makes all trunks on the frame which

. fails to check in appear busy and then proceeds

with its trunk selecting operations, it is necessary
to provide for the operation of relay 6111 so as
not to block the call. To-this end, relay 6116
or 6117, whichever operates as already set forth,
connects the non-split level indicating conductor.
1125 and the split level indicating conductor 1126
of the even office frame, to the non-split indi-
cating conductor 1781 and the split indicating
conductor 1152, respectively, of the odd office
frame. Now since one of these conductors .is
grounded from the office frame which is properly
connected, this ground extends over a make con-
tact of the operated relay 6116 or 6117 and oper-
ates that level indicating relay associated with
the office frame which failed to check in. The
operation of the pair of relays 6105 and 6106 or
the pair 6107 and 6108, as the case may be, opens
the energizing circuit for the non-operating
winding of relay 6fil to permit the subsequent
operation of this relay as set forth hereinafter.

* Trunk selection

As previously set forth, it is assumed that the
outgoing trunk subgroup used in connection -with
call 1, which group contains the outgoing trunk
1861, is located on levels 0 and { cof the secondary
switches of office frames 0 and | and that these
switch levels are not split. Therefore, upon the
connection of these office frames to the marker
the non-split level indicating relays 6107 and
6108 operated as hereinbefore described. As pre-
viously stated, up to this time both windings
of relay 6(il have been energized, the force
exerted by the right winding predominating and
holding the relay in its unoperated position. Also,
up to this time, condenser 6113 has been short-

circuited, one side of ‘the condenser being con- ,

nected to the same ground which is completing
the circuit through the right winding of relay
6111, while the other side of the condenser con-
nects to the ground on conductor 6007 through
resistance 6114, When the aforementioned op-
eration of relays 6107 and 6108 opens the circuit
through the right winding of relay 6111 it also
removes the short circuit from condenser 6113.
Relay 6111 does not operate immediately due to
the force exerted by its energized left or operating
winding since current contihues to flow through
its right non-operating winding to charge con-
denser 6113. As the condenser charges, however,
the current flow through the right winding of
relay 6111 decreases until a point is reached where
the non-operating force exerted by this winding
no longer overcomes the operating force produced
by the left winding, and relay 6111 thereupon
operates. The purpose of introducing this delay
in operating time of relay 6i11 is to provide a
sufficient interval to allow any of the test relays
which are connected to the sleeve or test con-
ductors of the trunks of the test group connected
to the marker, such as relays 6220 to 6223, inclu-
sive, and 6320 to 6323, inclusive, respectively, to
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operate should any of the trunks with which
these relays are associated be busy, before clos-
ing the circuit which controls the trunk selecting
functions of the marker.

As already stated, it is assumed that the trunk
subgroup under discussion contains the maximum
of forty trunks of which the outgoing trunk 7861
represents the first trunk of the group. The route
relay 1300 has operated the trunk group start
relay 6210 and the trunk group end relay 6313,
as hereinbefore described, thereby including the
entire test group of forty trunks in the trunk

selecting activities of the marker. When relay

6111 finally operates, as above, it closes & circuit
from ground over its make contact, make con-
tact of relay 6110, over conductor 6128, outer
make contact of the operated district frame num-
ber relay 5002, conductor 5004, right break con-
tact of relay 5801, conductor 5803, to the upper
outer make contact of the operated group start
relay 6210. Assuming now that outgoing trunk
1867 is idle, the trunk test relay 6220 which is
associated with it is unoperated, as is trunk relay
6200. The ground just traced to the upper make
contact of group start relay 6210 therefore ex-
tends over the upper break contact of relay 6200,
winding of trunk selecting and locking relay 6230,
over conductor 6206, left inner normally closed
contacts of relay 5901, conductor 5909, to battery
over the right middle make contact of relay 6000,
thereby operating relay 6230. In operating, relay
6230 selects the trunk associated with it, trunk
1861 in this case; makes this trunk immediately
busy, in the manner which will be described di-
rectly hereinafter, to other markers and to panel
selectors, if the trunk is common to both types
of exchanges; and locks in a circuit over its up-
per inner make contact to the previously traced
ground on conductor 5123, When relay 5400
previously operated, it closed a circuit from
ground over its right outer make contact, up over
conductor 5411 to the right middle armature

- spring of relay 6103, right outer break contacts

45

of relays 6103, 6102, 6101 and 6100 in that order,
over conductor 6129, to battery through the wind-

ing of relay 6010, which operates. Relay 6011

thereupon operated in a circuit from battery

‘ through its winding, make contact of relay 6010,
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to the ground traced on conductor §54ii. The
function of relay 6011 will be discussed shortly.

Double connection test

‘When relay 6230 operates and locks upon the
selection of trunk 7867, as just described, the
operating ground traced to the winding of relay
6011 extends over the right make contact of that
relay, over conductor 6812, lower outer make
contact of relay 6230, conductor T131, a make
contact of the 0 oﬂice frame - connectmg relay
1818, break contact of jack 7802, a make contact
of relay 1814, to the sleeve or test conductor 7838
of trunk 1861 thereby making the trunk busy to
other markers and panel type selectors. The
operation of relay 6230 also opens the previously
traced operating circuit for relay 6110 which
thereupon releases. Relay 6230 also closes a cir-
cuit from ground previously traced on conductor
5411, over its lower inner make contact, con-

. ductor 6207, to battery through the winding of

relay ‘6100 which operates. The .operation of
relay 6100 opens the operating circuit for relay
6010 which thereupon releases. The release of
relay 6010 removes the operatmg ground from
the winding of ‘relay 6011 and from the sleeve
or test conductor 1838 of outgoing trunk 7867,

thus leaving battery through the winding of relay
60if connected to the sleeve conductor. If the
trunk, since its selection by the marker as de-
scribed, has not been selected simultaneously by .
some other marker or by a selector of a panel &
type exchange to which it may be common, the
absence of ground on its sleeve conductor allows
relay 6011 to release. The release of relay 6041
again connects ground to the selected trunk
sleeve conductor as a busy condition and the 10
marker thereupon proceeds as subsequently set
forth. This latter busy ground is supplied over
the right outer break contact of relay 6013, right
break contact of relay 601 {, and over a previously
traced circuit to the trunk sleeve 7838. In the 15
event that relay 6011 encounters ground on the
test conductor of the selected trunk while making
the double connection test just outlined, it fails.
to release, and, with relay 6010 released relay

- 6014 operates in a circuit from battery through 20

its winding, over the left make confact of relay
6011, normally closed contacts of relay 6010, to
the previously traced ground on conductor 54f1.
Relay 6014 locks over its inner make contact to |
the ground on conductor 54f1. The function of 25
relay 6014 is to cause the marker to transmit a
trouble release indication to the serider following
its subsequent channel testing operations as will

be outlined hereinafter.

The foregoing description of a trunk selecting 30
operation of the marker assumes that the first
trunk of the test group of forty, trunk 1867 which
is associated with relays 6200, 6210, 6220 and
6230, is idle, and it was selected accordingly. As- .
suming, however, that this first trunk is not idle, g3
the trunk selection proceeds in the following
manner. ‘Trunk 7867 being assumed busy, its
associated test relay 6220 is operated from ground
on the sleeve or test conductor of the trunk, re-
lay 6220 in turn operating trunk relay 6200. Sim- 49
ilarly, the test and trunk relays associated with
any other busy trunks are also operated. Un-
der this condition, the ground which is con-
nected to the upper outer armature of the oper-
ated trunk group start relay 6210 upon the oper- 45
ation of relay 6111 extends over the upper make
contact of relay 6200 to the upper armature
springs of the succeeding trunk relay 6201, If
relay 6201 is unoperated, signifying that the -
trunk which is &ssociated with it is idle, this 50
ground is further extended over the upper break
contact of that relay to the winding of relay 6231
which then operates and functions in a manner
identical with that previously described for relay
6230 except that in this case the second trunk of §3
the test group is selected. If relay 6201 is oper-
ated due to its associated trunk being busy, the
aforéementioned ground on its upper armature
springs extends further along the chain circuit
over the upper contacts of the trunk relays, such ¢o
as the relays 6200 to 6203, inclusive, and 6300
to 6303, inclusive, until the first unoperated trunk
relay is encountered, the ground then extending
over the upper break contact of that relay and
operating the associated trunk selecting relay as 65
hereinbefore set forth,

Test for false ground on checking conductor of
trunk

When relay 5400 previously operated it closed g
a circuit for operating relay 5804. This circuit is
traceable from battery through the winding of
relay 5804, over the right normally closed con-
tacts of relays 6830, 5831, 5832 and 5833, conduc-
tor 5412, to ground over a left make contact of 75




10

15

- 20

25

30

35

40

45

50

55

60

65

70

5

64

relay 5400. In operating, relay 5804 operated
relay 5805 in a local circuit. With relay 5805
operated, when relay 6230 operated and selected
outgoing trunk 7867 as previously described, it
closed a circuit from batiery through the right
winding of relay 6015, over conductor 6016, right
make contact of relay 5805, conductor 5806, up-
per middle make contact of relay 6230, conductor
1118, a make contact” of connecting relay 7817
of office frame 0, make contact 1840 of relay 1814,
to conductor 7839 of trunk 7861,
be no ground on conductor 7839 until after the
secondary office switch cross-points are later
closed, at which time the presence of the ground
provides a check that the cross-points properly
operated. Should a false ground be present on
conductor 1839 at this time due to some trouble
condition, with the cross-points 1853 to 1856, in-
clusive, as yet unoperated, this ground will op-
erate relay 6015 over the circuit just traced. In
operating, relay 6815 locks through its left wind-
ing, over conductor 6011, to ground over the right
outer break contact of relay 5413, and connects
ground over its right make contact to conductor
§603 for the purpose of operating relay 5305
which will block the call and cause the marker to
transmit a trouble release indication to the send-
er in & manner which will be explained later.

Release of connection to office frame not used

As previously stated, the marker is connected to
a test group of trunks located on a pair of office
frames, the frames 0 and | in the case illustrated.
Having selected an idle trunk on one of the
frames, the trunk 1867 on frame 0, it is necessary
for the marker to release one of the connecting
relays on the other office frame, frame I, due to
the fact that certain test conductors extend from
both office frames to common points in the mark-
er, which circuit is now concerned only with the
office ‘frame containing the selected trunk. The
particular conductors which connect from both
frames in common to the marker are the test con-
ductors of the office links which interconnect the
primary and secondary office switches, and their
detailed circuits, as well as the points to which
they extend, will be discussed later in connection
with the channel testing operations of the mark-

-er, it being merely desired at this time to point

out that the marker causes the severing of some
of the connections to the office frame not used.
When relay 6100 operated following the opera-
tion of relay 6230 upon the selection of trunk
1861, it ‘opened the circuit over conductor 1148
which extends to office frame | thereby releasing
the connecting relay on that frame correspond-
ing to connecting relay 1817 of frame 0. The re-

-lease of this relay opens the circuits extending

from the marker to the office link test conductors
of frame' |I. Had the selected trunk been lo-
cated on an odd office frame, frame { for example,
the operation of relay 6101 or 6103 following the
selection of the trunk, would have opened the cir-
cuit over conductor 1122 and thereby released
connecting relay 71817 of office frame 0 for the
same purpose as stated above.

Connection of marker to district frame

The district junctor used for connections be-
ing described is shown in Fig. 25 and is connected
to the district frame, assumed to be frame No. 9,
which is shown in part in Fig. 26. As hereinbe-
fore set forth in the description of Fig. 4 of the
general schematic of the system, the district link
frame, hereinafter referred to as the district

There should
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frame, is composed of ten primary and ten sec-
ondary switches of the cross-bar type intercon-
nected by district links. For clarity of illustra-
tion, only one set of gross-points of one of the

primary district switches and one set of cross- -

points of one of thesecondary district switches are
shown, namely, the primary switch cross-points
2683 together with the associated select magnet
2600 and hold magnet 2601, and the secondary
switch cross-points 2684 together with the asso-
ciated select magnet 2607 and hold magnet 2606.
These sets of cross-points are interconnected by
the district link 2689, In addition to the switches
and links the district frame is also provided with
a connector circuit whose function it is to estab-
lish connections between the marker and the dis-
trict frame for testing and control purposes.
When relay 1823 of the office link and connector
circuit. of office frame 0 operated upon the estab-
lishment of connections between the marker and
the office frames as previously described, it closed
a circuit from battery through resistance 7824,
over its lower outer make contact, right break
contact 18571 of relay 1819, over conductor 1136,
left inner break contact of relay 5404, conductor
5414, middle make contact of relay 5002, and over
conductor 2642 to the district link and connector
‘circuit. If at this time no other marker is con-
nected to the district frame a circuit is closed for
operating relay 2619 from the battery -on con-
ductor 2642, over a break contact of transfer relay
2625, winding of relay 2619, lower break contacts
of relays 2648 and 2611, and of intermediate re-
lays (not shown), to ground. If at this time some

‘other marker is connected to the frame then bat-

tery is connected to its associated start conductor
as exemplified by start conductor 2632 or 2633,
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and relay 2618 or 2611, respectively, is operated, .

opening the operating circuit of relay 2619. Un-
der this condition the marker associated with
conductor 2642 must wait until the circuit for
relay 2619 is closed. When relay 2619 operates it
locks to ground over its lower continuity contact

40

and operates marker connector relay 2826 in a .

~circuit that may be traced from ground on its up- .

per outer make contact, inner break contact of
relay 2625 through the winding of relay 2626 to
battery. Relay 2619 also connects ground-over
its upper inner make contact to conductor 2635,
over a break contact of relay 2625. Relay 2626,
in operating, closes the circuits over conductors
2643 to 2665, inclusive, from the district frame to
the marker, and also provides an additional
ground: on conductor 2635.

In the marker, the above-traced ground on con-
ducior 2635 extends over the break contact of re-
lay 5415, conductor 5136, left inner break contact

of relay 5107, right outer break contact of relay.

5140, conductor 534, right inner break contact
‘of relay 5507, left break contact of relay 5509,
conductor 5515, left outer break contact of relay
5405, a left break contact of relay 5404, left inner
break contact of relay 5403, conductor 54[6, a left
make contact of relay 5106, conductor 4618, make
contacts of relays 4610 and 4600, conductor 2456
of the sender, to battery through the winding of
relay 2913 which operates and functions as will be
described later, The ground just traced to the
winding of sender relay 2913 also extends from
that point, over a branch of conductor 2456, make
contacts of the operated cross-points of the sec-
ondary and primary sender link switches, and
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over conductor 2503 to battery through the wind- -
ing of relay 2521 of the district junctor, Relay .

252( operates, extending the ground just traced to: -

& (]
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- over the left break contact of relay 5300. The

its winding, over its upper inner make contact,
conductor 2508, to battery through the winding of
relay 2624 which operates. The operation of re-
lay 2521 also connects ground over conductor 2504
to battery through the winding of select magnet
2600. Magnet 2600, which is associated with the
primary district switch cross-points 2683, oper-
ates and prepares these cross-points for future

_ operation. - The operation of relay 2624 extends
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conductors 2506, 2507, 2508, 2509, 2510, 2515 and
2519 from the district junctor, over its make con-
tacts and make contacts of relay 2626 to the
marker circuit. The ground on conductor 2506,

‘from the winding and over the upper inner make

contacts of relay 252f, now extends over make
contacts of relays 2624 and 2626, marker con-
ductor 2646, over the right break contact of relay
6018, to battery through the windings of relays
6001 and 6002 of the marker in parallel. These
relays operate and. function as will be discussed
hereinafter.

Release of direct conmections between marker
and sender

The marker having connected to the office and
district frames, selected an idle trunk to the de-
sired destination, and transmitted to the sender
such information as that circuit requires for con-
trolling the completion of the connection, direct
connections between the sender and the marker
are now broken in the following manner. Upon
the aforementioned operation of relay 6002 the
sender release relay 5417 of the marker operates
in a circuit from battery through its winding,
over conductor 5418, a left make contact of relay
6002, conductor 6019, left break contact of relay
6110, conductor 6118, a left make contact of re-
lay 5602, a conductor 5607, a left outer make
contact, of relay 7600, conductor 1603, left outer
break contact of relay 5140, to ground over the
right outer break contact of relay §107. Relays

600! and 6082 lock upon the operation of relay

5417 in a circuit traceable from battery through
their windings in parallel, right middle make con-
tact of relay 6002, conductor 6028, break contact
of relay 5809, conductor 5814, right and left inner
make contacts of relay 6002, conductor 6021,
right next-to-inner make contact of relay 6417,
conductor 5515, left break contact of relay 5509,
right inner break contact of relay 5507, conduc-
tor 5134, right outer break contact of relay 5110,
left inner break contact of relay 8107, conductor
5136, break contact of relay 5416, conductor
2635, to ground over make contacts of relays 2626

and 2619 of the district link and connector cir-

cuit. In adidtion to the locking circuit just
traced, relays.600f and 6002 are also held over
two other parallel circuits. The second holding
circuit for these relays is traceable from battery
through their windings in parallel, down over
conductor 6038, right break contact of relay 5847,
conductor 5849, a left make contact of relay 6002,
conductor 6021, and over a previously traced cir-
cuit to ground over make contacts of relays 2626
and 2619 of the district link and connector cir-
cuit. The third holding circuit for relays 600t
and 6002 extends from the windings of these re-
lays, over the right break contact of relay 6018, a
left inner make contact of relay 6002, conductor
6021, to the same previously traced ground over
make contacts of relays 2626 and 26i9. Relays
5400 and 6000 lock upon the operation of relay

5417 in a circuit from battery through their wind- .

ings in parallel, over conductor 5116, left inner
make contact of relay 5400, left outer make con-
tact of relay 5417, conductor 530{, to ground

65

locking ground just traced to the windings of
relays 6001 and 6002 also extends from these
windings, back over conductor 2646 fo the dis-

_tric link and connector circuit where it serves to

lock relay 2624. This ground is further extended
from the winding of relay 2624, over conductor
2506, to the district junctor circuit where it locks
relay 2521 and from this point it extends back
over conductor 2503, and over a previously traced
circuit through the primary and secondary sender
link switches, to the sender to hold operated relay
2913 of that circuit. The aforementioned oper-
ation of relay 54171 operates relay 5i08 in a cir-
cuit from battery through the winding of that
relay, over conductor 5137, left make contacts of
relay 5411, conductor 5304, to ground over the
right normally closed contacts of relay 5300. The
operation of relay 5108 opens the operating cir-
cuits for the trunk level, group start and group
end relays of the marker, the relays 5610, 6210
and 6313 for the call under discussion, but these
relays remain locked over their inner make con-
tacts, to a ground on conductor 5419 which is
supplied over left inner make contacts of relay
5411, conductor 5304, and the right normally
closed contacts of relay 5300. The operation-of
relay 5417 also closes locking circuits for various
operated marker relays which would otherwise
release when direct connections between the
sender and marker are broken, and transmits a
signal to the sender that that circuit should re-
lease itself from the marker. The path for trans-
mitting this release signal may be traced from
ground over the right inner make contact of relay
5106, conductor 5135, left break contact of relay
5303, left inner break contact of relay 5305, con-
ductor 5301, left outer break contact -of relay
5413, right outer make contact of relay 5411,
right outer break contact of relay 5403, left outer
break contact of relay 5404, conductor 4708, make
contacts of connector relays 4710 and 4700, con-
ductor 3437 of the sender, to battery through the
winding of the marker release relay 3107 of the
sender. Relay 3107 operates in the above circuit
and locks over its right inner make contact,
right outer make contact of relay 3106, to ground
over its own left middle make contact. The oper-
ation of relay 3107 opens the battery from the
marker connector start conductor 3132 causing
the marker connector circuif to release as previ-
ously described. The ground over the left mid-
dle make contact of relay 3107 and right outer

‘make contact of relay 3106 to conductor 31T ex-

tends to armatures of all of the selection register
relays of the sender and serves to lock whichever
of these relays are operated, the relays 3411,
3412, 3415, 3419, 3509,35(2, 3517, and 3518 in the

_case of the call being described, upon the sever-

ing of direct connections between the sender and
the marker. ¢

Release of marker connector

The aforementioned removal of battery by the
sender from conductor 3132 ‘allows relays 4800,
4803 and 4810 of the marker connector circuit to
release. The release of relay 4800 releases relay
4600 which in turn releases relay 4700. The re-
lease of relay 4810 releases relay 4610 which in
turn releases relays 4710 and 4815. Release of
relays #4600, 4610, 4700 and 4710 breaks all direct
connections between the sender and the marker.
Relay 4810, in releasing, again closes the operat-
ing circuits for relays 4823 and 4824 which re-
operate and remove ground from the marker con-
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ductors #831 and 4832. The release of relay 4810
also rcleases relay 4819 and opens the locking eir-
cuit for relay 4850 which, if operated, also re-
leases. The release of relay 4818 opens the cir-
cuits to the upper winding of connector-busy re-
lay 4820 and the relays corresponding thereto in
the other marker connector circuits (not shown),
thereby allowing these connector-busy relays in
the other connector circuits, provided they are
not locked through their lower windings as pre-
viously explained, to release, thus again making
the marker associated with start relay 4816 and
connector-busy relay 4820 available to all marker
connector circuits.

Restoring of decoding portion of marker

With the opening of the.direct connections be-
tween the sender and the marker, all of the op-
erated marker register relays, the relays 4928,
4931, 4932, 4936, 4939, 5015 and 5016 in the case
of the call under discussion, release and in turn
cause the release of relays 6403, 6902, 5311 and
7300. The release of route relay 1300 opens the
circuits over which the various transmitting re-
lays of the marker were operated and these re-
lays thereupon release. The removal of ground
from conductor 4622 by the release of the marker
connector circuit releases relays 5103, 5104 and
‘5106 of the marker. The release of relay 5106
opens ground from various points in the marker
including the circuit over which the marker trans-
mits the release indication to the sender. This
is done to insure that upon an immediate re-
seizure of the marker for another call a pre-
mature release signal will not be given the sender
making the .second call. With relay 5106 re-
leased, the ground previously traced to the wind-
ing of relay 5400 extends over conductor 5118,
lett inner break contact of relay 5i06, conductor
5138, to battery through the winding of relay

" 5403. Relay 5403 operates and locks over its left
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inner make contact, left outer make contact of
relay 5400, to a previously traced ground on con-
ductor 5301. Relay 5403 operates relay 5404 in
a local circuit. In operating, relay 5404 opens
the circuits over which the normal release and
the trouble release indications are transmitted
to the sender, the conductors 4708 and 4709 at
this relay, these circuits having also been opened
by the operation of relay 5403. It is necessary
to open these conductors at -both relays 5403 and
5404 to prevent the possible false closure of
ground to them should the marker be immediately
reseized by another sender, with the subsequent
operation of relay 5106, and relay 5403 should re-
lease before relay 5400 upon the completion by
the marker of its functions in connection with
the first call.

With the release of the above-mentioned reg-
ister, route, transmitting and checking relays, and
the operation of relays 5403 and 5404 as set forth
above, the marker is now free to be seized by an-
other sender in connection with another call, and
its registration and decoding operations may
proceed up to the point of the operation of the
route relay, even though it is still engaged in
setting up connections between the district frame
and the selected outgoing trunk in connection
with the first call.

Operation of secondary office switch select magnet

The office link and connector circuit is pro-
vided with ten secondary switch select magnet
control relays, one for the corresponding levels of
each of the ten secondary office switches, Two

2,235,803

of these ten relays are shown, the relays 1813 and
7884 which are identified with the select magnets
of the § and [ levels of the ten secondary office

switches of frame 0. It is the function of these

relays to operate the select magnets on that level
of the secondary office switches on which the out-
going trunk is located in preparation of the fu-
ture closing of the cross-points which extend the
connection to the outgoing trunk.

-~ When the 0 -and | trunk level relays 1814 and

71818 of the 0 office frame previously operated a
circuit was completed from battery through the
winding of relay 1813 on that frame, over make
contact T843 of relay 1814, a make contact of re-
lay 1818, conductor 717128, left inner make con-
tact of relay 6108, conductor 6130, to ground
through the winding of marginal relay 5815. Re-
lay 1813 operates in this circuit but relay 5815
does not operate under normal conditions. In
operating, relay 1813 operates the 8 level select
magnet 1868 in a circuit from battery through
the winding of that magnet, middle make con-
tact of relay 1813, to ground over the lower break
contact of jack 7802. Relay 1813 also operates
the select magnets (not shown) of the 0 levels of
the nine other secondary office switches over simi-
lar circuits one of which is partly indicated by
the outer contacts of relay 7813,

As previously stated, both trunk level relays
1814 and 1815 of the 0 office frame operated. A

_circuit was therefore also completed from battery

through the winding of relay 71864, over make con-

1124 to the marker. This circuit is not completed
to ground through the winding of relay 5815, how-
ever, since relay 6102 is not operated. Had the
selected outgoing trunk been located on the No. |
level of the office switches instead of the 0 level,
relay 6102 instead of relay 6100 would be oper-
ated in which case relay 1864 would operate in
series with the winding of relay 5815 and would
close the operating circuits for the select magnets
of levels { of the secondary office switches.

Relay 5815 is a marginal trouble detecting relay
which receives sufficient current to operate only
in the event that, due to some trouble condition,
battery through the windings of more than one
of the office frame secondary switch select magnet
control relays, such as relay 1813, is connected
to ground through its winding at the same time.
Should this condition occur, relay 5815 operates
and connects ground to conductor 5603 which
operates relay 5305 for the purpose of blocking
the call and transmitting a trouble release irdi-
cation to the sender in the manner which will be
discussed: later. The non-operation of relay 5815
therefore indicates to the marker that only the
select magnets of one level qf the secondary office
switches are operated.

Relay 5910 provides for detecting false grounds
on the select magnet control conductors which

extend between the office frames and the marker.

Battery through the right winding of this relay
extends over conductor 5911, right next-to-inner
break contact of relay 5109, conductor 5119,
right inner break contacts of relays 6105 and 6106,
and over left inner break contacts of relays 6100
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to 6108, inclusive, to the conductors 7728, 1153, .

1124 and 71750, respectively, which extend to the
windings of the secondary office switch select
magnet control relays, such as relays 1813 and
1864, of the office frames.. If at the time that the
marker first establishes connections with the pair
of office frames involved in the connection, one
of these aforementioned conductors is falsely

b {



10

15

3,285,803

grounded on the office frame, this ground backs
up over one of the circuits just traced and oper-
ates relay 5910. The operation of relay 5810 con-
nects ground to conductor 5603 to operate relay
5305 and block the call as stated above. It will
be noted that when one of the conductors is legit-
imately grounded by the marker, through the
winding of relay 5815, the circuit from that con-
ductor to the winding of relay 5910 is opened to
prevent the operation of this latter relay. For
illustration, in the case of the connection of
ground through the winding of relay 5815 to

conductor 1728 as described hereinbefore, relay
- 6100 had previously operated and opened the

circuit between conductor 71728 and the right

. winding of relay §910..
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Gaining access to office links

The office link and connector circuit shown in
Fig. 78, is provided with ten link connector re-
lays, one of which, the relay 1810, is shown. The
function of these relays is to connect through to
the marker the test conductors of the office links

extending between the primary office switches -

and the particular secondary office switch upon
which the selected outgoing trunk is located, and
to operate the primary switch select magnets, one
per switch, associated with the horizontal levels
from which these links extend. The operation
of relay 6230 upon the selection of the outgoing
trunk 71861 as previously explained, closed the
operating circuit for relay 7810 of the office frame
0. This circuit is traceable from battery through
the winding of relay 7810, a make contact of relay
7817, conductor T112, upper outer break contact
of relay 6232, upper outer make contact of relay
6230, conductor 6208, right inner normaliy closed
contacts of relays 5908 and 5907, to ground. The
operation of relay 7810 closes operating circuits
for ten select magnets, one on the corresponding
level of each of the primary office switches. One
of these circuits, for the select magnet 1808 which
is associated with the cross-point contacts 7848,
1849 and 1859, is shown and may be traced from
battery through the winding of that magnet, over
the next-to-outer make contact of relay 1810, to
ground over the lower break contact of jack 1811.
The operating circuits for the corresponding se-
lect magnets on the nine other primary switches
are identical, and extend over other make con-
tacts of relay 1810 as indicated by the outer make
contacts of that relay. The operation of these
ten primary switch select magnets prepares for
the future closing of any one of twenty office links,
one on the left and one on the right half of each
of the ten primary switches, which links extend to
the twenty verticals of the secondary office switch
on which the select outgoing trunk appears.

Preparation for channel testing

The marker is arranged to test simultaneous-.

" ly a maximum of twenty paths or channels over

which the connection may be extended from the
district junctor being used on the call and the
selected outgoing trunk. Each of these channels
consists of three elements, a district link extend-
ing between the primary and secondary district
switches, an office junctor extending from the dis-
trict frame to the office frame,’ and an office link
extending between the primary and secondary
office switches. For a channel to be available for
the extension of a connection it is necessary that
all three of the elements of which it is composed
be idle, and, to this end, the marker is provided
with twenty channel testing units the function of

. 5810 and 5820 and locking relay 5830 are asso-
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which is to test each of the elements of the chan-
nel with which they are associated and to there-
upon select the first idle channel encountered for
use in extending the connection being established.
The equipment for' testing four of the twenty
channels is shown in the lower portion of Fig. 58.
Broken conductors between the relays shown in-
dicate the position of the testing equipment for
the remaining sixteen channels. Test relays

ciated with the first channel; relays 5811, 5821
and 583{ with the second; relays 5812, 5822 and
5832 with the nineteenth; and relays 5813, 5823
and 5833 with the last or twentieth channel.

The aforementioned operation of relay 18106 of
office frame 0 connects the test conductor of each
of the twenty office links with which it is asso-
ciated to the channel testing relays of the marker,
The circuit for test conductor 1841 of office link
18710 may be traced from that conductor, over a
make contact of relay 1810, middle break contact
of jack 7811, a make contact of relay 1811, con-
ductor 1714, right outer break contact of channel
lock relay 5830, lower winding of test relay 5820,
conductor 5824, to battery over the left inner
make contact of relay 6006, It should be noted
that test conductor 1841 -of link 7870 also con-

10

15

20

25

nects to_the secondary office switch hold magnet

1869, this latter magnet being associated with the
cross-point contacts 7853 to 7856, inclusive, to
which the office link 7870 connects, as it is over
the previously traced circuit to relay 5830 that
this hold magnet later operates.

The test conductors of the nineteen other office

30

links extending from the 0 levels of the primary 85

office switches to the 0 secondary office switch on -

‘'which outgoing trunk 7867 is located, also con-

nect over right outer break contacts of channel
lock relays to the lower windings of channel test

relays, and thence to battery over conductor 5824. 40’

Three of these other office link test circuits are
partly shown. The lower windings of relays 5821,

. 5822 and 5823 extend, respectively, over the right

outer break contacts of their associated channel
lock relays 5831, 5832 and 5833, over conductors
1116, 1115 and 1117, respectively, over make con-
tacts of relay 1817, and thence over circuits simi-
lar to that previously traced for the extension of
conductor T114 to test conductor 1841 of link
1870, to the test conductors of other office links
(not shown). The operation of relay 1810 also

_ completes a circuit from ground over the inner

make contact of relay 1813, inner make contacts
of relays 1810 and 1817, conductor 1711, winding
of relay 6131, conductor 6109, to battery over the
1eft outer make contact of relay 6606. Relay 6131
oberates and by the partial closure of a checking

. circuit which will be discussed later indicates to

the marker that the office frame relay, such as
relay 1810, which closes through the test con-
ductors. of the office links to the marker has
properly operated. . ' S

The connection of the test conductors of the’
district links and office junctors to the channel
testing relays of the marker will now be discussed.
Referring again to the district junctor and dis-
trict link and connector circuits shown in Figs.
25 and 26, it will be recalled that the marker,
upon the establishment of connections between
it and the office frames, caused its associated start

. relay 2619 in the district link and connector cir-
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cuit of the district frame containing the district -

junctor used on the call to operate. Relay 2618
in turn operated connecting relay 2626 which
established test and control connections: between
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that district frame and the marker, the marker
thereupon returning s ground over the sender
link circuit to operate relay 2913 of the sender
and relay 252§ of the district junctor. Relay
252( in turn extended its operating ground over
conductor 2506 and operated link connector relay
2624. The operation of relay 2621 of the district
junctor at this time also connected a ground over
its make contact 2505 and conductor 2504 to
battery through the winding of the primary dis-
trict switch select magnet 2600, this magnet oper-

*ating and thereby preparing cross-points 2683, to

which the district junctor shown in Fig. 25 is con-
nected, for future operation.

The link connector relay 2624 is associated with
the ten district junctors connected to the hori-
zontals of one of the ten district switches, and
therefore, is also associated with the twenty dis-
trict links, of which link 2688 is one, which ex-
tend from the left and right verticals of that
primary district switch to the ten secondary dis-
trict switches. The district link and connector
circuit is provided with nine other link connector
relays (not shown) similar to relay 2624, each

one of which is associated” with one of the nine’

other primary district switches and the district
junctors and district links associated therewith.
Although the conductors 2506 to 2510, inclusive,
and 2515 and 2519 extending between relay 2521
and relay 2624 are multipled, as shown, to corre-
sponding springs of the relay corresponding to
relay 252! of each district junctor located on the
same district frame, no interference is experi-
enced as only one relay such as relay 2521 can
operate at one time on & district frame, and

therefore only one link connector relay, such as’

relay 2624, can operate at any one time iIn the
link and connector circuit associated with the
district frame.

The function of the link connector relays is to
interconnect certain control conductors between
the district junctor and the marker, to connect
through to the marker the test conductors of the
district links with which it is assoclated, and to
operate the secondary district switch select mag-
nets, one on each secondary switch, correspond-
ing to that horizontal level to which the afore-
mentioned district links connect. Upon the opera-
tion of relay 2624 select magnet 2607 of the
secondary district switch operates from battery
through its winding, over a make contact of-re-
lay 2624, conductor 2671, to ground over the
lower break contact of jack 2604, In operating,
magnet 2607 prepares cross-points 2684 of the
secondary district switch for future operation.
Similarly, operating circuits for select magnets
on the corresponding level of each of the nine
other secondary district switches are also closed,

. over other make contacts of relay 2624, one of

which is indicated by the uppermost contacts.of
that.relay.

The test conductor 2672 of district link 2689,
which is also connected to the winding of the
associated primary switch hold magnet 2601, is
closed to the proper channel testing relay in the
marker in a circuit traceable over a make con-
tact of relay 2624, middle break contact of jack
2604, conductor 2688, a make contact of relay
2626, conductor 2655, cabled conductor 6214, con-
tinuation of conductor 2655, left outer break con-

tact of channel lock relay 5830, lower winding of

channel test relay 9810, to battery previously
traced on conductor 5824, The test conductors
of the nineteen other district links (not shown)
extending from the same primary switch, each

2,285,803

conductor of which is connected to the winding
of its associated hold magnet, also extends over
circuits similar to that just traced for test con-
ductor 2672 of link 2689 to the. lower windings
of the nineteen other channel testing relays of
the marker. The partial circuits to three of these
other link test conductors may be traced from
the lower windings of channel test relays 581l,
5812 and 5813, over left break contacts of channel

" lock relays 5831, 5832 and 5833, respectively, over
conductors 2657, 2656 and 2658, respectively,

cabled conductor 6214, continuation of conductors
2657, 2656 and 2658, to make contacts of relay
2626. From that point conductor 2657 may be
traced over conductor 2686, upper break contact
of jack 2604, make contact 2674 of relay 2624

from whence it extends to a link test conductor

(not shown) corresponding to conductor 2672 of
link 2689 and to the winding of the hold magnet
associated therewith. Conductors 2656 and 2658
extend over the make contacts of relay 2626 and
over circuits similar to those discussed above to
the test conductors of other links. In the fore-
going manner the test conductors of the entire
twenty district links which extend from the
primary district switch containing cross-points
2683 to the ten secondary district switches are

connected to the marker channel testing relays. -

The test conductors of the twenty office
junctors which extend from the secondary dis-
trict switches to the office frame on which the
selected outgoing trunk is located are connected
through to the marker in the following manner.
The district link and connector circuit is pro-
vided with a number of junctor connecting re-
lays the function of which is to connect the test
conductors of the office junctors extending from
the various secondary district switches of a dis-
trict frame to g particular office frame, the frame
containing the selected idle outgoing trunk, to
the marker channel testing relays. It has been
assumed for the purpose of this description that
in the exchange under discussion there are ten
district frames and ten office frames, the office
frames being arranged in five pairs, each pair
consisting of one odd and one even numbered
frame. Outgoing trunk groups to a particular
destination are located on a pair of office frames
so that, in case one frame of the pair should at
any time be in trouble, the other or mate frame
is available for completing the connection. - Since
an outgoing trunk group may be assigned to any
one of the five pairs of office frames, it is neces-
sary that the two hundred office junctors from
each of the ten district frames be’distributed over
the five pairs of office frames, so that any district
junctor. may have access to any outgoing trunk.
In order to establish the connection, under con-
trol of the marker, over any of the aforemen-
tioned two- hundred office junctors extending

‘from any district frame to any of the ten office

frames, it is necessary that each district link and
connector frame be provided with ten junctor
connecting relays; that is to say, each district
link and connector frame must have one junctor
connecting relay for each office frame to which
it has access. For the district link and connector
frame partially shown in Fig. 26, one of these
ten junctor connecting relays, the relay 2610, is
shown,

When relay 6100 of the marker operated fol-
lowing the operation of the trunk selecting relay
6230 as previously described, it completed a cir-
cuit from ground over the right normally closed
contacts of relay 5807, identical contacts of re-
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lay 5908, conductor 6208, right inner make and
break contacts, respectively, of relays 6100 and
6102, conductor 6132, right inner make contact
of the operated office frame relay 7600, conductor
2659 of the district link and connector circuit,
make contact of relay 2626, to battery through
the winding of relay 26i0. Relay 2610 operates
and closes through the test conductors of the
twenty office junctors, including that of junctor
2690, which extend from & left and a right ver-
tical of each of the ten secondary district
switches to a left and a right vertical of each
of the ten primary office switches of office frame
6 upon which the selected outgoing trunk is
located, to the marker channel testing relays.
The circuit for test conductor 2618 of office

. junctor 2690 may be traced from that conductor,

over the right inner make contact of relay 2610,
a make contact of relay 2626, conductor 2661,
cabled conductor 6214, continuation of conductor

- 2661, left inner break contact of channel lock

relay 5830, through the upper winding of chan-
nel test relay 5810, to a previously traced bat-
tery over conductor 5824. It should be noted
that the test conductor 2678 of office junctor
2690 is connected to the winding of secondary
district switch hold magnet 2606 which magnet
is associated with the cross-points 2684 from
which the junctor 2690 extends, as it is over the
circuit just traced from test conductor 2678 to
the left inner armature of channel lock relay
5830 that hold magnet 2606 later operates. The

test conductors of the nineteen other office junc-

tors extending from the secondary district
switches to office frame 0, are also connected to
the marker testing relays over circuits similar
to that just traced between the upper winding
of channel test relay 5810 and test conductor
2618 of junctor 2690. The partial circuits to
three of these other junctor test conductors may
be traced through the upper windings of chan-
nel test relays 5811, 5812 and 5813, over left in-
ner break contacts of channel lock relays 5831,
5832 and 5833, respectively, conductors 2663,
2662 and 2664, respectively, cabled conductor
6214, continuation of conductors 2663, 2662 and
2664, and over make contacts of relays 2626 and
2610 to test conductors of other office junctors

(not shown), which test conductors also connect -

to the hold magnets associated with the ver-
ticals of the secondary district switches from
which these office junctors extend.

Assuming that the selected outgoing trunk
1867 is located on a non-split level of the .sec-
ondary office switch, in which case the non-split
indicating relays 6407 and 6108 are operated as
previously described, the operation of junctor
connecting relay 2610 also closes a circuit from
ground over its left make contact, & make con-
tact of relay 2626, conductor 2654, right inner
make contact of relay 5417, conductor 5420, left
inner make contact of relay 6108, right make
contact of relay 6131 which previously operated
as a check that the test conductors of the office
links are properly connected to the marker chan-
nel testing relays as already sef forth, through
the winding of relay 6134, to a previously traced

 battery on conductor 61038. Relay 6134 operates

. over this circuit and indicates that the junctor

connecting relay 2610 of the district link and
connector circuit has properly operated and con-
nected the test conductors of the office junctors
which extend to the 0 office frame on which the
selected outgoing trunk is located to the marker
channel testing relays. The functions controlled
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by the operation of rélay 6134 will be discussed
hereinafter,

With the foregoing operations, the test con-
ductors of the. three elements of each of the
twenty channels which represent possible paths
over which .connections can be extended from
the - district junctor shown in Fig. 25 to the
selected outgoing trunk 1867 are now connected
to battery through the windings of the twenty
sets of channel testing relays, the district link
test conductors being connected to the lower
windings of relays 5810 to 5813, inclusive, the
office junctor test conductors to the upper wind-
ings of these same relays, and the office link
test conductors to the lower windings of relays
5820 to 5823, inclusive. On any of the afore-

. mentioned links or junctors which are busy, the

hold magnets with which they are associated,
such as the magnet 2601 for district link 2689,
hold magnet 2606 for office junctor 2690, or hold
magnet 7801 for office link 18170, are operated

and the operating ground for these magnets is'

extended over their inner make contacts to the
test conductors of these busy links or junctors,
thereby operating the particular channel test-
ing relays of the marker to which these test
conducters are connected. The operation of
either or both of the channel testing relays
associated with any channel, such as the relays
5810 and 5820, 58{1 and 5821, etc., causes the
marker to pass that channel by during its sub-
sequent.channel selecting operations which will
be discussed hereinafter.

As prev1ously set forth, the groups of outgoing
trunks are located on either non-split or split
levels of the secondary office switches. Where a
trunk group is located on non-split levels, the
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trunks extend across the entire horizontal levels

of the secondary office switches and access to

_any trunk of the group may be had over the en-

tire twenty office links extending from the pri-
mary office switches to the twenty verticals of
the particular secondary office switch on which
the selected trunk is located. However, where the
trunk group is located on split levels of the sec-
ondary office switches, either on the right or-the
left halves of the switches, any trunk of the group
is accessible over but ten of the twenty office links
extending from the primary office switches to that
secondary switch on which the trunk appears,
either over the ten links connecting to the right
verticals or the ten links connecting to the left
verticals'of the secondary switch, depending upon
which half of the secondary switch, the trunk
is located. Since the marker always connects to
the entire twenty office links extending to the
secondary office switch containing the selected
outgoing trunk regardless of whether the trunk
is located on a split or a non-split level, it is heces~
sary; in the case of split levels, that the marker
know that ten of the office links are unavailable
for extending the connection and so will not at-
tempt to. select any channel having as one of its
elements an unavailable office link. . The manner
in which this information is conveyed to the

marker and the subsequent action of that circuit

will now be discussed.

Assuming that the selected outgoing trunk is
located on a split- level of the secondary office
switch, the split level indicating relays 6i05 and
6106 of the marker operate upon the establish-

office frames as previously set forth. In operat-
ing, relay 6105 connects ground over its left cuter
make contact to the left middle armature springs
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of relays 6100 to 6103 inclusive. Upon the selec-
tion of the outgoing trunk one of these latter re-
lays operates and identifies the location of the
trunk, Relay 6100 operates if the trunk is located
in the left half of a secondary switch on an even
office frame, relay 6101 operates for trunks lo-
cated in the left halves of secondary switches on
odd office frames, relay 6102 operates for trunks
in the right halves of secondary switches on even
office frames, and relay 6103 operates for trunks
in the right halves of secondary switches on odd
office frames. Assuming that outgoing trunk 1867
is located on the even office frame 0 and in the
1eft half of the secondary office switch from which

it extends, relay 6100 operates following the oper-.

ation of the trunk selecting relay 6230 as herein-
before set forth. The ground previously traced
from the left outer make contact of relay €105
now extends over the left outer make contact of
relay 6100 to battery through the winding of re-
lay 6i35. Relay 6135 operates and connects

- ground to the upper windings of the ten office

link channel testing relays associated with the ten
channels extending to the right half of the sec-
ondary office switch, these being the ten unavail-
able channels since the trunk is assumed to be lo-
cated in the left half of the secondary switch.
Two of these operating circuits are shown, ex-
tending from ground over the left next-to-outer
and right outer make contacts of relay 61385, ovér
conductors 6136 and 6137 respectively, to the up-
per windings of relays 5821 and 5823 respectively,
and thence to battery. The upper windings of
the eight other office link channel testing relays
(not shown) which are associated with office links
extending to the right half of the secondary office
switch are also grounded over.the eight other
make contacts of relay 6135, over conductors not
shown. The ten office link channel testing relays
associated with the unavailable office links, in-
cluding the relays 5821 and 5823, thereupon oper-
ate and the marker will pass these channels by as
busy during its subsequent channel selecting op-

erations. Since, in the case of trunks located on .

split levels of secondary office switches the split
level indicating relays 6105 and 6106 of the marker

- are operated instead of the non-split level indi-
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cating relays 6107 and 6108, the operating circuit
for check relay 6134 differs slightly from that
previously traced. In this instance the circuit
for relay 6134 is traceable from the previously
traced battery on conductor 6108, through the
winding of relay 6134, right make contact of relay
6131, left outer make contact of relay 6135, con-
ductor 5420, and thence over the previously traced
cireuit to ground over the left make contact of
relay 2610 of the district link and connector
circuit.

Where the selected outgoing trunk is located
in the right half of a split level of & secondary
office switch the ten office links extending to the
left half of that secondary switch are unavailable
for extending the connection to the trunk. In
this case the split. level indicating relays 610§
and 6106 are operated as before, relay 6105 con-
necting ground to the left middle armatures of
relays 6100 to 6103, inclusive. When the trunk
is selected either relay 6102 or 6103 operates, de-
pending upon whether the trunk is located on
the right half of a secondary switch of an even or
an odd office frame. The operation of relay 6102
or 6103 extends the ground on its left middle
armature spring, over its left outer make contact,
conductor 6138, to battery through the winding
of relay 5838 which operates. Relay 5834 is simi-

2,285,808 L

1ar in functions to relay 6138 and connects ground
to the upper windings of the office link channel
testing relays associated with the ten office links
extending to the left half of the secondary office
switch involved, such as the testing relays 5820
and 5822. Relays 5820, §822 and eight similar
relays (not shown) operate and thereby indicate
unavailable channels upon the subsequent chan-
nel selecting operations of the marker. The op-
erating circuit for check relay 6134 again differs
slightly from either of the previously traced ¢ir-
cuits, extending in this case from the previously

_traced- battery on conductor 8109, through the

winding of relay 6134, right make contact of relay
6131, conductor 6022, right outer make contact of
relay 5834, conductor 5420, and thence over the

previously traced circuit to ground over the left

make contact of relay 2610.
Channel testing and selection of idle channel

The test conductors of the three elements of
each of the twenty channels which offer possible
paths from the district junctor to the selected out-
going trunk have been connected to the channel
testing relays of the marker and, as set forth
above, the test relay associated with .any busy
link or junctor, or with any unavailable office
link in the case of trunk groups located on split
secondary office switch levels, operates from the
ground present on the test conductor as herein-
before explained, This is the channel testing op-
eration, and the marker, in making channel se-

lection as will now be described, passes by any
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channel having one or both of the testing relays,” ~

. with which it is associated, operated.

When relay 6000 previously operated it con-
nected battery over its right next-to-inner make
contact, over conductor €024, to energize both
windings of the polarized relay 6139. The circuit
for the left winding of this relay extends from
the battery on conductor 6024, through resistance
6142 and the left winding of the relay, over con-
ductor 5412, to ground over a left make contact
of relay 5400. . The right winding of the relay
is energized in & circuit from battery on con-
ductor 6024, winding of the relay, left break con-
tact of relay 6134, conductor 6007, to ground over
the left next-to-inner make contact of relay 6000,

" The windings of relay 6139 are so connected that

the current in the left winding is in the operat-
ing direction while the current in the right wind-
ing is in the non-operating direction. Due to
the effect of resistance 6142 less current flows in
the left winding than in the right- winding and
the relay therefore, with both windings energized
as just described, remains unoperated. )

As previously stated, relay 6131 operates as a
check that the test conductors of the office junc-
tors and office links are closed through to the
marker channel testing relays, and, in operating,
partly closes the operating circult for relay 6134.
Relay 6134 operates when the test conductors of
the district links are subsequently connected
through to the marker channel testing relays as
previously explained, and since its operation is
dependent upon the previous operation of check
relay 6131, its operation checks that the test
conductors of all of the elements of the channels
1o be tested are properly connected to the marker.
In operating, relay 6138 opens the circuit through
the right winding of relay 6139 and also removes
the shunt around condenser 6140 and resiftance
GlAl. Ij.elay 6139 does not operate immediately
on the ‘current flowing in its left or operating
winding since current continues to flow in its
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right or non-operating winding to charge con-
denser 6140. As the condenser charges however,
the current flow through the right winding of
relay 6139 decreases until a point is reached
where the non-operating force exerted by this
winding no longer overcomes the operating force
exerted by the left winding and relay 6139 there-
upon operates. The purpose of introducing this
delay in the operating time of relay 6139 is to
provide a sufficient interval to allow any of the
channel testing relays to operate, should any of
the links or junctors with which these relays are
associated be busy or otherwise unavailable, be-
fore closing the chicuit which controls channel
selection. .

At the time that the split level indicating re-
lays 6105 and 6106 or the non-split indicating

.relays 6107 and 6108 operated, depending upon

whether the selected outgoing trunk is located on
a split or a non-split level of secondary office
switch, a- circuit was closed for operating relay
This circuit is traceable from battery
through the winding of relay §720, conductor

5721, the left outer make contact of either relay

6106 or 6107, as the case may be, and over con-
ductor 6007 and a left make contact of relay 6000
to ground.. In operating, relay 5720 locked over
its left inner make contact to the ground of con-
ductor 6087, and connected ground over its right
middle make contact, conductor 5722, to the ar-
mature spring of relay 6139, When relay 6139
finally operates, as described above, this ground

is extended over its make contact, conductor .

6143, right make contact of relay 5804, left make
contact of relay 5805, left break contact of relay
5802, to the armature springs of the first of the
channel testing relays 5810. Assuming that the
three elements which compose the first channel,

namely, the district link 2689, the office junctor

2690, and the office link 7810, are all idle and
available, the test relays 5810 and 5820 are there-
fore unoperated and the ground just traced to the
armature springs of relay 5818 extends over the
break contact of that relay and of relay 5820
to battery through the winding of the channel
selecting and locking relay 5830. In operating,
relay 5830 locks over its right inner make con-
tact, right normally closed contacts of the other
channel lock relays, such as the relays 5831 to
5833, inclusive, to a previously traced ground on
conductor 5412. The opening of the right inner
break contact of relay 5830 opens the operating
circuit for relay 5804 which releases and func-
tions as will be described hereinafter.

Had one or more of the elements which com-
poses the first channel described above been busy,
either relay 5810 or 5820, or both, would be op-
erated. Under this condition the ground con-

"nected to the armature spring of relay 5810 upon.

the operation of relay 6139 would extend either
over the make contact of relay 5818, or over the
break contact of that relay and the make con-
tact of relay 5820, depending upon which of these
relays is operated, to the armature springs of

= testing relay 5811 which is associated with the

succeeding channel. If all three elements of the
second channel are idle, the relays 5811 and 5821
are both unoperated and the ground extends over
the break contacts of these relays to the wind-
ing of relay 5831 which operates, locks over its
right inner make contact, and opens the operat-
ing circuit for relay 5804, in the same manner
as described for relay 5830. In the event that
either or both relays 5811 and 5821 are operated
due to one or more elements of the second chan-
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nel being busy, the ground traced to the armature -

springs of relay 811 is further extended over

the chain circuit contacts of the channel testing

relays until the first unoperated pair is encoun-
tered and the associated channel selecting and

locking relay, such as relays 5832 and 5838, there- -

‘upon operates, locks, and releases relay 5804 in

the same manner as described for channel select-
ing relay 5830 or 5831. ‘

Timing for release of hold magnets

Having tested for and selected an idle channel
extending from the calling district junctor to
the selected outgoing trunk, all that remains for
the completion of the connection between these
points is the operation, by the marker, of the
hold magnets on the district and office switches,
the operation of which magnets will effect the
closure of the various cross-points involved.

_ However, a delay is introduced between the com-

pletion of channel selection and closure of the
operation circuits for the hold magnets to allow
sufficient time for the restoring of previously op-
erated cross-points associated with any district
or office switch hold magnet, which magnet may
have started to release just in time to permit the
channel with which it is associated to be selected
by the marker. This prevents the possibility of

closing two sets of cross-points on the same

switch which would occur if a hold magnet were
reenergized before the cross-points which it pre-
viously operated had time to restore. The man-
ner in which this delay is introduced will now
be discussed. :

When relay 6000 previously operated, it con-
nected ‘battery over a right make contact, over
conductor 6025, to the two windings of polarized
relay 5835. The right winding of relay 5835 was
thereupon energized in a circuit from the bat-
tery on conductor 6025, that winding of the relay,
resistance 5836, and over conductor 5411 to

. ground over the right outer make contact of re-

lay 5800, The left winding of relay 5835 was
also energized in a circuit from the battery on
conductor 6025, through that winding, left outer.
make contact of relay 5804, conductor 60071, to
ground over a left make contact of relay 6000.
The windings of relay 5835 are also so connected
that the current in the right winding is in the
operating direction while the current in the left
winding is in the non-operating direction. Due
to the effect of resistance 5836 less current flows
in the right winding than in the left winding and
the relay therefore, with both windings ener-
gized as just described, remains unoperated. -

. As previously stated, the operation of any
channel selecting relay, such as the relays 5830
to 5833, inclusive, opens the' operating circuit
for relay 5804 which thereupon releases. Relay
5804 has fast-releasing characteristics so that it
immediately opens the circuit over which ground
is connected to the armature springs of the
channel testing relays from the make contact of
relay 6139. This is done to prevent, in the case
of the selection of an intermediate channel as

. the first idle one, the possible false operation

of a second channel selecting relay associated
with a preceding channel, should the operated
test relay or relays of any channel preceding the
selected one release due to that channel becom-
ing idle at the critical time. By way of illustra-
tion, let it be assumed that during channel selec-
tion the test relay 5810, associated with the first
channel, is operated due to the district link or
office junctor whose test conductors are con-
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72
nected through to the windings of relay 5810
being busy. Assume further that the test relays
5811 and 582f which are associated with the
second channel are unoperated, thereby signify-
ing that the three elements composing this chan-
nel are idle. Under this condition the ground
over the make contact of relay 6139, over con-
ductor 6143, right make contact of relay 5804,
left make contact of relay 5805, and left bréak
10 contact of relay 5802, to the armature springs of
relay 5818 would extend over the make contact

of that relay and the break contacts of relays
5811 and 5821 to battery through the winding of
relay 5831 which would operate and select the

15 second channel for use in extending the con-
nection. Relay 5831 would lock and open the
operating circuit for relay 5804; the release of
which would immediately remove the ground

- from the armature springs of relay 5810 so that,
‘20 even though relay 5810 should now release due
to the busy district link or office junctor which
caused its operation becoming idle,

[~

first channel could not operate falsely.

28 'The aforementioned release of relay 5804 also
opens .the operating circuit for relay 58085, opens
the circuit through the left or non-operating
winding of relay 5835, and opens the shunt
around condenser 5837 and resistance $838. Re-’

80 lay 5805 does not release at this time as it is held
operated in a circuit over the break contact of
relay 9835, conductor 5839, to ground over the
make contact of relay 6134. Relay 5835 does not
operate immediately on the current flowing in its

85, right or operating winding upon the opening of

the energizing circuit for its left winding since
current continues to flow in its left or non-
operating winding to charge condenser 5837. As
~ condenser 5837 charges, however, the current

40 flow in the left winding of relay 5835 decreases

- until a point is reached where the non-operating
force exerted by that winding is no longer sufi-
cient to overcome the operating force exerted by
the right winding and relay 5835 thereupon op-

43 rates and opens the holding circuit for relay 5805

" which releases. This delay in the operating time
of relay 5835 is of sufficient length to ensure the
complete release of any district or office switch
hold magnet and the restoring of the previously

80 operated cross-points controlled by that magnet,
before the marker closes the operating circuits
for the hold magnets involved in the connection
being estabhshed

Aclion of marker where double connection test
failed

As discussed earlier under “Double connection
test” the marker, following the selection of an
idle outgoing trunk, tests the sleeve or test con-

60 ductor of that trunk to determine whether or

not another marker or a selector in a panel type

. office to which the trunk may be common has

simultaneously selected the same trunk. In the

event that such a simultaneous connection has

88 occurred, relay 6011 remained operated and, with

relay 60(0 operated, completed the operating cir-

cuit for relay 6014 which, after operating, locked

to a ground on conductor 54(1. From that point

on the marker continues to function in the nor-

‘70 mal manner outlined hereinbefore, up to and

including the timing for the release of hold mag-

nets at the conclusion of channel selectlon as just
previously discussed.

Now, with relay 6014 locked operated the re-

T8 lease of relay 5803 just noted above under “Tim-

channel .
selecting relay 5830 which Is associated with the.

2,285,808

ing for release of hold magnets” completes g cir-
cuit for transmitting a trouble release signal to
the sender. This circuit is traceable from
ground over the right inner make contact of re-
lay §404, conductor 5430, right break contact of 5
relay 5303, right outer break contact of relay -
5308, conductor 8324, break contact of relay 8015,
left outer make contact of relay 6814, conductor
8043, right inner break contact of relay 58035,
conductor 5134, left outer make contact of relay 10

5403, conductor 5428, break contact of relay Ti2l,

conductor 7122, left break contact of relay 5826,
conductor 5825, left inner break contact of relay
5413, conductor 5427, right outer break contact
of relay 85801, over conductor 2644 extending to- 15
wards the district link and connector circuit,
make contacts of relays 2628 and 2624 of that
circuit, conductor 25i0 to the district junctor,
lower msake contact 2818 of relay 2521 of that
circuit, conductor 2626 to the sender link, a con- gg
tact of the operated primary sender link cross-
points, link conductor 205(, a contact of the op-
erated secondary link cross-points, and over con-
ductor 2488 to the sender. The sender, in re-
sponse to this trouble release ground on conduc- 25
tor 2455, causes connections to be established to
another marker for a second trial to complete the.
connection, functioning in the manner fully out-
lined hereinafter in the description of call {—f
under the caption “Action of sender—Call —.” 39
At the same time that the first marker trans-
mits the aforementioned trouble release signal
to the sender it also energizes its own relay 5415
in a circuit traceable from battery through the
winding of that relay, over conductor 5734, right 35
inner break contact of relay 5808, conductor 6048,
and thence over the circuit traced above in con-
nection with the trouble release signal, to the
ground supplied over the right inner make con-
tact of relay 5404, , 40
Relay 5413 has slow-operating characteristics
and when it finally operates, after an interval
sufficiently long to insure the operation of the
relay in the sender which is operated by the
trouble release ground, it operates the marker 45

-release relay 8300 in a circuit traceable from

battery through the winding of that relay, over
conductor 3318, left make contact of relay 5709,
conductor 5738, to ground over the right make
contact of relay 54(5. Relay 5709 previously op-~ 50
erated in a circuit from battery through its wind-
ing, over conductor 5738, right inner break con-
tact of relay 600{, conductor 5489, to ground over -
the make contact of relay 5806, this latter relay
having operated over conductor 5410 at the fime 58
that relay 5400 operated. From the point of the
operation of relay 5300, the release of the marker

is effected in the manner identical with that fully
described hereinafter under “Release of marker”
following the completion of the marker’s regu- g
lar functions in connection with call 1.

Operation of hold magnets and closure of cross-
points on district and office switches

When relay 6000 previously operated it closed 68
circuits for energizing both windings of the po-
larized relays 35807, 5808 and 5808. The circuit
for relay 8887 is traceable from battery over the
right outer make contact of relay 6000, conduc-
tor 8026, both windings of relay 5807 in series, 70
conductor 5841, to ground over the left outer
make contact of relay $§800. The circuit for relay
5808 is traceable from battery on conductor
6026, both windings of the relay in serles, over
conductor §842, to ground over a left make con- 8
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tact of relay 6000. The circuit for relay 5808 is
traceable from the battery on conductor 6028,
both windings of the relay in series, over con-
ductor 5843 to ground over the left middle make
contact of relay 6000. The windings of relays

. 8807, 5808 and 5809 are so connected that they

oppose each other, the left windings exerting a

force in the non-operating direction while the

right windings exert a force in the operating di-
rection. The left windings are so wound that
they exert a greater force than do the right
windings and these relays therefore, with both
windings energized in series as just described,
remain unoperated up to this point of operation.

When relay 5835 finally operates upon the
completion of channel selection as described
above, it opens the holding circuit for relay 5805
which thereupon releases and closes the circuits
over which the district and office switch hold
magnets operate as will now be described. :In
releasing, relay 5805 completes a circuit from the
junction of the two windings of relay 5807, over
conductor 5840, left make contact of relay 600f,

the left outer break contact of relay 6018, con-

ductor 6027, right inner break contact of relay

5365, conductor 53i4, right outer break contact’

of relay 5805, left outer make contact of relay
5830, conductor 2855, cabled conductor 6214, con-
tinuation of conductor 2655 to the district link
and connector circuit, and over a previously
traced circuit to battery through the winding of
the primary district switch hold magnet 260¢.
If unoperated, which it should be up to this time,
hold magnet 2601 now operates in series with
the right or operating winding of relay 5807.
The battery through the winding of magnet 2601
shunts the left or non-operating winding of relay
5801, reducing the current flow in that winding,
and also increases the current flow in the right
operating winding of the relay, thereby causing
relay 5807 to operate. Select magnet 2600 hav-
ing previously operated, the operation of hold
magnet 2601 causes cross-point contacts 2683 on
the primary district switch to close and extend
the connection from the district junctor, over
district link 2689, to cross-point contacts 2684
of the secondary district switch.

The release of relay 5805 also closes the oper-
ating circuit for the secondary office switch hold
magnet 7889. This circuit is traceable from the
junction of the two windings of relay 5808, over
conductor 5844, left outer break contact of relay
6013, break contact of relay 6014, left break con-
tact of relay 6011, conductor 6028, left outer
break contact of relay 5305, conductor 5315, left
break contact of relay 5805, right outer make
contact of relay 5830, conductor 1114 to the office
link and connector circuit, and over a previously
traced circuit to battery through the winding of
hold magnet- 7869. If unoperated, which it
should be, hold magnet 78689 now operates in

serles with the right operating winding of relay -

5808. The battery through the winding of mag-
net 1869 shunts the left non-operating winding
of relay 5808 and increases the current flow in
the right operating winding thereby causing re-
lay 5808 to operate. Select magnet 1868 having
previously operated, the operation of hold mag-
net 1869 causes cross-point contacts 7853 to 7856,
inclusive, to close, thereby connecting office link
1870 to the outgoing trunk 1867.

When relay 5400 previously operated, its con-
nection of off-normal ground to conductor 541
operated relays 6029 and 6030 in a circnit from
battery through the windings of these relays in

parallel, over the right inner break contact of
relay 6013, left outer break contact of relay 6001
which had not yet operated at that time, to the
ground on conductor 54{f. When relay 6001
subsequently operated, relays 6029 and 6030 re-
mained locked in a circuit traceable from their
windings in parallel, over the right make contacts
of relay 6030, conductors 603! and 6032, break
contacts of the then unoperated relays 5808 and
5807 respectively, conductors 5845 and 5846 re-
spectively, left make contacts of relay 6030, to
the ground previously traced on conductor 5411.

When relays 5807 and 5808 operate in series.

with the primary district switch and secondary
office switch hold magnets respectively, as previ-
ously described, the aforementioned locking cir-
cuits for relays 6029 and 6030 are opened and
these latter relays thereupon release. The re-
lease of relay 6029 closes the operating circuit for
the secondary district switch and primary. office
switch hold magnets. This circuit may be traced
from ground over the right outer make contact
of relay 6002, break-after-make contact of relay
6018, to conductor 6033, in parallel with ground
over the left outer make contact of relay 6002,
left break-after-make contact of relay 6013, to
conductor 6033. This parallel ground extends
over conductor 6033, to the junction of the wind-
ings of relay 5809, and also, over the right break
contact of relay 5421, conductor 5422, right in-
ner break contact of relay 6029, conductor 6034,
left inner make contact of relay 5830, conductor
2661, cable conductor 6214, continuation of con-
ductor 2661 to the district link and connector cir-
cuit, make contacts of relays 2626 and 2610, to
test conductor 2678 of office junctor 2690, and
thence to battery through the windings of the

.secondary district switch hold magnet 2606 and

the primary office switch hold magnet 7801 in
parallel, thereby causing both of these hold mag-
nets to operate. Select magnet 2607 having pre-
viously operated, ‘the operation of hold magnet
2606 effects the closure of the secondary district
switch cross-point contacts 2684 which extend
the connection from the district link 2689, over
the office junctor 2690, to the primary office
switch. Select magnet 7800 having préeviously
operated, the operation of hold magnet 7801 ef-
fects the closure of -the primary office switch
cross-point contacts 7848 to 1850, inclusive, the
closure of which further extends the connection
over the office link 7870 to the secondary office
switch. The primary district switch and second-
ary office switch cross-points having previously
operated, the connection from the district junc-
tor shown in Fig. 25 is now complete, extending
from that circuit, over district link 2689, office
junctor 2690 and office link 7870, to the selected
outgoing trunk 7867. o

The direct ground just traced to conductor
2618 of office junctor 2680 for operating hold
magnets 2606 and 1801 is extended, by the opera-
tion of these magnets, over the lower contacts
of the associated cross-points, to test conductor
26172 of the district link 2689 and test conductor
7841 of office link 7870, thereby locking the pri-
mary district switch hold magnet 2601 and the
secondary office switch hold magnet 7869, both of
which originally operated in series with the righy
operating windings of relays 5807 and 5808, re-
spectively. . This short-circuits the operating
windings of relays 5807 and 5808 and these relays
thereupon both release due to the effect of the
current flowing in their left non-operating wind-
ings. The release of relay 5808 closes the operat-
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ing -circutt for relay 6013." This circuit may be
traced from battery through the winding of re-
Jay 6013 over the left outer break contact of relay
6030, conductor 5845, break contact of relay 8808,
conductor 6031, right inner break contact of re-
lay 6030, conductor 5806, upper middle make con-
tact of relay 6238, conductor 1118 to the office
jink and connector circuit, make contacts of re-

lays 7817 and 7814, test conductor 1839 of trunk.
1867, cross-point contact 1853 of the secondary

office switch, to the previously traced ground
which is holding magnet 1869 operated. The
function of relay 6013 will be disciuissed later.
The release of relay 5807 closes the operatfing cir-
cuit for relay 6018. The circuit for this latter re-
lay extends over contacts of the various relays
which set up the charge conditions in the district
junctor for the purpose of checking that a proper
combination of these relays is operated before al-
lowing the establishment of the connection to
proceed. It will be necessary, therefore, at this
point, to discuss the operation of those charge
control relays operated on the call under discus-

_sion before tracing the operating circuit for relay

6018.

As hereinbefore set forth, it is assumed that the
call under discussion, call I, is initiated by a
subseriber served by an individual message rate
line. In exchanges where some of the lines
served are two-party message rate lines, as Is the
case in this disclosure, the sender .informs the
marker when the tip party of a two-party line is
jnitiating a call by causing the operation of the
marker tip party recording relay 5119 in the man-
ner which will be described later in connection
with another call. Relay 5119, if operating, in
turn. operates the tip party check relay 5124, On
calls over all lines other than tip party lines, the
sender does not cause the operation of relay 5{18.
In the case of call 1, therefore, since it is initiated
by an individual message rate subscriber, relay
5119 remains unoperated upon the establishment
of connections between the sender and the
marker. - Upon the subsequent operation of relay
5400, relay 57125 cperates in a circuit from bat-
tery through its winding, over the right outer

break contact of relay 5724, conductor 5121, break

contact of relay 5119, left inner break contact of
relay 5108, conductor 5139, right inner break con-
tact of relay 5404, conductor 5123, to ground over
the right middle make contact of relay 5400. Re-
lay 5725 is a check relay for all calls other than
those made over tip party lines and, in operating,
locks over its left inner make contact, conductor
5128, right outer break contact of relay 5404, to
ground over the right next-to-outer make contact
of relay 5400, and closes, in part, the operating
circuit for relay 6018, this path being so extended
over the contacts of relays 5723, 5724 and 5725
that the tip party relay 5124 or the non-tip party
relay 5125, one or the other must he operated but
not both, and when relay 57124 is operated so must
also be relay 57123, or when relay 5125 is operated
relay 5723 must be unoperated. This arrange-
ment prevents the possibility of charging the
wrong subscriber of a two-party message rate line
since any condition of the charge control relays
other than those just described prevents the sub-
sequent operation of relay 6018 and the call would
thereupon be blocked, the marker timing out and
giving a trouble release indication to the sender as
will be set forth later.

As previously described, the falking charge re-
lay 5600 operated in series with route relay 7300
and thereby indicated that the subscriber was to

3,235,803

‘be charged for the call. In operating, reiay 5608
closed the operating circuit for relay 5681, this
circuit being traceable from ground over the right
next-to-outer make contact of relay 5480, right
next-to-outer break contact of relay 5404, con-
ductor 5423, left outer break contact of relay 5108,
conductor 5143, make contact of relay 5600, wind-
ing of relay 8681, conductor 5620, to battery
through the winding of the marginal trouble de-
tecting relay 571{4. Relay B60( operates but re-
lay 5714, under normal conditions, does not re-
ceive sufficient current to operate. Relay 5114
supplies battery through its winding not only to
the winding of the talking charge control relay
5601 but also to the varlous other charge control
relays of the marker which will be discussed later.
Should more than one of the charge control re-
lays operate simultaneously due to some trouble
condition, relay 5714 would receive sufficient cur-
rent to operate and, in operating, would connect
ground to conductor 5603 to operate relay 5305
for the purpose of blocking the call and causing
the marker to transmit a trouble release indica-
tion to the sender as will be described later. Re-
lay 5601, operating as above, locks over its left
inner make contact to the previously traced
ground on conductor 5728, and prepares, in part,
the circuit for operating the talking charge relay
of the district junctor as set forth directly here-
inafter.

When relays 2624 and 2626 of the district link
and connector circuit operate and establish con-
nections between the district junctor and the
marker as hereinbefore described, the talking
charge relay 2518 of the district junctor operates
in a circuit from battery through 1ts winding,
upper inner break contact of relay 2529, make
contact 2517 of relay 2521, conductor 2545, make
contacts of relays 2624 and 2626, conductor 2643,
right break contact of relay 5623, right make
contact of relay 5601, conductor 5624, break con-
tact of relay 6036, to ground over the left inner
make contact of relay 6029 which is still operated
at that time. The function of relay 2518 of the
district junctor will be discussed later. As here-
inbefore described, following the selection of the
outgoing trunk, the marker caused the operation
of relay 3107 of the sender, after which direct
connections between the sender and the marker
were broken by the release of the marker con-
nector circuit. The operation of sender relay

3107 closes the locking circuit for relay 2518.

This circuit is traceable from ground over the. left
outer make contact of relay 3107, conductor 2937,
left inner break contact of relay 3100, conductor
2454, lower make contact of the operated cross-
points of the secondary and the primary sender
link switches, conductor 2750, lower inner break
contact of relay 2520, lower break contact of relay
2536, conductor 2571, lower inner break contact
.of hold magnet 2805 of the zone registration and
control circuit, conductor 25710, and over the upper
inner make contact and winding of relay 2518, to
battery. When relay 6029 of the marker releases
after channel selection has been made as previ-
ously described, the locking ground just traced to
the winding of relay 2578 of the district junctor
extends back over a circuit from that winding,
upper inner break contact of relay 2529, make
contact 2517 of relay 2521, conductor 2515, make
contacts of relays 2624 and 2626, conductor 2643,
right break contact of relay 5623; right make con-
tact of relay 56081, conductor 5624, break contact
of relay 6036, left inner break contact of relay
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winding of relay 8618. Rélay 8618 operates as a
check that the talking charge relay of the district
junctor is properly operated and locked.

With the charge control and check relays 5600,
5601, 5618 and 5725 operated as set forth above,
the operating circuit for relay 6018 is closed upon
the subsequent release of relay 5807 as previously
stated. This circuit is traceable from battery
through the winding of relay 6018, left inner

break contact of relay 8030, conductor 5846, break .

contact of relay §807, conductor 6032, right outer
break contact of relay 6030, conductor 6035,
break contact of relay 5723, right middle break
contact of relay 5724, right make contact of re-
lay 5725, conductor 8726, left break contact of

relay $615, make contact of relay 5618, right break.

contact of relay 5619, conductor 2649 to the dis-
trict link and connector circuit, make contacts of
relays 2626 and 2624 of that circuit, conductor
2519, upper outer make contact of relay 2521 of
the district junctor, conductor 2518, inner make
contact of the operated primary district switch
cross-points 2683, to the . previously traced
ground which is holding hold magnet 2601
operated. )

The operation of relays 6013 and. 6018 remove,
over their break-after-make contacts, the
grounds connecting over conductor 6033 to the
junction of the windings of relay 5809 and to the

windings of hold magnets 2601 and 2606 of the -

primary and secondary district switches and hold
magnets 7801 and 1889 of the primary and sec-
ondary office switches, and connect these same
grounds, over their make-before-break contacts
and conductors 5844 and 58490, to the junction of
the windings of relay 5808 and relay 5807 re-
spectively, thereby holding these latter relays in
their unoperated position. Assuming that these
aforementioned hold magnets are not operated by
some false ground due to a trouble condition, they
remain locked, upon the removal of their legiti-
mate operating ground by the operation of relays
6013 and 6018, in a circuit through the right op-
erating winding of relay 5809 to a previously
traced ground on conductor 5843. Relay 5809
thercupon operates due to the current flow in its
right winding and the decrease in current flow in
its left non-operating winding. The function of
relay 5809 will be discussed subsequently,

Upon the previous release of relay 6029 a cir-
cuit was completed from battery through the
winding of relay 5841, over conductor 5848, right
outer break contact of relay 6029, conductor 2645,
make contacts of relays 2626 and 2624 of the dis-
trict link and connector circuit, conductor 2508,
lower inner make contact of relay 2521 of the dis-
trict junctor, upper inner break contact of relay
2536, conductor 2524, make contacts of the cross-
points of the secondary and primary line link
switches, to ground through the winding of mes-
sage register 1002 which is associated with the
calling subscriber station 1800. Station 1000 in
this instance is assumed to be an individual mes-
sage rate station, the second subscriber station
1001 and its associated register 1003 not being
connected as shown, in thiscase. Relay 5847 op-
erates .in this circuit but the resistance of its
winding is sufficiently high that register (002 does
not receive enough current to operate. In op-

erating, relay 5847 locks over its right inner make

contact to a previously traced ground on con-
ductor 5419, and opens one of the three previously
traced circuits over which the relays 6001 and
6002 are being held operated. The aforemen-

tioned operation of relay $018 opens, over its right

75

break contact, the second of the three holding
circuits for relays 8001 and 6002,

Relay 5809, by its operation as set forth above,
checks three separate items as follows: first, that
the primary.and secondary district and office
switch hold magnets are not operated -by some
false ground since, in that event, the right op-
erating winding of the relay would remain short-~
circuited upon the operation of relays 6013 and
6018; secondly, that these hold magnets are not
only properly operated and locked but that they
have also effected the closure of their associated
cross-points since relays 6013 and 6018 could not

"have operated -unless each of ‘the four sets of
cross-points had. been closed; and finally, since
the operating circuit for relay 6018 extends over

cvontacts of the charge control relays, the opera-
tion of relay 5809, being dependent upon the pre-
vious operation of relay 6018, also checks that a
proper combination of charge control relays has
been operated as hereinbefore set forth. In op-
erating, relay 5809 opens the last of the three
holding circuits for relays 6004 and 6002 both
of which thereupon release. The release of relay
6002 removes the ground from the Jjunction of the
windings of relays 5807 and 5808, these relays re-
maining unoperated, however, since the- windings
of each are energized in series over previously
traced circuits and the force exerted by their left
or non-operating windings .predominates. The
release of relay 6002 also opens the holding cir-
cuit previously traced from a ground on con-
ductor 6021 and over conductor 2646 to relay 2624
of the district link and connector circuit, relay

" 2521 of the district junctor, and relay 2913 of the

sender, and these relays thereupon release. In
releasing, relay 2621 closes a holding circuit for
the operated hold magnets involved in the con-
nection, thereby placing these magnets under
direct control of the district junctor circuit. This
circuit is traceable from ground over the upper
inner make contact of the pbreviously operated
relay 2522, upper outer break contact of relay
2521, conductor 2518, lower contact of cross-
points 2683 of the primary district switch, to bat-
tery through the winding of hold magnet 260( of
that switch. This ground extends further, over
conductor 2872 of the district link 2688, lower
contact of cross-points 2684, conductor 2678 of
the office junctor 2690, lower contact 1848 of the
primary office switch, cohductor 7841 of office
link 7870, and lower contact 1853 of the second-
ary office switch, thus locking hold magnets 2606,
1801 and 1869. This direct ground extends back
into the marker from conductor 2678 and over a
previously traced circuit to the junction of the
windings-of relay 5809 thereby short-circuiting
the right or operating winding of that relay. Re-
lay 5809 thereupon releases due to the current
flowing in its left non-operating winding and, by
its release, indicates that the district junctor has
properly taken control of the hold magnets asso-
ciated with the operated cross-points over which
the connection is extended to the selected out-
outgoing trunk, : .
When. the secondary office switch hold magnet
1869 operated and closed its associated cross-
point contacts as previously described, ground
was connected over contact 1854 to test con-

ductor 7838 of the selected outgoing trunk 7867

as ‘a busy condition. This ground supplements
the busy ground already connected to that test
conductor over a previously traced circuit ex-
tending from the right outer break contact of
relay 6013. Upon the subsequent operation of
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relay 6013 the initial ground is removed from
test conductor 1838, Battery through the wind-
ing of relay 6038, over the right make contact
of relay 6013 and over a previously traced cir-
cuit, is now connected to the outgoing trunk test
conductor.. Provided that this conductor is still
grounded by the supplementary ground over con-
tact 7854 of the secondary office switch cross-
points, relay 6038 now operates and indicates

that the busy condition on trunk 1867 is being *

properly maintained. The connection from the
district junctor shown in Fig. 25 to the selected

outgoing trunk 1867 having been established and

the operation of the hold magnets and associ-
ated cross-point contacts involved having been
checked, as well as the proper busy indication
on the trunk test conductor, the marker has
thereby completed its normal functions in con-
nection with the completion of the call and is
now ready to reléase in the manner set forth
immediately hereinafter.

Release of marker.

With relays 5809 and 6002 released and relay

6039 operated, a circuit is closed for operating
relay 5300. This circuit is traceable from bat-
tery through the winding of that relay, right
pbreak contact of relay 5318, right next-to-outer
break contact of relay 5305, conductor 5317,
make contact of relay 6039, right outer break
contact of relay 6002, conductor 6020, break con-
tact of relay 5808, conductor 68i4, right inner
break contact of relay 6002, conductor 6021, right
next-to-inner make contact of relay 5447, con-
ductor 5515, left break contact of relay 5509,
right inner break contact of relay 5507, con-
ductor 5134, right outer break contact,of relay
5110, left inner break contact of relay §107,
conductor 5436, break contact of relay 5415, con-
ductor 2635, to ground over a make contact
of relay 2626 of the district link and connector
circuit. The operation of relay 5300 transfers
the ground from conductors 8301 and 5304 to
conductor 5319. Relay 5300 thereupon looks over
make contacts of the particular district frame,
trunk level, trunk group start, and trunk group
end relays which are operated for the connec-
tion just established, and also locks over a make
contact of the operated message register relay
§847. These parallel locking circuits for relay
5300 may be traced from battery through the
winding of that relay, conductor 5316, over the
next-to-inner make contact of district frame
relay 5002, to the ground on conductor 5318;
from conductor 5316, over the left inner make
contact of the trunk level relay 5610, to ‘ground
on conductor 5319; from conductor 5316, over

the lower outer make contacts of the trunk group’

start relay 6210 and the trunk group end relay
6313 in paraliel, to ground on conductor 5319;
and from conductor 5316, over the leit make
contact of relay 58471, to ground on conductor
5319. The purpose of locking relay 5300 under
control of the relays just mentioned is to insure
that these relays subsequently release before
5300 does. This sequence of operation is required
since relay 5300, when it releases, releases the
marker as will be described shortly, and in so
doing permits a second call which may. have
advanced through the decoder stage of this
marker, to proceed into the marker stage with
the subsequent operation of a district {frame and
a route relay, the latter relay in turn operating
a trunk level, & trunk group start, and a trunk
group end reiay, which relays may be the same
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as those operated for the first call, or which
may be different relays, depending upon the
destination of the second call. It is therefore
necessary that the district frame, trunk level,
trunk group start, trunk group eng, and any
other relays operated specifically in connection
with the first cali, be released before allowing a
second call to advance into the marker stage
of the connection. :

The removal of ground from conductor 530{
by the operation of relay 5300 opens the locking
circuits for relays 5408, 5403 and 6008, all of
which release. The removal of ground from
conductor 530( also releases relay 5417, this
Jatter relay having locked, upon the previous
release of relay 6802, over its left inner make
contact and the left outer make contact of relay
5409 to the ground on that conductor. The
removal of ground from conductor 5304 releases
relay §(08. The release of relay 5400 opens the
locking circuit for relay 5002 which in turn opens
the start conductor 2642 to the district link
and connector circuit thereby releasing relay
2619 of that circuit. ‘The release of relay 2618
releases relay 2626 thereby opening the connec-
tions between the district juncfor and the
marker. The primary district switch select mag-
net 2600 released upon the removal of ground
from conductor 2504 by the aforementioned re-

“lease of relay 2521 of the district junctor. The

secondary district switch select magnet 2607 re-
leased upon the previous release of relay 2624.
The release of relay 2626 releases relay 2610.
The district link and connector circuit is thereby
made available for another call, the primary
and secondary switch hold magnets 2601 and
2606 being held operated as previously set forth
and thereby maintaining the closure of their
respective cross-points 2683 and 2684,

. The release of relay 5400 also opens the cir-

"cuit to the winding of the marker office frame

relay 7600 which thereupon releases. When
route relay 7300 previously released and opened
the original operating. circuit for relay 7823 of
the office link and connector circuit this latter
relay remained locked in a circuit from ground
over its lower inner make contact and through

" its winding, over a break contact of relay 71819,

conductor 1135, left middle make contact of re-
lay 7600, conductor 1604, left next-to-outer make
contact of relay 5411, conductor 5614, right
break contact of relay 5509, right middle break
contact of relay 5561, conductor 5402, left mid-
dle make contact of relay 5400, to battery
through resistance 5401. The release of relays
5400, 5417 and 7600 opens this circuit and relay
7823 thereupon releases. The release of relay
1823 releases relay 1818 of office frame 0 and a
corresponding relay on office frame f. The re-
lease of relays 5400 and 6000 opens the holding
ground and battery from the trunk lock relay
6230 which releases. The release of relay 6230

_opens the circuit for relay 1810 of office frame

0 causing that relay to release and in turn open
the circuits for select magnets 1800 and the cor-
responding level select magnets on each of the
nine other primary office switches and these
magnets thereupon release. The operated hold
magnet 7804 however holds the primary switch
cross-point contacts 1848 to 7850 inclusive op-
erated. The release of relay 5400 also opens the
circuit for relay 1817 of office frame 0, the cor-
responding relay (not shown) of office frame |
having previously released as already set forth.
The operated trunk level relay 5610 of the mark-
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er, which locked upon the release of route relay
1300 in a circuit over its right inner make con-

‘tact, over conductor 5419 and a left make con-

tact of relay 5417 to a previously traced ground
on conductor 5304, releases when this locking
circuit is broken by the operation of relay 5300
and the release of relay 54171. The release of
relay 5610 removes ground from conductors 1729

- and 7154 thereby releasing relays 1814 and 7815

of office frame 0 and the corresponding relays
(not shown) of office frame f. The release of
relay 1814 opens the operating circuit for relay
1813 which releases and in turn releases select
magnet 7868 and the corresponding level select
magnets on each of the nine otheg secondary
switches of office frame 0.. The secondary office
switch cross-points 7853 to 7856 inclusive, re-
main operated under control of the operated
hold magnet 7869. The release of the afore-
mentioned relays and select magnets makes
available for another call the office link and con-
nector circuits of office frames 0 and |I.

Relays 6105 and 6106 or 6107 and 6108, as the
case may be, together with relays 6013, 6039 and
6131 release when the office link and connector
circuits restore. Relay 5602 released when the
transmitting relays of the marker previously re-
leased. Relays 6018 and 6134 released when
the district link and connector circuit restored.
The release of relay 6000 releases relays 5835
and 6139. The release of relay 5460 also releases
relays 5601 and 6100, relay 5600 having previ-
ously released- when route relay 7300 released.
The release of relay 5601 releases relay 5404,
this latter relay having previously locked over
its left inner make contact and over conductor
5424 to ground over the left outer make con-
tact of relay 5601. The operation of relay 5300
and the release of relay 5417 open the locking
circuits for relays 5847, 6210 and 6313 thereby
allowing these relays to release. Relays 5002
and 5601 having also released, all of the parallel
circuits over which relay 5300 was- being held
operated are now open and relay 5300 therefore
releases.

The previous release of relay 5400 opehs the
operating circuit. for the slow-releasing relay
5306 which, after an interval, releases and re-
moves ground from conductor 5409 thereby re-
leasing relay 6006. The release of relay 6006
removes direct battery from the windings of the
various relays which connect to test and con-

trol conductors extending from the marker to,

the district and office frames, and substitutes
for this direct battery a battery supplied through
the windings of several trouble detecting relays,
the function of which is to check for false
grounds on these aforementioned test and con-
trol conductors when the marker is in its nor-
mal or restored condition. The purpose of the
delay introduced by the slow-releasing relay
5306, as well as the manner in which the afore-
said conductors are checked for false ‘grounds,
will be described hereinafter. The release of
relays 5300, 5306 and 6006, which were the last

‘remaining operated relays, restore the marker

to normal if that cireuit has not already been
reseized in connection with a second call.

As already described, while the marker is en-
gaged in completing one call it may be seized
by another sender for a second call after it has
finished its decoding operations on the first call.

This second call may progress through the de--

coding stage of the marker up to and including
the operation of the route relay for this second
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call. Under this condition relay 5106 -is again
operated upon the release of relays 5100 and
5102 and the operation of relay 5104 in connec-
tion with the second call, these relays function-
ing in the manner identical with that described
for call I. Upon the release of relay 5300 at
the completion of the marker’s functions in con-
nection with the first call as outlined above, its
connection of ground to conductor 5301, with
relay 5106 operated, a~ain completes the operat-
ing circuit for relays 5400 and 6000 and the
second call thereupon advances into the marker
stage and is completed in a manner similar to
that described for call {. Also, under this con-
dition of overlapping operation, relay 6006 will
not release since slow-releasing relay 5306,
which controls it, will hold up over the interval
from the release of relay 5400 upon the comple-
tion of the first call until this latter relay re-
operates in connection with the second call and
again closes the circuit for energizing relay 5306.

‘Checkz‘ng for false grounds on test and control

conductors when marker is normal

When the marker is normal and all of its re-
lays released, battery through the windings of
trouble detecting relays 6040, 6041 and 6042 is
connected over break contacts of relay 6006 to
the test and control conductors which, when the
marker is in use, extend into the district and
office frame circuits. During the release of the
marker, the release of relay 6006 is delayed by
the slow-releasing characteristics of relay 5306
as previously stated. The reason for this delay

.is to insure that the district link and connector

and the office link and connector circuits have

- sufficient time. to restore to normal and break
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the connections between themselves and the .

marker before connecting the trouble detecting
relays to the conductors extending to these cir-
cuits, thus preventing a. possible false indication
of trouble on these conductors. The conductors
protected by the aforementioned trouble detect-
ing relays and the manner in which these re-
lays are connected thereto is set forth directly
hereinafter. ‘

Battery through the right winding of -{rouble
detecting relay 6040 connects over the left middle
break contact of relay 6006 and conductor 6109

‘as follows: To the windings of the split trunk

level indicating relays 6105 and 6106, the other
ends of which windings are connected to the split
level indicating conductors 7126 and 71752 re-
spectively, extending towards the office frames; to
the windings of the non-split level indicating re-

lays 6107 and 6108, the other ends of which are

connected to the non-split level indicating con-
ductors 71125 and 71151 respectively, extending
towards the office frames; to the winding of the
office frame check relay 6131, the other end of
which is connected to check conductor TTif ex-

tending towards the office frame; and to the wind--

ing of the district frame check relay 6134, the
other end of which connects over conductor 6148
to the right contact of relay 6131. The battery
through the right winding of relay 6040 also ex-
tends over the right next-to-inner break contact
of relay 6006 to checking conductor 2635 which

. also extends towards the district frame. Baittery.

through the right winding of trouble detecting re-
lay 6041 connects over the right inner and right
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next-to-outer break contacts of relay 6006 and )

over conductor 6205 to the windings of the trunk
relays 6200 to 6203 inclusive, and 6300 and 6303
inclusive, Battery through the right winding of
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trouble detecting relay 6042 connects over the
jeft inner break contact of relay 6006 and over
conductor 5824 to both windings of all of the
channel test relays, such as relays 5810 to 5813
inclusive, and 5820 to §823 inclusive, the other
ends of the windings of relays 5810 to 5813 in-
clusive, connecting over left break contacts of re-
lays 5830 to 5833 inclusive, respectively, to test
conductors 2655 to 2658 inclusive, and 2661 to
2664 inclusive, extending towards the district
frame, while the other ends of the lower windings
of relays 5820 to 5823 inclusive, connect over
right break contacts of relays 5830 to 5833 In-
clusive, respectively, to test.conductors 1714 to
1111 inclusive, which extend towards the office
frames.

With the marker normal, the presence of a
trouble ground on any of the aforementioned con-
ductors operates the associated trouble detecting
relay 6040, 6041 or 6042, as the case may be,
through the right winding of the relay. Any of
these relays, if operating, Jock through their left
windings over their left make contacts, conductor
6017, to ground over the right outer break con-
tact of relay 5413 and connect ground over their
right make contacts to conductor 5603 thereby
operating the trouble relay 5305. In operating,
relay 5305 connects ground over its right inner
make contact to conductor 4833 which extends
over the left break contact of relay 4821 to bat-
tery through the winding of the marker con-
nector-busy relay 4815 of the marker connector
circuit. Relay 4815 operates and, as previously
set forth in the description of the marker con-
nector circuit, makes this particular. marker fest
busy to all of the marker connector circuits hav-
ing access to it. In addition, the operation of
relay 5305 causes the timing circuit of the marker
to function, in & manner which will be described
later, and call in a. trouble indicator circuit for
the purpose of taking a record of the trouble
condition encountered.

In addition to the aforementioned conductors
protected by relays 6040, 6041 and 6042, various

" other marker conductors are protected by other
trouble detecting relays as will now be described.

. The conductors 1724, 1128, 1150 and 7153 which

extend towards the office frames, and over which
the marker, when connected to the office frames,
controls the operation of the secondary office
switch select magnets, are protected by trouble
detecting relay 5910. Battery through the right
winding of relay 5918 extends over conductor
5911, right next-to-inner break contact of relay
5709, conductor 5719, right inner break contacts
of relays 6105 and 6106, left inher break contacts
of relays 6100, 6101, 61062 and 6103, to conductors
7128, 1153, 1124 and 1150 respectively.’ With the
marker normal, the presence of a false ground on
any of these conductors operates relay 5910 which
jocks through its left winding to ground on con-
ductor 60171 and connects ground to. conductor
5603 to operate trouble relay 5305. Battery
through the right winding of irouble detecting
relay 5912 extends over conductor 5913, right
break contact of relay 6134, to conductor 2649 ex-
tending towards the district frames. The pres-
ence of a false ground on conductor 2649 operates
relay 5912 which locks through its left winding
to ground on conductor §017 and grounds con-
ductor 5603 to operate relay B5305. Battery

‘through the right winding of troublé detecting

relay 5129 extends over the right outer break
contact of relay 5709 to conductor 5730, and
from this conductor to various control conductors
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extending towards the district link and connector
circuit and towards the zone registration common
‘control circult over the following circuits: From
_‘conductor 5130, over the right inner break con-
tact of relay 5124 to conductor 2641; from con-
ductor 5730, over the right break contact of re-
lay 5622 to conductor 2648; from conductor 57130,
over the right break contact of relay 5601, right
break contact of relay 5623, to conductor 2643,
these three conductors all extending towards the
‘district link and connector circuit. The battery
on conductor 5130 also extends over the upper

[+

_inner break contact of relay 5110, 6111, 5112 and

5113 to conductors 2638, 2639, 2640 and 2641, all of
which extend towards the zone registration com-
mon, 1 circuit. The presence of a false
‘ground on any of these conductors protected by

relsy 5729 causes that relay to operate. Should:

it operate, relay 57129 locks through its left wind-
ing to a previously traced ground on conductor
§107 and connects ground to conductor 5693 for
the purpose of operating relay. 5305. Battery
through the right winding of trouble detecting
relay 5731 connects over the right next-to-outer
break contact of relay 5709 to conductor 5732.
From conductor 5732 this battery extends over
the lower inner break contacts and also over the
upper outer break contacts of relays 5710 to 5113
inclusive, to conductors 2650 and 2652 respec-
tively;, these conductors extending towards the
zone registration common control circuit. A false
ground on either of these conductors causes re-
lay 513 to operate, lock through its left wind-
ing to ground on conductor 6017, and connect
ground to conductor 5603 to operate relay 5305.

Battery through the right winding of trouble
detector relay 6043 extends over conductor 6044
and thence over the right inner break contacts of
relays 6100 and 6101, right inner break contacts
of relays 6102 and 6103 respectively, and over
conductors 6132 and 6133 to the right maultipled
armature springs of the office frame relays 1600
and 7601 of the marker, these armature springs
controlling, when the marker is in operation, the
operating circuits for the junctor test and control
conductor connecting relays, such as relay 2610,
of the district link and connector circuit. With
the marker normal, the presence of a false ground
on any of the right armature springs of relay
7600 or 1601 or on conductors extending thereto
causes the operation of relay 6043 which locks
through its left winding to the previously traced
ground on conductor 6017 and, in operating, con-
necis ground to conductor 5603 to operate the
trouble relay 5§305.

Battery through the winding of trouble relay
5914 connects over conductor 5815 to resistances
6234 and 6334. This battery extends from the
other side of resistance 6234, over the upper out-
er break contacts of relays 6230 and 6232, to con-
ductor 7112 which is one of the ten link connector
control conductors extending towards the even
office frames. The battery also extends from the
other side of resistance 6334, over the upper outer
break contacts of relays 6330 and 6332, to con-
ductor 1113 which is another of the ten link con-
nector control econductors extending towards the
‘even office frames. The eight additional con-
ductors (not shown) also connect over the upper
break contacts of eight other pairs of trunk se-
lecting relays (not shown) which correspond to
relays 6230 and 6232, and relays 6330 and 6632,
through resistances corresponding to resistances
6234 and 6334, to the battery through the winding
of relays 5914. With the marker normal, a false

20

25

30

[V
[

40

60

60,

70

75



10

2,385,803

ground on any of the conductors 1142, 1113, and
others not shown, operates relay $914 which con-

‘nects ground over its left make contact to con-

ductor 5603 to operaté relay 5305 and thereupon
locks in a circuit over its right make contact, con-
ductor 59189, resistance 5321, left make contact of
relay 8305, and conductor 5822 to ground over the
right outer break contact of relay 5413. In a
manner similar to that just described, the ten
link connector control conductors extending from
the marker towards the odd office frames are pro-
tected by relay 5916, battery through the winding
of this relay connecting over conductor 59¢1 to
resistances 623§ and 6335. This battery extends
through resistance 6235 over the upper outer
break contacts of relays 6231 and 6233 to conduc-
tor 7738, and through resistance 6335 over the
upper outer break contacts of relays 6331 and
6333 to conductor 77139, both of these conductors
extending towards the odd office frames. The
eight additional conductors (not shown) for the
odd office frames also connect over upper outer
break contacts of eight other pairs of trunk se-
lecting relays (not shown) and through other re-
sistances corresponding to resistances 6235 and
6335, to the battery through the winding of relay
5916. The presence of a false ground on con-

" ductors 7138, 7139, or any of the other corre-
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sponding conductors, operates relay 5916 which
performs functions identical with those performed
by relay 5814, operating relay 5305 and locking
over the same circuit as that described for relay
5914. . :

With the marker normal, the operation of relay
5305 by the operation of any of the aforemen-

tioned trouble detecting relays 5910, 59i2, 5729,

5731, 5914, 5916 or 6043 makes the marker test
busy to all marker connector circuits by operating
the marker connector-busy relay #4815 as pre-
viously set forth, and. also causes the marker

timing circuit to function and call in a trouble

indicator circuit as will be described later.
Battery through the right winding of trouble
detecting relay 5425 extends over the left middle
break contact of relay 5403, conductor 5426, break
contact of relay 7121, conductor 1122, left break
contact of relay 5626, conductor 5625, left inner
break contact of relay 5413, conductor 5427, right
outer break contact of relay 5507, to conductor
2644 which extends towards the district link and
connector circuif. Battery through the left wind-
ing of relay 5425 extends over conductor 5428,
right break contact. of relay 5626, conductor 5629,
left inner break contact of relay 5109, conductor
6045, break contact of relay 5627, conductor 5631,

right outer break contact of relay 5405, right

break contact of relay 5417, right outer break con-

_tact of relay 9403, left outer break contact of re-

lay 5404, to conductor 4708 which extends to-
wards the marker connector circuit. The pres-
ence of a false ground on either conductor 2644
or 4708 causes relay 5425 to operate through one
or the other of its windings. Relay 5425, if op-
erating, locks through its left winding and left
make contact to the previously traced ground on
conductor 6617, connects ground over its right
outer make contact to conductor 4833 to operate
the busy relay 4815 of the marker connector cir-
cuit to make this marker busy to all marker con-
nectors as previously set forth, and causes the
marker timing circuit to function, as will be de-
scribed later, for the purpose of calling in a
trouble indicator circuit to take a record of the
condition encountered, )

Progress of call under control of sender

The foregoing -description has carried the call
to a point where connection has been made to an
outgoing trunk extending to the desired destinas
tion and, the marker circuit having released, the
progress of the call is now under control of the
sender which functions as described in detail di-
rectly hereinafter. '

Reviewing briefly, the following register relays
in the sender are in their operated -position at
this time: class of call register relay 3512, as-
suming that the call is to a terminating office of

-.the cross-bar type; compensating resistance reg-

ister relay 3509; office brush register relay 3412;
office group register relay 3415; skip first office
register relay 3411; skip second office register re-
lay 3419; and stations delay register relays 3517
and 3518. Also, the following cross-points of the
sender register switch are closed: 3209, 3214, 3224,
3233, 3242, 3309, 3318, 3327 and 3336. o
It will be recalled that the operation of hold
magnet 3914 of the sender register switch, in
addition to closing cross-points 3336 to register
the units digit “6” of the called station number,
also operated relay 4592 to indicate that the last
or units digit has been recorded. - When the class
of call register. relay 3512 operated it closed g
circuit for operating relays 3808 and 3808 from
battery through the windings of these relays in
series, conductor 3831, cabled conductor 4041,

continuation of conductor 383( on Fig. 35, right

outer make contact of relay 3512, conductor 3125,
cabled conductor 4041, continuation of conductor
3125 on Fig. 40, right middle make contact of
relay 3107, to the off-normal ground on con-
ductor 3024. With relays 4592, 3808 and 3809

operated, the operation of marker release relay

3107 of the sender just prior to the breaking of
the direct connections between the sender and
the marker as previously set forth, operates
relays 3908 and 3909 in a circuit from battery,
windings of the relays in series, conductor 3936,
cabled conductor 4041, continuation of con-
ductor 3936 on Fig. 41, left make contact of relay
3518, conductor 3546, contact of cross-points
3309, conductor 3350, cabled conductor 4428,
continuation of conductor 3350, a make contact
of relay 4502, conductor 3834, cabled conductor
4428, the continuation of conductor 3834 on Fig.
35, to Fig. 41, cabled conductor 4081, continua-

tion of conductor 3834 on Fig. 40, left outer make -
contact of relay 3808, conductor 3125, right outer-

make contact of relay 3107, to the off-normal
ground on conductor 3024. Had the destination
of the call been to a terminating office of the

panel instead of the cross-bar type, the class of

service relay 3512 would be unoperated and the
operating circuit for relays 3908 and 3909 would,
in that event, extend from battery through their
windings in series, over conductor 3936, cabled
conductor 4041, continuation of conductor 3936,
left make contact of relay 3518, conductor 3546,

contact of cross-points 3309, conductor 3350,

cabled conductor 4428, continuation of conductor
3350, a make contact of relay 4502, conductor

3834, cabled conductor 4428, continuation of -

conductor 3834, right break contact of relay
3512, conductor 3125, cabled conductor 4041,
continuation of conductor 3125 on Fig. 40, right
outer make contact of relay 3107, to the off-
normal ground .on conductor 3624. Had the
called station number consisted of five digits,
any number from 10,000 to 10,499, the operating
circuit for relays 3308 and 3909 would be the
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same as that just traced above except for the
connection between conductors 3546 and 3350
which, in that event, would extend as follows:
from conductor 3546, left make contact of relay
3511, conductor 3545, a contact of one of the
cross-points 3320 to 3324 depending upon the
number of the third digit of the station, a con-
tact of cross-points 3310, a contact of cross-
points 3301, to conductor 3350. In any event,
with relay 3809 operated, relay 3709 operates in
a circuit from battery through its winding, con-
ductor 3712, left break contact of relay 3103,
conductor 3713, right outer make contact of
relay 3909, to the off-normal ground on con-
ductor 3024.

The operation of relay 2913 following the
establishment of connections between the marker
and the district frame, and the subsequent
release of this relay after the closure of the
district and office switch éross-points, has been
previously described. Upon its operation relay
2613 causes relay 4010 to operate in a circuit

from ground over a right make contact of relay

.'2913, conductor 2918, cabled conductor 3718,

continuation of conductor 2918 on Fig. 40, upper
make contact of relay 3411, conductor 4020,
winding of relay 4010, to off-normal battery on
conductor 3124. The operation of relay 40190
closes another path to ground from its winding,

‘namely, through the winding of relay 4011, upper

inner make contact of relay 4010, lower break
contact of relay 4001, conductor 3123, cabled
conductor 3118, continuation of conductor 3123
on Fig. 37, and over the left inner make contact
of relay 3107. This path through the winding
of relay 4011 is shunted by the direct path over
the make contact of relay 2913, but when the
latter releases, relay 4011 operates in series with
relay 4010 which remains operated.

During the time that relay 2913 is operated a
current flows through the winding of relay 4117
in the normal direction in order to erase the
residual effect of a current in the reverse direc-
tion during a preceding connection and so restore
its full sensitivity to normal pulses. This circuit
is from ground over a right make contact of
relay 2943, conductor 4131, cabled conductor

. 3719, continuation of conductor 413{ on Fig. 41,

winding of relay 4117, conductor 4132, left inner
make contact of relay 2913, resistance 2912, to
battery. .

The operation of relay 4010 causes relay 4200
to operate In a circuit from ground over the left
inner break contact of relay 3109, conductor 3716,
pbreak contact of hold magnet 391i, conductor
3919, left outer break contact of relay 3100,
conductor 4036, cabled conductor 3718, continua~-
tion of conductor 4036 on Fig. 40, lower inner
make contact of relay 4010, conductor 4029, right
break contact of relay 4204, and the winding of
relay 4200 to battery. If the terminating office
is of the panel type this is the sole operating
path for relay 4200, but if it is of the cross-bar
type, as is the case for the connection being
described, relay 8512 is operated and there is a
bridge around the break contact of hold magnet
3911, from conductor 3919, cabled conductor
4041, continuation of conductor 3819 on Fig. 41,
over the left inner make contact of relay 3512,
conductor 4032, break contact of relay - 4002,
conductor 4028, cabled conductor 3718, continua-
tion of conductor 4028 on Fig. 37, a left break
contact of relay 3100, conductor 3817, break con-
tact of hold magnet 3812, to conductor 3716.

N
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Where the terminating office is panel, the opera-
tion of hold magnet 3911 when the thousands
digit. of the called number is digled will release
relay #200. Where the terminating office is
cross-bar, as in the call being described, relay
4200 does not release until the hundreds digit
of the called number is dialed and hold magnet
3912 operates. .

The operation and release of relay 4200 causes
relay 4201 to operate and release, The release of
relay 4201 causes relay 4100 to operate in a circuit
from ground over the right outer break contact
of relay 4201, conductor 4224, break contact of
relay 4112, winding of relay 4100, to the off-nor-
mal battery on conductor 3124, - Relay 4202 then
operates in a circuit from ground over the right
inner break contact of relay 4201, conductor 4221,
upper make contact of relay 4100, conductor 4225,
winding of relay 4202, to off-normal battery on
conductor 3124. The left inner make contect of
relay 4202 joins conductors 4226 and 42217 so that
relay 4202 shall not release when relay 4100 does.

Trunk lest

The first operation of relay 4202, just described,
controls the function commonly known as trunk
test, and it connects the winding of either relay
4208 or relay 4210 to the outgoing trunk extend-
ing to the terminating office, depending upon
whether relay 3520 is operated or not.. The trunk

test relay used depends upon the character of the.

equipment at the terminating office, relay 4210
being a marginal relay used for calls to certain
types of panel equipment. In this call it is as-
sumed that relay 3520 is not operated and there-
fore trunk test relay 4208 is used. The circuit
from the upper end of the winding of relay 4208

20

25

30

extends over conductor 3550, left break contact -

of relay 3520, conductor 3648, lower break con-
tact of relay 4316, conductor 3540, resistance
3516, left inner break contact of relay 3515, con-
ductor 3543, lower inner make contact of relay
4011, conductor 3537, break contact of relay 3508,

‘resistance 3511, left make contact of relay 3509,

and thence to the sender.link over conductor
2453. ‘The circuit from the lower end of the
winding of relay 4208 extends over the left outer
break contact of relay 4204, conductor 3541, left
outer break tontact of relay 3815, conductor 3539,
upper outer make contact of relay 4010, conduc-

tor 8214, left break contact of relay 4201, left .

outer make contact of relay 4202, conductor 3120,
cabled conductor 3718, continuation of conductor
3120 on Fig. 37, left inner break contact of relay
3103, and thence to the sender: link over conduc-
tor 2452. The fundamental circuit just traced
from the winding of relay 4208 to the fundamen-
tal tip and ring conductors 2452 and 2453 extends
further, from these conductors, over contacts of
the operated cross-points of the secondary and
primary sender link switches, tip and ring con-
ductors 2682 and 2881 respectively, of the district
junctor, contacts of the operated cross-points of
the primary and secondary district link switches,
conductors 2680 and 2619 of ‘the office junctor
2690, contacts of the operated.cross-points of the
primary and secondary office link switches, to the
tip and ring conductors 1836 ‘and 7837 respec-
tively, of the selected outgoing’ trunk 7861.

On calls to a terminating office of the panel
type where trunk test relay 4210 is used, the op-
erating circuit for that relay extends from the
upper end of its winding, over conductor 3549,

-left outer make contact of relay 3520, conductor

3548, lower break contact of relay 4316, conduc-
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tor 3540, resistance 8518, left inner break contact
of relay 3515, conductor 3643, lower inner make
contact of relay 4011, conductor 3537, either the
right make or break contact of relay 8508 and
either the left make or break contact of relay
3509, depending upon their conditions of opera-
tion or non-operation, with either, both, or
neither of the resistances 3510 and 3511 included
in the circuit accordingly, and thence to the fun-
damental ring conductor 2453. The lower end

.of the winding of relay 4210 extends to the fun-

damentsl tip conductor 2452 over the same cir-
cuit as that traced above for relay 4208. The
extension of conductors 2452 and 2452 to the tip
and ring conductors of the outgoing trunk is iden-
tical with that already described. - . :

When the operation of relay §202 has connected
the winding of relay 4208 (or relay 4210 on calls
to a terminating office of the panel type) to the
outgoing trunk, and the terminating end of the
trunk, if recently engaged on another call, has
resumed its normal condition, current from the
terminating end operates the sender trunk test
relay, in this case relay 4208, resistance 3516
keeping the current too low tc operate a relay
at the terminating end. The operation of the
trunk test relay causes the operation of relays
4116 and 4318 as follows: relay 4208, in operat-
ing, operates relay 4116 in a circuit from ground
over its make contact, conductor 4217, cabled

conductor 3718, continuation of conductor 4217

on Fig. 37, left outer break contact of relay 3{0{,
conductor 4130, cabled conductor 37189, continua-
tion of conductor 4130 on Fig. 41, winding of re-
lay 4116, to battery. In operating, relay 4116
connects ground to conductor 4339 which extends
to the winding of relay 4318 and thence to battery
thereby operating relay 4318 which functions as
set forth below. If trunk test relay 4210 is in the
fundamental circuit instead of relay 4208, its
operation connects ground to conductor 4338 to

operate relay 4318 and this latter relay in turn.

completes the operating circuit for relay 4116,
this circuit being traceable from ground over the

.right make contact of relay 4202, conductor

4226, upper break contact of relay 4316, upper

. outer make contact of relay 4318, conductor 4211,
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cabled conductor 3718, continuation of conductor.

4217 on Fig. 37, left outer break contact of relay
3101, conductor 4130, to battery through the wind-
ing of relay 41 186.

The aforementioned operation of relay 43i8
causes the operation of relays 4101, 4102 and

4103 in a circuit from ground over the upper in- .

ner make contact of relay 4318, conductor 4035,
lower outer make contact of relay 4010, conduc-
tor 4837, right break contact of relay 3515, con-
ductor 4127, the windings of relays 4102 and 4103
in parallel, in series with the winding of relay
4101 to off-normal battery on conductor 3124.

The operation of relay 4102 causes the operation -

of relay 4080 in a circuit from ground over the
make .contact of relay 4102, conductor 4223, left
inner break contact of relay 4203, conductor 4241,
break contact of relay 4120, conductor 4016, up-
per break contacts of relays 4009, 4007, 4005,
4003 and 4001 and the winding of relay 4000 to
cff-normal battery on .conductor 3124, The op-
eration of relay 4000 closes another path to
ground from its winding, namely, through the
winding of relay 4081, upper make contact of re-

lay 4000, lower break contact of relay 4003, con-
‘ductor 3123, cabled conductor 3718, continua-

tion of conductor 3123 on Fig. 37, and a left make
contact of relay 3107.. 'This path through the

81
winding of relay 4001 is shunted at this time by
the direct path over the make contact of relay
4102,

The operation of relay 4000 causes relay 4204
to operate in a circuit from ground over a left

" make contact of relay 3107, conductor 31283, low-

er break contact of relay 4005, lower make con-
tacts of relays 4011 and 4008, conductor 4232, and
the winding of relay 4201 to battery. Relay 4201,
in operating, releases relay 4202, which breaks a
number of circuits with the result of releasing
relays 4208 (or relay 42{0 if used), 4116, 4318,
4101, 4402 and 4103. The release of relay 4102
opens the shunt around- the winding of relay
400! and that relay operates in series with relay
4080. Relay 4081, in operating, causes relay 4204
to operate over conductor 6030 to battery on
conductor 3{24, and relay 4204 causes relay 4205

to operate over one of its make contacts, and-

locks itself up over another until such time as
battery is removed from the off-normal battery
conductor 3124. Relay 490!, in operating, also
breaks the path to ground over which relays 4010
and 40{{ were held up in series and these relays
thereupon release. Relay 401 I, In releasing,
causes relay 420f to release, and that permits,

" first, relay 41080 and then relay 4202 to operate

again just as they did the first time.
Incoming bvrush selection

The second operation of relay 4202 closed the
fundamental circuit for incoming brush selec-
tion and it connects the winding of relay 4117 in
series with the left or operating winding of re-
lay 4206 shunted by resistance 4207 to the out-
going trunk extending to the terminating office.
The circuit between relays 4117 and 4206 is from
the winding of relay 4111, over conductor 4132,
left outer make contact of relay 4204, conductor

~ 4211, to the left winding of relay 4206. The shunt

is connected from conductor 421{ through re-

"sistance 4207, conductor. 4218, upper break con-

tact of relay 4010, conductor 4214, conductors

-4215 and 4214 being connected also over the left

inner make contact of relay 4204. The circuit
from relay 44171 out to the trunk is over the
break contact of relay 41083, conductor 4250, right
outer make contact of relay 4205, conductor 3531,
and thence as in the trunk test operation. The
circuit from the other end of the left winding
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of relay 4206 out to the trunk extends over con- -

ductor 4214 and thence as in the trunk test op-

. eration. . The resistances 3510 and 3511 form

what is known as the compensating resistance,
one of them is twice the value of the other, and
they are used in connection with comparatively
short trunks to keep the pulsing current below a
certain maximum value. ‘

When the operation of relay 4202 has connect-
ed this bridge to the trunk, the sender at the ter-
minating cross-bar office, or the selectors in the
case of a panel type terminating office, start
Sending revertive pulses in the well-known man-
ner. For a description of the manner in which
the sender at the terminating cross-bar office
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functions in sending these pulses, reference may -

"be had to my Patent No. 2,093,117, issued Sep-

tember 14, 1937, Each pulse operates and re-
leases relay 4117 but does not affect relay 4206
because of its polarity. The pulses are counted
on some of the group of counting relays 4101 to
4115, inclusive, as follows: Relay 4117 operating
on the first pulse operates relay 4110 in a circuit
from ground over the lower break contact of re-
lay 4118, contact of relay 4117, upper break con-
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tact of relay 4118, make contact of relay #4118,
break contacts of relays 4115 and 4105, con-
ductor 4031, make contact of relay 4001, conduc-
tor 4014, cabled conductor 4040, continuation of
conductor 4014 on Fig. 39, contact of the oper-
ated cross-points 3308, conductor 4126, cabled
conductor 4042, continuation of conductor 4126
on Fig. 40, break contact of relay 4111, winding
of relay 4110, to off-normal battery on conduc-
tor 3124. The operation of relay 4110 closes an-
other path to ground from its winding, namely,
through the winding of relay 811{, make contact
of relay 4110, break contact of relay 411{4, con-
ductor 4226 and right make contact of relay 4202,
This path to the winding of relay 4111 is shunt-
ed at first by the direet path to the contact of re-
1ay #4117, but when the latfer releases, relay 41 it
operates in series with relay 4110, The next
three pulses cause relays 4108 and 4109, 4106 and
4107, and 4104 and £105 to operate in the same
manner, the circuit from the contact of relay
41171 being carried successively over make con-
tacts of relays 4111, 4109, and 4107, and ultimate-
1y also over the lower make contact of relay 4100.
The fifth pulse causes relays 4101, 4102 and 4103
to operate, the circuit from contact of relay 4T
being carried this time over the make contact of
relay 8105, conductor 4121, left middle make con-
tact of relay 4205, conductor #4229, cabled con-
ductor 3119, continuation of conductor 4228 on
Fig. 37, left middle make contact of relay 3605,
conductor 4238, cabled conductor 31(8, continu-
ation of conductor 4238 on Fig. 40, lower break
contacts of relays 4008 and 4006 and conductor
4129 to the windings of relays 4101, 4102 and
4103. Relay #4101 operates when relay 4117 does
and, upon the subsequent release of the latter,
relays 4102 and 4103 operate in parallel in series
with relay 4101 which holds. . )

The operation of relay 4103 breaks the circuit
bridged across the trunk and so stops the pulsing
from the terminating end. The process which has
just been described is the incoming brush selec-
tion. Five pulses were counted for the thousands
digit “9” to select the fifth incoming brush in a.

_terminating panel office or its equivalent In a

terminating cross-bar office. Using the above
as a basis, similar circuits may be traced to show
how different numbers of pulses from one to five
would be required to stop the pulsing for differ-
ent numbers of the thousands digit. -

The operation of relay 4102 operates relay 4002
as it previously operated 4000, the circuit from
its contact now extending over the upper outer
make instead of break contact of relay 4001.
The operation of relay 4002 causes relay 4201 to
operate in a circuit from ground over a left make
contact of relay 3107, conductor 3123, lower make
contacts of relays 4001 and 4002, conductor 4232
and winding: of relay 4201, to battery.. Relay
4201, in operating, releases relay 4202 as hefore,
and that relay releases the operated counting
relays. The release of relay 4102 allows relay
4003 to operate in series with relay 4002 already
operated. The operation of relay 4003 releases
relays 4000 and 400f{. Relay 400f, in releasing,
causes relay 4201 to release, unless the call is to
a panel office and the hundreds digit has not yet
been dialed, in which case relay 4201 will be held
operated in a circuit from ground over the left
inner break contact of relay 3109, conductor
3716, break contact of hold magnet 3912, con-
ductor 3917, a left break contact of relay 3100,
conductor 4028, cabled conductor 3718, continua-
tion of conductor 4028 on Fig. 40, lower make
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contact of relay 4002, conductor 4232, t¢ the
winding of 4201 until the registration of the
hundreds digit operates hold magnet 3812. Upon
the release of relay #4201, relays 4100 and 4202
operate as before.,

Imcoming group selection

The third operation of relay #2082 closes the
same circuit across the outgoing frunk as for
incoming brush selection, and the terminating
end starts sending pulses for the incoming group
selection. Relay 4117, operating on the first
pulse, operates relay 4108 .in the same circuit as
before from ground over the contacts of relays
4118, 4117, 4118, 4115 and 4105 to conductor 4031,
thence over the upper inner make -contact of
relay 4003, conductor 4015, cabled conductor 4048,
continuation of conductor 4018, on Fig. 39, con-
tacts of the operated cross-points 3318 and 3309,
conductor 4125, cabled conductor 4842, continua-
tion of conductor #4125 on Fig. 40, break contact
of relay 4109, and winding of relay #4108 to off-
normal battery on conductor 3124. Upon the
release of relay 4117, relay 4109 operates in series
with 4108. Pulsing proceeds as before, the fourth
pulse operating relays 4101, 4102 and 4103, and
the operation of 4103 breaking the circuit across
the trunk to stop the pulsing at the terminating
end. Tt may be readily seen how different com-
binations of numbers in the thousands and hun-
dreds digits will cause from one to four pulses
to be counted. .

The operation of relay 4102 with 4103 operates
relay 8004 as it operated 4002 on the preceding
selection, the circuit from its contact now ex-
tending over the upper outer make contact of
relay 4003. The operation of relay #004 operates
relay 4201 if the terminating office is cross-bar,
or it operates relay 4200 and that in turn oper-
ates 8281 if the terminating office is panel, an
extra long time being required between the in-
coming brush and the next selection by the panel
mechanism. The operating circuit is from the
ground over a left make contact of relay 3101,
conductor 3123, lower make contacts of relays
4003 and 4004, conductor 4029, right cuter make
contact of relay 4204 and conductor 4238, thence
over the left outer make contact of relay 3512

and conductor 4232 to the winding of relay 4201, ,

if the call is to cross-bar, or over the left break
contact of relay 3512 and conductor #4234 to the
winding of relay #4200 if the call is to panel.
Relay 4201, in operating, releases relay 4202 and
that in turn releases the counting relays as be-
fore. The release of relay 4102 allows relay 4005
to operate in series with relay 4004. The opera-
tion of relay 4005 releases relays 4002 and #003.
Relay 4103, in releasing, releases 4200 which re-
leases 4201, or it releases #201 direcily, and then
relays 4100 and 4202 operate again. On a call

. to a terminating panel office for which relay 3520

is operated, high resistance 4209 is bridged across
the trunk for a moment just before relay 4202
operates, in order to discharge the capacity of
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the trunk cable and avoid the danger of a false .

pulse. The path is from one side of the funda-
mental circuit at conductor 3120, as previously
traced, break contact of relay #4202, resistance
4209, conductor 4243, left inner make contact of
relay 3520, conductor 355{, upper outer make
contact of relay 4008 and upper break contact of
relay 4006 to conductor 3537 which is in the
other side of the fundamental circuit, as pre-
viously traced. :
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Fihal brush selection -

The fourth operation of relay 4202 closes the
same circuit again across the outgoing trunk, and
the terminating end starts sending pulses for the
final brush selection. All connections and oper-
ations are the same as described above for incom-
ing brush selection, except as follows: The cir-
cuit over the contact of relay 4111 and conductor
4031 extends over the lower inner make contact
of relay 4005, conductor 4027, s right make con-
tact of relay 4204, conductor 4240, contact of
cross-points 3318 and conductor 4125 to the con-
tacts of relay 4109, The fourth pulse operates
relays £10f, 4102 and 4103, but any number of
pulses from: one to five will be counted with dif-
ferent numbers for the hundreds digit. The op-
eration and release of relay 4192 operates relays
4006 and 4907, and the latter releases 4008 and
4005. Relay 4201 is operated over lower make
contacts of relays 4606 and 4005, operating with
the former and releasing with the latter, except
that its release is delayed until the tens digit of
the called number has been dialed, in a circuit
from ground over the left inner break contact
of relay 3769, conductor 3716, over the - break
contact of hold magnet 3913, conductor 3918, a

- left- break contact of relay 31 00, conductor 4231,

right inner make contact of relay 4205, conductor
4231, lower inner make contact of relay 4006,
conductor 4232, to the winding of relay 4201.

Final tens selection

The fifth operation of relay 4202 closes the
same circuit again across the outgoing trunk, and
the terminating end starts sending pulses for the
final tens selection. From one to ten pulses may
be required and, in case there are more than five,
the operation of the counting relays is different
from anything described above. The assumed
tens digit of the called number being “7,” relays
4106 and 4107 are operated by the first pulse, the
circuit from the contact of relay 44171 and con-
ductor 4031 extending over the lower inner make
contact of relay 4007, conductor 4219, left outer
make contact of relay 4205, conductor 4228, con-
tact of cross-point 3327 and conductor 4123 to
the contacts of.relay 4107. Relay 4118 operated
at the time that relay 4006 did, in a circuit from
ground over the locking contact of relay 4204,
conductor 4038, upper outer make contzct of re-
lay 4006, conductor 4124, and winding of relay
4118 to off-normal battery. on conductor 3128,
With relay 4118 operated, current flows through
the two contact springs of relay 4117 in the re-
verse direction, in order to equalize wear on its
contact. o

Once operated, relay 4118 locks to conductor
4030. The second pulse operates relays 4104 and
4105. The third pulse operates relays 414 and
4115 in a circuit over the make contact of relay
4105, conductor 4121, left middle make contact

- of relay 4295, conductor 4229, cabled conductor

3118, continuation of conductor 4229 on Fig. 37,
left middle make contact of relay 3605, conductor
4238, cabled conductor 3118, continuation of con-
ductor 4238 on Fig. 40, lower break contact of
relay 4008, lower outer make contact of relay
4006, conductor 4933, cabled conductor 4240, con-
tinuation of conductor 4033 on Fig. 39, contact
of cross-points 3321, conductor 4128, cabled con~
ductor 4042, continuation of conductor 4128 cn
Fig. 40, to the windings of relays 4114 and 41 (5.
It will be observed that this path through the
register switch to conductor 4128 and relays 41 14

and 4118 is effective for all tens digits “5” to “g9,”
while for digits “0” to “4” the path is to con-
ductor. 4129 and relays 410!, 4102 and 4i03, and

83

it will be seen that the former path adds five

to the number of pulses counted. The fourth
pulse operates relays 4112 and 8113 through make
contact of relay 4115. The operation of relay

4114 releases relays 4106 and 41017, and the oper-

ation of relay 4112 releases relay 4100, a break -

contact of which provides a new locking circuit
for relays 4106 to 4111, and the transfer contact
of which transfers the operating conductor from
relays 4104 and 4105 to relay 4101, 4102 and 4103.
The fifth pulse operates relays 4110 and 41 | f, the
sixth pulse relays 4108 and 4109, the seventh
pulse relays 4106 and 4107 and the eighth pulse

‘relays 410(, 4162 and 4103.

The further operations in this selection are
similar to those of the preceding selections, the
special connections being as follows: The oper-
ation and release of relay 4102 operates relays
4008 and 4909, and the latter releases 4006. and
4007. Where the call is to a cross-bar office, as in
this case, relay 4281 is operated over conductor
4232, left outer make contact of relay 35i2, con-
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ductor 4238, right outer make contact of relay

4284, conductor 4929, lower inner make contact
of relay 4008, and lower outer make contact of

- relay 4887 to ground on conductor 3123, operat-

ing with relay 4008 and releasing with relay 4007,
except that its release is delayed until the units

digit of the called number has been dialed as sig-

nified by the operation of relay 3108, in a circuit

from ground over a left break contact of relay.

3709, conductor 3111, left middle break contact
of relay 3515, conductor 3542, a left break contact
of relay 3100, conductor 4230 and the left inner
make contact of relay 4205, conductor 421 8, and
thence over the lower inner make contact of relay
4008 and the previously traced circuit extending
to the winding of relay 4201. Where the call is to
a panel office, relay 4200 will be operated over
conductor 4234 and break contact of relay 3512,
and it in turn will operate relay 4201, as in the
case -of the incoming group selection.

Final units selection

The sixth operation of relay 4202 closes the
same circuit again across the outgoing trunk, and
the terminating end starts sending pulses for the
final units selection. All connections and opera-
tions are the same as for final tens selection,
except as follows: The units digit of the called
number being “6,” relays 4104 and 4195 are oper-
ated by the first pulse, the circuit from the con-
tact of relay 4117 and over conductor 4031 ex-
tending over the lower inner make contact of re-
lay 4009, conductor 4236, right middle make con-
tact of relay 4285, conductor 4233, a contact of
cross-points 3336, conductor 4122, and the lower
make contact of relay 4180. The second pulse

operates relays 4114 and 4115 over the same path’

as they were operated on the final tens selection,
except that it extends over the lower outer.make
contact of relay 4008. conductor 4034 and a con-

. tact of cross-points 3335 to conductor 4128. The

cperation and release of relay 4102 operates re-
lays 4810 and 4011 over the upper middle make
contact of relay 4909, conductor 4926, upper make
contact of relay 3419 and conductor 4020. The
operation of relay 4011 releases relays 4008 and
4009. Relay 4201 or relay 4200, instead of being
operated over conductor 4029, make contact of
relay 4008, conductor 4218 and make contact of

‘relay 4001, is operated over conductor 4029, lower
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inner make contact of relay 4010, lower break
contact of relay 4004 and the lower outer make
contact of relay 4008, operating with relay 4010
and releasing with relay 4009.

Incoming advance

 The seventh operation of relay 4202 closes the
same circuit again across the outgoing trunk, and
the terminating end sends one long pulse of cur-
rent of the opposite polarity to that used in the
selections, to signify that it has completed the
selections. Relay 4117 operates and releases on
this pulse, while relay #4206 operates, locks
through its right winding, and causes relay 4129
to operate. The locking winding of relay 4206
recelves its battery supply from the off-normal
battery conductor 3124 over a left break contact

- of relay 3101 and conductor 4242. The operating
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circuit for relay 4120 is traceable from ground
over the contact of relay #4206, conductor 4212,
upper outer make contact of relay 401f, con-
ductor #4216, left middle make contact of relay
4204, conductor #4133, to battery through the
winding of relay 4120. Relay 4101 operates from
ground over make contacts of relays 4118, 4117,
4119, and 4120, and conductor 4129, and then
when relay 8117 releases, relays 4102 and 4103
operate. Panel terminating equipment of the
type which requires the operation of relay 3520
gives so short a pulse of reversed current that re-
lay 410§ may not have time to operate, as above.
To prevent a failure under this condition, a sup-
plementary path is provided for the simultane-
ous operation of relays 4101, 4102 and 4103 when
relay 4117 releases, in case 4101 has not oper-
ated before. This path is from off-normal ground
conductor 3024, over the right break contact of
relay 3105, conductor 3121, cabled conductor 37 19,
continuation of conductor 3121 on Fig. 41, lower
inner make contact of relay 4120, conductor 4134,
right outer make contact of relay 3520, and con-
ductor #1271, to the windings of relays 4102 and
4103. :

The operation of relay 4103 breaks the circuit
bridged across the trunk to prevent giving a pre-
mature ringing signal to the terminating equip-
ment. The operation of relay 4102 causes relay
3101 to operate in a circuit from ground over the
contact of relay 4102, conductor 4223, left inner
break contact of relay 4203, conduotor 4241, upper
outer make contact of relay #4120, conductor 3025,
cabled conductor 3718, continuation of conductor
3025 on Fig. 37, left inner make contact of relay
3002, either make contacts of relays 3011 and 3010
or break contacts of those relays and conductor
3115 to battery through the winding of relay
310i. Relay 3101 locks up to off-normal ground
on conductor 3024. A circuit is closed from off-
normal ground conductor 3024 over the right in-
ner break contact of relay 3100, a right make con-
tact of relay 3101, conductor 2938, break contact
of relay 2913, and over conductor 2455 to the
sender link. This ground on conductor 2455 ex-
tends Pack over contacts 6f the operated sec-
ondary and primary sender link switches and over
conductor 2525 of the district junctor to cause
that circuit to function and complete the trans-
mission path in a manner which will be described
in detail shortly.

Release of sender

The aforementioned operation of relay 3101
opens the connection between the off-normal
ground conductor 3024 and conductor 3615, there-

78 by releasing relays 3600 and 3601; opens the lock-
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ing circuit for hold magnet 8814 which releases
and, in turn, releases the other hold magnets atter
it: opens the connection between conductors 3|
anid 3714 to prevent a false reoperation of hold
magnet 3815; and connects ground to conductor
3122, thereby operating relay 3105. In operai-
ing, relay 8105 removes the off-normal ground
from conductor 3114, thereby releasing relay 3102
which has been operated since the sender was
first seized. Relay 3102 has slow-releasing char-
acteristics to allow sufficient time for the district
junctor to function and assume control of the
connection, in the manner to be described here-
inafter, before proceeding with the further re-
lease of the sender.” When relay 3102 finally re-
leases, it completes a circult from ground over
its left break contact, a right make contact of re-
lay 3101, conductor 3044, to battery through the
winding of relay 3001. Relay 300f operates,
opens with its outer contacts, the circuits here-
inbefore traced over which the tip and ring of
the calling station line have been extended into
the sender, and opens the locking circuit for re-
lay 2914 which thereupon releases. The opera-
tion of relay 3001, by its release of relay 2814, also
removes ground from conductor 2043 and there-
by releases the primary and secondary sender
link switch hold magnets 2001 and 2003, and
2004 and 2005 which in turn restore their asso-
ciated sets of cross-point contacts to normal, thus
breaking all connections between the sender and
the sender link and district junctor circuits. The
release of relay 2814 removes ground from con-
ductor 3060, thereby opening the locking circuit
for relay 3600, Relay 3008 rcleases and removes
off-normal ground from various aforementioned
conductors, thereby releasing all remaining op-
erated relays of the sender and thus restoring that
circuit to normal. The removal of ground from
conductor 2448 by the release of relay 3000 re-
leases the assoclated busy relay 2412 in the sender

link control circuit and thereby indicates that this

sender is again available for use in connection

with subsequent calls,

Operation of district junctor

Referring now to the district junctor circuit
shown on Fig. 25, the condition of this circuit in
connection with the call under discussion, just
prior to the release of the sender as set forth
above, will be reviewed briefly. Relay 2522 Is
operated, having been energized following the op-
eration of the primary sender link switch hold
magnets. Relay 2521, while initially operated
following the establishment of connections be-
tween the district junctor and marker, is now
unoperated having been deenergized following the -
release of marker relay 6002 just prior to the re-
lease of that circuit. The talking charge relay
2578 is operated, having been energized under
control of marker relay 560{ following the es-
tablishment of connections between the marker
and the district junctor and subsequently locking
to a previously traced ground supplied to con-
ductor 2570 under control of the sender.

With the above conditions obtaining in the dis-
trict junctor, the connection of ground to con-
ductor 2525 by the operation of relay 3101 of the
sender during the release of that circuit as here-
inbefore described operates relay 250f in a cir-
cuit over a lower break contact of relay 2521, In
operating, relay 2501 locks over its upper make -
contact 2530, upper outer break contact of relay
2520, lower outer make contact of relay 2501, to a2
ground over the upper outer make contact of
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