Aug. 16, 1960 H. H. ABBOTT ETAL 2,949,506
COORDINATE SWITCHING SYSTEM

Filed May 14, 1958 53 Sheets~Sheet 1

—
s 1 118 !1& |
i 1 il
I L' i T [ FlG. /
i Ii |
|
sy
~==%:
é
1%
-
|
LA
. )
Y4
%V STATIONS,
Vi TRUNKS,
ETC.

EQUIPMENT  CABINETS

H. ABBOTT
0. RIPPERE
D. WILLIAMS
H. WILLIFORD

o M\W

ATTORNEY

H.
INVENTORS /;';
0.



- 2,949,506
53 Sheets-Sheet 2

H. H. ABBOTT ET AL
COORDINATE SWITCHING SYSTEM

Aug. 16, 1960
Filed May 14, 1958

STHOLIMS
: v »| 701800
|'I_ HNIT OVW 73S
LoD
NSOd »- .
%%w 122 _ S IANS TV |
| sivnaL aav R yr ) : ONLLNNH
I p— 422 ‘93 HNHL R INIT
SINIT INIT FNIT : g @ -
3 EYc
4 Y _ »
— 1 ‘738
q.mw%,\wu » LIND _
499 . 0
4TS o3¢ 4
IO || 700mvo0 [*
HILSI97Y ERTEN B :
] 3olay3s l|._ zSungl._ kmmmwz.i
Yy 3
B & D
" 735 SN )
3 A\ 4 A 7
STHOLIMS _ _ ~
0z 914 22 911 (55 7]

YOLINNS *

[}
) MITTVD
(11530 70—l 570 230 1] SIHNG YW
> _ SIHI YW
4 ! 8 _ _
ONILNNH ANOD OIS . o7 | HNLL HWNNYL o ‘1S
HNNEL ® INIT : P P 3L
i vl
. L AN MWL ) )
[wwoo swa e 3700 5132 | o MV 1700 V10 vLs
- — 3
_ -97¢ md_r | 735 sn3z
L | ol

&gec "ol _ Ve “old

H.H ABBOTT
R.O. RIPPERE
ATTORNEY

R.D. WILLIAMS
O.H. WILLIFORD

8y

INVENTORS



2,949,506
53 Sheets-Sheet 3

H. H. ABBOTT ET AL
COORDINATE SWITCHING SYSTEM

Aug. 16, 1960
Filed May 14, 1958

STHILIMS R I I
SIHILIMS . e, * 778/ FNIT s
P it _ & 0 o—b vie
h 234 FNIT | & o
70
a3 777 < 1e -
_ HNNEL _ [ SISV
- ! ONLINNH
— - i XHNNYL ¥ INIT |
. - "$7Y
_‘3& 708.LNOD ONLLNNH 735 SIASVH _ )
| W 'ZUnoy [ 2T [T SLIND ' ! »
_ « * soLoNAr 708.LNOD 704.1NOD
- 035 3.1n08
- [uvoo-038 704.LNCD Al_uiou SNFL Tl_ ) mﬁ%_
©v3Is Y - ]
L. i _ _ 1% 1
‘974 70H.LNO
47 L\_ *735 SNIL 47251974
 HZ 9l i 22 ‘9l
“vLS
v N7V
STHILIMS | TTRLAS @IO
\T |mW| 7 {
Fa 41 o
I = RO T EZe®)
. R
B WD o+ I “yis
e '§73Y 93¢ 037772
HNNL _ goLonnr | |
QEQS\,L _ » _
_ F = I T0HLNOI
. SN YN W vehati HINS VAN
ST | 708000 | o | omviunnH “738
3LnoY ML PINIT SLINN _ _ « _
SNIINOH
‘ 71 _ LS3L HANIT _ MNNSL wwz:_
TOHLNOD TOHLNOI SIS SNIL TOULNOI < *738
"93y 035 35 SUNN
i | | f
1
[ .
03y N | _l o oo wz..ki A34d w\ﬁn_
CAY »{ " 795 SNIL — _ _
[}
- 078 50 | m | * 735 SNIL

42 "9ld 32 ot

ATTORNEY

H.H. ABBOTT
R. 0. RIPPERE
R.D. WILLIAMS
O.H. WILLIFORD

INVENTORS
&y



2,949,506

53 Sheets-Sheet 4

H. H. ABBOTT ETAL
COORDINATE SWITCHING SYSTEM

Filed May 14, 1958

Aug. 16, 1960

994

UNOD  LEOl 877914 &0t €194 X 691 794
..mm 38 “OVW 735 093450 HLANQLE  ZLONLLY 122092 LY PHLIOD 0MIOD "
6OMELL w_.u sm_ztn_;_., e gomes [T1" zomez [T S0 1 some [T vomee [T comru [T SIS
D °0 H . 1 o 3 D —f||--—-02 QI3
[+ o0 Bmﬂhﬂ—
D ) ﬁ f IR
q 4 i LT & HHO.D.H“n
oons 5 9% 6 $@n 95 194 ) Tekg
b
94 ()8 o P4 o) o) b o
S
D oy oll q q o) q q W N
1OMS oon oo@. 15 Toll ] uc@il ¢ ey ¥ 7w
el o 2y Yo o | T Té g
ﬂ e L & —
Z0Ms g oma 23 > — 4
Y o iz - ¥ & & b - 3
_ | ) F° ] § i 7 ——— P
_ T =5 G m_V\ Y < - - -]
¢ 218 S mw’ 4
“ [N “ [N RN NN RN NENEN! (NN [N
[N | trrrnd IR NN ,m.,._ e _m____ INEEEN
ﬂ | _ Lu :
b & b _——
PONS S g o194 , % mvmm @ o S
| P, o |25 ¢ Zy S & S—-Z
| % S|z 3 %5 mﬂ C——
s
I Jv Qi Aw %
| IBRERE] ,.u/nA_ IERERE (1 AEEEE IEREER EEEERER RRERE
D frrld 2 | bl Tyl ey NN FLiag bt
S
Lw N | oo & Lv ¢ 4 -y
LOANS b @ Wﬂhﬁlﬂﬂ 4 & 4 9 r\r r d 7 —= \/\
_ g N\M 2 7 B P v i d
t % iy Y4 %1 Y. N - N
s 4 N
_ | ____ “ __._.__ Lot [N [ g tvr el
IRERER | (NN [REREN till trtbn [REREN L)1
E % | ! t % L |||%
6OWS L w27 ire 5 ;] o4 e
%o o7 b ~& A7 2 Az P p—
57L 4 & Y, b NI I fe .
il > 22 o ® > 4 o——~ £ 94
L} L | ¥

,|<||L 0 HIOLIMS

AT TORNEY



H. H. ABBOTT ETAL 2,949,506

COORDINATE SWITCHING SYSTEM

Aug. 16, 1960

53 Sheets-Sheet 5

Filed May 14, 1958

{0
@ = ~ 92914
WIS 40 SSY'TD
8+1d ...\M.VAN\ N\VAK\W 2/ FoINY3. .
N .
y S ™ 2
ZXUY | S¥XK6 \kv..uv o N a
pxXiLL | WHTO/ ¥ _.m_ o K9 o g
74 3 -4 -] X UNIaN
LI ov"  o-vov| 2 ‘ ' 2 quw
2 . 7 9 ow 77| 20/
“anv Vi g { ol A_l ‘
P /e ys 4
20/2v [0, jg  bo 31 ] Sa = Vi 42 g L om
Vi [ Y =1 ZAY Al
i 2| °8 A \§
INOL w7 o ' 3 L5 /..\..\ LY~ 08
wor oz [ 13 T ~ ey 18| 2
o A LVO¥ ov8 Agx!
. . “_.
o A oy
~ A 181 ASN
L I AGXK I 4K
< _ﬂ 7 9
7 A gy, © . o] %0
o
—K noQ
L9—T7] kg LoS{ES) R ¥a
$3h
3 / 195 o 20
w5 5% — WO
T 4 49 =
i ud ®|I = aH, _JdEs N_v _m
T K 7 g I T T T
1 19 QW_A X/ Xe Sy A8
x| TV .
W ! Vi) xm =g
S SH 7 x| A T
¢ al - - 6. L8 1L
JW_ N H T /) VVV A L) 11
> A\ = B EZj 7 6 &g T S
85| A%y § § 2 N
S gy 1542 St-LidL it %
g s sy
m d
(7 -IIVT 2 1k d F-)
3 Vii 1 x . =
x 7l g9 d o %
N —— 4z | H g R
185 T [ 3
4 H Lupyor X9 o ok 4
gl |oar T ol
£ _ e m% _.m_ aH € sy A8
(66) 0 MNNEL 317440 TVHINTOD
; -
N —

H. H. ABBOTT
R. O. RIPPERE
R.D. WILLIAMS
O. H. WILLIFORD

INVENTORS
By

v oIS

ATTORNEY



2,949,506

Aug. 16, 1960

H. H. ABBOTT ET AL
COORDINATE SWITCHING SYSTEM

53 Sheets-Sheet 6

Filed May 14, 1958

|

[

"6 ? SOLY

(622%5%€Y)

SHNNEL gg0 TV

i

ers'y SoL
(2 29°%°2)
SYNNSL N3AT YFHIO TT¥

9 ¢

WIZ 021 WoT 09 Wd1oe
ANI ANT “INi
S o o
RO v R SIS
] 3 t
okya
118
R WA I 34 Jnm“ a /" 44
g 2™ ,\v? | 94 ha 1€ xe E
m 278
. A3
4 sy
3 u
®9 Ve
w Iis S
2 11
- &
[2) xe 9 xXZ
@ A } % f
© ,Q.E L1y 175 oH
2 z ©
¥
18

6£ 917 ‘NOILISOd §SITGHO0D

ol ol
. I, z LY vﬁuu.o
N v o’ N TARN
LoV Y-/ “N Wﬂwml
3 -
4 1¥ov 1Vov n WH QSW /.u.w..m
&n ' onf PoRs
? d LV IUN / 3
\ h “n
© _H_ N Ivid
QVQTU‘//#\ ~
oW
) AEZY
77 g
. o
e 37 N_.
SY 4
@._lL; St4L¢ 2/ 2
SERER
Ay y2 u_ -
s¢ aH WH 15 A8 _ j o
g "\SQ A Bl@ % N
N PR 2
HIC O N 2+ov e . a8
1 EaY 7N
X P4 24 o W 7579}
* ¢ y : 06317 | PE24
__a | Ly olwe 1571 ¥
o I T KL WY
¢S Iy } ? il ® @ 0617
-8 sY 49 0/ ¢ O/ h 3
] ! i [S]
A 7 s 4 = m&%sm ~
Sl us L¥s () S
.u@ 6X0H X o wH, WEU 2
57z mr g G6Isf SB| =
p stov _m _ 3
% /
H N 1 “V V“ I/.\\\\.\t*rly.ln_ L W
~ 2% v |prov | iy m_ww COWH. N
L6V e, 8, s
Liyxs  1%ksy ' } 3
| V1L g d aflid sl .k
¥ -
HWH G i 75 Y] EZI e
=l O b 3
9k ¥ ‘I/D NI
185 , g 1.9 Ty ST
> s
t % Ag4L 0, PR
w57 )
*9
ey s F—0
HS Z/ £ 52
L <<< T T
ol R A8 e

H. H. ABBOTT
R. 0. RIPPERE
R.D. WILLIAMS
0. H. WILLIFORD

INVENTORS
8y

S ‘94

ATTORNEY



H. H. ABBOTT ET AL 2,949,506

COORDINATE SWITCHING SYSTEM

Aug. 16, 1960

53 Sheets~Sheet 7

Filed May 14, 1958

8218
¥

848 = Q
v V)
X 28 7 I _HEWM
ﬂ J s ’y N ¢ KEIE
7 V18 vAg . oV, ¢ s RN
J 9 81917 M , ; ho 9833
ovdY b 0 93y d-'qg | OAF "z _/ _J 1 B/Mm
a\mw wk Y vesw  p VELWH  YYLIWH <
A o, €8 vz 914 A 2y "W "W 1 HOD.H.h
- 4 . oyt Ay R
S _ wSTH 1934 g'a \vut/ Txag
ovaY Yy vy A7 2
_ S/ VY »2°914 9y N
T x T 17939 o q LZCEPP I W N
#2 *9/4 ’, / Y q
/ %.Mt 7277 % 1vdY vy - W
AVa
vy G \ giwsk°
X i
7
1dyL M : 1dyL M £, g5y o LwH
X% X% o 6/WHL 9 or
6 . vevL [ 81 9/4 2l &M v
0d¥L | ygoy od4l | pyroy 0 93¥ m.a CWHY dovy voy  GLWH”
3 o/ T GXHY
s
2d1 Y BONH.L s
& Lo X a1H
- 1 - L g9¢
o8 I Sy PO [ £ fi ¢ :
2d4 wwovL ) 244 w3y vrovL [N £y m\
LA}
g9y govy voy VLWH
vy 60WHL YXHY
o w%ﬁ M.mw vT. 7 zo s 108
793 7 ] 7 9 1°939 'd0 8104 g.42
ga L0 v el - ¥ - *Z
I 1 \d = =
i m pn LI yEAY L von) z 2 vmn“,\s Emm z 3.“«\. E%t
1 avy lh g34r € 9 vibr € ,° ¢
@ @\ __. ik Sy LV
2l / VgL veuL
veovL—~t, [T s N e
- FAY
PvIYL gortp. vviuL goots
é 1 4
" }—vory — Y03 1p YoIte
vovy vovy
: “ " Serr—FK g £
1 919 o vIvy vivy o, W oy s/ ogg—"""
T 1) . .~y
0 934 da JMQQ\,\O Q_Uv‘ 74 L 4 Vo OINOC| 0934 o' m m EY m m .ut
g, Il 5 S 3 S A
_ arvy , d : v —
aivy TOYLNOD &3FLSIOFY >y £ 914

AT TORNEY



2,949,506

53 Sheets-Sheet 8

ATTORNEY

H. H. ABBOTT ET AL

COORDINATE SWITCHING SYSTEM

Aug. 16, 1960
Filed May 14, 1958

. 8
: , _ gUNS ~ =
O g i £, 1 _\ / 4 n ” T%Q\«waj . P , Emm
= ; /N N 0
gLL8 L EHYL _WAT GoYL GL18 veLr LI §3s aig_, veir WMMF
: RN
o= Gy 2 [ - £ 2 ) N LI
~ u . _ slmlz £ SN
VLG VOUL VVAYL _AT VoNYL YoM VLLE O Preamimar S :
GENS . VYHS ”ODHh
[ - O
< L_.I_,\_ I ", VPS5 _ s _ s, T
1810 ¥
e 24 i 1w LT 63s | wag _ viur
7934 90 - 8102 YYLC g » m
i & vNOD VNOD. 5
V7 @ V\m 1 S ﬂ) .ﬁ Q
% ws Ll  vis VLS 3
#1917 ogL> | : VNS =
0974 WG § M .
ovLo 8/ L o VOLWH o VELNH =
‘kou X N Al Al N
Fo4L | o gouL
: o v vLAH LA ,
) 77 7AY
O— e P2 2 807 L7 , vao
vYSw  vesww gk g9 P v, 7] q »“In 2 Wy
IA) T
2 §3S  GIWS  venuL vavr  G@IWS €3S
el ory 2y o L
A
N\X @ Z 2 gan yenNod VELIWH VYENOI ge7v
i 5oy YULWH YV e
Q\_ el arg On, oly % oCa X ¥
r ] e EAY o/ H vouL
& vaLpH va.LAH o
\_ N S "N “O ‘NX o b X\ W“/QU
I
VELoy  GNAM  VaNYL GASE  VEOY %) VLAY, I 2
. 1"y N 6, | g u wel o
A
g 8 o o VIS  biws vewuL v¥YL VIWS VIS
© e veiw ver ovw o ol ety el w&\
, : VNI v
,oX - ) TQQ“EOU VYNOD b pWH anos
o gred el | ease gasg | € »
o= I L R AL
w A
valg . % (] 6118 w03 | o _ L ~ | 600 @118
2L k. Use (i vASE wisg
vIur T vy . gnNoI vNO3
n" Z [ P4 m o _ ] _ vASE 3
% e : me S«wt vx“un Sy AT ! -4 " §>m\w r > ¢ LA 7914
VLY UNAH  PYYuL ly o e T T TLT? Tobr e

T0Y.LNOD 3LNOY 4S8 gASE



2,949,506

H. H. ABBOTT ETAL
COORDINATE SWITCHING SYSTEM

Aug. 16, 1960

53 Sheets-Sheet 9

Filed May 14, 1958

von
mumz - ._g .
€ c = ]
21 @ : L 9 gisr P __N_Rcmm
84213 yyouLL 6 &G.Lor vesyL e 1oy d S TR
5 {333
o 083L% 5, £a3LK, ¥z RN
L avn s
. i, e B / z ovdy N H.O.DHﬁ
S ovay 24 " gl e c Y
g11g " ot
Z : g / [
o N o T8 E__ou 1 __H_r . K (£400 xv A " 2
gos  ve3s  GHWH sor 5118 vIOD  p3k 4 S
=44 . > N
g100% ¥ 8100 § 3
) 3
1 vgoo =~
M L g00 I3
2 ! L
1
Y37 _IF‘QQO.U Y37
[
_.QEOU
VN
munk _._.—n.__ l
¢ = 9
z -
PLIT K X vior 6|
v.muE@o. vLor oYL te oy onnr
\
MMQ ovaLN evaLX, %
vonsk e oy
~ sty 1y, 11 = L % "
O i vilg < ¢
ovay VLG YT~ _ .
" / g /
& o T2 vL09 M . "u “Eou Y % " I
O—x X% X ;i ’ 1 oo ok 2 vrews  vos
YOS VYIS waWH E v1IG
y
V4i02 X r.—/_lr \v VLoD
Yoo
YOSk |E/||I & vroo
</ Y00 s
Z M 2
o Ll vvI7
vey YYNOO _
() & "9/4
YNOD
TOYLNOD FLNOY

ATTORNEY



2,949,506

53 Sheets-Sheet 10

H. H. ABBOTT ET AL
COORDINATE SWITCHING SYSTEM

Aug. 16, 1960
Filed May 14, 1958

B [} 11914 Q
e i Q%
¥ B.EW 735 SN3.L N TR
ol = Wi AR TR
LNI 45 R ! 7 §-N1 [ 735 1M | MW ~ M
By VX N" Qn »\W. G291 Am. 5
. VOH - 1no VIS - = 07 ] 18354072 - T w
NL 4~ o |~ D [~ O ¥
P B 0/% WO~ or wH N\Iu_A\ al & (LA s ,
O oz 9 LT T AT Lo ory . _ “ Sﬁw.s N X
Nt DL o o vak| v AL = v8  vou 8 N 02 2
vroy vaH 9 w X S
J v} 1 U NS 9€ 914 g
© _ SN e e SOWHL mﬁ%w 3 u04sty  F N
o
& 5 LMoT-6 9 @ SNELL“WTY S @
y YaH % } v X . 2
[ Wy ¥y ) vaH +'% T 3
10-111 NI voH - ! Sl
7L s ~le
NI VOHLE v s Firle}
7 Wy 2 | 6y,
70-775 K s
8 s vls 2 ﬁ
S 1 v} ve
|3l Set) - ! _
R M 6 43 |
3 7° 28 v ve  wwo
m - aH arkino  exvror
N NI
Sy rov any o @nﬂr (se) (86)
Q 10-vovy 26/2v Fran - 21k vg |
A £y X 4no oIk 1no 4 /
o wov o | rexE (e HNNEL |~ | sivness
2 r €T g 17 oy, I en- oy
2 INOL il 5\ (D | ] (o)e] 0D I
m%kk e [T VT | ®|G vay o vg
@ (oL 6tvon PNO
) 4o 1
_wX Yw..u?
2z
VOH X8 "
i vg
£ Zx
44 1m0 yhow
3l (90 3 /0) 1 422 MNNHL INVYONILLY
ve
~NI® {n l_H_ bl (%) _/__yd [23 m Q\..\

\ ;

£ 914

ATTORNEY



H. H. ABBOTT ET AL 2,949,506

COORDINATE SWITCHING SYSTEM

Aug. 16, 1960

53 Sheets-Sheet 11

Filed May 14, 1958

NIVHI JONIFHISF4d SNIL

A 647 N "
T ' 3 S
mxﬁw—n\m\ €93L > 2/ | nwmuw_nrw €674 > N W. M N
4415, ; - LAy 8433
. 2% I 91> Q PW_ g
- 51 s, L6 e O—4 T i S 3
— 1 T t K 1 T ] 1 St e
€831 e L v evIL o7 €g3L o L obL Toqgy ﬂ
4L 94 Tadg
657
= = -~ -~ [%]
T % T &
ovaLSkII  083LNK I “ OVILNK 6 087K N
§1 - 7] PN
) 7
@ PRy i £k ¥ q
~ " ; 5 M s, i ! b O— 5 T ) 2
O— 1694 vy b £vIL o7 ! 1831 prr L] P2
Sl vl
oviL vah 083LXK § OVILXE 0871
€l zs
2 ersk e EIE
O— c—{ n O———{}1—5
1934 T Y 134 1831 zu avi
&L .l
NOILDOTFTFS SNIL
1€ i m. 1€ LE LE 1€ 1€ [T ANY 4 4
ﬂXm H“X \_v NX \_X \_V\ \_v \_X \. NX wX e
22 9 §1 o P, a1 1 ousL | agov sy oy
x Jl \ I \ “ \ i \ l \ 1 \ | \ _“ l \ 1 \
ks B 23 23 7k 7k 2k 2k Tot 5 o3
(el | oot | (| Sdl | | var | | s | | oz | | swir | | oo I/
[ C T [ ] Y Y
< .M.X m_. 3 m_. K %v m. < _m. K u—. K 7, WVA WVA
T T t T T T T T - T
O N O I LN Za
v 91 2 ot &2 21 161 obs | vawy 1y oy
KVA 6 _f K /_z < JVA JVA _/ < /_/ K /_ K /_ ¢ K _/VA
"6 '6 i) Ts Y6 '6 "6 'or Tor “or Freny o/ 914

AT TORNEY



2,949,506

H. H. ABBOTT ET AL
COORDINATE SWITCHING SYSTEM

Aug. 16, 1960

53 Sheets-~Sheet 12

Filed May 14, 1958

Nevayy Aovay | a2t ?
A 41 1
3
L e
ggdry, .o 77 m 7
~
87 o —abu— .}
18 N R 0i l z
N @ _
geavk 2 ~
\X 1Y _
1 4 f
Sfrew eee | v, | _ | ]
8&
— ] - —
) i
EAPY A e3¢0 |
ZIFvay | evaiu 2g714 6 |
g
“ g89v X, o ZoL ZdL
/4 Ix 1728 Z
o4 i e
- Iy AWANES
7 ggyrK o
KoY
kvayy aleeas | evart, ~ _
120 0/ 7, ]
083 031
0/, &y O Ed 0/ 4 £y ]
AY . ZA) A
&7 974 vas1Yy ov3L ovIL vesTY
6., £y N 2 8 £
ggdy ga4v YESTY 124 VY STy
O Sv"\t o e mﬂwx,\ VS0 WY €9 | - %z
v © govy _N._ gy ¢ vy . |edry S 5 gé7y
or' T
z geyv 2, 2ty iy M VL4 .
¥
g7 g9 gviy | 1dds v_ 141 | grry
-7
6 £, Q\v -4
- K~-0 o
ey . % v_.Nk
ary govy iy w?
2/ / o1 v | 5,
Oy T4 f —-{ |1 0diL = odés
v govy _,\._ vy 7y o
vy v NOLLDFTTS SNFL 12°914

WV SNIL

&
p—— | -
£831 NA
| 2L
o I -l NX
_ TN
! 041
w04 0831 gs7y 5
i W LA B CLY, O
1 opsry U & gyos o¥
21
LV
7
.. " -
EVIL vy
P
— “ - V\b
| oo,
/v
ovL OX (o274
3% vs7Y
2078 e S e S
t
S ogewy M oz 0¥ :
E
0871 K oVILXK
kw“\ = W £r9ld
; OIYL[ oMLy
21
194 sk | 98HL
£v 91
Q“n | "o. jw“ n.__ e 6-6
1871 WL #w._\tE WL 141 [ x5t 00
¥4
= = I ! > W "oty
/ B QOWH.L eAHLLY
oviL¥ 083.0K
. de/ W 69l
J TOTL[ 1320V
2/
0y oss ks |FONVHL
©! V. 16 715 14 e mw..lm%\..\
1831 OVl fo&ﬁ WL 081 531 ‘075

o&L

WILLIFORD

H. H. ABBOT'T
R. 0. RIPPERE
R D. WILLIAMS

0. H.
N

INVENTORS
8y

/1 "9/

AT TORNEY



H. H. ABBOTT ET AL 2,949,506

COORDINATE SWITCHING SYSTEM

Aug. 16, 1960

53 Sheets-Sheet 13

Filed May 14, 1958

QQ&R.\.”* T 6VL
ol £, W
135 IDR. 130y 164
Q ol M £, Mw
Py _h oy 0-64
61

N

%%kkﬂDl L4147
/ -,

%
1324 1398
- Ml 2y W
oy Ll omy o
&1L

VL2T VoYL
AV4 \Y4
& A)
&qLor
V3
A

]
b- | -4

N

VeI ¥
)

£,

oYL

.

STy | %“um ol

vasw?® 1oy oduL
&aovi

22914 132
193¢ IBI o5 g 1dy o, o PWAQ - aMm oy,
>
vogss L 2T gyl vors ML 7Ny
6/°917 1G94 Vi ovaY
0934 ..I.Dl .
a'aq \.U.UQ/ .hbm\l..nl 21 QW/UQ 67°917 or, QQUQ. & 914
\ va .
v UEI.@ % JELY IEI ™oz [y 1054 lﬂl AN euwm
6" ne 7 v oL
»e 9L .IF
7 o9 /g2y ...Dx — H
Jq 2/ |6 mle 2/ 1328 72917 o il ] Kt »Z 919
R WY4 . V4 V2 N . \ AV
X A % N4 VARY7] 1°93¢ ZaY 4274 EEAU U.wm\
61°914 1y vioy Ll pidy LY 90 0@y
it oy
Ja LOHL POHL
/ 24, /
(21X} \“Dl . @ P14 X 1 X “_. @ X Il % ___.
Zdd { ZdL Vot f vl
0003 | 4521 rsaL
0004/ = Z 0y 61917 u 002y 6/°917
9224 _Qm\utﬁ W .“.x oL [0 % % l T XG0y
X% 100y a0 1024 7a
reoL o/r” L4 EAUL
g7 G 102y _u 1929 .

g 2o ", »Z 914
& @Nx T Zy—t [ 971 K &T.&é *—4 | U =X \.QT. e
e ody ¥idy { vioy 002¥ ) 0ady o

ooy A
VHL, OHUL
/
0oL o 21, ! \m o O w\x ! i
ode L1 sa R £olt
9soL €524
5., . QQUQ &1°904 N\/\ QQ«NQ 6/ 914
i = ) _|G| 0934 _I_H_l Yz 0 0°9F¢
494 1054 L A 90 1058 aull’ e g
OW&YL N\_/
b- ) - I_ T r._ T ,
| 1038 Ypziow - 1ay »2°914
vy Zy Sy 4 {571L] $=X 1935 %— | 2L | s o7 070
zdtL 0dy sy 0dy AN i
1d¥1 SOHL COHL

il £ %% 4] e, (@) LV S Wy | SV oda Ul o .

7] t 2! T ) 7 f A} ] A} ZaY |
vrs< 183y OdYL Sdt sdt zdi oy 7ds
vobL §501

SOLIINNOD SNIL

H. H ABBOTT
R. 0. RIPPERE
R.D. WILLIAMS
0. H. WILLIFORD

INVENTORS
By

el Il

ATTORNEY



2,949,506
53 Sheets~-Sheet 14

H. H. ABBOTT ETAL
COCRDINATE SWITCHING SYSTEM

Filed May 14, 1958

Aug. 16, 1960

- - - - Q
TEMM
[
SHIL
sv 517 NN
TOYLNOD QW&W\NWQ AV L i AMM M
I~ = t ~ ~ [8) \ S [+ o o N ~ I~ o« < 8 1) o [~ v H. s
aa;.o,addl_dddddo,;w,a/_oo | oQ X
R RRPBPPLPPFIPRERRRERFPF I CE H.R.R.o.ﬂ
g %)
IdYLOIIN| I LS |2d0L| 2dL) Id0] 2 2 LE|60d0| 8240} 604L|82d L 01} J0r]| 640] &40 oJ0\70.8} 707 \.\0&. ..M W
2
|
U0 ¥3ILSI93Y OISV : _
- - - (L0 % 20)
- T B i Z
242D MNNYL
= ANVGNILLY
I,
FNOL il
ASNg Lg I
v
LOWH.L
mu% ‘9/4 9 |
wivwy \ZOART 5 1" =
'} b 344
g I |
av !
U0 XNNYL INOL ASNG
Lk LLL o
|

£'9/4

AT TORNEY



Aug. 16, 1960 H. H. ABBOTT ET AL H 2,949,506
COORDINATE SWITCHING SYSTEM

Filed May 14, 1958 53 Sheets-Sheet 15
12D USL ¥ SNHL ‘WYVIVY
17914 1914 [ &7 7 N— -
"L20 LNOD FININOIS 490735 SNIL INOD 93 Hvd §€°9/4 9£°9/14
4 — a A \ G A ~\ N
o It [ o Q S e o N 3 b 2 2
& 8§ @ S S gl gl 9 ¥ 3 § §
e S ) 8 i 1 Y Q
|
N S| .
ST 3T elo KX kS x 5 3
S = Y Lo e of © - 2
lﬁ Ef N\Q
) w1
S % S¥
Q .
s e s|o
E ) N~ X Ql
'
9
[ 4.0 e
S ¢ S h __||.
” 0 !
<
Q ) N
QX IK
I Klo «
OO ®
|
1
19D 3DINYTS HO SSYTD
N
\ 9 "9}y 29/
§2°9/4 92 *9i4 UNOD ‘93 UNQD 31N0Y
S \ S JLQ—\ /Q—"—\
Q Q Q [ [~ o O
3 S 3 S S § 8§ 3 g I X 8
[N e IN S IS [N IN ~ S o O G
5
3 - w9
) A o T ~ ~
N > >3 K: K -+ X X
< ~ X e X Te ° g !
N N N Q
L ~ > g__ Q
B ©
3 « N & I d) L [ I
s sl sl s | L 0 0
AV AVa AV V4
~ o Y Q
- ><§
Q [+3 < <
| 301 §00 SO0 83 >
|
! s
1

H. H. ABBOTT

R. O. RIPPERE
INVENTORS B 1" WiLL14MS

0. H. WILLIFORD
gy )}}Z;yp{,[

4

ATTORNEY

FI1G. 14



2,949,506

Aug. 16, 1960

H. H. AB_BOTT ET AL
COORDINATE SWITCHING SYSTEM

53 Sheets-Sheet 16

Filed May 14, 1958

v%ﬁuw Bvior
o o /\N

£y T x 2y
P, 96H 3 oV 6L 964
SV #y x .IIINVTJUN
vz 9ld oy L £6H | e oL { oL
sozg @ 760 B ] . 298 ﬂm 103 5o [T by 2y, 4364
A rZal 7R 4N 1ZH
6/ 914 gt L oy 6/ 914 i SO
0938 wa |07 o385 ] 0354 I s 0038 0'a |TTT ol ] 0994 2 2 |
%, L L1 > X725
£2H| o voH 2oHL
€47 ZnL 827 vIny yan eI ) 1 0l
=% X X 1% ¥ . :
BEAT A IZ Fetie 7 1 ghar | vanw — s
| - ) - vir
J—2ydE W_mv ! - = s—de ez | - =
r 7 X % z
£€7  end g4 kg7 Xk n e 204 £k Nﬂvﬁb
| .Ow Vwm | g—2 2 | ﬂ
€27 Znd endf 1 end ndE
6 "9/ \x by 6 9/ 2y N>
exL00] €7 oYL vinT 13920377 onyL  vant
£n n
£, Iy /
JA)
oL oL 6vL 66+
£ » Iy
631 2641 g evHL 08H
. g 82H  LoHL
»Z 914 N .Jj o 72°9/7 Vi L7 7 0ZH
1934 d°qg | /- S5y £ 4204 & el SN [~ | !
AV
e 1 &8 @A 3 Iy N
[ PNT S o v I e e g 2aHL 9H
0938 9@ |01 5y . el “ 3 0938 90 [ 907 55y e
% Ny ' .IILTL_.
ok Z#1 2eH) S 5 uns 2, W
4 _.
i Nvu/q k\,mt. By o £y B i} Qyu\bw X hy Iy & vote z
A 730 (7 1) S v— L | 817 | vony p————KE—]i
1 [ vir i P 8.8
|—ZyLE e | = - - VT vl 4 =
X £ F £ r 1L
&7 €L gonusk 971 Yvn og7  end gony xam %3:
.__llle\MIJh £ ) ..TWI'T@ ! 3
zz7 ans i 027 ani on
6 9/ ey, £, 914 ﬁ N Ly
NP X X ML 0 s
&WL0DEN 0Nl vy 0 HL0D ond1 vIn7
an £b o1y 1,82 on
0 MLty 0BWHL  1nHL

NOILIF T3S

SULINn

02 '9/3 ‘LIFHS ONIHINNG

H. H. ABBOTT
R. 0. RIPPERE
R. D. WILLIAMS
O. H. WILLIFORD

INVENTORS
By

S/ "9/4

AT TORNEY



H. H. ABBOTT ET AL
COORDINATE SWITCHING SYSTEM

Aug. 16, 1960

2,949,506

53 Sueets-Sheet 17

Filed May 14, 1958

QWM\& L Nx N Q
ol . ovHL e reH _HEWR
0/ h S
#7977 __H.IIIVQT. mwwkmh 65 W »Z 9.4 ﬁI.IVTu.I 2 MW,M:/:
1938 3\ TIT o5y o R ACECR RN T A ~x- — MWWM
ilivted II*I. ot mw\w@i “ vw it 44 2041 H.om W
093 90 021 o5y Y # n 0939 @0 1K P Ly, % ODHh.
? o ZZA 7 SZH S
gn || o 7S oou | | 4 _ Teds
| n |
2y 2y .«Mm 3 “x “x ww\.\ ¢
227 ni YoH €oHL 3 517 2n1 roH 2oL R
Y] N\ ony, on, ,.“r v vl NX Nz) PN
M T3 [ vy 2y it ¢ Teadnt [ vony .Ivm.gw.nl___ 2 N
- gLir -—— g. b
| I <
" Nu_,ln W_mc\ ! = BT AVE L SIS = = 2 =
267 €nd o/ a s€7  end VAR 3
; o gony g7n kvin ; \ gony ¥ g Svin | S
.__Ili\l.lll*ll. ._I¢|T. (%)
227 2ni n s27  and endf VM
crols 0 SO £ 915 Aﬁ N4 L/ u
£ L 00)Z7 PP PR § 9L 00 IT poAm
0 ovrL / .w,tm\...wvur\wh sn w
> SOWHL ON¥L o
[N ©
L2 N S6H
: D
rz°91 AM I Gupw Ayl T6H W opns  EVL
P AT Gxum ~ . g .
6/ "9/ 6 mvkmu\.t 9EH m b2 01y ¢ P 26H
0°93% da | o-9n 0954 6, o.( 577 ﬂ ! 934 Sq|-#n 1954 . uu\@ﬁ
N
g | [ 5 M g51 s HH
i RS 6/ 911 s | L |
[ Sy 8 0 934 d4q|0-#N Suxm | |
. y Vol 2omL 9 | N s i £y, 2] v
] mw\ um 6 - % 01 o N VIH 2oL
beje e e v%m.[.llTl_M&, I o 17| @om [ vony
|- _ |
| N_ iy 6 | = = q &, LlE X | = EX
6 X X
ge7  ent g0y L g7n Ckvmn M 7 ME gons ¥ Sxem kvm
Sy |
0
) 927 L ont? . #27 2n4 P 172
5t 00 Ad xE—dp Ok w1 0o A_ﬁ X X
g L vonT v #n ondL  vony .
€191 1,82 6 9n en 9/ "9l
WL Ly o7

© GOWHL ondl

NOILO3FTIS SLINN

AT TORNEY



2,949,506
53 Sheets~Sheet 18

H. H. ABBOTT ET AL

COORDINATE SWITCHING SYSTEM

Filed May 14, 1958

Aug. 16, 1960

oty 2l )

3¢ Q
veI¥.L . iy 7 K W. m m
gavL o&xX
04— 2B o2 moae s ] 2, 8833
: gn T WL YINT X N
. WYL g3n7 0L 55T
ot . : #2 oLy ﬁ 2| sviL AT
- 9. . [y = S e i
o 2 U 9, wa_" @ oS S 1938 @a {7-6n Gu*m 1 7, o uWODHﬂ
VoL adw 7 VoL var o1 017 7 P Y 64H Yead
8o N 1 4 oy . 0938 U Allllxnle-g P ..«\< v-w\“ .
AL
o T ot w1 Vo ahL ©H &
X X | 647 2y, e
W ¥ — ¥
i L . evie e | gonz | vony W W
P4 [ [ b3 N
% _ L B = 2 2
s, K o PR , gl AL 2
Py % . 667 end 08K X870 X vn 3
ovay | - 5, 7 N 2 ) i @
I'XII_.. } ;-lXILT-I. . o
e n g Qmwﬁ. . ﬁ_ gL 627  ani snskf ﬁ &
Xt VM amn 091 ﬁ 2. VA R
1vdy - ley ® 6xL°02 | &N meL vant oh N
on . : 2
6, xid Ot e 9, VA :
N
v . e #n vovs  &3n vin v [
X gon7
én . Iy
O &y 1 lox vé . X . N g T6H
— 7% 7% 7% P
govie eviL on O N M : \/ n
- \
&in g2rL Y gL | 1y
= 7]
fqal 2y T vin . 2 o1 ﬁ Vi oriL
07y @'q \7-80
ulen ., Al 1224 11y €2
: V77
2, N 61917 A /B e N
: 093y o7 VoEm k.
»2 0 z o8 930y we 11wl ;
" \ X YR
i v HL
ovoy 2, . LA N v
% T T Tadm  viee
#2, XE. _ -
1y 5, N . mw_mk. N/ R S
. én eg7 &0l 8208 K xgm Xvrn
Iy %<& 9 i
.— y
o 6y 27 8871 2L ond9!
O o, Jridu, | o v o _ NV WL ﬁ
g L) eviu &n vIs  ovdy e mys o o /1914
van vony i .

NO/LDFT3S SLINN

ATTORNEY



2,949,506

Aug. 16, 1960

53 Sheets-Sheet 19

H. H. ABBOTT ETAL
COORDINATE SWITCHING SYSTEM

Filed May 14, 1958

[ 7A

s : 5
sd ¢ zgy9 /°qy9 Inod noL W &
Sd T LN NI ASng wia LESR
s b SR
@.ﬂ Ls e HOWL Qa3
1 r ] A 5§
£ ’ NO [ naxE Nox! NOKS I XXX
/I, 8y HODHﬂ
O _ Fa A - F, vedops Txxg
vd A
YAG NOKE N g—" T 4
or X9 JAG m
rd (¥ ‘ “ = = -
L2t HONWL W o
(L, 14 17 z
%( © =
OWHY AN y ) E..@
ved Hd 3 _
£ J¥ed _ \ m @ Y Lay
1 Q =2
> 4
» = = @ _ ,\m _
Ms Py 7
o/ o sk og 9XYAG %
Q Vi if
w_ o/ \
9 9 1. 3 // 9 B s N1
i % =1+ ] &0 L
d §d 2d NO R NO
&d ., |oeF 77 ﬂn@ e
2o m: » N eI Ka T4y g8y ss ¢
7 YAg = 2K YONL __ITN\ i;
1d vy =
A} N g19Y
7R "7 : } £
2l &' T
“o ovay No ﬂ.@ 7YY W
Ms PRy Y VoY 154 H
Zd, B 4
/d s X = . 10942
* i OAT ~ Dv@
@ _ “ - 102 20% ¢
Iy ~ A mﬂ.__\t N“ !
o yryy
0 &3LS/934 FSINd TVIG
S | &/ Ol
/l\'||l<|\

ATTORNEY



H. H. ABBOTT ETAL 2,949,506

COORDINATE SWITCHING SYSTEM

Aug. 16, 1960

53 Sheets-Sheet 20

Filed May 14, 1958

a1 93

u =
AV3
¥ls 120735 SLIN Nd>K9
e Uis sty er9ly sros #S s
5 ame SIRC IR FTREBEEEEREER Ol
HOWL vy : CENENRBRERE #S o o0
an = . T,NQ ‘.Q SOOI SO S (SO OO O ST R .
(2 = 7 T
NoSK = "¢ 4 fe)
g-foug . N —
» YISy 4-» IR0
or X%
A% #SF an gry-tu He
o 2 soel owvy 1, S — J
./, ; *—4/8/.L o M 3
p N
O to| %
T \QQ.N Ol %
e - % “ o
s Al ” . yis £d
g
4 K] ,\\aﬁﬂm i NI
20 Yowd - f X it
) o Jﬂm... yis s ed Sd
T g
v, kw\ " P %
r v NVA " LS /
=01 g oby Ja s...nm $———jn
. A 4
o+ 2., x\ A_LA JomL
- N
0-61 a1 661 / yis
LA 4N _ A R 9
0-61 qu Mwm <\.oQ ok w“ i } i)
\\r )
N Zy cas LS 1d e
gl o4 Lal Ve S 8 Zi o, 8y
. 1 |
84 Zy. ~ s e . 54 bt &
W 0-941 (L] \§QKI_HMI Pa 2
o . X L
9| 70-%Z PN ” yis
) . ek 4
\\'
2., YIS &d
-6l Py \NE 2%k AN (A
z 3 9} U N T
5 3 / -~ uLs sd €4 #d ]
A a4 21 or
z v \E«mm nr e, iy
* - Y YAl T A T T
#34 LS /d bd sd

¢

an

H. H ABBOTT
R. 0. RIPPERE
R. D WILLIAMS
O. H. WILLIFORD

INVENTORS
&Y

6/ S

AT TORNEY



Aug. 16, 1960

Filed May 14, 1958

H. H. ABBOTT ET AL

2,949,506

COORDINATE SWITCHING SYSTEM

53 Sheets-Sheet 21

8y

. . o
Sl &~ mTﬂaTann QTNT taTu
N NE N NI N N
T ETEI S
i
Q - '
¢ R
:
; 9859 .
S g - FEEEEEREE
g |57 N € SIS I A A
WY ——— o Y Q4T
o | 5255 Y |
N | | Q 2
b ! 5 9 g
é 5250 3 29
—_— QS
753 o—55 © K
il :
! ]
5650 ;
a5 © 3
8482 )
I i N .
1 !
Sl = N D] 9] v © N ol O
£€52 QL N VT VT VT 3 VT VT \:T v
I It AUy b
R. O. RIPI
S INVENTORS b b WiLLiaMS
S O. H. WILLIFORD
N

i deinrr

PUNCHING SHEET

AT TORNEY



2,949,506

53 Sheets-Sheet 22

H. H. ABBOTT ET AL

COORDINATE SWITCHING SYSTEM

Aug. 16, 1960
Filed May 14, 1958

._” 9 m“_A v
AV 1 - r E m
s zome | 3. 42 - S& M_m
| | 9 P _m vn_m \A_m Xw B m \A_m Aw o, BPUW
- - -4
| T T T T T T T Fa3 QQ o
! I oy \ ( (1T T O]/ v <zS§%
| [ o 2L \EEN NSN ERN §p~ §R~ wEN e 3 or T h
N SS¥
_ ! N o 9 ) 9 9 Yo 9 9 veIy T AT
fo ok n “ “ “ “ “ “ &xo
v ! OYL  owyi -
¥ } gov
0L LKL 4 ¥ R
. ogL oL vaw  zdi g 7 I
g g, ¥+ T N\\A 7 al— [, = A
N i - i I Y
.—“ A | w_A 9 = 2931 _ vayy ¥ o
on¥L  odyL [ .6 2 - 1 N
% 1931 Z S
] 7 . i E
N } LY D%Wk Z _
mndL 1YL A ol oY 5 1451 T j . -
oL 4, AL < % y v_mm mu*n [
|_nm uw_n Wil } 0déL 1334 1024 f
} 91 # 9 E ! 1wy 1234 ’
e oML 6841 prom } vy | WY P z
V3L v V) 1
4 9 E7 % f 4 9
9 9 % f 4 ody | o03¥ oaxw } ;
] s v ovaL py] v 1924 1oy
P |
641 y=:van SN 1834, o7 X5 5 >
A P & I S Y S e
9 9 g1 91 B oY 033y }
_ X X 5 £, | o 9 : 12y 103y
ovxLI  OXL 69X41 8EM4L 0324 evi w3t &1 vl
ot 9 n_u 9 4 wT ]
AV} 1 Q Q
4L 2dd 2w b1 0234  ovoy “
\t [ “u 0/ 9 . 48524 L4
! ! ! duL  ovdu 9 LA - | [
- -
[ “ __ 1wy om“u& | |
. I
U N % . 7 7 !
2L ozl ewu . 9 P
: o , T, ) ok "
} X% } 2s3L  ens
1L 1YL Vel VI vEouL
ARV NEVERZES o,
g U o I 1 (8] 3
oYL oddL ovdL b L ML ¢ \_I_ o
o7 T | 4 4
x - V0L G40 .
N N
WY TV SN3L — o~ | /¢ ol4
. 11914 9 ‘914 o9 9ty
735 SNFL ©£2D WaY TV W

" ATTORNEY



H. H. ABBOTT ET AL 2,949,506

COORDINATE SWITCHING SYSTEM

Aug. 16, 1960

53 Sheets~Sheet 23

Filed May 14, 1958

- s
# B = N+ 9 9
s } & 9107 'w02
nm vnM vnm £
_ = qm_u
vaoy.L vYou.L 2 £ I 81 €
+s ok M nz ! z e "vive
_ S L,‘
N T
e 21k ¢ vovy
Av4
1
[gel- 73 I=pl- 73 j <\ / \"\
g [3 3% } 8151 vior
¥ t vvAsg veAsg vgovs 14 5 p
YL gneL - - ne Lo m. grs | g :
} % % % XTI+ | 9118 vil8
9 9 3 T Zo) |
¥ 1 vAg 848 1 g govs et > >
gréL vENY L . A _
7 )
9 9 } CLIER va.Loy YiioY
v ' oL WH VILIWH w -
UL YUHSL S 5 1s gus ; :
g g * 4 ¥ f } vair {77
% J VLWH GLWH nM vYovL sk 5
VoH g2t 5 S ._n% : w_r
6 6 "; } . Vg9 goy
v } ASG 8458 5 5
yrIs va3s p > :
|_m w_n X T
)|
g 8 ._“ s m__uw @I@ VoY voy
) ; 967017 e )
vansd gonY el _—17n £ oL w
‘WY 8§94 9
) g
3 “ -0 A
9£°9/4 vin gimn ¢ S
235 2 5 T~—wr1vn
‘WY g 6
{
/ ' [% r
< 4 834, &l _—m
L4 4 &
Al : f @l@ .
_ Fa)
s vn 83n c vayms FINs
sr ? ¢ w WX
1 9 .
7 N 95 93 ﬂ > e g \
T T T
gr | veir / ) ) / vess 2wn
war | &7 @ sor | edr J zor | wr . .
P -
e | gl o o obZerm e o e | o g | opr |,
vidr  weir sdr ' ' our 1225 YySHS VNS

WYY Ty SLINN

H. H. ABBOTT
R. 0. RIPPERE
R.D. WILLIAMS
O. H. WILLIFORD

INVENTORS
8y

cc Ild

AT TORNEY



T 1938 g0 77 0 HIr

TN T AN OIWHL B

nﬁooogo [N 00000 ohﬁ

-—q 4

Fgy
oy
o5

LY
LS
3
S

2,949,506

53 Sheets—Sheet 24

o

-—lg

H. H. ABBOTT
R. O. RIPPERE
R.D, WILLIAMS
O.H. WILLIFORD

8y

INVENTORS

P - N p 507

&

N4

€ —=— - 5

—_— = 4 o—=L

ﬁ n
- oL

A\

N\

H. H. ABBOTT ET AL

R L

COORDINATE SWITCHING SYSTEM

2 HIOLIMS

A

e

- IZ5

Vv

€791 0 HOLIMS

|

|

|
P 207,

429

d - : L v, 2
b

—-__—= N A 272

- O

- o s

e ]

N [
d NN 505

Aug. 16, 1960
Filed May 14, 1958

N [ D P €05

-—_— 671

N4
by
D
L4
g
&

—z= e | g2l

!/ HOLIMS

ATTORNEY



Aug. 16, 1960 H. H. ABBOTT ETAL 2,949,506
COORDINATE SWITCHING SYSTEM
Filed May 14, 1958 | | 53 Sheets-Sheet 25

O.R REG.

K|

@

[

~
)

[
Q

k

R
JUNCTOR
ccr.

5

oy

(8]
o

N
%

~
Q

~
[N

R

JUNCTOR
cCr.

O
L3

Q
0

FIG. 23
A

Ac/oc
AUD.INT.

N
* TN = @G>
AN K <

JUNCTOR CCT. O
7
AV4

R
1l
-
A

‘s
Q>

Xe

B . 62°9l4 -
UNNHALENT

H. ABBOTT
0. RIPPERE
D. WILLIAMS
H. WILLIFORD

BY ,
Mumu

ATTORNEY

H.
INVENTORS g'
o

F16.24 -



H. H. ABBOTT ETAL 2,949,506

COORDINATE SWITCHING SYSTEM

Aug. 16, 1960

53 Sheets~Sheet 26

Filed May 14, 1958

»Z°91 s, 6y,
17939 &0 1100 Yy §9¢
ﬁ T Lo, ]
X
0.L00 vovy  vou +£03
o u
o YL glpy oy
3 vT L,
N ig gove oy 4z
wﬂ. < WV \> %
RS LYy g9¢ L4
2 i Wy | L
O | o2z vovy oy Ly
& 6, o
107 yy gou
~ ¢E1T lo,
| 0% vors  wou an
G711

€r e/ 6 "S9l4
SUID AL NILLY TTY

€6 T S9ld
SHML 0D T

-

-

02911 LIFHS HONN

!

JoINY3IS 40 SSYTD

X/28L 68
[ Z o
* 9 o/
65 [+
o+
¥ os
Wll
—|x| os
oL
¥ 45
g+
rT 45
o+
% 9s
W||
—IT 9s
2 a1
W ol A &8
T i s ) sl —lxl ss
Q| 5252 28y, _ou& ol
HA >m. ¥ »s
N PLSD 2891 4
' - ] ron »s
U | S\ I
[0} Al N
o 7253 zédy _ouﬁ ol
< £ 71 €S
REZ-TE _ g4
1 » < €s
N N
€253 aohy Tuon ad
£ ¥ 25
253 4oy _ 91 :
h -
_ . 2l zs
€eS3  #goy _SE ol
£ ¥ 15
\N_m..o 2891 - _ 94
i 2. W, 5
A
1283 2& —8& al
! ¥ os
0482 455 _ 91
i 0s
e 7
”P.WIW TE¢ nz
-~ — nzZrx
o7 914 !
ST 0T YISz

H. H. ABBOTT
R. 0. RIPPERE
R. D. WILLIAMS
O. H. WILLIFORD

INVENTORS
8y

sc 9l

ATTORNEY



H. H. ABBOTT ETAL 2,949,566

COORDINATE SWITCHING SYSTEM

Aug. 16, 1960

53 Sheets-Sheet 27

Filed May 14, 1958

€7 ‘6 s PS94 “SL20ML 0D GO TV

FoINY3s 40 SSY70

r o B Q
ETT] = ©
( Y-/ ’, ) N $3 m
777 N , el ” oy I3
3579 ! v a<S W_ -
4 vy / il 2y Y = <EI X
o5 8878 avw | e z 2ty i ut
voo -0Qx
£ evIL 2y TEEQ
72T N 8§09
7 1]
“ Zy S
OAF N N oo M
T 2l & X
80 S @
vsooks 500X/ 3
£ Z, oty £
T U -
ad vaiws | vranw eson e m §1.18 N
gSCoXr  YSOOX/ YYLAH ovay |
s ; S J Oly X %
077 7. EZ or
WH | VEIWH | € viLg :
yeL vs00 ovNL - WAL  @HL VELHH 1y
EY] T 2 A E7H or
vsoo1s &soo1s :
500 3 | 9 _. @ “q txm:t 1Yy
osy . s 6544 1 . v 6
Cet—vosi—H{e . pT—VOSL TS - 9T —VasLT L vaLH orgd
- : " 6
21 —aasi~+t¢ v ~gasL—1s 9+ —gosi—14 .
X . W ee°9ls
¥ 222
. ‘ . , N ] PP e
n+—eosi—~{or  61—&0si—18& | pzoow s4
nt—vasi—tor . et—vasi—to [ 1oy FHE[ ! IC
Oly 28944
ET%7 o8y orL ¥ Lo O
6
VI
/g0y 1O
6y,
oviL B 080y 007.
T 9y L #ros
\ oLk s 1894 1164 0938 4G
'l
F1L ) 0oy 0151
T s
€r 6°s ‘v "$9/d 1V S,
A ovaL X » 180y 1084 .
'SLODHLOD NIAT 1TV . 92 "9/
oLl QQ\UQ 001

ATTORNEY



2,949,506
53 Sheets—~Sheet 28v

H. H. ABBOTT ETAL
COORDINATE SWITCHING SYSTEM

A

¥€°917 ‘e HOLIMS

Aug. 16, 1960
Filed May 14, 1958

569/ 16894 16791 8¢ *9/4

62 LO'N7 9ZLDNT ' §2UDNT FAISOTONI “pZ 0L 02 "SLID "N7 Q
A ke . fa o e ! Mg Moo e o fo i WEWM
6CHWHT SCHHT SCHHT - PCHVHT hwm‘,ut.\ NN%_\.\ \Nﬁm_\.\ 7 QNMM.Q S ﬂ KL
] - - - - . ~
oeme ) ] - 3433
D m 4 Q Q9 qQ J 9 ﬁ Q o 44 (2= A Jnnh ARWW
b d h. ; i HO.D.H.ﬁ
3 & & : 3 ) xS
DL \uu 94 o] . @] ) oc s
1208 b ) o} D [0} o} D m
1 N
D D ¢ b q D D o) = 8
[0} .
b o Po | Po Pl (o oo$ ’d M @
< o o 1 L1
gzns 7 S e b T& T4 |18 h
D [N Prrraa T
wwn I JEp—— ,$J <$, G =z
205 h - - N A - P, 205
7 3 ——= 3 Fo -—= > S
w\m —_—— B D ,ﬁ __ N L
] |
el NN [NERENE] NEEEN [NEREA
Vm\x%______ [REREN IRREEN! [NEREN [NENEE __
- ——— & - , I
——— & 4 3 ——— > e
o — e — s ¢ -== 2 =
= C - DL bt | ©
7is N ¥ (263 W
i |3
Zemws 11t INEEE! RN trrri RN | 2
D [EERRE [NRREE treeyd INERRN ] IR | [~
B —— \71_ y — | hy)
ZoL o —_ r% N — — oz | 9
Zoo - - Y N L —— 05 | n,
05 K o L r Y, —_— P Z03 | w
Zd 2 —-——-— B Y ——— 77
1Y N P ¥ 75
15 - - v P P _——— V5
i |
[REERE! [N RN INREAE Lrity
m\ew______ TR RERRE CTEIT REERE “
] R 4 ! o J !
(2] A i €A ¥5 i bt ® o .Men%
"oz —° —— = 4 © ) D -——— -
E.w :5 —_— = O hsN N 2N - P moe\u. .
&7 -—= 3 o— —== . Lz 42 °9/4

Z HIOLIMS

ATTORNEY



FIG.27

F16.27

Aug. 16, 1960

H. H. ABBOTT ETAL

2,949,506

COORDINATE SWITCHING SYSTEM

Filed May 14, 1958

53 Sheets-Sheet 29

Ry B -
0§ | t
Y 3 = ~ I
£ [ s N
- el |2
¥ K 2 3 Q L
T S lg R ®
s « zs I
K ]
S X H .: %
S SRR 8
L
L )
) B | : N e
l E 7] jh o 2 [e Q
L N QxR
| Syz [T & E_ ST ®
) 3 S
| S es L E__ ol b
QN% - W ° <
| 3 .
L e
| U‘° o Py
| 8
1 o ] Ly
a - U
| N o ole ﬁ
| 8 177 ] O © <
'3 |55 O [y
' . 8
| © © Q
| 8 I |
| ]
3 .
7
B - g 77 Q- g1
S d |
8 3 @S
§ £ =
Q/_\ ~ | | © Q
[ RS W0 !
g %
" / £ i
o / o EL]
~ ® D % EQ
S N
[ N o
N~
& 3
i Q 849
IR S S
N | <
E g aI < ’
~ Al o
2 — —_)S_||.
3 oc 914 3
UNDH WL 8NT <
H. H. ABB%Z;
R.O. RIPAP:
a INVENTORS 2D, WILLIAMS
S gr O.H. WILLIFORD
~
W

Sellonsenn,

ATTORNEY



2,949,506

Aug. 16, 1960

H. H. ABBOTT ETAL
COORDINATE SWITCHING SYSTEM

53 Sheets~Sheet 30

Filed May 14, 1958

VOH - 0/s: Q
s z / 2 Y, )
S S &y o Iy __,erlx:l\ Sy (o - s S
GASE VASE LN VA | 182y 1828 | VASE UN ©AE 113 GLWH &/S. WEMF
3
Lx Zhy W\S\f #X ¢ 8% pk 2 nz MWU__ N
4l 7y ! o i 1 4 ( o ° \ ! PN
082y 0808 1} % } { — t r; 1 TEXR
£ 6 vIns giwd | vuwe VXdL OS5 YOS anos van & s I
vour Wbir eX v103 orkvesr 2y TagrN
EAY - L}
L /f vhvod vIs Taxg
— — /18 —H
i ZHH.L—TT “
S & 2 ey 2y . . 6 16 e e @ID piveyall| Y
iy T T T A A I} N T T N ~—TTH S
VASE 8ASE IN 848 | 182¢ 1828 | g4asg LN 848 : 7 S ol N
2 17 GyYWH ~ s .
% y e 4, » ¢, & ¥ 2y N2, ¥ q
08y 082y A—=¢ et oL} 5% | S
o Py ains vuww | ey | axes vos gos anoo g3s z <
X 7 ‘ Z
vaLr vair eXg.102 o/ vaLr [ Y
= g ¢ g3n
SIWVHL PWHL ,EWHL = =
L L \.\
227014 0 YL —
Y0 .
vt 1YL — v\ Zy v 44 £ L3¢ 4 £ ¥+ —]
. L OWHO  oyr L] 1 VUL XYL YyOUL| vaTy 887v g
P2 917 2 YL %
f | THIHO P 4T 500
£7 907 C dLr ¥ 6 ; ¢ ¢ — 00—
. | ZIHO 2y & } X% } } ¥+
ﬁ SHHO L e VXL  GMYL VEIYL vETY 8§V 9
AVa
pus
¢ PHHO o g
por ) 3 voo
SIHO % =
s4r Sy Zy
( OWVHL oor ¢ g1Ws / /
| Toveiz 18 vIWS
hx 2y £ M
o
L eor S vEXH.L . A ,
CHHL SHLOD  ‘SHL 0D
- Sy 9, YU a0 7 NIAT TTV
| PHHL pIr o @2¥.L R
SWHI cor A &0 6 6 '59Ls
—E0°9ld ‘v YLr ME e Vg Vs Ve M§
RERFT®ET __
- peeos 6 wur o la o v |0 |8 62 9/S

ONILNNH HNNYL OVY FNIT

ATTORNEY



H. H. ABBOTT ETAL 2,949,506

COORDINATE SWITCHING SYSTEM

Aug. 16, 1960

53 Sheets-Sheet 31

ONLINNH XNNYL GNY INIT

Filed May 14, 1958

N N m&m
nIm.lem |VVT|W |n.v¢l..vkl j 4 1 Q "9l ML
e LS 2y B WL s Ins s v218  LOAHL 3&;.3
s PE g § gy E95| go| B gHL  ¥95| gp| sie 95 | gp| . | M
94 & > oL § o 1| ] 2 Y w. 8 TR ge| ~.
g Ty ey ) VIR €|
swy PSS 3 swy €SS ° S sHL 5| oo sy 55 a | 2
3 3 | 3 siL 085S n
755 PGS o P g S : ol 0FS 3
& ] €S ’
o=l P ¥W I
V&.wvu\u. hﬁm,uwut AL CES (914 5 u\k ] ) L
m v e N m\ww e&% P
.[xl S VIE—— 5z . —S—7s ) 02 190 W7
TR G QP ans B gpgy enL S| paoy ns L grow muk [Z27%5
l s 21N | » £2UDNT | m.: : mwu.d.s. Zy 12220 N7 .ITJ %ﬂww_‘
o POlT m\.\w 7 €ell P eny  8LL SE e e
4 6 97 ¢ 6917 69/ ¢S .\ 49y Q:E onss G6LS) 010D
a:& eI W P X100 g& n&wwvm.\.k 00 | o m&wWN.Edu o:sn 16151 13109 4 L b SO
ero o By Loepoy L8 ) epoy cror | Piahyy
o TeIT [ s o0 o SEII[ 9mi0o | ehs ZedI[ 4 mio0 | el GEIT[ o asow .lT.I.eE BOIE ] ooy
4ty & o 6917 w6
onl BOII[ ety Y ok TOLI[ ) wLdv voir i
il T
K,m\. A
%
/s
~575 ] | 4 £+ & /- ! 0+
ww_n #S €S , s /5 L 08 -
G J 1 t } f
nz erh b Q_Alx.'v wu_mlF. wurh. %u_.nl*\ll.
vagns VasHS vebns vagHs. vasns
075
55 elA  #S 65 s /S | 05 ONHLTITT
Q.W. T H T T 1 1
nz er%l. Vv_.mlxh.. VV—AIXIP. Vu_Alxuwl Vu_mlx\l. TWHL
pYIWS PYENS PrnS VYENS vréns Pyl
rs aken \umm..., sken rkes arken %\w skin D_mew zrkon
I |+ + I I "
Sy 1y Y 7 £ A " 2, A . A P2 .
GHHS _ »s goms & gans I & gows| 1s giws|  os
Loy vbus, a7 9, vows. _z| €S e, voms__ al €5 2 ety 4 1S e | ey 305, WL
7\
205 7 gos ) dos s véws | % viws | o5 ere—H
o= - Sy Iy I 9y P = £y 1/, - 2, >y g 2\ i £s—H
vos &0 O vos  én © vos  on © gos in © vos oh ors

y/al

H. H. ABBOT T
R. 0. RIPPERE
R. D. WILLIAMS
O. H, WILLIFORD

INVENTORS
8y

o€ 9/4

ATTORNEY



H. H. ABBOTT ETAL 2,949,506

COORDINATE SWITCHING SYSTEM

Aug. 16, 1960

Filed May 14, 1958

53 Sheets~Sheet 32

H.H.-ABBOTT

INVENTORS. R.O- RIPPERE

2 281 ] T
’ i o‘%: ) HNNYL ONISV
! 4 SO . UdDF
7 2 2 i s IIHVILS ONOT
YINVIIS
ano7
bn(%s . ALES | | ~ .
1 Mo 1T .
6! L& HW———4
i 4 " VM E . i y oV
15 xad
R k&\ ANVISIG oV
. N - _
X.._u ” 1l +7 m w /M = _Qw ]
T ) ) e 1% ~__
t " = 4 = ’ 4 i [ A
LLYSXK 9 I 944 b -4 4
/1100 MNNEL 314
- o - - R -
NS ; 89210 D A )
N w s W T T I3 \
! 9EHHT; K Sk
it f -l ~
8 LA _ A G217 |* = | ! worr| 2
ez 9210 \ 97 e .wm
) M o o
T mwz.r_w_ o “z SZWHT “3
wer 215 ] |5
\leN -4 9ZNT 928 753
gemry!_ |1z . »
/
| P \X >,>\<|_7 - 1
MY / 92s
&% STUOFJ i
“ 9210 92 122 INIT TSESEE, §eS §2 1L2D INIT
N v e 5 | _S
—— —
42915 £2°91S

‘R.D. WILLIAMS
0. H. WILLIFORD

8y.

/€9l

AT TORNEY



H. H. ABBOTT ETAL 2,949,506

COORDINATE SWITCHING SYSTEM

Aug. 16, 1960

53 Sheets-Sheet 33

Filed May 14, 1958

B 9
Ny
: LE38
A 435734 O%U/
= H7L A HOLVY TS0 MP 3 W_
TEXE
_ BN
10Qx
Taag
v » .%
_ \ [N
= A
- o _ .W_ Q
5 . — Y 2
Y
f : 77¥2 _
‘ J
. JY
! L3O WNNSL ONY QYOI HOLYYIIO
v ~
7
ﬁ \ /
7 g . 7
IS (| 3
v p 2 tuf\n_%wn / )
i
- - Q —
Y N 7 B T L. AF .mw 2 HL| HrL | AT ﬁn\l/ 5
. it & 41
m%\w o O > 5 _ - i 5 ,
I —Or _
AVQ ® —C -2 ans _ (o) -4 N A@
7 % T Z ' sz s \ r7 77
‘ 7 N "7 & ™ k\.wq * [_ I \<>W\q T .
m\\o\\\w SQLINNL suninis | & snnes  YOLINOC  Gpq
) v _AINOHL AHO-VILN VI oL

Fo/AH0 TVHINTD

AT TORNEY



2,949,506

53 Sheets-Sheet 34

H. H. ABBOTT ETAL
COORDINATE SWITCHING SYSTEM

Aug. 16, 1960
Filed May 14, 1958

oo
e
Q
S SER
7\ o E hay
8134 < = @ q w N
A 9 Qi dy
6 V108 s vaIs SEXN
&an 6 Tdgx ﬂ
' van L S sx__wwm\ _ Tdgg
% M y; » &3n vaswy
a48 ,_ “ o . g3s o
T° { e rary o, @
g48 ¥3n Q
o N
at — Y o § a
i 4 ~ g4sg % <
a3In <
valdd [1AV) [&] N1 O ﬁ v 9y
51 vausa | ) | vaasg | aag v3s vr3s
S
/? ase el \x £, . *Q
viASE yvASE van yrsty o vasTy
I vIs
&
(28374
g, 7, VL Vi
ra)
i vAg vaisg | gis
T / —nlsu! 4 5 O v s LS . S _I_’ A
AY2 AL > gl } }
Vo voase | YE4Sg ) —O vis vrs  grs [ be N, —O
visg |, . nz |
e T E % o /
R~ VUSTI~_ " vaow &vs 7
(%
19 V-4 =
vis 14_‘w
4 - » 9
- o et Ly o
xr = very ey VrOVL WIS LS Nl
Lo £ 214 : /4
e, van
g3n
W .
5 c€ 9S
g, Y DNILNNH SINNEL GNY FNIT
8108

ATTORNEY



2,949,506
53 Sheets-Sheet 35

ATTORNEY

H. H. ABBOTT ETAL

COORDINATE SWITCHING SYSTEM

Filed May 14, 1958

Aug. 16, 1960

515"

. ONLINOH ANNSL ONY INIT 6y £ :
3 375
2l 1y o1y 3 e s ¢ e
r-|X|,. P
LHL 645 L eLs P/ 7] 5 @ 995 | g¢ ~ L $95 | g¢ ~ “” m MW
darg Ly Lo, 6y LA e 914 m oouPLu
oL 5| g | gL T gp ML A5 oo | swi 958 ” sz SSS o 9 PW_M
2 | E Ly %8 | o A o e—— R e — S XX
oy 655 3 Sy OS5 o sy - 255 > AL d | »au { Toay
a /" 2 o/ 2 46y | se Ly Lgse Taag
D d L 4 e P 2 9
vhy . 6P5 P YR 7S “ PATIZ3 @ ews 9 ey  S€S [ N
6 £
& i o S A— L &
gy N g /IVE— ) se . .
685 [ "oy ) PES -9y 285 -9y ane S L ogy L TS gpgy S
el it eAL ! ; £ 9, L
: J e~ [9zu0on7 oLy [seunn7 5
o~y dtly &y oxL 9817 oz S6LT 5 W
625 625 225
nL 5€°9L4 enL S€°9/7 ens seo | 6 oy | 2 £r°917 2
& 6210 NT | N 8210N7 | o 2 1DN7 K TTIOIT [ 2oty XTI [ w00 =
e Ly ? 72V E— oL 1YL
el FRLT 2817 i
& 3L &L 6 6eot7 4 £ 6°9/7
f% o i L ero jwv oy i E6II[ eui00 | e PEII[ #mioo
G6IS[ 6 ML 0D 9615 [ 9410 L0
WL WL e | e P 65 o1y
e L coy L 69y g O L g9y (4L 9645 [ 934L 00 [ o) SOII[ omsay
64, O061I[ 03100 mw.N 161 [ 13709 641 COLL| 100 )
o -] 69/ - \
..I@hle & 014 S0IT[ 1 H1ly , a1r’™ 6
oz 20LT [ &1 gy S r— ™ varr
&ir 7
7K
61 & £ 9-1 5 s
85 48 95 ; , 55 @s
1 T I [ 778
v_m N mu_m W) o] m% NS g 2l
vELAS vadns vaaws vains
7
. .65 |45 95 | 55 i
T i T . 1 T 8s
‘u_m w2 Vv_m N/ v\,_m v 4 64 4 £}
vYows vriws vydms virdws
: \vm&. X e6n rkes arken rkes sk an rkss akon Dmmm sksn
Ir I Ir It "
L . ayps L . _auns p |y, e » . e " .
o 4 & I ums| " voms| | 4 X.Ew_ {
o %—g 65 4 — 85 g o Fl4s o F 95 ) PV SHVHLL
K 7 Z7 1 y :
& vymws mmw MN\ N 908 MN\ g0s MN\ ! Potviyal m- M. Q\l.\
V2 u | oy yol o» ~ 6L - 2] or
. O ¢ = ; Ol EWHL
N §0s an vos  in vos  9n vos  sn




2,949,506

Aug. 16, 1960

H. H ABBOTT ETAL
COORDINATE SWITCHING SYSTEM

53 Sheets-Sheet 36

Filed May 14, 1958

2 "9Ld 8 HOLIMS

Q:hlna < q -X-

g€ 9/4 5€ 9/4
A A

764 10N 04 L2ONT 69:LDNT 091LONT 65 L2ON? 0S1L2DO°N7 67 LDNT oPL2ONT SELIDNT OE LDN7
o jojo » o o Nizjt Moo o Mot

-5 - ||| - (] 7 [ oemen [T sem T oem

q q Qq q -X- Q Q9 9QQ Q9 Q 29494
D\\ @ h lr» £ D h [
o P \ 7 oL & = A7 <
b To () To q () o ) b ¢
LS o4 4 o0 o4 P, q 8 (2% o4 (018
DA (o3¢ [0} [0} o D ) (o} b d
q
b ) b P cF ¢ bi c@ P Ac\ q
Nm\sw o % . € 3 @ 3
(s R > - @ o6 -0 o0 -0 o—o—) — g oz
7 - = 1 —o—F> -Tto — —J¢+ > i o 555
e S R e e e O SRLCias
§ r\] U A - - v 3
IMMJ\ - 9 _\ﬁl ! - p— — J\ - D F75
PLNS 111 HTTTHI oS 11 TEILLIOoSHSI TN IRERRRY /YRR LHLLI Y PEAST 1| IREEER “
D NRRE REREE| D RN NENAR D Phrled RN D______ RN D NENEN iy |
|
oo — ) —o ! - = _4l | _bl e
JVR\N D A B 1 — 19 ¢ - & . - L — 1Y |H‘N6||W
0, Y o—0 K Y1 N 0O 4 —0"
I —_ D - b — g € _ 0 - \i7g O~/ 7
el = 7 O p 7 - — L7 §1o—o S~ o2
ﬁml\ A2 (g 3 Y A A’ q X ‘ﬂbﬁ
]
LIS |1 VITT 1 L9M8 it I ILSAS] 1] ARV IR LTI LEAST 1y EERRN !
D ARERE! _:_:D___:_ _:_:D:_:_ __::D____: _::_B__:_ Pl i
| | L _
7 3 >EFH-— oL S 2y 1 o = e o
Hﬂ - O—0— @ - L - u( - b o 4 MW.M.
& ? Feh o N —— A L —o o P 78
& - —HT - = T2
f
6ZmS 11T i1t legwst 11111 FELL ) 6581 11 FLtrr i eppst LTt FEIITI6EAS T 1) [EEREN _
D [ERERE] ______D [NRRA [AEERN EAREN] Ly D [N Tebrnt D IEEREE EEEEN] “
o 4 b ) i 4 J 4 | it _
e e e o - R S T = O e e~ S e
T — I = .2 b 7 B . 7 I B - o5
e = 7 = p = oL P e s )
615 < < v\&

“———d HIOLIMS—— ——9 HILIMS ——~ ¢ HOLIMS— —_§ HOLIMS ——— ——— & HILIHS ——

e HILIMS

42 9/

H. H. ABBOTT
R. O. RIPPERE

o7

R. D. WILLIAMS
O. H. WILLIFORD

INVENTORS
8y

rE 94

AT TORNEY



2,949,506

53 Sheets-Sheet 37

H. H. ABBOTT ETAL
COORDINATE SWITCHING SYSTEM

Filed May 14, 1958

Aug. 16, 1960

/]

6€ "9/ £
NO/LISOd W v v !

$5370402

va'9l4
1934 4G
/87

#1914 I, v
093¢ 9 A :
0g7d w e iy £LJ0 o

!
!
H. H. ABBOTT
R. Q. RIPPERE
R.D. WILLIAMS
O.H. WiLLIFORD
Hilonsecn,

!
U
INVENTORS
8y

YL HL §¥ ANNEL
pe v g F/IL
o :
) N QR R RR nla) —uw Ty !
L0 1S4 v e w |
g OV YIISNVHL WYV TY  €€1D°'NT  2620N7 1€420 W7 N /
. 1V
£f of
25 @ ——— (- TR ~IEY e RRR
N S N . s __[F
- T - ~
N[ K S eu00W7 > 0€LD W7
9€ *9/4 * (23
LoD USL 3
| Ntz SNAL WV Q !
1 L
o€ ‘914
ANOH AL 35 0FS
ee /,82 133 6Z —
222 |~ g ©oo |- — oo
INIT7 oLs
NI vem). PE7 ‘ "
D S | | gz s !
]
! ! _ 0£°914 Qm.q \
[
. Qm.kiw L € 9/
Rl Sl holen Rlad L

— Vv
e oLy sl

ATTORNEY



2,949,506

53 Sheets-Sheet 38

AT TORNEY

H. H. ABBOTT ET AL
CCORDINATE SWITCHING SYSTEM

Filed May 14, 1958

Aug. 16, 1960

dd I.LTI\\ ] wv 92914 i 0
29 7118 ﬁ VO (143540 SS¥701 ﬂMMm
71934 2 S I
. $————N——— > 05 "1y QUJd
d'aq P vy BPML
11y . QI
- .jwvhﬁ ot/ <GSR
i [ ¥l ez ony HODHh
TWINOLL L Taao
SLIVINOD 6. ¥ N
K 0
9 Yilizom | R &
s T (2 Q K
g oy 2 M
N VA, 3 U q
VW Vo 3 D
I=H % = <
<+ ° ~ A w
) = | AP oH 3
#°9/4 | olLd i Ir—xor > 60014 | +
e 1 g ev O—24< q
01y AL 7 ; L4
z oH AT
(4 MT/VAN gt nde
1
1
ey kL ; |
% S6.17 ar : R
Ep "o1d $6047 P o/ &om
§L0D id e
] Ntg
) N oM
. F611 h_ Ew\l >k Yl 390490
= , -
[ 1v, I 69y JZeo1r 7y, T 7 .. I 7weingo
o5 2109 i =
“ ¥ 9T, vy |
eis - a -
LV > =
25 0 1617 o/ g
. "
569l 69 J7E3LT 4
£€ 0L 08 L as 1920 ey A N e v
492 INIT 4, 1 |7 o ,\x:‘ vi£'01d
7= A |~ pal ~
75
Aﬁ o6Ll 6
Fi4 . I
7Y llllxl_L.L
06717 ]
_ il e ow0? uy X 9¢e ‘9/1
75 Y i 2T v
L Yy, .
LID USTL B YTSISNVHL ‘WYY TV (£ ¥




2,949,506
53 Sheets-Sheet 39

H. H. ABBOTT ETAL
COORDINATE SWITCHING SYSTEM

Filed May 14, 1958

Aug. 16, 1960

TOYLNOD LINOVYH LDTF77S

9 ‘914
F2INH3S
JOSSVI2 Vv

VMQ\.. %NQ\‘ YQ&UQ Qo.u v@kq ‘v.\.\kn kam. QRR. 3

/3l

.
H. H. ABBOTT
R. 0. RIPPERE
R. D. WILLIAMS
O. H. WILLIFORD

&y

vE802
9
X
=
A\/.
05
L
5%

ogiL

INVENTORS

VOIgX9 9%82.8

L

INDT~BTE77

O =%

cHI7

vQQK

g
.__i_ip

x/ £
65117,
A2 2]
v [A)

<4
!

ZA)

6K /A7

e-Iv37

gL

- -

G37xe k77 877
el 1
Rk 3
@ oans
S OOHS

SOWS
vy

NS

IHS
SHS

O s LE IS

ATTORNEY



H. H. ABBOTT ETAL 2,949,506

COORDINATE SWITCHING SYSTEM

Aug. 16, 1960

53 Sheets-Sheet 40

Filed May 14, 1958

. 3
ol . x+ h .<¢.\< —
g m e wa Hovr & g
! m ...W_ v X &7 Mw evold
= y 1 . T T oL [ 6mr0d
|1Y.L_H.o I _.._ \ % 2 7 I widid iV \_ — | } hﬂ
—o 1 © : \Vama| ! [ 041 Z I == |
g a . ) 4 I
a1 11X |_v g4 o rIn 77|
(l . V] >é(\ " L vl 9 g7 v 914
v oL 17 o6 ' g/ ¢ - 2 2L owrod
v g . :
ke e K v
T N
SAFH | s E7) €194
dN-Hold ! o t— 7 [emuv
AVA ]
i & Lr T._ TS 6914
L T 1ALAY
AV4
N I &W €r-oL |
T YR EI¥14
]
_ LINJYI1D NOILISOd SSITAH0O
wis VLS
- N[ _ M B
64 120 INIT 6% LDD IN/T ov L2D INIT
1,12 | /. 12 | /L2 i
= _ i _ 1
6LWHT | 6SWHT ! ) OPWHT '
/, 82 /, 82 1,8¢
) ! )
6LWHT 647 20| ——— —— 65WHT 657 @ @@09| —— — — — OVHHT 0F7
€e'9ld £e-917 ' ! 0€°914
) L oz L
s i Rl _ Slolo, -

Vv
bPE 914

0@
NEN
8833
Qidy
TR
H.oHD.,Hh
T g

I

&

SN

YU q

3

g€ "ol

AT TORNEY




H. H. ABBOTT ETAL 2,949,506

COORDINATE SWITCHING SYSTEM

Aug. 16, 1960

53 Sheets~Sheet 41

Filed May 14, 1958

§€ 914

1y ) fBusty
T ' SNSL® -
'k aw s ) Y $
EVER— 6-ru-(== ) ) LT
15 00- VoV e N 6-/71 - omw Om*\
€r°€1°6 5919 + . W |
25555 > "S.L92 HNNL 6-/75— lmm_ AT .. ' X 7 7 =
Té WILLY 7TV A Ev'5 5914
X755 - | P SHLOD »
10-¥ov == HIHIO TT¥ ]
+% . _
K -1 Y] O E N S
iy 0-Vov - s
Y — N o G — N y 9
I% 1-¥o¥ > 1-17s | = I S VI a7
X Z-Vov T s
T® o-1u~(—= =
e - 0-/1L 9 1 75
£-vov = o
T4 .. Qn\Nwrm_Ll 0 ML 0D
5 | £7.56 P ot i 0-775 7
+'e "SULOD HANNYL = 2%k s A I
e ‘03 7V 00-1uU{——
1% S$-YoV j 00-77Z er oy p =
T oML LY
555 -175—(—==
+or 9- ¥ 00-175 00-77% J y —
- e a T
+7 £4-voV 20-171~(== ET om ot s
, = . .
-»w\ 8-vor 20-175~(—=== ZMLLy L
RV Z0-775 o} % ! y =
z
1y 6-vV | .
9 P N ;
SAFH 9 .
0 €76 594 |
dN-x42id \ cest sy
I S dIN SHLOD HFHIO TV
7 ~
S€ 911 } (s G o R—
400451 3 ﬂI_lll___ = _
SNSL WY i
LHIIN 10-175(FZ —_—
- | xove
Hvr T wme P aH
\ g Py Ay
I
AHL X% + i p Z8
ol a70H .%\w oNrY 28
‘on Z8 | »ous o
I 0210 £7 €1 594 |
) . 18 0 R SLODHL LY
® 18 £ '6 'S9/LY A
S SHLOD YTHLO TV

$°9lS
QXL0D

6914
/7ML LY

H. H. ABBOTT
R.0. RIPPERE
R.D. WILLIAMS
O.H. WILLIFORD

INVENTORS
8y

6€ 9/4

ATTORNEY



H. H. ABBOTT ET AL 2,949,506

COORDINATE SWITCHING SYSTEM

Aug. 16, 1960

53 Sheets-Sheet 42

Filed May 14, 1958

SAVIIY &ILSI193Y YOLINNr

WYYV ISVITIY

Q
1%2]
LSS
- = I
— = QA<=
[ QLSS
Qliyy
e
YYSTYXZ ZXVESTY XX
Haamﬁ
Taag
YLKz 0
[ fe o] 2
. (A7) L]
10914 J V&L K
INOD OIS R F 37 & voL8 go.18 NN
e\ - eV_ el i . _W_ 5
© N | T m_ s
ey eirk, — rar g 3
6, 3 ~ w_ " / x
, S av's om 2l ! TVVL g
19y 2 - 1] @.I_M 9,
S 4 Q A
8 n ryr 20w W
v =
4) er Yo
s X &r NN
gLr: 21 € / / 7 W ﬂ a
. . 3 } AR
O 6, 6, 6, 6 6, £ 4 2/, ] vasL aass 825
A | 1 1 ] 1 A
ody g1s  wS  845I viIOr gi.8 Vil - €4r mw._\. j ~N 2
= X% } ke
VS g5ty
eory,
._... w_" 8g7v
(¥ M gk ,M ] | s B
15914 N L U 7 5 vaw
UNOD VIS m 2F%9 ey
N =
}N w 577
n
59 virk 1yr
L 1" /
o oy, 9, ¢, vasryl w7y VLA 8N
wy | s % LW Sy X X —p— ]
3 ¥ e e +9 12 3 49 83
3 |
m . 4r _ v 4
S oF T IF* I 9 P ko P
rrs ~ vir oyr van T vl <7 T
12 ! o 0 ,_rvﬁ.E.W /_13&\@ .
x 1 {
O or, of, e\“ 5| u" q" o.“ N\x M | m:. “k ) P, ol hat A
- N 1 T
OdY g.is vis gLOT viUOI gllg Vvilg OYr Q_.M\_M.. 4 g3n g857Y Vs 874 V7Y Q V ..0 \ .l

ATTORNEY



H. H. ABBOTT ETAL 2,949,506

COORDINATE SWITCHING SYSTEM

Aug. 16, 1960

53 Sheets-Sheet 43

Filed May 14, 1958

&7,

704LNOD FININDIS

v € * q
&35 g3s
2 o/
ains gInS
21, vexNy L FA
¥
, ) ey aInk
~ s o /! :_ ~ [ o o/ :_ ) e/ 4 y5
© gir _N._ gir | vir { vir ) i a3n VanyL 5 &30
1 z,
veaLr vvir L _m%t
O o/ 2l N/ M. /y o/ 2y
¢ % 2
guir azor gl | L] gIyr G2y  @HWH
XL 2
08911 pYoH.L] 1 104
»Z 9/ Cs734 - 6 VoYU Ly, YL Lz
/934 d'a 074 241 goyike OvdY
VE.Lod Lonnr ol Va2 1L /
6 8.4 g3 g1o1 g2.11
T8L9Y Jiga 7 TS V) ol £
veis-{-s anos| {eaow | | ol _ 32# gNOD
2., 6 g v / /
vyastu 8118 goN mu%k— _ oyl VEN 8118
6/ V4 2 Z 4 - o/, ! 9 1 ol A 2,
09139 T T It T } ¢ ¢ t } PV
ovay voN . g38L gvN  vIYL BHEL VUK GLWS ' LS @i =
&gLo4 a1, 28 €,
IZ4
P V1L v3s v3s
1817 joy & V4
\
vLIWS vINS
el 6 € S [l 45 £ i 9, 2l Yoyl 2y
ogir x i 1 T 1 T T !
OvdY  GON §IYr §..48 VIOI T VILE §II VN VIYr vne 2 2 VLA s
[ .
% aLr vin VYL VUYL van
2 _ oz - VLo¥  v3yr Loy 4t Z, {
ﬁ TRER ¥ O VY.L _§E
° VL4 11y & v S, o, | u N/} M. . o z
n vazs4-o/ UHRH viY vISr 1{ vISr iy VAIWH
° vwstar ] VXYL 4
= 02 S g 1Ml ous e 9797 . ” vaoyL A gy vy
ovi>y » T T — —l* $734 2/ £ X
ovdY YON VoYL _i gvN  §o41 ..w&t v v.uwﬂh " ! ovdy
viLoY Lonnr o/ vvoL o/
22,
vior vior
VAT pygy 5} 9 4 £
N wos | [aon ] |, 1 _ voN vNO?
2z, 7 I i A - - AT 21, 1 8 £ /
ovir g4 oy : ! ' } ) o ) VodL  veN vl
L ovdY  VION V3IYr g1.8 8.oT V.18 VIO GIN 83Yr E.Ee , " arv or Sﬁ M _ o , g R
vir = X } } o ‘ } } )
VHEL EXIWH  ELWS L VINS vaH  bHYL
oYL

77D

O. H. WILLIFORD

H. H. ABBOTT
R. 0. RIPPERE
R.D. WILLIAMS

INVENTORS
BY

10 91

ATTORNEY



2,949,506
53 Sheets—Sheet 44

H. H. ABBOTT ET AL
COORDINATE SWITCHING SYSTEM

A

9% '9/4 1SIL HNIT

Filed May 14, 1958

Aug. 16, 1960

i 62 '9/1S

£r9/d €9 "9ld P9l UNHNIINT €v 914 oo
6510 SHLOD # HOLONNT L € JOLONN 0422 MLLY m
oL ] somwHi TP vomrs PRI eonHL RRR %%_:ﬁ SR —y RRE oomms [T ﬂmmm
~
- e O [ w o | -] ﬁ -] mwwu
>~
LADTPPPS . 1193 1191 7973 iﬂﬂ Mij XTI
iy - 4 > 4 7 H.O.D.H.d/
q ¢ () b N M) () Taxxg
b o4 o4 38 3 4 ) o
18NS @ &
D g 9 ) ’d ) 3 s
38 o s bl cW._ o
NQD:W - P =
| s P P r3. g pzd
508 - _, - = b1 D € I o
7 ———— ; 7S -
z/s | ! \ |
RERRN (it RN RN RERN REREN ERRN i
nnm.-\%:m.______ SRR EREEN RERRR REEEN (RN PrrEn |
e |
&Is | L > >
| —=Z g 5 Lo b 5] L
—_——— [ 5
»oSs | —_—— 4 I + ﬁM
4 - 4 b e
25 | b - E_w m
o5 o fEerl RN P Fetrpd NERRN [NERRN! RNEN | Lo
%.m,l?-k%&@:____ AR [ARRRE (NRERN] EEEN IRERRE [REREE | H
Z 0 ~
905 , . |
9/ | b ——= wm\ £04 M
b [ g P | w
208 _ ——— H N M\\M &
A PN I b D D- r O
7/8 | ﬁ , ﬁ Nﬂq
el RN frrrnd Frieit RERER [NEEEN EERRE! |
= AR ERRRR NARRR SERRR AERER RN
7 0 | } I } | } |
—_— & P N N A4 ¥ Ooln.w\\.
@ -—— = P N 2
o5 d I b h L gos .
s 3 e 4 " 2 s e ol
& HOLIMS

ATTORNEY



Fl6. 42

X &
% 1z
, o 3
| : ~
= | Q
y | &
5
|
I ) Wy
| © |2 N
| - < S
[ g‘ v N
| R4 &
. o
| S |o— 3
Q T L'J
| 7 Q
X
<2
, R Gy
Kanw ¥ Y38,
L S & 4 &:m
= S Caibit
X%
s | ]
1y Q@
Iz -g %
-
| §8
ol S
0d
05 _ N _ _

Aug. 16, 1960 H. H. ABBOTT ETAL 2,949,506
COORDINATE SWITCHING SYSTEM

Filed May 14, 1958 53 Sheets-Sheet 45

I~
v
—

Fry Q@ '
dd g ~
| §8">
041 )
o5
05 _ -
| .
| 2:3
38 3
Q
X o a
i 3 8
g ~ 8 ~
=z LN !

-

H. H. ABBOTT
R. 0. RIPPERE

INVENTORS 5 ' wiLiams
O. H. WILLIFORD

S imens

AT TORNEY

8y

FIG. 43



H. H. ABBOTT ETAL 2,949,506

COORDINATE SWITCHING SYSTEM

Aug. 16, 1960

53 Sheets-Sheet 46

Filed May 14, 1958

e YYHIL = rgNYL vaxyL -
- e N AY3
= T o7 X 07 B
voL gL [ g0z vyL
él X 4 Vnle-] Y veL vaNY.L VoYL e
g gviL N vou | [or YL 2" gos %z % X *
. vesdLt, vrousd,
g, 2l £ o/, o z, g 2h, o)l e % 2, [0 1 2
I\ rAY
go1 & g0. voL 7 voL gvL  aiw ﬂ giw 1% 5 gL v { VLW s
©) gvL © oL © o = YL
WO g 4 g 8 (et 4_ys &, 2l G2, 6 T 5 hye o
031 g1y gsty| gvu f oL | vsty vy | 2631 283L | g7y gsv| @vi ,N._ vis |vs7y vy | 9L
N n le| . 5 2y u,lviw| z TR
1 evaL LY eviL | 1 ez Ly av3L 9
g8Yr12" gin giw r, Z[VEYY 884V Ty vin i s | vaev
g50. g%o1 401 gx4OL
2r ry LN s
v¥01 VHOL vifol V0L
.6 ) = 9, o o1, G = ’
7> [ veovL veovL gL
vEIvL
6 gxgYL 57 gy1%9 9 0/, oK VYL 49/ ve Lk 9 w2
PrIL N 4 9, vovL gniLx 8 vYovL I 5 9 kL
f # e
3L @\_ut L ey g vA2Y LT ' %
13y 98 P 18
M b, lg0s~F5] 8 [ e
2 5T %
oy V.N,W-\Q\ui_ ody | odY Yvs7 odd |
@ LXEGLNV LW § T gwLk ¥ @ Ve 3277 VINX § N
[t
S g i
orkavn L gynsk & = ik b N e vk £
8N . gIN, A o I N 1 poM Iy
1 —
gbs A L %9 grs vis ok v‘_m»\ %9 o
[ goN 2, [ ’,
AHTIVqu.. .]d«l_._ 8 O—=%— +—x—i
aiw alw VLK vin viw
v
2t agve  gvwker Q_NS\ ekarw IV ol gws (m L4-vul  weNke! Yﬁw\_\,\ kv et v
X Y voL-{85] 5 g
gIN L P N L VN
iy, 8S " avs ; vk s " i . v, /
)
gis  zk L ke  &ls vis  apg ko  vis
5, W, avs / .S & /" s /, 5
t _ i 1
goL _ v, e %, @01 : vor bt R v.E_ vl
O—x2 S C—x2—4 €y ,
g g.8 gim v vis v
84 } * 9 &k } x 9
t f f f
gis ) g.s vis - LS
vs 6 7] avs yrsT 6 L ves
g i ISVITIY ANV LNOIWIL IFINVAGY [

7

R.D. WILLIAMS
O. H. WILLIFORD

H. H. ABBOTT
R.O. RIPPERE

INVENTORS
8y

vy 9l

ATTORNEY



H. H. ABBOTT ETAL 2,949,506

COORDINATE SWITCHING SYSTEM

Aug. 16, 1960

53 Sheets-Sheet 47

Filed May 14, 1958

[
4
Il
v\ £
0L JaL
/
vEsTY
/
:
yySTY 294L
9
X
N
o
ey TN
2d1
\_, 3
p— - i -y
|
N
P 50
9
ZAY
vaLr
o
voLr odr
€
AY
go18
€
oy 515
/y,
7N
yoLs
N/
VLS I2dLS
9,
T
gioL
9
1
v70.1 2d0L

£1°9/4
LID YFLSI9FY D/44VYL

v
0gy.L 0d4
[V}
N\
P 7
vy s
ﬂll.lxl___ K =73
759d Z 8EML 82
s
[}
1941 veoy
52917 £ —
1934 d°'a vy &
VI\
oA §590
Lt
/1249 Yyoy
vory | 2/
s55T—¢—ih
0954 2 veir
219/ el
0 934 d'g | 094 vvir Jor
£
057 oo 070
£
T 681 670
L ¢
N
g4g seL 840
\/
N
vdg gile Joi8
s, o/
Ca)
g8 valg
veTY J07
[N
21
- ]
gl
ER
8. Sy
)
141 ggyy
X -
0¥1 vy J04
OISV L

TOYLNOD ¥3LS19FY

£/ 914
LD ¥3FISI193Y DISAVHL

R.D. WILLIAMS
O. H. WILLIFORD

H. H. ABBOTT

INVENTORS R. O. RIPPERE

8y

Sv "ol

ATTORNEY



H. H. ABBOTT ETAL 2,949,506

COORDINATE SWITCHING SYSTEM

Aug. 16, 1960

53 Sheets-Sheet 48

Filed May 14, 1958

— o9 ®|.<<< ! 2y 7
N ZA) N N
vo17 | vwvo2
gL VL
zvL7 N 4 : “ s
I 2, VENDO X k 2/
8y 8317 ¥ d vouU7 XR@o17
a.17 vi7 6 °
" A X -4 _
V-4 ._TI_ ( Y k- FAY NS 227
b 17 | 9
wyL7 2817
125 L [ yro2 27
A) L 6
vgoo A 9527+ | =
R ~ vou? k8017
o/ _
Yroo euz V] 2 )
! 917 _ ars
9517 _
| " TEo8
1", “Tes
< |
§5.47y -
L1 I | _Teos
A X el [Z5
V8.7 | £yl _
VA §17 _ " T¢os
22 yvi7 $SU7 P _ G
5 p S
vgoo wsL7 _ -
4 In S
> ~er |
vyoD e i
¥ ! 205
pSI7 L7 | T /s
| 7
/" @L<<< g Iy [ s
4y
Yessr oLy \renod VL GTL
N 6viL7 /" ml ! :
2l Vi o T T 605
ve.L7 . - : X—9 |, VENOD . ¥6
ol Eyd ; 8517 5% o R Lo
£17 ..||x||l__. VL7
vvL7 es/7 837 [ nl| 647
L I 6517 -
€2 1z [ 767
17 9
Voo Soes7 66.17 67
1 rg02
£ [ Iy __ . é
: Ay FAY
¥roo ey 21 v77 | L
. < VILT X 8047
a7 »Z 4
Z28L7 ASTL MNIT

6/S

20 "9ld ‘§@ HILIMS

R.D. WILLIAMS
0. H. WILLIFORD

p

H. H. ABBOTT
R. 0. RIPPERE

INVENTORS
-1d

9r "9l

ATTORNEY



H. H. ABBOTT ETAL 2,949,506

COORDINATE SWITCHING SYSTEM

Aug. 16, 1960

53 Sheets~Sheet 49

Filed May 14, 1958

8g7v e B .
7 %]
8 g i 2 8 o | o, & = 0 |2 o g7 WIS
@ 8| &_ | “ “ T T T 7 1of pran 1 P _W ..nm L
6547 9517 48547 9547 §817 #SL7 esL7 2517 g87 T Mﬁ T @l___ M ¢ H__W_
] ~
oO—4 4 4 4 4 4 4 u“ — or @ 2 s SIS
— T 1 Ve e .
6517 gsL7 4817 9517 §517 pSLT £sL7 2517 va7 vV g7 Togy p
g
6517
6517 /1. / V2 |
1/ Iy I V37 o7k 1
D Vg7 Y817 a1 ! L7 . Vo7 | Y
V.17 2 7 [ |
v ! vg0o | R
uw@ 2leve e | 1R e vmmo ? 16 ] 2l l O o /T U B LAY cle oy m 3
V4 _ 1 —_ Ay _ @ - _ T
— Lo g _ 7 ! Iz z ¥r00 517
© woo 7 gsyy Y 9 ggry w0 ggy  2$i7 yvoo w7y vW_q g7y vy S
&37
oy s o
anoo gNO2 VoM ve0D =
272 I @ el M /. :. QQ_V Ywﬂﬂ L2
° gy L e ! — * )
[£7%4 4
q7Y1 o &o17 . o o
% % 22 21% vvoo ng
. YNOD YNO2 o7 ve7 , ol . 1R
a7z - Sy M /Iy ___ ".mn “M. ¥ LT S <3 M.:M
4 VL7 L A7 vvL7 L vgoo son 7T 89
LgL- 23 voL7 gs0r3 .-
6517
77
65147
2% B Ve - a7 _ vwmq
veL7 | £,4 I D z - [ z
g g9y voy
1 - o/ r 10 v8 N1
yvi7 6517 9527 gl [T qor | ye V1) W | . O
%y 77 w31 T vesr @iy @3ur ve37 Hq w31 vy v3er
rg0o o7 - 9547 8.7 2 2
- Ay
© ) ez e n, BEW g g o,  vEW B
A)
! 817 TN 6871 Z/lvwos  wlos
[AY
8547 2547 ny,  88AL 21, 9874
Z m.k.\w._ 77 e o0b¥1 W ol 084L g N 6 I o
%57 v\, e V90> §502 637 _Ul " Q 12,1 YV02  ¥S0)  ¥57 D.,._ _
— - A
;TnClaxul.@ © 09 507 vsho
LS3L HNTT 217 —09¢ gs00

AT TORNEY



H. H. ABBOTT ETAL 2,949,506

COORDINATE SWITCHING SYSTEM

Aug. 16, 1960

53 Sheets-Sheet 50

Filed May 14, 1958

vew7

WYYV LSTL HNIT

9
8500 YIM P
vs0o -2
= el 9, £ &/ of
R 7im—E % _ /
VUM vso>  gsoo M M
g1 |_n 9 uw_n =
O—w [ w2 T, i Ly e Ly, #
vIIM e M Tz ) gNOD  VENOI voIM  9TM Y02
/)
‘ﬁw _n“_A 974 §g7  vg7 e
AVa
|
V. uou Yv\\”\ou <+ X 9k X0, oo
vgL7—|
= 9 9 1
T, 74 -4<! % _ L # 4o o o
3 637 vay7 “ X “ “
i 972 974 02 vt
g UM
O—w '} | X 4
L u 7z T8 vo?
VM vTH
._u Ln
M “ Jor 1. ot
V1YL g7dL } 5% i
712 Y 4
74
6 & X
v I A
vv37 v.m_.w.\ xX€
vaLy |-
8 8. ol +Z € x
1 X ] V2 }
i
997  vi7 72 2] w7 | .
[7 o] * =
g g . VLS vrs
} ¥ 297 =
gaw va1y i
T 127
g T T o ki
gins VWS
SWT 1wk e 1797 erTw7
95 "9/
S £x 57 ¢ | 4004STL B
a veTvi SNEL WV TV

Q
N
RAm
oS3
233
<EER
H.o.o.Hﬁ
Traa

INVENTORS
8y

&v ol

ATTORNEY



2,949,506
53 Sheets-Sheet 51

H. H. ABBOTT ETAL
"COORDINATE SWITCHING SYSTEM

Filed May 14, 1958

Aug. 16, 1960

. 0wl
| —% = e mmmm
7 | | 3833
. [
(=2, . —E Nl
e . - vi7vn HODHﬁ
=t _ _ - 4 ¥EES
4 Oy ) ] o.x
S8 v27r7 ©
wL Py - A - 8y m N
S 7L ‘ 1707 § &
, L , 2
1777 % : . .wwxﬁ =
1777 ¥
ewr(— 2, ‘ _ . 9,
. vewr | o . . T
.7voL — ST S
. (= v7vos v : T .
. . . X r4
m 7y, . - 0/ o . 1 x
. e K7 . , T SR A g70L V0L
(4 | L% ’ %
77 (SH v . 1 vy
. . o v, ¢+
@l. .0, 6, ! e
wr v4r . : v oL gis Ui
. d 9., [N @lngl
e YL W ﬁ.:‘ Zvn
’ o 5, o, i T
cwn ] X - ~ — O * 0 } X
. . zwn | : 2 mk 14 y7voL viw g  yiN
(2]
w5 " |
v A £y Koo | X% L
17vn (A G Mk 1 YIvO.L
. - R.. P P A_% 1 |
wn % [ 8|7 . Y R Y By, var " "
70 S :
60 ol

SIHYT wIvTY TOHLNOI WHVTY ONY WYVTY 100 FWIL

ATTORNEY



H. H. ABBOTT ETAL
COORDINATE SWITCHING SYSTEM

Aug. 16, 1960

- 2,949,506

| Filed May 14, 1958

53 Sheets-Sheet 52

or, 1819 ¥a.8 €, T L0/ Wz o/ o
%* ¥ X ; X
@401 grorf, gr01%, 8404 27 ay0. gx0. 8.1
Z 2 oyt 5 L € z / s
O——5x -y & o m X — el — | i
vyOL o] vyoL VL YSTY  wHIO 2831 g0 { v701  2vil 80  gsty  Twws
g701 X401 )
o/ y Z =
6o voL8 8.8 2. Lo " . o
% ¥ X ¥ ¥
v 850, viork, v702 4104 841 vI50L - (20 VYL
or . ¢ Y or o L Z s / Z ¢ 4
O+ [l X O ot {4 — —x 42
- oL { vHOL W ST §¥I0 083L 870l V704  2vIL va2G  vST¥ v
V7041 R vYXOL
MNOFHI ULNO-3W1L
g318 aNH p 9 |
__Tnll_ ’ ¥ t Ir
¢ el , 89 gany
vor--s LY .
GA8 7 1 vASE > !
gov 14 vIYr K, ¢ ,
= anIa%,, = = vy
8 [&] 9 | 4 on 2 2, 2 L) VI
o— o ] il T I N f T { i 7 K
o1 _u._ gyL 8HWH  G3T  BHIL  €XIL  8AHY 88T  GIWH  EYd ve7y
gxoY gx50a0 ’ : : . .
Vo8 YHWH .
st “ X ]
9 € Rz oY
gov ¢ veLoY
vAg 1, A58 n .
vor--, g39rx, s )
= AT, = - . ve'n
@ Q_ —m.._ 19 “__ N“ Q\“ N“ N\“ . N“ Vn ) .0.“ X _ NX "_.
{ ]
vyL 271 VAWH v37 . Hod  I¥3d VHHE Y87 VIWH YO8l el
HOY Voo : i

/'\

H. H. ABBOTT
R. 0. RIPPERE
R.D. WILLIAMS
O.H. WILLIFORD

INVENTORS
8y

05 9l

ATTORNEY



H. H. ABBOTT ETAL 2,949,506

COORDINATE SWITCHING SYSTEM

Aug. 16, 1960

53 Sheets-Sheet 53

Filed May 14, 1958

ey | 419U | &9
SLING ‘NNOD SN3L
S : 2z ol o mﬁu:m anos
s no-amil - o7y , ee 9l4 OF "9l 92 "4 WoYIVY SLINND 14 m\n\. ‘ Jinoy
MITHINMOG |  DlddveHL | FoNINDIS SN2 v795 ,
05 ‘9l Sb NS 9L 3\“23 30UNY3S 1294 9/°9/o SNIL 29l
ST Y ’ -+ 40 4
chu\ﬁ.w‘ FSUIIIY OVY | ‘ST I S| LNOD HNNYL OGNV INIT $SV12 . 43S NIV LNOD -
WIWLnO-30L | L10-IVL 70V | WTY I5V3734 | “ovw-73s | . : INIHINNS 435d SN3L ‘93¢
68 9L op 9l ov 94 28 9l e€ old 62 Ol4 - 529 0z 94 - §/°9L o/ 9l 994
WV LS 669/ 98 94 951490 Q /24 v/ °9oUd S 9/
MNI7 . TVELNID L
8y "ol NOILISOd %uwnm.“ v/e o A % . wwu «am& :
— L ssF080 T "955 JLFIVeL S0
2094 | S5 u02 WYY e 31 | coma e g |9 b-1'Sr00| HNOEL
=y : pANDEL UL | HL'OW Has 7| FNCO TVIG | [ 938 &0 | M| oz 0.
0 L2DHLUY | 6£-00°'SLID°NT| 66-62°SI2I'NT|92°G2 "SID'NT| #2-02'SLIONT| S COSLD YL SUDMLLY | 1 LD AMLUY
ey £ ol 8 9o [ a2 1894 82 9o ve 9 © 8179l €/ 9L 6 '9/d v oL
™ w7
8 HOLMS £ 0L 8 ZHOLIMS | 1 Houms 0 HILIMS
. STHILIMS
9P ‘oL P9l . PEOL 227914 €2 '9l4 £°9/4

-

g
N
[SPTAS
o833
<ETER
T
AN

&

m .

2 >

g

2

/5 "9/o

ATTORNEY



United States Patent O

2,949,506
Patented Aug. 16, 1960

1CC

1

2,949,506
COORDINATE SWITCHING SYSTEM

Henry H. Abbott, ‘Chatham, N.J.,, Robert O. Rippere,
Huntington, N.Y., Robert D. Williams, Parsippany,
N.J., and Oscar H. Williford, Bronxville, N.Y., assign-
ors to Bell Telephone Lahoratories, Incorporated, New
York, N.Y., a corporation of New York

Filed May 14, 1958, Ser. No. 735,158
23 Claims. (CL 179—22)

The present invention relates generally to automatic
switching systems and particularly to such systems of the
so-called crossbar type. As will be apparent from the
disclosure, etc. herein, the invention is particularly
adapted for use in telephony; however, while perhaps
finding its greatest utility in the field of telephony, the
invention is readily adaptable to any switching system.

In the general field of crossbar telephone switching
there is a more-or-less specialized field ‘known in the
art as the P.B.X (private branch exchange) area. In
this field are found many arrangements, most of which
fall into one of three categories; namely, manual—in-
volving little if any switching of an automatic nature,
semi-automatic——wherein for some services the assist-
ance of a P.B.X attendant is required, and fully-auto-
matic. The present invention is illustrated herein as em-
bodied in a crossbar P.B.X which is self-contained and
can be fully automatic for most of its operational func-
tions; yet, provision is made for an attendant to assist
in special operations. While the expression “P.B.X” will
be used rather frequently throughout, such terminology
is used only for convenience, since the exemplary em-
bodiment of the invention is of that type of switching
system, and such use of the term is not intended to be
in any way a limitation on the scope of the invention.

Many P.B.X’s have been devised using the well-known
crossbar principle to interconnect functional circuits such
as lines, trunks, etc. by means of selectively controlled
interconnections at coordinate intersections of horizontal
and vertical rows of conductors. Sometimes, lines are
terminated on verticals and trunks, etc., on horizontals,
or vice versa; sometimes all such circuits are terminated
on verticals and supervisory links are connected to the
horizontals, etc.; in some cases supervisory link circuits
are mixed with lines or trunks on one set of conductors
and the other trunks or lines, etc. are terminated on
the other set of conductors. Some of the art teaches
how to use supervisory links to help set up the desired
connections and to maintain supervision over the con-

nection once it is established. Other prior art employs

control links for helping in the switch connection job, but
which links release thereafter, leaving the interconnec-
tions maintained solely over crossbar switch conductors.
In most cases, all such P.B.X’s are controlled primarily
by some sort of common control equipment which, in
the crossbar art, may be termed generally “markers.”

The main object of the present invention is generally
to improve automatic crossbar P.B.X’s in a number of
ways, and particularly to eliminate from such P.B.X ar-
rangements the necessity of any of the so-called control
or supervisory links heretofore required to assist in
establishing connections and in supervising same after
their establishment.

The general features of the present invention whereby
the foregoing objects are attained, and whereby de-
partures from prior technique result, are:

(1) having all functional circuits, such as lines, trunks,

5

10

15

20

25

30

35

40

45

50

b5

60

65

2

registers, attendant controls, special services, etc. termi-
nate on crossbar switch verticals;

(2) having all switch horizontals (where more than
one crossbar switch is used) connected in series through-
out all switches to provide horizontal switch conductors
common to all functional circuits;

(3) having a control circuit, such as a crossbar
marker, interconnected with the switches and with the
circuits by preference-lock out arrangements, to enable
common use thereof by the functional circuits; and,

(4) baving the only switched connections between
functional circuits consisting of bare switch horizontal
conductors between crosspoints thereof representing the
interconnected circuits, except for test relays of the
marker connected to all switch horizontals to ascertain
the busy-idle condition thereof, thus eliminating the
necessity of providing any supervisory or control circhits
on the horizontal multiples.

Another, and more particular object of the present in-
vention is to improve the means of access in such a sys-
tem by a marker to the functional circuits, to the switch
horizontals (links) and verticals, and to the select and
hold magnets whereby selective coordinate interconnec-
tions are effected.

The particular feature whereby the latter object is at-
tained is the provision in the control circuit (marker)
of such access means whercin the part which gains ac-
cess to the switch links consists solely of a test circuit
connected between the links and the marker for ascer-
taining the busy or idle condition of said links, wherein
the part which gains access to the select magnets includes
means controlled by the said test circuit to effect select
magnet operation corresponding to a link, and wherein
the part which gains access to the functional circuits on
the switch verticals includes means controlled by selected
magnet operation and by said functional circuits to
cause the desired hold magnet operation.

The latter feature may be further defined as involving
link access means including a relay test circuit operable
differently for each different idle link and select magnet
operating means including circuitry controlled selectively
and differently for each different operation of the test
circuit.

Another object of the present invention is to improve
in such a system such operational features as camping-
on a busy P.BX line by an incoming trunk, preventing
more than one such camp-on condition per busy P.B.X
line, enabling cancellation of camp-on on a no-test-dial-
back to a busy line, ete.

The latter objects are attained through the agency of
features of the invention comprising means for modify-
ing the action of the link test circuit under these and
similar operational conditions.

One such feature is circuitry and controls whereby if
an incoming trunk (incoming to the P.B.X from a
central office, for instance) tries to connect to a busy
P.B.X line, the trunk is permitted to disregard the busy
condition and to “camp-on” the switch link being used
by the busy line, and to be automatically cut through
thereto over the said link as soon as the said line be-
comes idle.

Another such feature, closely related to the immediately
previous ome, is circuitry, etc. for preventing (camp-on
stop) a second incoming trunk from camping-on to a
switch link being used by a busy P.B.X line already
camped-on. In other words, under this condition, the
modified link fest circuit action is reverted to its usual
operation, whereby the switch link being used by the busy
P.B.X line and being already camped-on by a trunk is
denied to the second trunk,

Still another such feature is circuitry, etc, whereby the
normal action of the link test circuit (denying access to
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busy links) can be modified to enable a P.B.X attendant
to connect with a busy line for one of a number of opera-
tional reasons, such as to offer to a P.B.X line a “more
important call” or to enable a P.B.X line station to re-
main busy (or “off-hook”) while an attendant extends
beyond the P.B.X a call requested of her by the “off-
hook” station and thereafter desires to reconnect with the
“off-hook” station line to offer the completed call, etc.

The foregoing objects and features of the present in-
vention, as well as others, will be apparent from the sub-
sequent detailed description of an exemplary embodiment
thereof shown in the drawings.

Still other features of the P.B.X disclosed herein are
disclosed and claimed in applications Serial Nos. 735,156
(now Pat. No. 2,904,637) and 735,157 of R. D. Williams
and Serial No. 735,159 of H. H. Abbott—R. O. Rippere—
L. D. Schmidt—R. D. Williams, each filed on the same
day as the present application,

Fig. 1 is a perspective illustration of the Equipment
Cabinets and Attendant Console which house all of the
circuitry, apparatus, equipment, etc. in a sixty (60) line
version of the crossbar P.B.X detailed circuits, etc. for
which are shown in Figs. 3 through 50.

Figs. 24, 2B, 2C, 2D, 2E, 2F, 2G and 2H show cer-
tain block diagrams useful in understanding some of the
general operational features of the P.B.X.

Fig. 51 shows how Figs. 3 through 50 may be con-
veniently arranged to disclose a complete P.B.X, particu-
lar portions thereof identifiable generally as follows:

Figs. 3, 23, 27, 34 and 42 show nine (0 to 8) crossbar
switches comprising the main connecting means of the
P.B.X;

Figs. 4, 5, 9 and 43 show ten (0 to 9) central office
trunks (two way trunks between the P.B.X and a central
office), of which central office trunk 0 is shown in detail
in Figs. 4 and 5;

Figs. 9, 13 and 43 show three (0, 1 and 2) attendant
trunks (trunks providing access to and from the P.B.X
circuitry by the P.B.X attendant), of which attendant
trunk 1 is shown in detail in Fig. 9;

Fig. 13 shows a busy tone trunk and a traffic and
trouble register circuit;

Figs. 14, 18, 19 and 24 show two (0 and 1) dial pulse
registers, of which register 0 is shown in detail in Figs.
14, 18 and 19;

Figs. 24 and 43 show six (0 to §) junctors, of which
junctor 0 is shown in detail on Fig. 24;

Fig. 28 shows five (10 to 24) P.B.X line circuits, of
which line circuit 20 is shown in detail, and a five-channel
dial conference circuit using these five P.B.X lines;

Figs. 31 and 35 show five (25 to 29) P.B.X line cir-
cuits, of which line circuits 25 and 26 are shown in de-
tail in Fig. 31 and terminated respectively in a loudspeaker
paging trunk and in a tie trunk (to another P.B.X);

Fig. 35 shows ten (30 to 39) P.B.X line circuits, of
which line circuits 39, 34 and 39 are shown in detail;

Figs. 35 and 36 show an alarm, transfer and test circuit
terminating P.B.X line circuits 30 to 33 and 39;

Fig. 31A shows portions of a central office including
toll operator facilities;

Fig. 38 shows forty (40 to 79) P.B.X line circuits,
of which line circuits 40, 59 and 79 are shown in detail;
and,

Figs. 38 and 39 shows the cordless attendant position
circuits terminating central office trunks 0 to 9, attendant
trunks ¢ to 2, and line circuit 79.

Figs. 6 to 8, 10 to 12, 15 to 17, 20 to 22, 25, 26, 29, 30,
32, 33, 37, 40, 41, 44, 45, and 46 to 50 show the marker
circuit, the separate functional circuits of which are lo-
cated as follows:

Fig. 6 shows the register control;

Figs. 7 and 8 show the route control;

Fig. 10 shows the tens preference chain;

Figs. 10 and 11 show the tens selection;

Fig. 12 shows the tens connector;
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Figs. 15 to 17 show the units selection;

Fig. 20 shows punchings and cross connections for class
of service and line-and-trunk hunting control;

Figs. 21 and 22 show, respectively, the tens alarm and
units alarm;

Figs. 25 and 26 show the class of service;

Figs. 29, 30, 32 and 33 show the line and trunk hunting;

Fig. 37 shows the select magnet control;

Fig. 40 shows the release alarm and the junctor register
relays;

Fig. 41 shows the sequence control;

Fig. 44 shows the advance, time-out and release;

Fig. 45 shows the traffic register control;

Figs. 46 and 47 show-the link test;

Fig. 48 shows the link test alarm;

Fig. 49 shows the time-out alarm, the alarm control,
and alarm lamps; and, =

Fig. 50 shows the down check and the time-out check.

SWITCHING PRINCIPLES AND MAJOR SWITCH-
ING ELEMENTS

General

The switching plan of the P.B.X is designed to provide
for interconnection between station lines, central office
trunks, tie trunks, attendant trunks, and special services,
as prescribed by accepted P.B.X ftraffic operating prac-
tices. The P.B.X switching plan employs crossbar switches
under control of a common group of circuits. The com-
mon group contro! circuits of this P.B.X are designed
with the marker as the basic element. The marker has
interconnections with all of the other circuits. The func-
tions involved in completing calls are accomplished part-
ly by the marker and partly by the other circuits. The
switching plan is illustrated by the block diagram shown
in Fig. 2A. The station lines, central office trunks, tie
trunks, attendant trunks, busy tone trunk, junctors, and
dial pulse registers are terminated on the verticals of cross-
bar switches. Connections between verticals are made
through 16 links using the horizontal paths of the crossbar
switches,

When a2 station in the P.B.X originates a call, a line
relay operates and signals the identity of the calling line
The marker then selects an idle dial
pulse register and establishes a connection from the
calling station to this register through an idle horizon-
tal path in the crossbar switches. The register returns
dial tone to the calling station and stores the dial pulsed
information. When the dial pulse register has stored all
of the dialed information, it calls for the marker and
passes information to it as to the type of call required,
the number called, and the class of the calling party.
The marker then completes the call.

The marker operates on only one call at a time.
While the marker is serving a call, all other calis are
locked out so as not to interfere with the call in progress.
The marker operation is relatively fast and the involve-
ment time so short that under normal operating condi-
tions, no appreciable delay is experienced in handling the
other calls which may be in progress.

A station-to-station call requires two links, one from
the calling station to the originating end of a junctor,
and one from the terminating end of the junctor to the
called line. The marker sets up this connetcion and the
junctor applies ringing. A dialed tie trunk-to-station cail
also uses two links and a junctor, and the call is com-
pleted as in a station-to-station call. Calls from a sta-
tion to a trunk, or from a trunk to a station, or from
a trunk to a trunk, do not require a junctor and use
only one link for completion.

When an incoming trunk to the P.B.X is seized at the
central office, an indication of the seizure appears at
the attendant equipment. The attendant answers the call
and completes it to the desired station by dialing. When
the attendant starts this completion, the trunk calls for
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the marker and identifies itself. The marker then con-
nects the trunk to an idle dial pulse register in the same
manner as for a station line.

Calls encountering busy stations, all trunks busy, or
all paths busy are routed to a busy tone trunk which re-
turns a busy indication to the originating end of the
call. If the busy tone trumk is busy, the register re-
turns the busy indication.

Crossbhar switches

Each of the crossbar switches used in this P.B.X is a
10 by 10 switch providing 100 crosspoints. It contains
10 vertical units and 10 horizontal units consisting of
five horizontal bars with two select magnets for each
bar. One select magnet pulls the bar upward and the
other select magnet pulls it downward, thus providing
two horizontal paths for each bar or a total of ten hori.
zontal paths. The crossbar switch horizontals are ar-
ranged so that a total of 16, 3-wire links are available
for calls. These links are obtained by using eight 6-wire
horizontals (levels 2 to %) and choosing either the left
half or the right half (or the upper or lower half, as
they may be referred to) of a crosspoint by operating
either the 0 to 1 level 3-wire crosspoint in combination
with one of the others. Each vertical unit has ten groups
of contacts, one for each horizontal unit associated
with it. The groups associated with horizontal units 2
to 9 contain six contacts and the remaining two vertical
groups contain three contacts. The vertical contacts are
wired in multiple. A hold magnet with two off-normal
break contacts is provided for each vertical umit.

Station lines

The station line circuits serve to indicate a request
for service and to identify the station line requesting
service. The universal line circuits for station lines or
trunks are normally arranged for use as station line cir-
cuits, Provision is made through strapping on terminal
strips whereby these circuits may be arranged for use
with trunk-type circuits. These circnits are designed to
serve tie trunks, secondary trunk groups, conference ar-
Tangements, paging trunks, or other special services,
as required.

Central office trunks

The central office trunk circuits used with this P.B.X
serve as 2-way links between the central office and the
P.B.X. When the trunk is seized at the central office,
the attendant is alerted that an incoming call is awaiting
answer by a lamp signal and an audible signal. After
answering the call, the attendant may extend it to a
P.B.X line and may either remain on the line to announce
the incoming call, or release immediately after receiv-
ing ringing induction. If the called line is busy, the
trunk circuit will camp on the connection until the called
line becomes idle, at which time it will automatically cut
through and ring the line. However, if the called line
is already camped-on and a second incoming trunk call
tries to establish a connection to it, the trunk circuit re-
turns a visual and audible indication to the attendant
who in turn advises the calling party of the busy and
waiting conditions.

Distinctive lamp signals are provided to indicate the
call progress for all incoming and outgoing trunk calls.

When a station within the P.B.X originates a call to
the central office, the trunk circuit acts as a screening
device to either allow or deny toll calls from being com-
pleted in accordance with the class mark of the calling
line. In cases where direct toll access is denied to the
calling line, the central office trunk circuit disconnects
the call from the toll connection and causes it to return
busy tone.

Attendant trunks

The attendant trunk circuits provide means whereby
the attendant may originate calls to P.B.X lines or vice
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versa. The attendant trunk circuit provides talking bat«
tery for the connection. This trunk is also used in estab-
lishing connections between station lines which are not
permitted access to central office trunks or to toll codes
or operators and the central office or toll facilities. Aft-
er the attendant establishes a call between the station line
and the central office, the attendant trunk is automatical-
ly released from the connection and becomes available
for other calls.
Tie trunks

Each tie trunk uses one line terminal. The classes of
service available for station lines are also available for
these tie trunks. The trunks will use two links on each
call from a tie trunk to a station line, one to connect
the tie trunk to the originating end of a junctor, and
the other to connect the terminating end of the junctor
to the called line. On outgoing calls from P.B.X sta-
tions to these tie trunks, junctors are not required; there-
fore, only one link is used.

Busy tone trunk

When a P.B.X line or trunk originates a call to an-
other P.B.X line or trunk and the called line or trunk
is busy, the call is automatically routed to a busy tone
trunk, Routing a call to the busy tone trunk permits
the release of the dial pulse register to handle subsequent
calls. When the busy tone trunk is seized, it supplies
60 IPM interrupted tone to the connection and holds
the connection under control of the calling party.

Dial pulse registers

The dial pulse register functions as a dial pulse counter
and digit and class information storage. The register
receives and stores the originating line or trunk class
information from the marker and transmits dial tone to
the calling line or trunk. The dial pulse register is ar-
ranged to receive 2-digit codes for station lines and mis-
cellaneous trunks, 1- or 2-digit codes for central office
trunks, and a 1.digit code for attendant trunks. After
dialing is completed, the register engages the marker to
complete the call and transmits to the marker informa-
tion needed to establish the connection to the called line
or trunk. When the connection has been established,
the marker releases the register. The register also re-
turns busy tone when a signal is received from the marker
that the busy tone trunk is busy. The register allows
from 8 to 16 seconds in which to complete the dialing
after seizure. If dialing is not completed within this
interval, the register signals the marker to route the
call to an attendant trunk. This arrangement is pro-
vided to prevent tying up the register in cases where
dialing is incomplete or where a receiver is left off the
hook.

Junctors

The junctor circuit is used to supply talking battery
and to provide supervision on station-to-station and tie
trunk-to-station calls. When the marker is signaled by
the register to set up a call of this type, it does so by
connecting a link from the terminating end of the junctor

_ to the called line, and another link from the originating

end of the junctor to the calling line. Upon seizure, the
junctor holds both ends of the connection and applies
ringing current to the called line. When the called line
answers, the junctor trips the ringing and cuts through
the transmission path.

Marker

The marker is the basic control element of the P.B.X
and is the most complex part of the system. In response
to signals received from the station lines, trunks, dial
pulse registers, etc., the marker establishes connections
in accordance with the directions received. ) )

The marker is self-checking and is designed so that
its operations are timed. If for any reason its opera-

-tions are not completed within the time allotted, the'
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marker advances to a second trial condition and another
attempt, using different circuits, is made to complete the
call. If the marker is unable to complete the call in
the second trial, it is restored and the call is routed to
the busy tone trunk. If the marker is unable to com-
plete the call to the busy tone trunk before the timing
circuit advances again, the marker is released from the
call and the call is locked out of the marker until all
waiting calls have been served.

The marker is designed so that a single relay trouble,
such as dirty contacts, crosses, grounds, opens, or fanlty
adjustments, will not cause the failure of service on more
than ten station lines, nor on more than one half of
all links, nor on more than one half of all trunks in
any one group. To meet this objective, critical relays,
contacts, and circuit paths have been provided in dupli-
cate and arranged so that, in the event of trouble, the
trouble spot is bypassed. The marker is also arranged
so that it provides sectionalized alarm indications in the
event of trouble or circuit failure.

Numbering plan

The station lines are numbered 30 to 79 in the 60—
line P.B.X. The universal line circuits are arranged to
be reached by dialing 20 to 29 when used for station
lines, and by dialing 80 to 89 when used for the trunks
or miscellaneous trunks. The central office trunks are
normally reached by dialing the single digit “9.” If
foreign exchange lines are also desired, 2-digit codes 50
to 99 are assigned for central office connections by chang-
ing wiring straps at the dial pulse registers. The attend-
ant trunks are coded: “0.”

Class of service

Three classes of service are available for the station
lines:

(@) Restricted—The station is required to place out-
going central office calls through the attendant position.
An attempt to place a call by dialing the central office
code will result in the call being intercepted by the at-
tendant.

(b) Toll allowed—The station may dial central office
calls including those to the toll facilities.

(¢) Toll denied—The station may dial a local cen-
tral office but will be directed to busy tone should an
attempt be made to dial a toll call or to reach the toll
operator.

Lines within any tens group may be arranged for 1-
or 2-way consecutive or nonconsecutive line hunting by
optional strapping on the line unit terminal strip. With
this arrangement, calls to a busy line in a 1-way hunting
group will hunt for an idle higher numbered line in the
group. Calls to 2 busy line in a 2-way hunting group
will hunt for an idle higher or lower numbered line in
the group. With either arrangement, the assignment of
line numbers in a hunting group may be in consecutive
order or not, as desired.

Supplementary services

Arrangements are included in the P.B.X whereby such
usual supplementary services as tie trunks, long lines,
long trunks, conference arrangements, code call, loud-
speaker paging, and recorded telephone dictation may
be provided when and if desired.

APPARATUS AND EQUIPMENT ELEMENTS
Switching cabinet

The switching equipment for the P.B.X is mounted in
a specially designed switching cabinet, Fig. 1, consisting
of twin modules which are bolted together at the installa-
tion site and interconnected by a plug-in cable. The
switching cabinet is designed so that it may be located
against a wall or partition in general office space along
with office furniture, file cabinets, business machines, etc.
The modules are constructed of steel framework. The
side panels are removable and the top may be raised

10

15

20

25

30

40

45

50

GO

70

75

8

for access to the cable terminations. Sound absorbing
materials are provided to achieve quiet operation.

The apparatus in each module is mounted on three
vertical sliding-type racks, each supported at the top and
bottom by telescoping tracks. PBach slide is equipped with
a dustproof face panel, in the center of which is a fiush
mounted handle for use in withdrawing the slide. Con-
cealed in the handle is a latch for use in releasing the slide
from its normally closed position. The three slides in
each module are provided with an interlocking device
so that only one slide per module may be withdrawn
at a time. With this arrangement, the weight distribution
is such that the cabinet does not require anchoring to
the floor.

Attendant equipment

The attendant cordless position, Fig. 1, consists of a
modular station unit containing the lamps, pickup keys,
and common equipment required for attendant service.
This unit contains the following common equipment:

(a) Attendant telephone set.

(b) Dial.

(¢) Audible signal with adjustable volume control.
(d) Trouble indicating lamp.

(e) Control keys.

(f) Trunk pickup keys and lamps.

A combined turn and push key is provided for Night
Transfer and Dial-Back. The locking turn portion of
this key is used to establish night service between four
central office trunks and four station lines. The non-
locking push portion of this key is used to permit the
attendant to dial back the calling station when establish-
ing central office connections for restricted station lines.
A 2-position locking turn key is provided to cut off the
aundible signal. A nonlocking push Hold key is provided.
A nonlocking push Release key is provided to restore any
depressed pickup key.

The trunk pickup keys are of the locking push type
and are used for connecting the attendant to the trunk
lines. There are two lamps associated with each pickup
key to indicate the various stages of a call’s progress.

Station equipment

The P.B.X is designed so that any standard station
equipments or key equipments normally used in associ-
ation with P.B.X service may be used with it.

TRAFFIC HANDLING FEATURES
General

Local calls and outgoing central office or tie trunk
calls are made by dialing. On an incoming call, visual
and audible signals appear at the P.B.X attendant equip-
ment. The incoming trunk call is answered by depressing
a key associated with the visual signal. If the call is to be
extended to a P.B.X station line, the P.B.X attendant
dials the desired station code and the call is automatically
connected. If the desired station line is busy on another
call, the new call may “camp on” the called line until
the line becomes idle, at which time the call will be cut
through to the desired line. Upon conclusion of the
conversation, the connection will be disconnected auto-
matically.

Class of service options

Several class-of-service options may be applied to sta-
tion lines, tie lines, central office trunks, and attendant
equipment. Unrestricted station lines and tie trunks are
permitted access to central office trunks. Restricted lines
and trunks are denied direct access to the ceniral office
trunks, and may or may not be restricted from tie trunks.
Outgoing calls from restricted facilities must be placed
through the attendant. If a restricted station dials the
central office code “9,” the call will be intercepted by
the attendant. Toll allowed lines and trunks may dial
the central office operator or toll facilities. Toll denied



2,949,508

9

linés and trunks may dial the central office or place ex-
tended area calls but are denjed access to the toll facilities.
However, this option may be used only in those areas
where the central offices are arranged for toll diversion.
Attempts to place such unauthorized calls will result in
the caller being connected to busy tonme. Unrestricted
trunks are permitted access to other central office trunks
and to tie trunks. Restricted trunks are denied access
to other central office trunks and may or may not be
restricted from tie trunks. Attempts to establish such
unauthorized connections will be intercepted by the at-
tendant.

Typical calls

There are ten (10) types of calls which illustrate the
flexibility of the traffic handling ability of the P.B.X.
These calls may be designated as follows:

(1) P.BX line to P.B.X line.

(2) P.BX line (unrestricted) to central office trunk.
(3) P.BX line (restricted) to central office trunk.
(4) P.B.X line to tie trunk.

(5) Incoming central office trunk.

(6) Incoming tie trunk.

(7) Attendant originated.

(8) Conference connection.

(9) Special service trunks.

(10) Calls to unassigned lines or trunks.

(1) P.B.X line to P.B.X line

A P.B.X station desiring to call another P.B.X station
lifts the receiver and, after hearing dial tone, dials the
2-digit code of the desired station. If the called line
is idle, automatic machine ringing, interrupted at a rate
of 1 second on and 3 seconds off, will ring the bell at the
called station. At the same time, an audible tone is
heard by the caller. Lifting the receiver at the called
station stops the ringing and conversation is possible.
At the conclusion of the conversation, replacement of
the receivers will automatically break the connection.
If one station fails to replace the receiver, the other
station may break away from the connection by hanging
up. If the called line is busy and is in a hunting group,
the call will be completed to an idle line in the hunting
group, if one is available. If all of the lines in the group
are busy, or if the called line is not in a hunting group,
the caller will be advised of the busy condition by a
busy tone, interrupted 60 times per minute (60 IPM).

(2) P.B.X line (unrestricted) to central office trunk

An unrestricted station, after lifting the receiver and
hearing dial tone, may be connected to the central office
by dialing the single digit “9,” or in cases where the
P.B.X is served by foreign exchange trunks, by dialing a
2-digit code “90” to “99” for the desired trunk group.
Upon completion of dialing, an idle trunk in the desired
group will be selected and the caller will hear central
office dial tone, or the central office operator, if the
P.B.X is in a manual central office area. If all of the
trunks in the group are busy, the caller will hear P.B.X
busy tone.

(3) P.B.X line (restricted) to central office trunk

A restricted station line may be connected to a central
office trunk with the aid of the P.B.X attendant. Tn
this case, the caller dials the single digit “0,” which will
complete the call to an attendant trunk. The caller will
hear the interrupted ringing tone and the attendant will
be alerted by an audible and visual signal at the attendant
equipment. The station line lamp of the attendant trunk
will flash intermittently at 120 IPM and the audible sig-
nal will sound at the same rate. The attendant answers
the call by depressing the pickup key associated with the
attendant trunk. The station lamp then ceases to flash
and becomes steadily lighted and the audible signal is
silenced. The attendant and the caller are now connected
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together.  Once connected, the attendant, after conversa
ing with the caller, has the option of disconnecting, plac-
ing the call on hold, or extending the connection to a
trunk.

If the connection is to be extended to a central office
or “outside” number, the attendant momentarily de-
presses the Hold key which disconnects her from the
attendant trunk. Meanwhile, the station remains off-
hook. The attendant then depresses an idle central office
trunk pickup key, which releases the depressed attendant
trunk pickup key and causes the trunk lamp associated
with the central office trunk to light steadily. After hear-
ing central office dial tone, the attendant dials the desired
number, and, upon reaching the desired number, momen-
tarily depresses the Hold key. This holds the trunk,
connects the attendant to P.B.X dial tone, and causes
the trunk lamp to wink at 30 IPM. The attendant then
momentarily depresses the Dial-Back key and dials the
code of the calling station. The connection cuts through
from the attendant to the calling line, both the trunk and
station lamps of the central office truck become steadily
lighted, and the attendant trunk is automatically released.
At this point the attendant is connected to the calling
station and the called party is excluded from the con-
versation. To connect the calling station with the called
party, the attendant momentarily depresses the Release
key. The operation of the Release key also restores the
trunk pickup key to normal and disconnects the attendant
from the connection. Both the trunk lamp and the sta-
tion lamp of the associated trunk key remain steadily
lighted during the conversation. When the station dis-
connects at the end of the call, the station lamp goes
dark; and, when the central office disconnects, the trunk
lamp goes dark and the connection is broken.

(4) P.B.X line to tie trunk

Station lines which are permitted direct access to tie
trunks may be connected by dialing the 2-digit code in
the “80” to “89” group assigned for the desired destina-
tion. If the tie trunk is of the dial repeating type, the
distant end will either be ready to receive dial pulses
immediately or will transmit a second dial tone, depend-
ing upon the type of P.B.X at the distant end, after which
the caller will dial the code of the desired station. If the
tie trunk is of the ringdown type, the connection to the
tie trunk will cause a 2-second ringing signal to be trans-
mitted to the distant end. This signal will alert the
attendant at the distant P.B.X. This attendant, after
answering the call and conversing with the caller, will
extend the call to the desired destination.

(5) Incoming central office trunk

All incoming central office calls to the P.B.X are
handled by the P.B.X attendant. When the trunk is
seized at the central office, the attendant is alerted that
an incoming call is awaiting answer by a 120 IPM flash-
ing trunk lamp and audible signal. If this seizure is made
during the silent interval of the central office ringing
cycle, the trunk lamp lights steadily until the ringing
starts, after which it fiashes until answered. When the
attendant answers this signal by depressing the pickup
key associated with the trunk, the trunk lamp becomes
steadily lighted and the audible signal is silenced.  The
attendant, after conversing with the caller, may dis-
connect from the trunk by momentarily depressing the
Release key, which restores the trunk pickup key to nor-
mal, or she may place the trunk on hold by momentarily
depressing first the Hold key and then the Release key.
This action will hold the trunk, and the trunk lamp will
wink intermittently at 30 IPM,

If, after answering the incoming signal, the attendant
determines that the call is to be extended to a P.B.X
station line or trunk, she momentarily depresses the Hold
key. This holds the trunk, causes the trunk lamp to wink
intermittently at 30 IPM, and connects the attendant tg
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P.B.X dial tone. The attendant then dials the code of
the desired station line.

If the called line is idle, the trunk lamp ceases to wink
and becomes steadily lighted; the station lamp winks at
the 30 IPM rate, indicating that the called line is being
rung; and the attendant hears the ringing induction.
Unless the attendant wishes to announce the call to the
called party, she momentarily operates the Release key.
This restores the trunk pickup key to normal and dis-
connects the attendant from the connection. - When the
called line answers, the station lamp ceases to wink and
becomes steadily lighted, and the central office trunk cuts
through to the called line. Both the trunk and station
lamps remain steadily lighted during the conversation.
If the attendant wishes to announce the call, she remains
on the connection. When the station line answers, the
connection is between the attendant and the called party,
and the calling party is excluded from the conversation.
If the called party wishes to talk to the caller, the attend-
ant operates the Release key, and the connection is estab-
lished between the trunk and the called line. If the
called party does not wish to talk to the caller, the
attendant momentarily operates the Hold key, which re-
leases the inward connection. The station lamp goes
dark and the attendant is reconnected to the caller.

If the called line is busy, the trunk will camp on it
provided it is not already camped-on, the station lampi
will flash intermittently at 60 IPM, and the attendant
will hear the busy tone. The attendant then operates the
Release key, which removes the busy tone and prepares
a connection which may later be cut through from the
called line to the central office trunk. At this time the
attendant, by reoperating the trunk pickup key, may re-
enter the connection to advise the caller of the busy
condition. If the caller wishes to wait, the attendant
operates the Release key and the trunk continues to camp-
on. When the called station becomes idle, the trunk
automatically cuts through and starts ringing the called
Jine. The caller hears the ringing induction, and the
station lamp changes from 60 IPM flash to 30 IPM wink.
When the called line answers, the ringing is tripped and
the station lamp becomes steadily lighted. If the called
line is already camped-on, the station lamp flashes at
120 IPM and the busy tone, interrupted at 120 IPM, is
heard by the attendant. The attendant then momentarily
operates the Hold key to release the inward connection
and to reconnect her to the caller, whereupon the sta-
tion lamp goes dark. The attendant advises the caller
of the busy and call waiting conditions. The attendant
may either disconnect, continue to hold the trunk as pre-
viously described, or she may connect the caller to an-
other P.B.X line or trunk. Her actions in the latter case
are the same as for establishing the original connection.

Once a connection is established between a trunk and
a P.B.X line, the attendant plays no further role in the
call unless recalled by the called line. If the called line
wishes to recall the attendant, the station switchhook is
momentarily depressed, causing the station lamp to flash
at- 120 TPM and the audible signal to sound steadily.
The attendant answers the recall by operating the trunk
pickup key. This silences the audible signal and the
station lamp becomes steadily lighted. If the call is to
be transferred to another P.B.X line, the attendant mo-
mentarily depresses the Hold key twice, the first opera-
tion releasing the original connection, and the second,
connecting the attendant to P.B.X dial tone. She then
proceeds as for a new call as described above.

(6) Incoming tie trunk
Incoming calls from dial repeating tie trunks are ireat-
ed as station-to-station calls on a direct dial basis. After
the trunk is seized by the distant end, dial tone from the
P.B.X is transmitted to the caller. The caller then dials
the code of the desired destination.
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() Attendant originated

With cordless operation, the attendant, by using the
attendant trunk, may originate a call to a station line,
to a tie trunk, or to a special service trunk. In making
such a call from the cordless position equipment, the at-
tendant selects an idle attendant trunk and depresses the
associated pickup key. This causes the station lamp to
light steadily and the P.B.X dial tone to be heard. Op-
eration of the attendant trunk button of a key telephone
set will cause the bution to be lighted steadily and the
P.B.X dial tone to be heard. In either case, the attend-
ant then dials the code of the desired line or trunk and
ringing induction is heard. When the called line answers,
conversation is possible. The attendant may disconnect
by momentarily depressing the Hold key and operating
the Release key with the cordless attendant equipment
or by hanging up with the key telephone set.

(8) Conference connection

The conference circuit of this P.B.X is of the “meet-
me” type. A conference is set up by the partics in-
volved dialing the conference code at a specified time.
The conference circuit may be assigned to line terminals
“80” to “84” or “85” to “89,” as desired. To reach the
conference circuit in a P.B.X where it is connected to
terminals “80” to “84,” the parties on the station lines
dial the code “80” while those on trunks dial the code
«83.” If terminals “85” to “89” are wused, the parties
dial “85” and “88,” respectively. A maximum of five
station lines or three station lines and two trunks may
be connected to the conference circuit. An attempt to
connect lines or trunks beyond the maximum results in
the additional caller being diverted to busy tone. Cen-
tral office trunks are connected to the conference circuit
by the attendant in the same manner as for a trunk-to-
station call, as described above.

(9) Special service trunks

Special service trunks are normally assigned to line or
trunk terminals in the “80” to “89” group and are reached
by dialing the appropriate code. With cordless opera-
tion, the line may, in some cases, be terminated at a
spare key position to permit the attendant to pick up
the line manually. In this case, a busy lamp associated
with the key lights steadily to indicate a busy condition.
In cases of emergency, the attendant may gain access
to the circuit under busy conditions by depressing the
pickup key.

(10) Calls to unassigned lines or trunks

If a call has been directed to an unassigned line or
trunk code, the call will be diverted to an aftendant
trunk. When the attendant trunk is seized, the caller
will hear ringing induction and the attendant will be
alerted by a visual and audible signal. The visual signal
is interrupted at 120 IPM and the audible signal sounds
steadily. With cordless position equipment, both the
trunk and station lamps associated with the attendant
trunk pickup key will flash. To answer the call, the at-
tendant at the cordless position equipment or at a key
telephone set depresses the pickup key. A low tone is
transmitted to the attendant to indicate that the call is
an intercepted call. When the call is answered, the audi-
ble signal is silenced, and the station lamp, key button,
or busy lamp becomes steadily lighted.

Nature of the drawings

The circuits of the present disclosure are arranged in
the so-called “detached contact” type of circuit repre-
sentation. Generally speaking, this type of circuit rep-
resentation shows relay, key, etc. contacts separated from
the relay winding, etc. which conirols those contacts.
This type of disclosure permits functional groups of cir-
cuitry to be shown separately, thus facilitating an under-
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Standing of the operational features embodied in the
system.

A ready understanding of circuits presented in this
form can be realized by a few examples, taking the cen-
tra] office trunk circuit 0 of Figs. 4 and 5 as illustrative.
In the lower left corner of Fig. 5 is a relay winding
designated TTT. Just to the left of relay TTT on the
circuit path is an X designated TTT and numbered 1.
This represents a pair of contacts controlled by the TTT
relay so as to be open when relay TTT is unoperated and
to be closed when relay TTT is operated; that is, it rep-
resents what is commonly referred to in the art as a
“make contact.” Near the top center of Fig. 4 is shown
another X designated TTT and numbered 10 This is
another make contact of the TTT relay, etc. Near the
upper right center of Fig. 4 is a — shown across a cir-
cuit lead and it is designated TTT and numbered 5.
This symbol represents a pair of contacts controlled
again by the TTT relay but closed when the relay is un-
operated and open when the relay is operated; that is,
it represents what is commonly referred to in the art
as a “break contact.” Also, in the upper middle part
of Fig. 4, directly over the coil designated Hi, are two
markings X and — across two circuit leads which inter-
sect. This pair of symbols is designated TIT and is
numbered 6. This pair of symbols represent what is
known in the art as a “transfer”; that is, the X is a make
contact pair and the — is a break contact pair where one
contact is common (electrically) to both pairs. The
circuit action in this instance, when relay TTT operates,
is to open the lead to the H1 coil and close the lead
to the bottom winding of the H coil—i.e., a “transfer.”

Similar symbols are msed to show the functional
action of keys, jacks, etc. For instance, on Figs. 38 and
3% is shown the cordless attendant position circuit which,
as may be seen in Fig. 1, involves keys, etc. In the cen-
ter of Fig. 38 are shown symbols for fourteen (14)
“pick-up keys.” Each key is shown as a transfer, this
being the functional circuit result of the attendant de-
pressing the corresponding key in Fig. 1. Similarly,
near the right upper portion of Fig. 39 are shown X and
— symbols designated variously as “dial back,” “hold,”
and “aud. sig.” etc. Again, the symbol X is a make
(operated key) contact and the symbol — is a break
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(unoperated key) contact. The transfer pair designated 45
“B Jack” in Fig. 39 represents a plug-and-jack arrange-
ment where the X symbol is a closed pair and the — sym-
bol an open pair when the plug is in the jack, and vice
versa.

To facilitate a correlation between relay windings and 50
contacts controlled thereby, the following table is pro-
vided showing upon which figure of the drawing appears
the winding for each relay in the system. This table
will be useful to those who may, at some time during a
study of the circuits, desire to know the location on the 99
drawings of the winding or coil which controls a contact
of interest.

Drawing location of relays, etc. “ 60
Patent Patent
Relay, Etc.: figure Relay, Etc.: figure
A 24 AT o 35
A(1-4) e _ 36 ATA 35
AA 9 65
AB o 13 B 24
AC . 4 BA . 9
ACAA .. 9 BC . 28
ACA, ACB ____. 17 BSYA, BSYAA,
ACAT o __ 4 BSYB, 70
ACC . ____ 28 BSYBA __..__ 32
AL 36 BTCA, BICB _. 7
ALBA, ALBB __ 47 BTTA, BTTB _. 8
AP 31 BTOF e 13
ARBA, ARBB __ 11 BTPC .. 13 75
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Drawing location of relays, éic.—Continusd

Patent Patent
Relay, Etc.: figure Relay, Bic.: figuré
BY e, 5 ¢ LT(R9) ______ 46

BYA, BYB ..._ 32 LTA, LTAA,
BYR e 18 LTB,LTBA .. 47
LTCA, LTCB ._ 47
CC e 28 LTS(2-6) .- 46
COA, COAA, LTS(7-9) ool 47

COB, COBA, LUCA,LUCB .. 17

CONA,

CONAA, M oo 31

CONB, MAL _______.__ 40

CONBA ... MC 5
COS, COSA, MTA, MTB ___ 44

COSB .. 47
L0 | QS — 14 NAA, NAB ____ 44
COTA, COTB -~ 7 NCA, NCB ____ 44
61 LRS- 4 NCPC ________ 13

NT 25
D o 24 NTP __________ 39
DC oo 19
DCC 28 OF0 __________ 13
DCKA, DCKB . 50 OF8 _c 13
DR e 4 OF9 . 13
ON 18
EC 28 ONA oo 9
OPC o _ 13
FA e 36 OPC8 ... 13
FB e, 39 OPCYO __ __.___._ 13
FF oo 4 OT o __ 19
OT20, OT24 __. 28
H o 4 0T25, O126 ___ 31
HCA, HCB ... 29 OuUT ... 9
HD . 5
HDA ... _ 9 P _ 4
HM . 5 P(1-5) moee 18
HMKA, HMKB 29 P2A . _ 18
HMTA, HMTAA, PA . 36

HMTB, PU 18

HMTBA ... 7
HO oo 36 R 4
HP . 39 RO, RI ________ 11

RIT e 5
ICTA, ICTB ... 8 RA . 18
IN20, IN24 ____ 28 RAOA, RAOB,
IN26 o 31 RAIA, RAIB. 6
RCA(0,1),
JOF e 13 RCB(0,1),
JPC o 13 RCC(0,1),
JR(0~5) e 40 RCD(0,1),
JRAL . ______ 22 RCE(0,1) - 12
JREA, JREB .__ 40 RCKA,RCKB .._ 50
JTA, JTAA, JTB, RCTA, RCTAA,

JTBA - 41 RCTB,

RCTBA .___. 41
) S, 18 RGA, RGAA,
126 e 31 RGB,RGBA . 6
1.30,L34,1L39 .. 35 RHKA,RHKB _ 6
140,159,179 .. 38 RLA, RLAA,
LAL1, LAL2, RLAB, RLB,

LAYL2A _____ 48 RLBA, RLBB_. 7
LBA,LBB ___.__ 47 RLAL, .. ____ 40
LCK1, LCK2 __ 37 RLSA, RLSAA,
LEA, LEAA, RLSB,

LEB,LEBA .. 47 RLSBA .._.___ 44
LHM20, LHM24.. 28 ROF . 13
LHM25, LHM26_ 31 RPO, RP1 _____ 10
LHM30, LHM34, RPAOQ, RPA1 ._ 12

LHM39 _.__. 35 RRIA, RRLB .. 18
LHM40, LHMS59, RS 5

LHM79 ... 38 RT e 18
IOF e 13 RTT 4
LT o, 31 RUCA,RUCB ... 17
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Patent Patent
Relay, Etc.: figure Relay, Etc.: figure
RV e 18 TN e 9
RVC i 28 TOA, TOB ... 44
RVT 31 TOAL,
TOALA __.__ 49
S e 4 TOKA, TOKB __ 50
SIT e 4 TOLA, TOLB -~ 50
S(0-4) ceeee 30 TOPC e 13
S(5-9) e 33 TP o 24
SAA, SAB ____. 44 TP(2~7) oo 10
SEA, SEAA, TPC e 13
SEB, SEBA .. 32 TPCO e 13
LS . | TPC8 e 13
SLA e 9 TPCY e i3
SM(00-89) —__. 37 TR e 35
SMC(0-8) e 37 TRO, TR1 ... 11
SMRA, SMRAA, TRA, TRB ____ 44
SMRB, TRAO, TRA1 __ 11
SMRBA __._.. 7 TRAL . _ 21
SMTA, SMTB __ 37 TRCO, TRC1 ... 12
SOA, SOB _____ 7 TRCA, TRCAA,
SP o 39 TRCB,
SR e 18 TRCBA _._-_ 41
SRT e 4 TRKA, TRKAA,
SRTT e 31 - TRKB,
STA, STB ____. 44 TRKBA ...__ 41
STAR, STBR _. 44 TRLA, TRLB __ 47
STPC o 13 TRMO, TRM1 __ 12
STR et 19 TRPO, TRP1 __ 10
SW o 19 TRPC e 13
TRR e 19
T(2-7) oo 10 TRT e 31
TAQR-T7) e 11 TRUO, TRU1 __ 12
TAA, TAB __..._ 44 TS e 26
TAAL . 40 TSDA, TSDB __ 25
TACA, TACAA, TT e = 25
TACB, TIR o 14
TACBA ._..__ 12 TTT oo 5
TAL = 21 TUR-T7) e e 12
TCK(1-4) _.._ 10
TCS(2-7) e 12 U(0-3) —oeeee 15
TD(0-9) e 19 U4d-7) ———__ 16
TEA(0-3), U(8,9) e 17
TEB(0-3) ... 11 UAL, UALL,
THC(2-7) - 12 UALI1A,
THMO00 5 UAL2 .- 22
THMOS - 9 UD e 19
THMO07 oo 13 UEA, UEB ___. 17
THMO0S, ULA, ULB ... 17
THMO09 ____ 6
THMI10 - 24 WIL o 37
THMI11 24 WILA e 48
THM18, THM19 6 WL o 37
TKO, TK8, TK9, WLA 48
TKAO, TKAS, WLG oo 47
TKA9, TKBO, WLGA o __ 47
TKB8, TKB9 - 12 WU e 32
TLA e 14 WUA oo 22
TLAT oo 5
TLD e 14 Z1L 37
TM(2-7) e 12 ZL e 37
TMA, TMB ___ 44 Z1G 47
TMOR e 18 ZU e 32

Sighaling currents, etc.

In a number of places throughout the drawings there
appear boxes representing different types of signaling
currents, voltages, etc. These boxes represent equipment
which is well known in the telephone plant today; how-
ever, in order that it be fully understood what is involved,
-each such box will be explained at this point, it being
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understood that all boxes similarly labeled represent the
same signaling condition.
In the lower left corner of Fig. 4 is a box labeled

“AC/DC AUD INT” representing an interrupted com-
_posite signal of 20 cycles and an audible signal super-

imposed on minus 50 volt (—50) direct-current voltage.
The 20 cycles is ringing current for ringing called station
ringers: the audible tone is what is heard by a calling
part during ringing; and the —50 v. is for operating
the usual ring-trip relay. The —50 v. is on the signaling
lead at all times and the composite singal is applied to
the signaling lead by an interrupter for one second out
of every four seconds.

In the lower right corner of Fig. 4 is a box labeled
“AC/DC AUD” representing an uninterrupted signal
composed of — 50 v. direct-current voltage with 20 cycles

and an audible signal superimposed thereon.

iIn the lower right corner of Fig. 4 a box labeled
“Busy Tone” is self-explanatory.

In Fig. 4, the box labeled “120 IPM Tone” repie-
sents dial tone interrupted at a rate of one-quarter second
on and one-quarter second off.

In the upper right of Fig. 9 a box labeled “Dial Tone”
is self-explanatory.

In the lower right corner of Fig. 9 are two boxes labeled
respectively “INT 30 IPM” and “INT 120 IPM.” Each
represents negative battery (—48 v.) interrupted at a
The former is interrupted at a rate of
134 seconds on and ¥4 second off, and the latter, at a
rate of V4 second on and ¥ second off. In the lower
right corner of Fig. 5 is a similar box labeled “INT 60
IPM.” This represents negative battery interrupted at a
rate of one-half second on and one-half second off.

In the lower left corner of Fig. 18 are two boxes labeled
respectively “INT GRD 1” and “INT GRD 2.” The
former represents ground applied at the start of an eight
(8) second interval, lasting for ¥ second, and then re-
moved until the end of the eight second interval, where
it is reapplied to start another eight second interval. The
latter of the two signals is phased with the former and
represents ground applied from the end of the first ¥4
second of the eight second interval (not overlapping the
former signal) to the end of the first ¥2 second of the
eight second interval, and kept removed throughout the
rest of that eight second interval.

Off-normal conditions

When power is supplied to the P.B.X circuits, etc.
and before any call handling circuits are involved, there
are nevertheless a few preliminary circuit operations
which take place in order to ready the P.B.X for service.

Automatic transfer

As will be explained more in detail hereinafter, ar-
rangements are provided whereby in the event that a
P.B.X attendant’s position becomes unoccupied, such as
at night, four central office trunks can be switched onto
four P.B.X station lines so that traffic can be handled
without the necessity of having the attendant present.
In order to control this feature the relays AT and ATA
in the Alarm, Transfer and Test circuit of Fig. 35 are
normally operated. The operating circuit may be traced
from ground in the Cordless Position circuit of Fig. 39,
over the break contact of the Night key and lead NS to
Fig. 35 to battery through the windings of relays AT and
ATA. As long as the Night key of Fig. 39 is unoperated,
relays AT and ATA will be operated. Conversely, if
the Night key should be operated, relays AT and ATA
will release. With relays AT and ATA operated, as
will be explained hereinafter, the P.B.X line circuits 30
to 33 of Fig. 35 and the central office trunk circuits 0
of Fig. 5,1 and 2 of Fig. 9 and 5 of Fig. 43 will per-
form normally. However, if relays AT and ATA should
be released, trunks 9, 1, 2 and 5 will be terminated direct-
1y into line circuits 30, 31, 32 and 33.
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 Trouble indication
As will be seen in Fig. 36, four fuses FI, F2, F3 and
4 are shown. Through these four fuses is fed power,
which is assumed, unless otherwise indicated, to be nega-
tive 48 (—48) volis D.C. with the positive pole grounded.
The minus sign in a circle, used throughout the drawings,
represents this —48 volts obtained via a fuse, etc. These
fuses are of the type, well known in the telephone art,
which mechanically hold a circuit open and permit it to
close only if the fuse blows. Thus, in Fig. 36, relays FA
and PA are normally released and lamps FAB and PAA
are normally extinguished. If a fuse should blow, one or
both of the relays FA and PA would operate and one or
more of the lamps FAA, FAB and PAA would be lit.
Likewise, in Fig. 36, since there would be no alarm con-
dition present in the P.B.X undeér normal circumstances,
relay AL would be released. With relays AL, FA and
PA of Fig. 36 unoperated, relay TR of Fig. 35 will be
operated in a circuit from ground. over break contacts
5'of relay PA, 5 of FA and 7 of AL to battery through
the winding of relay TR. With relay TR operated, bat-
tery is removed from the trouble lamp TR of Fig. 35 by
the break contact 11 of relay TR, thus leaving lamp TR
extinguished, and in Fig. 36 the WCT—WCR trouble
signalling circuit to the central office will be opened by
break contacts 8 and 10 of relay TR.

Cordless position occupied

The cordless position circuit represented in Figs. 38 and
39 is indicated as occupied by an attendant when the
plug and jack pairs, indicated in Fig. 38 as “B Jack” and
“A Jack,” are connected. This means, as heretofore ex-
plained, that the make contacts (x) of the A and B jacks
are effective (closed) and the break contacts (—) there-
of are ineffective (open).

Dial pulse register normal

As explained previously, there are two dial pulse reg-
isters, registers ¢ and 1, provided in ‘the P.B.X." Dial
pulse register ¢ is shown in detail in Figs. 14, 18 and 19;
and, dial pulse register 1 is indicated by a box in Fig.
24. Tt is necessary for the marker to know at all times
which of these registers is idle, etc. With respect to dial
pulse register 0 (DP register 0), when it is occupied or
engaged in a normal circuit operation its off-normal re-
lay ON of Fig. 18 will be operated and its test relay
RT of Fig. 18 will be released. Both of relays RT and
ON are operated if the register is under test. When the
register is idle, both its ON and RT relays will be re-
leased. Referring to Fig, 14, when the register @ is idle
(ON- and RT relays released) a circuit is completed
from ground, over break contacts 6 of relay ON and ‘5
of relay RT, lead ONGO to the marker register control
circuit of Fig. 6, break contact 18 of relay ACA, paral-
lel break conmtacts 2 and 5 of respective relays RATA
and RA1B, windings of relays RAOB and RAOQA, paral-
lel break contacts 11 and 8 of respective relays RAIA
and RA1B, break contact 1¢ of relay ACB, lead ONBO
to the DP register 0 of Fig. 14, to battery over the break
contacts 8§ of relay ON. Relays RAOA and RAOB. of
the marker register control circuit of Fig. 6 operate in
this path, to thereby indicate the idle condition of DP
register 0, and shunt the break contacts of relays RA1A
and RA1B with make contacts 1 and 12 of relay RAGA
so that subsequent possible operation of relays RAIA
and RA1B cannot release relays. RAGA and RAOB. As
soon as DP register 0 becomes engaged, either by a nor-
mal or a test operation, these relays RAOA and RAOB
release, thereby indicating to the marker that DP reg-
ister ® is not idle, and thus not available to handle new
traffic, etc.

In Fig. 6 are shown the circuits whereby the idle or
busy condition of DP register 1 of Fig. 24 is indicated
to the marker register control circuit. These relays
RAIA and RA1B are controlled by DP register 1 in the
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same manner as the above described relays RAQA and
RAGB are controlled by DP register 0. : -

1t will be noted that -the operating path for relays
RA1A and RA1B is independent of relays RAGA and
RAQB. Thus, relays RALA and RAIB can operate any
time that DP register 1 is idle. However, since the op-
erating path of relays RAOA and RAOB includes break
contacts of relays RAIA and RA1B, these relays RAOA
and RAOB cannot recperate at amy time until after the
marker has served a call in DP register 1. Tt will be as-
sumed that both DP registers are idle, however, in which
case, as will be explained hereinafter, the marker will
prefer to deal with DP register 0; but, all four of the
relays RAOA, RAOB, RAIA and RA1B will be operated,
showing DP registers ¢ and 1 to be idle.

Detailed circuit operation

All calls except attendant-to-trunk or trunk-to-at-
tendant calls are established by dialing. As soon as a
request for service is made, for example by a P.B.X.
station user lifting the station handset from the switch-
hook, the marker sets up a connection between the call-
ing circuit and a dial pulse register. The nature of the
originating circuit and the number dialed determine the
terminating class of the call and the register accordingly
directs the marker in its method of call completion.

There are two general call completion classes-——junc-
tor class and trunk class, Junctor class calls are those
which require a junctor to supply talking battery and
ringing current and to provide supervision. All junctor
class calls require two switch links to establish the nec-
essary connections. Trunk class calls are those which
do not require the use of a junctor since talking battery
is supplied by a trunk, and the trunk is seized on a loop
signaling basis, The trunk class calls require only one
switch link to establish the required connections. .

The following detailed description is divided into
major sections dealing with the following types of calls,
descriptions of which will provide a full understanding
of the P.B.X: .

A—P.B.X line to P.B.X line.

B—Tie trunk to P.B.X lne.

C—P.B.X line to tie trunk.

D—Tie trunk to tie trunk.

E—P.B.X line (toll allowed) to central office trunk.
F—P.B.X line (toll denied) to central office trunk.
G—P.B.X line (restricted) to central office trunk.
H—Incoming central office trunk. ‘

I —Miscellaneous call features.

A—P.B.X LINE TO P.B.X LINE

A detailed description will now be given of the circuit
action involved in extending a call from station 30 to
station 34 of Fig. 35.- .

Dial tone connection (see Fig, 2C)

When a P,B.X station lifts the receiver to make a call,
the line relay operates and passes the tens and unifs
identity of the calling station to the marker. All calls
requesting service compete for the marker. The tens
selection circuit of the marker accepts the tems infor-
mation but allows only one call at a time to be processed.
All lines, trunks, and registers are given a location in

- the tems preference chain, and simultaneous calls are
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served according to that location. When a call has been
given preference, the tens.connector, for the group of
ten lines in which the calling station line is located, op-
erates and allows the units information from the line re-
lay to be extended to the units selection circuit. How-
ever, where more than one line in a group is requesting
service, only that line which has the highest preference
in the group will be served, as determined by the line
and trunk hunting circuit. : )
Seizure of the marker circuit is effected by the oper-
ation of the line relay associated with a calling P.B.X-
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station line. Referring to Fig. 35, when the calling party
associated with line circuit 3¢ initiates a call, a circuit
is completed for operating the line relay L38 associated
therewith, ‘The operating path for the line relay L30
may be traced from ground over break contact 1,2T of
the line hold magnet LHM3%8, over the T1 lead into
the alarm transfer and test circuit, over make contact
1 of the AT relay, over the tip conductor T and through
a circuit completed by the lifting of the telephone instru-
ment at station STA39, back over the ring lead R to the
alarm transfer and test circuit, through make contact 2
of relay AT, conductor R1, over break contact 1,2B
of the line hold magnet THMS30, to battery through the
winding of the line relay 138, which thereupon operates.
The operation of the line relay 138 causes the operation
of the corresponding tens selection relay T3 of Fig. 10.
The operating circuit for relay T3 is traced in Fig. 10
from ground, over make contact 1 of the L3¢ relay,
break contact 7 of relay TEA1, break contact 5 of relay
TA3, winding of relay T3, break contact 9 of relay TA3,
to battery through break contact 7 of relay TEBL. It
will be noted in Fig. 10 that cach of the tens selection
relays T2 through T7 is associated with all of the line
relays for lines falling within the corresponding tens
groups. For instance, the tens selection relay T3 will be
operated by the operation of any one of the line relays
1.36 through L3% which fall within the tens group 3.
Upon the operation of any one of the tens selection re-
lays T2 through T7 of Fig. 10, such as the operation of
relay T3 in the present example, the tens end relays of
Fig. 11, namely, relays TEA® through TEA3 and TEB@
through TEB3, will be operated as an indication to the
marker that at least one tens selection relay has been
operated. The operating circuit for relays TEAG through
TEA3 extends from battery, through make contact 4 of
any one of the tens selection relays T2 through T7,
break contacts 6 of relay TOKA, break contact 8 of
relay RLSA, through the windings of relays TEA$-—
TEA3 and to ground over bredk conmtacts 5 of relays
RLSB and TOKB. The operating circuit for relays
TEBO—TEB3 extends from battery, over make contact
2 of any one of the tens selection relays T2 through
T7, break contact 6 of relay TOXKB, break contact 8
of relay RLSB, through the windings of relays TEB&—
TEB3 to ground through break contacts 5 .of relays RLSA
and TOKA.

Referring now to Fig. 10, a circuit designated “Tens
Preference Chain” includes ten preference relays RP§
through TP7. These preference relays are all included
in a preference lock-out circuit whereby only one of
them is permitted to operate at any one time. The
operation of any one of these preference relays represents
the crucial step in the seizare of a marker. The prefer-
ence relays RP$ and RP1 represent the dial pulse reg-
isters ® and 1, relays TRP® and TRP1 represent the
various trunk circuits involved in the P.B.X depending
upon whether the particular trunk is in a so-called “odd”
or “even” trunk group as will be explained hereinafter,
and the remaining preference relays TP2 through TP7
represent P.B.X line circuit groups involving tens digits
2 through 7. For purposes of simplicity in the present
example it has been assumed that all of the circuits in the
P.B.X are idle with the exception of the station line 39
chosen as an example in placing the present call. Under
these circumstances, all of the tens preference chain
relays of Fig. 10 will be released. It will be recalled
that the tens selection relay T3 of Fig. 10 is operated
as are the tens end relays TEAG—TEA3 and TEB8—
TEB3 of Fig. 11. Under these circumstances a circuit
is completed for operating the tens preference chain relay
TP3 of Fig. 10. This circuit extends through the double
windings of the TP3 relay, on both ends of which are
two tens check relays. One of the two circuits through
the TP3 relay extends in Fig. 10 from ground, through
break contact 3 of relay TOKA, the winding of relay
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TCK4, break contacts 3 of relays RLAA and RLBA,
make contact 8 of relay TEA3 break contacts 4 of re-
lays R@®, R1 and ARBB, break contacts 3 of relays TRS,
TR1 and T2, make contact 3 of relay T3, left-hand
winding of relay TP3, make contact 9 of relay T3,
break contacts 9 of relays T2, TR1 and TRY, break .con-
tacts 10 of relays ARBA, Ri and RS, make contact 8
of relay TEA2, break contacts 11 of relays RLBA and
RLAA, through the winding of relay TCK3 to battery
through break contact 9 of relay TOKB. In this circuit
relays TCK4 and TCK3 operate and the left-hand wind-
ing of relay TP3 is energized. The circuit through the
right-hand winding of relay TP3 may be traced in Fig.
19 from ground, through break contact 3 of relay TOKB,
winding of relay TCK1, break contacts 1 of relays
RILAA and RLBA, make contact 8 of relay TEB2, break
contacts 2 of relays RO and R1, break contact 4 of relay
ARBA, break contacts 5 of relays TR@, TR1 and T2,
make contact 5 of relay T3, righi-hand winding of relay
TP3, make contact 7 of relay T3, break contacts 7 of
relays T2, TR1 and TRS, break contact 10 of relay
ARBB, break contacts 8§ of relays R1 and R, ‘make
contact 8 of relay TEB3, break contacts 9 of relays
RLBA and RLAA, winding of relay TCK2, to battery
through break contact 9 of relay TOKA. In this latter
circuit relays TCK1 and TCK2 operate and the right-
hand winding of relay TP3 is energized. Relay TP3
operates upon the energization of either or both of its
windings, thereby to effect seizure of the marker circuit
by the tens selection relay T3.

It will be noted in passing that the operation of the
tens end relays of Fig. 11, namely relays TEA§—TEA3J
and TEB$—TEB3, immobilizes the operating circuits
of all of the tens selection relays T2 and T4 through
T7 of Fig. 10, the trunk selection relays TR@ and TR1
of Fig. 11 and the register selection relays R® and Ri
of Fig. 11. In addition, the operation of the tens end
relays TEBO and TEA® complete a locking circuit for
the tems selection relay T3 of Fig. 11 extending from
ground through the parallél make contacts 5 of relays
TEB® and TEAS, make contact 1 of relay T3, break
contact 5 of relay TA3, winding of relay T3, break con-
tact 9 of relay TA3, to battery through make contact 12
of relay T3.

The operation of the tens preference chain relay TP3
of Fig. 10 causes the operation of a number of relays in
the tens connector circuit of Fig. 12 and in the units
seélection circuit of Fig. 17 in preparation for the iden-
tification by the marker of the units digit of the calling
line circuit 30 of Fig. 35. In Fig. 12, the tens connector
relays TCS3, THC3, TU3 and TM3 operate in a circuijt
extending from ground, over make contact 1 of relay
TP3, through the windings in parallel of these tens con-
nectors to battery through make contact 12 of relay
TP3. Also, in Fig. 12, the tens connector auxiliary re-
lays TACA, TACAA, TACB and TACB are operated
under the control of the operated tens preference relay
TP3 of Fig. 10. The circuit for operating the relays
TACA and TACAA extends from ground in Fig. 12,
over make contact 2 of relay TP3, break comtacts 7 of
relays RCB1 and RCB®, break contact 4 of relay
RLSAA, through the windings of relays TACA and
TACAA, to battery through break contact 11 of relay
RLSBA. Similarly, the operating circuit for the tens
connecior auxiliary relays TACB and TACBA ian Fig. 12
extends from ground, over make contact 3 of relay TP3,
break contacts 8 of relays RCB1 and RCBO, break con-
tact 4 of relay RLSBA, through the windings of relays
TACBE and TACBA, to battery through break contact 31
of relay RLSAA. Upon the operation of the tens con-
nector auxiliary relays TACA and TACB of Fig. 12, the
line units connector relays LUCA and LUCB and the
units lock relays ULA and ULB of Fig. 17 are operated.
Relays LUCA and ULA of Fig. 17 are operated in a cir-
cujt extending from ground, through the parallel make
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contacts i of relays TACA and TACE, through the
winding of relay ULA in parallel with a circuit extend-
ing through break contacts 8 of relays UEA and UEB
and the winding of relay LUCA, to battery through the
parallel make contacts 12 of relays TACA and TACB.
The relays LUCB and ULB are operated in a circuit ex-
tending from ground, through the parallel make con-
tacts 2 of relays TACA and TACB, through the wind-
ing of relay ULB in parallel with a circuit through break
contacts 6 of relays UEA and UEB and the winding of
relay LUCB, to battery through the parallel make con-
tacts 11 of relays TACA and TACB.

Upon the operation of the tens comnector relay TU3
of Fig. 12 and the line units connector relays LUCA and
LUCEB of Fig. 17, a circuit is completed for operating the
units relay U0 in Fig. 15. This circuit in Fig. 15 ex-
tends from ground, over make contact 3T,2 of line relay
130, make contact 1 of tens connector relay TU3,
parallel make contacts 1 of relays LUCA and LUCB,
to battery through the winding relay U0, which there-
upon operates and locks in a circuit extending from its
winding through its own make contact 10, to ground
through the parallel make contacts 1 of the units lock
relays ULA and ULB. It will be noted that in the event
that any other line relays may be operated in the group
of lines 30 to 39 (that is the same tens group 3), all of
the corresponding units relays of the units selection cir-
cuit in Figs. 15, 16 and 17 will be operated at the same
time that the units relay U of Fig. 15 is operated by the
operation of the line relay L38 of line circuit 30 in Fig.
35. The possibility of there being more than one units
relay operated in the units selection circuit of Figs. 15,
16 and 17, as previously mentioned, will be taken care
of by preference circuits in the line and trunk hunting ar-
rangement of Figs. 29, 30, 32 and 33 when the time
comes, to be described hereinafter, for actually selecting
the preferred one of the calling line circuits. In the pres-
ent example it may be assumed for purposes of simplicity
that the only line which is in a calling condition is the
line circuit 30 of Fig. 35, whereupon the only units relay
which will be operated in the units selection circuits of
Figs. 15, 16 and 17 is the units relay U§ of Fig. 15.
‘Upon the operation of the relay U0 of Fig. 15, the units
end relays UEA and UEB of Fig. 17 are operated. Re-
lay UEA operates in a circuit extending from ground,
through make contact ¢ of relay US, parallel make con-
tacts 11 of relays TEA3 and TEB3, winding of relay
UEA, to battery through the parallel make contacts 10
of telays TACB and TACA. The operating circuit for
relay UEB extends from ground, over make contact §
of relay U0, parallel make contacts 10 of relays TEA3
and TEB3, the winding of relay UEB, to battery through
the parallel make contacts 9 of relays TACB and TACA.
The operation of the units end relays UBA and UEB
causes the release of the line wunits connector relays
LUCA and LUCB of Fig. 17, which relays, upon releas-
ing, prevent any other wunits relays in the units selection
circuit of Figs. 15, 16 and 17 from becoming operated.

The operation of the selection relay U8 of Fig. 15
closes a circuit for testing the sleeve lead S3¢ of line
circuit 39 in Fig. 35. The relays which make this sleeve
test are the SO through S9 relays in Figs. 30 and 33 of
the line and trunk hunting circuit. A circuit is com-
pleted in Fig. 30 from ground, through the lower wind-
ing of relay S0, over make contact 12 of relay U0 to
conductor 8, and over make contact 1 of the tens con-
nector relay TM3 to conductor $30, into Fig. 35 to the
line circuit 3% of Fig. 35, thence over conductor 89 to
the alarm transfer and test circuit of Fig. 36, over make
contact 3 of relay AT, conductor S8, to line circuit 3¢
of Fig. 35 and to battery through the winding of the hold
magnet LHM30. The sleeve relay S8 of Fig. 30 will
operate in this circuit over its lower winding in series
with the line hold magnet LHM30 of Fig. 35; however,
the line hold magnet LHM3¢ will not operate in this
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circuit. “Relay SO of Fig. 30 in operating, completes &
circuit over its make contact 1 in parallel with make con-
tact 12 of the UG relay to hold the SO relay operated
over its lower winding independently of the U0 relay
which caused it to operate in the first place. Relay So
in operating, also prepares a locking circuit over its upper
winding by closing its make contacts 11 and 2. Tt will
be appreciated, in Figs. 30 and 33 of the line and trunk
hunting circuit, that others of the sleeve relays SO through
S9 will be operated under the same circumstances as
previously described in connection with the possibility
of having more than one units relays of the units selec-
tion circuit in Figs. 15, 16 and 17 operated; however, in
the present example it will be assumed that the sleeve
relay S8 of Fig. 30 is the only such sleeve relay operated,
Upon the operation of the 80 relay of Fig. 30, the sleeve
end relays SEA, SEAA, SEB and SEBA of Fig. 32 are
operated. The circuit for relays SEA and SEAA extend
from battery, over make contact 3 of relay SO, break
contact 10 of relay RLSBA, through the parallel windings
of relays SEA and SEAA, break comtact 5 of relay
RLSAA, to ground through the parallel make contacts
1 and 16 of the units end relays UEA and UEB. Simi-
larly, the circuit for operating the sleeve end relays SEB
and SEBA of Fig. 32 extends from battery, over make
contact 2 of relay S0, break contact 10 of relay RLSAA,
parallel windings of relay SEB and SEBA, break contact
5 of relay RLSA, to ground over the parallel make con-
tacts 1 and 1@ of the units end relays UEA and UEB.
These four sleeve end relays, upon operating, lock to
ground over the parallel make contacts 6 of sleeve end
relays SEA and SEB. The sleeve end relays of Fig. 32
perform no function of particular interest at this time.
The operation of the tens preference chain signals
the register control circuit to select an idle dial pulse
register. If both registers are busy, the register control
circuit will be released and the marker will hold the call.
When a register becomes available, the marker recperates
the register control circuit. The register control circuit
selects an idle register, connects the class-of-service cir-
cuit to this register, and requests the link test circuit to
locate an idle link. When a register has been allotted
to a call, the marker transmits the originating class in-
formation to the register where it is stored for use when
dialing is completed. Depending upon the class-of-service
option involved, certain class relays in the register will
either operate or remain unoperated, and will either al-
low the call to proceed or will translate the dialed digits
to the attendant “0” code and signal the marker to com-
plete the call to an attendant trunk as an Intercept Call.
When the tens preference relay TP3 of Fig. 10 and
the tens auxiliary connector relays TACAA and TACBA
of Fig. 12 are operated, circuits are completed for op-
erating the register group control relays RGA, RGAA,
RGB and RGBA of the register. control circuit in Fig. 6
preparatory to the marker making a test to determine
an idle link through the crossbar switch network for the
purpose of connecting the calling line to a dial pulse
register. In Fig. 6 a circuit is completed for operating
relays RGA and RGAA extending from ground, through
the parallel make coniacts 3 of relays TACAA and
TACBA, the parallel windings of relays RGA and RGAA,
to battery through make contact 10 of relay TP3. Sim-
ilarly, a circuit extends from ground, over the parallel
make contacts § of relays TACAA and TACBA, through
the parallel windings of relays RGB and RGBA, to bat-
tery over make contact 9 of the relay TP3, thereby op-
erating relays RGB and RGBA. The operation of relays
RGA and RGB causes the operation of the link test re-
lays LTA, LTAA, LTB and LTBA of the link test cir-
cuit in Fig, 47. The circuit for relays LTA and LTAA
in Fig. 47 extends from battery, over make contact 2
of relay RGA and to ground through the winding of
relay LTAA and in parallel therewith over break.con-
tact 10 of relay LEAA, winding of relay LTA and to
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ground through break contact 4 of relay LEBA. Simi-
larly the circuit for operating relays LTB and LTBA in
Fig. 47 extends from baitery over make contact 2 of
relay RGB and in parallel through the winding of relay
LTBA to ground and over break contact 10 of relay
LEBA, winding of relay LTB to ground over the break
contact 4 of relay LEAA. These four link test relays op-
erated in the previously-described circuits. In response
to the operation of the link test relays LTA and LTB
of Fig. 47, the corresponding link test connector relays
LTCA and LTCB in Fig. 47 are operated. The circuit
for operating relay LTCA extends from ground over
make contact 1 to relay LTA, through the winding of
relay LTCA to battery over the make contacts 12 of re-
lay LTA. The circuit for operating relays LTCB in
Fig. 47 extends from ground over make contact 1 of re-
lay LTB, through the winding of relay LTCB to battery
over the make contact 12 of relay LTB. The operation
of the link test relays LTA and LTB and the link test
connector relays LTCA and LTCB, all of Fig. 47, initiate
an operation whereby the link test relays LT2 through
1LT9 of Fig. 46 test 8 horizontal links (half of the total
of 16 links) of the crossbar switch to determine whether
or not an idle link is available.

With reference to Fig. 42, showing the layout of switch
No. 8 of the nine crossbar switches involved in the par-
ticular version of the P.B.X disclosed herein, there are
eight horizontal levels of conductors, levels 2 through 9,
each involving six horizontal conductors. These six hori-
zontal conductors per horizontal level involve tip, ring
and sleeve conductors for each of two pairs of three
leads. In essence, each one of the eight horizontal levels
of six conductors actually involves two separate hori-
zontal multiples of tip, ring and sleeve conductors each.
In selecting a crosspoint for operation on this crossbar
switch, actually what is selected is only one of the groups
of three conductors out of the six such conductors in
each horizontal level. That is, each horizontal level has
an upper and a lower half corresponding respectively to
the select magnets SM81 and SM86, which are used to
select the upper or lower level in a particular horizontal
group of six conductors comprising one of the eight six
conductor levels of each switch. When the time comes
for testing for an idle horizontal link, the horizontal links
are tested in groups of eight at a time. The link test
circuit of Figs. 46, 47 and 48 tests either the eight upper
level three-wire links or the eight lower level three-wire
links depending upon the condition of certain control
relays in the link test circuit, as will be described pres-
ently. In essence, what happens is that for each time
the marker circuit requests the link fest circuit to test
for an idle link the test circuit chooses all-of the upper
levels one time, all of the lower lévels the next time,
and this cycle repeats so that each time the linkK tfest
circuit tests for an idle link it alternates the test between
the upper and the lower levels.

In Fig. 47, upon the first operation of the link test
relays LTAA and LTBA, a circuit is ¢ompleted for op-
erating relay WLG extending from ground, through ‘the
parallel make contacts 2 of relays LTAA and LTBA,
over two parallel circuits ome extending through the
break contacts 7 of relays LBA and LBB and the other
extending through the break contacts S of the same re-
lays, and through break contact 8 of relay ZLG and
break contacts 2 of relay WLGA, to battery through
the winding of WLG. Relay WLG, in operating, ex-
tends its operating ground over its make contact 2 to
ground through the winding of relay Z1.G, which cannot
operate because both sides of its winding are grounded.
When relays LTAA and LTBA will have released at the
end of the link testing, the operating ground for relay
WLG will be removed; however, relays ZLG and WLG
will operate in series with each other, over the make con-
fact 2 of relay WLG and the break contact 2 of relay
WLGA., Upon the next request for a link test, relays
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LTAA and LTBA will be reoperated, whereupon the pre-
viously-used operating ground for relay WLG will now ex-
tend over make contact 8 of relay ZLG to battery through
the winding of relay WLGA. - Relay WLGA, in operat-
ing, releases relay WLG and completes a locking circuit
for relay ZLG from the winding of relay ZLG over

make contact 5 of relay WLGA to battery through re-

sistance WLGA. Furthermore, upon the next release
of the link test relays LTAA and LTBA, relays WLGA
and ZLG will be released and the circuit reverts to its
original condition. This cycle repeats each time the
marker makes a new request for a link test. In Fig. 47,
it will be noted that the relays TRLA and TRLB follow
the operations of feldy ZLG by virtue of being controlled

by the respective make contacts 2 and 6 of the relay

L.G. Thus, whenever relay ZLG is operated or released,
so are relays TRLA and TRLB operated or released
respectively. Since it has been assumed in the present
example that the circuits are being used for the first
time, the first operation of relays LTAA and LTBA will
represent the first request by the marker for a link test,
whereupon the condition of the relays of Fig. 47 is that
relay WLG is operated, relay ZLG is released, and the
relays TRLA and TRLB are released.

In Fig. 46 are shown the eight link test relays LT2
through LT9. Taking the LT9 link test relay as an ex-
ample, it will be noted that a potentiometer is formed on
the right side of the upper winding of relay LT9, from
negative battery through resistance LTA9, through the
parallel make contacts 8 of relays LTCA and LTCB
and through resistance LTB9 to ground. This poten-
tiometer establishes a voltage of about minus 7 volts at
the left-hand side of resistance LTB9, which voltage is
extended through the parallel make contacts 11 of relays
LTB and LTA to the right-hand side of the upper wind-
ing of relay LT9. To the left of relay LT9 in Fig. 46,
negative battery also extends through resistance L9U and
the parallel make contacts 24 of relays LTCB and LTCA
to the conductor S19, which is the sleeve lead for the
upper half of horizontal level $ in the crossbar switch
network. Negative battery also extends through resist-
ance L9L and in parallel over the make contacts 16 of
relays LTCA and LTCB to conductor 889, which is the
sleeve test conductor for the lower half of level 9 in
the crossbar switch network. Either one or the other
of these two sleeve conductors S09% and S19 will be ex-
tended to the left-hand side of the upper winding of relay
LT9 depending upon whether the relays TRLB and TRLA
are operated or released. Since we have assumed that
relays TRLA and TRLB are released, because this is the
first request by the marker to the link test circuit for
testing for an idle link, the sleeve conductor S09 will be
extended through break contact 9 of relay TRLB and
break contact 7 of relay TRLA to the left-hand side of
the upper winding of relay LT9. Similar circuits will ex-
tend through the upper windings of all of the link test
relays LT2 through L. T8 from the respective lower half
sleeve test leads S02, S93, etc., through $08. If any
link is busy, the sleeve lead thereof, such as sleeve lead
S99, will be adjusted at a potential of approximately
minus 8 volts due to the presence on that sleeve lead of a
relatively low impedance ground from some circuit con-
nected to it. The matter of busy links will be discussed
hereinafter. An idle link will not have such a low im-
pedance holding condition on it; and therefore, the cor-
responding sleeve lead, such as lead S09 in Fig. 46, will
be adjusted at approximately minus 42 volts. Since it is
assumed that all links are at present idle, all of the lower
level leads S02, S03, etc., through S09 will be adjusted
at approximately minus 42 volts which, in combination
with the minus 7 volts on the right-hand side of the
upper windings of the relays LT2 through LT%, will
cause the operation of all of the link test relays LT2
through LT9 of Fig. 46. This indicates that all eight

 links comprising the lower half of the eight horizontal
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multiples are idle. The operation of one or more, and
in this case all, of the link test relays LT2 through LT9
of Fig. 46 operates the corresponding link test slave
relay LTS2 through LTS9 of Figs. 46 and 47 in obvious
circuits through their upper windings and over make
contacts 7, 3 of the corresponding link test relays LT2
through 1LT9. ’

The operation of any one or more the link test slave
relays L'TS2 through LTS9 of Figs. 46 and 47 causes the
operation of the link end relays LEA, LEAA, LEB and
LEBA of Fig. 47. Relays LEA and LEAA are operated
in a circuit extending from ground, over the make con-
tact 10 of any onme of the link test slave relays LTS2
through LTS9, break contact 9 of relay LBA, make con-
tact 1 of relay LTAA, break contact 3 of relay RLAB,
break contact 2 of relay RLSB, through the windings of
relays LEA and LEAA, through break contacts 11 of
relays RLSA and RLBB, to battery through the make
contact 11 of relay LTAA. The operating circuit for
relays LEB and LEBA extends from ground, over the
parallel make contacts 2 of relays LTS2 through LTS9,
break contact 9 of relay LBB, make contact 1 of relay
LTBA, break contact 3 of relay RLBB, break contact 10
of relay RLSA, the windings of relays LEB and LEBA,
break contact 3 of relay RLSB, break contact 11 of
relay RLAB, to battery through make contact 11 of relay
LTBA. The operation of relays LEA and LEB com-
plete locking circuits for the operated relays L'TS2 through
LT89 of Figs. 46 and 47. Taking relay LTS9 of Fig. 47
as an example, the locking circuit therefore extends from
battery in Fig. 47, through the parallel make contact 6
of relays LTAA and LTBA, through the lower winding
of relay LTS9, over the parallel make contacts 11 and
12 of relay LTS9, to conductor 46¢ extending into Fig.
46 and thence to ground over the parallel make contacts
1 of relays LEA and LEB. Upon the operation of relays
LEAA and LEBA of Fig. 47, relays LTA and LTB of
Fig. 47 are released, in turn releasing the corresponding
relays LTCA and LTCB of Fig. 47. The release of the
relays LTA, LTB, LTCA and LTCB of Fig. 47 causes the
release of all of the operated link test relays LT2 through
LT9Y of Fig. 46.

Upon the operation of the relays LEAA and LEBA of
Fig. 47, as previously described, a circuit is completed
through a preference chain involving contacts of the link
test relays LTS2 through LTS9 of Figs. 46 and 47 to
cause the selection of an idle link corresponding to one
of these operated link test relays. This preference chain
arrangement is shown in Fig. 37, which involves the select
magnet control circuits of the marker.

Before describing the actual select magnet operation it
is advisable at this point to discuss the operation of the
relays WL, ZL, W1L and ZIL of Fig. 37. The operation
of these relays in Fig. 37 will be in effect, as will be seen
hereinafter, change the preference arrangement of Fig.
37 with respect to which select magnets will be operated;
and, thus is similar to the operation of the relays WLG
and ZLG, etc., of Fig. 47, which from time to time
change the link testing arrangement as to whether or
not the upper or lower levels of the horizontal links of
the switches are tested at any one particular time. In
Fig. 37, with respect to' the relays WL and ZL, these
relays represent the well-known W—Z combination and
in this particular instance, similarly to the relays WLG
and ZLG of Fig. 47, are controlled by the link test auxil-
iary relays LTAA and LTBA of Fig. 47. It will be re-
called that the LTAA and LTBA relays are operated each
time the marker requests the link test circuit of Figs.
46 and 47 to make a test for an idle crossbar switch link,
and are released at the end of each such request. Upon
the first operation of relays LTAA and LTBA, a circuit
is completed for operating the WL relay extending from
ground, over the parallel make contacts 4 of relays LTAA
and LTBA, through break contacts 3 of relays STA and
STB, break contact 6 of relay WL, through the winding
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of relay WL, to negative battery through resistance WL.
Relay WL operates in this circuit and locks to ground
through its own make contact 6, the relay ZL not operat-
ing in this circuit because the right-hand side of its wind-
ing is grounded through the make contact 6 of relay WL
and the left-hand side of its winding is grounded through
break contact 4 of relay ZL back to the operating ground
controlled by the relays LTAA and LTBA. When relays
LTAA and LTBA will have released after the conclusion
of the marker’s first request for a link, the ground on
the left-hand side of the winding of relay ZL will be re-
moved, whereupon relay ZL will operate in parallel with
the locking circuit for relay WL. Upon the second
marker request for a link test, relays LTAA and LTBA
will be reoperated, whereupon the operating ground will
extend over make contact 4 of the relay ZL to shunt
down the winding of relay WL, which thereupon releases,
relay ZL being maintained operated at this time. When
relays LTAA and LTBA again release, the holding ground
for relay ZL is removed, whereupon relay ZL releases
and the WL, ZL relay combination reverts to its original
condition. On the third and fourth requests by the
marker for link test the above WL, ZL relay combina-
tion operation is repeated. Again referring to Fig. 37,
when relay WL is operated for the first time 2 circuit
is completed for operating relay WIL from ground
through make contact 1 of relay WL, break contact 6
of relay WiL, winding of relay WIL, to battery through
the WIL resistance, relay Z1L not operating in this cir-
cuit because both sides of its winding are grounded.
When relay WL releases the first- time, relay Z1L is
operated in parallel with relay Wil with the locking
ground extending over the make contact § of relay WiL.
When relay WL reoperates it causes the release of relay
WIL by extending a shunting ground to the left-hand
side of the winding of relay WiL through make contact
4 of relay Z1L. When the relay WL again releases it
causes the release of relay ZIL by removing the holding
ground therefrom.

In Fig. 37 in the upper central portion thereof, it will
be noted that there are four circuits entering the prefer-
ence chain for controlling the select magnets and that
these four circuits are controlled by various operated
and released conditions of the relays Z1L, WiL and ZL.
In the upper left-hand part of Fig. 37 near the winding
of relay LCK1 there is a first circuit which extends from
ground, through the parallel make contacts 5 of relays
LEBA and LEAA, through break contact 7 of relay ZIL.
and break contact 12 of relay Z1L to the circuit point
designated A, which will be referred to a preference con-
dition A. Just to the right of this circuit is another one
extending from ground, through the parallel make con-
tact 3 of relays LEBA and LEAA, through make con-
tact 6 of relay ZL and break contact 2 of relay WiL to
point B, which will be referred to as preference condi-
tion B. Likewise, immediately to the right of the B pref-
erence condition is a third circuit extending from ground
through the parallel make contacts 2 of relays LEBA
and LEAA, break contact § of relay ZL and make con-
tact 6 of relay Z1L to point' C, which will be referred
to as preference condition C. Again, td the right of
preference condition C is a fourth circuit extending from
ground over the parallel make contacts 1 of relays LEBA
and LEAA and over make contact 2 of relay ZL and
make contact 1 of relay WIL to the circuit point marked
D, which will be referred to as the D preference con-
dition.

Assuming that all of the link test relays LTS2 through
LTS9 of Figs. 46 and 47 are operated, as in the assumed
instance where all of the horizontal links in the cross-
bar switch network are free, it will be apparent from
Fig. 37 that preference condition A prefers to cause the
operation of a select magnet such as SM09 through SM89
corresponding to the ninth level of any switch; prefer-
ence condition B prefers to operate one of the select mag-
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nets SM06 .through SM86 corresponding to the sixth
switch level; .preference -condition C prefers to cause
the operation of one of the select magnets SM84 through
SM84 corresponding to the fourth switch horizontal link
level; and, preference comndition D prefers to cause the
operation of one of the select magnets SMO2 through
SM82 corresponding to the second switch level. It
follows, due to the configuration of the four controlling
grounds involved in these four preference circuits, and
in the light of the preceding discussion concerning the
operation of relays WL, ZL, WIL and Zil of Fig. 37,
that preference arrangement A corresponds to the first
time that a marker request a link test, preference D cor-
responds to the second marker request for link test,
preference C corresponds to the third marker request for
such a test, and preference B corresponds to the fourth
marker request for a test. From the fifth marker request
on, the preference order A, D, C, B repeats in the above
sequence. Since it has been assumed in the present ex-
ample that the link test involved at the moment is the
first one requested by the marker, it will be apparent
from the previous discussion that preference condition A
is the one established.

When an idle link has been found, the select magnet
control circuit operates the select magnets associated
with the assigned link and signals the register comtrol
circuit and the line and trunk hunting circuit to operats
the hold magnets associated with the dial pulse register
and with the calling line. The calling line is thereby
connected to a dial pulse register through the assigned
link, and dial tone is transmitted to the caller. The line
and trunk hunting circuit checks to determine that the
register is holding the connection to the calling line, in
which case it signals the route contrel circuit to release
the marker. The marker is then available to handle the
next call.

Since the presently described dialed tone connection
requires the interconnection of the line circuit 38 of
Fig. 35 with one of the dial pulse registers § and 1 of
Figs. 14, 18, 1% and 24, it will be necessary to operate
select magnets on switch 6 of Fig. 3 terminating dial
pulse register @ or on switch 1 of Fig. 23 terminating
dial pulse register 1 and on switch 3 in Fig. 34 terminat-
ing line circuit 3¢ of Fig. 35. It will also be necessary
to cause the eperation of one or the other of the select
magnets corresponding to levels 8 and 1 in these cor-
responding switches in order to choose the upper or lower
level of ome of the particular six-wire horizontals 2
through 9. In the central portion of Fig. 37 are indi-

cated nine relays SMCS¢ through SMCS8 corresponding to :

the eight switches 6 through 8 of Figs. 3, 23, 27, 34 and
42, Tt follows that it will be necessary to cause the
operation of relays SMCO, SMCE, and SMC3. The
operating circuit for relay SMCO extends from ground,
through the parallel make contacts 1 of relays RGAA
and RGBA of Fig. 6, to battery through the winding of
relay SMC9, which thereupon operates. The operating
circuit for relay SMC1 extends from ground, through
the parallel make contacts 2 of relays RGBA and RGAA,
to battery through the winding of relay SMC1. Relay
SMC3 is operated in a circuit extending from ground,
over the make contact 6 of the tens connector THC3 of
Fig. 12 to battery through the winding of relay SMCS3.

Since it has been assumed that the ninth horizontal
level of the crossbar switch link is idle, a circuit is ex-
tended from ground at point A in Fig. 37, through make
contact 4 of relay LTS9Y, and in paralle! through the
break contacts & of relays SMCg, SMC: and SMC3, to
battery through the corresponding select magnets SM@9,
SM19 and SM39, select magnet SME9 being shown in
Fig, 3, select magnet SM192 being shown in Fig. 23 and
select magnet SM39 being shown in Fig. 34. The opera-
tion of these three select magnets, as is well known in the
art of crossbar switch technique, will, upon the operation
of any hold magnet on any one of these three switches,
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cause an interconnection between the horizontal level 9
and the vertical of the switch corresponding to the par-
ticular hold magnet which is operated.

As has been mentioned previously, each of the hori-
zontal links on the crossbar switches, such as horizontal
9, involves six wires, which in fact comprise two, three-
wire half links. These, for convenience, have been re-
ferred to as the upper and lower levels. It will be nec-
essary to operate on switch § of Fig. 3, on switch 1 of
Fig. 23 and on switch 3 of Fig. 34, one of the two select
magnets corresponding to levels 0 and 1 in order to select
one of the three-wire circuits involved in the upper or
lower half of each level. For instance, on switch ¢ of
Fig. 3 are shown two select magnets SM00 and SM01
corresponding respectively to the 0 and 1 levels of switch
¢. It will be apparent in Fig. 3, by observing the tip, ring
and sleeve conductors T, R and S terminating in the eighth
vertical position on that switch, that the operation of the
select magnet SMO6 will cause the dial pulse register 8
to be connected to the lower three conductors T99, R09
and S09 of level 9; whereas, the operation of select mag-
net SM01 will cause the dial pulse register & to be con-
nected to the upper three conductors T19, R19 and S19
of level 9. The same situation prevails with respect to
switch 1 of Fig. 23 and switch 3 of Fig. 34. In each
instance the select magnet corresponding to the sime
level 8 or 1 must be operated in order that the dial pulse
register be interconnected with line 3¢ of Fig. 35 over
the same upper or lower level of the main switch link 9.
This level switching control is provided for in the select
magnet control circuit of Fig. 37. In the upper right-hand
corner of Fig. 37 are 18 select magnets SM@1 through
SM81 and SMO9 through SM86 which comprise the 0
and 1 level select magnets for switches & through 8. It
will be recalled from previous discussion that the relays
TRLA and TRLB of Fig. 47 are released because this is
the first marker request for a link test. With this recollec-
tion in mind and referring to the upper right-hand por-
tion of Fig. 37, a circuit extends from ground, over the
parallel make contacts 1 of all of the operated link test
relays L'TS2 through LTS9, through break contact 2 of
relay TRLA, break contact 1 of relay TRLB, through the
parallel make contacts 3 of relays LEA and LEB, and
through the parallel make contacts 19 of relays SMCO,
SMC1 and SMC3, to battery through the corresponding
select magnets SM08, SM16 and SM30, which are shown
respectively in Figs. 3, 23 and 34. Actually, in Fig. 34
the select magnets for levels 8 and 1 throughout switches
3 through 6 have not been shown for lack of suitable
space on the drawing; however, it will be obviously under-
stood that the select magnets SM76 and SM71, compris-
ing the select magnets for levels 0 and 1 of switch 7, indi-
cate similar arrangements for the other switches 3
through 6.

As a result of the previous description of the select
magnet operation, it will now be apparent that when the
hold magnet LHM36 is operated corresponding to line
circuit 3¢ on Fig. 34, the tip, ring and sleeve conductors
T, R and § of line circuit 39 will be connected to the
right-hand 3 conductor of the vertical corresponding to
line hold magnet LHM36 and that these three conductors
will be interconnected to the lower three conductors T69,
RE&9 and S89 of the crossbar switch horizontal ¢ and
that similar action will take place in Figs. 3 and 23 de-
pending upon which one of the dial pulse registers is
selected by the marker to handle this dial tone connection.
In Fig. 37 are shown two relays SMTA and SMTB which
are the select magnet timing relays and which are made
slow-operate in order that they will not operate until a
sufficient time has elapsed to permit the full operation of
the select magnets to be used on the particular connecticn
involved. The operation of these relays SMTA and
SMTB initiates the operation of the hold magnets neces-
sary to complete the desired connection and they are
made slow-operate in order to insure that the select
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magnet fingers on the crossbar switches have been fully
operated. The operating circuit for relay SMTA, in
Fig. 37, extends from ground, over break contacts 5 of
relay TRKAA and RALB, break contact 4 of RLSA,
winding of relay SMTA, break contacts ¢ of relays RLSB,
RLBB and STAR, break contact 4 of relay STBR, break
contact 3 of relay TRKBA, to battery through the parallel
make contacts 12 of relay LEA and LEB. Similarly, the
operating circuit for relay SMTB, in Fig. 37, extends from
ground, over break contacts 5 of relays TRKBA and
RLBB, break contact 4 of relay RLSB, winding of relay
SMTB, break contacts 9 of relays RLSA and RLAB,
break contact § of relay STAR, break contact 5 of relay
STBR, break contact 7 of relay TRKAA, and to battery
through the parallel make contacts 11 of relays LEA and
LEB.

The operation of relays SMTA and SMTB of Fig. 37
cause the operation of the route control relays SMRA,
SMRAA, SMRB and SMRBA of Fig, 7. Relays SMRA
and SMRAA are operated in a circuit extending from
ground, over make contact 3 of relay SMTA, parallel
meake contacts § of relays SEA and SEB, parallel wind-
ings of relays SMRA and SMRAA, to battery through
make contact 9 of relay SMTA. Relays SMRB and
SMRBA are cperated in obvious circuits in a similar
manner. Upon the operation of relays SMRA, SMRAA,
SMRB and SMRBA in the route control circuit of Fig. 7,
the hold magnet operation takes place. However, it will
be necessary to digress for a moment in connection with
the W—Z relay circuit of the line and trunk hunting ar-
rangement in Fig. 32.

In the upper left-hand corner of Fig. 32 are the cir-
cuits for controlling relays WU and ZU. The relay con-
tacts included in these circuits indicate that there are
contacts for relays SAA, SAB, STA and STB of the
advance, time-out and release circuit of Fig. 44. These
four relays are involved when a second trial is made by
the marker. Under present assumed circumstances the
second trial feature of the marker is not involved, in
which case relays SAA, SAB, STA and STB will be re-
leased. Upon the operation of the tens auxiliary con-
nector relays TACAA and TACBA of Fig. 12, a circuit
is completed in Fig. 32 for causing the operation of relay
WU extending from ground, over the parallel make con-
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tacts 4 of relays TACBA, through the break contact 2 -

of relays STA and STB, through the break contact 6 of
relay WU, and through the winding of relay WU to bat-
tery through resistance WU. Relay WU operates in this
circuit and locks to ground over its make contact 6, the
relay ZU mnot operating in this circuit because both sides
of its winding are grounded. As scon as the tens con-
nector circuit of Fig. 12 is released, indicating that the
marker has finished with its first request for service from
a line or a trunk or a register, the relays TACAA and
TACBA will release, whereupon relay ZU will operate in
parallel with relay WU to the locking ground controlled
by make contact § of relay WU. Upon the next reoper-
ation of relays TACAA and TACBA representing a sec-
ond request for the services of a marker, shunting
ground will be applied to the left-hand side of the wind-
ing of relay WU through make contact 1 of relay ZU,
whereupon relay WU releases and provides a locking
circuit for relay ZU through break contact 6 of relay
WU. Upon the subsequent release of relays TACAA and
TACBA, the locking ground for relay ZU wil] be removed
and relay ZU will release, thereby reverting the W—2Z
combination of Fig. 32 to the original situation. Under
the present circumstances, since it is assumed that the
marker has been asked for service by the tens connector
circuit of Fig. 12 for the first time, the condition of the
W—Z relays of Fig. 32 will be that relay WU is operated
and relay ZU is released. With relay ZU of Fig. 32 re-
leased, and with relays SMRAA and SMRBA of Fig. 7
operated, and with relays SMTA and SMTB of Fig. 37
operated, and with relays UBA and UEB of Fig. 17
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operated, and with relays SEA and SEB of Fig, 32 oper-
ated, a circuit is completed for operating the hold mag-
net associated with line 36 of Fig. 35, namely line hold
magnet LHM39 of Fig. 34. The operation of this line
hold magnet will connect line 3§ to the horizontal link 9.

The line and trunk hunting circuit of Figs. 29, 30,
32 and 33 is used for the purposes of operating the hold
magnet of the line circuit involved, under control of the
operated sleeve relay SO in Fig. 30. Starting in the lower
central portion of Fig. 29, a circuit is extended from
ground, through make contact 4 of relay SMTB, break
contact 7 of relay HMTA, break contact 4 of relay
HMTSB, break contact 5 of relay TRKB, break contact 8
of relay SOA, break contact 4 of relay SOB, parallel make
contacts 2 of relays UEB and SEB, break contact 2 of
relay ZU, conductor S13 into Fig. 30, over make contact
8 of relay S8 and make contact 1 of relay SMRBA to
conductor 0, which connects to the right-hand side to the
lower winding of relay S0 through make contact 12 of
relay US. Again in Fig. 29, another circuit extends
from ground, over make conductor 4 of relay SMTA,
break contact 7 of relay HMTB, break contact 4 of relay
HMTA, break contact 5§ of relay TRKA, break contact
8 of relay S0B, break contact 4 of relay SCQA, parallel
make contacts 2 of relays SEA and UEA, break contact
8 of relay ZU, to conductor S10 extending into Fig. 30
and over make contact 4 of relay SO and make contact 1
of relay SMRAA to conductor @. This ground on the
right-hand side of the lower winding of relay S8 does not
shunt down relay SO because a locking circuit extends
from ground through the upper winding of relay S0,
through make contact 11 of relay S6, to battery through
the parallel make contacts 1 of relays SMRA and SMRBE.
Ground on conductor 9 in Fig. 30 extends over make
contact 1 of relay TM3 to conductor S30 into Fig. 35 to
line circuit 3@, thence via conductor SO into the alarm
transfer and test circuit in Fig. 36, over make contact 3 of
relay AT in Fig. 36, over lead $10 to line circuit 39 in Fig.
35, thence to battery through the winding of hold magnet
LMH39, which thereupon operates and, in operating, re-
leases the line relay L39. The operation of hold magnet
LHM390 in Fig. 35, as shown in Fig. 34, causes the tip,
ring and sleeve leads T, R and S from line circuit 30 to be
extended over the three right-hand verticals of that posi-
tion due to the operation of the select magnet SM30 (not
shown), and vertically over those three wires to the ninth
level, where connection is made to the horizontal con-
ductors T09, R09 and S99 by virtue of the fact that select
magnet SM39 is also operated. This connects the line
circuit 30 of Fig. 35 to the lower half of the ninth
borizontal link of switch 3 in Fig, 34.

It will now be necessary to describe the operation of
the hold magnet on switch 6 or on switch 1 correspond-
ing to the dial pulse register ¢ or dial pulse register 1
which is to be connected to the line circuit 3¢ of Fig. 35
for purposes of supplying dial tone thereto. The operat-
ing circuit for the hold magnets corresponding to these
dial pulse registers are shown on the register control cir-
cuit-of Fig. 6. On this same Fig. 6 it will be recalled
that relays RAGB, RAOA, RA1B and RA1A are all oper-
ated as an indication to the marker register control cir-
cuit that both of the dial pulse registers are idle and avail-
able to be seized. It was also pointed out previously
that if this situation prevails, the marker will prefer dial
pulse register 0 of Figs. 14, 18 and 19. This means that it
will be necessary to operate the hold magnets THM08
and THMO09 of Fig. 6 corresponding to dial pulse register
8. In Fig. 6, two parallel circuits are provided for oper-
ating the ho!d magnets THM08 and THM09. One cir-
cuit extends from ground over make contact 5 of relay
SMTA, break contact 3 of relay HMTB, break contact 10
of relay HMTA, parallel make contacts 3 of relays RGA
and RGB, through make contact 4 of relay RAOB,
through the parallel windings of the hold magnets THM 08
and THMO09 to battery. Another circuit in Fig. 6 ex-
tends from ground, over make contact 5 of relay SMTB,
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break contact 3 of relay HMTA, break contact 18 of re-
lay HMTB, parallel make contacts 7 of relays RGA and
RGB, over make contacts 6 of relay RAOB, through the
parallel windings of hold magnets THM08 and THM0?
to battery. Hold magnets THM08, THM@9 operate in
this circuit. Thus, the hold magnets THM88 and THM0%
diagrammatically shown in Fig. 3 will be operated. As
a result of the operation of the hold magnets THMO8
and THM®¢ of Fig. 3 and LHM38 of Fig. 34, the tip,
ring and sleeve conductors T, R and S of line circuit 30
in Fig. 35 are interconnected over the crossbar switch
with the tip, ring and sleeve leads T, R and S of the dial
pulse register  shown in Fig. 18, These three leads may
be traced as follows beginning at the line circuit 3@ in
Fig. 35. The T, R and S leads extend from line circuit
30 in Fig. 35 into Fig. 34 and, by means of the three right-
hand crosspoints corresponding to select magnet SM30, to
the three vertical wires on the right-hand side of the
crossbar switch vertical corresponding to hold magnet
LHM?39, vertically through the switch and by means of
the three lower crosspoints corresponding to the operated
select magnet SM39, connect to respective conductors
T09, R9% and S69 comprising the lower half of the ninth
horizontal crossbar link, thence to the left to switch No. 2
in Fig. 27, across the leads T09, R0 and S0¢ through
switch 2, thence to switch No. 1 of Fig. 23 and across the
T69, R8% and S09 leads info switch O of Fig. 3, over
the T09, R% and S69 leads, through the crosspoints cor-
responding to the operation of select magnet SME9 to
the right-hand three verticals of switch 9 corresponding to
hold magnet THM®8, thence across the crosspoints cor-
responding to the operate select magnet SM@9 to the T,
R and S leads to the dial pulse register circuit in Fig. 18.

When the tip, ring and sleeve leads of line circuit 38 are
cut through to the tip, ring and sleeve leads on the dial
pulse register ¢ of Fig. 18, the line relay L in Fig. 18
operates in a circuit extending from ground in Fig. 18,
through the TN resistance, the lower winding of the TN
transformer, break contact 1@ of relay RV, contact 1 of
jack TST, break contact 16 of relay RRLB, break contact
2 of relay RRLA, over the tip lead T, through the switch
link to the tip lead T of line circuit 39 in Fig. 35, over
make contact 1 of relay AT in the alarm transfer and test
circuit of Fig. 35, over the tip and ring loop of the station
equipment at STA30, back over make contact 2 of relay
AT in the alarm transfer and test circuit, out over the ring
lead R of line circuit 36, back over the switch link to the
ring lead R of the dial pulse register ¢ in Fig. 18, through
break contact 3 of relay RRLA, break contact 9 of relay
RRLB, contact 2 of jack TST, break contact 6 of relay
RV, upper right-hand winding of the TN coil, and to bat-
tery through the left outer winding of the line relay L,
which thereupon operates as an indication to the dial
pulse register O that the calling station loop is closed
through to the L relay of the register.

Prior to the time when the dial pulse register & of Fig.
18 will have been interconnected with the line circuit 30
of Fig. 35, the marker circuit will have ascertained the
class of service to which the calling line 38 is entitled and
will have caused a registration of this information both
in the marker and in the dial pulse register circuit @ of
Fig. 14. In the class of service section of the marker
shown in Fig. 25, dual circuits extend from negative bat-
tery in the upper left hand corner, through the CS resist-
ances, over the parallel make contacts 18 and 8 of relays
SEB and SEA, and the parallel break contacts 11 and 9
of relay ZU, and the parallel make contacts 10 and 6 of
relay SO (the sleeve relay 8¢ of Fig. 30 operated by virtue
of the call having been placed from line 3§ in Fig. 35),
thence over make contact 1 of the tens connector relay
TCS3 (previously operated in Fig. 12) to class of service
lead CS38, extending to the punching sheet in Fig. 20,
where it has been shown as cross-connected to the TLA
lead (toll allowed station), extending back into the class.
of service circuit in Fig. 25 on lead TLA, thence in Fig.
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25 over the parallel make contacts 11 of relays RGA and
RGB and the make contact 10 of relay RAOB to the
TLAQ lead extending into the dial pulse register circuit
in Fig. 14, thence through the winding of relay TLA to
ground. Relay TLA of Fig. 14 operates in this circnit
as an indication to dial pulse register ¢ that the class
of this calling line 3% of Fig. 35 is toll allowed. Relay
TLA of Fig. 14, in operating, completes an obvious cir-
cuit ‘over its make contact 13 for operating relay TLD.

The operation of the line relay L of dial pulse register
9in Fig. 18 initiates an operation whereby dial puise reg-
ister 0 is seized, placed off normal and arranged in con-
dition to supply dial tone to the calling P.B.X line 39
shown in Fig. 35. The operation of relay L in Fig. 13
canses the operation of relay SR in an obvious circuit over
make contact 1 of relay L. Relay SR of Fig. 18, in oper-
ating, supplies ground for holding operated the hold mag-
nets corresponding to the operated line 3@ and dial pulse
register @ circuits. In the upper left-hand corner of Fig.
18, ground extends over make contact 12 of relay SR,
through the S resistance (which is about 100 chms), to
the sleeve lead S extending over the crossbar switches and
connecting up in Fig. 35 with the sleeve lead of the line
circuit 30 connected to the left-hand side of the line hold
magnet LHM38, thereby to hold operated this hold mag-
net independently of the marker circuit. Another cir-
cuit extends from ground in the lower left-hand corner
of Fig. 18, over break contact 8 of relay RT and make
contact 6 of relay SR to the RHMS lead, extending into
the register control circuit of Fig. 6, to the left-hand side
of the windings of the hold magnets THM$8 and THM09
to hold these hold magnets operated independently of the
marker circuit. Another circuit operation of interest at
the present time, with respect to the operated SR relay, is
shown in the lower right-hand corner of Fig. 18, whereby
the ofi-normal relay ON of dial pulse register § is oper-
ated in an obvious circuit over make contact 8 of relay
SR. Relay ON of Fig. 18, in operating, completes a
locking circuit in Fig. 14 from battery, over make contact
16 of relay ON and make contacts 12 and 21 of relay
TLA aund 1 of relay TLD to hold relays TLA and TLD
operated independently of the marker. Also, it will be
noted in Fig. 14 that the operation of relay ON removes
battery and ground from the two leads ONBO and ONGO
extending into the marker register control circuit of Fig.
6, whereby relays RAOB and RABDA are permitted to re-
lease when various other relays of the marker release.
As had been explained hercinbefore, the fact that relays
RAOB and RAGA will have been released, leaving relays
RAIB and RAIA operated, causes the marker upon its
next request for the services of a dial pulse register to
seize and make use of dial pulse register circuit 1 shown
in block form in Fig. 24.

Dial tone is supplied from dial pulse register & to
calling line 30 of Fig. 35 in a circuit extending in Fig. 18
from the lower left-hand corner “dial tone” box, over
make contact 5 of relay ON, break contact 5 of relay P2A,
break contact 4 of relay BYR, through condenser TN,
to ground through the primary winding of the TN trans-
former, thence from the secondary windings of the
transformer over previously-described circuits, including
the crossbar switch links, to the receiving instrument at
station 30 on Fig. 35. In response to the reception of
dial tone at line circnit 36, the P.B.X caller thereat may
then proceed to dial the necessary digits into the dial
pulse register 9 circuit for completing the desired call.
The subsequent operation, responsive to the receipt of
such digits in dial pulse register ¢ of Figs. 14, 18 and 19,
will be described under the heading “Dialing” below
after a description of the release of the marker circuit,
etc., as a result of having completed this dial tone con-
nection.

In Fig. 7, in the route control circuit of the marker,
upon the operation, previously described, of .re!ays SEA,
SEB, SMTA and SMTB, the hold magnet timing relays
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HMTAA and HMTBA will have been operated and their
operation in turn will have caused the operation of cor-
responding relays HMTA and HMTB. These four relays
are all slow operate relays and are operated in tandem in
order to insure that the hold magnets have been prop-
erly operated before any further circuit operation takes
place with respect to the release of certain of the control
circuits of the marker. In Fig. 7 the circuit for op-
erating relay HMTAA extends from ground over make
contact 4 of relay SEA, make contact 2 of relay SMTA,
break contact 1 of relay TRKA, winding of relay
HMTAA, break contact 9 of relay TRKBA, to battery
through the make contacts 11 of relays SMTA and
SEA. A similar circuit is shown directly below for op-
erating relay HMTBA. Upon the operation of relays
HMTAA and HMTBA, make contacts of these relays
cause the corresponding operation of relay HMTA and
HMTB after a suitable delay controlled by the slow
operate characteristic of these relays. In Fig. 6, the op-
eration of relays HMTA and HMTB removes, from the
operating circuit of the dial pulse register 8 hold mag-
nets THMO08 and THMO09, the ground supplied by the
marker and completes a circuit for each of the relays
RHKA and RHKB to determine whether or not the dial
pulse register ® has applied a holding ground for these
hold magnets. The circuit for relay RHKA extends from
battery, through the winding of relay RHKA, make con-
tact 10 of relay HMTA, parallel make contacts 3 of
relays RGA and RGB, through make contact 4 of relay
RAGB (before its release), to the left-hand side of the
windings of hold magnets THMO08 and THMO09, which
is also the lead RHMO extending to the dial pulse reg-
ister circuit § of Fig. 18 and should have a holding
ground thereon as previously described. A similar cir-
cuit in Fig. 6 is provided in an obvious way for relay
RHKB. Relays RHKA and RHKB operate in these
circuits from the hold magnet holding ground supplied
over lead RHMO from dial pulse register 0, and thereby
indicate that dial pulse register ¢ is holding operated
the hold magnets THM§8 and THM99. In Fig. 18, as
previously described, the dial pulse register ¢ supplies a
100-ohm holding ground to the sleeve conductor ex-
tending over the switching network into the line circuit
30 of Fig. 35, over the S lead and thence over the lead
$30 into the line and trunk hunting circuit of Fig. 30,
over make contact 1 of relay TM3, and over previously-
described circuits into Fig. 29 to supplement the ground
supplied by the make contacts 4 of relays SMTA and
SMTB. This holding ground supplied by the dial pulse
register (a 100-ohm ground) comes into Fig. 29 on leads
510 and S13. Iead S16 extends over break contact 8
of relay ZU, parallel make contacts 2 of relays SEA
and UEA, break contact 4 of relay SOA, break contact
8 of relay SOB, break contact 5 of relay TRKA, and
in parallel over the make contacts 11 and 4 of respective
relays HMTB and HMTA, to battery through the wind-
ing of relay HMKA. A similar circuit extends from the
holding ground on conductor $13, Fig. 29, to operate
the corresponding relay HMKB. The operation of re-
lays HMKA and HMKB of Fig. 29 is an indication to
the marker circuit that dial pulse register ¢ is also prop-
erly holding operated the hold magnet corresponding to
line 3% of Fig. 35.

Before proceeding with the description of the releasing
functions of the marker, it will be necessary to digress
somewhat in order to comsider various features buijlt
into the circuits of the advance, time-out, and release
arrangement of Fig. 44 and the various checking and
timing circuits of Figs. 49 and 50. These various special
features will be described in detail hereinafter; however,
certain preliminary remarks are necessary at this time
in order to indicate the condition of certain timing relays
since the release functions of the mark depend upon the
condition of these relays.

With respect to the down-check and time-out check
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of Fig. 50, certain of the relays shown on Fig. 50 are nor-
mally operated when the marker cireuit is seized for serv-
ice. During the normal progress of the marker’s han-
dling of several successive calls the relays DCKA and
DCKB will have been operated and locked in a circuit
extending from battery through their windings, through
their own respective make contacts 12, break contacts 4
of relays ACA and ACB, break contacts 5 of relays ACA
and ACB, break contacts 3 of relays HMKA and HMKB,
to ground through the parallel break contacts 6 and 7
of respective relays BTCA, BTCB and BYA, BYB.
Since the relays DCKA and DCKB are normally oper-
ated, circuits are completed for making the relays TOKA
and TOKB also normally operated. The circuit for
relay TOKA extends from ground through break contact
4 of relay TAAL, break contact 3 of relay RLSA, make
contact 2 of relay BCKA, break contact 1 of relay TEAZ,
break contact 5 of relay TOLA, winding of relay TOKA,
break contacts 7 of relays TOLB and TEB®, make con-
tact 1¢ of relay DCKB, break contact 10 of relay RLSB,
and to battery through the break contact 9 of relay
TAAL. A similar circuit is provided for normally op-
erating the relay TOKB. Relays TOKA and TOKB,
upon operating, complete circuits, by virtue of their re-
spective make contacts 1 and 11 in parallel with break
contacts of relays TOLA and TOLB, to maintain relays
TOKA and TOKB operated when relays TOLA and
TOLB are operated, as will be described presently. Upon
the operation of relays TOKA and TOXB, relays TOLA
and TOLB are operated. For example, the operating
circuit for relay TOLA extends from ground, over the
respective make contacts 2 and 3 in paralle] of relays
TOKB and TOKA, through the winding of relay TOLA,
to battery through the respective make contacts ¢ and
19 in parallel of relays TOKB and TOKA. A similar
circuit is provided for operating relay TOLB. Relays
TOLA and TOLB, upon operating, provide locking cir-
cuits for themselves such as the locking circuit for relay
TOLA extending from ground, through break contact 7
of relay BTCB, make contact 2 of relay TOLA, winding
of relay TOLA, to negative battery through the make
contact 10 of relay TOLA and the break contact 18 of
relay BTCA. A similar locking circuit is provided for
relay TOLB. In the upper right-hand corner of Fig. 50
two obvious circuits are provided whereby relays RCKA
and RCK1 are normally operated over break contacis
6 and 8 of relays TRA and TRB.

Under normal conditions the operation of Fig. 50 as
described in the previous paragraph would normally pre-
vail. However, since it has been assumed that the P.B.X
has just been turned on, so to speak, and power is initially
applied to the marker circuit, there will not have been
any previous marker usage and therefore no situation
whereby relays DCKA, DCKB, TOKA, TOKB, TOLA
and TOLB could have been operated. Relays RCKA
and RCKB, however, will be normally operated. At the
point reached in the operation of the dial tone connection
as previously desccribed, when the check relays in the
marker circuit operated as an indication that the hold
magnets were being held by dial pulse register 0, relays
DCKA, DCKB, TOKA and TOKB will have been re-
leased at any rate. DCKA and DCKB relays are re-
leased when the check relays RHKA, RHKB, HMKA
and HMKB operate in the marker circuit as previously
described. Relays TOKA and TOKB will have been re-
leased as soon as the tens end relays TEA2, TEB@ and
TEB2 are operated in the marker circuit. Relays TOLA
and TOLB would still be held operated by their own
contacts however; but, in the present circumstances even
these two relays will not be operaied because this is the
first time that the marker circuit has been used.

In the bottom portion of Fig. 44 are shown a number
of relays in the market circuit which time the marker’s
operation to be sure that the marker completes a particu-
lar function within a specified amount of time. When
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the tens end relay TEA2 in the marker operates as pre-
viously described, circuits are completed for operating
relays MTA and MTB of Fig. 44. The circuit for oper-
ating relay MTA extends from ground, over break con-
tact 6 of relay ARBA, parallel make contacts 2 of relays
TEA2 and TEB2, break contact 3 of relay RLA, break
contact 1 of relay RLSA, break contact 5 of relay TAA,
winding of relay MTA, break contact 9 of relay TAB,
break contact 12 of relay RLSB, break contact 8 of relay
RLB, parallel make contacts 12 of relays TEA2 and
TEB2, to battery through break contact 8 of relay ARBB.
A similar circuit is provided in an obvious fashion where-
by relay MTB is also operated. The operation of relays
MTA and MTB cause the operation of relays TMA and
TMB shown in the lower left-hand corner of Fig. 44.
The circuit for operating relay TMA extends from ground
through break contact 4 of relay TAA, make contact 1
of relay MTA, winding of relay TMA, make contact
12 of relay MTA, to battery through break contact 4
of relay TAB. Relay TMB is operated in a similar cir-
cuit in an obvious fashion. Upon the operation of relays
TMA and TMB, the corresponding relays TOA and
TOB are operated in obvious circuits. Relays TAA
and TAB are thereupon operated in obvious circuits un-
der control of make contacts 2 and 16 of relay TOA and
4 and 8 of relay TOB. The operation of relays TAA and
TAB cause the release of the corresponding relays TMA
and TMB, which, upon releasing, will cause the release
of the corresponding relays TOA and TOB. These re-
lays are slow operate, or slow release, whereby a meas-
ured amount of time will be consumed from the time
that relays TMA and TMB are operated until relays TOA
and TOB should release. The marker circnit should
normally have completed its function before relays TOA
and TOB release. It will therefore be assumed that in
the present example relays MTA, MIB, TAA, TAB,
TOA and TOB are still operated, it being noted that re-
lays MTA and MTB complete circuits, by virtue of their
respective make contacts 2 and 11, in parallel with the
break contacts of relays TAA and TAB, thereby to main-
tain themselves operated irrespective of the condition of
the relays TAA and TAB. The full performance of this
time-out circuit will be described subsequently in connec-
tion with the description of irregular operations, troubles,
alarms, etc. In the present instant it will be assumed as
stated that the marker finishes its particular function
within the allotted time. The other relays on Fig. 44
relate to trouble release conditions which will also be
described hereinafter.

Returning now to the previous discussion, it will be
recalled that afier the line circuit 30 of Fig. 35 had been
interconnected with the dial pulse register 0 of Fig. 18 four
check relays were operated in the marker circuit as an
indication that the hold magnets associated with line 39
and with dial pulse register & were properly being held
by a 100-ohm ground supplied by the dial pulse register
circuit from Fig. 18. These four relays are relays HMKA
and HMKB of Fig. 29, which operated to indicate that the
line hold magnets were being held properly, and relays
RHUKA and RHKB of Fig. 6, which operated as an indi-
cation that the register hold magnets are properly being
held. Upon the operation of relays HMKA and RHKA,
etc. circuits are completed in Fig. 7 for operating the re-
lease relays RLA, RLB, etc. Oume circuit is completed in
Fig. 7 from ground, over break contact .6 of relay DCKA,
the parallel windings of relays RLA, RLAA and RLAB,
break contact 7 of relay DCKA, make contact 18 of re-
lay RHKA, break contacts 7 and 11 of respective relays
BSYA and TRKAA, make contact 12 of relay HMKA,
to battery through the parallel break contacts 4 and 10
of respective relays RCTAA and JREA. A similar cir-
cuit is provided for operating the three relays RLB, RLBA
and RLBB in a similar fashion. A locking circuit is pro-
vided for relays RLB, RLBA and RLBB extending from
the right-hand side of break contact 7 of the relay DCKB
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to negative battery through make contacts 10 of relays

RIBB and TAB and break contacts 9 of relays RLSBA
and RLSAA. A similar locking circuit is provided for
relays RLA, etc. under the control of make contact 10
of relay RLAB and make contact 10 of the relay TAA.
The operation of release relay RLAA or relay RLBA
causes the release of the tens check relays TCK1 through
TCK4 and the release of the tens preference chain relay
TP3 in Fig. 10. The release of tens preference relay
TP3 causes the release in Fig. 12 of the tens comnector
and tens connector auxiliary relays TCS3, THC3, TU3,
TM3, TACA, TACAA, TACB and TACBA. The re-
lease of the tens connector relay TACAA or TACBA
or the tens preference relay TP3 causes the release in
Fig. 6 of the register control relays RGA, RGAA, RGB
and RGBA.

The release of the register control relays RGBA and
RGAA and of the tens connector THC3 cause the re-
lease in Fig. 37 of the select magnet connectors SMCO,
SMC1 and SMC3, which in twrn cause the release of
all of the operated select magnets, namely, select mag-
nets SM89 and SM69 of Fig. 3, SM18 and SM12 of
Fig. 23, and SM3¢ and SM39 of Fig. 34. This leaves the
line circuit 36 of Fig. 35 interconnected with the dial
pulse register circuit of Fig. 18 under the control of the
respective hold magnets LHM39 of Fig. 34 and THM98
of Fig. 3. The release of the tens connector relays
TACAA and TACBA cause the release in Fig. 6 of the
register control relays RAGB and RASA, the release of
relay RASB causing the release in Fig. 6 of relays RHKA
and RHKB. The release of the tens auxiliary connector
relays TACA and TACB cause the release in Fig. 17
of relays ULA and ULB, which thereupon cause the
release of the units relay U@ of Fig. 15, the release of
which causes the release of relays UEA and UEB of
Fig. 17. The release of relays RGA and RGB cause the
release in Fig. 47 of respective relays LTAA and LTBA.
Similarly, in Fig. 47 the operation of either of the relays
RLAB and RLBB of Fig. 7 causes the release of relays
LEA, LEAA, LEB and LEBA.

In Fig. 37, the operation of relay RLAB or RLBB or the
release of relays LEA and LEB causes the release of
relays SMTA and SMTB. Relays SMTA and SMTB, in
releasing, cause the release in Fig. 7 of relays SMRB,
SMRBA, SMRA, SMRAA, HMTBA and HMTAA. The
release of relays HMTAA and HMTBA cause the release
of the corresponding relays HMTA and HMTB. The re-
lease of relays SMRA and SMRB causes the release in
Fig. 30 of the sleeve relay S8, the release of which causes
the release in Fig. 32 of relays SEA, SEAA, SEB, and
SEBA. In Fig. 29 the release of relays HMTA and
HMTB cause the release of relays HMKA and HMKB.
In Fig. 44, the operation of relays RLA and RLB causes
the release of the marker timing relays MTA and MTB,
which, in releasing, subsequently cause the release of
relays TOA, TOB, TAA and TAB to completely stop the
marker timing until such time as the marker may be seized
for another function.

Upon the operation of relays RLAR and RLBB and
before the tens preference relay TP3 of Fig. 10 releases,
a circuit is completed in Fig. 11 for operating the tens
auxiliary relay TA3 (not shown) corresponding to the
operated tens preference relay TP3 of Fig. 10, This cir-
cuit extends in Fig. 11 from ground, over the parallel
make contacts 2 of relavs RLAB and RLBE, through
contact 4 of relay TP3 (not shown), through the winding
of relay TA3 (not shown), make confact 11 of relay
TP3 (not shown), to battery through the paralle!l make
contacts 12 of relays RLAB and RILBB. Relay TA3
(not shown), in operating, extends a locking circuit for
itself over its own make contacts 2 and 1¢ (not shown),
to ground and battery respectively through the parallel
make contacts 4 of relays TEA® and TEB® and parallel
make contacts 10 of relays TEA® and TEB®. Upon
the operation of relay TA3 (not shown in Fig. 11), relay
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T3 of Fig. 10 is released, the release of which causing the
release of the tens end relays TEAG through TEA3 and
TEB@ through TEB3 of Fig. 11-provided no additional
tens relays T2 through T7 of Fig. 10 are still operated
as an indication that other tens selection requests may
be already in the marker circuit. It will be assumed that
this is the case and therefore that the tens end relays
of Fig. 11 will release. With relays LEA, LEB, LTAA
and LTBA of Fig. 47 released, all of the operated relays
LTS2 through LTS® of Figs. 46 and 47 will be released.

The marker circuits now have released to an extent
whereby the down-check relays DCKA and DCKB of
Fig. 50 will operate. The circuit for relay DCKA ex-
tends in Fig. 50 from ground, over parallel make con-
tacts 2 and 5 of respective relays RLAA and RLBA,
through break contact 2 of relay TRCA, break contact
9 of relay HMTA, break contact 4 of relay LBA, break
contact 2 of relay RHKA, break contact 12 of relay
TCK1, break contact 2 of relay TCK2, break contact 19
of relay LEA, break contact 7 of relay HMXKA, to bat-
tery through the winding of relay DCKA, which operates
and completes a locking circuit for itself from the left-
hand side of its winding, through its own make contact
12, break contact 4 of relay ACA, break contact 5
of relay ACB, break contact 3 of relay HMKA, and
to ground over the parallel break contacts 7 and 6 of re-
spective relays BYA and BTCA. A similar circuit is
provided in Fig. 50 whereby relay DCKB operates and
locks. Upon the cperation of relays DCKA and DCKB,

circuits are completed in Fig. 50 for operating the time-~ s

out check relays TOKA and TOKB. The circuit for relay
TOKA extends from ground over break contact 4 of
relay TAAL, break contact 3 of relay RLSA, make con-
tact 2 of relay DCKA, break contacts 1 and 5§ of relays
TEA2 and TOLA, through the winding of relay TOKA,
break contacts 7 of relays TOLB and TEBS, make con-
tact 10 of relays DCKB, to battery through the break
contacts 1¢ and % of relays RLSB and TAAL. When
relay TOKA operates it completes a circuit over its
own make contacts 1 and i1 in shunt of the break con-
tacts 5 and 7 of relays TOLA and TOLB so that relay
TOKA will not release when relays TOLA and TOLB
are operated. A similar operating and locking circuit
is provided in Fig. 50 for relay TCKB. Upon the op-
eration of relays TOKA and TOKXB, circuits are com-
pleted in Fig. 50 for operating relays TOLA and TOLB.
The circuit for relay TOLA extends from ground, over
the parallel make contacts 3 and 2 of relays TOKA
and TOKB, through the winding of TOLA, to negative
battery over the parallel make contacts 18 and 9 of
relays TOKA and TOKB. Relay TOLA, upon operat-
ing, completes a locking circuit for itself from ground,
over break contact 7 of relay BTCB, make contact 2
of relay TOLA, winding of relay TOLA, to battery
through make contact i0 of relay TOLA and break con-
tact 10 of relay BTCA. A similar operating and locking
arrangement is provided for relay TOLB.

Upon the operation of relays DCKA and of DCKB,
the marker release relays RLA, RLB, etc. of Fig. 7 are
released. Upon the release of relays RLA, RLB, etc. of
Fig. 7, and due to the fact that relays TOKA and TOKB
of the time-out check circuit of Fig. 50 are operated, cir-
cuits are completed in the advance, time-out and Te-
lease circuit of Fig. 44 for causing the operation of
relays MTA and MTB, the operation of which initiate
a chain of relay timing functions in Fig. 44, the end
result of which is the eventual release of relays TOKA
and TOXB of Fig. 50.

The complete details of the operation of the advance,
time-out and release circuit under couditions of time-
out, second trial, no-connection or trouble release, etc.,
will be described hereinafter. For present purposes a
short summary of the gyrations through which this cir-
cuit goes at the present time will be described. Relays
MTA and MTB are operated, thereby causing the op-
eration of relays TMA and TMB, the operations of
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which result in the operation of relays TOA and TOB,
which in turn cause relays TAA and TAB to operate.
As previously described, the operation of relays TAA and
TAB causss the release of relays TMA and TMB, the
release of which will cause the eventual release of re-
lays TOA and TOB, which in turn cause relays TAA and
TAB to release to reoperate relays TMA and TMB, ete.
The release of relays TOA and TOB with relays TAA and
TAB still operated represents a condition under which the
marker has been unable to complete its assigned function
within the allotted time interval,

Should the marker fail to perform its allotted function
within the specified time interval, as in the previous para-
graph, the marker, by means of the advance circuit of
Fig. 44, will go to a so-called “second trial” condition.
This is represented by the operation of relays STB, STA,
STBR, STAR, SAA and SAB of Fig. 44. The left- and
right-hand circuits of Fig. 44 are identical. Only one
of them will be described, the operation of the other
one being obvious. With relay MTA operated, with
relay TOA released and with relay TAA operated, a
circuit is completed for operating relays STA and STAR
extending from grovnd in Fig. 44, through make con-
tact 3 of relay MTA, make contact 1 of relay TAA,
break contact § of relay TOA, break contact 6 of relay
STA, through the winding of relay STA and in parallel
therewith through the winding of relay STAR and series
break contacts 7 and 9 of relay SAA, thence through
break contact 8 of relay STA, break contact 9 of relay
TOA, make contact 11 of relay TAA, to battery through
make contact 16 of relay MTA. Relays STA and STAR
operate in this circuit and close locking circuits for them-
selves over make contacts § and 8 of relay STA. Like-
wise, the corresponding relays STB and STBR operate and
lock as will be apparent. Upon the eventual release of
relay TAA, with relay TMA reoperated, a circuit is com-
pleted for operating relay SAA from ground in Fig. 44,
through make contact 4 of relay MTA, make contact
6 of relay TMA, break contact 3 of relay TAA, make
contact 1 of relay STA, break contact 6 of relay SAA,
through the winding of relay SAA, break contact 12 of
realy SAA, make contact 11 of relay STA, break conm-
tact 7 of relay TAA, to battery through make contact
9 of relay MTA. Relay SAA operates in this circuit and
closes a locking circuit for itself through its make con-
tacts 6 and 12. Likewise, the corresponding relay SAB
operates and locks in the same fashion. Upon the oper-
ation of relays SAA and SAB, respective relays STAR
and STBR are released.

Due to the operation of relays SAA, SAB, STA, STB,
etc., the marker proceeds to make a second trial to com-
plete the particular function which it was unable pre-
viously to complete. In the event that the marker cir-
cuit is unable to complete its function after a second
trial time-out period, once again a condition is arrived
at in Fig. 44 where relay TOA is released prior to the
release of relay TAA. Under these circumstances, a cir-
cuit is completed for operating relay NCA (indicating
that no connection can be made). This circuit in Fig.
44 extends from ground, over make contact 3 of relay
MTA, make contact 1 of relay TAA, break contact 5 of
relay TOA, make contact 1 of relay SAA, break contact
6 of relay NCA, through the winding of relay NCA,
break contact 12 of relay NCA, make contact 11 of re-
lay SAA, break contact 9 of relay TOA, make contact
11 of relay TAA, to battery through make contact 10
of relay MTA. Relay NCA operates in this circuit and
completes a locking circuit for itself over its own make
contacts 6 and 12. Similarly, relay NCB operates and
locks. Then, upon the release of relay TAA and the
subsequent reoperation of relay TMA, a circuit is com-
pleted for operating relay NAA extending in Fig. 44
from ground, over make contact 4 of relay MTA, make
contact 6 of relay TMA, break contact 3 of relay TAA,
make contact 5 of relay NCA, through the winding of
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relay NAA, make contact 9 -of relay NCA, break contact
7 of relay TAA, to battery through make contact 9 of
relay MTA. Relay NAA operates in this circuit and
completes a locking circuit for itself over its own make
contacts 2 and 12. The corresponding relay NAB also
operates and locks in a similar fashion. This situation
represents a time-out condition at the end of the second
trial.

The same process is repeated once more for a third
time-out period, at the end of which, in the event that
the marker has not been able to complete its assigned
function, the trouble-release relay TRA will operate. At
the end of the next timing interval, upon the release of
relay TOA with relay TAA operated, a circuit is com-
pleted for operating relay TRA extending from ground in
Fig. 44, through make contact 3 of relay MTA, make
contact 1 of relay TAA, break contact 5 of relay TOA,
make contact 4 of relay NAA, through the winding of
relay TRA, make contact 19 of relay NAA, break con-
tact 9 of relay TOA, make contact 11 of relay TAA,
to battery through make contact 1§ of relay MTA.
Relay TRA operates in this circuit and completes a lock-
ing circuit for itself in Fig. 44 extending from ground,
through make contact 6 of relay TRA, make contact
5 of relay MTA, through the winding of relay TRA, to
battery through make contacts 7 and § of respective
relays MTA and TRA. Similarly, the corresponding
relay TRB operates and locks in a similar fashion. In
Fig. 50, upon the operation of relays TRA and TRB,
relays RCKA and RCKB release, thereby completing cir-
cuits in Fig. 44 for the operation of the time-out release
relays RLSA and RLSAA, extending from ground through
make contact ¢ of relay TRA, break contact 6 of relay
RCKA, windings of relays RLSA and RLSAA, to bat-
tery through break contact 4 of relay RCKA and make
contact 8§ of relay TRA. The corresponding relays
RLSB and RLSBA operate in a similar circuit. On the
operation of the time-out release relays RLSA, RLSB,
etc. of Fig. 44, relays TOKA and TOKB of Fig. 50 will
release. Similarly, the relays MTA and MTB in Fig. 44
will release, thereby reverting the entire advance, time-
out and release circuit to mormal. Specifically in Fig.
44, relays MTA and MTB, in releasing, cause the re-
lease of relays STA, STB, SAA, SAB, NAA, NAB,
NCA, NCB, TRA and TRB. Relays TRA and TRB,
in releasing, cause the reoperation of relays RCKA and
RCKB of Fig. 50 and the release of relays RLSA,
RLSAA, RLSB, and RLSBA of Fig. 44.

In Fig. 32 it will be noticed that the various opera-
tions of relays SAA, SAB, STA and STB will alter the
condition of the WU—ZU relay circuit in the upper
left-hand corner. For instance upon the operation of
relays STA and STB, a circuit is completed for shunting
down or releasing relay WU. This circuit extends from
ground through break contacts 4 in parallel of relays
TACAA and TACBA, parallel make contacts 5 of re-
lays STA and STB, break contacts 5 of relays SAA and
SAB, through make contact 1 of relay ZU to the left-
hand side of relay WU, thereby causing relay WU to
release. Upon the operation of relays SAA and SAB
at the end of the first second trial time-out period, as
described above, ground is removed from the right-hand
side of the winding of relay ZU, thereby permitting relay
ZU to release. Thus, at the end of the second trial
time-out, the no-connection time-out and the trouble-
release time-out intervals the condition of relays WU and
ZU is that both of these relays are released. In Fig. 22
it will be noted that the WU and ZU relays, in reverting
to their unoperated status in the above fashion, cause
relay WUA to release.

As a tesult of the marker circuit having been called
into service, performed its function and released, cer-
tain of the previously mentioned W—Z relay combina-
tions will have gone through at least part of one cycle.
In Fig. 47, upon the release of relays LTAA and LTBA,
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relay ZLG will operate in series with relay WLG in &
circuit extending from ground, through the winding of
relay ZLG, make contact 2 of WLG, break confact 2 of
WLGA, to battery through the winding of relay WLG;
and, these relays wiil remain in this condition upon the
first complete release of the marker circuit. It will be
recalled in Fig. 32, when the marker was first called
into operation the relay WU was operated and the relay
ZU was released. At this point, in Fig. 22 a circuit was
completed for operating relay WUA from ground,
through break comtact 3 of relay ZU, make contact 2 of
WU, through the winding of WUA to battery through
resistance WUA. Relay WUA, upon operating, com-
pleted an obvicus locking circuit for itself over its own
meake contact §. Returning now to Fig. 32, upon the re-
lease of relays TACAA and TACBA at the time that the
marker released, relays ZU and WU are operated and
kept operated in circuits extending from ground, over
make contact 6 of relay WU, through the windings and
respective resistances WU and ZU, to negative battery.
In Fig. 22, the additional operation of relay ZU does not
change the condition of relay WUA, which remains oper-
ated. It will be recalled that when the marker was first
brought into use the W—Z relay combinations in the
lower right-hand corner of Fig. 37 were arranged in con-
dition whereby relays WL and WiL were operated and
relays ZL and Z1L were released. Under this condition,
referring to Fig. 48, circuits were completed for oper-
ating the respective relays WLA and WILA. The circuit
for relay WLA extended from ground, over break con-
tact 8 of relay ZL, make contact 11 of relay WL, wind-
jng of relay WLA, to battery through resistance WLA.
The operating circuit for relay WILA extended from
ground, over break contact 8 of relay ZiL, make con-
tact 11 of relay WiL, winding of relay WILA, to bat-
tery through resistance WIiLA. Relays WLA and WILA
operated in these circuits and completed locking circuits
for themselves over their respective make contacts 5 and
8. Returning now to Fig. 37, upon the release of relays
LTAA and LTBA when the marker released, relay ZL
will have been operated in parallel with relay WL. This
does not change the conditicn of the W1L—Z1L com-
bination where relay WIL remains operated and relay
Z1L remains released. In Fig. 48, the operated condi-
tions of relays WLA and WI1LA are also not affected.

The condition of the circuits at this point may be sum-
marized as follows. Line circuit 3% of Fig. 35 is inter-
connected with the dial pulse register & of Figs. 14, 18
and 19 by virtue of the facts that line hold magnet
LTHM39 of Figs. 34 and 35 is operated and that hold
magnets THM@8 and THM®9 of Figs. 3 and 6 are oper-
ated. In dial pulse register O of Figs. 14, 18 and 19, re-
lays L, SR and ON of Fig. 18 are operated and relays
TLA and TLD of Fig. 14 are operated. In the alarm,
transfer and test circuit of Figs. 35 and 36, relays TR,
AT and ATA of Fig. 35 are operated, as previously de-
scribed. In the marker circuit the register control relays
RA1B and RA1A of Fig. 6 remain operated as an indi-
cation that register 1 is idle and is available to handle
the next call. And, all of the down-check and time-out
check relays of Fig. 50 remain operated. Also, in the
marker circuit the following relays are operated: relay
WUA of Fig. 22; relays WU and ZU of Fig. 32; relays
WL, ZL and W1L of Fig. 37; relays WLG and ZLG of
Fig. 47; and, relays WLA and WiLA of Fig. 48.

The circuits of the P.B.X are now in condition where-
by the P.B.X station 39 of Fig. 35 may proceed to dial
the necessary digits into the dial pulse register of Figs.
14, 18 and 19 to effect completion of the desired connec-
tion.

Dialing and marker seizure

After the calling line dials the one or two digits re-
quired for identification of the called line or trunk, the
tens digit is stored on the tens digit register relays and
the units digit on the pulse counter. The digit steering
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relays in the register determine when the téns and “units
digits have been registered. The register then calls for
the marker to complete the call. The tens selection cir-
cuit recognizes the register’s request for service and
passes the information on to the tens preference circuit.
The registers have the highest preference in the marker
and will be served before any trunks or stations which
might be originating calls at the same time. However,
the marker will continue to serve any trunk and station
requests which were waiting when the register called for
service, unless an all-register-busy condition is encoun-
tered. In the latter case, the marker will serve a wait-
ing register first to free it for another call.

Before discussing the details of the registration, in the
dial pulse register & of Figs. 14, 18 and 19, of the two
digits dialed by the P.B.X station line 3¢ of Fig. 35,
it is advisable to consider certain of the timing aspects
of the dial pulse register operation. In Fig. 18 are
shown two relays PU and TMOR. Generally speaking,
these two relays are operated by timed impulses such that
relay PU operates and then a certain time interval elapses
before relay TMOR operates. The time interval between
the operation of relay PU and the operation of relay
TMOR is sufficient for the dial pulse register to accom-
plish particular functions before it is retimed. For a
normal call relay PU has its battery supply to the left-
hand side of its winding controlled by break contacts
2 and 8 respectively of relays SW and DC of Fig. 19.
Relay SW will operate when relay RA of Fig. 18 releases
after the first digit is dialed, but releases when the call-
ing station dial goes off normal to start the dialing of the
second digit, provided that relay PU of Fig. 18 has not
previously operated. Also under normal circumstances,
with relay PU operated after the first digit has been
dialed, relay SW of Fig. 19 will operate and will lock
under the control of make contact 6 of relay PU. How-
ever, when relay DC of Fig. 19 operates, upon the com-
pletion of dialing, the operating circuit for relay PU is
opened. Relay PU thereupon releases, in turn causing
relay SW to release. Relay SW, upon releasing, provides
battery again through its break contact 2 to the PU re-
lay, preparing it for reoperation when the next timed
impulse occurs. The register is thus retimed upon dial
completion. A similar retiming takes place between the
time of dial completion and the time required for the
register to call in the marker circuit for handling the
completion functions of the call. Normally the marker
will take care of this action within a sufficiently short in-
terval of time to preclude the operation of relay TMOR.
The various time-out and trouble aspects of register
timing will be described hereinafter. For present pur-
poses it will be assumed that no situation is encountered
which causes the relay TMOR of Fig. 18 to operate to
cause a register time-out release.

A few remarks are advisable concerning the triple
winding line relay L of Fig. 18. The L relay is a three
winding, magnetically biased, polarized, mercury contact
relay. The left-hand, or primary winding is in series with
the calling line dial contacts and is used as a line winding
to operate relay L in response to dial pulses. The middle,
or secondary winding is used to aid the release of relay
L. Whenever relay L operates, its make contact 1 furnish-
es a ground for the middle or secondary winding, which
is arranged to be poled oppositely to the left-hand, or
primary winding. This opposition of ampere turns, when-
ever relay L is operated, tends to make relay L easier to
release. The L resistance is set at a value that will give
the optimum benefit from this secondary or middle wind-
ing. The right-hand, or tertiary winding is a pulse-aiding
winding. This winding is in a circuit which includes the
pulse help capacitor PH. The side of the PH condenser
which is connected to ground through the make contact
1 of the L relay is also connected to the right-hand side
of the winding of relay SR. When the L relay operates,
charging current is supplied to capacitor PH in a circuit
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extending from battery, through the right-hand, or teritary
winding of relay L, through condenser PH, to ground
through make contact 1 of the L relay, This charging
current is in a direction which tends to hold the relay L
operated. As capacitor PH becomes fully charged, the
charging current approaches 0 and the other two windings
regain full control. When the left hand, or primary
winding circuit is opened, relay L releases, thereby remov-
ing ground from the left-hand side of condenser PH. The
capacitor PH then proceeds to discharge through the
winding of the SR relay. This discharge current through
the right-hand, or tertiary winding is in such a direction
as to tend to hold relay L released. The right-hand
tertiary winding and the capacitor PH thus act to insure
that once the relay L operates, it will remain operated
for a definite minimum time and that once relay L releases,
it will remain released for a definite minimum time. This
action permits longer maximum dialing loops to be used
than would otherwise be possible.

Relays SR and RA of Fig. 18 are the usunal timing re-
lays which control various switching operations within the
dial pulse register during the dialing of pulses of a digit
and the dialing of different digits. Relay SR is energized
from ground through make contact 1 of the line relay L
each time relay L operates when the dialing loop is closed.
Relay SR is sufficiently slow releasing to hold over mo-
mentary opens of the make contact 1 of relay L, such as
caused by the open circuit pulses coming over the line.
Relay SR, therefore, will remain operated normally
throughout the entire dialing condition within the dial
pulse register. Relay RA is a fast operating relay which
operates during the first open of the dial pulse loop when
relay L releases and remains operated until the interdigital
interval when relay L is held operated between the dialing
of digits. Relay RA is fast operating but is made slow
releasing through the use of its lower winding, which is
short circuited when relay RA is operated. Thus, the RA
relay, as is well-known in the art, is arranged to recognize
the start and stop of pulse trains representing separate
digits.

The pulse counting circuit of the dial pulse register com-
prises the counting relays P1, P2, P3, P4, P5 and P2A of
Fig. 18. A description will be given of the action of these
six pulse counting relays in repsonse to each one of the
pulses representing a digit of ten in order to show the
action thereof. Then, the condition of the pulse counting
register will be described with respect to the particular
example presently being considered wherein the P.B.X
line circuit 34 of Fig. 35 is being called by line 30, there-
by involving a tens digit of 3 and a units digit of 4.
When the L relay releases on the first break of the P.B.X
station dial, relay P1 operates in a circuit extending from
ground, through break contact 4 of relay L, make contact
4 of relay SR, and break contact 6 of relay P2, to battery
through the winding of relay P1. In Fig. 18, relay RA also
operates in a circuit extending from ground, through break
contact 5 of relay L, make contact 4 of relay ON, to bat-
tery through the upper winding of relay RA. As pre-
viously mentioned, relay RA, in operating, completes a
circuit through its own make contact 2 for short circuit-
ing its lower winding, thereby making relay RA slow re-
leasing, Relay P1, in operating, completes a locking cir-
cuit for itself over its make contact 1 to ground through
make contact 12 of relay RA and make contact 6 of re-
lay ON. When relay L reoperates at the end of the first
open loop pulse, a circuit is completed for operating relay
P2 extending from ground, through make contact 2 of
relay L, make contact 4 of relay RA, make contact 11
of relay P1, break contact 12 of relay P2, to battery
through the winding of relay P2. Relay P2, in operating,
extends a locking circuit for itself from the left-hand side
of its winding through its own make contact 12 to the
locking ground for relay P1 and extends the locking
ground for relay P1 from the left-hand side of the winding
of relay P1, through make contact 6 of relay P2, to the
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operating circuit for relay P2. Upon the next release of
relay L, relay P1 releases and completes a circuit for op-
erating relays P3 and P2A extending from ground, over
make contact 6 of relay ON, make contact 12 of relay
RA, make contact 11 of relay P2, break contacts 4, 6
and 6 of respective relays P1, P5 and P4, and to battery
through the winding of relay P3 in parallel with a circuit
through break contact 6 of relay PZA and through the
winding thereof to negative battery. Relay P2 is held
operated in a circuit extending from ground through
break contact 4 of relay L, make contact 4 of relay SR,
and make contact 12 of relay P2 to battery through the
winding of relay P2. .On the reoperation of relay L at the
end of the second pulse, relay P2 releases, leaving relay
P2A locked in a circuit extending from the right-hand
side of its winding through its own make contact é fo
off-normal ground over make contact ¢ of relay ON and
leaving relay P3 locked in a circuit extending from the
left-hand side of its winding through its own make con-
tact 11, break contact 8 of relay P1 in parallel with break
contacts 4 of relays P4 and PS5 in series, to ground through
make contact 12 of relay RA and make contact § of relay
ON. This cycle of relays P1 and P2 repeats itself, with
relays P1 and P2 remaining operated at the end of odd
numbered pulses (1,3, 5, 7, and 9) and remaining normal
(unoperated) at the end of even numbered pulses (2, 4,
6, 8 and 10).

Since the number 1 is not assigned as a tens digit and
since means for eliminating single pulses due to acci-
dental momentary line opens must be provided for, the
pulsing circuit is designed to refuse registration of a tens
digit of 1. The P2A relay accomplishes this task by
keeping open the information ground path for the TD1
through TDY relays of Fig. 19 at make contact 4 of
relay P2A in Fig. 19 until such time as relay P2A oper-
ates, and by not providing a locking ground in Fig. 18
for relays Pi and P2 should the RA relay release. If
relay P2ZA should remain unoperated, it maintains the
dial tone output to the calling line as indicated by break
contact § of relay P2A in Fig. 18. This indicates to
a calling party that regardiess of how a digit of 1 may
have arrived in the dial pulse register, in the tens digit
position, the calling party should continue to dial just
as though nothing had happended.

At the end of the third open line pulse, relays P1 and
P2 will have been reoperated and a circuit will be com-
pleted for operating relay P4 extending from ground,
over make contact 6 of relay ON, make contact 12 of
relay RA, make contact i1 of relay P2, make contact 4
of relay P1, make contact 1 of relay P3, break contact 8
of relay PS5, to battery through the winding of relay
P4 which, upon operating, extends a locking circuit from
the left-hand side of its winding through its own make
contact 11 and break contact 7 of relay P5 to the ofi-
normal ground circuit, relay P3 remaining locked under
the control of make contact 1 of relay P2. At the end
of the fourth open pulse, relays Pi-and P2 will have
been released, leaving relays P2ZA, P3 and P4 operated,
the locking circuit for relay P3 now being under the
control of break contact 8 of relay Pi, and the locking
circuit for relay P4 being under the control of the par-
allel break contacts 7 of relays P1, P2 and P5. During
the fifth open line pulse, the locking circuit for relay
P3 will be opened by the operation of relay P, there-
upon releasing relay P3; and, at the end of the fifth
pulse, relays P1 and P2 will be reoperated, relay P3 will
be released, and relays P2A and P4 will remain oper-
ated. At the end of the sixth open pulse, relays P1 and
P2 will have been released and a circuit will be com-
pleted for operating relay P5 from battery, through its
winding, through make contact -1 of relay P4, to off-
normal ground through break contacts 4 of relays P2
and P3 and break contact 1§ of relay P1. At the end
of the seventh open line pulse, relays P1 and P2 will
be operated, as will relays P2A, P4 and P5, the locking
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circuit for relay P4 extending from the left-hand side of
its winding, through its make contact 1% to off- normal
ground through break contact 7 of relay P3, and the
locking circuit for relay P5 extending from the left-hand
side of its winding to off-normal ground through its own
make contact 11. At the end of the eighth open line
pulse relays P1 and P2 will have been released, leaving
operated relays P2A, P3, P4 and P5. Relay P3 was
operated during the open line interval of the eighth
pulse by a circuit extending from off-normal ground,
mrouOh make contact 131 of relay P2, break contact 4
of relay P1, and the series make contacts 6 of relays
P5 and P4, and relay P3 locked itself over its own make
contact 11, to off-normal ground through the series make
contacts 4 of relays P4 and P5. At the end of the
ninth open line pulse, relays P1 and P2 will have been
reoperated and relay P4 will have been released, leaving
operated relays Pi, P2, P2ZA, P3 and PS5, the locking cir-
cuit for relay P4 having been opened by the operation of
relays P1, P2, P3 and P5. At the end of the tenth open
line pulse, relays P1 and P2 will have been released,
thereby leaving operated only relays P2A, P3 and PS.
Since it has been assumed that the P.B.X party at
station line circuit 3¢ of Fig. 35 is attempting to secure
a connection to the P.B.X party at line circuit 34, it will
be necessary for the calling party to dial a tens d1g1t of
three and a units digit of 4. From the above description
of the operation of the pulse counting circuit of Fig. 18,
it will be apparent that at the end of the third open
line pulse (representing a tens digit of 3), upon the
reoperation of relay L the relays of the pulse counting
circuit which will be operated are relays P1, P2, P2A,
P3 and P4. It will be noted at this point, as has been
briefly referred to herebefore, that the operation of relay
P2A has opened the dial tone connection in Fig. 18.
The locking circuit for relay P1 now extends from ground,
over make contact 2 of relay L, break contact 6 of relay
SW, make contact 8 of relay P2A, to the winding of
relay P1 through make contacts 11 and 6 of respective
relays P1 and P2. The locking circuit for relay P2
extends from ground, over make contact 6 of relay ON,
and break contact 8 of relay SW, to the off-normal ground
wire, thence to the winding of relay P2 through make
contacts 1 and 12 of respective relays P1 and P2. The
locking circuit for relay P3 extends from the off-normal
ground conductor, to the winding of relay P3 through
make contacts: 1 and 11 of respective relays P2 and P3.
The locking circuit for relay P4 extends from the off-
normal ground conductor, through break contact 7 of
relay P35, to the winding of relay P4 through make con-
tact 11 of relay P4. And, the locking ground for relay
PZA extends to the winding thereof over make contact
6 of relay ON and make contact 6 of relay PZA.
Upon ‘the prolonged reoperation of relay L at the
end of the third impulse, relay RA of Fig. 18 releases.
Upon the release of relay RA, a circuit is completed
in Fig. 19 for causing the operation of relay TD3 to
represent the registration of the tens digit of 3. This
circuit -extends from ground, over break contact 8 of
relay TMOR, break contact 3 of relay OT, make con-
tact 4 of relay P2A, break contact 8 of relay RA, break
contact -16 of relay PS5, make comtact .12 of relay P4,
make contact 10 of relay P2, make contact 3 of relay P3,
break contact 3 of relay STR, through the winding
of relay TD3 to battery over make contact 7 of relay ON
and break contacts 11 and 4 of relays RRLB and RRLA.
Relay TD3, in operatmg, locks over its own make con-
tact 1 to ground over break contact 8 of relay TMOR.
In the meantlme relay SW of Fig. 19 is coperated in
the same circuit which operated relay TD3, in the lower
left-hand corner of Fig. 19, over break contact 19 of
relay DC to battery through the winding of relay SW.
Relay SW, in operating, releases all of the operated
pulse counting relays of Fig. 18 and completes a circuit
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for operating relay STR of Fig. 19 extending from bat-
‘tery, through the winding of relay STR, to ground through
make contacts 10 and 9 of respective relays SW and
ON. The operation of relay STR prepares the pulse
counting relays for counting the units digit and completes
a locking circuit for itself from the right-hand side of
its winding over its own make contact 11, to ground
over make contact 9 of relay ON, The release of relay
P2A causes the release of relay SW.

Upon the first open dial pulse of the units digit, relay
RA of Fig. 18 reoperates and completes a circuit for
operating relay UD extending from lecking ground on
the right-hand side of relay STR, through make contact
10 of relay RA, to the winding of relay UD and to bat-
tery through break contact 4 of relay TMOR. The
operation of relay UD completes circuits in Fig. 18 over
its make contacts 10 and 12 to provide locking grounds
for the pulse counting relays so that these relays will
remain in whatever condition they find themselves after
having counted the units digit. This enables the pulse
counting relays themselves to be used as the actual units
digit registration means in the dial pulse register. The
operation of relay UD also prepares in Fig. 19 part of
the operating circuit for relay DC which, when it oper-
ates at the end of the units digit (upon the subsequent
release of relay RA), will indicate the completion of
dialing.

Since it has been assumed that line circuit 34 of Fig.
35 is the called party, the units digit which remains
registered in the pulse counting relays at the end of the
dialing of the units digit will be a 4. This, as previously
discussed, is a condition represented at the end of the
fourth open line impulse by the operation of relays P24,
P3 and P4.

Upon the release of relay RA at the end of the dial-
ing of the units digit, relay UD will have completed a
locking circuit for itself extending from the left-hand
side of its winding in Fig. 19, through break contact 4
of relay TMOR and make contact 2 of relay UD, to
ground over make contact 9 of relay ON. Also, a cir-
cuit is completed for operating the “dial completion”
relay DC of Fig. 19 extending from battery, through
break contacts 4 and 11 of respective relays RRLA and
RRLB, make contact 7 of relay ON, through the winding
of relay DC, break contact 6 of relay RA, make contact
4 of relay UD, to ground over break contact 8 of relay
BYR. Relay DC, in operating, completes a locking cir-
cuit for itself in an obvious fashion over its own make
contact 1. Relay DC, in operating, opens the operating
circuit for relay SW, thereby preventing it from reoperat-
ing, and in Fig. 18 completes a circuit for maintaining
the right-hand iertiary winding of relay L energized as
an additional help in insuring that relay L remains oper-
ated at the end of the dialing of the units digit. The
circuit for the right-hand winding of relay I. extends
from battery, through the right-hand winding of relay L,
through resistance LU, make contact é of relay DC, to
ground through break contact 9 of relay RT. It will be
noted that this same circuit canses the discharge of what-
ever charge may have been accumulated on condenser
PH.

The above described operation -of relay DC is an indi-
cation that the dial pulse register is ready to transmit
its stored data to the marker in order for the marker to
complete the desired call. In Fig. 14, upon the operation
of relay DC, circuits are completed whereby ground is
applied to conductor DC1 and battery is supplied to con-
ductor DC2, both leading into the tens selection circuit
of the marker in Fig. 11. Ground extends in Fig. 14
over break contact 6 of relay RT, break contact @ of re-
lay BYR, make contact 2 of relay DC, to conductor
DC1; and, battery extends to conductor DC2 over make
contact 12 of relay DC. 1In Fig. 11 of the tens selection
circuit in the marker, conductors DCI and DCZ2 from
the dial pulse register 0 are related to the operating cir-
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cuit of relay RO, the relay which will be operatéd by dial
pulse register © in its bid for the services of the marker.
Assuming that the marker circuit is idle at the moment,
relays TEA2 and TEB2 will be released, thereby com-
pleting an operating circuit for relay R extending from
ground on lead DCI, through the parallel break contacts
9 and 11 of relays TEAZ and TEB2, through the winding
of relay RO, to battery on lead DC2 through the parallel
break contacts 9 and 11 of relays TEB2 and TEA2. The
operation of relay RO, as will be described presently, is
the action whereby seizure of the marker is effected by
dial pulse register 0 when and if the marker is available
for such a seizure.

It will be noted in Fig. 10 that the contacts of relay
RO of Fig. 11 are at the highest preference position in
the tens preference chain, followed by contacts of relay
R1 of Fig. 11, which of course is the tens selection relay
corresponding to dial pulse register 1. Under normal
circumstances therefore, dial pulse register 0 will have a
higher preference in the order of marker seizure than will
dial pulse register 1. Also, it will be noted in Fig. 11,
with respect to the operating circuits for relays RO and
R1, that if the marker were still engaged in a tens selec-
tion function at the time that one of the dial pulse regis-
ters bids for seizure of the marker, relays TEA2 and
TEB2 will be operated, thereby precluding either of re-
lays R@ and R1 from operating except under one condi-
tion. That condition is a condition whereunder the
marker has detected that both dial pulse registers are
busy. Under this circumstance the marker will give im-
mediate priority to one of the dial pulse registers in
order to clear one of them for further action. Before
doing so, however, the marker will complete the particu-
lar function in which it is presently engaged. The relays
which detect whether or not both of the dial pulse regis-
ters are busy are relays ARBA and ARBB of Fig. 11.
It will be recalled from previous description with re-
spect to the register control circuit of Fig. 6 that, if both
Tegisters are busy the relays RAGA, RAOB, RAIB and
RA1A will all be released. As will be obvious in Fig.
11, if this condition prevails when the marker releases
from a particular function, thereby operating its relays
RLA and RLB of Fig. 7, obvious circuits will be com-
pleted whereby both of the relays ARBA and ARBB will
operate and lock to ground through their respective
make contacts 3 and 9 independently of the marker re-
lease relays RLA and RLB. Relays ARBA and ARBB
will remain locked until such time as one or the other of
the dial pulse registers becomes idle, as indicated by the
operation of one or the other of relays RASB and RAIB
of Fig. 6. At such time as one of the dial pulse regis-
ters attempts to seize the marker circuit, for example
the instant case where dial pulse register ¢ attempts to
seize the marker by operating the correspording register
tens selection relay R@® of Fig. 11, if relays ARBA and
ARBB are operated the marker will cause the operation
of relay R® or relay R1 over make contacts of relays
ARBA and ARBB. In this respect it will be noted that
such operating circuits for relay R® of Fig. 11 also de-
pend upon the released condition of relay R1 since the
operating circuit for relay R6 must pass through break
contacts 11 or 3 of relay R1; however, the operating cir-
cuit for relay R1 does not depend upon the released
condition of relay R®. Therefore, it will be apparent
that under a condition whereby the marker is busy with
a tens selection function (relays TEA2 and TEB2 oper-
ated) and whereunder both dial pulse registers. are busy
(operated relays ARBA and ARBB), if both dial pulse
registers attempt to seize the marker at the same time
(by attempting to operate their respective tens selection
relays RO and R1), the dial pulse register R1 will be
preferred over dial pulse register 0, thus reversing the
normal preference arrangement in the tens preference
chain of Fig. 10. With respect to the latter tens prefer-
ence chain, it will be noted that under the condition where
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both registers are busy the entire tens preference chain
is opened beyond the register preference relays RP9 and
RP1 by the opening of the break contacts 19 and ¢ of re-
lays ARBA and ARBB. This prevents any line or trunk
circuit from causing a tens preference chain relay opera-
tion until such time as one of the register preference re-
lays RP8 and RP1 is permitted to be operated.

Under present circumstances, as indicated previously,
it is assumed that the marker circuit is idle and it will
also be assnmed that register 1 is not attempting to op-
erate its tens selection relay R1. Therefore, relay R®
will be operated in the previously described circuit and
will provide a locking circuit for itself in an obvious
fashion through its own make contacts 1 and 12. The
operation of relay R¢ of Fig. 11 causés the operatlon of
all of the tems-end relays TEAQ through TEA3 and
TEBO through TEB3 by virtue of make contacts § and 5
of relay RO.

Upon the operation of relays TEAZ, TEB2, TEA3 and
TEB3 of Fig. 11, a circuit is completed in Fig. 10 for the
operation of the tens preference relay RP® correspond-
ing to dia] pulse register 8. One circuit in Fig. 10 ex-
tends from ground over break contact 3 of relay TOKA,
through the winding of relay TCK4, break contacts 3
of relays RLAA and RLBA, make contact § of relay
TEA3, make contact 4 of relay RO, left-hand winding of
relay RP®, make contact 10 of relay RO, make contact 8
of relay TEA2, break contacts 11 of relays RLBA and
RLAA, through the winding of relay TCK3, to battery
through the break contact 9 of relay TOKB. A similar
circuit is completed in an obvious fashion through the
rlght hand winding of relay RP§ and through the wind-
ings of relays TCK1 and TCK4. In these circuits are
operated relays TCK1 thlough TCK4 and relay RPO.
The operatlon of relay RP§ in Fig. 10 causes the opera-
tion in Fig. 12 of the corresponding register preference
auxiliary relay RPAOQ in a circuit extending from ground
through ‘break contact 11 of relay STAR, make contact
2 of relay RP®, winding of relay RPAO, make contact
11 of relay RPS, to battery through break contact 2 of
relay STBR.

The operation of the register preference relay RP®
of Fig. 10 and the corresponding register preference
auxiliary relay RPAG of Fig. 12 represents the success-

ful seizure of the marker circuit by dial pulse register 0. 43

Completing the connection (see Figs. 2B, 2E and 2G)

The register, having determined that this is a junctor
class call, signals the sequence control circuit of the

marker through the tens preference chain that a junctor 3G

will be required. The sequence control circuit then re-
quests the line and trunk hunting circuit to find an idle
junctor. When an idle junctor is found, its identity is
stored on the junctor register relays by the class-of-
service circuit (Fig. 2B).
then operates the register connector relays of the tens
connector circuit and the link test circuit is requested to
find an idle link. The tens and units identity of the
called station is also passed into the marker through
the register connector, and the tems conmector, corre-
sponding to the tens digit of the called station line, and
the units selection circuit relay, corresponding to the
units digit of the called line, are operated. The line and
trunk hunting circuit then tests the called line to deter-
mine if it is idle.
idle link, signals the select magnet control circuit of the
marker to operate the select magnefs corresponding to
the selected link.

The circuit action will now be set forth describing the
details involved in completing the connection. It will
be recalled that line circuit 3¢ of Fig. 35 has succeeded
in causing the registration, in dial pulse register & of
Figs. 14, 18 and 19, the pertinént information required
by the dial pulse register to complete the conmnection de-
sired—namely, to line circuit 34 of Fig. 35. In Fig. 18

The sequence control circuit &

The link test circuit, after finding an 45
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relays L, SR and ON have remained operated after the
combletion of registration in dial pulse register 0 of
the tens (3) and units (4) digits of the desired line
circuit 34; in Fig. 19 relays DC, STR and UD remain
operated at the completlon of dialing; in Fig. 14 relays
TLA and TLD rtemain operated to indicate the toll
allowed class of call; in Fig. 19 relay TD3 remains op-
erated as a registration of the tens digit 3; and, in Fig.
18 relays P2A, P3 and P4 remain operated as a regis-
tration of the units digit 4. Line circuit 30 of Fig. 35
is interconnected with dial pulse register 0 of Fig. 18
by virtue of the operated hold magnets LHM3¢ of F1g
34 and THMO8 of Fig. 3, which maintain the tip, ring
and sleeve connections between these two circuits over
the lower half of horizontal level %, of the crossbar
switches (particularly conductors T99, R09 and S09).
Similarly, as previously explained, the hold magnet
THMGY in Fig. 3 is also operated whereby certain con-
trol conductors are extended between the crossbar switch
network and the marker circuit for purposes to be ex-
plained below.

At the end of the dial completing function the dial
pulse register, as previously explained, has attempted
to seize the marker through the operation of the tems
selechon relay RO of Fig. 11 corresponding to dial pulse

register §. As a result of the operation of relay RS,
othe relays in Fig. 11, namely, the tens end relays
TEAQ, TEBSE, ctc. have been operated and the regxster
pzefmence relay RPO of Fig. 10 has been operated in
series with the tens check relays TCK1 through TCKd4.
Upon the operation of relays TEA2 and TEB2 of Fig.
11, the advance, time-out and release circuit of Fig. 44
is recycled as previously explained. In this connection
it will be assumed that the circuit of Fig. 44 does not
cause an alarm time-out or a second-trial before the
marker is able to complete the function presently to be
assigned to it. ' ' '

Upon the operation of the register preference aux-
iliary relay RPAO of Fig. 12 circuits are completed be-
tween the dial pulse register 0 of Fig. 14 and the marker
sequence control circuit of Fig. 41 whereby the ]unctor
test relays JTA and JTB are operated. In Fig. 14, cir-
cuits are completed from battery through make contact 12
of relay DC, over break contacts 10 of relays OT and
TRR, break contact 3 of relay COT, and break contact
5 of relay TMOR to conductor JTAO leading into the
sequence control circuit of Fig. 41, and from battery over
make contact 12 of relay DC, break contact 6 of relay
OT, break contact 8 of relay TRR, break contact 5 of
relay COT, and break contact 12 of relay TMOR to con-
ductor JTRO, also leading mto the sequence conirol cir-
cuit of Fig. 41. In Fig. 41, battery on conductor JTAO
extends through make contact 22 of relay ‘RPAQ, .break
contact 11 of relay NCA, break contact 9 of relay JREA,
break contact 5 of relay BTTB, break contact 3 of relay
ICTB, through the winding of relay JTA, break contacts
3 of relays BTTA and ICTA, to ground through break
contacts 1 and 6 of respective relays NCB and JREB.
Relay JTA operates in the prevmusly described circuit.
An obvious circuit is apparent in Fig. 41 whereby relay
JTB is operated from the battery on conductor JTBO.
Upon the operatxon of relay RPAO of Fig. 12, circiits
are also completed in Fig. 17 for operating relays RUCA
and RUCB. The circuit for operating relay RUCA ex-
tends from ground, over make contact 11 of relay RPAO,
break coatact 7 of relay SEA, through the winding of
relay RUCA, break contact 9 of relay SEB, to bat-
tery through make contact 14 of relay RPAO. A simi-
lar circuit is apmrent for causing the operation of rélay
RUCB. Also in Fig. 41, the operation of relays JTA

and JTB cause the operation of the aux1hary relays
JTAA and JTBA in an obvious fashion. The opera-
tion of relays JTA, JTB and RUCB cause the opération
in Figs. 15 and 16 of the units selection” relays ve, Ul,
U2, U5, U6 and U7 preparatory to the marker’s test-



2,049,506

439

ing for an idle junctor circuit. In Fig. 15, the circuit

for operating units selection relay U0 ‘extends from

ground, over make contact 3 of telay JTA and make

contact 1 of relay RUCB, to battery through the winding
of relay U0. It will be apparent from an inspection of
the circuits in Figs. 15 and 16 that similar circuits are
arranged for causing the operation of units relays Ul,
U2, Us, U6 and U7. The operation of any one or
more of these units relays causes the operation in Fig. 17
of the units end relays UEA and UEB, as explained
hereinbefore. The circuit for opérating relay UEA ex-
tends in Fig. 17 from ground, over make contact 9 of
relay UG, U2 or U6 or make contact 2 of relay Ud, U5
or U7, through the parallel make contacts 11 of relays
TEA3 and TEB3, through the winding of relay UEA, to
battery through make contact 24 of relay RPAO.
A similar circuit is apparent for causing the operation of
relay UEB.

The operation of the units selection relays of Figs. 15
and 16 causes a test to be made for the busy or idle con-
dition of the six junctors, four of which are indicated
in Fig. 24 terminating in crossbar switch No. 1 of Fig.
23 and the other two of which are indicated on Fig. 43
as terminating in crossbar switch No. 8 of Fig. 42. These
six junctors are numbered 0, 1, 2 and 5 in Fig. 24 and
Nos. 3 and 4 in Fig. 43, the detailed circuitry of these
junctors being shown only once with respect to junctor
circuit 0 of Fig. 24. Upon the operation of relay JTA,
and before JTAA operates (it being a slow operate relay),
a circuit is completed for testing for the busy or idle
condition of, for instance, junctor circuit 0 of Fig. 24,
extending from ground in Fig. 30, through the lower
winding of relay S8, make contact 12 of relay U6, to
conductor 0, make contact 9 of relay JTA, over con-
ductor THM® into Fig. 29, thence over conductor THMO
into Fig. 24 to the lower side of the winding of the ter-
minating hold magnet THM11 for junctor circuit 0. If
junctor circuit 0 is busy, the lower side of the winding
of hold magnet THM11 will be grounded and relay SO
of Fig. 30 will not operate in this circuit. However,
if junctor circuit 0 is idle, as will be assumed in the
present case, the previously-described circuit through the
lower winding of relay S0 of Fig. 30 will find battery
through the winding of hold magnet THM11 in Fig. 24
and relay SO will operate in this circuit, hold magnet
THMI1 being unable to operate in series therewith.
Similar circuits in Figs. 30 and 33 will be extended to
the terminating hold magnets of the. other five junctors
1, 2,3, 4 and 5 in the same fashion, such that sleeve
relays S1 and S2 of Fig. 30 and S5, S6 and S7 of Fig. 33
will operate if all of the other junctors are idle. It will
be apparent that none of these additional sleeve relays
81, 82, S5, S6 and S7 will operate if their corresponding
junctors are busy.

In the present example for purpose of illustration, it
will be assumed that all of the six junctors are idle
whereupon all of the sleeve relays S0, S1 and S2 of
Fig. 30 and S5, S6 and S7 of Fig. 33 will operate to
battery through the windings of their corresponding ter-
minating hold magnets, such as magnet THM11 of Fig.
24 for junctor circuit 0. Upon the operation of one
or more of the foregoing sleeve relays of Figs. 30 and 33
circuits are completed in Fig. 32 for operating the
sleeve-end and sleeve-end-auxiliary relays SEA, SEB, etc.
For instance, a circuit for operating relays SEA and
SEAA extends from battery in Fig. 32, over make con-
tact 3 of any one of the operated sleeve relays, break
contact 10 of relay RLSBA, through the windings of
relays SEA and SEAA, break contact 5 of relay RLSAA,
to ground through the parallel make contacts 1 and 10
of relays UEA and UEB. Corresponding circuitry in
Fig. 32 is provided whereby relays SEB and SEBA are
operated in an obvious manner. The operation of relays
SEA and SEB causes the release in Fig. 17 of relays
RUCA and RUCB, which in turn cause the release in
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Figs. 15 and 16 of the operated units selection relays
U0, U1, U2, U5, U6 and U7. The release of the units
relays of Figs. 15 and 16 in turn causes the release in
Fig. 17 of relays UEA and UEB, relays SEA and SEB,
etc. locking over their make contacts 6.

Upon the release of relays UEA and UEB of Fig. 17,
circuits are completed for operating in Fig. 40 one of
the junctor register relays JRO through JRS5. With all
of the sleeve test relays of Figs. 30 and 33 operated, in-
dicating that all six junctors are idle, and with relay ZU
of Fig. 32 released, junctor 0 of Fig. 24 will be pre-
ferred. A circuit is completed for operating junctor
register relay JRO of Fig. 40 extending from battery
in Fig. 25, through two parallel circuits, one extending
over make contacts 8 of relays SEB and SEA, break
contact 9 of relay ZU and make contact 6 of relay SO
to conductor JO extending into Fig. 40, and in parallel
with this circuit from battery in Fig. 25, over make con-
tacts 10 of relays SEB and SEA, break contact 11 of
relay ZU and make contact 16 of relay S0 to the same
conductor JO extending into Fig. 40. In Fig. 40 bat-
tery on conductor JO from Fig. 25 extends over make
contact 12 of relay JTA, through the winding of relay
JRO, to ground over the parallel make contacts 2 of re-
lays JTA and JTB and parallel break contacts 7 of re-
lays UEA and UEB.  Relay JR®, in operating, com-
pletes a locking circuit for itself from ground, over its
own make contact 1 through its winding, its own make
contact 12, break contacts 9 of relays BTTA and BTTB,
break contact 7 of relay ICTA, break contact 5 of relay
ICTB, break contacts 10 of relays STA and STB, to
battery through make contact 10 of relay RP0. In Fig.
40, upon the operation of relay JR®, obvious circuits are
completed for operating relays JREA and JREB over
make contacts 2, 3, 11 and 10 of relay JRO. The op-
eration of réelays JREA and JREB causes the release in
Fig. 41 of relays JTA and JTB, which, upon releasing,
cause the release of relays JTBA and JTAA also in Fig,
41. The release of relays JTA, JTB, JTAA and JTBA
causes the release in Figs. 30 and 33 of all of the sleeve
relays which may have been operated. The release of
the sleeve relays of Figs. 30 and 33 in turn causes the
release in Fig, 32 of the sleeve-end and sleeve-end-auxil-
iary relays SEA, SEB, etc.

The operation of the junctor register relay JRO of Fig.
40 causes the operation in Fig. 37 of select magnet con-
nector relay SMC1 in an obvious circuit over make con-
tact 9 of relay JRO. The operation of select magnet
connector relay SMCI, as will be explained shortly,
completes circuits whereby certain select magnets of
switch 1 in Fig. 23 may be operated after the determi-
nation of an idle link over which the terminating circuit
of the junctor 0, corresponding to hold magnet THM11
in Fig, 23, may be connected to the called line, assum-
ing that it is idle when tested.

Upon the operation of relays JREA and JREB of Fig.
40 and the release of relays SEAA and SEBA of Fig.
32, circuits are completed in Fig, 41 for operating the
Tegister cut-through relays RCTA, RCTAA, RCIB and
RCTBA to initiate marker action, whereby the called
P.B.X line is tested and selected, if found to be idle. In
Fig. 41 ground extends over break contact 4 of relay
'TRCB, break contact 5 of relay NAB, through the wind-
ings of relay RCTA and RCTAA, break contacts 7 and
§ of respective relays TRCA and NAA, break contacts
12 and 10 of respective relays SEAA and SEBA, to bat-
tery through make contact 4 of relay JREA. Relays
RCTA and RCTAA operate in this circuit, Similarly
obvious circuits are provided in Fig. 41 for causing the
operation of relays RCTB and RCTRA. Also, the re-
lease of relays SEA and SEB of Fig. 32 completes cir-
cuits, previously described in Fig. 17, for reoperating
relays RUCA and RUCB. In Fig. 12 a circuit is com-
pleted for operating relays RCAO, RCBO, RCCO,
RCDO and RCEO in an obvions manner over make
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contacts 2 and 10 of relays RCTA and RCTB and make.
contact 12 of the register preference chain relay RPO.

Upon the operation of relay RCDO of Fig: 12, a cir-
cuit is completed whereby the dial pulse register 8 cir-
cuit of Fig. 19 causes the operation of the tens connec-
tor relays of Fig. 12 in accordance with the registration:
in Fig. 19 of the tens digit 3 of the called P.B.X station.
This circuit extends from ground in Fig. 19, over break
contact 8 of relay TMOR and over make contact 2. of
relay  TD3 to conductor T3-0. extending into the tens
connector circuit of Fig. 12, thence over make contact 2
of relay RCDO, through the windings of the tens con-
nector relays TCS3, THC3, TU3, and TM3, to battery
over make contact 1% of relay RCDO. In a similar
fashion. the operation of relay RCCO causes a circuit
to be completed from the dial pulse register of Fig. 19
to the units selection circuit in the marker of Fig. 16
whereby the. units selection relay U4 of Fig. 16 is op-
erated in accordance with the repistration in Fig. 18
of the units digit 4 corresponding to the called P.B.X
line. This circuit extends from ground in Fig. 19, over
break contact 8 of relay TMOR, break contact 3 of re-
lay OT, make contact 4 of relay P2A, break contact 8
of relay RA, break contact 19 of relay P5, make contact
12 of relay P4, break contact 10 of P2 and make con-
tact 4 of relay STR, to conductor U4-0 extending into
the units selection circuit of Fig. 16, thence over make
contact § of relay RCCO, and make contact § of relay
RUCB, to battery through the winding of relay. U4.
Upon the operation of relay THC3 of Fig. 12, a circuit
is completed in Fig. 37 for operating select magnet con-
nector relay SMC3 in an obvious manner over make
contact ¢ of relay THC3. The operation of relay SMC3
prepares circuits to be described hereinafter whereby
the proper select magnets will be operated on switch
No. 3 of Fig. 34 in order to effect connection with the
called P.B.X line circuit 34 of Fig. 35, if the latter cir-
cuit 4s determined to be idle when tested.

The operation of the units selection relay U4 in Fig:
16 initiates the action whereby a test is made to deter-
mine the busy or idle condition of the called P.B.X
line circuit 34 of Fig. 35, the operation of relay U4
having caused the operation in Fig. 17 of relays UEA
and UEB over obvious circuits controlled by make con-
tacts 9 and 8 of relay U4, make contacts 10 and 11 of
relays TEA3 and TEB3, and make contacts 24 and 23
of register preference auxiliary relay RPAO. In Fig.
30 a circuit is completed extending from ground, through
the lower winding of relay $4, make contact 12 of relay
U4 to conductor 4, thence over make contact 5 of relay
TM3, to sleeve conductor S34 extending into Fig. 35
to the sleeve lead S of line circuit 34. If line circuit 34
is busy, a low resistance (about 100 ohms) ground will
exist on its sleeve conductor S and relay S4 of Fig. 30
will not operate. It will be assumed, however, that line
circuit 34 is idle, whereupon relay S4 of Fig. 30 will find
battery on the sleeve conductor S of line circuit 34
through the winding of line hold magnet LHM34. Re-
lay S4 of Fig. 30 operates in this circuit but hold magnet
LHM34 does not. Relay S4, in operating, closes its
own make contact 1 in parallel with make contact 12 of
relay U4 in order to maintain its operating circuit inde-
pendently of the condition of the units selection relay U4
of Fig. 16. Relay S4, in operating, completes circuits
in Fig. 32 for operating relays SEA, SEB, etc. as pre-
viously described, these relays locking under control of
make contacts 6 of relays SEA and SEB. Upon the op-
eration of relays SEA and SEB of Fig. 32, relays RUCA
and RUCB of Fig. 17 release, thereby in turn causing
the release of the umits selection relay U4 of Fig. 16,
which in turn causes the release in Fig. 17 of the units
end: relays UEA. and UEB.

Upon the operation, previously described, of relays
JREA and JREB of Fig. 40 and relays RCTA and RCTB
of Fig. 41, circuits are completed in Fig, 47 for operat-
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ing the relays LTAA, LTBA, LTA and LTB, the op-
eration of which initiates the procedure whereby a test
is made for an idle link through the crossbar switches
as previously explained. In Fig. 47 a circuit extends
from battery, over make contact 10 of relay JREA,
make contact 8 of relay RCTA, and to ground through
the winding of relay LTAA, and in parallel therewith,
to ground through the winding of relay LTA through
break contacts 10 and 4 of relays LEAA and LEBA.
Relays LTA and LTAA operate in this circuit. A sim-
ilar circuit in Fig. 47 is arranged in an obvious fashion
to cause the operation of relays LTB and LTBA.

The operation of relays LTAA and LTBA cause the
operation in Fig. 47 of relay WLGA and the release of
relay WLG, as previously explained, leaving relay ZLG
operated under the control of make contact 5 of relay
WLGA. Also, in Fig. 37, the operation of relays LTAA
and LTBA causes the release of relay WL, leaving re-
lay ZL operated as previously described; and, the re-
lease of relay WL causes the operation of relay ZIL,
leaving relay WIL operated as previously described. It
will also be apparent in Fig. 47 that since relay ZLG
remains operated, both of the relays TRLA and TRLB
will remain operated.

The testing for an idle crossbar switch link will take
place substantially as previously described under the
control of the circuits of Figs. 46 and 47. However,
with relays TRLA and TRLB of Fig. 47 operated, it
will be noted in Fig. 46 that the circuits whereby the
link test relays LT2 through LT9 test the busy or idle
condition of the upper or lower halves of the eight
switch links 2 through 9 have their circuits completed
by make contacts of relays TRLA and TRLB, such that
the testing this time for an idle link will be in all of the
upper levels. For instance, with respect to link test relay
1LT2, the left-hand sides of its windings are extended
over make contact 3 of relay TRLB or make contact 12
of relay TRLA to link sleeve test conductor S12, which
represents the three upper tip, ring and sleeve con-
ductors comprising the upper half of the six-wire hori-
zontal link 2. The only link throngh the crossbar switch
network which is presently busy is the link correspond-
ing to sleeve test conductor S09 in Fig. 46, which is
the lower half of the horizontal level 9. In view of
the fact that we are now testing the upper halves of all
of the switch levels, it will be assumed that they are all
idle, whereupon all of the relays L'T2 through LT9 will
operate, thereby causing the operation of all of the cor-
responding relays L'TS2 through LTS® of Figs. 46 and
47. In Fig. 37, with relays ZL and WIL both op-
erated, the preference arrangement for operating select
magnets will result in preference D, in a circuit extend-
ing from ground, through the parallel make contacts 1
of relays LEAA and LEBA, make contacts 2 and 1
of respective relays ZL and WI1L, over make contact 4 of
relay LTS2 and over make contacts 2 of select magnet
connector relays SMC1 and SMC3, to battery through
select magnets SM12 and SM32 corresponding respec-
tively to the similarly numbered select magnets in Figs.
23 and 34, namely, select magnet SM12 on switch 1
of Fig. 23 and select magnet SM32 (not shown) on
switch 3 in Fig. 34. Likewise in Fig. 37, circuits are
completed for operating the select magnets SM1i and
SM31 for switches 1 and 3 of Figs. 23 and 34. This
circuit in Fig. 37 extends from ground, over the parallel
make contacts 1 of the operated relays LTS2 through
LTS9, parallel make contacts 2 of relays TRLA and
TRLB, parallel make contacts 5 of relays LEA and
LEB, and over make contacts 1 of select magnet con-
nectors SMC1 and SMC3 to battery through the wind-
ings of select magnets SM11 for switch 13 in Fig. 23 and
SM31 (not shown) for switch 3 in Fig. 34. The oper-
ation of select magnets SM11 and SM12 of switch 1 in
Fig, 23 and of select magnets: SM31 (not shown) and
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SM32 (not shown) for switch 3 in Fig. 34, the cross-
bar switch network is arranged such that upon the .op-
eration of the hold magnets corresponding to the junc-
tor and line circuits, the called line circuit 34 of Fig. 35
will be connected to the terminating end of the junctor
circuit 0 of Fig. 24.

The select magnet control circuit then signals the line
and trunk hunting circuit to operate the hold magnet
associated with the called station line, assuming it is idle,
and to operate the terminating hold magnet of the se-
lected junctor. The terminating end of the junctor is
then connected to the called line over the selected link.
After checking to determine that the junctor is holding
the called line, the line and trunk bunting circuit signals
the sequence control circuit to advance from the ter-
minating to the originating part of the call. The se-
quence circuit, in advancing, restores to normal the tens
connector, the units selection, the line and trunk hunt-
ing, the link test, and the select magnet control circuits
(Fig. 2E).

Upon the operation of one or more of the link test
slave relays L'TS2 through LTS9 of Figs. 46 and 47, cir-
cuit operation in the link test circuit of Figs. 46 and 47
is initiated whereby the link test circuit is returned to
normal and hold magnet operation takes place. As pre-
viously explained, the operation in Fig. 47 of relays
LEA, LEAA, LEB and LEBA indicates the end of link
testing and initiates the release action. In Fig. 37, upon
the operation of relays LEA and LEB, as previously
described, relays SMTA and SMTB operate. Relays
SMTA and SMTB, in operating, cause the operation in
Fig. 7, as previously described, of the hold magnet test
and select magnet release relays HMTA, HMTAA,
HMT3B, HMTBA, SMRA, SMRAA, SMRB and SMRBA.
Upon the operation of relays SMTA and SMTB, circuits
are completed in Figs. 29 and 30, as previously de-
scribed, for applying ground to conductors S10 and S13
into Fig. 30 from Fig. 29. Ground on these two leads
extends in Fig. 30 over respective make contacts 4 and
8 of relay S4 and make contacts 5 of relays SMRAA
and SMRBA to conductor 4, thence over make contact
5 of relay TM3 to conductor S34 into Fig. 35, to bat-
tery through the winding of line hold magnet LHM34,
which thereupon operates. Also, upon the operation of
relays SMTA and SMTRB, a circuit is completed between
Fig. 29 and Fig. 24 for operating the terminating hold
magnet THM11 for junctor circuit 0. This circuit ex-
tends in Fig. 29 from ground, over the parallel make
contacts 7 of relays SMTA and SMTB, make contact 5
of junctor register relay JRO to conductor THMO, lead-
ing into Fig. 24 to junctor circuit 0, thence to battery
through the winding of junctor terminating hold magnet
THM11, which thereupon operates.

Junctor circuit 0 terminating hold magnet THMI1 is
shown in Fig. 23 on switch 1 and line circuit hold magnet
LHM34 is indicated, but not shown in Fig. 34 for switch
3. Upon the operation of these two hold magnets the
tip, ring and sleeve conductors for liné circuits 34 of
Fig. 35 are connected to conductors Ti2, R12 and S12
in the upper half of level 2 of switch 3 in Fig. 34, thence
into switch 2 of Fig. 27 and into switch 1 of Fig. 23,
thence over the crosspoints and into the tip, ring and
sleeve conductors TT, RT and ST leading into junctor
circuit 0 of Fig. 24, thereby interconnecting the called
line circuit 34 of Fig. 35 to the terminating end of junc-
tor circuit 0 in Fig. 24. Upon the interconnection of
line circuit 34 of Fig. 35 with the terminating end of
junctor circuit 0 in Fig. 24, a circuit is completed for
holding operated the line hold magnet LHM34 shown in
Figs. 34 and 35. This circuit extends from ground in
Fig. 29, over the parallel make contacts 7 of relays
SMTA and SMTRB, over make contact 7 of relay JRO,
to the SO lead into Fig. 23, to the ST lead leading into
Fig. 24, and over the crossbar switch link on lead S12
into Fig. 34 thence over the crosspoint to the sleeve
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conductor S of line circuit 34 in' Fig. 35 to battely
through the winding of line hold magnet LHM34. = As
previously explained, upon the operation - of relays:
HMTA and HMTB of Fig. 7, circuits are completed in
Fig. 29 whereby relays HMKA and HMKB test for hold-
ing ground on the sleeve of line circuit 34 in Fig. 35.
If ground is found on this sleeve conductor S in Fig. 35
for line circuit 34, it is assumed that the junctor circuit
0 of Fig. 24 is properly holding the line hold magnet
operated from the line and trunk hunting circuit of Fig.
29 over the closed crossbar switch paths, Relays HMKA
and HMKB of Fig. 29 operate to indicate a proper check
for this hold magnet situation. . '

The operation of relays HMKA and HMKRB, indicat-
ing a proper holding condition existing upon the hold
magnets LHM34 of Fig. 35 and THM11 of junctor cir-
cuit 0 in Fig, 24, initiates action whereby the marker
circuit advances ‘to the condition where it can conmect
the originating end of junctor circuit. 0 of Fig. 24 to the
tip, ring and sleeve conductors of the calling line circuit
30 of Fig. 35, thereby to complete the.call between these
two line circuits under the supervision of junctor . cir-.
cuit 0. Upon the operation of relays HMKA and
HMKB, circuits are completed in Fig. 41 for operating
relays TRKA, TRKAA, TRKB and TRKBA of the se-
quence control circuit.. A circuit is. completed in Fig.
41 from ground, over make contact'2 of relay HMKA,
make contact 1 of relay RCTA, make contact 1 of relay
JREA, through the -windings' of relays TRKA and
TRKAA, and through make contacts 12, 11 and 10 of
respective relays JREA, RCTA and HMKA to battery.
Relays TRKA and TRKAA operate in this circuit and
lock over their own make contacts 12 under the control
of make contacts of several other: relays, as will be ap-
parent in Fig, 41. Similar operating. and locking circuits
are provided in Fig. 41 for relays TRKB and TRKBA.
The operation of relays TRKA and TRKBA cause the
release in Fig. 7 of relays HMTAA, HMTA, HMTBA
and HMTB. The operation of relays TRKAA and
TRKBA also causes the release in Fig, 37 of relays’
SMTA and SMTB, which in turn causes the release of
their associated relays SMRA, SMRB, etc. in Fig. 7.
The release of relays SMRA, SMRB, etc. causes the
release in Fig. 30 of the sleeve relay S4,.the release of
which in turn causes the release in Fig. 32 of the sleeve-
end relays SEA, SEB, etc. The release -of relays SEA
and SEB causes the reoperation in Fig. 17 of relays
RUCA and RUCB. The reoperation of relay RUCB
completes a circuit in Fig. 16, as previously explained,
for operating the units relay U4 from ground supplied
from the dial pulse register over-lead U4-0 in Fig. 16.
The reoperation of the units relays U4 of Fig. 16 causes
the reoperation, as previously explained in Fig. 17 of the
units end relays UEA and UEB.

Meanwhile, upon the release of relays HMKA, HMKB,
SMTA and SMTB and upon the operation of- relays
TRKA and TRKB, circuits are completed in Fig. 41 for
the operation of relays TRCA, TRCAA, TRCB and
TRCBA. The circuits- for operating relays TRCA and
TRCAA extends in Fig. 41 from ground, over make
contact 4 of relay TRKA, break contacts 1 and 6 of relays
HMKA and SMTA, through the windings of the relays,
over break contacts 10 and 11 -of relays' SMTB and
HMKSB, to battery over make contact 10 of relay TRKA.
Similar circuits are provided in Fig. 41 whereby relays
TRCB and TRCBA are also operated. Relays TRCA
and TRCB of Fig. 41, in operating, cause the release
of relays RCTA, RCTB, etc. also of Fig. 41, which in
turn cause the release of all of the relays RCAO through
RCEO of Fig. 12. Relay RCCO, in releasing, causes
the release in Fig. 16 of the units relay U4, which in
turn causes the release in Fig. 17 of the relays UEA
and UEB. The release of relay RCDO causes the release
in Fig. 12 of the tens connector relays TCS3, THC3,
TU3 and TM3. Relay THCS3, in releasing, causes the
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release in Fig. 37 of the select magnet connector relay
SMC3, which thereupon causes the release in Fig. 34
of the select magnets SM31 and SM32 (neither of which
is shown) previously used for establishing the connec-
tion between the called P.B.X line circuit 34 of Fig. 35
and the terminating end of the junctor ¢ circuit of Fig.
24. The release of relays RCTA and RCTB causes the
release ‘in Fig. 47 of relays LTA, LTAA, LTB and
LTBA, which .in turn cause the, release of relays LEA,
LEAA, LEB and LEBA also of Fig. 47. The release
of relays LEA and LEB of Fig. 47 causes the release
of all operated link test slave relays LTS2 through
LTS9 of Figs. 46 and 47, the release of the relays LTS2
through LTS9 causing the release of .operated select
magnets SM11 and SM12 of switch 1 in Fig. 23. The
release of relays UEA and UEB of Fig. 17 and the release
of relays RCTA and RCTB of Fig. 41 cause the release
of the TRKA, TRKB, etc. relays. also in Fig. 41. This
completes the restoration to normal of the tens connector
circuit (Fig. 12),; the units selection. circuit (Figs. 15,
16. and 17), the line and trunk hunting circuit (Figs. 29,
30, 32 and 33), the link test circoit (Figs. 46 and 47),
and: the select magnet control circuit (Fig. 37), and has
advanced the sequence circuit (Fig. 41) for purposes of
completing the originating end of the junctor connection.

It will be recalled at the time that the hold magnet
THMO8 of switch 0 in Fig. 3 was operated to interconnect
the dial pulse register 0 of Fig. 18 with the line circuit
30 of Fig. 35, an additional hold magnet THM09 on
switch 0 of Fig. 3 was also operated. The purpose of
this extra hold magnet is to record for further use
information relating to which link of the crossbar switch
was used on the dial tone job so that the same link may
be reused in interconnecting the calling line 30 of Fig.
35 with the originating end of the junctor circuit 0 of
Fig. 24. Tt will be recalled that the dial tone connection
used the lower half of the ninth horizontal link in re-
sponse to the operation of select magnets SM0¢ and
SM09 of switch 0 in Fig. 3 prior to the operation of the
hold magnets THM08 and THM09.

The sequence circuit then signals the register control
circuit to operate the select magnets corresponding to
the link to which the calling line and the dial pulse
register are connected. The line and trunk hunting cir-
cuit is also signaled to: operate the originating hold mag-
net of the selected junctor. The line and trunk hunting
circuit then checks to determine that the junctor is hold-
ing the calling line, and signals the route control circuit
to release the marker. The route control circuit signals
the register control circuit to release the dial pulse reg-
ister and restores the marker to normal (Fig. 2G).

Tt will be recalled that at the time hold magnet THM08
of switch @ in Fig: 3- was operated to complete the dial
tone connection, hold magnet THM09 was also- oper-
ated. The purpose of hold magnet THM09, which may
be designated a memory-hold-magnet, is to record in-
formation as to which link of the crossbar switch was
used on the dial tone job so that the same link might
be used to connect the calling party to the originating
end of the junctor circuit 0 of Fig. 24. 'In this respect,
it will be recalled that the lower half of horizontal 9 was
used for the dial tone job by virtue of the fact that select
magnets SM00 and SM09 of switch 0 in Fig. 3 were
operated for that purpose.

1t is now necessary to cause the operation of the corre-
sponding select magnets SM1¢ and SM19 of switch 1
in Fig. 23 in order that the same lower half of horizontal
9 may be used to make connection to the tip, ring and
sleeve leads T0, RO and SO comprising the originating
section of junctor circuit 0 of Fig. 24. In Fig. 6, two
circuits are completed for grounding conductors SMO0
and SMO1 extending from Fig. 6 into- Fig. 3. One of
the circuits in Fig. 6, in the upper left-hand corner there-
of, extends from ground, over the parallel make contacts
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relays COB and COA and through make contact 5 of
relay RPO to conductor SM@¢ extending into Fig. 3.
The other circuit extends from ground in Fig. 6, over the
parallel make contacts 11 of relays TRCAA and TRCBA,
break contacts 5 of relays COB and COA, and through
make contact 6 of relay RPO to conductor SM01 extend-
ing into Fig. 3. In Fig. 3 ground on conductor SMéi
extends over the crosspoints controlled by select magnet
SM09 and hold magnet THM®$9, thence up along the
vertical, and over the crosspoints controlled by select
magnet SM92 and hold magnet THMS9, to conductor
SM9 extending into Fig. 37. A similar circuit is pro-
vided whereby the ground on conductor SM&0 in Fig. 3
is extended over the same group of crosspoints to con-
ductor SM9, also extending into Fig. 37. In Fig. 37
ground on conductor SM@ extends over make contact
10 of relay SMC1 to battery through the winding of
select magnet SM10, thereby operating that select mag-
net SM10 of switch 1 in Fig. 23. Ground on conductor
SM9 from Fig. 3 into Fig. 37, extends over make con-
tact 9 of relay SMC1 and to baitery through the winding
of select magnet SM19, thereby operating that select
magnet SM19 of switch 1 in Fig. 23.

The circuits are now in condition whereby, upon the
operation of the hold magnet THM1® of switch 1 in Fig.
23, the originating end of junctor circuit O of Fig. 24 may
be conmected to the tip, ring and sleeve conductors of
line circuit 3¢ in Fig. 35—in parallel with the same tip,
ring and sleeve conductors connected to dial pulse reg-
ister & of Fig. 18. Upon the release, as above described,
of relays TRKAA and TRXBA of the sequence control
circuit of Fig. 41, circuits are completed in Fig. 37 for
reoperating relays SMTA and SMTB. The circuit for
operating relay SMTA extends from ground, over break
contacts 5 of relays TRKAA and RLAB, break contact
4 of relay RLSA, through the winding of relay SMTA,
break contacts 9 of relays RLSB, RLBB and STAR,
break contact 4 of relay STBR, break contact 3 of relay
TRKBA, break contact 5 of relay LTAA, break contact
19 of relay COA, to battery through make contact 4 of
relay TRCAA and make contact 12 of relay SMC1. A
similar circuit is provided in Fig. 37 for operating the
corresponding relay SMTB. Upon the operation of re-
lays SMTA and SMTB of Fig. 37, a circuit is completed
for operating the hold magnet THM18 of junctor circuit
0 in Fig. 24. This circuit extends in Fig. 29 from two
parallel ground supplies: one ground supply extends over
make contact 4 of relay SMTB, break contact 7 of relay
HMTA, break contact 4 of relay HMTB, break contact
5 of relay TRKB, break contact 8 of relay SOA, break
contact 4 of relay SOB, make contact 1 of relay TRCBA,
and break contacts ¢ of relays TRKB and TRKA to con-
ductor J; and, the other ground supply extends in Fig.
29 over make contact 4 of relay SMTA, break contact
7 of relay HMTB, break contact 4 of relay HMTA, break
contacts 5, 8 and 4 of respective relays TRKA, SOB and
SOA, make contact 1 of relay TRCAA to conductor J
over break contacts 3 and 7 of respective relays TRKB
and TRKA. The ground on conductor J in Fig. 29 ex-
tends over make contact 4 of junctor register relay JRO
to conductor OHM@ leading into Fig. 24 and thence to
battery through the winding of magnet THMI10. Hold
magnet THM10 thereupon operates and, as will be appar-
ent from Fig. 23, the operation of this hold magnet
THM10 connects conductors S®, R€¢ and TO from the
junctor circuit 0 of Fig. 24 over the right-hand three
crosspoints corresponding to select magnet SM1§ in Fig.
23, thence vertically to level 2 and over the three cross-
points corresponding to the lower half of level 9, thence
over conductors S09, R09 and T09, across the switches
to the sleeve, ring and tip conductors of line circuit 30
of Fig. 35 and also to the sleeve, ring and tip conductors
of dial pulse register ¢ circuit of Fig. 18.

When the hold magnet THM1$ of Fig. 23 operates to

5 of relays TRCAA and TRCBA, break contacts 3 of 7§ connect the tip, ring and sleeve conductors T0, R0 and
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S6 of the junctor circuit 0 of Fig. 24 to the tip, ring and
sleeve conductors of the calling line 30 of Fig. 35, a
circuit is completed over the tip and ring loop into Fig.
24, on the tip conductor TO over break contact 8§ of relay
D to ground through the upper winding of relay A, and
on the ring conductor R¢ over break contact 6 of relay
D to battery through the lower winding of relay A.
Relay A operates in this loop circuit and operates relay
B of Fig. 24 in an obvious manner. Relay B, in operat-
ing, provides holding ground for the line hold magnets
and the junctor hold magnets so that the crossbar switch
connections will remain completed after the marker and
register are released. In Fig. 24, make contact 4 of relay
B completes a circuit from ground through half of the
Tesistance A to the originating sleeve conductor So,
thence across the sleeve conductor S09 of the lower half
of the ninth switch level into Fig. 34, thence to the
sleeve conductor S of line circuit 3¢ in Fig, 35, and to
battery through the winding of line hold magnet LHM30.
In a similar fashion in Fig. 24, make contact 2 of relay
B connects ground through the other half of the resist-
ance A to the terminating sleeve conductor ST into Fig.
23, thence to the sleeve conductor S12 of the upper half
of switch level 2, thence into Fig. 34 and, by means of
crossbar switch structure not shown in Fig. 34, to the
sleeve conductor S of line circuit 34 in Fig. 35 and to
battery through the winding of line hold magnet LHM34.
Also in Fig. 24 make contacts 8 and 10 of relay B com-
plete holding grounds for the terminating and originating
hold magnets THM11 and THM10 of junctor circuit 0.
By means of these various holding circuits, relay B of
junetor circuit 0 in Fig. 24 will hold all four hold magnets
operated to maintain the connection across the crossbar
switch network between line circuits 30 and 34 of Fig.
35 and the respective originating and terminating circuits
of junctor 0 in Fig. 24.

In the meantime, in the route control circuit of the
marker in Fig. 7, upon the operation of relays SMTA and
SMTB of Fig. 37, circuits were completed whereby the
slow operate relays HMTAA, HMTA, HMTBA and
HMTB were operated after a snitable time delay in order
to make a previously-described test to determine whether
or not the junctor circuit 0 of Fig. 24 is properly holding
the hold magnets operated. Ground on the hold magnet
lead OHMO of junctor circuit 0 in Fig. 24 extends into
Fig. 29, over make contact 4 of relay JRO to the T con-
ductor, thence in parallel circuits previously described
through break contacts of relays TRKA and TRKB, make
contacts 1 of relays TRCBA and TRCAA and break con-
tacts of relays SOB, SOA and TRKB and TRKA, and
thence, with respect to the winding of relay HMKB in
Fig. 29, over parallel make contacts of 11 and 4 of relays
HMTA and HMTB to battery through the winding of the
ho}d magnet check relay HMKB. A similar circuit pre-
vails for causing the operation of the corresponding relay
HMKA. As previously described, the operation of relays
HMKA and HMKB represents a proper check by the
marker circuit that the junctor circuit 0 of Fig. 24 is
properly holding the originating hold magnet connection.

Upon the operation of relays HMKA and HMKB, the
down check relays DCKA and DCKB in Fig. 50 are
released. The release of relays DCKA and DCKB of
Fig. 50 causes the operation, previously described, of the
route control relays in Fig. 7 pertaining to the release of
the marker circvit—namely relays RLA, RLB, etc. These
release relays operate and lock in circuits previously
described. The operation of relays RLAB and RLBR
completes circuits extending from the register control of
Fig. 6 into the dial pulse register ¢ circuit of Fig. 18 for
operaiing the release relays RRLA and RRLB of the
register. These circuits extend from grounds in Fig. 6,
over make contacts 4 of relays RLAB and RLBB and
through respective make contacts 3 and 4 of relay RPAC
to respective conductors RRAO and RRBO extending
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inte Fig. 18, thence over respective break contacts 3 and
5 of relay BYR and through respective make contacts
12 and 11 of relay ON to battery through respective
windings of relays RRLA and RRLB. Relays RRLA
and RRLB operate in these circuits and complete locking
circuits for themselves in an obvious fashion over their
respective make contacts 1 and 12 in Fig. 18.

The operation of the.release relays RRLA and RRLB
of dial pulse register @ in Fig. 18 causes the release of
all of the circuits in the dial pulse register and returns
it to normal so that it may be used for another connec-
tion. In the present instance, upon the operation of
these release relays, the following relays in the dial pulse
register @ of Figs. 14, 18 and 19 are released: relays
TLD and TLA of Fig. 14; relays L, SR, P2A, P3 and P4
of Fig. 18; and relays TD3, STR, DC, and UD of Fig. 19.
Eventually, upon the release of the slow release relay
SR of Fig. 18, relay ON of Fig. 18 is also released,
thereupon in turn causing the release of the relays RRLA
and RRLB to return the dial pulse register ¢ circuit of
Figs. 14, 18 and 19 completely to normal. Upon the
return to normal of the dial pulse register circuit of
Figs. 14, 18 and 19, the two register hold magnets
THM6% and THM8 of Figs. 3 and 6 are released, there-
by removing dial pulse register ¢ circuit from connection
with the lower half of horizontal level 9 of the crossbar
switch network. Also, upon the release of dial pulse
register §, its tens selection relay R¢ of Fig. 11 is re-
leased, thereupon causing the release in Fig. 11 of relays
TEAQ, etc. and TEBY, etc. assuming, as will be the case
in the instant example, that no other tens selection re-
lays are operated. Also, in the register control circuit of
Fig. 6, upon the release of the dial pulse register @
circuits, previously described, are completed for reoperat-
ing the relays RAGB and RACGA provided, as will also be
assumed, that dial pulse register 1 has handled another
call in the meantime such that its relays RAIB and
RAIA may have released to permit the marker to again
assign a call to dial pulse register 0.

Returning now to the completion of the releasing
function of the marker, the operation of the release re-
lays RLA, RLB, etc. of Fig. 7 causes the release in
Fig. 10 of relays TCK1 through TCK4 and relay RP9.
The release of relay RP6 of Fig. 10 causes the release of
relay RPAO in Fig. 12, JRO of Fig. 40, relays TRCA,
TRCAA, TRCB and TRCBA of Fig. 41 and the select
magnets SM1¢ and SM19 of Fig. 23. The release in
Fig. 12 of relay RPAC causes the release in Fig. 17 of
relays RUCA and RUCB. The release in Fig. 40 of re-
lay JR® causes the release of relays JREA and JREB
of Fig. 40 and the release in Fig. 37 of the operated
select magnet connector relay SMC1.

Upon the operation of the relays RLAB and RLBB
of Fig. 7 relays SMTA and SMTB of Fig. 37 are released,
and these relays in turn cause the release in Fig. 7 of
relays HMTAA, HMTBA, HMTA and HMTB. Upon
the release of relays TRCAA, TRCBA, HMTA and
HMTB, relays HMKB and HMKA of Fig. 29 are re-
leased.

Upon the release of relays HMKA and HMKB, pre-
viously described circuits in Fig. 50 are again effective
for causing the reoperation of relays DCKA and DCKB
which, upon operating, provide locking circuits for them-
selves over their own make contacts 12 for maintaining
themselves operated independently of the condition of
relays RLAA and RLBA. The operation of relays
DCKA and DCKB, as previously mentioned, is an indi-
cation that the marker circuit has properly released.
Upon the operation of relays DCKA and DCKB the route
control release relays RLA, RLB, etc. of Fig. 7 are re-
leased. The marker is thereby restored to normal to
serve another call.

When the calling and called lines are connected to-
gether through the junctor and two links, the junctor
provides talking battery to both the calling and. the called
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lines, and provides a holding path to the originating and
terminating ends of the junctor as above described. The
junctor signals the power supply circuit to start the ring-
ing generator, if it has not been already started by am-
other circuit, and provides a path for the ringing current
between the called line and the power supply. The
junctor also furnishes audible ringing tone to the calling
line. When the called party answers the call, a super-
visory circuit in the junctor opens the ringing path and
reverses the originating tip and ring leads. This reversal
is used on calls to P.B.X lines from tie trunks which re-
quire reversed baitery-type supervision.

The calling line circuit 36 of Fig. 35 and the called
line circuit 34 of Fig. 35 are connected over the crossbar
switch network to the respective originating and termi-
nating ends of junctor circuit O in Fig. 24. The tip, ring
and sleeve conductors of line circuit 3¢ in Fig. 35 extend
into Fig. 34 and thence over conductors T09, R8% and
S69 into Fig. 23 thence down into Fig, 24 to the originat-
ing tip, ring and sleeve conductors T¢, R$ and SO of
junctor circuit 0; and, the tip, ring and sleeve conductors
of the called line circuit 34 of Fig. 35 extend into Fig. 34
and thence over conductors T12, R12 and Si2 into Fig.
23 and thence to the terminating tip, ring and sleeve con-
ductors TT, RT and ST of junctor circuit 0 in Fig, 24.
As previously explained upon the completion of the
calling line loop, relay A of the junctor circuit operated,
to in turn operate relay B, and the operation of relay
B applied holding grounds for the terminating and orig-
inating hold magnets THM11 and THM1$ of the junctor
and for the line hold magnets corresponding thereto,
namely, hold magnets LHM34 and LHM3% of Fig. 35.
Upon the operation of relay A of junctor circuit 0, ring-
ing tone is applied from the box in Fig. 24, over make
contact 10 of relay A, through the left-hand winding of
the tripping relay TP, break contact 9 of relay TP,
thence over the terminating ring lead RT, to the ring
lead R of the called line circuit 34 of Fig. 35, over the
P.B.X station alternating current loop, back over the
tip lead T of the called line circuit 34, over the cross-
bar switch network to the terminating tip lead TT of
the junctor, thence to ringing ground over break con-
tact 7 of relay TP. Over this circuit ringing current is
supplied to the called P.B.X station and it will be noted
in Fig. 24 that a portion of this ringing current is re-
turned through condenser A and condenser R to the
originating ring conductor RO of the junctor, thence over
the crosbar switch network to the ring conductor R of the
calling P.B.X station line 39 of Fig. 35 to provide the

calling P.B.X station with audible ring-back to inform: ¢

that party that the called P.B.X station is being rung.

When the called station 34 of Fig. 35 answers the
ringing tone and lifts the receiver at the station instru-
ment, the direct current tip and ring loop at the called
station line circuit 34 is closed, thereby causing relay TP
of the junctor circuit 0 in Fig. 24 to operate over its left-
hand winding and to lock in a circuit from ground, over
its own make contact 12 and make contact 6 of relay B
to battery through its right-hand winding. Relay TP, in
operating, removes the ringing ground and ringing cur-
rent from the tip and ring conductors TT and RT and
completes a circuit for causing the operation of relay D
over the tip and ring loop of the called station. In Fig.
24 this circuit extends from the tip conductor TT, over
make contact 7 of relay TP, to ground through the upper
winding of relay D and from the ring conductor RT,
over make contact 9 of relay TP, to battery through
the lower winding of relay D. Relay D operates in this
circuit and, in operating, applies ground over its make
contact 10 to supplement the holding ground on relay TP
from make contact 6 of relay B and applies ground over
its make contact 2 to supplement the terminating hold
magnet ground supplied by make contact § of relay B,
and through its make contact 4 supplements the termi-
nating sleeve ground controlled by make contact 2 of
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relay B. Relay D, in operating, reverses the battery and
ground to the calling station line circuit by virtue of the
transfer contacts 6 and 8 of relay D in the circuits of the
upper and lower windings of relay A. This battery and
ground teversal is used on calls to P.B.X lines from tie
tr_'unks which require the reversed battery type of super-
vision.

The junctor circuit 0 of Fig. 24 is now supplying talk-
ing battery through relay A to the calling line and
through relay D to the called line. Ground extends
through the upper winding of relay A over make contact
8§ of relay D to the originating ring conductor RO, which
is connected to the ring conductor R of the calling line
circuit 39 of Fig. 35; and, battery is supplied through the
lower winding of relay A and over make contact 6 of
relay D to the originating tip conductor T¢, which is con-
nected to the tip conductor T of the calling line circuit
36. Similarly, ground and battery are supplied through
the respective upper and lower windings of relay D,
thence over make contacts 7 and 9 of relay TP to the
terminating tip and ring conductors TT and RT, which
are connected to the tip and ring conductors of the called
line circuit 34 of Fig. 35. The calling and called P.B.X
stations 30 and 34 of Fig. 35 may now converse with each
other under the supervision of junctor circuit 0, the voice
current path being completed in junctor circuit 0 in Fig.
24 through the direct-current blocking capacitors T and R.

Release of connection

The release of the junctor is under control of the
called station loop. If the calling station disconnects
first, the supervisory equipment of the junctor will release
the originating end of the junctor, but the terminating
end will be held until the called party hangs up. If the
marker tests the terminating end of the junctor for a
busy indication, the junctor will test busy until released by
the called party. If the called party disconnects first,
the junctor supervisory circuit will not function until the
calling party disconnects, after which the originating and
terminating hold magnets release and restore the junctor
and links to normal.

If the called party did not answer, the connection is
released mpon the calling party disconnecting.

If the calling P.B.X party (line circuit 3¢ of Fig. 35)
disconnects first, relay A of junctor circunit 0 of Fig. 24
releases, thereby releasing relay B. Relay A, in releasing,
disconnects the ringing supply from the left-hand winding
of the tripping relay TP. Relay B, in releasing, removes
holding ground from the originating sleeve connection,
thereby releasing hold magnet LHM39 of Fig. 35, and
removes holding ground from the originating hold magnet
THMI9 of junctor circuit 0, thereby releasing it. This
causes the release of the entire originating section of the
call. However, since the called party loop is still closed,
relays D and TP of the junctor circuit remain operated,
thereby to maintain the terminating end of the junctor
closed such that line hold magnet LHM34 of Fig. 35 and
the terminating hold magnet THM11 of Fig. 24 remain
operated. Then, when the called party releases, this
causes the release of relay D, which in turn causes the
release of relay TP. The release of relays D and TP
cause the release of the junctor terminating hold magnet
THMii of Fig. 24 and the called P.B.X party line circuit
hold magnet LHM34 of Fig. 35 resulting in a complete
release of the entire connection.

If the called P.B.X party (line circuit 34 of Fig. 35)
should release first, this will cause the release of only
relay D of the junctor circuit 0 of Fig. 24. The release
of only relay D does not affect any of the hold magnet
holding circuits controlled by the junctor. Therefore,
until such time as the calling party (line circuit 39) dis-
connects, both the originating and terminating sections
of the junctor are still connected and all of the four hold
magnets are still operated. Then, when the calling party
(line circuit 30) disconnects, relay A releases, followed
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by the release of relay B, followed by the release of
relay TP, which causes the release of all of the four
hold magnets involved and results in a complete discon-
nection,

In the event that the called party (line circuit 34 of
Fig. 35) did not answer when ringing current was sup-
plied thereto by junctor circuit 0 of Fig. 24, the junctor
would. be-in the condition whereby only relays A and B
would be operated. Therefore, upon the disconnection
of the calling party, relay A would release, followed by
the release of relay B; and this, in turn, would cause the
release of all of the hold magnets resulting in a complete
disconnection.

Called station busy conditions

P.B.X lines may or may not be able to hunt to another
line or lines. If a called line is busy and is not arranged
for hunting, or there is no idle line to which the called
busy line is arranged to hunt, the calling circuit is pro-
vided with busy tone from a busy tone trunk if the latter
is idle or from the dial pulse register if the busy tone
trunk is engaged. If the called busy line is arranged for
bunting and an idle such line is available, the calling
party will be connected to that idie alternate line.

When busy tone must be supplied, the marker tests
the busy tone trunk to determine whether or not it is
available. If the busy tone trunk is engaged, the marker
instructs the dial pulse register to supply busy tone to the
calling party and is released. When the calling party
disengages in response to busy tone, the dial pulse register
releases and the circuits are returned to normal.

Hereinbefore description was provided with respect
to the circuit details whereby a calling P.B.X line circuit
30 of Fig. 35 was interconnected with a called P.B.X
line circuit 34 of Fig. 35, it having been assumed that
when the line circuit 34 was tested it was found. to be
idle. It will be recalled, under these circumstances, that
when the units selected relay U4 of Fig. 16 was operated
from the units register of Fig. 18 in the dial pulse register
0, a circuit was completed in Fig. 30 for testing the sleeve
conductor S of line circuit 34 in Fig. 35. This circuit
extended from ground in Fig. 30 through the lower wind-
ing of relay S4, over make contact 12 of relay U4, to
conductor 4, over make contact 5 of relay TM3 (operated
because the tens digit of the called P.B.X line circuit 34
was a 3-registered in the tens register of Fig, 19) to con-
ductor 834 leading into Fig. 35, and to the right-hand
side of the winding of line hold magnet LHM34, In
the previous example it was assumed that line circuit 34
was idle, whereupon the sleeve conductor § of line circuit
34 did not have ground upon it and. relay S4 of Fig. 30
could operate to battery through the winding of line hold
magnet LHM34.

In the present instance the circuit description will be
set forth with regard to the action of the P.B.X if when
line circuit 34 of Fig. 35 is tested it is found to be busy.
In this event, when the previously-described circuit is
completed for relay S4 of Fig. 30 to the sleeve lead S
of line circuit 34 in Fig. 35, relay S4 cannot operate
because, as assumed, line circuit 34 is busy, indicated
by a ground on its sleeve lead S. The operation of the
units selection relay U4 of Fig. 16, as hereinbefore ex-
plained, causes the operation of units end relays UEA
and UEB of Fig. 17. In the meantime, after a measured
interval of time determined by the slow operate charac-
teristic of relays SMTA and SMTR of Fig. 37, circuits are
completed between Figs. 29, 30, 32 and 33 for ascertain-
ing whether or not the sleeve relay S4 operated when the
line circuit 34 of Fig. 35 was tested. In Fig. 29, one of
these circuits extends from ground, over make contact 4
of relay SMTB, break contact 7 of relay HMTA, break
contact 4 of relay HMTB, break contacts 5, 8 and 4 of
respective relays TRKB, SOA and SOB, make contact 2
of relay UEB, break contact 2 of relay ZU (assumed to
be released), over conductor $13 into Fig. 30, over break
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contacts 8 of relays $0, S1, 82, S3 and $4 (all being

assumed to be released), break contact 4 of relay ZU,
conductor SI1 into Fig. 33, thence over break contacts
8 of the remaining sleeve relays S5 through S9, break
contact 6 of relay ZU, conductor 516 into Fig, 32, over
break contact 6 of relay BYB, through the winding of
relay BYB, to battery over break contacts 7 and 4 of
relays RLAA and RLBA. Another circuit begins in Fig.
29 at ground. and extends over make contact 4 of relay
SMTA, and over a path similar to the one previously de-
scribed, over conductor S10 into Fig. 30, thence over
break contacts 4 of sleeve relays S0 through S4, break
contact 1¢ of relay ZU, conductor S8 into Fig. 33, and
over break contacts 4 of the remaining sleeve relays S5
through 89, break contact 12 of relay ZU, conductor S15
into Fig. 32, over break contact 6 of relay BYA through
the winding of relay BYA to battery over break contacts
7 and 4 of relays RLBA and RLAA.

Relays BYA and BYB of Fig. 32 operate in these
above-described circuits as an indication to the line and
trunk hunting circuit of the marker that the called P.B.X
line 34 of Fig. 35 was busy when tested for ground on
its sleeve conductor. Relay BYA, in operating, extends
a locking circuit for itself from the right-hand side of its
winding over its own make contact 6 to ground through
parallel make contacts 3 and 4 of relays UEA, UEB,
RCTA and RCTB. Relay BYB completes a locking cir-
cuit for itself in a similar fashion, as will be apparent from
the circuits in the lower right hand corner of Fig. 32.
Upon the operation of relays BYA and BYB, circuits are
completed in Fig. 29 for operating the hunt connector
relays HCA and HCB. The circuit for relay HCA ex-
tends from battery in Fig, 29, over make contact 8 of
relay BYA, break contacts 11 and 9 of relays NT and
BSYA, parallel make contacts ¢ and 12 of relays JTAA
and: RCBO (operated as a result of the dial pulse register
circuit. & requesting the service of the marker for a
junctor connection), through the winding of relay HCA,
parallel make contacts 3 and 1 of relays JTAA and
RCBO, make contact 2 of relay BYA, to ground through
break contacts 5, 3 and 5 of respective relays NT, BSYA
and BSYB. A similar circuit is provided whereby relay
HCB in Fig. 29 is also operated.. Relays HCA and HCB
in operating, complete. circuits in Fig. 32 for energizing
the windings. of relays BSYAA and BSYBA, the circuit
for the latter relay extending in Fig. 32 from battery, over
make contact 10 of relay BYB, through the winding of
relay BSYBA and to ground on conductor S16 through
make contact 6 of relay HCB, Relay BSYBA is a slow-
operate relay and its actual operation will not take place
for a short interval of time. The similar situation prevails
with respect to relay BSYAA.

In the meantime, upon the operation of the hunt con-
nector relays HCA and HCB of Fig. 29, a circuit is com-
pleted from Fig. 16 into Fig. 20 for determining whether
or not there are any P.B.X lines in the same hunting
group with the busy called line circuit 34 of Fig. 35.
In Fig. 16 ground on conductor U4G is extended over
the parallel make contacts 5§ of relays HCA and HCB,
thence over make contact 5 of relay THC3, to con-
ductor H34 extending into Fig. 20 to the line punching
corresponding to conductor H34. In Fig. 20 a number
of cross connections have been shown leading from the
line punching H34 to such other punchings as H31, H36,
H38 and H39 to illustrate various ramifications of the
one- or two-way hunting feature of the present P.B.X.
As an example, the line punching corresponding to con-
ductor H34 in Fig. 20 is directly connected to the line
punching corresponding conductor H39. The ground on
conductor H34 will therefore be extended to conductor
H39 and back into Fig. 17, over make contact 12 of relay
THCS3, the parallel make contacts 12 of the hunt con-
nector relays HCA and HCB, over make contact 12 of
relay’ RUCB, to battery through the winding of relay
U9.. This will cause units selection- relay U9 to-be oper-
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ated as an indication that the busy called line circuit 34
of Fig. 35 is arranged, if busy, to cause the P.B.X cir-
cuits to automatically hunt to line circuit 39 as an alter-
nate. Likewise, again referring to Fig. 20, the ground
on conductor H34 extends directly to conductor H38,
thence back into Fig. 17 and over make contact 11 of
relay THC3, parallel make contacts 11 of relays HCA
and HCB, and over make contact 11 of relay RUCB to
battery through the winding of units selection relay US,
which thereupon would operate as an indication that line
34 may hunt to line 38 as well as to line 33. By the same
token, with reference to Fig. 20, it will be apparent that
line circuit 34 may also hunt directly to line circuit 36.
There are two other cross connecting arrangements

shown in Fig. 20 involving two unidirectional current -

carrying elements or rectifiers. One of these intercom-
nections is in series with the cross connection between
conductor H36 and H37. The other one is connected
between the punchings corresponding to conductors H34
and H31. It will be noted that these two rectifiers are
poled in opposite directions with respect to the punching
corresponding to conductor H34. These rectifiers are ar-
ranged such that when terminal 2 thereof is more posi-
tive than terminal 1 the rectifier represents a very low
impedance to the passage of current therethrough;
whereas, when terminal 2 is more negative than terminal
1 the rectifier represents a very high impedance and will
not permit sufficient current to pass therethrough to oper-
ate one of the units selection relays of Figs. 15, 16
and 17.

In the particular example presently being considered, it
will be apparent that the ground on conductor H34,
although it is extended through a rectifier to the punching
corresponding to conductor H31 leading into Fig. 15 and
to the winding of the units relay Ul, nevertheless relay
Ul cannot operate in this circuit because the rectifier is
poled to represent a very high impedance in this par-
ticular path. On the other hand, the rectifier connected
between the punchings corresponding to conductors H36
and H37 in Fig. 20 is poled in the direction to represent
a low impedance to the ground on conductor H34 ex-
tending over to the punching corresponding to conductor
H36 and thence through the rectifier to the punching
corresponding to conductor H37. This ground on con-
ductor H37, through the relatively low impedance of the
rectifier between punchings corresponding to conductors
H36 and H37, will therefore be permitted to extend itself
into Fig. 16 and to the winding of relay U7 to operate
same.

Again referring to Fig. 20, there is one more example
of a possible hunting condition, namely with respect to
the terminals corresponding to conductors H32 and H33.
Neither of these punchings is cross-connected to any of
the others; therefore, it is obvious that any call to lines
32 and 33, if they are busy, cannot be extended to any
other line because there is no cross-connection between
the hunting terminals for operating units selection relays
corresponding to other lines.

By virtue of these various types of cross-connections,
therefore, it will be apparent that a line may be arranged
for no hunting at all, one-way hunting by virtue of suit-
ably poled rectifiers, or two-way hunting by means of
solid-wire conductors. As an additional comment it will
be noted that while line circuit 34 cannot bunt to line
circuit 31 because of the oppositely poled rectifier be-
tween the punchings corresponding to conductors H34
and H31 in Fig. 20, nevertheless line circuit 31 can hunt
to line circuit 34, because in that particular direction, the
rectifier between the two punchings corresponding to con-
ductors H31 and H34 is poled in the low impedance
direction. ,

In the present example it is assumed that the called
line 34 is busy and this is going to necessitate the con-
nection of the calling line circuit 3¢ of Fig. 35 to a busy-
tone signal. With respect to line circuit 34, in view of
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the fact that it is permitted (see Fig. 20) to hunt to line

-circuits 36, 37, 38 and 39, the situation must be assumed

that all of these others, lines 36, 37, 38 and 39 are also
going to be busy in order to necessitate supplying busy
tone to the called line 38. The description of the busy-
tone connection will first be described under the assump-
tion that line circuit 34 is not permitted to hunt to any
other line. It will be appreciated, of course, that the
circuits are arranged so that it cam, but the present ex-
ample will be described as though this could not take
place in order to illustrate what would happen to a line
such as line 33, whose punching in Fig. 20 is not con-
nected so as to enable it to hunt anywhere. Following
this description, it will be assumed that line circuit 34 can
hunt, as it is presently set up to do, to lines 36, 37, 38
and 39 and that all of these additional lines are also
found to be busy.

Under the conditions of the initial assumption, that
the punching corresponding to conductor H34 in Fig. 20
is not connected to any other punching in the tens group
3, none of the units relays of Figs. 15, 16 and 17 will
operate except of course the units relay U4 of Fig. 16,
which was operated previously to cause a test of the busy
line circuit 34 of Fiz. 35. Since none of the other units
selection relays of Figs. 15, 16 and 17 are operated by
means of the operation of the hunt connector relays HCA
and HCB of Fig. 29, none of the sleeve relays of Figs.
30 and 33 will be operated because all of the make con-
tacts of the corresponding unmits relays connected to the
lower windings of these sleeve relays are open.

On the other hand, in view of the fact that the punch-
ing in Fig. 20 corresponding to conductor ¥34 is in fact
connected in a manner to permit hunting from line cir-
cuit 34 to line circuits 36, 37, 38 and 39, all of the units
relays corresponding to the units digits of those other
four conductors will be operated as previously described.
This means that in Figs. 16 and 17 the units relays U6,
U7, U8 and U9 will have been operated by virtue of
the operation of the hunt connectors HCA and HCB
of Fig. 29. Referring to Fig. 33, upon the operation of
the units selection relay U9 of Fig. 17, a circuit is com-
pleted from ground, through the lower winding of the
sleeve relay S9, make contact 5 of relay U9, conductor
9, make contact 12 of the relay TM3, to conductor S39
leading into Fig. 35 to the right-hand side of the hold
magnet LHM39 corresponding to line circuit 39, It will
be assumed for purposes of discussion that line circuit
39 is presently busy, whereupon conductor S39 will find
a ground on the sleeve conductor S of line circuit 39.
The ground on this sleeve conductor prevents the sleeve
relay S9 of Fig. 33 from operating, thereby indicating that
line circnit 39 is busy. Similar circuits are provided
between Figs. 33 and 35 whereby sleeve relays S6, S7
and S8 test the corresponding sleeve conductors of lines
36, 37 and 38 of Fig. 35. It will be assumed that these

_three line circuits also are busy, in which case none of

the sleeve relays S6 through S9 of Fig. 33 will be oper-
ated as a result of the hunt connector operation.

Regardless of which of the above two situations pre-
vails it will be apparent that under either circumstance
none of the sleeve relays SO through S9 of Figs. 30 and 33
is operated and this indication is one to the effect that
not only is the desired called P.B.X station 34 busy, but
also it is not in a hunting group with other lines or the
other lines in that same hunting group to which line
circuit 34 may be permitted to hunt are also busy.

After a short interval in the meantime, the slow op-
erate characteristic of relays BSYAA and BSYBA of
Fig. 32 have permited these relays to operate in the
previously-described circuits. These relays, in operating,
energize the circuits for the corresponding relays BSYA
and BSYR in an obvious fashion over make contacts 1,
2, 11 and 12 of relays BSYAA and BSYBA. It will be
noted that relays BSYA and BSYB are also slow to op-
erate relays and will take a certain interval of time to
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operate as was the case with their predecessors. The
interval of time measured by the slow to operate char-
acteristics of these four relays is necessary to permit the
previously-described operation of the units selection relays
and sleeve relays for testing for idle lines in hunting
groups, etc. Eventually relays BSYA and BSYB oper-
ate and complete locking circuits for themselves and for
their correspondmg relays BSYAA and BSYBA. The
locking circuit for relays BSYA and BSYAA extends in
Fig. 32 from grmmd through make contact 12 of relay
BSYA and make contact 4 of relay BYA to the original
operating circuit for the other two corresponding relays.
A similar locking circuit is provided for the relays BSYB
and BSYBA. The operatmn of relays BSYA and
BSYB causes the release in Fig. 29 of the hunt con-
nectors HCA and HCB, which cause the release in Figs.
16 and 17 of the operated units relays U6, U7, U8 and
U9 representing the four busy line circuits 36, 37, 38
and 39 to which line circuit 34 was pernntted to hunt.
Relays BSYA and BSYB of Fig. 32, in operating, cause
the operation in the route control circuit of Fig. 7 of
relays SOA and SOB, the circuit for relay SOA extend-
ing in Fig. 7 from ground over break contact 4 of relay
BTTA, break contact 1 of relay COA, parallel make con-
tacts 1 and 2 of relay BSYB and BSYA, through the
winding of relay SOA, over the parallel make contacts
10 and 11 of relays BSYB and BSYA, to-battery through
break contacts 11 and 8§ of relays COB and BTTA.
Relay SOA operates in this circuit and relay SOB .op-
erates in a similar circuit in Fig. 7. Upon the operation
of relays SOA and SOB, a circuit is completed in Fig. 30
for operating the sleeve relay S4 corresponding to the
called P.B.X line circuit 34 of Fig. 35. This circuit
extends from ground through the upper, or secondary
winding of relay S4, over make contact 11 of relay U4,
to battery over the parallel make contacts 5 of relays
SOA and SOB, thereby causing relay -S4 to operate and
to close a locking circuit for itself in an :obvious manner
over its own -make contact 12. As has been. explarned in
detail hereinbefore, the operation of any one of the sleeve
relays, such as relay S4 of Fig. 30, causes the operation
in Fig. 32.of the sleeve end. relays SEA, SEB, etc. which,
in operating, cause the release in Fig. 17 of relays RUCA
-and RUCB, causing the release in Fig. 16.0of the. units re-
lay U4. The release of relay U4 in Fig. 16 causes the
release in Fig. 17 of the umts end relays .UEA .and
UEB. In the meannme, also -as has been explamed in
detail hereinbefore, the operation of relays- SMTA and
SMTB of Fig. 37 has caused the operatlon in FI° 7
.of relays SMRA, SMRB, etc.

Circuits are at this point completed - whereby .relays
HMXA and HMKB of Fig. 29 are connected 1o the
sleeve conductor of line circuit 34 of Fig. 35 to .ascer-
tain whether or not that sleeve conductor is- grounded or
is open. In the event that the sleeve conductor is ac-
tually open an intercept condition will be set up whereby
‘the calling P.B.X line 30 of Fig. 35 will be.touted, 1o the
attendant on an intercept basis. This subject matter will
be discussed subsequently. It will be assumed in .the
present instance as previously mentioned that-the .sleeve
conductor S of line circuit 34 of Fig. 35 will be .found
to have a ground on it indicating that-it-is actualy busy
and is not a faulty circuit. In Fig. 29-battery extends
through the winding of relay HMKA and then over make
contact 8 or 4 of relay SOB or SOA, thence over make
contact 2 of relay SEA, through break contact 8 of relay
ZU (assumed to be released Hfor.convenience of - descrrp-
tion), thence over conductor S10-in Fig. 30, over. break
contacts 4 of relays S0, S1, S2 .and.S3, make contact
4 of relay S4, make contact.5 of relay SMRAA, to. con-
ductor 4, thence over .make contact 5 of relay TM3 10
conductor 34 leading into-the sleeve conductor S of line
circuit-34 in Fig. 35. Since it is assumed that the sleeve
conductor of line circuit 34 is grounded relay HMKA
jn Fig. 29 will operate in the previously-described cir-
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cuit. A similar circuit is completed ‘vnereb y relay
HMKB is also operated by ground supplied to conductor
Si3 of Figs. 29 and 30 from conductor 4 over make con-
tacts 5 and 8 of relays SMEBA and S4.

Upon the operation of relays HMKA and HMKB of
Fig. 29 circuits are completed in Fig. 8 for operating the
busy tone relays BTTA and BTTB. The circuit for re-
lay BTTA extends in Fig. 8 from ground, over make con-
tact 1 of relay SOA, make contact 8 of relay SMRAA,
make contact 4 of relay HMKA, break contacts 4 and
7 of relays COTA and COTB, through the winding of
relay BTTA, break contact 19 of relay COTA, to bat-
tery through make contacts 8, 10 and 12 of relays
HMKA, SEAA and SOA. Relay BTTA operates in this
circuit and provides a locking circuit for itself extendirig
in Fig. 8 from ground, over make contact 7 of relay
RPAO, make contact 2 of relay BTTA, through the
winding of relay BTTA, to battery over make contacts
11 and 186 of respective relays BTTA and RPAO. Simi-
lar operating and locking circuits are provided in Fig. 8
for relay BTTB.

The operation of relays BTTA and BTTB of Fig. 8§
causes the release (if operated) of relay JR@ in Fig. 40,
and initiates a circuit sequence which releases any of the
following relays which may have been operated: JREA
and JREB of Fig. 40; LTA, LTAA, LTB, LTBA, LTCA,
LTCB, LEA, LEAA, LEB and LEBA of Fig. 47; and,
relays LTS2 through LTS9 of Figs. 46 and 47. Relays
LEAA and LEBA, in releasing, cause the release of any
select magnets which may have been operated. The op-
eration of relays BITA and BTTB cause the operation in
Fig. 41 of relays TRKA, TRKAA, TRKB and TRKBA,
One circuit in Fig. 41 extends from ground, over make
contact 1 of relay BTTA, break contacts 4, 5 and 3 of
relays NCA, TRCA and TRCBA, through the parallel
windings of relays TRKA and TRKAA, over break
contacts 12, 8 and 10 of respective relays TRCBA,
TRCA, and NCB, and to battery over make contact 12
of relay BTTA. A similar circuit is provided in an obvi-
ous fashion in Fig. 41 for causing the operation of relays

'TRKB and TRKBA. The operation of relays TRKAA

and TRKBA cause the release in Fig. 37 of relays SMTA
and SMTB, which in turn cause the release in Fig. 7 of
their corresponding relays SMRA, SMRB, ctc. The re-
lease of relays SMRAA and SMRBA cause the release in
Fig. 29 of the corresponding relays HMKA and HMKB.
In the meantime, the operation of relays BTTA and BTTB
of Fig. 8 cause the release in Fig. 7 of relays SOA and
SOB, which cause the release of the sleeve relay S4 of
Fig. 30, which in turn causes the release in Fig, 32 of
relays SEA, SEB, etc. Relays SEA and SEB, in releas-
ing, cause the recperation in Fig. 17 of relays RUCA and
RUCB in a manner previously described.

The release of relays HMKA and HMXB cause the re-
operation in Fig. 41 of relays TRCA, TRCB, etc., the
circuit for relays TRCA and TRCAA extending from
ground in Fig. 41, over make contact 4 of relay TRKA,
break contacts-1 and 6 of respective relays HMKA and
SMTA, throngh the parallel windings of relays TRCA
and TRCAA, over break contacts 10 and 11 of respective
relays SMTB and HMKB, to battery over make con-
tact 10 of relay TRKA. Relays TRCB and TRCBA are
operated in a similar circuit in an obvious fashion. Upon
the operation of relays TRCA, TRCB, etc., relays TRKA,
TRKB, etc., also of Fig. 41, are released and relays

“TRCA, TRCB, etc. remain locked under control of their

own.make. contacts, for-instance, .make contacts 5 and 8
of relays TRCA and-TRCB. The operation of relays
TRCA and TRCB cause the release in Fig. 41 of the
previously-operated relays RCTA, RCTB, etc., which in
turn cause the release in Fig. 12 of relays RCAOQ through
RCEO, and cause the release in Fig. 32 of relays BYA
and BYB. The release of relays BYA and BYB cause
the release in Fig. 32, 0f the corresponding relays BSYA,
BSYB, etc.” The Telease of relay RCDO cduses the ré-
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lease in Fig. 12 of the tens connector relays TCS3, THCS,
TU3 and TM3, the release of relay THC3 causing the
release in Fig. 37 of the select magnet connector relay
SMC3. 1In the meantime, upon the release of relays
TRKB and TRKAA and upon the operation of relays
BTTA, BTTB, TRCA and TRCB obvious circuits are
completed in Fig. 7 whereby relays BTCA and BTCB
are operated.

With relays BTCA, BTCB, RUCA and RUCB op-
erated a circuit is completed in Fig. 15 for causing the
operation of the units selection relay U9, the circuit
exteriding in Fig. 15 from ground, over the parallel make
contacts 2 of relays BTCA and BTCB, parallel make
contacts 1 of relays RUCA and RUCB to battery through
the winding of units selection relay U@. Units selection
relay U0, upon operating, causes the operation in Fig. 17
of the units end relays UEA and UEB in a fashion here-
tofore described. Upon the operation of the units selec-
tion relay UG of Fig. 15 and the operation of the busy
tone relays BTCA and BTCB of Fig. 7 a circuit is com-
pleted whereby the lower winding of sleeve relay S0 of
Fig. 30 is connected to the winding in Fig. 13 of the hold
magnet THM@7 (pertaining to the busy tone trunk cir-
cuit) for the purpose of determining whether or not the
busy tone trunk is at the moment engaged or idle. This
circuit extends in Fig. 30 from ground through the lower
winding of relay 80, over make contact 12 of relay U$
to conductor 0, over the parallel make contacts 11 of
relays BTCA and BTCB to conductor THM@7 extending
into Fig. 13 to the upper side of the winding of busy
tone trunk hold magnet THMG7. In the meantime, in
Fig. 37, an obvious circuit is completed over make con-
tacts 6 of relays BTCA and BTCB for casing the opera-
tion of the select magnet connector relay SMCG which
will, if the busy tone trunk is idle, permit select mag-
nets on switch 8 of Fig. 3 to bs operated for assisting
in connecting the calling P.B.X station 3¢ of Fig. 35 to
the busy tone trunk of Fig. 13.

In the present discussion it is to be assumed that the
busy tone trunk of Fig. 13 is engaged such that the mark-
er will be required to signal the dial pulse register @ cir-
cuit of Figs. 14, 18 and 19 to return busy tone to the
calling P.B.X line circuit 30. If, as assumed, the busy
tone trunk of Fig. 13 is busy when tested, ground will be
found to exist on the upper side of the winding of its
hold magnet THM®7 of Fig. 13 when tested by the previ-
ously-described circuit through the lowsr winding of the
slesve relay S8 of Fig. 30. Due to the presence of this
busy ground relay SO cannot operate. This will preclude,

upon the operation of relays SMRAA and SMRBA of ©

Fig. 7, any attempt to operate the hold magnet THM&7
of Fig. 13. Upon the operation of the select magnet con-
nector relay SMC® of Fig. 37, and before the slow-
operate characteristics of relays SMTA and SMTB per-
mit the operation of these relays, circuits are completed,
as previously described, extending from the upper left-
hand corner of the register control circuit of Fig. 6
through the select magnet control circuit of Fig, 37 and
into the select magnets for switch ¢ of Fig. 3, whereby
select magnets SM06 and SM99 are reoperated in an
atempt to permit the busy tone trunk to be conmected to
the same link (lower half of level 9) to which the dial
pulse register circuit ¢ of Figs. 14, 18 and 19 was con-
nected to the calling P.B.X station 30 of Fig. 35 for the
dial tone job.

However, due to the fact that the busy tone trunk of
Fig. 13 is assumed to be busy, the corresponding hold
magnet THMO7 of switch 0 in Fig. 3 cannot be operated
due to the fact that sleeve relay SO of Fig. 30 did not op-
erate on the sleeve test; and, it will be described presently
how, due to this situation, select magnets SMO0§ and
SMO09 are eventually released. FEventually relays SMTA
and SMTB operate after the slow-operate time interval
for permitting the required operation of various select
magnets. Upon the operation of these relays SMTA and
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SMTB, the corresponding select magnet release relays
SMRA, SMRB, etc. in the route control circuit of Fig. 7
are operated in a manner fully described hereinbefore.
Also, relays SMTA and SMAB, in operating, complete cir-
cuits extending from Fig. 29 through Figs 30 and 33 into
Fig. 32 for causing the reoperation of the relays BYA and
BYB in Fig. 32 from grounds on conductors S15 and 516
as described hereinbefore. Upon the reoperation of relays
BYA and BYB, a circuit is completed from the register
conirol circuit of Fig. 6 into the dial pulse register 0 cir-
cuit of Fig. 18 for causing the operation in Fig. 18 of the
dial pulse register busy relay BYR, this circuit extending
to Fig. 6 from ground in the lower right-hand corner over
the parallel make contacts 11 of relays BYA and BYB,
parallel make contacts 4 of relays BTCA and BTCB, and
over the make contacts of 5 and 6 of relay RPAO to con-
ductor BYO leading into Fig. 18 and to battery through
the winding of relay BYR, which thereupon operates and
locks over its own make contact 10 to ground over make
contact 3 of the dial pulse register off-normal relay ON.
Relay BYR, in operating, causes the release in the tens
selection circuit of Fig. 11 in the marker of the relay R@,
thereby preventing the marker from being reseized by the
register after the market releases. Relay BYR, in operat-
ing, also opens up the conductors RRAO and RRBO ex-
tending from the dial pulse register in Fig. 18 to the
register control circuit in Fig. 6, thereby to prevent the
marker from signaling the dial pulse register to release
and thereby to place the release of the dial pulse register
1nder its own control—on a time out basis or by the dis-
connection of the calling P.B.X line circuit 38, whichever
occurs first. Make contact 6 of relay BYR prepares a
circuit in Fig. 18 whereby the register release relays RRLA
and RRLB will be permitted to operate to cause a release
of the dial pulse register circuit if and when relay TMOR
operates (indicating the end of a time out period as pre-
viously explained). Also in Fig. 18 the closing of make
contact 4 of relay BYR completes a circuit from busy tone
in an obvious fashion back to the calling P.B.X line cir-
cuit 30, in response to which the P.B.X party should dis-
connect.

Returning now to the release functions of the marker,
it will be noted in Fig. 50 that the operation of relays
BYA, BYB, BTCA and BTCB permit the release of the

5 down check relays DCKA and DCKB, the release of

which, in turn, as has been explained in detail herein-
before, causes the operation of the marker release relays
RLA, RLB, etc. in the route control circuit of Fig. 7.
The operation of the release relays RLA, RLB, efc., as
has been explained in details hereinbefore, initiates a se-
quence of events whereby the entire marker circuit is re-
turned to normal condition, it being noticed that upon
the release of the units end relays UEA and UEB of Fig.
17 the relays BYA and BYB of Fig. 32 are released. As

5 will be apparent the marker, in releasing to normal, causes

the select magnets SM00 and SM09 of switch 8 in Fig. 3
to release.

Also, upon the releasing action of the marker and as
a matter of fact before it becomes fully released, upon
the previous operation of relays BTCA and BTCB, the
relays TOLA and TOLB of Fig. 50 are released. These
relays, in releasing, cause the reoperation of the time-out
check relays TOKA and TOKB of Fig. 50 when the down
check relays DCKA and DCKB have reoperated and
when the release relays RLSA and RLSB have released.
As was explained hereinbefore in some detail, the opera-
tion of relays TOKA and TOKB causes the advance, time-
out and release circuit of Fig. 44 to go through its paces
for an entire cycle for exercising all of the relays of this
circuit. As was explained, the end of this time-out ex-
ercise is the operation in Fig. 44 of the release relays
RLSA, RLSB, efc., which in turn cause the release of
relays TOKA and TOKB of Fig. 50, leaving relays TOLA
and TOLB locked operated, as are the down check relays
DCKA and DCKB,
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If the calling P.B.X line circuit 30 of Fig. 35 discon-
nects in response to dial tone supplied by the dial pulse
register @ circuit of Fig. 18, the line relay L of Fig, 18
is released upon the opening of the tip and ring loop from
the line circuit 30, Relay L, in releasing, causes the
release of relay SR, which in turn releases the off-normal
relay ON. Relay SR, in releasing, removes the holding
ground from the sleeve conductor S of Fig. 18, which in
turn causes the release of the line hold magnet LHM39
of Fig. 35. Relay SR, in releasing, also removes holding
ground from conductor RHMO in Fig. 18 leading to the
register control circuit in Fig. 6, thereby releasing the hold
magnets THMO8 and THMO9 relating to dial pulse
register 8. Upon the release of hold magnets THMO08
and THME9 of Fig. 3 and LHM30 of Fig. 34, the pre-
viously described circuit between the P.B.X line 30 and
the dial pulse register 9 is broken down over the crossbar
network, which is returned to its normal conditon. Upon
the release of the off-normal relay ON of Fig. 18, all of
the remaining operated relays of dial pulse register are
released, namely relays PU, BYR, P3, P2A and P4 of Fig.
18, TD3, STR, UD and DC of Fig. 19, and relays TLD
and TLA of Fig. 14.

If the busy tone trunk is available at the time the marker
tests same in order to supply busy tone to a calling party,
the calling circuit is connected to the busy tone trunk
over the same crossbar link to which are connected the
calling party and the dial pulse register. Thereafter, the
dial pulse register is released, in turn releasing the marker,
it having been ascertained by the marker that the busy
tone trunk is properly holding the connection. When the
calling party disengages in response to busy tone, the
busy tone trunk is released and the circuits are returned
to normal.

Returning to the previous discussion, it will be re-
called that upon the operation of the units selection
relay U® of Fig. 15, which causes the operation of the
units end relays UEA and UEB of Fig. 17, a circuit was
completed through the lower winding of the sleeve relay
S0 of Fig, 30 for testing the hold magnet condition of
the busy tone trunk of Fig. 13. This circuit extended
from ground in Fig. 30 through the lower winding of
relay SO, make contact 12 of relay U, conductor 0, par-
allel make contacts 11 of relays BTCA and BTCB (op-
erated for the purpose of attempting to connect the call-
ing P.B.X line 30 to the busy tone trunk) to conductor
THM®7 extending into Fig.- 13 and to the upper side
of the winding of busy tone trunk hold magnet THMO7.
If, as will be assumed, the busy tone trunk is not en-
gaged at the moment, there will be no ground on the
upper side of this hold magnet and the lower winding
of the sleeve relay S of Fig. 30 will find a circuit to bat-
tery through the winding of hold magnet THMC7. Re-
Iay 80 will operate in series with this hold magnet but
the hold magnet itself will not operate. As has been ex-
plained previously in connection with the operation of
the various relays of Figs. 30 and 33, upon the opera-
tion of relay SO it completes a circuit over its own
make contact 1 to the conductor @ independently
of the condition of the wumits selection relay U® of Fig.
15, and relay S@ prepares over its own make contacts
11 and 12 locking circuits through its upper winding
for purposes of holding this relay operated upon sub-
sequent circuit actions concerning such relays as SMRA
and SMRB. Relay S0, in operating, causes the opera-
tion in Fig. 32 of relays SEA, SEB, etc., as has been
explained hereinbefore. Relays SEA and SEB, in op-
erating, cause the release in Fig. 17 of the previously
operated relays RUCA and RUCB which in turn cause
the release in Fig. 15 of the units relay U9, and the re-
lease of relay U0 causes the release in Fig. 17 of re-
lays UEA and UEB.

Also it will be recalled that at the time that the busy
tone connector relays BTCA and BTCB of Fig, 7 oper-
ated an obvious circuit was completed in Fig, 37 for
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operating the select magnet connéctor relay SMCO which,
it will be recalled, completes circuits whereby certain
of the select magnets of the switch 0 in Fig. 3 may be
operated. . Relay SMCO, in operating, energizes the
windings. of relays SMTA and SMTB of Fig. 37, which
relays will operate after a short interval of time deter-
mined by their slow operate characteristic and during
which time the mecessary select magnet operation will
take place. It will be recalled that dial pulse register &
of Figs. 14, 18 and 19 was connected to the calling P.B.X
line circuit 39 of Fig. 35 for purposes of the dial tone
job by virtue of the lower half of the ninth level in the
crossbar switches in response to the operation on switch
0 of Fig. 3 of select magnets SM60 and SM09 and the
operation on switch 3 of Fig. 34 of select magnets
SM3¢ (not shown) and SM39.

Upon the operation of the select magnet connector re-
lay SMCO of Fig. 37, circuits are completed between
the register control of Fig. 6 and the select magnet con-
trol of Fig. 37 whereby the same sclect magnets SMOG
and SM0% of switch 0 in Fig. 3 are operated so that the
busy tome trunk of Fig. 13 will be conmected to the
calling P.B.X line 30 over the same link used on the
dial tone job. One circuit extends from ground in the
upper left-hand corner of Fig. 6 over the parallel make
contacts 5 of relays TRCAA and TRCBA, break con-
tacts 3 of relays COB and COA and over make contact
5 of relay RPO to conductor SMOG extending into
Fig. 3. Another circuit extends from ground in the up-
per left-hand corner of Fig. 6 over the parallel make
contacts 11 of relays TRCAA and TRCBA, break con-
tacts 5 of relays COB and COA and over make contact
6 of relay RPO to conductor SM@1 extending into Fig.
3. In Fig. 3 ground on conductors SM0G and SM@§i
from Fig. 6 extend over crosspoints corresponding to the
lower half of levels ¢ and 9 to respective conductors
SMO and SM9 extending into the select magnet control
circuit of Fig. 37, where conductor SM0 extends over
make contact 16 of relay SMCO to battery through the
winding of select magnet SM0¢ (also shown on Fig. 3)
and where ground on conductor SM9 extends over make
contact 9 of relay SMCO to battery through the wind-
ing of select magnet SM@9 (also shown in Fig, 3). Se-
lect magnets SM60 and SMG9 of switch ¢ in Fig. 3 are
operated in the previously-described circuit under control
of the memory hold magnet THM89 of Fig. 3 in order
to prepare switch @ such that, upon the operation of the
busy tone trunk hold magnet THMO7 of Fig. 3, the
busy tone trunk will be connected io the lower half of
switch level 9 to which is presently connected the cail-
ing P.B.X line 30 of Fig. 35 and the dial pulse regis-
ter § circuit of Fig. 18.

Eventually relays SMTA and SMTB of Fig. 37 oper-
ate, after an interval of time determined by their slow
operate characteristics, and initiate a series of circuit
operations previously described whereby the hold mag-
net operation and checking takes place. Relays SMTA
and SMTB, in operating, cause the operation as pre-
viously described of the corresponding relays SMRA,
SMRB, etc. in the route control circuit of Fig. 7. Re-
lays SMRA and SMRB, in operating, complete a lock-
ing circuit in Fig. 30 for relay S9 extending from ground,
through the upper winding of relay S0, over make con-
tact 41 of relay SO and to battery through the parallel
make contacts 1 of relays SMRA and SMRB. This cir-
cuit maintains relay S¢ operated when ground is applied
to conductor THM¢E7 in Fig. 30 to operate the busy
tone trunk hold magnet THM®7 of Fig. 13.

Upon the operation of relays SMTA, SMTB, SMRAA
-and SMRBA, circuits are completed for operating -the
hold magnet THMG7 of Fig. 13. One circuit -cxtends
from the ground in Fig. 29, over make contact 4 of relay
SMTA, through break contacts 7, 4, 5, 8 and 4 of re-
spective relays HMTB, HMTA, TRKA, SOB and SOA,
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over make contact 2 of relay SEA, and over break con-
tact 8 of relay ZU (assumed to be released) to con-
ductor S16 leading into Fig. 30. A similar. circuit is
completed in Fig. 29 whereby ground is applied to the
corresponding conductor S13 extending into Fig. 30.
Ground on conductor S10 into Fig. 30 from Fig. 29 ex-
tends over make contacts 4 and 1 of respective relays
S8 and SMRAA to conductor §, and ground on com-
ductor $13 into Fig. 30 from Fig. 29 extends over make
contacts 8 and 1 of relays S0 and SMRBA to conductor
6. Ground on conductor 0 in Fig. 30 thereupon ex-
tends over the parallel make contacts 11 of relays BTCA
and BTCB to conductor THMS7 extending into Fig. 13
and thence to battery through the winding of hold mag-
net TEMO7, which thereupon operates. Upon the op-
eration of hold magnet THMO7 (shown in Fig. 3), the
tip, ring and sleeve conductors T, R and S of the busy
tone trunk circuit of Fig. 13 are connected to the tip,
ring and sleeve conductors T899, R09 and S09 compris-
ing the lower half of horizontal level 9 of the crossbar
switch network and to which presently is connected the
tip, ring and sleeve conductors of the calling P.B.X line
circuut 30 of Fig. 35 and dial pulse register 0 circuit of
Fig. 18.

Upon the operation of the busy tome trunk circuit
hold magnet THM®7 in Fig. 3, relay AB of the busy
tone trunk in Fig. 13 is operated over the tip and ring
loop back to the calling P.B.X line circuit 30 of Fig. 35.
Relay AB, in operating, applies a locking ground over
its make contact 6 to the busy tone trunk hold magnet
THMO7 in Fig. 13 and applies a low resistance holding
ground through its make contact § to the sleeve con-
ductor extending into Fig. 3, thence over the vertical
of the crossbar switch and conductor S09 into switch 3
of Fig. 34, and thence over the crosspoints and vertical
of the crossbar switch to sleeve conductor S of line circuit
30 in Fig. 35, thereby to hold operated the line hold
magnet LHM30 shown in Figs. 34 and 35. Upon the
interconnection of the busy tone trunk circuit of Fig. 13
with the calling P.B.X station line 3¢ of Fig. 35, busy
tone is supplied from the busy tone circuit of Fig. 13
through condenser A to the ring lead extending over the
crossbar switch network to the ring lead of the calling
PB.X line circuit 30, thereby to provide the calling
P.B.X line circuit 30 with busy tone, in response to
which the party at line circuit 3@ of Fig. 35 should dis-
connect.

In the meantime, circuit action has been taking place
in the marker circuit in response to the operation of
relays SMTA and SMTB of Fig. 37 for causing the marker
to make a check to detérmine whether or not the busy
tone trunk is properly connected to the calling line circuit
and is properly holding the hold magnets, and thereafter,
assuming a proper check of these conditions, to cause the
release of itself as well as the release of dial pulse register
circuit 0 of Figs. 14, 18 and 19. As has been explained
in detail hereinbefore, the operation of relays SMTA
and SMTB causes the operation in Fig. 7 of the slow
operate relays HMTAA and HMTBA which, in operating,
cause the operation of their corresponding slow operate
relays HMTA and HMTB. After the time interval
represented by the slow operate characteristics of these
relays, circuits heretofore described in detail are com-
pleted between the circuits of Figs. 29, 30 and 13 for
operating the hold magnet check relays HMKA and
HMKB of Fig. 29 as an indication that the busy tone
trunk of Fig. 13 is properly holding the connection. In
Fig. 29 battery extends through the winding of relay
HMXKA, over the parallel make contacts 11 and 4 of
relay HMTB and HMTA, thence over a previously-
described circuit to conductor S1¢ extending into Fig.
30, and thence over make contacts 4 and 1 of relays S0
and SMRAA to conductor 0, thence over the parallel
make contacts 11 of relays BTCA and BTCB to con-
ductor THMG7 extending into Fig. 13, to the upper side
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of the winding of hold magnet THMO07. If, as will be
assumed, busy tone trunk circuit of Fig. 13 is properly
holding this hold magnet operated by virtue of extend-
ing ground through make comtact 6 of its relay. AB,
relay HMKA of Fig. 29 will operate in the previously-
described circuit. A similar- circuit is extended in par-
allel with relay HMKA for causing the operation in
Fig. 29 of the corresponding relay BMKB.

_As has been explained in some detail hereinbefore,
the operation of relays HMKA and HMKB, indicating
that the busy tone trunk of Fig. 13 is properly holding
the connection, initiates a series of circuit actions whereby
the marker is returned to mormal, in turn releasing to
normal the dial pulse register circuit & of Figs. 14, 18 and
19. It appears unnecessary to repeat the details of this
releasing’ operation at this time since it is very much
the same as has been described before. It will be ap-
parent that as a result of this releasing operation select
magnets SM98 and SM§9 of Fig. 3 are released along
with the dial pulse register hold magnets THM08 and
THMBS9 of Fig. 3, leaving hold magnet THMO7 of Fig. 3
and hold magnet LHM30 of Fig. 34 operated to main-
tain the connection between line circuit 36 of Fig. 35
and the busy fone trunk of Fig. 13 over the tip, ring
and sleeve conductors T892, R69 and S09 comprising the
lower half of horizontal level 9 of the crossbar switch
network.

When the calling P.B.X line circuit 3¢ of Fig. 35 re-
leases in response to the dial tone supplied to it from the
busy tone trunk circuit of Fig. 13, the tip and ring loop
through the instrument at station 39 of Fig. 35 is opened,
thereby causing the release in the busy tone trunk circuit
of relay AB which, in releasing, removes the holding
ground from the sleeve conductor S back to the hold
magnet of line circuit 30 of Fig. 35, thereby releasing

‘that hold magnet LHM30 of Figs. 34 and 35, and re-

moves the holding ground from the busy tone trunk hold
magnet THM®@7 of Figs. 13 and 3, thereby releasing that
The release of hold magnets LHM30 of
Fig. 34 and THMO7 of Fig. 3 returns the crossbar switch
network to normal and releases the connection between
the busy tone trunk of Fig. 13 and the calling line circuit
of Fig. 35. The release of line hold magnet LHM39%

‘of Fig. 35 again prepares the circuit for the line relay

L30 of line circuit 30 so that it may be operated in a
normal fashion.

In the event that the called busy line is arranged for
hunting to another line, the marker tests for and selects
an idle such line and connects it to the terminating
section of a junctor. Following this action, the marker
completes the connection in the same fashion as a nor-
mal non-hunting call to an idle called line.

In previous description when the called P.B.X line

‘circuit 34 of Fig. 35 was tested to determine whether or

not it was idle, since the sleeve relay S4 of Fig. 30 did
not operate, thereby indicating that line circuit 34 was
busy, the busy relays BYA and BYB of the line and
trunk hunting circuit in Fig. 32 were operated, thereby

in turn causing the operation in Fig. 29 of the hunt con-

pector relays HCA and HCB. Upon the operation of
relays HCA and HCB, a circuit was completed from

_ground on conductor U4G in Fig. 16 (the ground which

is holding operated the units relay U4), over the parallel
make contacts 5 of relays HCA and HCB, and over
make contact 5 of the tens connector relay THC3 to
conductor H34 extending into Fig. 20 to the line hunting
punching corresponding to conductor H34. It has been

_explained in detail hereinbefore the manner and means

whereby line circuit 34, by virtue of the cross-connections

on Fig. 20, is enabled to hunt to certain other lines. It

will be recalled that due to the particular arrangement
of cross-connections in Fig. 20 line circuit 34 is arranged
to hunt to lines 36, 37, 38 and 39 by virtue of the fact
that the ground on conductor H34 in Fig. 20 is extended
by means of solid wire strapping to the terminals cor-
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responding fo conductors H36, M35 and H39 aand to
the terminal corresponding to coaductor H37 through
the low impedance direction of the diode interconnecting
the terminals corresponding to lines 36 and 37. The
ground on conductor H34 in Fig. 20 is extended from
the terminal corresponding to that conductor over the
solid strap to the terminal corresponding to conductor
H39, thence over conductor H39 back into Fig. 17 and
over make contact 1Z of relay THC3, and the parallel
make contacts 12 of the hunt connector relays HCA
and HCB, through make contact 12 of relay RUCB, to
battery through the winding of the units relay U$, which
thereupon operates. Returning now to Fig. 20, similar
circuits are provided by virtue of the interconnection of
the terminals in Fig. 20 for grounding conductors H36,
H37 and H38 into Figs. 16 and 17 whereby relays US,
U7 and U8 are operated in addition to the operation of
relay U9. -

The operation in Figs. 16 and 17 of the units relays U8,
U7, U8 and U9 is an indication to the marker that these
four lines are arranged in a hunting group with the busy
called line circuit 34 and that if any one of these lines
38, 37, 38 and 39 is available, the call from the call-
ing line circuit 3% of Fig. 35 will be extended thereto.
Upon the operation of the units relays US, U7, U8 and
US$, circuits are completed between Fig, 33 and the cor-
responding line circuits of Fig. 35 whereby the corre-
sponding sleeve relays 36, 87, S8 and S9 can test the
sleeve lead of the corresponding line circuits for a busy
or idle condition. For example, a circuit is completed
from ground in Fig, 33 through the lower winding of
relay S%, over make contact 5 of relay U9, to con-
ductor 9, thence over make contact 12 of the tens con-
nector relay TM3, to conductor S3% extending into Fig.
35 to the sleeve lead of line circuit 39, which is the
same as the right-hand side of the corresponding line
hold magnet LHM38, As will be apparent from previous
description, if line circut 39 is busy its sleeve lead will
have a ground upon it, whereupon the corresponding
sleeve relay 82 of Fig. 33 cannot operate. On the other
hand, if line circuit 39 is idle the lower winding of its
corresponding sleeve relay $¢ of Fig. 33 will find a cir-
cuit to battery in Fig. 35 through the winding of the
line hold magnet LHM39 and the sleeve relay S9 will
operate in this circuit, but the hold magnet will not. It
will be assumed for present purposes that line circuit 39
is available. Therefore, sleeve relay $9 of Fig. 33 will
operate. Similar circuits extend from the lower wind-
ings of sleeve relays $6, S7 and 88 to the sleeve conductors
of the corresponding linss 36, 37 and 38 indicated in
Fig. 35. Amy or all of these three relays may be oper-
ated or released depending upon whether the correspond-
ing lines are respectively idle or busy. Upon the opera-
tion of cne or more of the sleeve relay S6 through S9
of Fig. 33, the sleeve end relays SEA, SEB, etc. of Fig.
32 are operated, in turn causing the release in Fig. 17
of the relays RUCA and RUCE and these relays, in
releasing, release all of the operated units selection relays,
namely, relays U§ and U7 of Fig. 16 and relays U3 and
US of Fig. 17, and the release of the units selection relays
causes the release in Fig. 17 of the umits end relays UEA
and UEB.

From this point on the circuit operation is exactly
the same as previously described under conditions where-
by the line circuit 34 of Fig. 35 was found to be idle.
The circuit whereby the hold magnet corresponding to
the selected one of the available idle lines in the hunting
group is operated extends, as has been described a number
of times previously, from Fig. 29 over conductors S18 and
$13 (assuming relay ZU to be released) or over con-
ductors S8 and S11 (if relay ZU is operated) into Fig.
30. The only difference in the circuit operation which
is produced by virtue of the operated or released condi-
tion of relay ZU of Fig. 32 is to rearrange the order of
preference in the line and trunk hunting circuit of Figs,
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30 and 33 whereby a hold magnet is operated, For in-
staice, if conductors Si€ and $13 are grounded (released
condition of relay ZU) one circuit extends in Fig. 30 from
ground on conductor S10, over the break contact 4 of
all of relays S¢ through S4 break contact i$ of relay
ZU, conductor 83 into Fig. 33, and over break contact
4 of relay S5. At this point it will be apparent that
first preference is given to the sleeve relay S6. If it is
operated, indicating that line circuit 36 is available, then
relay S6 will be operated, preventing the operation of
any of the other sleeve relays S7 through S9. On the
other hand, if sleeve relay S6 is not operated, indicating
that line circuit 36 is busy, the ground on conductor S8
in Fig. 33 will be extended over break contact 4 of
relay 86, etc. For purposes of simplicity, it will be as-
sumed that line circuits 36, 37 and 38 are all busy where-
upon the ground on conductor $8 in Fig. 33 will be ex-
tended over the break contacts 4 of relays S6, S7 and
S8, over make contact 4 of relay S9, and over make
contact i2 of relay SMRAA to conductor 9. A similar
circuit will extend from ground on conductor S13 in
Fig. 30, over break contacts 8 of relays $0 through S4,
break contact 4 of relay ZU, conductor S11 inio Fig.
33, break contacts 8 of relays S5 through S8, make con-
tact 8 of relay 89, and make contact 12 of relay SMRBA,
again to conductor 9.

In the event that relay ZU of Fig. 32.is operated then the
conductors 88 and Si¥ of Fig, 29 will be grounded over
make contacts § and 2, respectively, of relay ZU. These
two grounded conductors S8 and SI% extend into Fig.
30 and directly inte Fig. 33, whereupon they join up
with conductors S and Si1 in Fig. 33 and follow the
circuits previously described under the condition where
it was assumed that relay ZU might be released. The
interesting thing to note, however, is that with relay ZU
released the sleeve relays are given an order of preference
from relay 8% of Fig. 30 directly down the chain to relay
S9 of Fig. 33; whereas, with relay ZU operated the
preference is initiated at relay S5 of Fig. 33 and by virtue
of the make contacts 12 and 6 of relay ZU at the right-
hand side of Fig. 33 (in the event that relays S5 through
59 are unoperated) the preference is returned over con-
ductors 31¢ and S13 into Fig. 30 and into the preference
order of relays S9 through S4, as is the starting point
under the condition when relay ZU is released.

Since, as above mentioned, it has been assumed that
line circuit 3% is the only one available and therefore
conductor ¢ in Fig. 33 is grounded over make contact
12 of relays SMRAA and SMREA, this ground on con-
ductor 9 extends over make contact 12 of relay TMS3,
to conductor S3% imto Fig. 35, to battery through the
winding of the line hold magnet LHM39, which thereupon
operates. Other than the ramification imposed by the
preference order of the sleeve relays of Figs. 30 and 33
and other than the fact that line hold magnet LHM39
is operated instead of the hold magnet LHM34 in Fig.
35 corresponding to the busy line circuit 34, the oper-
ation whereby the calling P.B.X line circuit 3¢ of Fig.
35 is interconnected with line circuit 39 of Fig. 35 under
the control of a junctor circuit (such as junctor circuit
of Fig. 24) is exactly the same operation as was described
in detail hereinbefore under the conditions whereby it
was assumed that line circuit 34 of Fig. 35 was idle and
was capable of being connected to the calling subscriber
P.B.X line circuit 3¢ over junctor circuit ¢ of Fig. 24. It
is considered unnecessary to repeat all the details of the
completion of this type of connection.

It will be apparent from previous description, of
course, that at such time as the marker is satisfied that a
junctor circuit is properly holding the crossbar switch
connection between line circuiis 3¢ and 39 of Fig. 35 the
marker will release, as will the dial pulse register ¢ cir-
cuit of Figs. 14, 18 and 19, thereby returning the
circuits to normal and leaving the two P.B.X parties to
hold a conversation between themselves under the super-
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vision of a junctor circuit, such as the one shown in Fig.
24, Under these conditions the connection between line
circuits 3¢ and 39 extends from the tip, ring and sleeve
conductors T, R and S of line circuit 30 in Fig. 35, into
Fig. 34 over the crosspoints of switch 3 in Fig. 34 corre-
sponding to the lower halves of respective levels 9 and
9, thence over the crossbar switch tip, ring and sleeve
conductors T0%, R69 and S09, into switch 1 of Fig. 23,
over the crosspoints corresponding to the lower halves of
respective levels 0 and 9 to the originating tip, ring and
sleeve conductors T0, R® and SO into Fig. 24 to the
originating end of junctor circuit 0, thence through con-
densers T and R and over the interconnected sleeve lead,
out over the tip, ring and sleeve leads TT, RT and ST
of the terminating end of the junctor, into Fig. 23 and
over the crosspoints of the switch corresponding, for
instance, to the upper halves of levels % and 2, to the
tip, ring and sleeve conductors T12, R12 and SI12 of
this level, across to switch No. 3 in Fig. 34, thence
over the crosspoints corresponding to the upper halves
of levels 2 and 1 and to the tip, ring and slesve leads T,
R and S into Fig. 35 to line circuit 39.

B.—TIE TRUNK TO P.B.X LINE

Tie trunk circuits are provided in the P.B.X used
as an illustrative embodiment herein whereby remote
P.B.X’s may make connection with lines in the present
P.B.X or with trunks extending therefrom and whereby
stations in the instant P.B.X may affect connections to
remote P.BXs. In Figs. 31 and 35 are illustrated four
tie trunk circuits Nos. 1 through 4 of which tie trunk
circuit 1 in Fig. 31 is shown in detail. This particular
tie trunk provides to the instant P.B.X dial selected out-
going service whereby, for instance, a P.B.X line cir-
cuit such as line circuit 34 of Fig. 35 may, by dialing the
proper digits, make connection with the tie trunk circuit
1 of Fig. 31 extending to a distant P.B.X indicated in
Fig. 31 as a box. Once having made connection with
the distant P.B.X through tie trunk circuit 1, however,
line circuit 34 of Fig. 35 must orally pass further switch~
ing instructions to the P.B.X attendant at that distant
point. Thes same tie trunk circuit 1 of Fig. 31 is ar-
ranged for dial repeating incoming service from the dis-
tant P.B.X, whereby the distant P.B.X attendant, for in-
stance, may dial intc and through the instant P.B.X by
automatic means.

The circuit action of the instant P.B.X in completing a
dial repeating incoming call from a distant PBX
through tie trunk circuit 1 of Fig. 31 is exactly the same,
with a few minor exceptions, as has been previously de-
scribed in connection with a station to station call. If
a distant P.B.X attendant desires to place a call to
line circuit 34 of Fig. 35, the circuit action will be almost
identical to that previously described in connection with
line circuit 30 of Fig. 35 making the same connection to
line circuit 34. When the tie trunk is seized at the dis-
tant P.B.X a direct-current loop is closed between the
tip and ring leads T and R extending therefrom as
shown by the box in Fig. 31. The tip lead extends in
Fig. 31 over break contact 5 of relay TRT to the incom-
ing tip lead T1 of line circuit 26, and thence to ground
over break contact 1, 2T of line hold magnet LHM26
and through the left-hand winding of line relay 1.26. The
ring lead R from the distant P.B.X extends in Fig. 31
over break contact 7 of relay TRT, thence to the in-
coming ring lead R1 of line circuit 28, thence to battery
over break contact 1, 2B of line hold magnet LHM26
and through the right-hand winding of line relay L26.
Relay 126 operates in this D.C. loop closed at the distant
PB.X. Relay 126, in operating, causes the operation in
Fig. 10 of the tens selection reley T2 in a circuit extend-
ing from ground over make contact 4 of relay L26,
break contact 5 of relay TEA1, break contact § of relay
TA2, winding of relay T2, break contact 9 of relay TA2,
to battery through break contact § of relay TEB1, all
in the same manner as previously described.
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Since the sequence of events that ensue upon the oper-
ation of the tens selection relay T2 are for all intents and
purposes indentical to the sequence of events previously
described in connection with the interconnection of line
circuit 30 of Fig. 35 with dial pulse register @ of Figs.
14, 18 and 19 for the dial tone job, the details will be
omitted and only the high spots touched upon. Upon the
operation of relay T2 of Fig. 10 relays TEAO through
TEA3 and TEB9 through TEB3 of Fig. 11 are operated
and provide locking circuits for relay T2 of Fig. 10 in-
dependently of the condition of line relay L26. Upon
the operation of relays TEA2, TEB2, TEA3, TEB3 and
T2, velay TP2 of Fig. 10 is operated along with the four
tens preference chain check relays TCK1 through TCK4
of Fig. 10. The operation of relay TP2 of Fig. 10 com-
prises a seizure of the marker circuit by the line circuit
associated with tie trunk circuit 1 of Fig. 31 for purposes
of the dial tone job. Relay TP2, in operating, also causes
the operation in Fig. 12 of the corresponding tens con-
nector relays TCS2, THC2, TU2 and TM2, and causes
the operation in Fig. 12 of the tens auxiliary connector
relays TACA, TACB, etc. The operation of the tens
auxiliary connector relays TACA and TACB causes the
operation in Fig. 17 of the line units connector relays
LUCA and LUCB and the units lock relays ULA and
ULB. Upon the operation of the line units connector
relays LUCA and LUCSB, a circuit is completed in Fig. 16
for causing the operation of the units relay U6 extend-
ing from ground in Fig. 16, over make contact 6 of re-
lay L26, make contact 9 of relay TU2, parallel make con-

" tact 9 of relays LUCA and LUCSB, to battery through the
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winding of relay U6, which operates and locks in a cir-
cuit extending from the right-hand side of its winding,
over its own make contact 10, to ground through the
parallel make contacts 9 of the units lock relays ULA

* and ULB. Upon the operation of relay U6 of Fig. 16
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circuits are completed in Fig. 17 for operating the units
end relays UEA and UEB in a manner fully described
hereinbefore, the operation of relays UEA and UEB
causing the release in Fig. 17 of the line units connectors
LUCA and LUCB.

The operation of the units end relays UEA and UEB
of Fig. 17 is an indication that the units registration has
been affected, such as by the operation of the units re-
lay U6 of Fig. 16, which in turn necessarily means that
the tens registration has taken place, such as the opera-
tion of the tens preference relay TP2 of Fig. 10 and the
tens connector relays of Fig. 12 corresponding to the
tens digit of 2. In the meantime, in the register control
cirenit of Fig. 6, upon the operation of relay TP2 and the
tens auxiliary connectors TACAA and TACBA, obvious
circuits are completed for causing the operation of the
register group relays RGA, RGB, etc. to initiate the
selection of an idle dial pulse register circuit such as
dial pulse register ¢ of Figs. 14, 18 and 19. The manner
and means whereby an idle dial pulse register circuit is
selected for supplying dial tone to the calling line cir-
cuit and for receiving therefrom the digits dialed by the
calling party has been dealt with in considerable detail
hereinbefore and will not be repeated at this point.

If it be assumed, as was the previous case, that dial
pulse register ¢ of Figs. 14, 18 and 19 is idle and available
1o be seized and that it will be seized, it will be apparent
that certain of the select magnets on switches & and 2
of respective Figs. 3 and 27 must be operated in order
to select crosspoints on the switches to intercommect the
tip, ring and sleeve conductors of dial pulse register &
of Fig. 18 to the tip, ring and sleeve conductors extend-
ing into line circuit 26 of Fig. 31 to which is con-
nected the incoming tie trunk circuit 1 from the distant
PB.X. As has been described in detail hereinbefore,
the selection of proper select magnets is under control
of the link test circuits of Figs. 46 and 47, whereby one
of the available 16 three-wire horizontal links through
the crossbar switches is preselected. In Fig. 37 select
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magnet connectors relays SMC8 and SMC2 will be oper-
ated such that select magnet operating circuits will be
extended to switches 9 and 2 of respective Figs, 3 and
27. Select magnet connector SMCS is operated by
means of make contacts of the register group relays
RGBA and RGAA and select magnet connector SMC2
is operated under the control of make confact 6 of the
tens conmector relay THC2. It will be assumed that
the lower half of level § of the horizontal crossbar switch
network is selected for use, namely, the tip, ring and
sleeve conductors T09, RGY and S09 extending from
switch to switch across the Figs. 3, 23, 27, 34 and 42 into
the link test circuits of Figs. 46 and 47. In Fig. 3 select
magnets SM&§ and SM89 will be operated to preselect
for use the lower half of level 9; and, in Fig, 27 the cor-
responding select magnets SM20 and SM29 will also be
operated.

In order to complete the connection it will be necessary
to cause the operaticn in Fig. 3 of hold magnets THM08
and THMO9 corresponding to dial pulse register ¢ of
Figs. 14, 18 and 19 and to cause the operation in Fig. 27
of hold magnet LHM?26 corresponding to line circuit 26
of Fig. 31 connected to tie trunk circuit 1. The circuit
whereby hold magnets THMO8 and THMOS of Fig. 3
are operated have been described in detail in connection
with the register control circuit of Fig. 6. At a suitable
time, as hereinbefore explained in detail, a circuit is com-
pleted for testing the hold magnet winding of line cir-
cuit 26 of Fig. 31, extending from ground in Fig. 33,
through the lower winding of relay $6, make contact 12
of relay U§, to conductor 6, over make contact 9 of
relay TM2, to conductor S26 extending into Fig. 31, over
make contact 18 of relay 126, to the top side of the wind-
ing of relay IN26, and thence to battery through the
winding of relay IN26, which thereupon operates. Relay
IN26, in operating, closes its make contact 20 in parallel
with make contact 18 of relay L26, and completes a
circuit from the upper side of its winding through its
make contact 8 to conductor $2, whereby this relay
IN26 may be held operated from the tie trunk circuit,
as will be explained, and causes the operation of line
hold magnet THM26 in an obvious manner over make
contact $ of relay IN26. 1In the meantime, upon the
operation of line relay 126 of Fig. 31, a circuit extends
in Fig. 31 from ground, over make contact 8 of relay
1.26, to conductor IT86 extending into the line and trunk
hunting circuit of Fig. 33 for making line circuit 26 busy
to the rest of the circuit. Upon the operation of hold
magnet LHM26 of Fig. 31, line relay 126 is released
and the busy ground on conductor IT86 is now supplied
from ground over make contact 12 of relay IN26 and
break contact 8 of relay 128.

Upon the operation of the hold magnet LHM26 shown
in Fig. 27 and the operation of hold magnets THMO0S
and THMO? of Fig. 3 a circuit is completed from the tip,
ring and sleeve conductors of the dial pulse register 0
circuit of Fig, 18 into Fig. 3, over the three crosspoints
corresponding to select magnet SM80, over the cross-
points corresponding to select magnet SM09, conductors
T03, RO9 and S99 into Figs. 23 and 27, over the cross-
points corresponding {0 select magnet SM29 in Fig. 27,
and over the three crosspoints corresponding to select
magnet SM2§ to the tip, ring and sleeve conductors T,
R and S, extending into line circuit 26 of Fig. 31. In
this connection between dial pulse register § of Fig. 18
and line circuit 26 of Fig. 31 a low impedance ground is
supplied over contacts 12 of relay SR in Fig. 18, through
the S resistance and over the sleeve lead S to the sleeve
lead S of Fig. 31, thence to the incoming sleeve lead S1
leading into tie trunk circuit 1, over break contact 9 of
relay TRT, to battery through through the winding of
relay SRTT, which thereupon operates. Relay SRTT, in
operating, extends ground in Fig. 31 over its own make
contact 6 to conductor S2 and over make contact 8 of
relay IN26 to hold relay IN26 operated. Also, as has
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been explained in some detail, as a result of this inter-
connection dial tone is supplied from dial pulse register
0 of Fig. 18 over the tip and ring loop, over the cross-
bar switch network and over the tip and ring leads of
line circuit Z6, and over the tip and ring leads T and R
to the distant P.B.X. This dial tone signal is an indica-
tion to the calling party at the distant P.B.X that the
digit or digits desired may be dialed into the instant
P.B.X circuit,

Since it has been assumed that the distance P.B.X
party wishes to make contact with the party comprising
line circuit 34 of Fig, 35, the respective tens and units
digits 3 and 4 will be dialed into the dial pulse register
& of Figs. 14, 18 and 19, just as was the case previously
described in some detail wherein it was assumed that the
P.B.X station 30 of Fig. 35 desired to make connection
with this same called P.B.X line circuit 34 of Fig. 35.
Just as was the previously-described instance above re-
ferred to, the registration in dial pulse register & of
Figs. 18 and 19 of the tens and units digits 3 and 4 of
the called P.B.X line circuit 34 of Fig. 35 will cause
that line circuit to be interconnected over an idle one of
the 16 half links through the crossbar switch network
to the terminating portion of a junctor circuit such as
junctor circuit 0 of Fig. 24, and will cause the tie trunk
circuit 1 of Fig. 31 to be interconnected with the origi-
nating section of the same junctor circuit such as junctor
circuit 0 of Fig. 24 oveér the same half link through the
crossbar switch as was used for the dial tone connection,
namely, the lower half of level 9. The details of this
interconnection with the junctor circuit 0 of Fig. 24 are
identical with the circuit actions which took place when
line circuit 3¢ of Fig. 35 was interconnected with line
circuit 34 of Fig. 35 and the details thereof are not
necessary to be repeated here.

The talking battery for this connection is supplied
from junctor circuit 0 of Fig. 24 to both ends of the
conversation and the releasing of the connection is again
under the control of junctor circuit 0 of Fig. 24, as was
the case hereinbefore described for the interconnection
between P.B.X line circuits 30 and 34 of Fig. 35.

C.—P.B.X LINE TO TIE TRUNK

A call from a P.B.X line circuit over 2 tie trunk to a
distant P.B.X, such as from line circuit 3¢ of Fig. 35
over tie trunk circuit I of Fig. 31 to a distant P.B.X, is
handled the same way as a call between P.B.X lines up
to a point where the dial pulse register is ready to seize
the marker circuit for completion of the call. This par-
ticular type of a connection does not require the use
of a junctor circuit such as junctor circuit 0 of Fig. 24,
as was the case in a connection between P.B.X line cir-
cuits, because the tie trunk circuit such as the one shown
in Fig. 31 provides talking battery to both ends of the
connection as will be explained.

It will be assumed that P.B.X line circuit 30 of Fig. 35
desires to make interconnection over tie trumk circuit 1
to a distant P.B.X. The initial phases of the conirol
connection whereby line circuit 30 is interconnected with
a dial pulse register such as dial pulse register & of Figs.
14, 18 and 19 and whereby the called digits are dialed
into and registered in dial pulse register ¢ are exactly
the same as previously explained with the exception of
a few minor details. In order to make connection with
tie trunk circuit 1 of Fig. 31 it is necessary for the tens
digit 8 and the units digit 6 to be dialed into dial pulse
register ¢ of Figs. 14, 18 and 19 in accordance with the
identification No. 86 of this particular trunk circuit. As
has been explained hereinbefore, as a result of dialing
the tens digit 8 into dial pulse register ¢ the relay TD§
of Fig. 19 will be operated and as a result thereafter of
dialing into the dial pulse register of the units digit 6
there will be operated in Fig. 18 the relays P2A, P4 and
PS5 in accordance with previous description to register
the units digit 6. As a result of the operation of relay
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TDS8 of Fig. 19 a circuit is completed in Fig. 19 from
ground over break contact 8 of relay TMOR, make con-
tact 2 of relay TDS, and make contact § of relay TLD,
to conductor T8-8 leading into the tens connector cir-
cuit of Fig. 12; and, this same ground on conductor
T8-0 in Fig. 19 extends over break contact 6 of relay
TRR to battery through the winding of relay TRR, which
thereapon operates and locks in a circuit over its own
make contact 12 to ground through make contacts 19
and 9 of relays SW and ON.

Other functions of the dial pulse register 0 take place
substantially as previously described with one main ex-
ception. In Fig. 14 in connection with previous descrip-
tion where a junctor circuit was needed in a connection
between P.B.X line circuits, the battery through the make
contact 12 of relay DC was extended throungh break con-
tacts of relays OT, TRR, COT and TMOR to the lead
JTAQO extending into the sequence control circuit of
Fig. 41 to cause the operation of relay JTA, etc., for
initiating the sequence of operations whereby junctor cir-
cuit 0 of Fig. 24 was used in the connection between
P.B.X line circuits. However, in the present instance due
to the operation of relay TRR of Fig. 19 this battery in
Fig. 14 now extends over make contact 10 of relay TRR
to conductor RCTAY, and a similar battery extends over
make contact 8 of relay TRR to conductor RCTBO both
extending into the sequence control circuit of Fig. 41.
For instance, in Fig. 41 the battery on conductor RCTAS
from dial pulse register 0 of Fig. 14 will extend over
make contact 20 of the register preference auxiliary relay
RPAO, through break contacts 5 and 7 of respective
relays NAA and TRCA, through the parallel windings
of the register cut-through relays RCTA and RCTAA, to
ground through break contacts 5 and 4 of respective
relays NAB and TRCB. Similar circuits in Fig. 41 will
cause the operation of the corresponding register cut-
through relays RCTB and RCTBA. It will be recalled
in connection with the description hereinbefore of an
interconnection between P.B.X line circuits 30 and 34 of
Fig. 35 by means of junctor circuit 0 of Fig. 24, that the
register cut-through relays RCTA, RCTB, of Fig. 41
were not operated until a sequence of relay operations
had taken place whereby a junctor circuit had been se-
lected _for use. This junctor selection was caused by the
operation in Fig. 41 of relays JTA and JTB, which does
not take place in the present instance. In the present
situation the cut-through relays RCTA, RCTB are oper-
ated immediately because there is no need to go through
the junctor selection sequence.

The operation of the register cut-through relays RCTA,
RCTB, etc. causes the operation in Fig. 12 of the register
connector relays RCAO through RCEO associated with
the dial pulse register & assumed to be used in the present
example. This operation has been described previously.
Upon the operation of relay RCEO. a circuit is com-
pleted between the dial pulse register 0 of Fig. 19 and
the tens connector circuit of Fig. 12 whereby the tens
connector relays TK8, TKA8 and TKBS8 are operated in
accordance with the registration in the dial pulse register
of the tens digit 8 associated with this particular group
of trunks. This circuit extends from ground in Fig. 19
on conductor T80 extending into Fig. 12, thence over
make contact 2 of relay RCEO, through the windings of
relays TK8, etc. to battery through make contact 11 of
relay RCEQ. As will be recalled from previous descrip-
tion, the operation of the register preference auxiliary
relay RPAO of Fig. 12 causes the operation of the reg-
ister units connector relays RUCA and RUCE of Fig. 17,
which thereupon complete a circuit extending from the
dial pulse register in Fig. 19 to the units selection circuit
of Fig. 16 for operating the units relay U6 in accordance
with the registration in the dial pulse register of the units
digit 6 of the trunk No. 86. This circuit extends from
ground in the right center part of Fig. 19 over break con-
tact 8 of relay TMOR, -over break contact 3 of relay OT,
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make contact 4 of relay P2A, break contact 8 of relay
RA, make contact 10 of relay PS5, break contacts 6 and 2
of relays P3 and P1, and make contact & of relay STR
to conductor U6-0 extending into Fig. 16, thence over
make contact 9 of relay RCOO and make contact 9 of
relay RUCB to battery through the winding of relay US,
which thereupon operates. It will be noted in this regard
that the ground extending from the left side of the make
contact 9 of relay RCCO in Fig. 16 also extends over
make contact 9 of relay TKAS to conductor H86 extend-
ing into the punching sheet of Fig. 20 and thence to
the punching corresponding to conductor H87 extending
back into Fig. 16 to operate the corresponding units relay
U7. 'This merely indicates that the two tie trunk circuits
1 and 2 in Figs. 31 and 35 are in a hunting group and
whichever one of the group is idle will be selected in the
same fashion as was previously explained in connection
with a busy called P.B.X station in a hunting group of
such P.B.X stations.

Upon the operation of relay TKB8 the select magnet
connector relays SMCO and SMC2 of Fig. 37 were op-
erated. Circuits were thereupon completed as previously
described for operating select magnets on certain ones of
the switches in order to reuse the same horizontal half
link which was used on the dial tone connection. These
circuits extend in Fig. 6 in the upper left-hand corner
thereof from ground, over break contacts 2 and 3 of re-
lays JREA and JREB, make contacts 6 and 7 of relays
RCTA and RCTB, break contacts 3 and 5 of relays COA
and COB, and make contacts 5 and 6 of relay RP§, to
conductors SM@9 and SM@1 extending into Fig. 3 and
over the crosspoints of the switch § corresponding to se-
lect magnets SM@0 and CMO9 to conductors SMO and
SM9 extending into the select magnet control circuit of
Fig. 37, where conductor SM6 extends over make con-
tacts 10 of relays SMCO and SMC2 to operate select
magnets SM00 and SM20 shown on Figs. 3 and 27 cor-
responding to switches ¢ and 2, and where in Fig. 37
ground on conductor SM9 extends over make contacts
9 of relays SMC0 and SMC?2 to operate the select mag-
nets SM69 and SM29 shown in Figs. 3 and 27 corre-
sponding to level 9 of these switches. Due to the opera-
tion of these select magnets SM0% and SM09 of Fig. 3
and SM20 and SM29 of Fig. 27, upon the operation of
line hold magnet LHM26 of Fig. 27 (also shown in Fig.
31) in connection with tie trunk circuit 1, the line cir-
cuit 26 of Fig. 31 (tie trunk circuit 1) will be intercon-
nected over the crossbar switch network with the calling
P.B.X line circuit 30 of Fig. 35 in parallel with dial pulse
register 0 of Figs. 14, 18 and 19.

Due to the operation in Figs. 16 and 17 of the units
relays U6 and U7, corresponding to the two tie trunks
arranged in a common hunting group, circuits will be
completed between Figs. 33, 31 and 35 for testing the
two trunk circuits to ascertain if one of them is idle. For
instance, in Fig. 33 a circuit is completed from ground
through the lower winding of relay S6, over make con-
tact 12 of relay U6 to conductor 6, over make contact $
of relay TK8 to conductor IT86 leading into Fig. 31 to
the line circuit 26 associated with tie trunk circuit 1.
Tf line circuit 26 is idle, both its line relay L26 and its
incoming relay IN26 will be released, whereupon the
ground on conductor 1T86 will be extended through the
respective break contacts 8 and 12 of these relays to bat-
tery through the winding of relay OT25. A similar cir-
cuit extends from the lower winding of sleeve relay S7
of Fig. 33 to the winding of the corresponding out-
going relay OT27 indicated but not shown in Figs. 31
and 35. It will be assumed for purposes of illustration
that both of these tie trunks are available whereupon both
of the corresponding sleeve relays S6 and S7 will be
operated through their lower windings to battery through
the winding of the corresponding relays OT26 and o127
of Figs. 31 and 35, the relays OT26 and OT27 not operat-
ing in series with the corresponding relays. Sleeve relays
86 and 87, in operating, complete circuits over their
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“tespective’make contacts 1.to’ the respective conductors 6
and “7-of Fig. 33 independently of the make contacts of
the ‘corresponding units. relays U6 and U7. -Also upon
the ‘operation of any one or more of the sleeve relays of
Fig, 33 the sleeve end. relays SEA, SEB, etc. of Fig. 32
are operated in a manner-previously described and the
operation of .these sleeve end relays causes the release in
Fig. 17 of the relays RUCA. and RUCB, which in turn
cause the release of the operated uits selection relays U6
and U7 of Fig. 16, the release -of which in. turn causes
the release in Fig.'17: of.the umits end relays UEA and
UEB.

In the meantime, upon the operation of “the. select
magnet..connector relays SMCO and SMC2 of Fig. 37,
-circuits . previously “described " in “detail are completed
in Fig. 37 for causing the operation. of .the slow operate
‘relays SMTA and SMTB, .which in operating initiate a
sequence of operations fully described hereinbefore
whereby a hold magnet such as hold magnet LHM26 of
Figs. 31-and 27 is operated for interconnecting the called
circuit with the calling circiit over.the same horizontal
three-wire link through the crossbar . switches which was
previously used for the dial tone job. The net effect of
this sequence of operations is to cause conductors S8
and Sil extending between Figs. 30 and 33 to become
grounded. It will. be appreciated by an inspection - of
-Fig. 33 that with the sleeve relays-S6 and S7 operated,
the grounding of conductors S8 and-S11 will prefer to be
controlled by sleeve relay .S6 since. it is. the first one in
the order .of preference for these two sleeve- relays. - It
will also be appreciated that in the event that line circnit
26 of Fig. 31 had not been available its corresponding
sleeve relay S6 would not have operated and therefore
the selection of a tie trunk would have. extended. in Fig.
33 to the sleeve relay 87 which if idle ‘would have been
selected for use, etc. In the present example, it has
been assumed that both tie trunks are-available, where-
upon both of the sleeve relays S6 and S7- were operated
and this causes ground on conductor S8 in Fig. 33 to
be extended over make contact 4 of relay S6 and make
contact 9 of relay SMRAA to conductor 6 and. also
causes the ground on conductor S11 in Fig. 33 to be ex-
tended over respective make contacts' 8 and ‘9 of the
same relays S6 and SMRBA to the same conductor 6.
Ground on conductor 6 in Fig. 33 thereupon extends
over make contact 9 of relay TKS8 to.conductor IT86
extending into Fig. 31, and thence over break contacts 8
and 12 of relays 126 and IN26 to battery through the
winding of the outgoing relay OT26 corresponding to
line circuit 26. ‘Relay OT26 operates in - this circuit
thereby extending the tip and ring leads T and R of line
circuit 26 in Fig. 31 from the crossbar. switch termina-
tion thereof in Fig. 27 to the outgoing tip and ring leads
T2 and R2 of the tie trunk circuit 1 and causes the op-
eration of line hold magnet LHM26 in Fig. 31 in an
obvious fashion over make contact 4 of relay OT26.
The operation of relay OT26 also completes a circuit
in Fig. 31 from ground through resistance $26 and over
make contact 1 of relay OT26 to the sleeve .conductor S
of line circuit 26 terminating.in the crossbar-switch net-
work of Fig. 27, and at.break contact 1.of relay OT26
in Fig. 31 the operation of relay OT26 opens the orig-
inating sleeve lead S1 of tie trunk circuit 1. The op-
eration of line hold magnet LHM26 of Figs. 31 and
27 opens the operating circuit for the line relay 126 of
Fig. 31.

Upon the operation of line hold ‘magnet LHM26 of
Fig. 27 and due to the prior operation of select magnets
SM290 and SM29 also ‘of Fig. 27, the tip, ring and sleeve
conductors T, R and-S extending from line" circuit. 26
in Fig. 31 into Fig. 27 are extended over the three cross-
points corresponding to -select magnet SM20¢ and the
three lower crosspoints-corresponding to select - magnet
SM29 to the tip, ring and sleeve conductors T069, R09
and S09 to which are presently connected the tip, ring
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and" sleeve conductors of the dial pulse register ¢ of

"Fig. 14 and of the line circuit 30 of Fig.:35. It will

be recalled with reference to Fig. 18 that the dial pulse
register O was applying a low resistance holding ‘ground
through .make contact 32 of relay SR and through re-
sistance 'S to the sleeve lead of the interconnection.
This “holding  ground extends to battery - through the

"winding in’ Fig. 35 of the line hold magnet LHM39 to
“hold ‘the .connection. It will be noticed. with respect to

Fig. 31 that as soon as the outgoing relay OT26 operates
and as soon as. the crosspoint connection is made on the
crossbar switches an additional - low resistance holding
ground is supplied over make contact 1 of- relay OTZ26

“to supplement the sleeve holding -ground supplied by dial

pulse register . "This additional ‘holding ground is pro-
vided so-that when: the dial pulse register and marker
are released from' the commection the line circuit. 26. of
Fig. 31 will be permitted to hold the connection.

- As. has been .explained. in. considerable detail herein-
before, eventually the hold magnet check relays HMKA
and HMKB. of Fig..29 operate as an indication that the
line circuit 26 (tie trunk 1) is properly holding the con-
nection and that the marker and dial pulse. register. cir-

-cuits .may be ‘released. The releasing- action has: been

described hereinbefore and will not be gone -into again

-at this point. .Let it suffice to say that the marker cir-
«cuits: are: completely released as are- the circuits -of dial

pulse-register circuit- @ of Figs. 14, 18 and 19, leaving
the connection under: the control of tie' trunk- circuit 1
and: line: circuit. 26- of Fig. 31. However, before: the

erations take place in the tie trunk circuit-1 of Fig. 31
in-order to -set up the proper - holding - and - supervision
controls. “As:soon-as’ the tip “and ring-leads T and R
of line circuit 26 of Fig. 31 are connected to the tip and
ring-leads T--and ‘R ‘of the calling P.B.X Iline circuit
38 of Fig.:35 2 direct-current-loop is: closed over this tip

~and ring circuit and- exteniding in Fig. 31 from' the tip
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lead T of line circuit-26, over ‘make contact 2 of relay
OTZ26 to the outgoing tip conductor T2 of the tie trunk,
thence over break contact 6 of the reversing relay RVT,

“to ground through the upper-winding of relay. M. - Like-
- wise the ring lead'R of line circuit 26 extends over make

contact 3 of relay OT26, to the outgoing ring lead R2
of tie trunk circuit ‘1, and over break contact 12 of the
reversing relay RVT to battery through the lower wind-

.@ng of relay M. Relay M operates in this circuit and,
n operating, causes the operation of relay TRT in an

obvious .fashion over make contact. 19 of relay M, and
applies a ‘holding. ground .over its make contact 4 to the

-outgoing tie ‘trunk sleeve lead S2 and through make

contact § of relay OT26 to maintain operated this relay,

-~ which in turn will maintain operated the line hold mag-

55

60

65

70

%

“ring leads T and R from the distant

“net ' LHM26 corresponding to line circuit 26. Relay
“TRT, in operating, causes the operation in an obvious

manner of relay SRTT which, through the agency of its

~make contact 6, supplements the holding. ground on the

outgoing sleeve conductor -$2 of tie trunk circuit 1 for
maintaining operated the outgoing relay OT26 of line cir-
cuit 26. Relay TRT, in operating, extends the tip and
P.B.X through make
contacts 4.and ¢ of relay TRT, to the windings of the
relay LT and throngh condensers T and R to the out-
going tip and ring leads T2 and R2 of the tie trunk cir-
cuit I. The operation of relay TRT also opens at its
break contacts 5 and 7 the interconnection ‘between the

*tip and-ring:leads T and R to the distant P.B.X and the

incoming tip and ring leads T1 and R1 between the tie
trunk circuit 1 and line circuit 26, and by means of its
break contact ‘9 breaks the connection between the in-
coming-sleeve lead S1 and the winding of relay SRTT.

Upon the operation: of relays M and TRT of the tie
trunk circuit 1 of Fig. 31-a circuit extends from. ground
through the upper winding of relay LT and over make
contacts 8 and 6 of respective relays M and TRT, to
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the ring lead extending to the distant P.B.X; and, an-
other circuit extends from battery through the lower
winding of relay LT and over make contacts 6 and 4
of respective relays M and TRT to the tip lead T, extend-
ing to the distant P.B.X. Battery and ground on the
respective tip and ring leads T and R extending to the
distant P.B.X causes an incoming signal to function
thereat. When the attendant at the distant P.B.X answers
the incoming signal a direct-current loop is connected
between the tip and ring leads thereat, thereby causing
the operation of relay LT in tie trunk circuit 1 of Fig.
31. Relay LT, in operating, supplements the ground
for operating relay TRT by means of make contact 6
of relay LT and causes the operation of the reversing
relay RVT in an obvious manner over make contact 4
of relay LT. Relay RVT, in operating, reverses the con-
nection of the outgoing tip and ring leads T2 and R2
to the windings of relay M such that battery and ground
are reversed back towards the originating end of this
call. This battery and ground reversal towards the origi-
nating end is used as an answer signal to any connected
circuit requiring such a reverse battery and ground signal.
In the present instance this reversal is of no particular
consequence because the calling P.B.X line circuit 30
of Fig. 35 is not such a circuit as requires this reverse
signalling,

The details involved in the complete release of the
marker and of the dial pulse register 9 circuit of Figs.
14, 18 and 19 have not been described since it is identical
with the details thereof set forth hereinbefore in con-
nection with the release of these circuits under similar
conditions involved in a line-to-line call. When these
circuits have been released a connection exists from the
tip, ring and sleeve leads T, R and S of the calling
P.B.X line circuit 38 of Fig. 35 into Fig. 34 over the
three crosspoints corresponding to select magnet SM30,
thence vertically and over the lower three crosspoints
corresponding to select magnet SM39, to the tip, ring
and sleeve conductors T09, R99 and S$¢9 comprising the
lower half of level 9 of the crossbar switch link, thence
into Fig. 27 and over the lower three crosspoints cor-
responding to select magnet SM29, downward in the
crossbar switch network corresponding to hold magnet
LHM26, over the three crosspoints corresponding to
select magnet SM29 to the tip, ring and sleeve leads T,
R and S leading into the line circuit 26 of Fig. 31. In
Fig. 31 the sleeve lead S of line circuit 26 extends over
make contact 1 of relay OT26 to ground through the
resistance $26, this ground comprising a means whereby
the connection is held from the line circuit 26. In Fig.
31 the tip and ring leads T and R extend over respective
make contacts 2 and 3 of relay OT26, to the outgoing
tip and ring leads T2 and R2 of the tie trunk circuit 1
in Fig. 31 and over respective make contacts 6 and 12
of the reversing relay RVT to respective battery and
ground through the corresponding lower and upper wind-
ings of relay M, thereby in an obvious manner supplying
talking battery to the line circuit 39 of Fig. 35. Con-
densers T and R isolate the originating and terminating
battery supply talking circuits in a well-known manner.
Ground extends through the upper winding of relay LT
and over make contacts 8 and 6 of respective relays
M and TRT to the ring lead R extending to the distant
P.B.X and battery through the lower winding of relay
LT extends over respective make contacts 6 and 4 of
relays M and TRT to the tip lead T extending to the
distant P.B.X. By means of this interconnection the at-
tendant at the distant P.B.X may verbally request further
switching instructions from the party at the P.B.X line
circuit 30, thereby to extend any connection desired by
that calling P.B.X subscriber. It will be appreciated in
this particular instance that the P.B.X party at line circuit
30 canmnot further control this circuit by dialing from
station 30, although such tie trunk circuits are well known
in the art.
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At the completion of whatever conversation may result
due to this connection, if the distant party disconnects
first, relay LT is released, thereby releasing the revers-
ing relay RVT. Relay RVT, in releasing, reestablishes
the original ground and batteéry situation on the tip and
ring leads towards the originating end, which reversal
of battery and ground is used as a disconnect signal to
any connected circuit requiring it. In the present in-
stance the calling P.B.X line circuit 30 of Fig. 35 does
not require such a signal and therefore the release of
relay RVT in this instance is of mo particular conse-
quence. When the calling P.B.X party at line circuit
30 of Fig. 35 disconnects, the tip and ring loop from
the instrument thereat is opened, thereby causing the
release of relay M in the tie trunk circuit 1 of Fig. 31.
Relay M, in releasing, releases relays OT26 in line circuit
26 and relays TRT and SRTT in the tie trunk. Relay
0T26, in releasing, causes the release in Fig. 31 of line
hold magnet LHM26 and the release in Fig. 35 of line
hold magnet LHM39, thereby returning to normal the
tie trunk circuit 1 of Fig. 31 and the calling P.B.X line
circuit 30 of Fig. 35.

In the event that the calling P.B.X party at line circuit
30 of Fig. 35 should disconnect first, relay M in tie trunk
circuit 1 of Fig, 31 will be released, thereby reversing
the battery and ground back over the tip and ring leads
to the distant P.B.X as a disconnect signal. However,
until such time as the distant P.B.X loop is disconnected
relay LT cannot release. When relay LT is released by
this distant disconnect, the relays RVT, TRT, SRTT and
OT26 release, followed by the release of the hold mag-
nets LHM?26 of Fig. 31 and LHM30 of Fig. 35. It will
thus be appreciated that the originating P.B.X station
remains held to the tie trunk circuit even though it may
have disconnected and remains so held until such time
as the distant P.B.X circuit is disconnected.

D~—TIE TRUNK TO TIE TRUNK

A connection desired between one tie trunk and an-
other tie trunk, such as from tie trunk circuit 4 of Fig.
35 to tie trunk circuit 1 of Fig. 31, is merely a combina-
tion of the circuit activities described immediately herein-
before with respect to a connection between a calling
tie trunk and a called P.B.X line and a connection be-
tween a calling P.B.X line and a called tie trunk. It
is considered unnecessary to go into the details of a tie-
trunk-to-tie-trunk call in view of the fact that it is merely
a duplication or an obvious combination of circuit func-
tions previously described in connection with calls be-
tween tie trunks and P.B.X lines. It may be noted how-
ever that in the situation of a call between tie trunks
the operations and releases of relays such as relay M
and RVT of tie trunk circuit 1 of Fig. 31 will effect the
necessary answering and disconnect, etc. supervision by
reversals of battery and ground to the originating and
terminating ends of the call,

E.—P.BX LINE (TOLL ALLOWED) TO CENTRAL
OFFICE TRUNK

As has been mentioned hereinbefore the various line
circuits of the P.B.X may have one of three classes of
service such as toll-allowed, toll-denied, and restricted.
Restricted stations cannot, without the assistance of the
P.B.X attendant, dial central office trunks such as the
central office trunk § of Figs. 4 and 5 extending to a
local central office. ~ If a restricted line attempts to make
such a call the circuits will automatically route the call-
ing P.B.X line to the P.B.X attendant as an intercept con-
dition. A toll denied station may automatically dial and
connect to a ceniral office trunk exténding to a local
central office and, upon receipt of second dial tone there-
from, may dial a local subscriber in that central office.
However a toll denied P.B.X station cannot dial to a toll
facility through the central office. In the event that a
toll denied station attempts to dial to 2 toll facility the
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“usual reversal of battery and ground over the tip-and
“ring conductors from the toll: facility will, under the
control of the central office trunk in the P.B.X, cause
the calling P.B.X station to be extended to a busy tone
in the trumk circuit of the P.B.X. A toll allowed sta-
' tion may not only dial automatically to the central office
and to. any local subscriber “therein, but ‘also may ‘dial to
-a toll facility through that central office; all-without ‘the
assistance of the P.B.X attendant. “Any station in“the
"P.B.X however may, as~will" be*described “hereinafter,
use the P.B.X attendant for any such call,

The example presently to be .described is the " circuit
action caused by.a toll allowed P:B:X-station, “such as
line circuit 30 of Fig.” 35, dialing to aid through a-cen-
tral office trunk, such as. central office-trunk -0 of Figs. 4
and 5, to a local central office; such as indicated in skele-
ton form in Fig. 31A; and, upon receiving second- dial
tone from the central office; line 30 may dial to and be
connected with a local subscriber ‘in: that' central office

or may dial to a toll operator facility, as will be de-

scribed hereinafter. Tn Fig. 31A skeletonized circitits
are shown in the upper portion thereof extending at ‘the
right from. the tip and ring conductors T and R of a
central office trunk from the P.B.X through the various
crossbar switches of the illustrative central office and
through an intra-office trunk out over other crossbar
switches to the desired connection with the called sub-
scriber. The details of the circuits skeletonized in the
upper part of Fig. 31A are fully shown and described in
the Patent 2,585,904 to A. J. Busch of February 19,
1952. In the lower part of Fig. 31A is shown, again
. somewhat skeletonized, a typical operator cord and trunk
circuit comprising. a toll board facility and to which the
incoming trunk from the P.B.X circuit may make con-
nection for extension of a call to and over a toll line.
The operator cord and trunk circuit illustrated in Fig.
31A has been adapted from a more complete showing
thereof in Patent 2,657,274 to R. E. Hersey of October
27, 1953. It will be apparent to those skilled in the art
that the central office frunk circuit from the P.B.X could
very well terminate in well known facilities in a step-by-
step central office, a panel type central office, a crossbar
type of central office, as shown, or a manual office and
that the showings of Fig..31A are merely for the pur-
poses of clarity and understanding of the extension of
-such a connection and are not intended in any way to
-be limiting upon the scope of the present subject matter.

Dial tone connection

“The . details -of - circuit operation whereby the calling
P.B.X line circuit 30 of Fig.-35 is interconnected over
the crossbar switches of the P.B.X with dial pulse register
0. of Figs. 14, 18 and 19, and whereby dial tone is sup-
‘plied to the calling line circuit 30, have been fully set
forth hereinbefore and it is deemed unnecessary to re-
peat the details thereof. . It will be assumed that this
dial tone .connection, as -was the case under previous
description, has taken place over the lower half of level
9 of the crossbar switches comprising the tip, ring and
sleeve " conductors T@9, ‘RG9 .and S69% of the crossbar
switches shown in Figs. 3, 23, 27, 34 and 42. As a re-
sult-of this dial tone connection the following relays will
have been operated: line hold magnet LHM3@ shown in
Figs. 34 and 35; relays L, SR-and ON of Fig. 18; and,
‘relays TLA and TLD of Fig. 14 (indicating the toll al-
lowed class of service for the calling P.B.X line circuit
30). Also, in the register control circuit of the marker
in Fig. 6 the relays RAGB and RASA will be released
- indicating that register circuit:0.of Figs. 14, 18 and 19 is
presently-engaged.
‘Dialing
There are ten central office trunks provided between
the ‘instant P.B.X and a central office such as the one
“illustratéd in skeletonized form in Fig. 31A. These
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“central office trunks- are trunks ¢ ’through 4 of Fig. 4, §
“and ‘9 and trunks 5 through ¢ of Fig. 43, of which cen-

tral office trunk 9 is shown in detail in Figs. 4 and 5. 1t
will be noticed by reference to the punching sheet of
Fig. 20 that the punchings corresponding to line circuit
conductors. H90 throngh H99 are all strapped together,

“thereby permitting any one of ‘the ten central office
“trunks to- hunt' to"any of the others. In this particular
instance, since all of ‘the.ten trunks are in the same
“hunting group, it is necessary for only-the single tens

digit.of 9 to be: dialed::into: the dial pulse. register ¢.of

"Figs. 14, 18.and 19 in order to effect selection of one of
“the .central office trunks.
-circuit’30 of Fig. 35 has.dialed the tens digit of 9 into
‘dial pulse register 0 the pulse counting relays of Fig. 18

When .the P.B.X party at line

are operatéd as’ follows: Telays P1, P2, P2A, P3, and
P5. Upon the reoperation of the line relay L of Fig.
18 .during. the interdigital pause after the dialing of the
tens digit of 9, relay RA of Fig. 18 releases. This com-

‘pletes a circuit-in Fig. 19 for operating the tens digit

register relay TD9, the circuit extending from ground in
Fig. 19 over break contact'§ of relay TMOR, break con-
tact 3 of relay OT, make contact 4 of relay P2A, break
contact 8 of relay RA, make contact 3 of relay P5, break
contact § of relay P4, make contact 6 of relay P12, break
contact 9 of ‘relay STR, through the winding of relay
TD9, to battery through-make contact 7 of relay ON and
break contacts #1 and 4 of the respective dial pulse regis-
ter release relays RRIB and RRLA. Relay TD® oper-
ates in this circuit and extends a locking circuit for it-
self from the upper end of its winding, through its own
make contact 1, to ground through break contact 8 of re-
lay TMOR. Relay SW, in the lower left hand corner
of Fig. 19, operates in the same operating circuit for re-
lay ' TD$ in an cobvious manner over break contact 14 of
relay DC. Relay SW locks to ground over make con-
tacts 4 and 6 of relays SW and PU and, in operating, re-
leases all of the operated pulse counting relays of Fig.
18. Relay SW, in operating, causes the operation of
relay STR as previously described, thereby switching the
output of the pulse counting relays of Fig. 18 from the
tens digit register of Fig. 19 directly to the units leads
leading to the units selection circuit of the marker of
Figs. 15, 16, and 17 such that the pulse counting relays
of Fig. 18 will act as the units digit register in the event
that a units digit is required.

Upon the operation of the tens digit relay TD9 of
Fig. 19, circuit operations take place in Fig. 19 whereby

.the dial completion relay DC is operated as an indication

that no further digits are required prior to an attempt
to seize the marker circuit for completion of this particu-
lar call. Relay OT in Fig. 19 is operated in a circuit
extending from ground over break contact 8 of relay
TMOR, make contact 2 of relay TD9, make contact §
of relay TLD, break contact 8 of relay OT, to battery
through the winding of relay OT, which thereupon
operates and locks over its own make contact 4 to off
normal ground. Relay OT, in operating, also extends
its locking ground over its own make contact ‘8 and
over break contact 4 of relay TMOR to battery through
the winding of relay UD, which thereupon operates and
locks over its own make contact 2 to off normal ground.
Upon the operation of relay UD, the dial completion
relay DC of Fig. 19 operates in'a circuit extending from
battery, through break contacts 4 and 11 of relays RRLA
and RRLB, make contact 7 of relay ON, winding of
relay DC, break contact 6 of relay RA, make contact
4 of relay UD, to ground through break contact § of
relay BYR. Relay DC, in operating, completes a lock-
ing circuit for itself over its own make contact 1 inde-
pendently of the contacts of relays RA and UD. Upon
the operation of relay DC, with relay SW also operated,
relay PU of Fig. 18 is released, thereby causing: the' re-
lease of relay SW. The operation of relay OT causes
the  generation ‘in the dial pulse register circuit of ‘the
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artificial units digits 1 and 4 in order to satisfy the units
selection circuit of Figs. 15, 16 and 17 when the dial
pulse register requests the service of a marker. This
circuit extends from ground in Fig. 18, through make
contact 3 of relay ON, break contact 6 of relay TMOR,
conductor UD extending into Fig. 19 and thence over
the parallel make contacts 2 and 12 of relay OT, and
the parallel break contact 3 and 1 of relay TRR, to
respective conductors Ul-¢ and U4-0 extending respec-
tively into Figs. 15 and 16 to the corresponding units

10

selection circuits relating to units selection relays 1 of

Fig. 15 and 4 of Fig. 16, The dial pulse register ¢
circuit of Figs. 14, 18 and 19 is now in condition whereby
it may attempt to seize the marker circuit in order to
complete the desired connection to a central office trunk
as indicated by the tens digit 9 registered in the dial
pulse register.

Completing connection to central office trunk

Upon the operation, in dial pulse register & of Fig. 19,
of the dial completion relay DC, a circuit is completed
between Fig. 14 and Fig. 11 whereby the tens selection
relay R of Fig. 11 is operated to represent a bid by
dial pulse register circuit 0 for the services of the marker.
This circuit extends from battery in Fig. 14, over make
contact 12 of relay DC, to conductor DC2 extending into
Fig. 11, thence over the paralle] break contacts 9 and 11
of relays TEB2 and TEA2, through the winding of relay
RO, parallel break contacts 9 and 11 of relays TEA2 and
TER?2, conductor DC1 extending into Fig. 14, over make
contact 2 of relay DC, to ground over break contacts
9 and 6 of relays BYR and RT. Relay R@, in operat-
ing, causes the operation of the tens ends relays TEAO
through TEA3 and TEBO through TEB3 of Fig. 11,
which in turn permit the operation in Fig. 10 of the tens
preference chain relay RPO and the tens check relays
TCK1 through TCK4. Relay RP® of Fig. 10, in oper-
ating, causes the operation in Fig. 12 of the corresponding
auxiliary relay RPAO. Upon the operation of relay
RPAO, circuits are completed between Figs. 14 and 41
whereby the sequence control relays RCTA, RCTB, etc.
are operated. Battery in Fig. 14 extends over make
contact 12 of relay DC and make contact 1¢ of relay
OT, to conductor RCTA$ extending into Fig. 41, and
thence over make contact 20 of relay RPAO etc., to cause
the operation of relays RCTA and RCTAA as previously
described. A similar circuit extends between Figs. 14
and 41 to cause the operation of relays RCTB and
RCTBA. The operation of relays RCTA and RCTB

causes the operation in Fig. 12, as previously described, ¢

of relays RCAO through RCEQ; and, the operation of
relay RCEO completes a circuit in Fig. 12 for causing
the operation of the tens connector relays TKS9, TKAY
and TKB® in a circuit extending from ground on con-
ductor T9-9 in Fig. 19 extending into Fig. 12, over
make contact 3 of relay RCEO, through the windings of
the tens comnector relays TK9, TKA9 and TKB9Y, to
battery through make contact 1¢ of relay RCEO.

On the operation of the register preference auxiliary
relay RPAOQ of Fig. 12, the register units connector
relays RUCA and RUCB of Fig. 17 are operated in a
manner previously described, and the operation of these
connectors completes circuits between Fig. 19 and Figs.
15 and 16 for causing the operation of the units selection
relays Ut and U4. Ground extends from conductor
Ui-8 in Fig. 19 into Fig. 15, over make contact 2 of
relay RCCO, and make contact 2 of relay RUCB, to
battery through the winding of relay UL, which there-
upon operates as does the units relay U4 of Fig. 16 in a
similar fashion by virtue of the ground on conductor
U4-0 extending from the dial pulse register @ circuit
of Fig. 19. It will be noted, in Fig. 16 as.an example,
that the operating ground for relay U4 on conductor
U4G is extended over make contact 5 of relay TKAS to

conductor HO5 into Fig. 20 to the punching correspond-.

15

20

25

30

35

40

45

60

65

70

75

88

ing to conductor H95, and thence by virtue of the strap-
pings to all of the other punchings corresponding fo the
other conductors in the series H9¢ to H99, and for
instance back over conductor H99 into Fig. 15, over
make contact 1 of relay TKA9, and make contact 1 of
relay RUCB, to battery through the winding of relay
U0, which thereupon operates. It will be obvious, due
to the strapping arrangement in Fig. 20, that all of the
units relays U0 through U9 of Figs. 15, 16, and 17 will
be operated as an indication that any ome of the ten
trunks in this group may be used for the connection
desired.

As previously described, the operation of any one of the
units selection relays of Figs. 15, 16 and 17 causes the
operation in Fig. 17 of the units end relays UEA and
UEB. It will be noted in Fig. 37 that the operation of the
tens connector relay TKB9 completes circuits over its re-
spective make contacts 1 and 2 for operating the select
magnet connector relays SMCO and SMCS8. to prepare
for the operation of select magnets on switches ¢ and 8
of Figs. 3 and 42 as a part of the operation whereby one
of the ten trunk circuits terminating on these two switches
is connected to the same horizontal link used by calling
line circuit 3¢ of Fig. 35 on the dial tone job (which it
will be recalled is the lower half of level 9 comprising tip,
ring and sleeve conductors T69, R09 and S¢9 of the cross-
bar switch structure). In order to cause the selected
trunk to be connected to the same link used on the dial
tone job it will be necessary, as has been explained in
considerable detail hereinbefore, to cause the operation
on switches 0 and 8 of Figs. 3 and 42 of the select mag-
nets SM6@ and SM09 of Fig. 3 and SM86 and SM89 of
Fig. 42, followed by the operation of one of the hold
magnets THM90 through THM04 of Fig. 3 and THMS5
through THM89 of Fig. 42 corresponding to the selected
idle trunk. ‘

Upon the operation of any of the units selection relay
of the Figs. 15, 16 and 17 a circuit is completed between
Figs. 30 and 33 whereby the lower windings of the corre-
sponding sleeve relays S@ through S9 test the desired cir-
cuit to determine whether or not it is idle. In the present
instance all of the units relays U0 through U9 of Figs.
15, 16 and 17 are operated and so all of the sleeve re-
lays SO through S9 of Figs. 30 and 33 will simultaneousty
test for a busy or idle condition in all ten trunks at the
same time. For example, with respect to the operation of
units relay U9, a circuit is completed in Fig. 33 extend-
ing from ground, through the lower winding of relay S9,
over make contact 5 of relay U9, to conductor 9, thence
over make contact 12 of relay TK9, to conductor IT90
extending into Fig. 5 to the central office trunk circuit 0.
Ground on conductor IT99 in Fig. 5 extends, by means of
T option, to conductor IT9¢ extending into the alarm
and transfer circuit of Fig. 36, thence over make contact
9 of relay ATA, to conductor ITC9¢ back into Fig.' 5,
over break contacts 1¢ of relays SRT and S1T, break con-
tacts 7 and 8 of relays CT and HM, and break contact
4 of relay MC, to the lower terminal of the winding of
relay MC. In the event that trunk circuit 0 of Figs. 4
and 5 is presently engaged, either of relays S1T and SRT
of Fig. 4 will be operated, whereupon in Fig. 5 ground
will extend over make contact 10 of one of these operated
to the conductor ITC99. In this event the lower winding
of relay 89 of Fig. 33 will not find a battery to operate:
same. On the other hand, if trunk circuit 0 is idle at the
moment, relays SRT and S1T of Fig. 4 will be released,
as will relays CT of Fig. 4 and HM and MC of Fig. 5,
whereupon the lower winding of relay $9 of Fig. 33 will
find a circuit to battery above described through the wind-
ing of relay MC. Therefore, in the event that the trunk
circuit of Figs. 4 and 5 is idle relay S9 of Fig. 33 will
operate in series with the winding of relay MC of Fig. 5,
relay MC not operating in this circuit. On the other
hand, any trunk circuit which is presently engaged will
prevent the operation of the corresponding sleeve relay
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S0 through S9 of Figs. 30 and 33. Tt will be assumed
for purposes of illustration that all of the ten trunk cir-
cuits are busy except the truak circuit ¢ of Figs. 4 and 5,
thereby causing the operation of sleeve relay S9 of Fig.
33 and preventing the operation of any of the other sleeve
relays of Figs. 30 and 33. This assumption, coupled with
an assumption that relay. ZU of Fig. 32 is released, will
permit the seizure of trunk 0 as has been explained here-
inbefore with respect to the preference arrangement in

the hold magnet operating circuits controlled by Figs.

30 and 33.
A short explanation is deemed advisable at this point
1o explain the existence of the wiring option in trunk cir-

cuit @ Fig. 5. It will be recalled in the previous descrip-.

tion of the testing circuit for the sleeve relay S9 of Fig.
33 that an option T was involvéd.in the control lead IT90
between the line and trupk hunting circuit of Fig. 33
and the alarm and transfer circuit of Fig. 36. ‘With re-
spect to trunk circuits' 0. of Fig. 5,1 and 2 of Fig. 9, and 5
of Fig. 43, it is necessary to provide T .option wiring in
order to route the control leads for these trunks through
the alarm and-the transfer circuit 6f Fig.'36 in connection
with the transfer feature, whereby four of the P:B.X
line circuits can under certain conditions’ be switched
through -directly to ‘these four trunks to the central office
so that the P.B.X may be completely operative without
the necessity of having an attendant available. On the
other hand with respect to the. other. six. trunks- namely
trunks 3 and 4 of Fig. 9 and 6 through 9 of Fig. 43 it is
not necessary to provide T option wiring as.-shown in
Fig. '5. . In these instances the conductor 1T9— for
these .trunks will be extendéd directly by means of V
wiring to the contacts. 10.of.relay SRT and will not. be
routed through the alarm_and transfer. circuit.

The operation of ‘the sleeve relay 89 of Fig. 33 com-
pletes a circuit: over its.own make _contact 1 independently
of make contact 5 of relay U9 and, in operating, causes
the operation in Fig. 32 of ‘the sleeve end relays. SEA,
SEB, etc., the operation of which causes the release in
Fig. 17 of the register units. connector relays RUCA and
RUCSB, the release of which in turn causes the release-in
Figs. 15, 16 and 17 of all of the .operated units selection
relays, the release of which in turn causes the release in
‘Fig. 17 of the units end relays UEA and UEB.

In the meantime, circuits are .completed in the register
control of Fig. 6 and in the select magnet contro} of Fig.
37 whereby the necessary select magnets on switches @
and 8 of respective Figs. 3 and 42:are operated .in order
to prepare for interconnection of the trunk circuit @ of
Figs. 4 and 5 to the same crossbar link-used by calling
P.B.X line circuit 30 of Fig. 35 for the dial tone con-
nection. One of these circuits extends from ground in
Fig. 6, over bresak contacts 2 and 3 of relays. JREB
and JREA, parallel make contacts & of relays RCTA
and RCTB, break contacts. 3 of relays COB and COA,
and make contact 5 of relay RP@ to conductor SMO¢ ex-
tending into Fig. 3. Another circuit of a similar nature
extends from ground in Fig. 6 to conductor SM01 of Fig.
3. In Fig. 3 these two conductors SM8¢ and SM61 ex-
tend over crosspoints corresponding to. select magnet
SM0@ and SM09 to respective conductors SM& and SM®
extending into the select magnet control circuit-of Fig. 37,
as previously explained. In Fig. 37 ground on.conductor
SM@ from Fig. 3 extends over make contact 1¢ of relays
SMC0 and SMCS8, to battery through the windings: of
select magnet SM0O and SM&9, thereby causing the oper-
ation of these select magnets SM83 of Fig. 3 and SMS89
of Fig. 42; and, ground on conductor SM9 in Fig. 37
from Fig. 3 extends over make contact 9 of relays SMCO
and SMCS, to battery through the windings.of select mag-
nets SM@S and SM§9, thereby causing the operation of
these select magnets SM89 of Fig. 3 and SME9 of Fig. 42.

In the meantime, in the select. magnet: control circuil
of Fig. 37 circuits have been completed for energizing
the windings of the select magnet timing relays SMTA
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and SMTB, the circuit for relay SMTA extending froi
ground, over break contacts § of relays TRKAA and
RLAB, break -contact 4 of relay RLSA, winding of relay
SMTA, break contacts 9 of relays RLSB, RLBB and
STAR, break contacts 4, 3, 5 and 10 of respective relays
STBR, TRKBA, LTAA, and COA, make contact 5 of re-
lay RCTAA, break contacts 7 of relays JREB and JREA,
to battery. through make contacts 12 of relays SMCO
and SMC8. A similar circuit is completed in Fig. 37
for energizing the winding of relay SMTB. After a suita-
ble time delay, determined by the slow operate character-

_istics of these relays, they will operate ‘and complete

circuits heretofore previously described in detail extend-
ing from Fig. 29 through Figs. 30 and 33 for applying
ground for instance to conductors Si0 and SI3 from
Fig. 29 into Fig. 30, assuming that relay ZU of Fig. 32
is released. Grounds on these .conductors S1¢ and S13
of Fig.' 30 will. extend to the right through Fig. 30, over
break contacts of all of the unoperated sleeve relays SO
through' S4, respective break contacts 16 and 4 of relay
ZU, to conductors S8 and Sit extending into Fig. 33,
thence over break. contacts of sleeve relays S5 through

- 88, and over respective make contacts of 4 and 8 of the

operated sleeve relay 89, and respective make contacts
12 of relays SMRAA and SMRBA, to conductor 9, thence
over make contact 12 of relay TK9 to. conductor I'T99
into Fig. 5, thence by virtue of the T option wiring over
conductor IT90 into Fig. 36, over make contact $ of
relay ATA, back to Fig. 5 over conductor ITC90, and
to battery through.the winding of relay MC in a pre-
viously described. circuit, thereby causing the operation
of relay' MC. "Relay MC, in operating, locks over its
own make contact 4 to a circuit extending by means
of conductor RISE to the class of service section of the
marker in Fig. 26, thence through break contacts 7 and

-1 of relays RLAB and RLBB, to a ground over the.paral-

lel make contacts 4 of relays TEA3 and TEB3. The
operation of relay .MC opens the previously described
circuit through the lower winding of sleeve relay 89 of
Fig. 33 but relay S% remains operated through its upper
winding under control of its own make contact 11 and
the parallel make contacts 12 of relays SMRA and SMRB
of Fig. 7 which, as has been described in detail
hereinbefore, will have been operated upon the opera-
tion of the select. magnet timing relays SMTA and SMTB
of Fig. 37.

Upon the operation of relay MC of Fig. 5, circuits
are. completed between the line and trunk hunting cir-
cuit of Fig. 29 and ‘the trunk circuit of Fig. 5 for caus-
ing the operation of relay HM and the trunk hold mag-
net THM®0, both of Fig. 5. . In Fig. 29, in the upper
left hand corner thereof,:a circuit extends from ground
over break contacts 6 and 7. of relays COB and COA to a
conductor ME indicatéd as extending to all even central
office trunks, and another circuit extends from ground
over break contacts 6 and 7. of relays ' COA and COB
to a conductor M@ which extends to all. odd central of-
fice trunks. .In ‘the . particular P.B.X circuits under
consideration. central .office trunks 6, 2,-4,'6 and. 8 are
even trunks and. central ‘office- trunks 1, .3, 5,”7 and 9
are odd trunks. "In view .of this the. ground on conduc-
tor ME in Fig. 29 will extend to. the even central office
trunk @ of Fig.'5, thence over make contact'9_0f relay
MC, to battery through the windings of relay HM and
trunk hold magnet THMS89, operating same. The op-
eration of trunk hold magnet THM®0. of Fig. 5 (also
shown in Fig. 3) causes the tip, ring.and.the sleeve con-
ductors of the central office trunk -¢ of . Figs. 4-and 5 to
be comnected: to the same crossbar. link (lower. half of
level 9) to which are connectéd the calling. P.B.X line
30 of Fig. 35 and the dial, pulse register. ¢ of: Fig. 18.
A circuit extends from grousd. in Fig. 5, through the
SH resistance, and through break contacts 12.and_8. of
respective relays HD and. BY, to ‘the -sleeve conductor
S extending into Figs. 4 and 3, and thence over the cross-
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bar switches to the sleeve conductor S of line circuit 3¢
of Fig. 35 to hold operated the line hold magnet LHM36
of line circnit 30. A circuit is also completed upon this
interconnection for causing the operation of relay S in
the Fig. 4 in a circuit extending from ground in Fig. 4,
over break contact 6B of relay SRT, break contact 6
of relay CT, break contact 6 of relay FF, through the
winding of relay S, over break contacts 5, 3, 1 and 7
of respective relays HD, AC, RS and BY, to the tip
conductor T, thence over the crossbar switch network and
through the calling P.B.X line circuit loop in Fig. 35,
back over the ring lead R into Fig. 4 and over break
contacts 6, 2, 8, 1 and 9 of respective relays BY, RS,
SRT, HD and AC, break contact 7 of relay HD, break
contacts 8 of relays FF and CT, to battery through
resistance BF. Relay S, in operating, causes the opera-
tion of relay SiT in Fig. 4 in an obvious circuit over
make contact 1 of relay S. Relay SIT, in operating,
supplies off normal ground to trunk circuit 0 of Figs.
4 and § and completes circuits whereby the lamps SL1-6
and TL1-0 of the cordless attendant position circuit of
Fig. 39 are lighted steadily to indicate that the circuit is
engaged. The circuits for these lamps extend from
ground in Fig. 39 through the respective lamps SL1-0
and TL1-9 to correspondingly designated conductors
leading into Fig. 5, where, for instance, conductor TL1-8
extends through resistance TL2, break contact 3 of relay
RIT, make contact 6 of relay S1T, to battery through
break contact 2 of relay HD, and where conductor
SL1-0 extends through resistance SL2, make contact 3
of relay HM, break contact 4 of relay FF, break coatact
5 of relay BY, break contact 3 of relay HD, break con-
tact 4 of relay RS, to battery through make contact 1
of relay SIT. Relay SIT, in operating, also extends a
ground in the left center of Fig. 5 over its make contact
10 and break contact 10 of relay SRT to the circuit in-
volving conductor TT9@ leading into the line and trunk
hunting circuit of Fig. 33, by means of which ground
trunk circuit © of Figs. 4 and 5 is made busy to any
marker operation involved in its possible seizure. Also
relay S1T, in operating, furnishes a start ground to the
ring of the line circuit in the ceniral office corresponding
to trunk circuit @ of Fig. 4 in a circuit extending from
ground in the right center of Fig. 4, over make contact 1
of relay S1T, and break contacts 4 and 2 of relays SRT
and P, to the ring lead R extending into the alarm and
transfer circuit of Fig. 36, thence over make contact 2
of relay ATA and over the ring lead into the central
office circuit of Fig. 31A. The central office circuit ac-
tion resulting from this start ground will be described
below.

Upon the operation of relay MC of the trunk circuit ¢
in Fig. 5, a circuit is completed between the class of
service portion of the marker in Fig. 26 and the trunk
circuit in Fig. 5 whereby the class of service of the call-
ing P.B.X party line circuit 39 of Fig. 35 is transferred
to class of service registers in the trunk circuit. This
circuit extends from ground in the dial pulse register &
circuit of Fig. 14, over make contact 1¢ of relay TLA
to conductor TL10 extending into Fig. 26, over make
" contact 18 of relay RCBO, t¢ conductor TLAE extend-
ing into Fig. 5, thence over make contact 1 of relay MC,
to battery through the winding of relay TLAT, which
thereupon operates and extends a locking circnit for itself
over its own make contact 1 to off normal ground sup-
plied through malke contact 4 of relay SIT. The opera-
tion in the trunk circuit of Fig. 5 of relay TLAT is an
indication to the trunk circuit that the calling P.B.X line
circuit 30 of Fig. 35 has a toll allowed class of service.

In the meantime, certain relay operations are taking
place in the marker circuit whereby a test is made to
ascertain whether or not the trunk circuit of Figs. 4 and 5
is properly holding operated the hold magnets necessary
to maintain the line to trunk connection over the cross-
bar switches. At the time that relays SMTA and SMTB
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of Fig. 37 operated, circuits previously described in detail
hereinbefore were completed in Fig. 7 for causing the
operation of the hold magnet test relays HMTA, HMTB,
etc. after suitable time delays as determined by the slow
operate characteristics of these relays. As soon as relays
HMTA and HMTB operate circuits previously described
heretofore are completed between Figs. 29, 30, 33 and 5
whereby the conductor IT90 in Fig. 5 is tested to ascer-
tain if a ground is present thereom, the presence of a
ground on conductor IT99 indicating that the trunk cir-
cuit is off normal and that the tip, ring and sleeve con-
ductors connected thereto are properly connected over
the crosspoints of the crossbar switch. This testing cir-
cuit involves the relays HMKA and HMKB of Fig. 29
and the circuits have previously been described in detail
whereby these two relays are placed in parallel across the
conductor 9 in Fig. 33 and which extends over make
contact 12 of relay TK9 to conductor IT9¢ extending
into Fig. 5; and, assuming that a ground is present on
that conductor, the hold magnet check relays HMKA
and HMKB of Fig. 29 will operate to indicate that the
hold magnets are properly being held by the trunk cir-
cuit.

Upon the operation of relays HMKA and HMKB, the
down check relays DCKA and DCKB of Fig. 50 will
release, thereby causing the operation in Fig. 7 of the
marker release relays RLA, RLB etc. The operation of
the marker release relays RLA, RLB etc., causes the re-
lease in Fig. 5 of the marker connector relay MC of the
trunk and initiates a series of operations heretofore de-
scribed in detail whereby the marker and the dial pulse
register of Figs. 14, 18 and 19 are completely released
from the connection. In the process of releasing, the
select magnets SM00 and SM09 of Fig. 3 are released
as are select magnets SM89 and SM89 of Fig. 42, and the
hold magnets THM08 and THM09 of Fig. 3 are released,
thereby leaving the calling P.B.X line circuit of Fig. 35
interconnected with central office trunk 0 of Figs. 4 and 5
over the lower half of horizontal 9 of the crossbar switch
network (tip, ring and sleeve conductors T09, R09 and
509) under the control of the operated line hold magnet
LHM30 of Fig. 34 and trunk hold magnet THM80 of
Fig. 3, both of which are held operated from the low
resistance ground applied to the sleeve conductor by the
trunk circuit in Fig. 5. As a result of the releasing
operation of the marker the down check relays DCKA
and DCKB of Fig. 50 are reoperated and locked, all as
has been previously described hereinbefore in detail.
Upon the release of the marker connector relay MC of
the trunk circuit in Fig. 5, the relay HM and the trunk
hold magnet THMQ0 are held operated in a circuit ex-
tending from the windings thereof (which also comprises
conductor ST90), through break contact § of relay MC,
make contact 1 of relay HM, the parallel break contacts
8 and 4 of respective relays P and R1T, and break con-
tacts 4 and 6 of respective relays AC and HD, to off
normal ground supplied from make contact 4 of relay
S1T.

Upon the operation previously described of relay S1T
in the trunk circuit of Fig. 4, ground is extended from
Fig. 4 over make contact 1 of relay S1T, and break con-
tacts of 4 and 2 of respective relays SRT and P, to the
ring lead R of the trunk extending towards the central
office, thence into Fig. 36 and over make contact 2 of
relay ATA of the alarm transfer and test circuit, to the
ring lead R leading into the central office of Fig. 31A,
and thence to battery through break comtact 2 of line
hold magnet LH and the winding of line relay L. Line
relay L operates in this circuit and, by closing its make
contact 1, initiates a series of operations whereby the
tip and ring conductors from the P.B.X central office
trunk are extended to an originating register circuit in
a crossbar type central office such as fully described in
Patent 2,585,904 to A. J. Busch of February 19, 1952.
The originating register of the central office supplies sec-
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oiid dial tone to the tip and ring conductors extending
back to the P.B.X circuit. When the tip conductor of
the P.B.X central office trunk is extended to the originat-
ing register of the crossbar office it is terminated in a
ground connection through part of the dial tone trans-
former in the originating register. This ground extends
back over the tip conductor to the tip conductor T of
trunk circuit ¢ in Fig. 4, and thence through the upper
winding of relay H, make contact 2 of relay S1T, break
contact 2 of relay SRT, to battery through resistance H,
thereby causing the operation of relay H. Relay H, in
operating, causes the operation of relay CT in Fig. 4 in
a circuit extending from ground over make contact 1 of
relay H, break contact 3 of relay FF, break contact 4
of relay P, to battery through the winding of the slow re-
lease relay CT, which thereupon operates. Relay CT,
in operating, cause the operation of relay SRT in an
obvious manner over make contact 10 of relay CT and
relay CT prepares a locking circuit for itself extending
from the left side of its winding through break contact
4 of relay P, make contact 4 of relay CT, and to ground
over make contacts 4 and 1 of respective relays SRT and
SiT. The operation of relay SRT causes the release
of relay H and in Fig. 5 applies ground over its make
contact 10 back to' the conductor IT90 to maintain the
trunk circuit of Figs. 4 and 5 busy to the marker of
the P.B.X. Relay SRT, in operating, also in Fig. 5 over
its make contact 6A supplements the off normal ground
supplied by make contact 4 of relay SIT. Relay SRT,
in operating, also completes a circuit in Fig. 5 over its
make contact 12 to' maintain steady operation of the
lamp TL1-0 in the cordless position circuit of Fig. 39
independently of the condition of relay SIT of Fig. 4.
Also the operation of relay SRT removes the start ground
from the ring side of the trunk circuit extending towards
the central office. In view of the fact that relay TLAT
of Fig. 5 is operated, the ring side of the trunk circuit
from the crossbar switch of Fig. 3 extends in Fig. 4
.over break contact 6 of relay BY and break contact 2
of relay RS, make contact 2 of relay TLAT, and make
contact 8 of relay SRT, etc., thereby shunting the ring
lead through the trunk circuit around the circuit of relay
P, the purpose of which will be explained hereinafter in
connection with calls from line circuits to central office
trunks where the line circuits are not arranged for toll
allowed service.

The operation of the cut through relay CT of Fig. 4
completes a circuit between the originating register of
the central office (Fig. 31A) and the P.B.X calling line
circuit 30 of Fig. 35 for supplying second dial tone from
the central office to the P.B.X calling party. This cir-
cuit extends from ground at one of the windings of a
dial tone transformer in the originating register of the
central office, out over the tip lead in Fig. 31A to the
tip lead of central office trunk § in Fig. 36, make contact
1 of relay ATA, tip conductor T to Fig. 5, through make
contact 6 of relay CT, break contact 6 of relay FF,
through the winding of relay S (which thereupon remains
operated), break contacts 5 and 3 of relays HD and AC,
break contacts 10 and 7 of relays RS and BY, over the
tip conductor T to the calling P.B.X line circuit 3¢ of
Fig. 35, through the circuit loop at the instrument at this
station, back over the ring lead R, through the crossbar
switches to the ring lead R of the trunk circuit in Fig. 4,
thence through break contact § of relay BY, break con-
tact 2 of relay RS, make contact 2 of relay TLAT, make
contact 8 of relay SRT, break contacts 1, 9 and 7 of
relays HD, AC and HD, break contact 8§ of relay FF,
and make contact 8 of relay CT to the ring lead R ex-
tending into Fig. 36, and thence into Fig. 31A to battery
through another winding of the dial tone transformer in
the originating register circuit of the crossbar central
office in Fig. 31A. Upon receiving second dial tone from
the central office, the calling P.B.X line circuit party 39
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of Fig. 35 may continue to dial additional digits io the
extent of the class of service allotted thereto.

Completing connection to local central office facility

In view of the fact that the calling P.B.X line circuit
30 of Fig. 35 does not have a restricted class of service
the P.B.X party thereat is permitted to dial directly into
the central office in response to second dial tone and
thereby make connection with any local subscriber ter-
minating in that office. The P.B.X line circuit 30 will
dial over the P.B.X central office trunk circuit 0 of Figs.
4 and 5 into the originating register circuit of the cross-
bar central office of Fig. 31A the seven or eight (depend-
ing upon whether or not the called subscriber is on a
party line) digits usually required for making connec-
tion with a local central office subscriber. Relay S of
Fig. 4 will follow the line pulses but this will not affect
the status of trunk circuit ¢ of Figs. 4 and 5 due to the
slow release characteristic of relay SIT of Fig. 4. As
soon as the originating register has received sufficient
digits to complete the call the services of a marker cir-
cuit in the central office are requested; and, as com-
pletely described in the above mentioned Busch patent,
the marker releases the originating register and proceeds
to make a connection between the tip and ring conductors
of the P.B.X central office trunk, through an intra-office
trunk in the central office, to the called subscriber indi-
cated as SUB in Fig. 31A. As is well known this con-
nection extends from the tip and ring conductors T and
R from the P.B.X central office trunk entering on the
upper right hand side of Fig. 31A, over crossbar switches
indicated as the line link switch LL, over a line link to a
line junctor switch LJ, thence by means of a junctor to
the trunk junctor switch TJ, and over a trunk link to the
trunk switch TS, thence through the intra-office trunk
and again out over trunk switches, trunk links, junctor
switches, a junctor and line links to the line link frame
where the called subscriber’s line circuit terminates, and
thence to the called subscriber station. As soon as this
connection is put through, relay SUP of the intra-office
trunk circuit of Fig. 31A operates in a circuit extending
from ground through its upper winding over the tip con-
ductor T, back to the P.B.X central office trunk through

.the winding of the S relay of Fig. 4 (remaining oper-

ated), thence over the loop at the calling P.B.X line cir-
cuit 36, back to the P.B.X central office trunk circuit ¢
on the ring lead, and out over the ring lead to the central
office, and thence to battery through the lower winding
of relay SUP of the intra-office trunk. Relay SUP, in
operating, completes a circuit for operating relay S1 of
the intra-office trunk from ground in Fig. 31A in the
intra-office trunk circuit, over the parallel break contacts
9 and 6 of relays CH and RC, over make contact 2 of
relay SUP, to battery through the winding of relay S1,
which thereupon operates and, by means of its make
contacts 1 and 2, applies ground respectively through
resistances A and B to the sleeve conductors of the
originating and terminating sections of the crossbar switch
connection in the central office for holding operated all
of the hold magnets associated with the various switches
in these trains. Ringing current is supplied to the called
subscriber in Fig. 31A wha thereupon lifts the receiver
at bis station, closing a circuit from the subscriber sta-
tion loop through the upper and lower windings of relay
CS of the intra-office trunk, which thereupon operates.
Subsequent to the operation of the relay CS, relay CH is
operated and locked over its make contact 7 to ground,
over the parallel make contacts 6, 2 and 1 of respective
relays S1, CS and SUP; and, relay CH, in operating,
completes a circuit from ground over its make contact 4
and break contact 2 of relay RC to supplement the
sleeve holding ground on the terminating end of the intra-

.office trunk connection in the central office.

The calling P.B.X line circuit 3¢ of Fig. 35 may now
hold the desired conversation with the called central -
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office local subscriber shown in Fig. 31A, talking battery
being supplied to the called subscriber in Fig. 31A from
battery and ground through the windings of relay CS,
and talking battery being supplied to the calling P.B.X
line circuit 30 of Fig. 35 through the windings of relay
SUP of the intra-office trunk circuit in Fig. 31A, the
conversation taking place over the tip and ring con-
ductors through the respective condensers R and T of
the intra-office trunk circuif in Fig. 31A.

If, at the completion of the conversation, the called
subscriber in Fig. 31A releases first, relay CS releases and
a short time delay thereafter relay RC is operated. Relay
RC, in operating, causes the release of relay S1 and re-
moves the sleeve holding ground from both the originating
and terminating sections of the intra-office connection in
the central office, thereby releasing all of the crossbar
switch connections therethrough, which in turn causes the
release of relay SUP followed by the release of relay
CH, and eventually the central office circuits return to
normal. The opening of the tip and ring loop at the
central office causes the release of relay S of the central
office trunk circuit of the P.B.X in Fig. 4 which, in releas-
ing, causes the release of relay S1T in Fig. 4. Relay S1T,
in releasing causes the release of relay CT in Fig. 4, which
in turn causes the release of relay SRT. The release of
relays SRT and SIT causes the release in Fig. 5 of the
class relay TLAT and relay HM. and the trunk hold mag-
net THMO0, thereby breaking the connection in Fig. 3
between the central office trunk circuit of Fig. 4 and the
crossbar link leading to the calling P.B.X line circuit 3¢
of Fig. 35. When this crossbar link is broken the line
hold magnet LHM30 of Fig. 35 releases, thereby return-
ing all of the circuits to normal.

If the calling P.B.X line circuit 3¢ of Fig. 35 should
hang up first after the conversation is completed, then
relay SUP of the intra-office trunk circuit of Fig. 31A
would release first, followed by the release of relay SI,
and then the operation of relay RC etc., which in turn
breaks down the entire connection in substantially the
same fashion as above described.

Completing connection to central office toll facility

If the calling P.B.X line circuit 36 of Fig. 35, when re-
ceiving dial tone from the central office as previously
described, desires to be connected to a toll facility rather
than to be connected with a local subscriber in the central
office, the party at P.B.X station 3¢ will dial a suitable
toll code such as the digits 211. The originating register
circuit of the crossbar central office recognizes this' code
211 as requiring an extension of the P.B.X central office
trunk circuit to a toll facility rather than to the intra-
office trunk circuit shown in Fig. 31A. In the lower por-
tion of Fig. 31A is shown such a toll facility which, for
purposes of illustration, is shown as an operator cord and
trunk circuit whereby connection may be made to a toll
operator at any one of a number of well known toll switch-
boards. When the circuits of the central office make con-
nection between the P.B.X central office trunk circuit of
Figs. 4 and 5 with the operator cord and trunk circuit,
which as shown may be connected into the crossbar switch
network at the central office at the same point indicated by
the dash line AA, the line loop through the calling P.B.X
station equipment in Fig. 35 causes the operation of relay
L of the cord and trunk circuit in an obvious fashion
over break contacts 1 and 2 of the trunk sleeve relay TS.
Relay L, in operating, causes-the operation of relay S1P
in an obvious fashion over make contact 2 of relay L, and
causes the call lamp CL at the operator’s position to be
lighted over make contact 1 of relay L. Relay S1P, in
operating, completes a circuit from ground through re-
sistance A and over make contact 1 of relay S1P fo the
sleeve conductor extending back over the switch train of
the central office to hold operated the hold magnets as-
sociated with the crossbar switch interconnection between
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the cord and trunk circuit of the toll facility and the cen-
tral office trunk circuit of the P.B.X of Figs. 4 and 5.

It will be noted, by comparing the L relay of the cord
and trunk circuit in Fig. 31A with the SUP relay of the
intra-office trunk circuit of Fig. 31A, that battery and
ground have been reversed over the tip and ring conducior
back to the central office trunk circuit of the P.B.X. This
battery and ground reversal is used to distinguish, in the
trunk circuit of the P.B.X in Figs. 4 and 5, between those
P.B.X calling line circuits which may or may not be per-
mitted to extend a connection to a toll facility. With the
toll allowed class relay TLAT of the trunk circuit of Fig.
5 operated, this battery reversal situation has no effect
upon the trunk circuit of Figs. 4 and 5 because relay P of
Fig. 4, which is used to detect such a battery reversal, is
ineffective due to the fact that make contact 2 of relay
TLAT short circuits the P relay circuit. However, as
will be explained hereinafter, if the calling P.B.X line
circuit were a toll denied station instead of a toll-allowed
station, the class relay TLAT of Fig. 5 would not be op-
erated, and in this instance the P relay of Fig. 4 would
be involved in the ring lead of the trunk circuit of Figs. 4
and 5 and would detect the battery reversal supplied
through the L relay windings of the cord and trunk circuit
of Fig. 31A. This action, as will be explained, will cause
a refusal of the toll facility to the P.B.X line circuit
and will extend the P.B.X line circuit to a busy tone in
the P.B.X central office trunk circuit.

Returning now to the toll facility situation, in Fig. 31A
upon the lighting of the call lamp CL and when the
toll operator is available to complete the connection, she
will insert the answer plug in the answer jack in response
to this incoming call. This action completes a circuit over
the sleeve contacts of the jack and plug arrangement in ap
obvious fashion for operating the cord sleeve relay CS0
in series with the trunk sleeve relay TS. The operation of
the trunk sleeve relay TS supplies over its make contact
3 an additional holding battery for maintaining operated
relay SIP and by means of its break contacts 1 and 2
opens the circnit to the line relay L, thereby releasing it
and extinguishing the call lamp CL. The tip and ring
conductors are now extended over the tip and ring con-
tacts of the answer plug and jack, over respective con-
tacts 2 and 3 of the ring key, to the tip and ring con-
ductors T and R of the operator cord circuit, over make
contacts 2 and 3 of the cord sleeve relay CS9, thence to
battery and ground through the respective right-hand
upper and right-hand lower windings of the retard coil
RC and the respective upper and lower windings of the
supervisory relay SOP of the cord circuit, thereby causing
the supervisory relay SOP to operate and to cause the
lighting of the supervisory lamp SL of the cord circuit, It
will be noted that the battery and ground supplied to the
tip and ring conductor back to the P.B.X from the wind-
ings of the supervisory relay SOP are in the same reversed
sense as were the battery and grounds supplied from the
line relay L of the operator cord circuit. The toll op-
erator may now, by operating the TLK key, connect her
operator’s telephone set into a circuit with the left-hand
windings of the retard coil RC, and thence to the cord and
trunk circuit whereby she may ascertain from the calling
P.B.X line circuit 30 the information required to extend
the desired toll connection.

When the toll operator has answered the call by means
of Her trunk and cord circuit of Fig. 31A and has ascer-
tained the information required to complete the desired
connection, it may be that there is a slight delay, in which
event the toll operator will so instruct the calling P.B.X
party at line circuit 38 of Fig. 35. Normally, under these
circumstances, the calling P.B.X party will remain off
hook and wait for the toll operator to complete the con-
nection. - However, such a wait may be an inconvenience
to the calling P.B.X party and the circuits of the present
P.B.X are arranged whereby a toll allowed class of calling
P.B.X party may hang up under such conditions without
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breaking down the connection to the toll operator. In
this case the toll operator may ring back on the line and
cause the ringer at the P.B.X line circuit 30 of Fig. 35
, to call the calling P.B.X party back on the toll line when
the connection is completed. Under these circumstances
this selective rering to the calling toll allowed P.B.X
party will not alert the P.B.X attendant as would normal-
ly be the case for any ringing from a central office back
over a trunk circuit to the P.B.X. It will be noticed in
description provided hereinafter that in the event that the
calling P.B.X party is not a toll allowed station but is a
toll denied or restricted station, if that party hangs up
upon instructions of a delay from the toll operator, the
complete connection in the P.B.X will be broken down,
whereupon any re-ring by the toll operator will be recog-
nized at the P.B.X as a normal incoming call and will
alert the attendant and will not cause a selective re-ring
of this toll denied or restricted calling P.B.X on-hook
station.

In the event of such a delay, should the calling toll
allowed P.B.X station represented by line circuit 30 of
Fig. 35 go on-hook, the line loop at the calling line cir-
cuit 30 will be broken, thereby releasing the supervisory
relay S in the central office trunk circuit of Fig. 4. Relay
S of Fig. 4, in releasing, causes the release in Fig. 4 of
relay SIT, thereby to extinguish the lamp SL1-0 in the
attendant’s cordless position circuit of Fig. 39, and to
complete a circuit whereby the H relay in the central
office trunk of Fig. 4 will operate over the tip and ring
loop to battery and ground through the windings of the
supervisory relay SOP in the operator cord and trunk
circuit of Fig. 31A. This circuit for relay H extends
from the tip conductor of the central office trunk in Fig.
4, through the upper winding of relay H, over break
contact 2 of relay SIT, through the lower winding of
relay H, to the ring conductor of the central office trunk
of Fig. 4, thence over the tip and ring loop to the super-
visory relay SOP in the operator cord circuit of Fig. 31A.
Upon the release of relay SI1T, the energizing winding of
relay CT in Fig. 4 is opened, thereby permitting relay CT
to start to release. However, relay CT is a slow-release
relay and relay H of Fig, 4 will reoperate before relay
CT can release, thereby completing a circuit for main-
taining relay CT operated extending from ground in Fig.
4, over make contact 1 of relay H, and break contacts 3
and 4 of respective relays FF and P, to the winding of
relay CT. When the toll operator is ready to complete
the connection back to the calling P.B.X party, and ascer=
tains that the party is no longer on the line, the toll
operator may momentarily actuate her RNG key shown
in Fig. 31A, thereby to apply over the tip and-ring con-
ductors back to the P.B.X a ringing signal which, as will
be appreciated with reference to the central office trunk
circuit of Fig, 4, maintains relay H operated (by virtue
of the direct current battery potential involved in the
signalling current) and causes the operation of relay R
of Fig. 4 (by means of the alternating superimposed com-
ponent in the ringing signal), as well as causing the bell
at the calling P.B.X line circuit 30 of Fig. 35 to be rung
over the tip and ring leads extending thereto from the
central office trunk 0 of Fig, 4.

The audible ringing signal is not supplied to the at~
tendant at the cordless position circuit because, as will
be noted in the lower right hand corner of Fig., 4, the
AC/DC AUD signal supplied over conductor CR and
through make contact 1 of relay R1T to the BZ con-
ductor, extending into Fig. 39 and through the ringing de-
vice of the attendant position, is not a complete circuit
because the relay RIT is not operated. In Fig. 5 the
operating circuit for relay R1T extends from battery
through the winding thereof and over make contact 6
of relay R but at this point the circuit is not completed
because relay TLAT is operated on a toll allowed class
of service and the connector ACAT is not operated be-
cause the attendant is not involved in this connection. It
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will be noted, since relay SRT remains operated, that
ground is still supplied to the off normal conductor of the
trunk circuit in Fig. 5 over make contact 6A of relay
SRT. Therefore, the connection back through the cross-
bar switches to the calling P.B.X line circuit 39 (which
has disconnected) remains held as long as the toll opera-
tor holds her circuit off normal in Fig. 31A. After the
short ring interval caused by the operator in Fig. 31A
momentarily operating the ring signal key, this key is re-
turned to mormal, thereby reoperating the supervisory
relay SOP of the operator cord circuit and relighting the
supervisory lamp SL in Fig. 31A, and again permitting
the H relay of the central office trunk circuit of Fig. 4
to be held operated in series with the windings of the
toll operator cord supervisory relay SOP of Fig. 31A.

When the P.B.X line circuit 30 answers the re-ring sig-
na] the station loop is again closed to permit the reoper-
ation of the S relay of the P.B.X central office trunk cir-
cuit in Fig. 4. Relay S, in operating, causes the reopera-
tion in Fig. 4 of relay S1T, which in turn causes the lamp
SL1-0 of the cordless position circuit in Fig. 39 to again
light steadily. At such time as the calling P.B.X line cir-
cuit 30 of Fig. 35 answered the re-ring signal, thereby
causing the reoperation of the trunk circuit of Fig. 4 of
relays S and SIT, the relay H released, thereby again
putting the locking circuit of the cut through relay CT
of Fig. 4 under the control of its own make contacts as
well as make contact of relays SIT and SRT.

When the desired conversation has been completed
and the toll operator is satisfied that the parties are fin-
ished, she will take down the plug and jack connections
which ‘have been built up in her trunk and cord circuit
shown in Fig. 31A, thereby causing the release in Fig,
31A of all of the operated relays associated with her
circuits, extinguishing the lighted lamps, and removing
from the sleeve conductor extending back to the P.B.X
the holding ground supplied over make contact 1 of re-
lay S1P. 1In the meantime, with reference to the P.B.X
central office trunk circuit of Figs. 4 and 5, when the
calling line circuit 30 of Fig. 35 disconnects the S relay
of Fig. 4 will release, thereby causing the release of re-
lay SIT in Fig. 4. Since the H relay of Fig. 4 canmnot
operate over the now broken loop through the toll op-
erator’s cord circuit in Fig. 31A, relay CT releases,
which in turn causes the release of relay SRT of Fig. 4.

. 'The release of relays SIT and SRT of Fig. 4 causes the
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release in Fig. 5 of relays TLAT and HM and the re-
lease in Figs. 5 and 35 of the respective trunk hold mag-
net THMO0 and line hold magnet LHM39, thereby caus-
ing a complete breakdown of the interconnection over
the P.B.X crossbar network between line circuit 30 of
Fig. 35 and the central office trunk circuit of Figs. 4 and
5, returning all of the circuits of the P.B.X to normal,
as well as extinguishing the lamps SL1-8 and TL1-0 in
the P.B.X attendant’s cordless position circuit of Fig. 39,

F—~P.BX LINE (TOLL DENIED) TO CENTRAL
OFFICE TRUNK

If a calling P.B.X station having a toll denied class
of service, such as line circuit 33 of Fig. 35, should desire
to make a connection with the central office of Fig. 31A
by means of a P.B.X central office trunk circuit, such
as the trunk circuit 0 of Figs. 4 and 5, the details where-
by this is accomplished are exactly the same as those
above described with respect to such a call placed from
the toll allowed P.B.X line circuit 30 of Fig. 35, with
the exception of a few details which have a bearing upon
the circuit action in the event that this toll denied line
circuit 33 of Fig. 35 should attempt to make connection
with the toll facility shown in the lower part of Fig. 31A.

When connection is made between the calling P.B.X
line circuit 33 of Fig. 35 and the dial pulse register cir~
cuit of Figs. 14, 18 and 19 the toll denied class of this
particular line is registered in the dial pulse register cil:-
cuit by the operation of relay TLD in Fig. 14 in a circuit
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extending from battery on conducter CS33 (niot shown in
Fig. 25), extending into the punching :sheet-of Fig. 20,
to the punching corresponding to class .of service lead
CS33, thence by means of a cross-conmection to the
punching corresponding to conductor TLD, -extending
back into Fig. 25, thence over the parallel make contacts
19 of relays RGA and RGB, and over.make contact. 9 .of
relay RASA, to conductor TLDG extending into Fig. 14,

and thence through the winding of relay TLD to ground. .

Relay TLD of Fig. 14 operates in this circuit and locks
over its own make contact 1 to off normal battery sup-
plied through make contact 10 of relay ON. When
the dial pulse register 6 of Figs. 14, 18:and 19 effects the
seizure of the P.B.X marker circuit and the consequent
connection of the cailing line circuit 33 of Fig. 35 to
and through the P.B.X central office trunk circuit 0 of
Figs. 4 and 5, the toll allowed class of service relay
TLAT of Fig. 5 is not operated by virtue of the fact that
the class relay TLA of Fig. 14 in the dial pulse register
was not operated on this call.

Due to the fact that the toll -allowed class of ‘service
relay TLAT of central office trunk circuit 0 in Fig. 5
is not operated.on a call of this nature from astoll-denied
station line circuit 33 of Fig. 35, two notable differences
will occur in circuit operation as compared with that
previously described above with respect to a similar call
placed from a toll allowed station 30 of Fig. 35. One
of these differences relates to the fact that if the present
toll denied station 33 attempts to exiend a :connection
through the central office of Fig. 31A to a toll facility,
the calling P.B.X line circuit will be routed to ‘a busy
tone in the trunk circuit of Fig. 4. The other difference
relates to the matter of a re-ring by a toll operator to-
ward the P.B.X in an attempt to.complete a desired con-
nection requested by a toll denied P.B.X line which, as
will be explained hereinafter, may be completed with the
assistance of the P.B.X attendant. In the event that such
a toll connection is completed to the toll operator in the
central office through the assistance of a P.B.X at-
tendant, and in the event that a toll denied station should
disconnect while waiting for the toll operator to com-
plete the connection a rering by the toll operator will
alert the P.B.X attendant and will not cause ‘a selective
re-ring of the toll denied P.B.X line as was the -case
previously described for a toll allowed on hook station
awaiting a toll circuit re-ring.

A toll denied station such 'as station 33 of Fig. 35 may
complete a call of an intra-office trunk nature to a local
central office subscriber, as was the case with the previ-
ously described toll allowed station making ‘the ‘same
call, in which event the circuit action is precisely the
same as previously described except for the fact that
the P relay of the P.B.X central office trunk circuit 0
of Fig. 4 is involved in the ting lead circuit of that trunk.
1t will be noted that the ring lead entering Fig. 4 from
the alarm and transfer circuit extends over make contact
8 of relay CT, break contact 8 of relay FF, break con-
tacts 7, 9 and 1 of relays HD, AC and HD, thence over
make contact 8 of relay SRT, and break contact 2 of
relay TLAT, to the right-hand side of diode A and to the
{eft-hand side of the lower winding of relay P through
break contact 5 of relay MC, and that the ring conduc-
tor from the crossbar switch network of Fig. 3 extends
into the trunk circuit of Fig. 4 and over the break con-
tact 6 of relay BY, and break contact 2 of relay RS, to
the interconnection between the left-hand electrodes of
diodes A and B. These diodes A and B are unidirec-
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over ‘the tip‘lead from the upper winding of a refay such
as. the relay .SUP of the intra-office trunk circuit in Fig.
31A, and -that "battery is supplied through the lower
winding of such a relay to the ring lead.. With ref-
erence to Fig. 4, ground coming in on the tip lead of
the trunk will be extended through make contact 6 of re-
lay CT, break contact 6 of relay FF, through the wind-
ing of relay S, break contacts 5, 3,.1¢ and 7 of respective
relays HD,.AC, RS and BY, thence over the tip and ring
loop through the instrument at P.B.X station 33 of Fig.
35, back into Fig. 4 over the ring lead and over a circuit
previously described to the left-hand electrode of diode
A. It will also be apparent that battery supplied from

. the .central -office will enter the trunk circuit of Fig. 4
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tional current carrying devices which, with reference for
instance to diode A, will represent a low impedance in

the event that the left-hand electrode thereof is more
positive than the right-hand electrode and will represent
a fairly high impedance in the event of a reversal of this
potential condition. On a connection of an intra-office
trunk nature to the local central office it will be apparent,

by reference to Fig. 31A, that ground is supplied back 76

70

on the ring lead and over a circuit previously described
through break.contact 2 of relay- TLAT to the right-hand
side of diode A. Tt is.obvious under these circumstances
that the left-hand side of diode A is more positive than
right electrode of diode A because the left electrode is at
ground. potential or thereabouts and the right-hand elec-
trode is at some potential in the neighborhood of minus
48 wolis, which is -the usual battery potential in the cen-
tral office. Under these circumstances diode A will rep-
resent a very -low impedance thereby presenting a low
impedance shunt areund the circuits of the windings of
relay P and will prevent relay P from operating because
of any battery -and ground conditions supplied thereto
fromthe local central office.

‘In he-event that the toll denied station 33 of Fig. 35,
by -dialing the toll .code 211 into the originating register
of a central office such as in Fig. 31A, attempts to seize a
toll facility, such as the operator cord and trunk circuit
shown in Fig. 31A, it will be apparent that battery and
ground respectively ‘are returned to the P.B.X over the
trunk circnit from the toll facility in the reverse order
as.above described with reference to the intra-office trunk
circuit. Under these circumstances battery will be sup-
plied to-the tip lead from a relay such as the.L relay in
the trunk circuit of the operator cord and trunk .circuit
of Fig. 31A or from the upper winding of the supervisory
relay SOP in the cord -circuit of Fig. 31A, and that
ground will ‘be supplied through the lower winding of
such a rélay to-the ring lead. In Fig. 4 battery on the
tip -and ground -on the ring will be respectively supplied
through circuits previously described to the correspond-
ing ‘left -and right-hand electrodes of diode A. In this
instance ‘the ‘left-hand -électrode of diode A is far more
negative than the right-hand side, thereby making diode
A a very high impedance. However, the megative battery
on the left-hand -electrode of diode A is also on the left-
hand electrode of -diode B and the ground on the right-
hand electrode ‘of diode A is extended through break
contact 5 of relay MC through the lower winding of
relay P to the right-hand electrode of diode B. It wili
be noted that-diode B is poled oppositely to diode A and
under ‘these circumstances will represent a fairly low
impedance ‘because its tight-hand electrode is more posi-
tive than its left-hand electrode. Relay P operates in this
circuit by virtue of -its being in series with the ring lead
through its lower winding. Relay P, in -operating, ex-
tends a locking circuit for itself from battery, through its
upper winding, over its own make contact 1, to conductor
P extending ‘into Fig. 5, and over break contacts 8 of
respective relays RS and HD, to off-normal ground sup-
plied by make contacts 6A and 4 of relays SRT and SIT.
Relay P, in operating, causes the release of relay CT,
which in turn causes the release in Fig. 4 of relay SRT.
The release of relay CT opens the tip and ring leads from
the circuit of Fig. 4 towards the toll office and com-
pletes cirouits for maintaining retay S of the ’m_mk qmcu:t
of Fig. 4 operated extending from battery in Fig. 4,
through resistance BF, and break contact 8 of r_elay CT,
back to the ring lead R of the calling line circuit, thence
over-the ring-tip loop, and back .over the tip lead T into
Fig. 4, and thence through the winding of relay S to
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ground through break contacts 6 of relay FF, 6 of relay
CT and 6B of relay SRT. :

The operation of relay CT, in causing the opening of
the tip and ring conductors of the trunk towards the cen-
tral office, provides a disconnect signal to the toll opera-
tor, who thereupon breaks down the comnection at her
end of this system if she has not already done so. Upon
the operation of the relay P in the trunk circunit of Fig.
4 a circuit is completed whereby busy tone is supplied
to the calling P.B.X line circuit 33 of Fig. 35 extend-
ing from busy tone in Fig. 4, through condenser TN,
over make contact 3 of relay P, and through break con-
tacts 8 of relays CT and FF, back to the ring side of the
calling P.B.X line loop to provide busy tome to the
calling P.B.X party. The party at P.B.X line circuit 33
should disconnect in response to this busy tone and place
this toll call in the proper manner, namely by means of
the assistance of the P.B.X attendant, as will be de-
scribed hereinafter. The disconnection by the P.B.X line
circuit 33 causes the release in Fig. 4 of relay S, which
in turn causes the release of relay SIT, which in turn
causes the release in Fig. 5 of relay HM and trunk hold
magnet THMO® and the release in Fig. 4 of relay P,
thereby returning the P.B.X central office trunk circuit
completely to normal. When the trunk circuit is re-
turned to normal the holding ground is removed from
the line hold magnet LHM33 (not shown) in Fig. 35,
thereby breaking down the entire connection between the
calling P.B.X line circuit 33 of Fig. 35 and the central
office trunk circuit @ of Figs. 4 and 5.

G—~—P.BX LINE (RESTRICTED) TQO CENTRAL OFFICH
TRUNK

In the event that a restricted P.B.X station desires
to place a call beyond the P.B.X through a central office
trunk circuit, either to a local central office subscriber
or to a toll facility, the restricted P.B.X. station should
do so with the assistance of the P.B.X attendant by dial-
ing the operator digit 0. If the restricted P.B.X sta-
tion attempts to dial directly to and through a central
office trunk, such as trunk circuit 0 of Figs. 4 and 5,
without employing the assistance of the P.B.X attendant,
the result of the dialing of the digit 9 to seize such a
trunk circuit will be to cause the call to be routed to a
P.B.X attendant on an intercept basis.

As an example of a number of different situations
raised by the attempt of a restricted P.B.X station to
dial to and through a central office trunk to central office
facilities such as are shown in Fig. 31A, it will be as-
sumed that the call is placed by line circuit 34 of Fig.
35 which, as will be noted in Fig. 20, does not have
its class of service terminal (attached to lead CS34)
connected to any of the class of service punchings lead-
ing to Fig. 25. Tt will be assumed that the calling P.B.X
line circuit 34 of Fig. 35 has been interconnected with
dial pulse register ¢ of Figs. 14, 18 and 19 for purposes
of the dial tone connection and that the lower half of
level 9 of the crossbar switch links has been used for this
interconnection. This means that the tip, ring and sleeve
conductors from line circuit 34 of Fig. 35 will extend
into Fig. 34 and up along the vertical corresponding to
line hold magnet LHM34 (not shown), over the lower
three crosspoints corresponding to select magnet SM39,
to conductors T09, R$9 and SO9 extending across Figs.
27, and 23 into Fig. 3, and thence over the lower three
crosspoints corresponding to hold magnet THMOS to the
tip, ring and sleeve conductors leading into the dial pulse
register of Fig. 18. The calling P.B.X line circuit 34
of Fig. 35 receives dial tone over this interconnection and
may proceed to dial the necessary digit 0 to call in the
attendant for assistance in making this particular call.

Connecting to attendant

There are two ways in which the calling P.B.X re-
stricted line circuit 34 of Fig., 35 may reach the P.B.X
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attendant. One of these is by dialing the operator digit
0, in which case the line circnit 34 will be routed to the
cordless position ‘circuit of Figs. 38 and 39 by means
of an attendant trunk circnit, such as attendant trunk
circuit 1 of Fig. 9; and, the other way is by attempting
to dial directly to and “through a central office trunk by
dialing the trunk digit 9, whereupon the circuits will auto-
matically treat this call on an intercept basis and will-
route the calling P.B.X line circuit 34 to the P.B.X attend-
ant by means of an attendant trunk in 2 very slightly
different fashion than would be the case for the dialing
of the operator digit 0. Once having reached the P.B.X
attendant by one of these two means the calling P.B.X
line circuit 34 may request that the P.B.X attendant con-
nect the calling P.B.X party with the desired connection,
which could be to a local central office facility or to a
central office toll facility. A description will be provided
first of the manner and means whereby the attendant
completes a connection to and through a central office
trunk and this description will be followed by a descrip-
tion of the extension of this connection to either a local
office central office facility or to a central office toll
facility,

If the calling P.B.X line circuit 34 dials the operator
digit 0, the pulse counting relays in the dial pulse register
of Fig. 18 will be in the condition at the end of the dial-
ing of this digit whereby the following relays will be
operated: relays P2A, P3 and P5. . Upon the release of
relay RA in Fig. 18, at the end of the dialing of this
first digit as heretofore explained in detail, the digit of
0 recorded in the pulse counting relays of Fig. 18 is
transferred to the tens digit register of Fig. 19 by means
of the operation of the tens digit relay TDO, which op-
erates and locks in a manner previously described. Upon
the operation of relay TDO, a circuit is completed in
Fig. 19 for causing the operation of relay TRR extending
from ground in Fig. 19, over break contact 8 of relay
TMOR, make contact 2 of relay TDO, break contact 11 of
relay TRR, to battery through the winding of relay TRR,
which thereupon operates and extends a locking circuit
for itself from the right-hand side of its winding to ground
through the respective make contacts 12, 10 and 9 of
relays TRR, SW and ON. Relay STR also operates as
previously described and provides a holding ground from
the right-hand side of its winding through make contact
12 of relay TRR to hold relay TRR operated independ-
ently of relay SW. Upon the operation of relay TRR,
ground is extended from. the right hand side of make con-
tact 2 of relay TDO, through make contact 5 of relay TRR
and over break contact 5 of relay OT, to battery through
the winding of relay OT, which operates and locks as
previously described to off normal ground. Relay OT,
in operating, causes the operation of relay UD as previ-
ously described and- relay UD also provides a locking
circuit for itself to off normal ground. Upon the op-
eration of relay UD, the dial completion relay DC of
Fig. 19 operates as previously described, thereby causing
the operation in Fig. 11 of the tens selection relay R,
the operation of which initiates a chain.of operations
whereby the marker circuit is seized by dial pulse register
0 for completion of the present call. :

- The operation of the tens selection relay R¢ of Fig.
11 initiates a chain of operations heretofore described in
detail whereby the tens-end relays TEAO through TEA3
and TEBO through TEB3 of Fig. 11 are operated, there-
by causing the operation in Fig.- 10 of the dial pulse
register O tens preference chain relay RPO in series with
the tens check relays TCK1 through TCK4. Also, the
register preference auxiliary relay RPAO of Fig. 12 is
operated -as previously described. In Fig. 14, with re-
lays OT and TRR of Fig. 19 operated, battery is sup-
plied over make contact 12 of relay DC and make con-
tacts 10 and 6 of relay OT to conductors RCTAG .and
RCTBO, extending into the sequence control circuit of
Fig. 41 to cause-the operation heretofore described - of
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the register tens conmector relays RCTA, RCTB, etc,,
of 'Fig. ‘41. The ‘operation of ‘the ‘relays RCTA, RCTB,
cause the operation in Fig. 12 of the relays RCAQ through
RCEO, whichin turn complete circuits extending between
Fig. 19 ‘and Fig. 12 for causing the operation of the
relays TKO, TKAO and TKBO of Fig. 12. "This circuit
extends from ground on-conductor TO-0 of Fig. 19 into
Fig. 12, over make contact 4 of relay RCEO, through
the parallel windings of relays TKO, TKAO and TKBO,
to ‘battery “through ‘mske contact 9 of relay RCEQ. In
the ‘meantime in Fig. 17, upon the operation of the
register preference auxiliary relay RPAO -of Fig. 12, re-
lays RUCA -and RUCB are operated as previously de-
scribed. ‘In ‘Fig. “19, because of ‘the operation of relays
OT and TRR, circuits are completed for grounding con-
ductors U9-0 and ‘U5-0-extending between Fig. 19 and
the units “selection ¢ircuits of Figs. 17 and 16. In Fig.
18 -gronnd extends over ‘make ‘contact 3 of relay ON,
break contact ‘6 ‘of relay TMOR, conductor UD into
Fig. 19, and ‘thence over ‘make contacts 2 and 3 of
relays OT and TRR 'to-conductor U9-0, and -over make
contacts ‘12 -and 1 of relays OT-and TRR to conductor
U5-0. Conductors U5-0 and U9-6 extend into Figs. 16
and 17, where -conductor U5-0 extends in Fig. 16 over
make contact' 7 -of ‘relay RCCO -and make contact 7 of
relay RUCB to battery through the winding of units relay
U5, which thereupon operates, and where conductor U9-0
in Fig. 17 extends over make contacts. 12 of rélays RCCO
and RUCB 1o battery through the windings of units relay
U9, which also operates. ‘Upon the-operation of at least
one units relay the -units-end relays UEA. and UEB of
Fig. 17 are .operated as hereinbefore described.

The operation of relay ‘U9 is of no consequence at
present ‘and can be disregarded. However, with respect
to the ‘operation of relay US in Fig. 16, it will‘be-noted
that the operating ground on conductor US-0 from the
dial pulse register circuit of Fig. 19 extends also over
make contact 7 ‘of relay RCCO and over make contacts
7, 9 and 10 of Telay TKAO to cause the operation of
units relays U6 and U7 over respective make contacts 9
and 10 of ‘relay RUCB. Upon the operation of units
rélays U5, U6 and U7 of Fig. 16, circuits are completed
in Fig. 33 whereby the sleeve relays S5, S6 and S7 are
allowed to-test the ‘hold magnet leads of the 3 attendant
trunks, namely -attendant ‘trunk ‘0 of Fig. 43, attendant
trunk 1 of Fig. 9 and attendant trunk 2 of Fig. 13. For
instance, in Fig. 33 wa <ircuit extends from ground,
through the lower-winding of sleeve relay S6, over make
contact 12 of rélay U8, to conductor 6, thence over make
contact 9 .of rélay TKO to conductor IT86 extending into
the attendant trunk circuit 1 of Fig..9, to the lower side
of the winding of the .attendant trunk hold magnet
THMOS5. Similar circuits extend from Fig. 33 through
the lower windings of sleeve relays S5-and S7 to the cor-
responding circuitry in-similar attendant trunks of Figs.
43 and 13. Aswas the case previously described in con-
nection with .these ‘tests by the sleeve relays of Figs. 30
and 33, if sleeve relay S6 of Fig. 33 finds a ground on
conductor IT06 in-the attendant trunk -circuit of Fig. 9
relay ‘S6 cannot operate, thereby indicating that attendant
trunk circnit 1 is engaged at the moment. However, in
the event that attendant trunk circuit 1 of Fig. 9 is
available and idle, ‘the lower ‘winding of sleeve relay S6
of Fig..33 will find a circuit in Fig. 9 to battery through
the winding of trunk hold.magnet THMO05 and the sleeve
rélay S6 will operate in-series with this hold magnet, the
hold magnet THMOS not operating in series therewith.
1t will be noted in Fig. 33 that sleeve relay S5 enjoys the
order. of preference over sleeve relays S6 and S7 for
the purpose of testing the hold magnet of an idle trunk
corresponding to these sleeve relays. It will therefore be
necessary .to assume that attendant trunk circuit 0 of Fig.
43 is presently engaged in order that the sleeve relay S5
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seizure of “the ‘idler attenidant trunk -¢ircuit ‘1-of Fig. ‘9.
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The -condition of sleeve relay 87 is of no particular con-
sequence in this respect since it will make no difference
in the subsequent circuit-operation.

In the meantime, circuits have been completed in the
select magnet control circuit of Fig. 37 for causing the
operation -of 'sélect magnet connector relays SMC® and
SMCS8 in -an obvious manner over respective make comn-
tacts 1 and 2 of relay TKBG. Upon the operation of
these select magnet connector relays, circuits ~hereto-
fore described in detail were completed in Fig. 37 for
causing the energization of the windings of the select
magnet timing relays SMTA and SMTB. Upon the
operation of the select magnet connector relays SMCO
and SMC8 of Fig. 37, circuits also described in detail
hereinbefore were completed between Figs. 6. 3 and 37
for causing the operation of select magnets on suitable
ones of the crossbar switches whereby the idle attendant
trunk circuit 1 of Fig. 9 may be interconnected with the
same horizontal link ‘through the crossbar switches (lower
half of level 9) to which line circuit 34 of Fig. 35 is
connected to dial pulse register 6 of Fig. 18 for the dial
tone connection. On switch ¢ of Fig. 3 select magnets
SMO00 and SM09 are operated and on switch 8 of Fig.
42 select magnets SM8¢ and SM89 are operated in
circuits heretofore described in detail. The operation of
these four select magnets prepares switches 0 and 8 for
the subsequent operation of one of the hold magnets
corresponding to one of the attendant trunks such as hold
magnet THMO05 'or THM66 in Fig. 3 or hold magnet
THMS80 in Fig. 42.

In the meantime, upon the operation of the sleeve
relay ‘S6 of Fig. 33 the sleeve end relays SEA, SEB
of Fig. 32 are reoperated as previously described, there-
by causing ‘the release in Fig. 17 of the relays RUCA and
RUCSB, toin turn cause the release in Figs. 16 and 17
of the units relays U5, U6, U7 and U9, which in turn
cause ‘the release in Fig. 17 of the units end relays UEA
and UEB. 'During the time of these relay operations and
releases, etc. relays SMTA and SMTB of Fig. 37 will
have operated, thereby initiating a series of operations in-
volving the relays SMRA, SMRB etc., of Fig. 7 whereby,
as -previously desecribed, conductors such as conductors
S10 and $13 in Fig. 30 are grounded for causing the
operation of the hold magnet associated with the at-
tendant trunk 1 of Fig. 9. Conductors S16¢ and S13 in
Fig. 30 extend to the right across break contacts of all
of the unoperated sleeve relays SO through S4, thence
through break contacts of relay ZU, to respective con-

_ductive -conductors S8 and Sil into Fig. 33, where these

conductors -extend over break contacts of sleeve relay
S§5. Conductor S8 then extends over make contact 4
of relay S6 and make contact 9 of relay SMRAA to con-
ductor 6 and conductor S11 extends over make contacts
8 and 9 of respective relays S6 and SMRBA to con-
ductor 6. Conductor 6 in Fig. 33 then extends over
make ‘contact 9 of relay TKO to conductor IT06 extend-
ing into the attendant trunk circuit 1 of Fig. 9 tot bat-
tery through the winding of the trank hold magnet
THMO05, operating same.

The operation of hold magnet THM85 shown in Figs.
9 and 3 causes the tip, ring and sleeve conductors T, R
and S of the attendant trunk circuit of Fig. 9 to be con-
nected in Fig. 3 over the lower three crosspoints cor-
responding to select magnet SM@0 and the lower three
crosspoints corresponding to select magnet SM39, to the
tip, ring and sleeve conductors T69, R8% and S69 con-
stituting the crossbar link to which is connected the dial
pulse register ¢ circuit of Fig. 18 and the calling P.B.X
line circuit 34 of Fig. 35. Shortly thereafter, as has
been explained a number . of times hereinbefore, the hold
magnet test relays HMTA, HMTB etc., of Fig. 7 operate
and complete circuits whereby the hold magnet check
relays HMKA and HMKB of Fig. 29 are connected in
¢ircnit to the .conductor IT06 of Fig. 9 to determine
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whether or not the attendant trunk circuit 1 hold magnet
THMOS5 is being held operated locally.

As soon as the attendant trunk circuit of Fig. 9 is con-
nected over the crossbar switch metwork to the calling
P.B.X line 34 of Fig. 35, the tip and ring loop is closed
through the windings of relay AA of Fig. 9, the circuit
extending in Fig. 9 from ground, through the upper
winding of relay AA and over break contacts 8 and 2 of
respective relays OUT and ACAA, to the tip conductor
T extending to the calling P.B.X line circuit 34, back
over the ring lead R into the trunk circuit of Fig. 9, and
thence to battery through the lower winding of relay
AA over break contacts 4 and 6 of relays ACAA and
OUT. Relay AA operates in this circuit and completes
a circuit for operating relay BA in Fig. 9 from ground,
over the parallel break contacts 3 and 8 of relays HDA
and TN and make contact 8 of relay AA to battery
through the winding of relay BA. Relay BA, in oper-
ating, supplies ground over its make contact 8 to con-
ductor IT66 in Fig. 9 to maintain operated the trunk
hold magnet THMO05, and completes a circuit from
ground through the winding of relay SLA and make
contact 9 of relay BA to the trunk sleeve conductor S
extending back to the calling line circuit 34 of Fig. 35,
to maintain operated the line hold magnet LHM34.
When the circuits for the hold magnet check relays
HMKA and HMKB are extended in parallel to con-
ductor 6 in Fig, 33, and thence over make contact 9 of
relay TK§ to conductor IT96 extending into Fig. 9,
these check relays will be operated from the ground on
the lower side of the winding of trunk hold magnet
THM@S. Hold magnet check relays HMKA and HMXB
of Fig. 29, in operating, initiate a chain of operations
heretofore described in detail whereby the marker and
the dial pulse register § circuit are completely returned
to normal and whereby all of the operated select mag-
nets SM6¢ and SMO0?2 of Fig. 3 and SM80 and SM89 of
Fig. 42 are released and whereby the hold magnets
THMO08 and THMOY of Fig. 3 are released. This leaves
the calling P.B.X line circuit 34 of Fig. 35 intercon-
nected with the attendant trunk circuit 1 of Fig. 9 over
the lower half of level 9 of the crossbar switch network
by the operated hold magnets THMO05 of Fig. 3 and
LHM34 (not shown) of Fig. 34 under the control of the
low impedance ground supplied from the winding of
relay SLA in Fig. 9 and the ground supplied in Fig. 9 by
the operated relay BA.

It will be recalled that it was assumed that attendant
trunk circuit ¢ of Fig. 43 was engaged at the time that
a selection of an attendant trunk was desired. This
was necessary because of the arrangement of the circuits
in order to permit the selection of attendant trunk circuit
1 of Fig. 9 since it was shown in detail. In view of the
seizure at the present time of the attendant trunk cir-
cuit 1 of Fig. 9, in order that the P.B.X attendant will be
available to handle this particular call it will now be
assumed that the attendant has been released from her
job in connection with attendant trunk circuit ¢ of Fig, 43.
Of course, if the P.B.X attendant were still engaged with
the attendant trunk circuit 0 of Fig. 43 the present call
could wait. The operation in Fig. 9 of relay AA com-
pletes a circuit from battery in the lower right-hand
corner of Fig. 9, through the 120 interruption-per-minute
interrupter circuit, through make contact 6 of relay AA,
break contact 4 of relay ONA, break contacts 4 and 10
of relays OUT and HDA, through resistance SL1 to
conductor SL1-0%, leading into the cordless position
circuit of Fig. 39 and thence to ground through the lamp
SLi-61, which will be flashed at the rate of 120 inter-
ruptions per minute. Relay BA of Fig. 9, in operating,
completes a circuit from the ringing tone in Fig. 9, over
conductor R1, through break contact 9 of relay ONA,
make contact 11 of relay BA, break contact 11 of relay
HDA to conductor BZ extending into Fig. 39, and
thence through condenser BZ, the ringer, a break contact

10

15

20

25

30

35

40

45

50

55

60

65

70

75

106

of the AUD SIG key, to ground over a make contact on
the attendant’s B jack, thereby causing the ringer to
provide an audible tone to alert the attendant in addition
to the flashing signal on lamp SL1-01. Part of the ring-
ing signal in Fig. 9 is fed through condenser RT, make
contact 3 of relay BA, and break contacts 8 and 9 of
relays ONA and HDA to the ring side of the line and
back to the calling P.B.X party at line circuit 34 of Fig.
35 so that the calling P.B.X party can hear the fact that
the attendant is being rung. Relay BA, in operating, also
extends ground over its make contact 6 and through break
contact 12 of relay HDA to conductor IT81 into the line
and trunk hunting circuit of Fig. 30 to make this at-
tendant trunk circuit busy to the marker. It will be noted
in the upper part of Fig. 9 that the operation of relay
BA, by virtue of closing its make contacts 1 and 2, bridges
break contacts 2 and 4 of relay ACAA thereby to keep
relay AA operated when relay ACAA will have been
operated at a later point in the discussion. The opera-
tion of relay BA also prepares other circuits, such as
locking paths for relays ONA and HDA which become
effective at a subsequent time in the circuit operations.
No further circuit operations take place until such time
as the P.B.X attendant, by the use of her cordless posi-
tion circuit shown in Figs. 38 and 39, answers the calling
signals supplied to her visually and audibly that the
attendant trunk circuit 1 of Fig, 9 has a request for her
services.

In the event that the restricted line circuit 34 of Fig. 35
had attempted to connect to and through a central office
trunk circuit by dialing the trunk digit 9 line circuit 34
would have been connected to an attendant trunk cir-
cuit, such as attendant trunk circuit 1 of Fig. 9, in the
same manner as heretofore described in connection with
the dialing by the P.B.X party of the operator digit 0.
This particular kind of a connection would be handled
on an intercept basis and only a few details of cirenit
operation differ from the above described situation. In
the dial pulse register circuit of Fig. 19 the tens digit
relay TD9 would have been operated as a result of the
dialing of the digit 9. Upon the operation of the tens
digit relay TD9, a circuit would have extended from
ground in Fig. 19, over break contact 8 of relay TMOR,
over make contact 2 of relay TD9, over break contact
8 of relay TLD, and break contact § of relay OT, to
battery through the winding of relay OT, which there-
upon operates and locks in a circuit previously described.
Relay OT, in operating, causes the operation of relay
UD in Fig. 19 as previously described, which in turn
causes the operation of the dial completion relay DC of
Fig. 19, thereby causing the marker to be seized for com-
pletion of this call. It will be noted in Fig. 19 that be-
cause relay TLD of Fig. 14 is released, the ground sup-
plied through make contact 2 of relay 'TD9 extends
through break contact 8 of relay TLD to the conductor
TO-9 which extends into Fig. 12 to cause the operation
of the tens commector relays TKO, TKAO and TKBO,
exactly as was the case above described when the calling
P.B.X party dialed the operator digit O to secure the
services of an attendant. Due to the fact that the relay
OT in Fig. 19 is operated and relay TRR is released
(whereas it was operated in the case of the dialing of
the digit 0), the conductors in the lower left hand corner
of Fig. 19 which are grounded into the units selection cir-
cuit of Figs. 15, 16 and 17 will now be conductors
Ul-0 and U4-9, whereas in the previous instance they
were conductors U$-@ and US5-0. The conductors
grounded under the present circumstance (conductors
Ul-¢ and U4-¢) extend into Figs. 15 and 16 to cause
the operation of the units selection relays Ul and U4,
it being noted in Fig. 15 that the operating circuit for
relay Ul also extends over make contact 2 of relay
TKAG and make contacts 1 and 3 of relay TKAO to
cause the operation of units relays U0 and U2, The
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operation of units selection relay ‘U4 is of mo conse-
quence at this particular point.

With reference to Fig. 33 it will be recalled that the
operation of the units relays U5, U6 and U7 of the units
selection circuit -of Fig. 116, under the case where the
P.B.X party had dialed-0, caused the sleeve relays S5,
S6 'and S7 of Fig. 33 to extend circuits through their
lower windings to conductors ITOS into Fig. 43, IT06 into
Fig. 9, and IT07 .into Fig. 13 to test for the busy or idle
condition- of these three respective attendant trunk cir-
cuits. ‘Under the present circumstances, in view of the
fact that relays U@, Ul and U2 of Fig. 15 are operated,
it 'will be apparent that in Fig. 30 circuit are completed
through the lower windings of sleeve relays S¢, S1 and
S2 -and over respective make contacts 12, 5 and 12 of
units relays UG, Ul and U2 to conductors 8, 1 and 2
and thence over respective make contacts 1, 2 and 3 of
relay TKO to -conductors I1T6¢ into Fig. 43, IT¢1 into
Fig. 9 and to conductor IT92 into Fig. 13. Any at-
tendant trunk circuit, such as the one of Fig. 9, which is
busy-as previously explained will have a ground applied
to ‘its conductor ITO01 extending into Fig. 30 over the
make contact 6 of the BA relay in Fig. 9. If the trunk
is idle the conductor IT01 will extend in Fig. 9 over
break contacts 12, 6 and 7 of respective relays HDA, BA
and ONA to battery through the upper winding of relay
TN. With respect to Fig. 30, it will be assumed again
that the attendant trunk circuit ®& of Fig. 43 is busy,
thereby .causing the sleeve relay S1 of Fig. 30 to be first
preference, whereby telay S1 will operate in series with
the TN relay of the trunk of Fig. 9, relay TN not oper-
ating in this circuit.

At such time as the operating ground is supplied to
conductor 1T81 from the line and trunk hunting circuit
of Fig. 30, relay TN of the trunk circuit in Fig. 9 will
operate and in doing so will complete a circuit for oper-
ating the trank hold magnet THMOS5 of Fig. 9 in a circuit
extending from ground :in Fig. 9, over make contact &
of relay TN, break contact 6 of relay HDA, to battery
through the winding of hold magnet THM$5, which
thereupon operates. The operation of the TN relay of
Fig. 9, in causing the operation of hold magnet THM3,
completes the tip, ring and sleeve connection between
the attendant trunk circuit 1 of Fig. 9 and the calling
P.B.X line circuit 34 of Fig. 35 resulting, as previously
described, -in the comsecutive operations of relays AA
and BA of Fig. 9. The marker and dial pulse register
circnits are released as heretofore described. The opera-
tion of relay TN in addition to the operation of relay
AA of Fig. 9 causes the 120 IPM interruption battery
to be supplied not only through resistance SL1 to con-
ductor SL1-41 of Fig. 9 but also in Fig. 9 through break
contact 7 of relay HDA and make contact 2 of relay
TN, through the TL1 resistance to conductor TL1-0L

extending into Fig. 39 to cause the interrupted flashing *

of lamp TLi-61 in addition to finishing of the lamp
SL1-01.

The PB.X. attendant will know whether or not the
attendant trunk circuit 1 of Fig. 9 has been seized on a
regular operator digit ¢ basis or on an intercept basis
by virtue of the flashing of one or both of the lamps in
Fig. 39. If the station lamp SL1-01 flashes alone it is
a straightforward 0 digit call. On the other hand, if
both the station lamp SL1-01 and the trunk lamp
TL1-01 flash, the attendant will know that this trunk
circuit was seized on -an intercept basis. In the trunk
circuit of .Fig. 9, until such time as the P.B.X attendant
answers the call, if the call was placed on a digit 0 basis
relays AA and BA wil be operated in addition to the
trunk hold magnet THMG5. However, in the event that
the trunk circuit of Fig. 9 was seized on an intercept
basis relay TN of Fig. 9 will ‘be operated in addition,
thereby ‘providing the means whereby the trunk circuit
of Fig. 9 has a way of remembering in which manner it
was seized.
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‘Completing connection to central office trunk

In the cordless attendant position circuit of Figs. 38
and 39 when the P.B.X attendant desires to answer the
attendant trunk call, indicated by the flashing of lamp
SLi-61 of Fig. 39 (and lamp TL1-01 if the call is an
intercept call) and the ringing of the ringer shown in
Fig. 39, the attendant will operate the pick-up key as-
sociated with this particular trunk. Contacts of the
various pick-up keys are shown in Fig. 38 in the center
and Fig. 39 in the lower right-hand corner. Upon the
operation of pick-up key 3 a circuit is completed from
ground in the lower right-hand cormer of Fig. 39, over
break .contacts 8 and .5 of relays SP and NTP, over a
make contact of the attendant’s A jack, break contacts
of pick-up keys 1 and 2, and the make contact of pick-
up key 3, to conductor ACA-§1 extending into Fig. 9,
to battery through the upper winding of relay ACAA,
which thereupon operates and remains operated as long
as the associated pick-up key is operated. Relay ACAA,
in.operating, completes a circuit for operating relay ONA
in Fig. 9 from ground in Fig. 9, over make contact 1 of
relay ACAA, break contact 2 of relay HDA, to battery
through the winding of relay ONA, which operates and
locks to ground over make contact 6 of relay ONA and
make contact 18 of relay BA. The operation of relay
ONA removes ringing current from the BZ lead extend-
ing between Figs. 9 and 39 to stop the attendant’s ringer
from .ringing and opens the circuit in Fig. 9 whereby
part of the ringing current was fed back to the calling
P.B.X line circuit 34 of Fig. 35. Also, the operation of
relay ONA. applies steady battery to the signal lamp leads
to cause .the lamp SL1-01 of Fig. 39 (and also lamp
TLi-81 if flashing) to light steadily. This circuit ex-
tends in Fig. 9 from battery in the lower right-hand
corner, over make contact 4 of relay ONA, thence over
break contacts -4 and 18 of relays OUT and HDA and
through resistance SL1 to conductor SL1-61 into Fig. 39
to.cause lamp SL1—1 to light steadily. In the event that
relay TN of Fig. 9 is operated (in the case of an inter-
cept situation), the steady battery supplied to conductor
SL.1-01 of Fig. 9 is also applied to conductor TL-01
through break contact 7 of relay HDA, make contact 2
of relay TN, .and resistance TL1, over conductor TL-01
into Fig. 39 to cause lamp TL—01 to light steadily. Also,
in Fig. 9, if relay TN were operated, upon the operation
of relay ONA a circuit is connected to the ring con-
ductor .R of the attendant trunk circuit, whereby a
low level dial tone is.supplied to the attendant when she
answers .the call, thereby giving her an additional indi-
cation that this call is .an intercept call. This circuit
extends in Fig. 9 from the box marked dial tone, over
the ‘LT conductor, through condenser TN, over make
contacts.4 and 8.of relays TN and ONA, and over break
contact 9 of relay HDA to the ring conductor R of the
attendant trunk circuit.

Relay ACAA of Fig. 9, in operating, causes tip and
ring -conductors of the cordless position circuit to be
connected to the aitendant trunk circuit 1 of Fig. 9.
These circuits extend in Fig. 9 from the tip and ring con-
ductors T and R of the trunk circeit, over respective
make contacts 2 and 4 of relay ACAA, to tip and ring
condunctors TT and TR extending into Fig. 38, where
the tip conductor TT extends over break comtacts 7 and
6 of relays .SP and ‘FB, thence over break contact 7
of relay FB :and a make contact of the attendant’s B
jack, thence ‘over a make contact of pick-up key 3 (not
shown), to the-operator’s tip conductor TO, and where
the ring conductor TR from Fig. 9 extends over break
contacts 6 and 4 of relays SP and FB, and thence over
break contact 9 of relay FB and a make contact of the
A jack, over a make contact of pick-up key 3 (not shown),
to ‘the.attendant’s ring conductor RO.

The P.B.X attendant, who mnecessarily as previously
mentioned “will -have her hand set shown in Fig. 38
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plugged into the A and B jacks, may communicate with
the party at the calling P.B.X line circuit 34 of Fig. 35
over this tip and ring circuit extended to the attendant
position from the attendant trunk circuit of Fig. 9. In
Fig. 38, in the tip and ring talking circuit of the attendant
position, three contacts are shown marked dial 1, dial
2 and dial 3. The dial contact 2 is a pair of contacts
which are normally closed and which will open if the
attendant should actuate her dial to the finger stop pre-
paratory to dialing a digit and those contacts will remain
open until such time as the dial is returned to normal.
Dial contact 1 is a contact which is a normally open one
but which closes when the operator actuates her dial to
the finger stop and remains closed until such time as the
djal returns to its normal position whereupon dial con-
tact 1 reopens. Dial contact 3 is a pair of contacts
which are normally closed and remain closed even upon
the actuation of the dial to the finger stop, but which
contacts open and close a number of times upon the re-
turn stroke of the dial to send out over the lead RO the
usual open circuit line pulses which comprise the digit
dialed by the attendant.

It will be noted, in the event that relay TN of the
trunk circuit of Fig. 9 were operated, as it would have
been if this call were on an intercept basis, that upon
the operation of relay ONA the locking circuit for relay
TN is opened and relay TN thereupon begins to release;
but, since this is a slow release relay some time will be
consumed before the release takes place. The interval
while relay ONA is operated and before relay TN fully
releases is the time during which the attendant will hear
the low level dial tone supplied through make contact
4 of relay TN to the ring conductor of the trunk in
Fig. 9. "When relay TN eventually releases this low
level dial tone is removed from the ring conductor and
lamp TL1-81 of Fig. 39 is extinguished.

It will be assumed in the present example that the
calling P.B.X line circuit 34 of Fig. 35 has instructed
the P.B.X attendant that the P.B.X party desires a con-
nection to the central office indicated in Fig. 31A. 1t
will be necessary, therefore, for the P.B.X attendant to
make a connection through a central office trunk, such
as the one shown in Figs. 4 and 5, to the desired central
office facility, whether it be an intra-office type of call
to a local central office subscriber or whether it be a
connection to a toll facility such as the toll operator
cord and trunk circuit shown in Fig. 31A.

When the P.B.X attendant has determined both the
connection desired by and the identification of the call-
ing P.B.X line 34 of Fig. 35 she must apply a hold con-
dition to the attendant trunk circuit of Fig. 1, seize an
idle central office trunk, such as central office trunk @
of Figs. 4 and 5, and dial the desired number into the
central office equipment. In order to establish a hold
condition on the attendant trunk circuit of Fig. 9 the
P.B.X attendant must actuate the hold key prior to
releasing the pick-up key associated with the trunk, Upon
the momentary actuation of the hold key (a non-locking
key designated Hold in Fig. 39), an obvious circuit is
completed for operating relay HP from ground in Fig, 39,
over make contacts of the B jack and the hold key,
through the winding of relay HP to battery. Relay HP,
in operating, completes a circuit between Figs. 39 and 9
for causing the operation in Fig. 9 of relay HDA. This
circuit extends from ground in the upper left-hand corner
of Fig. 39, over make contact 8 of relay HP, to conductor
HD extending into Fig. 9, and over make contact 12
of relay ACAA to battery through the winding of relay
HDA, which operates and completes a circuit between
Figs. 9 and 39 for causing the operation of relay SP
in Fig. 39. This circuit extends from ground in the
upper right-hand corner of Fig. 9, over make contacts
1 and 3 of respective relays HDA and ACAA, to con-
ductor SP extending into Fig. 39, and to battery over
make contact 4 of relay HP and through the winding of
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relay SP. Relay SP operates in this circuit and locks
over its own make contact 12 to its operating ground
on conductor SP, independently of the condition of
relay HP. The operation of relay SP of Fig, 39 applies
a ground over its make contact 2 to supplement the
ground on conductor HD extending into Fig. 9, whereby
relay HDA of Fig. 9 is held operated; and, relay SP,
in operating, controls a number of other circuits extend-
ing between the cordless position circuit of Fig, 39 and
central office trunks, such as the trunk of Figs. 4 and 5,
for purposes to be described presently. Relay HDA in
the trunk circuit of Fig. 9, in operating, applies over its
make contact 12 a supplementary ground to conductor
IT01 extending into the line and trunk hunting circuit
of Fig. 30 to maintain the attendant trumk circuit 1
of Fig. 9 busy to the marker independently of the condi-
tion of relays BA, ONA and TN. Relay HDA, in
operating, also causes the release of relay ONA, opens
the tone supply leads to the ring side of the trunk in
Fig. 9 and to the audible ringing signal in the cordless
position circuit of Fig. 39, and completes a circuit ex-
tending from the 30 interruption-per-minute interrupter
of Fig. 9 over its make contact 16, through the SL1
resistance to conductor SL1-01 extending into the posi-
tion circuit of Fig. 39 to change the steady lighting of
lamp SL1-01 to a slow flash of 30 times per minute.

When the P.B.X attendant observes the slow flashing
of lamp SL1-01 of Fig. 39 she knows that a holding
condition has been established on the attendant trunk
circuit 1 of Fig. 9 and that she may thereupon release
the hold key and the pick-up key associated with this
trunk. Upon the release of the hold key, relay HP of
Fig, 39 releases and when the attendant releases pick-
up key 3, contacts of which are indicated in the lower
right-hand corner of Fig. 39, relay ACAA of the trunk
circuit of Fig. 9 is released. Relay ACAA, in releasing,
causes the release in Fig. 39 of relay SP: but, before
relay SP can release, the release of relay ACAA in Fig. 9
transfers the locking circuit of relay HDA through its
own break contact 12, make contact 5 of relay HDA,
and break contact 6 of relay TN, to ground through make
contact 8 of relay BA, whereupon relay HDA remains
locked to the holding ground supplied by make contact
8 of relay BA. Also, relay ACAA in Fig. 9, upon re-
leasing, disconnects in Fig. 9 the tip and ring conductors
T and R of the attendant trunk circuit from the tip and
ring leads TT and TR leading to the cordless position
circuit in Fig. 38, thereby disconnecting the P.B.X at-
tendant from the held attendant trunk circuit of Fig. 9,
the lamp SL1-01 of Fig. 39 remaining flashing at the
low rate of 30 interruptions-per-minute, however, as an
indication to the P.B.X attendant that the associated trunk
circuit of Fig. 9 is in a hold condition. It will be noted
in Fig. 38 that upon the release of pick-up key 3 asso-
ciated with the trunk circuit of Fig. 9, the P.B.X at-
tendant’s talking telephone circuit in the lower right-
hand portion of Fig. 38 is released from connection with
the parallel tip and ring leads from the various central
office and attendant trunk circuits.

The P.B.X attendant, having instructed the calling
P.B.X line circuit 34 to remain off-hook awaiting com-
pletion of the desired conmection, has released from
connection with the attendant trunk circuit 1 of Fig. 9
and has placed a holding condition on this trunk circuit,
which holding condition is manifested to the P.B.X at-
tendant by the slow flashing of lamp SL1-01 of Fig. 39.
The P.B.X attendant is now prepared to seize a central
office trunk circuit, such as the one shown in Figs. 4
and 5, in order to secure second dial tone from the
central office shown in Fig. 31A, thereby to complete
the desired connection. In order to seize a central of-
fice trunk it is necessary for the P.B.X attendant to ac-
tuate the pick-up key associated with that particular
trunk, assuming that it is idle and available for service.
Pick-up key 4 is the one associated with trunk circuit 0
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of Figs. -4 and 5: therefore, pick-up key 4 may "be actu-
ated in order to cause the operation of the :connector
relay ACAT in Fig. 4. Upon the operation of pick-up
key 4, a circuit is completed between Figs. 39 and 4
for operating this connector, the circuit extending from
ground in the lower right-hand corner of Fig. 39, through
break contacts 8 and 5 of relays ST and NTP, a make
contact of the A jack, break contacts of pick-up keys
1, 2 and 3, thence over a make contact of pick-up key 4,
to conductor ACA-0 extending into Fig. 4, thence through
break contact 6 of relay AC, the winding of relay ACAT,
to battery over break comtact 10 of relay HM. The
operation of relay ACAT in Fig. 4 causes the operation
of relay AC in an obvious fashion over make contact
6 of relay ACAT; and, the operation of relay AC com-
pletes a locking circuit for relay ACAT extending from
ground, over make contact 17 of relay ACAT and make
contact ¢ of relay AC ‘through the winding of relay
ACAT to battery over break contact 18 of relay HM,
relay AC remaining operated as long as relay ACAT
remains ‘operated and as long as the attendant pick-up
key 4 remains operated. '

"The operation . of the relays ACAT and AC of Fig. 4
initiates a ‘series of operations whereby the attendant
telephone circuit of Fig. 38 is interconnected over central
office trunk circuit 8 of Figs. 4 and ‘5 with the central
office shown in Fig. 31A and -whereby dial tone is re-
turned to the attendant from the central office prepara-
tory to the attendant’s dialing the number required to
complete the connection requested by calling P.B.X line
circuit 34 of Fig. 35. Upon the operation of relay
ACAT, a circuit is completed between Figs. 4 and 38
whereby the ‘S relay of Fig. 4 is operated . over the at-
tendant’s ‘telephone circuit of Fig. 38. This circuit ex-
tends from ground in the upper right-hand corner of
Fig. 4, over break contact 6B of relay SRT, break .con-
tacts'$ of relays CT and FF, through the winding of relay
S over break contact 5 of relay HD, and .over -make
contact 2 of relay ACAT, to the tip conductor TT ex-
tending into Fig. 38, thence over break contacts .7 -and
6 of relays SP and FB, break contact 7 of relay FB,a
make contact of the attendant B jack, over a make :con-
tact of a pick-up key 4 (not shown), to ‘the operator
tip conductor TO, thence through 'the inductance -and
resistance ‘bridging the operator’s tip.and ring circuit, over
contact 3 of the operator’s .dial, through the inductance
in ‘the filter circuit to the operator ring conductor R9,
thence over a ‘make contact ‘of .a pick-up key 4 (not
shown) and a make contact of the attendant A jack,
thence over break contacts 9 and 4 of relay FB, and
break contact § of relay SP, to conductor TR extending
into Fig. 4, thence over make contact 1 of relay -ACAT,
break contact 7 of relay HD, break contacts '8 of relays
FF and CT, to battery through resistance BF. ‘Relay S
operates in this ¢ircuit and causes the operation of relay
S1T in Fig. 4 in a circuit previously described.

Relay S1T, in operating, applies off-normal :ground to
the trunk circuit, causes the operation of relay TLAT in
Fig. 5, applies ground to the conductor 1T9¢ in Fig. 5
to make the trunk busy to the marker, applies steady
battery to the lamp TL1-6¢ in Fig. 39, and applies a start
ground to the ring conductor R of Fig. 4 -extending into
the central office as a signal to the central .office to supply
dial tone over the trunk circuit. Relay TLAT of Fig. 5
operates in a circuit extending from battery through its
winding, over make contact 19 of relay ACAT, to off-
normal ground supplied by make contact 4 of relay S1T.
Relay TLAT, in operating, closes its own make contact
1 in parallel] with make contact 19 of relay ACAT,
thereby to remain locked operated independently of the
condition of the relay ACAT. As previously explained
hereinbefore, ground is applied in the left center of Fig. 5,
over make contact 1@ of relay S1T, and break contact
10 of relay SRT, to conductor IT%¢ extending into the
line and trunk hunting circuit of Fig. 33 to thereby make
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this trunk:circuit of Figs. 4 and 5 busy to the marker.
In the upper right-hand corner. of ‘Fig. 5 a circuit ‘extends
from :battery, over break contact 2 of relay HD, and
make contact 6 of relay SIT, break contact 3 of relay
R1T, through resistance TLZ, to conductor TLI-0 ex-
tending into Fig. 39, thence to ground through lamp
TL1-0, which thereby lights steadily as an indication to
the operator that the outgoing end of the central office
trunk ‘0 has been seized. A circuit extends from off-
ground in Fig. 5 (over make contact 4 of relay SiT),
over. break contacts 8 of relays HD and RS, to conductor
P extending into Fig. 4, and through resistance B, to
‘battery through the upper winding of relay P, which,
however, does not .operate in this circuit because of the
current limiting .effect of resistance B. In Fig. 4 a cir-
cuit is provided, upon the operation of relay SIT for
applying ground to the ring conductor R leading toward
the .central office, extending from .ground in Fig. 4, over
make contact 1 of relay SiT, and break contacts 4 and
2 of relays SRT and P, to the ring conductor R extending
into Fig. 36 and thence over make contact 2 -of relay
ATA to the ring conductor extending into the central
office of Fig. 31A.

As has been explained in detail hereinbefore, upon the
closing of the tip and ring conductors of the trunk cir-
cuit ‘of ‘Fig. 4 :into the central office of Fig. 31A for the
dial tone job, Tespective .ground and battery are returned |
over the ‘tip and ring conductors to the trunk of Fig. 4
(from circuits in the originating register of a crossbar
telephone system for example involved in the dial tone
job). This ground returned over the tip conductor into
Fig. 4 extends through the upper winding of relay H
and over make contact 2 of relay S1T, through break
contact 2 of relay SRT, to battery through resistance H,
thereby causing relay H to operate to in turn operate
the cut-through rélay ‘CT of Fig. 4 in a manner hereto-
fore previously described. Relay CT, in operating, causes
the operation in Fig. 4 of relay SRT which completes a
locking circuit for relay CT, releases relay H, supple-
ments the off-normal ground supplied to the trunk cir-
cuit by completing a circuit in Fig. 5 from ground over
its make contact -6A, and supplements the battery in Fig.
5 -supplied to the lamp TL1-0.of the attendant position
in Fig. 39 by closing its make contact 12 in parallel with
make ‘contact ‘6 of relay SIT. Relay CT, in operating,
also extends the 'ground supplied from the central office
to the tip conductor T of trunk circuit'® in Fig. 4, over
make contact 6 of relay CT and break contact 6 of relay
FF, through the winding of relay S and over the attend-
ant telephone circuit as previously described over con-
ductor TT into Fig. 39, thence back over conductor TR
into Fig. 4, over a circuit previously described through
break contacts 8 of relay FF and make contact 8 of
relay CT, and out over the ring conductor to the central
office, and therein returned to the battery potential, there-
by maintaining operated relay S of Fig. 4 under. control
of ‘battery and .ground supplied from the central -office
dial tone circuits.

As .a result of this interconnection of the trumk side
of trunk -circuit ® of Figs. 4 and 5 to the central office
dial tone circuits indicated in Fig. 31A, dial tone is
supplied to the operator at the P.B.X attendant who may
thereupon actuate her dial and cause to be registered
in the originating register of the central office the digits
representing the call desired by the P.B.X party at line
circuit 34 of Fig. 35. As has been mentioned heretofore,
the calling P.B.X party at line circuit 34 may desire
to be connected to a local central office subscriber, in
which event the digits dialed by the P.B.X attendant will
cause ‘an interconnection such as the intra-office trunk
connection shown in the upper part of Fig. 31A. On
the other hand, the cslling P.B.X party at line circuit 34
of Fig. 35 may have requested a toll connection to be
completed. In the latter event the digits dialed by the
P.B.X ‘aftendant will most likely be a toll code such as
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code 211, whereupon the central office switching circuiis
will effect a connection to a toll facility such as the
operator cord and trunk circuit in the lower portion of
Fig. 31A. It will be noted that when the P.B.X attend-
ant seizes the central office trunk 0 of Figs. 4 and 5, the
toll allowed class of service relay TLAT of Fig. 5 in the
trunk circuit was operated, thereby setting up the central
office trunk circuit 0 of Figs. 4 and 5 such that if it is
connected to a toll facility the usual battery and ground
reversal will not cause any disconnection since the opera-
tion of the toll allowed class of service relay TLAT will
immobilize the operation of the P relay circuit of Fig. 4.

Connection to local central office subscriber

If the desired call is to be made to a local central
office subscriber, the P.B.X attendant will proceed to dial
the usual 7 or 8 digits (depending upen whether or not
the called subscriber is a party line) into the originating
register of the central office equipment, in response to
the completion of which dialing the central office equip-
ment will complete an intra-office trunk comnection such
as the one illustrated in Fig. 31A, whereupon the P.B.X
attendant will be connected through the central office
circuits to the called subscriber as indicated hereinbefore,
ground on the tip and battery on the ring conductors
being supplied from the intra-office trunk circuit of Fig.
31A back to the central office trunk circuit 0 of Fig. 4
to maintain operated the supervisory relay S through the
closed loop at the P.B.X attendant telephone circunit of
Fig. 38. Having completed the desired connection to the
called local office subscriber shown in Fig. 31A, the
P.B.X attendant will converse with the called subscriber
informing same that a call is waiting and requesting
them to remain off-hook and hold the connection until
such time as the operator may manipulate a few controls
to extend the connection back to the calling P.B.X party
at line circuit 34 in Fig. 35.

In order to complete this connection back to the call-
ing line circuit 34 it is necessary for the P.B.X attend-
ant to place a holding condition on the trunk side of the
central office trunk circuit ¢ of Figs. 4 and 5, and there-
after to use the line side of this trunk to dial back into
the P.B.X to secure connection with the waiting calling
P.B.X line circuit 34. This hold condition is produced
in the central office trunk circuit of Figs. 4 and 5 by
operations initiated when the P.B.X attendant actuates
the hold key of Fig. 39. In this instance, however, upon
momentarily operating the hold key to cause a hold con-
dition, the operator does not release the trunk pick-up
key, as was the case previously described when she
wanted to place a hold condition on the attendant trunk
circuit of Fig. 9. When the attendant causes the momen-
tary operation of the hold key in Fig. 39, relay HP oper-
ates as previously described. Relay HP, in operating,
completes a circuit for causing the operation in Fig. 5
of relay HD in a circuit extending from ground in Fig.
39, over make contact § of relay HP, to conductor HD
leading into Fig. 5, thence over make contact 8 of relay
ACAT, and break contacts 12 and 3 of relays HM and
RS, to battery through the winding of relay HD. Relay
HD of Fig. 5, in operating, causes the operation of the
splitting relay SP of Fig. 39 in a circuit extending from
ground in the upper center of Fig. 5, over the parallel
make contacts 4 and 6A of relays S1T and SRT, to the
off-normal ground conductor, thence over make contact
8 of relay HD, and make contact 8 of relay ACAT,
directly to conductor SP and through make contact 10
of relay AC to conductor SR, both leading into Fig. 39.
In Fig. 39 the ground on conductor SR extends directly
to battery through the winding of relay SP, and ground
on conductor SP in Fig. 39 extends over make contact
4 of relay HP, to battery through the winding of relay
SP, which thereupon operates and completes a circuit
over its own make contact 12 in parallel with make con-
tact 4 of relay HP to remain locked to one or the other
of these conductors SP and SR independently of the
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condition of relay HP. Relay SP, in operating, also, by
means of its make contact 2 in Fig. 39, supplements the
holding ground on conductor HD extending into Fig. 5
for holding operated relay HD of Fig. 5. In Fig. 38
the operation of relay SP puts a short circuit over its
make contact 6 across the tip and ring leads TT and
TR of the trunk side of the central office trunk circuit
of Fig. 4 to hold the trunk side of this connection to
the called local central office subscriber. This operation
of relay SP, in short-circuiting the tip and ring conductors
TT and TR extending from the cordless position circuit
of Fig. 38 into the trunk side of central office trunk §
of Fig. 4, also splits off the attendant telephone circuit
of Fig. 38 so that it is connected only to the line side
of the central office trunk over conductors LR and LT
from Fig. 38 into Fig. 4, and over make contacts 3 and
4 of relay ACAT to the respective ring and tip sides
of the line section of central office trunk 0. This con-
nection will enable the P.B.X attendant to dial back to
the calling line circuit 34 of Fig. 35 as soon as the
marker circuit in the P.B.X has completed a connection
between the line side of the trunk of Fig. 4 and the dial
pulse register @, for instance, of Figs. 14, 18 and 19.
The operation of relay HD of Fig. 5 also changes the
steady lighting of the lamp TL1-8 of Fig. 39 to a low
interrupted rate of thirty interruptions-per-minute to in-
dicate that the trunk side of this central office trunk of
Figs. 4 and 5 is in a hold condidon. This circuit. ex~
tends from battery in the lower right-hand corner of
Fig. 5, through the thirty IPM interrupter, over con-
ductor SF1, through break contact § of relay TTT, make
contact 2 of relay HD, parallel make contacts 12 and 6
of relays SRT and S$1T, through break contact 3 of relay
RIT, and through resistance TL2 to conductor TLi-g,
extending into Fig. 39 and to ground through the fila-
ment of lamp TL1-8. When the P.B.X attendant notices
the change in the condition of lamp TL1-9, to the low
interruption rate of thirty IPM., she releases the hold
key, thereby releasing relay HP of Fig. 39.

Uron the release of relay HP of Fig. 39, with relay
8P of Fig. 39 operated, circuits are completed from the
cordless position circuit in Fig. 39, through the P.B.X
central office trunk circuit of Fig. 5 and into the units
selection circuit of Fig. 15 and into the tens selection
circuit of Fig. 11, for attempting to seize the marker
of the P.B.X for completing a connection between
the central office trunk circuit of Fig. 4 and a dial
pulse register, whereby the attendant may dial back
to the calling P.B.X line circuit 34. In the lower left-
hand corner of Fig. 39 ground extends over make con-
tacts 1 and 10 of relay SP, and break contacts & and 7 of
relay HP, to conductors T and U extending into- Fig.
5, thence over make contacts 12 and 13 of relay ACAT,
and break contacts 2 and 4 of relay HM, to conductors
TRO extending into Fig, 11 and US extending into Fig.
15. Assuming that the marker circuit is idle and avail-
able to be seized, conductor TR in Fig. 11 extends over
break contacts 1 and 5 of relays TEAL and TRAG®,
through the winding of relay TRY, to battery over break
contacts ¢ and 1 of relays TRA® and TEB1, Relay TRO
operates in this circuit, thereby causing the operation in
Fig. 11 of the tens-end relays TEA$ through TEA3 and
TEBY through TEBR3 in circuits previously described now
extending over make contacts 4 and 2 of the operated
relay TR®. Upon the operation of the tens-end relays of
Fig. 11, a locking circuit is provided for relay TRO of
Fig. 11 extending from ground over the parallel make
contacts 1 of relays TEBG and TEAY, make contact 1 of
relay TR, break contact 5 of relay TRAS, through the
winding of relay TR, through break contact 9 of relay
TRAS®, to battery over make contact 12 of relay TRO.

The operation and locking of relay TRY of Fig. 11 and
the operation of tens-end relays TEAG, TERY, eic. com-
prises a bid on behalf of central office trunk circuit ¢ of
Figs. 4 and 5 for the services of the marker. Circuits are



2,940,506

115

now completed in the tens preference chain circuit of
Fig. 10, assuming that neither of the dial pulse registers is
presently trying to secure the services of the marker, for
causing the operation of the tens preference chain relay
TRPO, asscciated with the even group of trumks, of
which trunk circuit 6 of Figs. 4 and 5 is one. Under

the control of make contacts 3, 5, 7 and 9 of the operated

relay TRO of Fig. 11 obvious circuits heretofore described
are completed for causing the operation of the tens prefer-
ence chain relay TRP® in series with the four tens check
relays of Fig. 10, namely, relays TCK1 through TCK4.
Upon the operation of the tens preference relay TRPO
of Fig. 10, the trunk tens connector relays TRMS, TRU®
and TRCO of Fig. 12 are operated in an obvious cir-
cuit under the control of make contacts ¥ and 12 of
relay TRPO. Also in Fig. 12, upon the operation of relay
TRP® of Fig. 10, circuits heretofore described in de-
tail are completed for causing the operation of the tens
connectors relays TACA, TACB, etc., under the control
of make contacts 2 and 3 of relay TRP$. Upon the op-
eration of relays TACAA and TACBA, circuits are com-
pleted in Fig. 6 for causing the operation of the register
group relays RGA, RGB, etc., under the control of make
contacts 3 and 5 of relays TACAA and TACBA and
make contacts 1¢ and 9 of relay TRPS.

Circuits are also completed in Fig. 17 for causing the
operation. of relays LUCA, LUCB, ULA and ULB in
an obvious manner under the control of make contacts 1,
2, 11 and 12 of relays TACA and TACB. Upon the
operation of relays LUCA and LUCB of Fig. 17, a cir-
cuit is completed for causing the operation of the units
selection relay U8 of Fig. 15, this circuit extending from
the grounded conductor U$ in Fig. 15 coming from the
central office trunk of Fig. 5, thence over make contact
‘1 of relay TRUS, over the parallel make contacts 1 of
relays LUCA and LUCB, to battery through the winding
of relay U0, which thereupon operates and locks over
its own make contact 10 to ground over the parallel make
contacts 1 of relays ULA and ULB.

The operation of the units selection relay U of Fig.
15 initiates a series of operations which will culminate
in the operation of the hold magnet THMO¢ of Fig. 5
-corresponding to the central office trunk circuit 8 of Figs.
4 and 5, whereby the line end of this trunk circuit will be
connected over the crossbar switches to an idle dial pulse
register circuit such as dial pulse register 0 of Figs. 14,
18 and 19. In the meantime, circuits have been com-
pleted in Fig. 37 for causing the operation of the select
magnet connector relays SMC6, SMC1 and SMC8 in’
order to prepare circuits for operating select magnets on
any of the switches ¢ (Fig. 3), 1 (Fig. 23), and 8 (¥Fig.
42) upon which are terminated all of the central office
trunks and dial pulse registers circuits of interest. In Fig.
37, ground extends over the parallel make contact 6 of
relay TRCO and the parallel make contacts 1 of relays
RGAA and RGBA to cause the operation of connector
SMCO, ground extends over the parallel make contacts
2 of relays RGBA and RGAA to cause the operation of
connector SMC1, and ground extends over make con-
tact 6 of relay TRUQ to cause the operation of connector
SMCS.

In the meantime, upon the operation of relays RGA
and RGB of Fig. 6, circuits heretofore described in de-
tail are completed in Fig. 47 for causing the operation of
the link test relays LTA, LTB, etc., which as has been
explained in detail initiates a series of operations whereby
an idle link in the crossbar switch network is ascertained
so as to permit the operation in Fig. 37 of select mag-
nets corresponding to this idle link. In view of the fact
that the presently existing connection from line circuit
34 to the attendant trunk of Fig. 9 has been assumed to
be using the lower half of level 9 of the crossbar switches,
it will be assumed that in the present instance the dial
tone connection to the central office trunk circuit of Fig.
4 will use the upper half of level 2, namely, the tip,
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ring and sleeve conductors T12, R1Z and S12 through
the crossbar switches. At the end of link testing, as has
been described in detail hereinbefore, circuits are com-
pleted in Fig. 37 for causing the operation, under the
control of the select magnet connectors SMC0, SMC1
and SMCS, of hold magnets SMO1 and SMO2 of Fig. 3
for switch ¢, SM11 and SM12 of Fig. 23 for switch 1,
and SM81 and SM82 of Fig. 42 for switch 8.

In the meantime, in Fig. 37, upon the operation of the
link end relays LEA and LEB of Fig. 47, the operation
of which has been described in detail hereinbefore, cir-
cuits previously described in Fig. 37 are completed for
energizing the windings of the select magnet timing relays
SMTA and SMTB. FEventually these relays SMTA and
SMTRB of Fig. 37 will operate after a time interval deter-
mined by their slow operate characteristics and, in operat-
ing, will cause the operation in Fig. 7 of the correspond-
ing relays SMRA, SMRB, etc., after the operation of re-
lays SEA, SEB, etc. of Fig. 32, which indicate the end of
sleeve testing presently to be described.

Returning now to the series of operations initiated by
the operation of units relay UG of Fig. 15, a circuit is
completed in Fig. 30 from ground through the lower
winding of relay S8, over make contact 12 of relay UQ,
to conductor 9, thence over make contact 1 of relay
TRMO, to conductor ST9¢ leading into the trunk circuit
of Fig. 5 to the lower side of the winding of trunk hold
magnet THM88., If the sleeve relay SO of Fig. 30
finds a ground on conductor ST99, it thereby knows that
the central office trunk circuit is busy and cannot be
seized. [n the present instance, however, there will be no
ground on conductor STS8, whereupon the circuit from
the lower winding of relay S0 extends in Fig. 5 over con-
ductor ST9®, over break contact 6 of relay HM, and to
battery through the windings of relay HM and the hold
magnet THM00. Sleeve relay S0 will operate in this cir-
cuit in series with the relay HM and the hold magnet
THMO09, but relays HM and THMO6 of the trunk circuit
cannot operate in series with the winding of the S relay.
The operation of the sleeve relay S8 is an indication that
a proper sleeve check has been made on the trunk circuit
and that it is available for having its hold magnet oper-
ated, whereupon the sleeve end relays SEA, SEB, etc., of
Fig. 32 are operated as an indication of an end to the
sleeve testing procedure. Upon the operation of the
sleeve end relays SEA, SEB, etc., of Fig. 32, and assum-
ing the select magnet timing relays SMTA and SMTB
to have operated, previously-mentioned circuits are com-
pleted in Fig. 7 for operating the relays SMRA, SMRB,
etc., thereby completing circuits between Figs. 29 and 30
whereby ground may be applied to conductors, such as
conductors S10 and S13, extending from Fig. 29 into Fig.
30 and ground on these two conductors extends for con-
ductor S106 over make contact 4 of relay SO and make
contact 1 of relay SMRAA to conductor 6 and ground
on conductor S13 also extends over make contact 8 of
relay S8 and make contact 1 of relay SMRBA to con-
ductor 0, the grounded conductor 8 thence extending over
make contact 1 of relay TRM® in Fig. 30 to conductor
ST90, extending into Fig. 5 to cause the operation of
relay HM and of the trunk hold magnet THM$6. Relay
HM and hold magnet THMG® lock in a circuit extending
from the windings thereof, over break contact 8§ of relay
MC, make contact I of relay HM, the parallel break
contacts 8 and 4 of relays P and R1T, thence over make
contact 16 of relay ACAT to off-normal ground over
make contact § of relay HD. The operation of the hold
magnet THMO00 (also shown in Fig. 3) extends the tip,
ring and sleeve conductors T, R and S from the line side
of the central office trunk of Fig. 4 into Fig. 3, and thence
over the upper three crosspoints corresponding to the
select magnet SMO1 and over the upper three crosspoints
corresponding to select magnet SM92, to the upper half
of level 2 of the crossbar switch comprising tip, ring

‘and sleeve conductors T12, R12 and S12.
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In the meantime, circuit action has taken place in the
marker whereby an idle dial pulse register circuit, such as
the one shown in Figs. 14, 18 and 19, is seized and con-
nected to the line side of the central office trunk circuit
of Fig. 4. Upon the operation in Fig. 37 of the select
magnet timing relays SMTA and SMTB and upon the
operation of the register group relays RGA, RGB, ete., of
Fig. 6, a circuit is completed in Fig. 6 for causing the op-
eration of the register work and hold magnets THM$S
and THM®69 in Fig. 6. The circuit for these magnets ex-
tends from ground in Fig. 6, over make contact 5 of relay
SMTA, break contacts 3 and 10 of relays HMTB and
HMTA, over the parallel make contacts 3 of relays
RGA and RGB, and through make contact 4 of relay
RAOB (assumed to be operated in the upper part of
Fig. 6 as an indication that dial pulse register @ of Figs.
14, 18 and 19 is idle and available to be seized for serv-
ice), to battery through the windings of hold magnets
THM08 and THM69, which thereupon operate to cause
the tip, ring and sleeve conductors T, R and S of the dial
pulse register @ of Fig. 18 to be extended over the upper
three crosspoints corresponding to select magnet SM§1
and over the upper three crosspoints corresponding o se-
lect magnet SM92, thereby to commect these three con-
ductors to the upper half of level 2 of the crossbar switch
comprising tip, ring and sleeve conductors Ti2, Ri2 and
S12, thereby to intercommect these three conductors with
the same tip, ring and sleeve conductors of the line side
of central office trunk 0 of Fig. 4.

A circuit is now completed for causing the operation
of the line relay L in the dial pulse register of Fig. 18
extending from ground in Fig. 18, through resistance
TN, through the lower right-hand winding of the dial tone
coil TN, thence over break contact 1¢ of relay RV, and
contact 1 of the TST jack, and break contacts 16 and 2
of relays RRLB and RRLA, to the register tip conductor
extending into Fig. 3, thence over the crosspoints corre-
sponding to select magnets SM@1L and SM02, to the tip
conductor T12 of the switch network, thence to the left
and over crosspoints corresponding to the same two select
magnets to the tip conductor T of the line side of trunk
circuit 0 of Fig. 4, thence in Fig. 4 from the tip conductor
T over break contacts 7 and 1§ of relays BY and RS, and
over make contact 3 of relay ACAT to the LT conductor
leading into the attendant position circuit of Fig. 38, and
therein over break contact 7 of relay FB, a make contact
of the B jack, a make contact of the operated pick-up key
4, to the attendant tip conductor T¢, thence through the
direct current circuit comprising the windings and resist-
ance to the right of dial contact 1, thence over the dial
coatact 3, through the inductance in the dial filter to the
attendant ring conductor RO, back over a make contact
of the pick-up key 4, and through a make contact on the
A jack, break contact 9 of relay FB to the conductor LR
extending into Fig. 4, over make contact 3 of relay
ACAT, make contact 1 of relay HD, to the right-hand
side of the lower winding of relay P, and to the right-
hand electrode of diode B, thence from the left-hand
electrode of diode B to the left-hand electrode of diode
A, and through break contacts 2 and 6 of relays RS and
BY, to the ring conductor R extending back to the cross-
bar switch network of Fig. 3, over the crosspoints of the
switch ¢ to the ring conductor R12 of swiich 0, thence
over crosspoints and to the ring conductor R of dial
pulse register 0 extending into Fig, 18, over break con-
tacts 3 and 9 of relays RRLA and RRLB in Fig. 18, over
contact 2 of the TST jack, through break contact § of
relay RV, and the upper right-hand side of the dial tone
coil TN, and thence to battery through the left-hand
winding of relay L, which thereupon operates.

It will be noted in Fig. 4 that the immediately above-
described circuit extending through diode B of Fig. 4
also extends from the right-hand side of the lower wind-
ing of relay P through the lower winding and over break
contact 5 of relay MC to the right-hand elecirode of
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diode A. It happens in this particular circuit that diode
A is reverse-biased and thereby is a high impedance
because substantially ground potential on its right-hand
electrode is considerably more positive than the approx-
imately —48 volit potential on its left electrode. There-
fore the iower winding of relay P is not sufficiently emer~
gized, if at all, to cause relay P to operate. Diode B, on
the cther hand, has substantially ground potential on its
right-hand electrode and approximately —48 volt poten-
tial on its left electrode, thereby representing a very low
impedance to the passage of current therethrough in
shunt of the lower winding of relay P.

In Fig. 18 the operation of the line relay L causes the
operation of relay SR, which in turn causes the operation
of the of-normal relay ON in Fig. 18. Relay SR of
Fig. 18, in operating, extends ground in Fig. 18 over
break contact 8 of relay RT and make contact § of relay
SR to conductor RHMO, extending into the register con-
trol circuit of Fig. 6 and thence to the lefi-hand side of
the windings of the register hold magnets THM88 and
THMO% to hold these magnets operated independently
of the condition of the marker relays in the register con-
rol circuit of Fig. 6. The operation of relay ON in the
dial pulse register circuit of Fig. 18 causes the release
in Fig. 6 of the register control relays RASB and RAGA,
thereby indicating that dial pulse register ¢ is presently
engaged and is not available to be seized for other serv=~
ice. Prior to the release of relays RASA and RAOB of
Fig. 6, a circuit was completed from the class-of-service
circuit of Fig. 25 to the dial pulse register circuit in Fig.
14 to register in Fig. 14, by the operaticn of relay COT,
the fact that this request for service of the dial pulse
register is being made on behalf of a central office trunk
circuit. This circuit extends in Fig. 25 from battery in
the upper left-hand corner, in two parallel circuits
through the separate half resistances of the resistance
lamp CS, over make contacts of relays SEA and SEB,
break contacts of relay ZU (assumed to be released under
these circumstances), thence over make contacts 6 and
18 of relay 89, and over make contact 1 of relay TRCO
to conductor COT, thence through the parallel make
contacts 9 of relays RGA and RGB, and make contact
8 of relay RABA, to conductor COTO extending into
Fig. 14. In Fig. 14 battery on conductor COTO extends
to ground through the winding of relay COT which
thereupon operates, locks over its own make contact 10
and through contact 10 of relay ON to battery, and causes
relay TLD to operate and lock in an obvious manner.

Upon the operation in Fig. 18 of relay SR of the dial
pulse register circuit, ground is extended from the upper
left-hand corner of Fig. 18, over make contact 12 of
relay SR, through the low resistance S, to the sleeve lead
S extending into Fig, 3, thence over the crosspoints to
the sleeve conductor §12 of the crossbar switch, thence
to the left in Fig. 3 and over the crosspoints to the sleeve
conductor $ of the line side of central office trunk ¢ of
Fig. 4, and thence in Fig. 4 over the S lead to Fig. 5,
through break contact § of relay BY, and over make
contact 12 of relay HD, to the right-hand side of the
winding of relay S1L, through the winding of relay SL,
thence over break contact 4 of relay BY, to battery
through resistance PD., The sleeve relay SL operates in
this circuit and completes a locking circuit for relay HM
and hold magnet THMGO extending from the lower ter-
minals of the windings thereof, over break contact 9 of
relay MC, and over make contact 12 of relay SL, to off-
nermal ground in the trunk cireuit over make contact 6
of relay HD.

Upon the operation of relay HM in Fig. 5, the start
conductors TR® and U@ extending into the tens and
units selection circuits of Figs. 11 and 15 of the marker,
were opened, thereby placing the control of the release
of these tens and units selection relays TR® and U0 of
Figs. 11 and 15 under the control of the marker. Even-
tually, as has been explained jn considerable detail here~
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inbefore, in the circuit of Fig. 7 relays HMTA, HMTB,
etc., are operated to complete circuits heretofore de-
scribed whereby the hold magnet check relays HMKA
and HMKB of Fig. 29 will be operated if the hold mag-
nets involved in the present comnection are properly
being held by some circuit other than the marker. In
the present instance the above-mentioned local holding
ground in Fig. 5, on the lower sides of the windings of
relay HM and hold magnet THM®8, is returned over
conductor ST99 to Fig. 30, thence over make contact 1
of relay TRMO to conductor 0, and thence in parallel
over make contacts of relays SMRBA and SMRAA and
contacts of relay S9, to conductors 518 and S13 extend-
ing into Fig. 29, and thence over circuits previously de-
scribed under the control of make contacts of relays
HMTA and HMTB, to battery through the windings of
relays HMKA and HMKB, which thereupon operate,
it being noted that the sleeve relay S8 of Fig. 30 is held
operated in a circuit extending through its upper winding
and over its own make contact 11 and make contacts 1
of relays SMRA and SMRB to battery.

~ As has been described hereinbefore, the operation of
relays HMKA and HMKB of Fig. 29 cause the release
in Fig. 50 of the down check relays DCKA and DCKB,
the release of which causes the operation in Fig. 7 of
the marker release relays RLA, RLB, etc., to initiate
a serjes of circuit operations whereby the marker circuit
is completely returned to normal, in the process releasing
all of the operated select magnets of Figs. 3, 23 and 42
and leaving the operated hold magnet THMG0 of Figs.
3 and 5 held operated under control of off-normal ground
in the central office trunk circuit of Figs. 4 and 5, leaving
the dial pulse register hold magnets THME8 and THMO2
of Figs. 3 and 6 held operated under control of the
operated relay SR in the register of Fig. 18, and leaving
the line circuit 34 hold magnet LHM34 of Fig. 35 held
operated from ground through the winding of relay SLA
of the held attendant trunk circuit of Fig. 9, the hold
magnet THMO5 of which in Figs. 9 and 3 is held operated
locally in the attendant trunk circuit under control of
the operated relay BA. It will be noted in Fig. 4 that
by the time relay HM of Fig. 5 operated an additional
locking circuit for relay ACAT was completed extending
from the right-hand side of its winding to battery through
respective make contacts 7 and 12 of relays ACAT and
SIT.

At this point in the description, assuming that the
marker circuit has fully released to mormal, the calling
P.B.X line circuit 34 of Fig. 35 has its tip, ring and
sleeve conductors connected to the tip, ring and sleeve
conductors of the attendant trunk circuit of Fig. 9 over
the lower half of level 9§ of the crossbar switches com-
prising tip, ring and sleeve conductors T#9, R$9 and
S09; the attendant trunk circuit 1 of Fig. 9 has been
placed in a holding condition by the P.B.X attendant;
the trunk end of the central office trunk circuit ¢ of Figs.
4 and 5 is presently extending to a local central office
subscriber as shown in Fig. 31A and this trunk connec-
‘tion is being held under control of the splitting relay SP
of the attendant position in Fig. 39; and, the PBX
attendant is presently connected through the line side of
the central office trunk of Fig. 4 over the upper half of
lever 2 of the crossbar switches, namely, tip, ring and
sleeve conductors T12, R12, and S12, to the dial pulse
‘Tegister 0 circuits of Figs. 14, 18 and 19, which at the
moment is supplying dial tone to the P.B.X attendant,
who may thereupon procesd to dial the digits 3, 4 in
order to make connection back to the calling P.B.X line
of circuit 34.

In order for the P.B.X attendant in Fig. 39 to dial the
off-hook P.B.X party at line 34 of Fig. 35, she causes
a momentary operation of the dial back key, whereby a
circuit is completed for operating relay NTP of Fig. 39,
-extending from ground, over a make contact of the B
jack, make contact of the dial back key, and to battery
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through the right-hand winding of relay NTP, which
thereupon operates and completes a circuit over its make
contact 6 to short-circuit its left-hand windings, thereby
making itself slow releasing, and locks in a circuit over
its make contact 4 and conductor NT extending into Fig.
5, over make contact 11 of relay ACAT, and to ground
over break contacts 2 and 7 of relays MC and RTT.
The release of the dial back key, after the momentary
operation thereof, opens the operating circuit of relay
NTP which is held operated under control of the trunk
circuit of Fig. 5 and the P.B.X marker circuit as will be
explained hereinafter.

After the momentary operation of the dial back key
of Fig. 39, the P.B.X attendant may proceed to dial the
digits 34 into dial pulse register 6 of Figs. 14, 18 and 19,
as has been explained in detail hereinbefore. As a result
of the dialing of the tens digit of 3, the tens digits register
relay TD3 of Fig. 19 will be operated; and, as a result
of dialing the units digit 4, relays P2A, P3 and P4 of Fig.
18 will be operated to register this units digit of 4. At
the end of the units digit registration when the relay RA
of Fig. 18 releases, relay DC of Fig. 19 is operated as
previously described to indicate the completion of dialing
and the necessity of attempting to seize the P.B.X marker
circuit. The operation of relay DC of Fig. 19 causes the
operation in Fig. 11 of the tens selection relay RO pertain-
ing to dial pulse register §, assuming that the marker tens
selection circuit is idle and available to be seized. The
operation of relay R9 of Fig. 11 causes the operation of
relays TEAQ, TEBY, etc., of Fig. 11 to indicate the end of
the tens selection operation; the operation of the tens end
relays of Fig. 11 causes the operation in Fig. 10 of the
register preference chain relay RPO in series with the
four tens check relays TCK1 through TCK4; and, the
operation of the register preference relay RPO of Fig.
10 causes the operation of the register preference auxili-
ary relay RPAG of Fig. 12. Upon the operation of relay
RPAGS, circuits are completed between Figs. 14 and 7
for causing the operation of the route relays COTA and
COTB of Fig. 7. These circuits extend in Fig. 14 from
battery in the lower left-hand corner, over make con-
tacts 1 and 2 of the central office class relay COT, to
conductors CTAO and CTBO extending into Fig. 7, and
over respective make contacts 18 and 17 of relay RPAG,
to ground through the windings of relay COTA and
COTB, which thereupon operate to indicate to the marker
that the call which the dial pulse register is now requesting
the marker to complete was initiated by a central office
trunk and that this call is a central office trunk class of
call. The operation of relay RPAO of Fig, 12 also causes
the operation in Fig. 17 of relays RUCA and RUCSB, as
previously described, and completes the circuits previ-
ously described for causing the operation in Fig. 41 of
the relays RCTA, RCTB, ete. The operation of relays
RCTA and RCTB of Fig. 41 cause the operation in
Fig. 12, in a mapper previously described, of relays
RCA@ through RCEQ, the operation of relay RCCO
completing a circuit previously described extending be-
tween Fig. 19 and Fig. 16 for causing the operation of
the units selection relay U4 of Fig. 16 in accordance
with the registration in Fig. 19 of the units digit 4, the
operation of the umits selection relay U4 of Fig. 16
causing the operation in Fig. 17 of the units end relays
UEA and UEB.

In the meantime, upon the operation of relay RCAG
of Fig. 12 a circuit is completed between Fig. 6 and
Tig. 18 for operating the reversing relay RV of Fig. 18,
this circuit extending from ground in the lower left of
Fig. 6, over break contacts 9 and 3 of relays HMTAA
and HMTBA, over the parallel make contacts 2 and 1
of relay RCAS, to conductor RVO extending into Fig.
18, over make contact 4 of relay COT, to battery through
the winding of relay RV, which thereupon: operates.
‘Upon the operation of relay RV of Fig. 18 the respec-
_tive ground and battery supplied from the dial pulse reg-
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ister over the respective tip and ring conductors T and R
back to the line side of the central office trunk of Fig.
4 are reversed such that battery is mow supplied back
over the tip lead and ground is supplied over the ring
lead. This circuit extends, in Fig. 18, from ground
through resistance TN and the lower right-hand winding
of the dial tone coil, over make contact 6 of relay RV,
contact 2 of jack TST, through break contacts ¢ and 3
of relays RRLB and RRLA, to the ring conductor R ex-
tending into Fig. 3, and from battery in Fig. 18 through
the left-hand winding of the Hine relay L, through the up-
per right-hand winding of the tome transformer TN,
thencé over make contact 19 of relay RV, contact 1
of jack TST, and over break contacts 10 and 2 of relays
RRLB and RRLA to the tip conductor T extending into
Fig. 3.

The tip and ring conductors T and R extending from
Fig. 18 into Fig. 3 are extended to the tip and ring con-
ductors T12 and R12 of the crossbar network, to the left
to the vertical position corresponding to trank hold mag-
net THMS66, and thence to the tip and ring conductors
T and R extending into Fig. 4 to the line side of central
office trunk 8, where battery on the tip conductor ex-
tends over break contacts 7 and 16 of relays BY and RS,
over make contact 4 of relay ACAT to conductor LT
extending into the cordless position circuit of Fig. 38, and
thence through resistor T, a make contact of the B jack
and a make contact of pick-up key 4 to the tip conductor
TO of the operator’s equipment, through the operator’s
equipment and back over the operator’s ring lead RO,
over a make contact of pick-up key 4, through a make
contact of the A jack and resistor R to conductor LR ex-
tending into Fig. 4, over make contact 3 of relay ACAT,
and through make contact 1 of rélay HD, to the right-
hand side of the lower winding of relay P. In Fig. 4
ground on the ring lead, from the crossbar switch net-
work of Fig. 3, extends into Fig. 4 and over the break
contact 6 of relay BY, break contact 2 of relays RS,
and to the left-hand electrode of diode A. Under these
circumstances diode B will be reversed biased and there-
fore will represent a high impedance; whereas, dicde A
will be forward biased and will Tepresent a very low im-
pedance. Therefore the circuit will be completed from
the left-hand electrode from diode A, through diode A,
through break contact 5 of relay MC, and through the
lower winding of relay P to the circujt previously de-
scribed, thereby operating relay P. Relay P, in operat-
ing, completes a circuit for causing the operation in Fig.
5 of relay MC, the circuit extending in Fig. 5 from bat-
tery through the winding of relay MC, thence through
make contact 5 of relay P, and break contact 7 of relay
TTT, to the holding ground for relay HD. Relay MC,
in operating, causes the release of relay P and relay MC
locks in a circuit extending from the lower side of its
winding, through its own make contact 4, to conductor
RLSE extending into Fig. 26, through break contacts 7
and 1 of relays RLAB and RLBB, to ground over the
parallel make contacts 4 of relays TEA3 and TEB3, the
relay HM and the hold magnet THM09 of Fig. 5 re-
maining operated in a locking circuit extending from the
lower terminal of the winding of relay HM, over make
contact 9 of relay MC, to conductor ME extending into
Fig. 29, to ground over break contacts 7 and 6 of relays
COA and COB.

Upon the operation of relay MC of Fig. 5 a circuit is
completed for causing the operation in Fig. 235 of relay
NT in series with the relay NTP of Fig. 39, the circuit
extending from ground in Fig. 25, through the winding
of relay NT, to conductor NT extending into Fig. 5,
thence over make contacts 2 and 11 of relays MC and
ACAT, to conductor NT extending into Fig. 39, through
make contact 4 of relay NTP, to battery through the
right-hand winding of relay NTP. Relay NT of Fig. 25
.operates in this circuit in series with relay. NTP of Fig.
39 and, in operating, completes a circuit extending from
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ground in the lowér right-hand corner of Fig. 26, over
make contact 10 of relay NT, to conductor RTE
extending into Fig. 4, over make contact 1 of relay MC,
to battery through the right-hand winding of relay RTT,
which thereupen operates and locks in a circuit extend-
ing over its own make contact 12, to conductor CL ex-
tending into Fig. 5, and thence to the same locking:
ground as for relay HD of Fig. 5. Relay RTT, in op-
erating, completes a circuit in Fig. 5 over its make con~
tact 2 to supplement the ground supplied over conduc-
tor SP leading into Fig. 39 for holding operated the:
splitting relay SP of the cordless position circuit. The
operation of relay NT of Fig. 25 completes another cir-
cuit extending from. ground in the lower right-hand corner
of Fig, 25, over make contact 6 of relay NT, to conduc-
tor KO extending into Fig. 9 for a purpose to be de-
scribed hereinafter in connection with releasing the at--
tendant trunk circnit at such time as it has served jts:
purpose.

In the meantime, upon the operation of relay RCD&
of Fig. 12, a circuit was completed between Figs. 19
and 12 for causing the operation of the tens connector-
of Fig. 12 corresponding to the tens digit 3 registered:
in dial pulse register circuit @ of Fig. 19, thereby causing:
the operation in Fig. 12 of the tens conmector relays.
TCS3, ete. Relay THC3 of Fig. 12, in operating, causes:
the operation in Fig. 37 of the select magnet connector-
relay SMC3 preparatory to permitting the operation of’
certain select magnets on switch 3 of Fig. 34 containing:
the line circuits having the tens digit of 3. Circuits:
previcusly described, extending from the upper left-hand:
corner of Fig. 6 and over the memory hold magnet:
THMO9 of Fig. 3, thence into the select magnet control
circuit of Fig. 37, are effective for causing the opera--
tion in Fig. 37 (and Fig. 34) of select magnets SM31.
and SM32 preparatory to causing the called P.B.X line:
circuit 34 of Fig. 35, if idle, 1o be connected to the same:
crossbar link to which are presently connected the dial
pulse register circuit & and the line side of central office-
trunk 6. The operation of connector relay SMC3 of
Fig. 37 energizes the windings in Fig. 37 of relays SMTA.
and ‘SMTB, as has been explained hereinbefore, which
relays are slow operating relays and unless interrupted’
by some other circuit operation will operate themselves:
after a short delay determined by their slow operate:
characteristic. Meanwhile, the operation of the tens:
connector relay TM3 of Fig. 12 completes a circuit for
permitting the sleeve relay S4 of Fig. 30 to test the sleeve:
condition of the called P.B.X line circuit 34 of Fig. 35.
This operation has been described a number of times:
hereinbefore and it is not considered necessary to go into
the details thereof again, it merely remaining fo be said’
that the lower winding of relay S4 will find the sleeve:
lead of line circuit 34 of Fig. 35 at substantially ground
potential, or thereabouts, because the line circuit 34 (be-
ing the actual calling party in this instance) is busy.
Therefore relay S4 of Fig. 30 cannot operate.

Eventually when relays SMTA and SMTRB of Fig. 37
operate, circuits are completed between Figs. 29, 30, 33
and 32 for causing the operation in PFig. 32 of the busy
relays BYA and BYB in view of the fact that no sleeve
relay has been operated in the meantime. These circuits
have been described in detail hereinbefore. Upon the
operation of relays BYA and BYB of Fig. 32 and due
to the fact that relay NT of Fig. 25 is operated two
effects of interest are produced. First of all, because
relay NT of Fig. 25 is operated, the operation of relays
BYA and BYB of Fig. 32 cannot cause the operation in
Fig. 29 of the hunting connectors as is the usnal situa-
tion when a called line is found to be busy. The reason
why the hunting feature is eliminated under the present
circumstances is because of the operation of the no-test
relay NT of Fig. 25. Also, it will be noted in Fig. 32
that upon the operation of relays BYA and BYB with
relay NT operated, circuits are completed for energizing
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the windings of relays BSYAA and BSYBA which are
slow operate relays and will take sometime before they
become fully operated. Upon: the eventual operation of
relays BSYAA and BSYBA of Fig. 32, circuits are com-
pleted for energizing the corresponding slow operate re-
lays BSYA and BSYB, which eventually will also operate
after a time delay determined by their slow operate
characteristics. Due to the fact that the huniing con-
nectors HCA and HCB of Fig. 29 cannot operate, no
units selection relays of Figs. 15, 16 and 17 can be op-
erated other than the U4 relay of Fig. 16 corresponding
to the pariy at line 34 of Fig. 35.

Eventually, upon the operation of relay BSYA and
BSYB of Fig. 32, circuits are completed in Fig. 7 for
causing the operation of the sleeve operate relays SOA
and SOB. The circuit for relay SOA extends in Fig. 7
from ground, through break contacts 4 and 1 of relays
BTTA and COA, parallel make contacts 1 and 2 of relays
BSYB and BSYA, through the winding of relay SOA,
over the parallel make contacts 16 and 11 of relays
BSYB and BSYA, to battery over break contacts 11 and
8 of relays COB and BTTA. Relay SOA operates in this
circuit and relay SOB operates in a corresponding cir-
cuit. Ia Fig. 30, upon the operation of the relays SOA
and SOB of Fig. 7, circuits are completed for causing
the operation of the sleeve relay S4 even though the
“called” P.B.X line circuit 34 of Fig. 35 is busy. This
circuit extends in Fig. 30 from ground, through the up-
per winding of relay S4, over make contact 11 of relay
U4, to battery over the parallel make contacts 5 of relays
SOA and SOB. Relay S4 is operated in this fashion in
order to prepare the circuits for causing the central
office trunk circuit to “camp-on” the “busy” called P.B.X
line circuit; but, as will be explained hereinafter, the
camp-on condition will be changed to an actual connect-
ing condition because in the present instance this is a
no-test-call-back to a waiting calling line circuit as dis-
tinguished from a true camp-on condition, which will be
explained in detail hereinafter. Relay S4 of Fig. 30, in
operating, provides a locking circuit for itself over its
own make contact 12 in an obvious fashion and causes
the operation in Fig. 32 of the sleeve end relays SEA,
SEB, etc., as hereinbefore described in detail. Relays
SEA and SEB, in operating, cause the operaiion in Fig. 7
of relays SMRA, SMRB, ¢ic., in an obvicus manner over
make contacts of relays SMTA, SMTB, SEA and SEB,
the operation of relays SMRA and SMRB providing an
additional locking circuit in Fig. 30 for relay S4. The
operation in Fig. 32 of the sieeve end relays SEA and
SEB causes the release in Fig. 17 of relays RUCA and
RUCB, which in turn cause the release in Fig. 16 of the
units selection relay U4, which in turn releases the units
end relays UEA and UEB of Fig. 17. The operation of
relays SEA, SEB, SMTA and SMTB also energizes the
windings in Fig. 7 of relays HMTAA and HMTBA which,
however, are slow operate relays and will take some-
time in operating and, even after operating, they energize
the windings of the corresponding relays HMTA and
HMTB of Fig. 7 which are also slow operate relays and
will also take an appreciable time for operating. How-
ever, before the HMTA, HMTB, etc,, relays of Fig. 7
can operate, as will be noticed hereinafter, relays SMTA
and SMTB of Fig. 37 will be released, thereby deenergiz-
ing these circuits so that the HMTA, HMTB, etc. relays
of Fig. 7 will not operate.-

Upon the operation of relays SOA and SOB of Fig. 7
and the operation of relays SMRAA and SMRBA of Fig.
7, circuits are completed for operating the hold magnet
check relays HMKA and HMKB of Fig. 29. For in-
stance, the circuit for relay HMKA in Fig. 29 extends
from: battery, through the winding of relay HMKA, over
make contact 8 or 4 of relay SOB or SOA, thence over
make contact 2 of relay SEA, break contact 8 of relay
ZU (assumed to be released), over conductor S10 into
Fig. 30, thence over break contacts of relays S0 through
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S3, make contact 4 of relay S4, and make contact 5 of
relay SMRAA, to conductor 4, extending over make con-
tact § of relay TM3 to conductor S34 extending to the
right-hand side of hold magnet LHM34, in the line cir-
cuit 34 of Fig. 35, relay HMKA operating in this circuit
due to the low impedance holding ground on the sleeve
conductor of line circuit 34. Relay HMKB of Fig. 29
operates in a similar circnit. With reference to Fig. 50,
it will be noticed that relays DCKA and DCKB do not
release upon the operation of relays HMKA and HMKB,
as is the usual case, due to the fact that an additional
holding circuit is provided over make contacts 4 of
relays BSYB and BSYA. The fact that relays DCKA
and DCKB of Fig. 50 are not released at this time indi-
cates that there will be no marker release.

The operation of the hold magnet check relays HMKA
and HMKB of Fig. 29 initiate a series of operations which
normally would result in a “camp-on” condition, whereby
the calling central office trunk circuit of Figs. 4 and 5
would connect a testing circuit to the busy called line
circuit 34 whereby the calling trunk circuit could cut
through to the line circuit as soon as it is idle. This
camp-on condition will be explained hereinafter in con-
nection with the description of an incoming cail from the
central office. At the moment, the same circuit opera-
tions are initiated with respect to a camp-on condition;
however, the circuit operation will end in an actual con-
nection to the busy called line circuit 34 because of the
operation of the no-test relay NT in the marker circuit
of Fig. 25. Upon the operation of relays HMKA and
HMKB of Fig. 29 circuits are completed in Fig. 8 for
causing the operation of the camp-on relays CONA,
CONAA, COA, COAA and the corresponding relays
CONB, etc. The circuit for the relays CONA, etc. ex-
tends from ground in Fig. 8, over make contacts 1, 8 and
4 of relays SOA, SMRAA and HMKA, make contact 4
of relay COTA, directly through the windings of relays
COA and COAA and over break contact 7 of relay LEAA
and through the windings of relays CONA and CONAA
and over break contact 7 of relay LEBA where both of
these circuits join up and extend to battery, over make
contacts 10, 8, 10 and 12 of respective relays COTA,
HMKA, SEAA and SOA. Similar circuits are provided
in the lower part of Fig. 8 for causing the operation of
the corresponding relays CONB, etc. Upon the opera-
tion of relays COAA and COBA, locking circuits are pro-
vided for the relays of Fig. 8 extending from ground,
over make contacts of relay RPAG and make contacts of
relays COTA and COAA, etc.

Normally, upon the operation of the camp-on control
relays of Fig. 8 under circumstances of a normal camp-on
call, as will be described hereinafter in connpection with
an incoming central office call, the busy relay BY of the
particular central office trunk circuit, such as the one
shown in Figs. 4 and 5, would be operated from Fig. 26.
However, in the present instance, it will be noted by re-
ferring to Fig. 26 that due to the operation of the no
test relay NT of Fig. 25, the busy relay BY of Fig. 5 can-
not operate. This circuit situation in effect cancels the
usual “camp-on” condition and changes the procedure
whereby an actual connection will be made to the busy
line circuit 34 of Fig. 35, regardless of the fact that it
may appear to be busy. The operation of relays COA
and COB of Fig. 8 canses the release in Fig. 37 of relays
SMTA and SMTB, the release of which in turn deener-
gizes the windings in Fig. 7 of relays HMTAA and
HMTBA, etc.

As will be noted in the upper left-hand corner of
Fig. 6, the operation of relays COA and COB opens the
circuit whereby the select magnets SM31 and SM32 of
Fig. 37 were operated, thereby releasing these two select
magunets. However, in Fig. 37 the operation of relays
COAA and COBA of Fig. 8 causes the operation of select
magnet connector relays SMCO and SMC8 in an obvious
fashion .over make contacts 7 and 6 of these relays
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COAA and COBA. The operation of these two select
magnet connector relays SMCG and SMCS8, coupled with
the fact that select magnet connector relay SMC3 of
Fig. 37 is still operated, prepares select magnet operating
circuits for switches 9 of Fig. 3, 3 of Fig. 34 and 8 of
Fig. 42, whereby the P.B.X line circuit 34 of Fig.35 may
be interconnected with the central office trunk circuit
involved in the call, as soon as the link testing circuit of
Figs. 46 and 47 is able to ascertain to which one of the
sixteen half links the busy line circuit 34 of Fig. 35 is
presently connected. This special link testing arrange-
ment will be described presently. Upon the operation
of relays COA, COB, CONA and CONB of Fig. 8, cir-
cuits are completed between Figs. 29 and 5 for providing
a holding circuit for relay HM of Fig. 5 and trunk hold
magnet THMOC of Fig. 5; and, a circuit is completed
between Fig. 29 and Fig. 35 for supplying a holding
ground to the hold magnet LHM34 of the line circuit 34
in Fig. 35. In Fig. 5 a circuit extends from the windings
of relay HM and hold magnet THM89, through make
contact 9 of relay MC, over the ME Iead into Fig. 29,
thence over make contact 7 or 6 of relay CCA or COB,
through break contacts 5 of relays ALBB and ALBA,
to ground over the parallel make contacts 2 of relay
CONA and CONB, whereby relay HM and trunk hold
magnet THMO0 of Fig. 5 are held operated, In addition,
the same ground in Fig. 29 over make comtacts 2 of
relays CONA and CONB is extended through make con-
tact 2 of relay SEB, and break contact 2 of relay ZU
(assuming it to be released), to conductor S$13 extend-
ing into Fig. 30, and another ground is supplied in Fig. 29
over the parallel make contacts 1 of relays CONA and
CONB, through make contact 2 of relay SEA and break
contact 8 of relay ZU, to conductor Si¢ extending into
Fig. 30. Conductors S13 and S1¢ into Fig. 30 from Fig.
29 are extended over break contacts of relays S6 through
83, respective make contacts 8 and 4 of relay $4, and
make contacts § of respective relays SMRBA and
SMRAA to conductor 4, thence over make contact 5 of
relay TM3, to conductor S34 extending into Fig. 35 fo
the winding of line hold magnet LHM34 to hold same
operated.

The application to the sleeve conductor S34 of line
circuit 34 in Fig. 35 of the solid ground from Fig. 29
and the operation of the camp-on relays CONA and
CONB of Fig. 8 initiate a series of operations in the at-
tendant trunk circuit 1 of Fig. 9 for releasing it from the
interconnection with line circuit 34 over the crossbar
switches. Solid ground on the sleeve lead S34 of line
circuit 34 in Fig. 35 is extended into Fig. 34, and over
the crossbar switch apparatus of switch No. 3, to the
sleeve lead S99, thence to the left into Fig. 27, thence
to the left into Fig. 23, and thence to the left into Fig. 3
where conductor S09 extends over the crossbar switch
crosspoints corresponding to select magnets SMO¢ and
SM09 and hold magnet THMSS to the siceve conductor
S of the attendant trunk circuit extending into Fig. 9,
thence through make contact 9 of relay BA, to the lefi-
hand side of the winding of relay SLA, whereupon relay
SLA is shunted down and releases. Upon the release of
relay SLA of Fig. 9, a circuit is completed for operating
relay TN in Fig. 9 which circuit extends from ground
in Fig, 25, over make contact 6 of relay NT, to lead
K0 extending into Fig. 9, thence through break contacts
6 and 7 of respective relays SLA and OUT, and throngh
make contact 4 of relay HDA, to batiery through the
winding of relay TN, which thereupon operates; and,
due to its slow releasing characteristic, if its operating
or locking circuit is opened the relay will release after
a measured delay interval. Relay TN, in operating,
locks over break contact 7 of relay ONA to ground over
make contacts 10 and 5 of relays TN and BA. The oper-
ation of relay TN causes the release in Fig. 9 of relay
BA which in turn causes the release of the attendant
hold trunk magnet THM05 of Figs. 9 and 3. The oper-
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ation of relay TN closes a locking circuit for holding
operated relay HDA in Fig. 9 from ground, over make
contact 6 of relay TN, through make contact 5 of relay
HDA, over break contact 12 of relay ACAA, to battery.
through the winding of relay HDA. The operation of
relay TN also opens the locking circuit for relay TN,
thereby putting the release of relay TN under the con-
trol of the marker circuit and relay HDA of Fig. 9.
Upon the reiease of hold magnet THMO5 of Figs. 9
and 3, the tip, ring and sleeve conductors of the attend-
ant trunk circuits of Fig. 9 are disconnected from the
crossbar switch network, thereby causing the release in
Fig. 9 of relay AA. This leaves relay HDA locked under
control of the operated relay TN and leaves the relay
TN operated under control of the K¢ lead from the
marker circuit of Fig. 25, in turn under control of the
operated no-test relay NT in Fig. 25. Relays TN and
HDA will be released when the marker is released, in-
cluding the release of relay NT of Fig. 25. At such time
as the marker circuit releases, relay TN in the attendant
trunk circuit of Fig. 9 will be released, whick in turn
will cause the release of relay HDA of Fig. 9, thereby
releasing to normal the attendant trunk circuit. Upon
the release of relay HDA of Fig. 9, the lamp SL1-81 of
Fig. 39 in the cordless position circuit will be extin-
guished, thereby indicating to the P.B.X attendant that
the attendant trunk circuit 1 of Fig. 9 is completely re-
turned to normal and available for other use.
Returning now to the description of the marker opera-
tion in connection with the control by the camp-on re-
lays of Fig. 8, the operation of relays CONA and CONB
has in the meantime caused the operation in Fig. 41 of
the relays TRKA, TRKB, etc. The circuit for operating
relays TRKA and TRKAA extends in Fig. 41 from
ground in the upper left-hand corner thereof, over make
contact 7 of relay CONA, break contact 4 of relay NCA,
through break contacts 5 and 3 of relays TRCA and
TRCBA, through the parallel windings of relays TRKA
and TRKAA, over break contacts 12 and 8 of relays
TRCBA and TRCA, over break contact 10 of relay
NCB, to battery over make contact 9 of relay CONA.
Relays TRKB and TRXBA are operated in similar cir-
cuits in an obvious fashion. These relays TRKA,
TRKB, etc., in operating, Jock under control of make
contacts of relays TRKAA, TRKBA, SEA and SEB as
will be apparent by inspection of the circuits on the left-
hand side of Fig. 41. Relays TRKAA and TRKBA open
the operating circuits in Fig. 37 for relays SMTA and
SMTB tc prevent the energization of these relays until
such time as the relays TRKAA, etc. are released. Also,
it will be noted in Fig. 7 that the operation of relays
TRKA and TRKBA open the operating circuits for re-
lays HMTA, HMTB, etc. to deenergize these windings
and prevent the operation of the associated relays as was
mentioned hereinbefore. Also, it will be noted in Fig. 7
that the operation of relays COMA and CONB provide
locking circuits over their make contacts 4 and i1 for
maintaining operated the relays SMRA, SMRB, etc. upon
the release of the relays SMTA and SMTB of Fig. 37.
The operation of relays CONA, CONB, CONAA and
CONBA of Fig. 8 initiates meanwhile a scries of opera-
tions in the link testing circuit of Figs. 46 and 47 where-
by the link test circuit ascertains which one of the 16
links through the crossbar switch is presently engaged
by the line circuit 34. It will be recalled from previous
descriptions that the usual test made by the link testing
circuit of Figs. 46 and 47 is to ascertain the distinction
between busy and idle links for purposes of making an
interconnection over an idle link. In the present in-
stance, however, it will be necessary for the link test
circuit to make a special test because there are three
possible conditions on the horizontal crossbar switch
links at the moment. One condition is a busy line which
will have a low impedance ground upon it. The second
condition is an idle link which will have no potential
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on it other than that applied by the link test circnit, The
third condition is the present situation whereby line cir-
cuit 34 of Fig. 35 is actually busy but instead of a low
impedance ground on its sieeve lead, it will have, as
previously described, a solid ground. The presence of
the solid ground is the means whereby the link testing
circuit at the moment may make a distinction between
an ordinary busy line and the busy line 34. It is the
operation of the camp-on relays of Fig. 8 which permits
the link testing circuit of Figs. 46 and 47 to modify its
operation slightly to detect this special sleeve condition.
With reference to Fig. 46 it will be recalled that when
the link test relays LT2 through LT9 of Fig. 46 are ar-
ranged for the usual testing for an idle link, relays LTA
and LTB of Fig. 47 are operated, thereby to place the
upper windings of relays LT2, etc. in series with a
potentiometer arrangement including the potential on the
various sleeve conductors S62, Si2, S03, S13, etc. of
the crossbar link circuit. Under these circumstances,
busy links will have about —8 volts negative potential
on their sleeve conductors and idle links will have about
—42 volts on their sleeve conductors. Under these cir-
cumstances as will be recalled, the busy links having
approximately —8 volis on their sleeve conductors will
not be able to cause the operation of the link test relays,
such as relay LT2 of Fig. 46, but idle links having ap-
proximately —42 volis on their sleeve conductors will
be able to cause the operation of a sleeve test relay
through its upper winding. Under the present circum-
stances, where the special sleeve test is to be made, it
will be noted that relays CONAA and CONBA are oper-
ated instead of the normal link test relays LTA and LTB.
This change in circuit operation puts the lower winding
of the link test relays in series with the potentiometer
including the potential on the sleeve leads of the link
circuits, These link test relays LT2 through LT$ are
polarized relays and the lower windings thereof are ar-
ranged in the opposite polarity sense to the upper wind-
ings. Upon the operation of relays CONA and CONB,
circuits are completed in Fig. 47 for causing the opera-
tion of the link test connector relays LTCA and LTCB
in obvious circuits over make contacts 5 and 19 of relays
CONA and CONB. Assuming that relays TRLA and
TRLB of Fig. 47 are operated (that is, that relays WLG
and ZLG of Fig. 47 are both operated), circuits are com-
pleted in Fig. 46 whereby the link test relays LT2 through
LTY9 are permitted to test the sleeve leads of the eight
upper half links comprising sleeve leads S12, Si3, etc.
through S19. With respect to relay LT2 of Fig. 46, a
circuit extends from ground through resistance LTB2 to
the right-hand side of the lower winding of relay LT2
through the parallel make contacts 2 of relays CONAA
and CONBA and through resistance LTA2 to batiery
over parallel make contacts 1 of relays LTCA and LTCB,
thereby to place upon the right-hand side of the lower
winding of relay LT2 a potential determined by the
potentiometer comprising the resistances LTAZ and LTB2.
Another circuit extends from the left-hand side of the
lower winding of relay 1LT2, over make contact 3 or 12
of relay TRLB or TRLA, to the sleeve lead Si2 of the
upper half of level 2 of the crossbar switches, and in Fig.
46 over the paraliel make contacts 17 of relays LTCA
and LTCB, to baitery through resistance L2U, thereby
1o place a potential on the sleeve conductor S12 depending
upon the condition of the link associated therewith. Any
idle link will not have any circuitry attached to the sleeve
thereof, such as sleeve lead Si2 of Fig. 46; therefore,
the only potential across the lower winding of the relay
LT2 will be that determined by the potentiometers on the
left and right-hand side of the relay and comprising the
battery and ground and resistances L2U, LTB2 and
LTA2. Under these circumstances, the potentia} existing
across the lower winding of relay L'T2 produces a current
through this winding, but it is in the wrong direction to
cause the operation of relay 1T2. Therefore, no link test
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relay LT2 through LT$ will be operated by virtue of any
idle associated link sleeve lead. On the other hand, if
a link is busy in the usual sense, that is, having a low
impedance holding ground on it as distinguished from
a solid ground, the potential on the corresponding sleeve
lead, such as lead S12 in Fig. 46, will be approximately
—8 wvolts. This produces a potential across the lower
winding of relay LT2 which is in the proper direction but
which is not sufficient to cause the operation of relay
LT2. Thirdly, any link which has solid ground on it,
such as sleeve lead S12 of Fig. 46, will, as will be obvious
by inspection, cause the left-hand side of the lower wind-
ing of relay LT2 to be at solid ground potential. This
produces a potential across the lower winding of relay
LT2 which is in the proper direction and of the proper
magnitude to cause the operation of the corresponding
test relays. It will be recalled that line circuit 34 of
Fig. 35 was interconnected with the attendant trunk cir-
cuit of Fig 9 over the lower half of level 9 of the cross-
bar switches comprising the tip, ring and sleeve conduc-
tors TS, R89 and S09. Therefore, sleeve conductor
S69 of Fig. 46 is the only sleeve conductor of the 16 half
links which has solid ground upon it. There is no sleeve
lead in the upper halves of the links, namely, sleeve con-
ductors 512, 513, Si4, etc., through S19 which has solid
ground upon it. Therefore, the present test of the upper
halves of the links will not cause the operation of any
of the link test relays LT2 through LT9 of Fig. 46.

With reference to Fig. 47, upon the previous opera-
tion of relays COA and COB of Fig. 8, circuits are com-
pleted for energizing the windings of the slow operate
relays LBA and LBB of Fig. 47. The circuit for relay
LBA in Fig. 47 extends from ground, through the wind-
ing thereof, over make-contact 9 of relay COA, to bat-
tery through break contacts 7 of all of the link test slave
relays LTS2 through LTS 9 of Figs. 46 and 47. Since
none of the link test relays LT2 through L'T9 of Fig. 46
were operated as a result of the above-described test of
the sleeve conductors in the upper half levels, none of the
corresponding link test slave relays L'TS2 through LTS%
of Figs. 46 and 47 can operate, thereby permitting the
operation of relays LBA and LBB after a time measured
by their slow-operate characteristics. Upon the opera-
tion of relays LBA and LBB of Fig. 47, circuits are com-
pleted through their corresponding make contacts 2 and
19 to permit the operation in Fig. 47 of the all-links busy
relays ALBA and ALBB if no link test slave relay LTS2
through L'TS9 becomes operated before the slow operate
characteristic of these all-links busy relays permits them
to operate. In the meantime, upon the previous opera-
tion of relays COAA and COBA of Fig. 8, a circuit was
completed in Fig. 47 for causing the operation of relay
WLGA under the control of break contacts 5 and-7 of
relays LBA and LBB and make contact 8 of the operated
relay ZLG. This operation of relay WLGA. causes the re-
lease of relay WLG, leaving relay ZLG locked under con-
trol of make contact 5 of relay WLGA, thereby to retain
operated the relays TRLA and TRLB in Fig. 47. How-
ever, upon the instant operation, above-described, of re-
lays LBA and LBB due to the fact that no grounded sleeve
conductor was detected in the upper halves of the crossbar
switch link levels, relays WLGA and ZLG of Fig. 47
were both released, thereupon causing the release of re-
lays TRLA and TRLB. With relays TRLA and TRLB
released it will be noted in Fig. 46 that the lower windings
of the link test relays LT2 through LT9 are switched
from the sleeve conductors of the upper levels (leads S12
through $19 of Fig. 46) to the sleeve conductors cor-
responding to the lower halves of the crossbar switch
levels, namely, sleeve conductors S92, S03, etc. through
§69. In this group of sleeve conductors S02 through
§69 it will be recalled that sleeve conductor S69 is the
one of interest at the moment, and which has upon it solid
ground potential. As above explained, this will cause the
operation through the lower winding thereof of the link
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test relay LTS of Fig. 46. Relay LTS, in operating, com-
pletes an obvious circuit in Fig. 47 through the upper
winding of relay LTSS for causing the operation thereof,
thereby deenergizing the winding of relays ALBA and
ALBB of Fig. 47 and causing the release of relay LBA
and LBB. Also, a locking circuit is completed in Fig.
46 for relay LT9 in an cbvious manner over make con-
tacts 9 and 6 of relays COBA and L'TS$. This holding
ground applied to the left-hand side of the windings of
relay LTS of Fig. 46, also applies a solid ground through
break contacts 7 and 9 of relays TRLA and TRLB direct-
ly to the sleeve conductor $69, which extends through
switch 8 of Fig. 42 and into switch 3 of Fig. 34 and over
crosspoints thereof controlled by hold magnet LHM34 of
Fig. 35, to the winding of this hold magnet to maintain
it operated. Also, it will be noted in Fig. 47 that the
release of relays LBA and LBB again completes a cir-
cuit for causing the operation of relay WLG, etc.

Upon the release of relays LBA and LBB with the link
test slave relay LTS9 operated, circuits are completed in
Fig. 47 for operating the link end relays LEA, LEB, etc.
The circuit for operating relays LEA and LEAA of Fig.
47 extends from ground, over make contact 1§ of relay
LTSS, break contact 9 of relay LBA, parallel make con-
tacts 2 of relays COAA and COBA, break contacts 3 and
2 of relays RLAB and RLSB, through the windings of
the link end relays, over break contacts 11 of relays
RLSA and RLBB, to batiery over the parallel make con-
tacts 19 of relays COAA and COBA. Similar circuits
are provided for causing the operation in Fig. 47 of the
corresponding relays LEB and LEBA. Relays LEA and
LEB, in operating, complete locking circuits in Figs. 46
and 47 for relay LTS9 of Fig. 47. This circuit extends
from battery in Fig. 47, over the parallel make contacts
26 of relays COAA and COBA, through the lower wind-
ing of relay LTS9, over the parallel make contacts 11
and 12 of relay LTS, to conductor 468 extending into
Fig. 46 to ground over the parallel make contacts 1 of
relays LEA and LEB.

Upon the operation of relays LEA, LEB, etc., of Fig.
47, circuits are completed in Fig. 37 for causing the
operation on switches 8, 3 and 8, of Figs. 3, 34 and 42,
of the select magnets necessary to cause an interconnec-
tion over the lower half of level 9 of the crossbar switches,
namely, select magnets corresponding to levels § and 9@
thereof. In Fig. 37, due to the operation of the link test
slave relay LTS® of Fig. 47, a circuit is completed
whereby conductor SM9 in the upper left-hand corner
of Fig. 37 is grounded and this grounded conductor then
extends over the parallel make contacts 9 of the operated
select magnet connector relays SMC8, SMC3 and SMC$
to cause the operation of select magnets SM09, SM39
and SM89. Also circuits are completed for causing the
operation of select magnets SM§9, SM36¢ and SM86 ex-
tending from ground in the upper right-hand corner of
Fig. 37, over make contact 1 of relay LTS9, over break
contacts Z and 1 of respective relays TRLA and TRLB,
over parallel make contacts 3 of relays LEA and LEB to
conductor SM0, thence over make contacts 10 of relays
SMC9, SMC3 and SMCS to cause the operation of select
magnets SMOG, SM39 and SMS80. Since line hold magnet
LHM34 of line circuit 34 in Fig. 35 is still operated the
tip, ring and sleeve conductors of this line circuit are
still connected to the tip, ring and sleeve conduciors
T09, R0% and S89 comprising the lower half of level 9
of the crossbar switches. At such time as the hold magnet
THMO@ of the trunk circuit of Fig. 5 will have been
released and reoperated, due to the fact that the select
magnets SM0O0 and SMO09 of Fig. 3 have been operated,
the trunk circuit of Figs. 4 and 5 will be connected to
the same tip, ring and sleeve conductors T09, R89 and
S09 to which is connected the line circuit 34 in Fig. 35.

Upon the operation of relays LEAA and LEBA of
Fig. 47, relays CONA, CONAA, CONB and CONBA of
the route control circuit in Fig. 8 are released, thereby

10

15

20

25

30

35

40

45

50

55

60

65

70

75

130
releasing relays LTY of Fig. 46 and LTCA and LTCB
of Fig. 47. In addition, the release of relays CONA and
CONB removes the ground in Fig. 29 from the conductor
ME extending into Fig. 5, thereby to cause the release
of relay HM of Fig. 5 and of the trunk hold magnet
THMO00 of Figs. 5 and 3. The release of relays CONA
and CONB also removes the ground in Fig. 29 from con-
ductors S10 and S13 extending into Fig. 30 whereby the
sleeve conductor of line circuit 34 was solidly grounded;
however, the line hold magnet LHM34 of Fig. 35 is still
held operated by solid ground applied to sleeve conductor
389 in Fig. 46 through make contacts of relays COBA and
LTSS. The release of trunk hold magnet THM69 of Figs.
5 and 3 disconnects the tip, ring and sleeve conductors of
the line side of the trunk in Fig. 4 from the crossbar
switch link to which it was connected with the dial pulse
register ¢ of Figs. 14, 18 and 19, namely, the upper half
of level 2 comprising tip, ring and sleeve conductors
T12, R1Z and S12; and, this releases the sleeve relay SL
of Fig. 5, the release of which is of no particular con-
sequence at this time. The tip, ring and sleeve conductors
of dial pulse register ¢ of Fig. 18 remain connected to
the upper half of level 2 of the switches until such time
as the dial pulse register is released by the marker circuit.

In the meantime, upon the release of relays CONA,
CONB, etc. of Fig. 8, certain circnit operations have
been initiated leading up to the reoperation of the trunk
hold magnet THM@6 of Figs. 5 and 3 and the ultimate
release of all of the circuits involved in the connection
once the trunk has been connected over the lower half
of level 9 of the switches to the P.B.X party at line
circuit 34 of Fig. 35. The release of relays CONA and
CONB causes the release in Fig, 7 of relays SCA and SOB
which in turn release the sleeve relay S$4 of Fig. 30, the
release of which in turn causes the release in Fig, 32 of
the sleeve end relays SEA, SEB, etc. Also, in Fig. 7,
the release of relays CONA and CONB causes the release
of relays SMRA, SMRB, etc. which in turn cause the
release of the hold magnet check relays HMKA and
HMKB of Fig. 29, which, in releasing, complete circuits
in Fig. 41 for causing the operation of relays TRCA,
TRCB, etc. In Fig. 41 the circuit for operating relays
TRCA and TRCAA extends from ground, over make
contact 4 of relay TRKA, break contacts 1 and 6 of
relays HMKA and SMTA, through the paralle] windings
of relays TRCA and TRCAA, over break contacts 1¢ and
11 of relays SMTB and HMKB, to battery through make
contact 10 of relay TRKA. Relays TRCA and TRCAA
operate in this circuit and relays TRCB and TRCBA of
Fig. 41 operate in similar circuits in an obvious fashion.
The operation in Fig. 41 of relays TRCA, TRCB, etc.
causes the release in Fig. 41 of relays TRKA, TRKB,
etc. and of relays RCTA, RCTB, etc. The release of
relays TRKAA and TRKBA of Fig. 41, with relays LEA
and LEB of Fig. 47 operated, energizes the windings in
Fig. 37 of relays SMTA and SMTB. Eventually, relays
SMTA and SMTB of Fig. 37 will operate after a time
interval determined by their slow operate characteristics,
In Fig. 37 the circuit for energizing the winding of relay
SMTA extends from ground, through break contacts 585
and 4 of relays TRKAA, RLAB and RLSA, through the
winding of relay SMTA, break contacts ¢ of relays RLSB,
RIBB and STAR, break contacis 4 and 3 of relays
STBR and TRKBA, to baftery over the parallel make
contacts 12 of relays LEA and LER. The winding of
relay SMTB is energized in a similar circuit in an obvious
fashion.

In the meantime, the release of relays RCTA, RCTB,
etc. of Fig. 41 causes the release in Fig. 12 of relays
RCAO through RCEO, the release of which in turn
causes the release in Fig, 12 of the tens connector re-
lays TCSS3, etc. The release of relays RCTA and RCTB
of Fig. 41 also causes the release in Fig. 32 of relays
BYB and BYA which in turn cause the release of the
corresponding relays BSYA, BSYB, etc, of Fig. 32. 1t
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will ‘be noted at this point that the relays DCKA and
DCKB of Fig. 50 do not release upon the release of re-
lays ‘BSYA and BSYB because the locking -circuits
through make contacts 3 of relays HMKA and HMKB
were completed before the release of relays BSYA. and
BSYB. Therefore, the down check relays DCKA and
DCKB remain operated.

Eventually, the relays SMTA and SMTB of Fig. 37
operate after a time interval determined by their slow
operate characteristic. Upon the operation of these re-
lays, circuits are completed between Fig. 29 and Fig. 5
for causing the operation of the trunk hold magnet
THMO9 of Fig. 5. One circuit extends from the lower
central part of Fig, 29, from ground, over make con-
tact 4 of relay SMTB, break contacts 7 and 4 of relays
HMTA and HMTB, and in parallel therewith over make
contact 3 of relay COTB, thence through break contacts
5, 8 and 4 of relays TRKB, SOA and SOB, thence
through break contacts 5§ of relays ALBA and ALBB,
and over make contact & or 7 of relay COB or COA, to
conductor ME leading into Fig. 5, and over make con-
tact 9 of relay MC, to battery through the windings of
relay HM and hold magnet THMO0@, which thereupon
operate. The operation in Fig. 3 of trunk hold magnet
THEMG8, with select magnets SMO08 and SM09 operated,
interconnects the tip, ring and sleeve conductors of the
trunk circuit of Figs. 4 and 5 with the tip, ring and
sleeve conductors T09, R89 and S09 comprising the lower
half of 1evel 9 of the crossbar switches, and thence over
these three conductors into Fig. 34 and over correspond-
ing crosspoints for line circuit 34 and into Fig. 35 to the
tip, ring and sleeve conductors of line circuit 34. The
solid ground on sleeve conductor S09 of the crossbar
switch network, applied thereto from Fig. 46, is extended
back into the trunk circuit of Fig. 4 to the sleeve conduc-
tor of the trunk and thence into Fig. 5 to cause the
reoperation of the sleeve relay SL, the operation of
which is of no particular consequence at this time. The
tip and ring leads from line circuit 34 of Fig. 35 are
connected over the tip and ring leads T0% and RO9 of
the crossbar switch network, to the tip and ring leads
of the trunk circuit of Fig. 4, and thence over respective
‘break contacts 7 and 6 of relay BY, and respective break
contacts 10 and 2 of relay RS, etc. and over respective
make contacts 4 and 3 of relay ACAT, to the tip and
ting conductors LT and LR leading into the cordless po-
sition circuit of Fig. 38, and thence to the attendant’s
telephone circuit over make contacts of pick-up key 4
associated with the trunk circuit of Figs. 4 and 5, by
means of which circuit the attendant may inform the
P.B.X party at line circuit 34 that the desired connec-
tion with the central office has been completed.

Upon the operation of relays SMTA and SMTB of
Fig. 37, the circuits for relays HMTAA, HMTBA, etc.
of Fig. 7 are energized and eventually relays HMTAA
and HMTBA are operated, to in turn energize their slow
operating counterparts HMTA and HMTB. When re-
lays HMTAA and HMTBA of Fig. 7 operate, circuits
are completed between Fig. 26 and Fig. 5 for causing the
operation in Fig. 5 of the ring start relay RS. This cir-
cuijt extends from ground in Fig. 26, over make contact
10 of relay RPAS, the parallel make contacts 12 of re-
lays HMTBA and HMTAA, through break contacts 8
of relays TKAS, TKAYS and TKA$, to conductor RSE
extending into Fig. 5, through the make contact 12 of re-
lay MC, to battery through the winding of relay RS,
which thereupon operates. The operation of relay RS
in Fig. 5 continues the holding bridge across the central
office end of the trunk circuit of Fig. 4 and causes the
release in Fig. 5 of relay HD. The release of relay HD
causes steady battery to be applied in Fig. 5 to con-
ductor TL1-¢ extending into Fig. 39 to cause the lamp
TL1-0 to light steadily, and causes battery interrupted
at a tate of 30 interruptions-per-minute to be applied to
conductor SLI-¢ in Fig. 5, extending into Fig. 39 to
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cause the lamp SL1-0 to flash at a rate of 30 interrup-
tions-per-minute. One circuit extends from battery in
the upper right-hand corner of Fig. 5, through break
contact 2 of relay HD, over the parallel make contacts
12 and 6 of relays SRT and SIT, through break contact
3 of relay R1T, through resistance TL2 and to conductor
TL1-9; and, the other circuit extends from battery in
the lower right-hand corner of Fig. 5, through the 30
IPM interrupter, to conductor SF1, thence over make
contact 4 of relay RS, break contact 3 of relay HD,
break contact 5 and 4 of relays BY and FF, through
make contact 3 of relay HM, and through resistance
SL2 to conductor SL1-8. In addition, in Fig. 5, the re-
lease of relay HD causes the release of relay SL and
places a low impedance holding 'ground on the sleeve
conductor S extending from ground in Fig. 5, throngh
resistance SH and through break contacts 12 and 8 of
relays HD and BY to conductor S, thence into Fig. 4
to the sleeve conductor S of the trunk circuit, extending
into Fig. 3 to the sleeve conductor S09 of the lower half
of level 9 of the crossbar switches, and thence into Fig.
35 to the winding of line hold magnet LHM34 to main-
tain this hold magnet operated under control of central
office trunk circuit of Figs. 4 and 5. The release of re-
lay HD of Fig. 5 also completes a circuit for causing the
operation of relay FB in the P.B.X attendant position
circuit of Fig. 39. This circuit extends from battery in
Fig. 39, through the winding of relay FB, over make
contact 4 of relay SP, to conductor FB extending into
Fig. 5, thence over make contact 5 of relay ACAT,
and over break contact 8 of relay HD to off-normal
ground in the trunk circuit. The operation of relay FB
of Fig. 39 causes ground and battery to be applied to the
respective tip and ring conductors LT and LR extend-
ing from the attendant’s telephone circuit back to the
line side of the trunk circuit of Fig. 4. Ground in Fig.
38 extends through a coil and make contact & of relay
FB to the line tip conductor LT and battery extends
through another coil and make contact 4 of relay FB to
the line ring conductor LR, both extending back into
the central office trunk circuit of Fig. 4. This par-
ticular circuit operation, whereby ground and battery
are extended back over the tip and ring conductors to
the central office trunk, supplies talking battery and
ground to the station circuit of line 34 in Fig. 35 so that
the attendant may communicate with the calling P.B.X
party thereat. :
Eventually, when relays HMTA. and HMTB of Fig. 7
operate, circuits are completed for reoperating the hold
magnet check relays HMKA and HMKB in Fig. 29 as
an indication that the central office trunk circuit of Figs.
4 and 5 s properly holding the connection. In Fig. 29,
ground extends over make contact 4 of relay SMTA,
make contact 3 of relay COTA, paraliel make contacts
4 and 11 of relays HMTA and HMTB, to battery
through the winding of relay HMKA, which thereupon
operates, as does its companion relay HIMKB in a simi-
lar circuit in an obvious fashion. Upon the operation
of relays HMKA and HMKB, the down check relays
DCKA and DCKB of Fig. 50 release, thereby causing
the operation in Fig. 7 of the marker release relays
RLA, RLB, etc. to initiate the complete releasing cycle
whereby the marker circuit and the dial pulse register
circuit are all returned to normal. Upon the operation
of relays RLAB and RLBB of Fig. 7, relay MC of Fig. 5
is released, thereby maintaining relay HM and hold
magnet THM@0 of Fig. 5 operated in a circuit extend-
ing from the windings thereof, through break contact 8
of relay MC, make contact 1 of relay HM, parallel break
contacts 8 and 4 of relays P and RIT, make contact 16
of relay ACAT, make contact 1 of relay RS, to off-nor-
mal ground in-the trunk circuit over break contact 6
of relay HD. The release of relay MC of Fig. 5 causes
the release of relay NT of Fig. 25 and relay NTP of Fig.
39 and the release in Fig. 5 of the ring start relay RS,
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which causes steady battery to be applied to lamp
SLi-9 of Fig. 39, the circuit extending from battery in
Fig. 5, over make contact i1 of relay SIT, break con-
tact 4 of relay RS, break contacts 3, 5 and 4 of relays
HD, BY and FF, make contact 3 of relay HM, through
resistance SL2, to conductor SL1-0 extending to lamp
SL1-0 of Fig. 39 thereby to make this lamp light
steadily as an indication to the attendant that the central
office trunk circuit has been connected to the line circuit
34 of Fig. 35 and that she may release from the con-
nection.

When the P.BX attendant sees the lamp SLI-§ of
Fig. 39 go into a steadily lighted condition she will an-
nounce the completion of the call to the P.B.X party
at line circuit 34 and then will release pick-up key 4 as-
sociated with the trunk circuit of Figs. 4 and 5. The
release of pick-up key 4 causes the release in Fig. 4 of
relay AC, which in turn causes the release in Fig. 4 of
relay ACAT. Upon the release of relay AC and before
the release of relay ACAT, relay RTT of Fig. 4 remains
locked operated in a circuit extending from battery in
Fig. 4, through its right-hand winding, over its own
make contact 12, to conductor CL leading into Fig. 5,
and thence over break contact 5 of relay AC, to off-nor-
mal ground in the trunk circuit. The release of relay
ACAT in Fig. 4 breaks off all of the interconnections
between the attendant’s cordless position circuit of Figs.
38 and 39 and the trunk circuit of Figs. 4 and 5, except
for the circuits whereby the signal lamps SL1-0 and
TL1-0 of Fig. 39 remain lighted steadily in order that
the attendant will know that the trunk circuit is busy.
Due to the release of this interconnection relays SP and
FB of Fig. 39 release, thereby removing the splitting
condition in the central office trunk circuit of Fig. 4 and
permitting the line side thereof, namely the tip and ring
conductors extending from Fig. 3, to be connected
straight through to the tip and ring leads leading to the
alarm and transfer circuit of Fig. 36 and thence to the
termination at the central office previously set up by the
P.B.X attendant.

In the meantime the operation of the release relays
‘RLA, RLB of Fig. 7 has initiated a series of operations,
“heretofore described in detail, whereby the marker cir-
-cuit completely releases to normal and in doing so re-
leases to normal the dial pulse register circuit of Figs. 14,
18 and 19. During this release operation the release of
telay RPAO of Fig. 12 causes the release in Fig. 7 of
the central office trunk route control relays COTA and
‘COTB, which in turn cause the release in Fig. 8 of the
<camp-on relays COA, COB, etc., and the release in Fig.
47 of the link end relays LEA, LEB, etc., which in turn
release the relay LTS9 of Fig. 47, which in tarn removes
the solid ground from the sleeve conductor S09 of Fig.
46. The remaining marker release functions are the same
as previously described, as are those with respect to the
dial pulse register § of Figs, 14, 18 and 19, and it is
considered unnecessary to repeat this description in detail
at this point.

Upon the complete release of the P.B.X marker cir-
cuit and of the dial pulse register 9 circuit of Figs. 14,
18 and 19, the P.B.X party at line circuit 34 is intercon-
mected over the lower half of level 9 of the crossbar
switches comprising tip, ring and sleeve conductors T69,
RO% and S09 into the left-hand side of the central office
trunk O of Fig. 4, through the central office trunk cir-
cuit, out over the tip and ring leads in the right-hand side
-of Fig. 4 to the alarm transfer and test circuit of Fig. 36,
:and thence over make contacts of relay ATA to the cen-
tral office terminating circuits of Fig. 31A, depending
upon whether the call placed by the P.B.X attendant on
behalf of the party at line circuit 34 was to a local sub-
scriber in the central office (by means of the intraoffice
trunk connection in the upper part of Fig. 31A) orto a
toll facility (as shown by the operator cord and trunk
circuit in the lower half of Fig. 31A). Ground extends
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from the upper left-hand corner of Fig. 5, through reé-.
sistance SH, over break contacts 12 and 8 of relays HD
and BY, to conductor S extending into Fig. 4, thence up
into Fig. 3, over the crosspoints corresponding to select
magnets SMO9 and SMO9 to the sleeve conductor S09 in
the lower half of level 9, thence across the crossbar
switch network mto Fig. 34 and down over the wertical
coiresponding to line circuit 34 to the sleeve conductor S
in Fig. 35, to battery through the line hold magnet
LHM34, thereby to maintain this hold magnet operated.
In Fig. 5 the trunk hold magnet THM09 (also shown in
¥ig. 3) and relay HM are held operated in a circuit ex-
tending from the lower sides of the windings thereof,
through break contact 8 of relay MC, make contact 1
of relay HM, over the parallel break contacis 8 and 4
of relays P and R1T, to off-normal ground in the trunk
circuit of Fig. 5 through break contacts 4 and 6 of re-
lays AC and HD, thereby to maintain operated the hold
magnet THMS$ for trunk circnit © of Figs. 4 and 5. Re-
lay TLAT of Fig. 5 remains locked operated in a circuit
extending from battery, through its winding, over its
own make contact 1, to off-normal ground in the trunk
circuit of Fig. 5. In Fig. 39 the lamps SL1-0 and TL1-0
remaijn lit steadily as an indication to the P.B.X attend-
ant that both ends of the trunk circuit of Figs. 4 and 5 are
in use. In Fig. 4 relay RTT remains locked operated
in a circuit extending from battery, through the right-hand
winding, over its own make contact 12, to conductor CL
extending into Fig. 5, and to off-normal ground over
break contact § of relay AC. The closed line loop at
station 34 in Fig. 35 extends over the tip and ring con-
ductors of the crossbar switch network into the left-hand
side of Fig. 4 where the tip conductor T extends through
break contacts 7, 10, 3 and 5 of relays BY, RS, AC and
HD, and through the winding of relay S, thence over
break contact 6 of relay FF and make contact § of relay
CT to the tip conductor T, extending into the transfer
circuit of Fig. 36, and where the ring conductor entering
the left-hand side of Fig. 4 extends over break contacts
6 and 2 of relays BY and RS, make contacts 2 and 8
of relays TLAT and SRT, break contacts 1, 8 and 7 of
relays HD, AC and HD, over break contact 8 of relay
F¥ and make contact 8 of relay CT to the ring conductor
R extending into the transfer circuit of Fig. 36. In Fig.
36 the tip and ring conductors T and R from the right-
hand side of the trunk circuit in Fig. 4 extend over re-
spective make contacts 1 and 2 of relay ATA and thence
to the tip and ring conductors T and R into the line link
termination at the central office of Fig. 31A. In Fig. 31A
the tip and ring conductors from the transfer circuit of
Fig. 36 terminate respectively in ground and battery
through the windings of the supervisory relay SUP of
the intraoffice trunk in the event that this call has been
terminated to a local central office subscriber, or these
tip and ring leads terminate in the reverse sense to bat-
tery and ground through the windings of the supervisory
relay SOP of the operator cord circuit in the lower part
of Fig. 31A in the event that this call has been extended
by the P.B.X attendant to the toll facility at central office.
Due to the fact that the relay TLAT of Fig. 5 is operated
(indicating a permissible toll allowed class of service) it
makes no difference whether the tip and ring leads at
the central office are terminated in respective ground
and battery or vice versa. In Fig. 4 the supervisory relay
§ of the central office trunk circuit ® operates in this tip
and ring line ioop between P.B.X party 34 in Fig. 35
and the termination in the central office of Fig. 31A; and,
relay '3, in remaining operated, holds operated relay S1T
of Fig. 4 and refays CT and SRT of Fig. 4 also remain
operated as previcusly described.

The original calling party at line circnit 34 of Fig. 35
may now hold the desired conversation either with a local
subscriber in the central office or with another party over
the toll facility completed under control of the operator
at the toll facility indicated in Fig. 31A. It will be re-
called in connection with the previous description of a
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call placed by a toll allowed P.B.X station to a toll facili-
ty, that in the event that the toll operator informed the
calling P.B.X party to wait a short while pending com-
pletion of the call, the calling P.B.X party should re-
main off hook but that in the event that a toll allowed
P.B.X party should go on hook pending the completion
of the call a rering by the toll operator would cause the
selective ringing of that particular calling P.B.X party’s
line without alerting the P.B.X attendant. In the present
instance a call to the toll facility of Fig. 31A was placed
by means of the P.B.X attendant because the calling cir-
cuit 34 of Fig. 35 had a restricted class of service. In
the event that the toll operator should inform the party
at line circuit 34 to wait completion of the call, if the
party at line circuit 34 remains off hook, none of the
circuits will be disturbed. However, should the P.B.X
party at line circuit 34 disconnect, the circuit action will
be different than as previously described for the toll al-
lowed class of service P.B.X party. In the present in-
stance if the P.B.X party at line circuit 34 disconnects,
this will cause a release of all of the switching equipment
in the P.B.X such that any rering by the toll operator
will alert the P.B.X attendant just as it would for an orig-
inating incoming call.

If the P.B.X party at line circuit 34 in Fig. 35 dis-
connects pending completion of the call by the toll oper-
ator, the tip and ring loop through the station line circuit
in Fig. 35 will be opened, thereby releasing the super-
visory relay S in the trunk circuit of Fig. 4. The release
of relay S with relays RTT and SRT of Fig. 4 operated
completes a circuit in Fig. 4 for causing the operation of
the fast-flash relay FF extending from ground in Fig. 4,
over break contact 2 of relay S and make contacts 4
and 1 of relays RTT and SRT, to battery through the
winding of relay FF. Also, the operation of relay S
eventually releases the slow releasing relay S1T of Fig. 4.
Relay FF, in operating, places a low impedance shunt
across the central office end of the trunk circuit of Fig. 4
in a circuit extending from the tip lead T thereof, over
make contact 6 of relay FF, make contact 9 of relay
FF, low impedance resistance LS, make contact 9 of
relay RTT, through break contact 6 of relay TTIT,
through coil H1, back to the ring conductor R and back
to the central office over make contact 8 of relay FF.
The operation of relay FF also causes the P.B.X attend-
ant’s lamp SL1-6 of Fig. 39 to go out, indicating to the
P.B.X attendant that the line side of the central office
trunk, namely the calling P.B.X party at line circuit 34
of Fig. 35, has disconnected. Relay SIT of Fig. 4, in
releasing, places the iwo windings of relay H in Fig. 4
in series through break contact 2 of relay SIT across the
tip and ring conductors leading back to the central office
in Fig. 31A; and, as long as the toll operator at the cen-
tral office maintains her equipment off normal, Te-
lay H will operate in this circuit and will remain oper-
ated. When relay S1T of Fig. 4 releases, relay CT of
Fig. 4 started to release and, because of the intervening
operation of relay FF of Fig. 4, relay CT has no holding
circuit and therefore eventually will release, in turn re-
leasing relay SRT which removes off-normal ground
from the trunk circuit. The release of off-normal ground
from the trunk circuit causes the release in Fig. 5 of re-
lays TLAT and HM and the release of the trunk hold
magnet THM0® (also shown in Fig. 3). Eventually
relays RTT and FF of Fig. 4 also release. As soon as
relay FF releases a circuit is completed in Fig. 4 for re-
operating the cut-through relay CT in a circuit extending
in Fig. 4 from ground, over make contact 1 of relay H,
break contact 3 of relay FF, break contact 4 of relay P,
to battery through the winding of relay CT, which there-
upon reoperates and in turn causes the reoperation of
relay SRT. With relays H, CT and SRT of Fig. 4 oper-
ated and as long as the toll operator maintains her cir-
cuit in Fig. 31A off-normal to hold all of the switching
equipment back to the trunk side of the central office
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trunk of Fig: 4, the trunk circuit of Figs. 4 and 5 is now,
in the same condition as if it were seized at the central
office as an incoming call during the silent interval of
the ringing cycle, as will be explained hereinafter in de-
tail in connection with an incoming call. Thus, when the
toll operator rerings on the circuit, as by operating the
ringing key of Fig. 31A, the P.B.X attendant will receive
a signal at the cordless position circuit of Figs. 38 and
39 as distinguished from the situation previously described
where a rering to an on-hook toll allowed station caused
a selective rering of that on-hook toll allowed P.B.X
station without alerting the P.B.X afttendant. The differ-
ence between the two situations is that in the case of the
toll allowed party means is provided in the trunk circuit,
as has been explained hereinbefore, for holding the P.B.X
switching equipment back to the line circuit regardless
of the fact that the P.B.X party thereat may go on-hook;
whereas, in the present instance of a.toll denied or re-
stricted station 34 of Fig. 35, if the waiting P.B.X party
goes on-hook, all of the internal switching equipment in
the P.R.X is broken down and the toll operator, by hold-
ing her circuit off normal, can hold only the switching
equipment between her and the central office end of the
P.B.X trunk circuit of Fig. 4.

Previously, she could hold the entire connection all the
way back to the calling P.B.X line circuit.

Assuming now that the calling P.B.X line circuit 34
does not disconnect and that the desired conversation is
completed, certain of the release operations will be de-
scribed. If, at the completion of the conversation, the
party at line circuit 34 of Fig. 35 hangs up first the same
circuit release functions will take place in the trunk cir-
cuit of Figs. 4 and 5 and in the crossbar switch network
as was described immediately above: then, when the cen-
tral office circuit is broken down, by the release of the
called party in this instance, the opening of the tip and
ring loop from the central office would cause the release
of relay H in Fig. 4 which in turn causes relay CT of
Fig. 4 to reiease to in turn release relay SRT of Fig. 4,
thereby causing the lamp TL1-@ at the cordless posi-
tion circuit of Fig. 39 to go dark and to return the entire
P.B.X situation to normal. If the called party at the
central office should disconnect first, the tip and ring
loop thereto from the right-hand side of Fig. 4 will be
opened, thereby causing the release of the supervisory
relay S in the trunk circuit of Fig. 4 to initiate the same
series of operations for completely releasing the trunk
circuit of Figs. 4 and 5 as well as the hold magnet con-
nections through the crossbar switch network of the
P.B.X, relay H of Fig. 4 in this particular instance not
being enabled to operate because of the open tip and
ring loop to the central office, thereby permitting relays
H, CT and SRT of Fig. 4 also to release and to stay
released.

H—INCOMING CENTRAL OFFICE TRUNK

Any call incoming to the P.B.X from a central office
will mecessarily come in over one of the central office
trunks shown in Figs. 4, 5, 9 and 43, such as central
office trunk © shown in detail in Figs. 4 and 5. Incom-
ing central office trunk calls must be answered by the
P.B.X attendant who will thereupon, in accordance with
the instructions from the calling end, complete the de-
sired comnection within the P.B.X or through the P.B.X
over a tie line or another central office trunk. A call
incoming to the P.B.X could be effected by one of the
situations as shown in the central office skeletonized lay-
out of Fig. 31A, namely from a local central office sub-
scriber or from some operator in the central office. Since
lines from central offices to a P.B.X (even though they
take place over what are designated central office trunks)
have terminations in the central office which look just
like subscribers’ lines and will undoubtedly be in the
usual P.B.X hunting group, upon the dialing of a P.B.X
directory number one of a number of hunting group lines



?2;‘94@,’506

_ 137
to the P.B.X will be seized depending upon which one
is available. Since the P.B.X termination in the central
office appears as a subscriber’s line circuit, once it has
been seized the trunk to the P.B.X will carry a ringing
signal from the central office as an indication to the
P.B.X that a call is incoming thereto.

To attendant

One of two conditions prevail when the central office
trunk is seized at the central office on a call incoming
to the P.B.X. One condition is when the seizure is
effected during the silent interval of the ringing cycle and
the second condition is when the seizure takes place
during the ringing interval. During the silent interval
of the ringing cycle or during the ringing interval there-
of, no matter which, the direct current battery loop from
the central office into Fig. 4 and over the tip and ring
leads T and R to the central office trunk circuit of Fig. 4
will cause the operdtion of relay H in Fig. 4 in an ob-
vious circuit over this tip and ring loop under control
of break coatact 2 of relay SIT. During the ringing
cycle not only will relay H operate but also the ringing
relay R of Fig. 4 will operate due to the alternating cur-
rent component in the ringing signal. With relay H
or relay R operated, obvious circuits in Fig. 4 are com-
pleted over their respective make contacts 1 and 4 for
causing the operation of the cut-through relay CT which,
upon operating, causes the operation of relay SRT in
Fig. 4 and extends the tip and ring leads T and R from
the central office in Fig. 4 through respective make con-
tacts 6 and 8§ of relay CT, and break contacis 6 and 8
of relay FF, into the central office trunk circuit @ of
Fig. 4. Relay SRT of Fig. 4, in operating, completes
a circuit in Fig. 5 from ground over its make contact 16
to the IT99 lead to make the trunk circuit busy to the
marker, and at break contact 1¢ of relay SRT in Fig. 5
the circuit for operating the marker connector relay MC
is opened. Also, relay SRT, in operating, completes a
circuit in the upper center part of Fig. 5 over its make
contact 6A for supplying off-normal ground to the trunk
circuit. Relay SRT, in operating, causes the steady
lighting of the trunk lamp TL3-8 of Fig. 39 in a circuit
extending from battery in the upper right-hand corner
of Fig. 5, over break contact 2 of relay HD, make con-
tact 22 of relay SRT, break contact 3 of relay R1T, and
through resistance TL2 to conductor TL1-8 extending
into Fig. 39 and to ground through lamp TL1-8, which
thereupon lights steadily. The operation of the ring relay
R of Fig. 4 completes a circuit in Fig. 5 for causing the
operation of the ringing auxiliary relay R1T, the circuit
extending in the upper center part of Fig. 5 from ground,
over make contact 6A of relay SRT, thence over break
contacts 6 and 4 of relays HD and AC, break contact
3 of relay TLAT, make contact 6 of relay R, to bat-
tery through the winding of relay R1T, which thereupon
operates and locks over its own make contact 5 and
break contact 4 of relay SIT to off-normal ground.
Relay R1T, in operating, changes the steady lighting of
lamp TL1-0 of Fig. 39 to a flashing lamp, flashing at
the rate of 120 interruptions-per-minute in a circuit ex-
tending from this interrupter in Fig. 5, over conductor
FF1, thence over make contact 3 of relay R1T, through
resistance TL2 to conductor TLi-6 extending into the
cordless position circuit of Fig. 39 to lamp TL1-0 and
completes a circuit in Fig. 4 for causing the ringer of the
attendant position in Fig. 39 to operate extending from
conductor CR in Fig. 4, over make contact 1 of
relay R1T, to conductor BZ extending into Fig. 39 and
thence through condenser BZ amnd the ringer Ring, to
ground over a break contact of the AUD SIG key and
a make contact of the B jack. The flashing of lamp
‘TL1-9 of Fig. 39 at a rate of 120 interruptions-per-min-
ute and the ringing of the ringer Rihg are indications to
the P.B.X attendant that an incoming call needs to be
answered on the trunk circuit @ of Figs. 4-and 5.
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To answer the incoming call the attendant operates
the pick-up key associated with this trunk and which
connects her to the calling party at the central office.
The attendant may then hold the connection, connect the
calling party to a line within the P.B.X, or disconnect,
depending upon the situation. If the call is to be held
the attendant operates the hold key in the cordless posi-
tion circuit and then releases the trunk pick-up key.
This places a holding bridge across the line towards the
central office and disconnects the attendant from the call
so that she may proceed with other business. If the
call is to be disconnected the attendant merely releases
the pick-up key, disengaging herself from the trunk. If
the call is to be extended to a line within the P.B.X the
attendant will place a hold condition on the trunk circuit
back to the central office and then will steer into the
P.B.X by means of the line circuit termination of the
central office trunk and effect connection to the desired
P.B.X party, whereupon she will complete the connec-
tion therefrom back to the central office end of the cen-
tral office trunk and release from the connection.

The P.B.X attendant answers the incoming call by op-
erating the pick-up key associated with the altered trunk
lamp, such as by operating pick-up key 4 associated with
the trunk circuit of Figs. 4 and 5 which in turn cor-
responds to the trunk lamp TL1-® of Fig. 39. With pick-
up key 4 operated, as has been explained in detail herein-
before, the connector relays AC and ACAT of Fig. 4
are operated and break contacts 3 and 9 of relay AC in
Fig. 4 open the connection between the trunk and the
line end of central office trunk 9, and relay ACAT con-
nects the attendant’s telephone circuit shown in Fig. 38
over conductors TT and TR into Fig. 4 and over make
contacts 1 and 2 of relay ACAT to the trunk end of the
connection leading back to the central office, thereby
causing the operation of the supervisory relay S of Fig.
4, the operation of which causes the operation in Fig. 4
of relay SIT, the interconnection of the operator’s tele-
phone circuit back over the trunk circuit to the central
office tripping the ringing condition in the central office in
a well known manner. Relay SIT of Fig. 4, in operating,
causes the release of relay H in Fig. 4 and permits the
release of the ringing auxiliary relay RIT of Fig. 5 as
soon as the ringing cycle is over with, and thereby to
permit the release of the ringing relay R of Fig. 4. The
release of relay RIT stops the ringing of the attendant
ringer Ring of Fig. 39 and, by means of its break contact
3 in the upper right-hand corner of Fig. 5, changes the
lamp indication to a steady battery condition on lamp
TL1-0 of Fig. 39. Relay ACAT of Fig. 4, in operating,
causes the operation of relay AC in Fig. 4. In the mean-
time, a locking circuit is provided for cut-through relay
CT of Fig. 4 extending from battery, through the wind-
ing of relay CT, over break contact 4 of relay P and
make contacts 4, 4 and 1 of relays CT, SRT and SIT to
ground.

It may very well be that the call so far described may
end with the P.B.X attendant, under such circumstances
for example as those under which the calling party from
the central office may merely be requesting information
from the P.B.X attendant. Under these circumstances,
at the completion of this service operation, the attendant
may release from the connection by releasing the trunk
pick-up key, which releases all of the relays in the trunk
circuit except for relay H of Fig. 4 (which will be held as
long ‘as the central office loop is closed), for cut-
through relay CT of Fig. 4, and for relay SRT of Fig. 4,
all of which will release when the central office connec-
tion is released.

Hold condition on trunk

In the event that the incoming central office call is
intended to be terminated in a line circuit of the P.B.X,
such as a P.B.X station or a tie line, etc. it will be neces-
sary for the P.B.X attendant to place a hold condition on
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the central office end of the trunk of Fig. 4, then to steer
into the P.B.X circuit to make connection over the line
side of the trunk of Fig. 4 to a dial pulse register, dial
the necessary digits into the register, thereby to effect a
connection between the attendant telephone circuit of
Fig. 38 and the desired called P.B.X line circuit. Sub-
sequent to this, the attendant will announce the call and
release from the connection leaving the called P.B.X line
circuit connected with the calling party at the central of-
fice through the trunk circuit of Fig. 4. As has been
described in detail hereinbefore in connection with a call
from a P.B.X line circuit to a central office through the
assistance of the P.B.X attendant, the attendant causes
a hold condition to be placed on the trunk of the central
office end of the trunk circuit of Fig. 4 by a momentary
operation of her hold key shown in Fig. 39, which causes
the operation of relay HP in Fig. 39. The operation of
relay HP operates the hold relay HD in the trunk circuit
of Fig. 5 which in turn causes the operation in Fig. 39
of the splitting relay SP in the cordless position circuit.
The operation of the splitting relay SP places a holding
short across the trunk side of the circuit in Fig. 4 (across
the tip and ring conductors TT and TR from the
cordless position circuit) and leaves the attendant tele-
phone circuit connected across the line side of the frunk
circuit of Fig. 4 by means of tip and ring leads LT and
LR extending between Fig. 38 and Fig. 4. Upon release
of the hold key of Fig. 39, relay HP in Fig. 39 restores
to normal, preparing locking grounds for the hold and the
class relays HD and TLAT of Fig. 5 by means of leads
H and HG extending between Figs. 39 and 5, and trans-
mits marker start ground over leads TR® and U@ of Fig.
5 from the cordless position circuit conductors T and U
of Fig. 39.

Having been called for by the central office trunk cir-
cuit, the marker functions to connect the trunk circuit
to a dial pulse register in the manner previously described.
The end result of this operation is the connection of the
tip, ring and sleeve conductors T, R and S in the upper
lefi-hand corner of Fig. 4 to the tip, ring and slesve con-
ductors, such as conductors T, R and S in the upper left-
hand corner of Fig. 18, of a dial pulse register, over for
instance the lower half of level 9 of the crossbar switches
comprising tip, ring and sleeve conductors T¢9, R09 and
S89 extending throughout Figs. 3, 23, 27, 34 and 42 into
Fig. 46. This crossbar connection will be under the con-
trol of the operated hold magnet THM$8 of Fig. 3 and
hold magnets THMG8 and THM0? also of Fig. 3, as has
been described in detail hereinbefore.

Connection to P.B.X line

It will be assumed that the desired connection is to
P.B.X line circuit 33 of Fig. 35 thereby requiring the dial-
ing by the P.B.X attendant into dial pulse register 0 of
Figs. 14, 18 and 19 of the digits 33. The reason why
line circuit 33 of Fig. 35 has been chosen as an iilustration
will be apparent by reference to Fig. 20 where on the
punching sheet it is noticed that line circuit 33, coire-
sponding to conductor H33, is not arranged to hunt to
any other line circuit. This will permit a description of
the situation whereby if this particular line circuit is busy,
a camp-on condition can be set up from the trunk cir-
cuit of Figs. 4 and 5.

When the digits 33 have been registered in the dial
pulse register of Figs. 14, 18 and 19, the register will
bid for the services of a marker, will inform the marker
of the class of the call, which in this particular instance
is a central office trunk class of call, the class relay COT
of Fig. 14 having been operated from the class of service
circuit in Fig. 25, as explained hereinbefore, and will
cause the marker to test the called line circuit 33 of Fig.
35 to ascertain whether or not it is available for connec-
tion. It will be recalled from previous description that
under these circumstances the tens connector relays TCS3
etc. of Fig. 12 will be operated, as well as the units selec-
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tion relay U3 of Fig: 15, whereupon the lower winding of
sleeve relay S3 of Fig. 3¢ will be connected to the sleeve
conductor S33 on line circuit 33 in Fig. 35 to ascertain
whether or not it is available. If line circuit 33 is available
the lower winding of the sleeve relay S3 of Fig. 30 will
operate in series with the line hold magnet LHM33 (not
shown in Fig. 35), the hold magnet itself not operating
in this circuit. Following this action, as has also been
described in detail hereinbefore, the marker will proceed
to operate the appropriate select magnets on switches @
and 3 of Figs. 3 and 34 whereby the line side of the trunk
circuit of Fig. 4 (associated with trunk hold magnet
THMO¢ of Fig. 3) is intercomnected with the tip, ring
and sleeve conductors of line circuit 33 in Fig. 35 over
the same link used for the dial tone job, namely the lower
half of level 9 comprising tip, ring and sleeve conductors
T0%, R09 and S09.

Incident to completing this connection the marker
causes the operation in the trunk circuit of Fig. 5 of the
ringing start relay RS in a circuit extending from ground
in Fig. 26, over make contact 16 of relay RPA#®, parallel
make contacts 12 of the hold magnet timing relays
HMTBA and HMTAA, through break contacts 8 of re-
lays TKAS8, TKA9 and TKAS®, to conductor RSE ex-
tending into Fig. 5, over make contact 12 of the operated
marker connector relay MC, to battery through the wind-
ing of the ringing start relay RS, which thereupon operates
and locks over break contact 5 of relay RTT and make
contact 5 of relay RS, over make contact 15 of relay
ACAT, to ground on conductor H from the cordless
position circuit of Fig. 39.

Subsequently, upon the release of the marker after it
is satisfied that the connection between the line side of the
trunk of Fig. 4 and P.B.X line circuit 33 is being held
from ground on the sleeve lead S from the trunk circuit
in Fig. 4, the marker connector MC of Fig. 5 is released.
When relay MC is released ringing current is transmitted
to the station line 33 of Fig. 35 through the primary
winding of relay RTT in a circuit extending in Fig. 4
from ground to the tip side of the connection over make
contact 10 of relay RS and break contact 7 of relay BY,
thence over the tip-ring loop to the calling line circuit
33 of Fig. 35, back over the ring lead R into Fig. 4, over
break contact 6 of relay BY, make contact 2 of relay RS,
break contact 10 of relay DR, through the left-hand
winding of relay RTT, and over break contact 7 of the
relay MC to the ringing conductor R1 into the ring gen-
erator. In Fig. 4 condenser FB in the left-hand side of
the trunk circuit provides audible ringing feedback to the
attendant as an indication that the line is being rung.

As long as the attendant remains on the connection
during the establishment of a call the transmission path
between the station line and the central office remains
split. If the attendant releases from the connection im-
mediately after dialing, when the station line is rung,
ringing induction is returned to the central office. The
release of pickup key 4 by the P.B.X attendant in the
cordless position circuit of Figs. 38 and 39 causes the
release in Fig. 4 of the attendant conmector relays AC
and ACAT, and the release of connector AC connects
the trunk side of the circuit of Fig. 4 through to the line
side. However, the solid short across the trunk side due
to the operation in Fig. 39 of the splitting relay SP re-
mains until relay ACAT releases. When the splitting re-
lay SP of Fig. 39 releases, the splitting short is removed,
establishing the transmission path between the trunk and
line sides of the central office trunk circuit of Fig. 4.
Thus, when the hold relay HD of Fig. 4 is released, due
to the operation previcusly described of the ringing start
relay RS of Fig. 5, the central office will hear ringing
induction.

When the party at station line circuit 33 of Fig. 35
answers the ring this causes the operation in Fig. 4 of
the ringing trip relay RTT by closing a direct current
loop at the line circuit 33, as compared to the alternat-
ing current loop existing thereat for ringing purposes
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previously described. Relay RTT of Fig. 4 operates in
this direct current loop through its left-hand winding.
Relay RTT, in operating, completes a locking circuit
through iis right-hand winding, over its own make con-
tact 12, to conductor CL extending into Fig. 5 and thence
to the locking ground supplied by break contact 5 of
relay AC in the event that the attendant has disconnected,
or to the ground on conductor H from the cordless posi-
tion circuit of Fig. 39 in the event that the attendant con-
nector ACAT is still operated. Relay RTT, in operating,
causes the release of the ringing start relay RS. The call
is now extended from either the attendant or the central
office to the line circuit 33 depending upon whether the
attendant has disconnected previous to the answer by sta-
tion 33, and all of the lamp indications in the cordless
position circuit of Fig, 39 are steady indications.

If, after dialing by the attendant is completed and the
dial pulse register 0 of Figs. 14, 18 and 19 engages the
marker to terminate the call, the marker finds the called
P.B.X station 33 of Fig, 35 busy, a camp-on condition is
established and the marker then releases, The feature of
camp-on enables the central office trunk circuit to con-
nect an identifying circuit to the link on which the busy
called station line is engaged, which identifying circuit
awaits the disconnect of the initial connection at which
time the trunk circuit cuts the tip and ring leads through
to the line and rings the station. This action is accom-
plished without any aid from the attendant other than
initially dialing the requested station number. When the
trunk circuit camps on the busy station line the attendant
will receive an audible busy tone signal if she remains on
the connection after dialing, and the visual signal of
lamp SL1-0 will change to an interrupted signal of 60
interruptions-per-minute. If the attendant releases im-
mediately after dialing, only the visual indication of
camp-on is transmitted to the attendant position. On the
other hand, if the attendant remains on the connection
until busy tone is returned she must release the pick-up
Key in order to remove the splitting condition of the trunk
and she must notify the central office that the line is
camped on. If the calling party will wait, the attendant
releases from the connection and when the station line
becomes idle, the trunk circuit will ring to establish the
desired connection,

" If the called station, such as line circuit 33 of Fig.
35, is busy when the marker iests to determine what
state the line is in, it causes the operation of the camp-
on relays CONA etc., CONB etc. of Fig. §, exactly as
described hereinbefore in conrection with a no-test call-
back condition, whereby the attendant attempis to place
a call back to an on-hook P.B.X line circuit which
previously had requested the completion of a central office
call. Upon the operation in the trunk circuit of Fig. 5
of the marker connector relay MC, a circuit is completed
between Figs. 26 and 5 for causing the operation in the
trunk circuit of Fig, 5 of the busy relay BY. This circuit
extends from ground in Fig, 26, over the paraliel make
contacts 2 and 12 of relays COB and COA, over break
contact 3 of relay NT, to conductor BYE extending into
Fig. 5, thenceover make contact 6 of relay MC, to battery
through the winding of relay BY, which thereupon, op-
erates and causes the operation in Fig. 4 of relay DR
in an obvious circuit from ground, over make contact 1
of relay S and make contact 12 of relay BY, to ground
through the winding of relay DR. The operation of
relay DR opens the ringing lead to the line side of the
trunk circuit of Fig. 4 so that ringing current will not
be transmitted to the station line as long as the trumnk
is camped on. The operation of relay BY also causes
the release in Fig. 5 of the sleeve relay SL, preparing a
sensing circuit to indicate when the called station line
33 becomes idle. Relay BY, in operating, also completes
a circuit for supplying busy tone to the P.B.X attendant,
circuit extending from busy tone in Fig. 4, over break
contact 19 of relay FF, make contact 18 of relay BY,
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make contact 14 of relay ACAT, to conductor BT ex-
tending into Figs. 39 and 38 to indicate to the P.B.X at-
tendant that the called line circuit is busy. Relay BY,
in operating, also causes the station lamp SLI-¢ of Fig.
39 to flash at a 60 IPM. rate as a visual indication of a
busy condition. This circuit extends in Fig. 5 from the
60 IPM. interrupter, over conductor Fi, make contact
5 of relay BY, break contact 4 of relay FF, make con-
tact 3 of relay HM, resistance SL2, to conductor SL1-0
extending into Fig. 39.

As has been described in detail hereinbefore in con-
nection with the discussion of a no-test call-back condi-
tion, relay HM and hold magnet THMO9 of Fig. 5 are
controlled from the marker when the marker is con-
nected to the trunk circuit. During the process of marker
functioning for a camp-on call, the camp-on relays
CONA, CONB, etc. of Fig. 8 release, causing the release
of relay HM and hold magnet THMO0 of Fig. 5, since
the control of the operating circuits for this relay and
hold magnet are over conductor ME in Fig. 5 from the
line and trunk hunting circuit of Fig. 29 of the marker.
The trunk circuit is thus free from its originating link
connecticn (the one on which the dial pulse register is
still connected) and the marker then functions to operate
the select magnet for the link on which the busy station
line is connected. When the select magnet timing re-
lays SMTA and SMTB of Fig. 37 operate, ground is
transmitted from Fig. 29 on conductor ME into Fig. 5
on conductor ME, thereby reoperating relay HM and
the trunk hold magnet THMO9 to thereby connect the
line side of the trunk circuit to the busy link.

When the hold magnet timing relays HMTAA and
HMTBA of Fig. 7 operate in the marker, as previously
described, ring start ground is transmitted over the RSE
lead into Fig. 5 to operate the ring start relay RS, which,
in operating, causes the release of the hold relay HD of
the trunk circuit in Fig. 5, which changes the trunk
TLI-& lamp indication of Fig. 39 from 30 interruptions-
per-minute to a steady indication and changes the line
lamp SLI-¢ from 30 to 60 interrupted fiashes per minute.
Having completed the connecting functions, the marker
releases, restoring the hold magnet control to the cen-~
tral office trunk circuit, having alerted the aitendant
of the camp-on condition wisually by the 60 IPM.
flashing signal on lamp SLI-¢ of Fig. 39 and audibly
by means of busy tone through her telephone circuit

Having received the camp-on indication, the attendant
releases the pick-up key associated with this particular
trunk, thereby releasing relays AC and ACAT of Fig.
4. Relay AC, in releasing, closes the trunk side of the
circuit of Fig. 4 through to the line side. The splitting
relay SP and the feed back relay FB in the cordless posi-
tion circuit of Fig. 39 are released upon the release of
retay ACAT of Fig. 4. Upon the release of relay FB
of Fig. 39, busy tone is removed from the attendant’s
telephone circuit and the attendant may now reoperate
the pick-up key which then again causes the operation of
relays ACAT and AC of Fig. 4 placing the attendant
telephone circuit across the trunk conductors TT and
TR into Fig. 4 onto the trunk side of the circuit so she
can then mnotify the central office party of the camp-on
condition.

When relays BY and RS of Fig. 5 operated, as ex-
plained above, a sensing circuit was established on the
sleeve lead S of the line side of the trunk connection to
determine when the station line becomes idle. Relay SL
of Fig. 5 is connected in a circuit consisting of resistors
PD and SH in the central office trunk circuit of Fig. 5,
the line hold magnet LHM33 (not shown in Fig. 35),
and the low impedance sleeve resistor connected to the
sleeve conductor in the circuit engaged with the busy
line 33. During camp-on, the potential across the wind-
ing of relay SL of Fig. 5 is insufficient to operate it.
As soon as the initially engaged connection releases and
the low impedance sleeve holding ground s removed
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from the sleeve lead thereof, thé winding of relay SL
of Fig. 5 is placed in series with the line hold magnet
LHM33 (not shown in Fig. 35). The potential across
the winding of relay SL then becomes great enough fo
bperate it, thereby to cause the release of the busy relay
BY of Fig. 5. When relay BY releases, the signal to the
line lamp SLI1-¢ of Fig. 39 is changed from. 60 IPM. to
30 IPM., resistor SH in the upper left-hand corner of
Fig. 5 is connected to the sleeve lead S to hold the line
hold magnet LHM33 (not shown in Fig. 35) operated,
and the tip and ring leads T and R from the trunk circuit
of Fig. 5 are closed through to the link, placing relay
DR of Fig. 4 in series with the ring side of the connection.
1f the called station at line circuit 33 of Fig. 35 remains
off-hook after relay BY of Fig. 5 releases, relay DR re-
mains operated in a circuit extending in Fig. 4 from
battery, through the winding of relay DR, over make con-
tact 10 of relay DR, and make contact 2 of relay RS,
thence over the ring and tip loop through the off-hcok
instrument at line circuit 33, back to ringing ground in
Fig. 4 over make contact 10 of relay RS, thereby prevent-
ing ringing cutrent from being applied to the line.

When the called P.B.X station 4t line circuit 33 goes
on-hook, relay DR of Fig. 4 will releass, thereby estab-
lishing the ringing path through the left-hand winding of
telay RTT of Fig. 4 to the ring side of the line. When
the station answers, relay RTT operates and locks in a
previously desciibed circuit through its right-hand wind-
ing. Relay RTT, in operating, causes the release of re-
lay RS of Fig. 5, which then changes the condition of
lamp SL1-8 of Fig. 39 from an interrupted rate of 30
IPM. to steady baitery condition.

If, after dialing is completed by the attendant and
the dial pulse register engages the marker to terminate
the call, the marker finds the called station line already
campeéd o1, a camp-on-busy situation Is established and
the marker releases. Instead of the attendant receiving
busy tone and a flashing condition on lamp SL1-¢ of
Fig. 39 at a rate of 60 IPM.’s, this lamp will flash at a
rate of 120 IPM. and she receives busy tone interrupted
at this rate of 120 IPM. This camp-on busy indication
means that the call can proceed no further, so under
these circumstances the attendant operates the hold key
to discharge the call and to reconnect herself to the
central office end of the trunk circuit to notify the calling
party of the busy condition. If the conditions for camp-
on busy exist when the marker tests to see what state
the called line is in, it causes the camp-on relays CONA,
CONB, of Fig. 8 to operate. When the marker con-
nector relay MC of Fig. 5 operates, ground is trans-
mitted, as previously explained, from Fig. 26 into Fig. 5
to cause the operation of the busy relay BY of the
trunk circuit of Fig. 5. In the process of link testing,
as has been explained in detail hereinbefore, the marker
places a solid ground on the sleeve lead of the busy
called line. When this test ground is applied, the po-
tential on the sleeve lead of the central office trunk cir-
cuit in the upper left-hand corner of Fig. 4 rises ap-
proximately 5 volts. Since the central office trunk cir-
cuit that is already camped on the busy station is moni-
toring the sleeve lead, when this potential change oc-
curs it causes the F diode in the camped-on trunk cir-
cuit to become forward biased. This ¥ diode is similar
to the F diode shown in connection with trunk circuit
0 of Fig. 5. The forward bias on the F diode causes
current to flow. through the F diode and places a virtual
ground on the CW lead extending into the link test circuit
of Fig. 47, thence over the paraflel make contacts 4 of
relays COAA and COBA, through the winding of the
camp-on-stop relay COS, and through the parallel make
contacts 17 of relays COBA and COAA to the junction
of resistances COSA and COSB, comprising a potenti-
ometer extending between ground and negative battery.
The operation of the camp-on-stop relay COS of Fig. 47
causes the operation in the trunk circuit of relay FF in
Fig. 4 in a circuit extending from ground in Fig. 26, over

10

15

20

25

30

35

40

45

50

60

70

75

144

the parallel make contacts 1 and 4 of relays COSB and
COSA, through break contacts 7 of relays HMTAA and
HMTBA, to conductor FFE extending into Fig. 4, and
to battery through the winding of relay FF, which there-
upon operates and locks to ground over make contact 1
of relay SRT, its own make contact 4, and make con-
tact 1 of the operated busy relay BY. Relay FF of Fig.
4, in operating, causes the operation of relay DR in Fig.
4 in an obvious manner, opens the sleeve lead S in Fig.
5 by means of its break contact 7, and causes the line
lamp SL1-0 of Fig. 39 to flash at a rate of 120 IPM.
in a circuit extending in Fig. 5 from this signal on con~
ductor FF1, through make contacts 8 and 4 of relays
DR and FF, thence over make contact 3 or relay HM to
the previously described circuit for controlling lamp
SL1-0 of Fig. 39. The operation of relay FF also sup-
plies a 120 IPM. tone signal to the P.B.X attendant as an
audible indication to further indicate that the trumk
cannot camp-on this call. This circuit extends from
the 120 IPM. tone signal in Fig. 4, over the FT lead,
through make contacts 16, 16 and 14 of respective re-
lays FF, BY and ACAT, to the busy tone lead BT ex-
tending into the cordless position circuit of Figs. 39
and 38. Furthermore, because of the 120 IPM. flash-
ing and audible tomes to the P.B.X attendant, the at-
tendant knows that a camp-on busy condition has been
met. The attendant will therefore disconnect the line
side of the call and will reenter the central office end
of the call to inform the calling party to disconnect. To
accomplish this the attendant reoperates the hold key in
Fig. 39, thercby causing the operation of relay HP in
Fig. 39. Relay HP, in operating, causes the release of
the hold relay HD in Fig. 5, which in turn causes the
TL1-9 lamp of Fig. 39 to change from a flashing rate
of 30 IPM. to a steady condition, releases the splitting
relay SP of Fig. 39, and connects the attendant’s tele-
phone circuit of Fig. 38 across the trunk end of the
central office trunk circuit. As long as the hold key of
Fig. 39 is held operated, relay HM and the trunk hold
magnet THM@0 of Fig. 5 are held operated from ground
on conductor HM extending from Fig. 39 into Fig. 5.
When the hold key of Fig. 39 is released, relay HP in
Fig. 39 releases, thereby removing the holding ground
from the relay HM and hold magnet THMO0 of Fig. 5.
Thus, the attendant is again conmnected to the central
office end of the trunk circuit in Fig. 4 and the called
fine is disconnected.

Connection to another trunk circuit

If the code dialed by the attendant in response to the
incoming call is a tie trunk code (tens digit 8), when the
marker connector relay MC of Fig. 5 operates to ter-
minate the call, the dial pulse register iransmits a ground
through the marker to operate the relay TIT in Fig. §
of the central office trunk cirenit. As will be recalled, in
the dial pulse register circuit of Fig. 19, upon the dialing
of a tens digit of 8, relay TRR was operated, thereby
causing the operation in Fig. 14 of relay TIR, which in
turn extends a ground from Fig. 14, over its make con-
tact 3, to conductor TR10 into Fig. 26, thence through
make contact & of relay RCBS, to conductor TTE extend-
ing into Fig. 5, over make contact 3 of relay MC, and
break contact 11 of relay HD, to battery through the
winding of relay TTT, which thereupon operates and locks

5 over its own make contact 1, to the holding ground over

break contact 5 of relay AC if the attendant has released
from. the connection, or to ground on conductor H ex-
tending into Fig. 39 in the event that the attendant is
still connected to the circuit. Relay TTT, in operating,
causes the trunk lamp TL1-0 of Fig. 39 to light steadily
and causes lamp SL1-0 of Fig. 39 to flash at a rate of 30
IPM., prevents the operation of the feed battery relay
FB of Fig. 39 in the cordless position circuit, thereby pre-
venting battery from being supplied to the-circuit from
the cordless position, inductively couples the line and
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trunk sides of the central office trunk circuit of Fig. 4
through inductor H and make contacts 16 and 6 of relay
TTT, and prevents the release of the hold relay HD of
Fig. 5. When the tie trunk answers, it reverses battery and
ground over the tip and ring loop, as previously explained,
to provide supervision to the central office trunk circuit.
The reversed battery operates relay P of Fig. 4, which then
supervises the connection and causes the operation in Fig.
4 of relay RTT in a circuit extending from the locking
ground of relay TTT in Fig. 5, over conductor CL into
Fig. 4, over make contact 2 of relay TTT, make contact
9 of relay P, and break contact 11 of relay MC, to battery
through the right-hand winding of relay RTT, which
thereupon operates and locks over its make contact 12
independently of the contacts of relays MC, P and TTT.

When the tie trunk disconnects momentarily or per-
manently, relay P of Fig. 4 releases, in turn restoring re-
lay S of Fig. 4 to normal and the central office trunk
circuit then goes into a recall or disconnect condition de-
pending upon the duration of the disconnect of the tie
trunk. Ifrelay P of Fig. 4 is reoperated immediately upon
releasing, the attendant is alerted to a recall condition.
Upon the disconnection of either the tie trunk or a P.B.X
station line, relay S of Fig. 4 will release either under the
control of the Joop through the station line circuit or under
the control of relay P of Fig. 4. When relay S releases as
the switch hook is depressed, ground is supplied to operate
relay FF in an obvious manner through operated relays
SRT and RTT in Fig. 4. Relay FF of Fig. 4 locks under
control of break contact 8 of the unoperated connector
relay AC of Fig. 4, bridges its make contacts 6 and 8
in the upper part of Fig. 4 around the contacts 6 and § of
the cut through relay CT, and places a low resistance
holding bridge across the central office tip and ring. The
release of relay S of Fig. 4 releases relay SIT of Fig. 4,
which then releases the cut through relay CT. Relay
SRT of Fig. 4 begins to release when relay CT releases.
If the switch hook is reoperated at the P.B.X line or tie
trunk circuit, relay S of Fig. 4 reoperates, in turn reop-
erating relays S1T and DR of Fig. 4. Relay SIT, in re-
operating, causes the reoperation of relay CT through the
operated make contact 3 of relay FF. Relay CT, in re-
operating, reestablishes the energizing path for the wind-
ing of relay SRT in Fig. 4. Thus, as long as relay CT
can be reoperated before relay SRT releases the switch
hook signal actuates a recall condition. However, if re-
lay SRT releases before the cut through relay CT is re-
operated due to switch hook reoperation, the central office
trunk circuit disconnects. When relay DR of Fig, 4
operates, the SL1-0 lamp signal of Fig. 39 is changed
to a flashing rate of 120 IPM. and the cordless position
circuit ringer is operated steadily. The attendant recog-
nizes the flashing station lamp and steady ringer as a re-
call and then reoperates the pickup key associated with
this central office trunk to answer the recall condition.
When the pick-up key is operated, relays ACAT and AC
of Fig. 4 operate, thereby removing the locking path for
relay FF, which releases. Relay FF, in releasing in Fig, 4,
removes the low resistance bridge from the central office
tip and ring conductors, releases relay DR of Fig. 4,
changes the SL1-0 lamp indication of Fig. 39 to a steady
condition, and silences the ringer in the cordless position
circuit.

I—MISCELLANEQUS CALL FEATURES
Busy trunks and busy links

If all of the trunks in a desired group or 2 single trunk
if it is not in a hunting group are or is busy, the line
and trunk hunting circuit will direct the route control cir-
cuit of the marker to complete the call to the busy tone
trunk substantially in the same manner as for a station
busy condition.

If all of the links through the crossbar switch network
are busy when the marker attempts to connect a calling
station line or trunk to a dial pulse register, the link test
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circuit of Figs, 46, 47 and 48 will instruct the units selec-
tion cireuit of Figs. 15, 16 and 17 to abandon the call.
The operation of the all links busy relays ALBA and
ALBB of Fig. 47 causes the operation in Fig. 17 of the
abandoned call relays ACA and ACB, which in turn
cause the operation in Fig. 7 of the marker release relays
RLA, RLB, etc. This marker action will be repeated on
successive calls until a link does become idle.

If all of the links in the crossbar switch network are
busy when the marker tries to complete a call after dial-
ing, the link test circuit signals the route control circuit of
Figs. 7 and 8 to complete the call to a busy tone trunk
substantially in the same manner as described previously
for a station busy condition and the link which is used for
this busy tone trunk connection will be the same one that
had been used to connect the calling line or trunk to the
dial pulse register for the dial tone job. In this instance,
the busy tone connections BITA and BTTB are operated
by the operation of the all links busy relays ALBA and
ALBB of Fig. 47.

Intercepted calls

Description has been provided hereinbefore of the
manner in which an intercept situation can be caused
by a restricted P.B.X line attempting to dial a trunk code
from which it is restricted. A similar intercept situation
can be caused by the dialing of an unassigned station line
or trunk code or by a time out condition in the dial pulse
register such as might be caused by a permanent signal
condition on a line. Upon seizure under such conditions,
the marker will attempt to complete the call but on finding
certain relays unoperated will release the link test portion
of the circuit and will connect the call on an intercept
basis to the attendant trunk and thereby provide the at-
tendant with an indication, over lanips in the cordless posi-
tion circuit of Fig. 39 associated with the seized aitendant
trunk, of the fact that the attendant trunk has on it a call
routed to the attendant because of an intercept situation.

Night operation

Hereinbefore reference has been made to the alarm
transfer and test circuitty of Figs. 35 and 36, where-
by upon the operation of the night key Night in the cord-
less position circuit of Fig. 39, relays AT and ATA of
Fig. 35 are released, thereby extending directly over four
of the central office trunks, four of the line circuits 30
through 33 of Fig. 35 so that access can be obtained from
the P.B.X directly to a central office without the necessity
of an attendant being present. As has been explained
hereinbefore, these four line circuits 30 through 33 of Fig.
35 are each provided with a start key, such as the key
STO of line circuit 3¢ in Fig. 35, since in order to bring
in central office dial tone on outgoing calls the start key
must be depressed by the caller. After receiving dial tone
from the central office under these circumstances, the key
may be released and dialing may proceed from one of
these four stations directly into the central office.

Irregular operation

A number of situations may arise in the operation of
the various circuits of the P.B.X which represent non-
standard or irregular circuit conditions. A number of
those will be described briefly hereinafter such as aban-
doned calls, dial pulse register time out conditions, pre-
liminary pulse conditions in the dial pulse register, and
marker time out operations,

If a station line or trunk starts to make a call and
then disconnects before the marker can connect it to a
dial pulse register, an abandoned call condition is pre-
sented to the marker. The marker proceeds normally
up to the point of units selection but since the calling line
is already disconnected no units selection relay can be
operated; therefore, the units selection circuit signals the
route control circuit of the marker to release. If such
an abandonmient occurs after the marker has connected
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to the dial pulse register and after the dial pulse register
has called for a marker, but before the call is completed,
the marker advance, time-out, and release circuit of Fig.
44 advances to a no-connection condition, as has been
described in detail hereinbsfore, whereupon the marker
restores to normal,

In order that a dial pulse register will not be permanent-
1y engaged on a line off-hook condition or by incomplete
dialing, a timing circuit operates on every dial pulse regis-
ter seizure. This is to insure that suitable terminating
action occurs to release the dial pulse register within a
certain period of time. The timing circuit comprises two
relays, such as relays PU and TMOR of Fig. 18, which
are controlled by timed pulses from a timing circuit. On
a normal call the timing starts as soon as dial tone is
transmitted to the calling line. The operation of the dial
for the first digit stops this timing and restarts it after
the first digit has been dialed, Completion of dialing also
retimes the register. If a dial pulse register has been
allotted to a calling line and no dialing action takes place
within the timing interval, the marker is instructed to con-
nect the call to an attendant trunk on an intercept basis.
If only the first digit of a directing code is dialed and the
timing circuit completes its cycle, a partial dial condition
exists. Under this condition the dialed digit is translated
in the dial pulse register to the attendant code digit 0 and
the marker is instructed to set up the call to an attendant
trunk on an intercept basis. If for some reason the regis-
ter is not released by the marker upon completion of its
functions, the register times itself out and releases. Under
a situation where all of the attendant trunks may be busy
the marker will complete an intercept call to the busy
tone trunk. If the busy tone trunk is also busy, the
marker will set the dial pulse register circuit to return
busy tone over the connection. If the station continues
to remain off-hook the register will again time out and
release. Waiting calls will then be served by the dial
pulse register and then the permanent signal line will
again be connected to a register, whereupon this action
will continue until an intercept trunk becomes idle or the
busy fone trunk becomes idle. If a station line or tie
trunk remains off-hook after being connected to a central
office which has disconnected, the line or trunk will be
connected to a dial pulse register and will be handled
as a permanent signal condition. Also, if a station line
or tie trunk remains off-hook after being connected to an-
other station line or tie trunk, and that other end has dis-
connected, no alarm is given and the permanent signal
line or trunk remains busy to all other calls.

Since the single digit 1 is not assigned as a tens digit
and since means must be provided for eliminating single
puises due to accidental momentary line opens as might be
caused by faulty removal of the hand set from the cradle,
etc., the dial pulse circuit registers are designed to refuse
registration of a tens digit of 1 and to continue furnishing
dial tone to the calling line circuit. This particular situa-
tion has been mentioned hereinbefore in connection with
the operation of relay P2A of Fig. 18.

Various marker time-out situations will occur such as
second trail, no connection, trouble release, down-check
and time-out check. As soon as the marker is seized, the
advance, time-out, and release circuit of Fig. 44 starts
timing the marker. If the route control circuit of Figs. 7
and 8 has not released the marker within a given time
interval, the advance, time-out, and release circuit ad-
vances the marker fo a second trial. The marker is re-
stored to its call start condition and the sequence circuits
of the line and trunk hunting and select magnét control
circuits are advanced so that alternate circuitry is pre-
ferred on the second trial. If the marker is unable to
complete a connection on the second trial before the ad-
vance, time-out, and release circuit functions the second
time, the marker is restored to normal and the route con-
trol circuit is directed to complete the call to the busy
tone trunk. If the marker is unable to complete a call
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to the busy tone trunk before the advance, time-out, and
release circuit functions for a third time, the marker
is released from the call and the call is locked out of the
marker until all other calls within the preference arrange-
ment have been served. The down-check circuit of Fig. 50
checks that all circuits of the marker have released before
the advance, time-out, and release circuit of Fig. 44 is al-
lowed to remove the release condition. The down-check
circuit also guards the release relays of Fig. 7 from being
falsely operated. The time-out check circuit of Fig. 50
checks the advance, time-out, and release circuit of Fig. 44
every time the marker completes a call to the busy tone
trunk. When the marker becomes idle after completing
such a call, the time-out check circuit holds the marker
busy, and exercises and checks the advance, time-out, and
release circuit as has been described in detail hereinbefore.
After completing its check the time-out circuit releases
the marker and locks itself out of that connection until
the busy tone trunk has been reused.

Traffic and trouble indications

Certain traffic and trouble_indications are built into
the P.BX used as an exemplary embodiment herein,
such as traffic overflow registers, traffic peg count registers,
trouble peg count registers, and various trouble alarm
sitnations. .

The traffic register circuit shown in the lower part of
Fig. 13 includes traffic overflow registers as well as traffic
peg count registers and trouble peg count registers. The
traffic overflow registers of Fig. 13 are as follows: ROF
(dial pulse register overflow), LOF (link overflow),
BTOF (busy tone overflow), JOF (junctor overflow},
OF8 (trunk group 8 overflow), OF9 (trunk group 9
overflow), and OF0 (trunk group 0 overflow). These
circuits register. the number of calls which overflow from
an all busy condition on dial pulse registers, on links, to
busy tone trunks, to junctors, and to trunk codes 8, 9
and 0. The operation of these registers is controlled by
the marker and the registers will score each time a call
cannot be completed due to an all busy condition. In Fig.
13 the traffic peg count registers are JPC (juntor peg
count), BTPC (busy tone trunk peg count), TPC8, TPC9
and TPCO (terminating peg count registers for trunk
groups 8, 9 and 9), OPC8 and OPC9 (originating peg
count registers for trunk groups 8 and 9), and OPC and
TPC (respectively originating and terminating total peg
count registers). These circuits register the number of
calls handled by the junctors, the busy tone trunk, and the
trunk groups 8, 9 and 0. Two types of registers are pro-
vided: terminating peg count and originating peg count.
The terminating peg count registers 8, 9 and 8 are oper-
ated each time a call is terminated from the P.B.X to &
particular trunk group. An originating peg count regis-
ter is operated on each call originated by station lines of
the P.B.X. A terminating peg count register is also pro-
vided to record each call terminated to the P.B.X from
trunks. ‘The operation of these registers is controlled
by the marker with the exception of the originating count
registers 8 and 9, which are controlled by the marker
and the dial pulse registers. The trouble peg count reg-
isters of Fig. 13 are STPC (second trial), NCPC (no
connection), TRPC (trouble release), and TOPC (time
out). These circuits record the number of times that
troubles cause abnormal behavior on the part of the
marker. If the marker cannot complete a call on the
first trial because of trouble, a second trial is automatical-
ly made. If the marker cannot complete the call on the
second trial, it is automatically released from the call and
allowed to serve other waiting calls before returning to
the instant call. After a call has been served and no
other calls are waiting, the marker automatically checks
its time-out circuits which control the second trials and
trouble releasing. These circyits will again be checked
following any call which is terminated to the busy tone
trunk. when no other calls are waiting. The time-out
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peg couni register records the number of times that the
marker checks these time-out circuits. Each of the
trouble registers is advanced once each time that the
marker checks its time-out circuits. Therefore, the num-
ber of second trials, no connections, and trouble releases
experienced is determined by subtracting the reading of
the time out peg count register from each of the read-
ings on the trouble registers. These registers are con-
trolled by the marker as is the case with most of the
other traffic registers,

A trouble alarm lamp TR in Fig. 35 is provided in the
PB.X attendant equipment to furmish a visual signal
which is common to all alarm conditions for the P.B.X.
This Jamp TR is under control of the alarm, transfer,
interrupter and test circuit of Figs. 35 and 36. The
marker alarm circuits are arranged to detect any irregu-
larities in the marker operation. Dual operating paths
in the marker are checked by alarm relays so that a
failure of one of these paths to operate or to release
along with the other one will be detected. The marker
is so arranged that it will continue to process calls with
one of its dual paths not operated; however, the alarm
relays and their associated lamps will assist in locating
trouble conditions. The alarm, transfer, interrupter, and
test circuit of Figs. 35 and 36 provides alarm indica-
tions to the attendant and/or to the central office when
trouble arises in the P.B.X. The circuit automatically
transfers four stations lines directly to the central office
trunk conductors in the event of a power failure which,
as will be apparent in Fig. 35, will cause the release of
the relays AT and ATA. The circuit also provides test
line leads (designated T and R in the right center por-
tion of Fig. 35) and a high resistance test battery (indi-
cated to the right thereof) for the purposes of applying
a number of tests over line circuit 38. Certain relays in
this alarm, transfer, and interrupter circuit are normally
held operated, as has been explained hereinbefore, and
are released only under trouble conditions. When a
fuse operates in any of the P.B.X power distribution
circuits, an indicating lamp lights to indicate the nature
of the trouble. These lamps are shown in Figs. 35 and
36. In the event of a commercial power failure, or in
the event that the P.B.X is not equipped with standby
batteries, all relays release and the line to trunk frans-
fer situation takes place automatically in Figs. 35 and 36,
as has been explained hereinbefore; and, the closing of
break contacts 8 and 16 of relay TR provides an alarm
condition to the central office. Should the marker en-
counter trouble of the type that operates the marker
alarm relays, a trouble signal is sent to the alarm circuit.
If the trouble persists, successive trouble signals will
occur. The alarm circuit counts these trouble signals
and weighs them against the number of marker seizures.
An alarm is operated only if two trouble signals are
transmitted before two calls have been completed from a
dial pulse register. This latter conditional requirement
may mean a maximum of five marker functions. When
the alarm operates, the marker trouble lamps lock-in a
permanent indication of the trouble location. To ex-
tinguish the lamps, the trouble has to be cleared and
the alarm circuits reset. Permanent signals are normal-
Iy routed to the P.B.X attendants, except at unattended
P.B.X’s. 1In these latter cases, the attendant trunk func-
tions as a permanent signal holding trunk. When a dial
pulse register times out due to line trouble or to incom-
plete dialing, the call is routed to the attendant trunk
which thereupon starts the permanent signal timing cir-
cuit, which in turn transmits a minor alarm to the central
office if the condition persists for over a designated pe-
riod of time, such as 20 minutes.

PB.X attendant line circuit

It will be apparent with reference to the attendant’s
cordless position circuit of Figs. 38 and 39 that in Fig.
38 pick-up key 14 is associated with line circuit 79, and
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that by operating pick-up key 14, the P.B.X attendant
may connect her telephone circuit over the make con-
tacts thereof to the tip and ring conductors T and R of
line circuit 79 in Fig. 38. By means of this facility the
PB.X attendant may place calls within the PB.X just
as any other P.B.X line circuit could; and, providing the
line circuit 79 has its class of service terminal in Fig. 20
(associated with conductor CS79) suitably cross con-
nected to permit that class of call, the P.B.X attendant
may have a class of restricted, toll denied, or toll al-
lowed, with all of the ramifications associated therewith,
as have been discussed hereinbefore in comnection with
other P.B.X lines having similar classes of service.

Loudspeaker paging trunk

With reference to Fig. 31 a loudspeaker paging trunk
circuit is shown in the lower left-hand corner of the fig-
ure, associated with line circuit 25. Line circuit 25 is
similar in all respects to line circuit 26 of Fig. 31 with
respect to its seizure and the operation of its hold mag-
nets, etc. with two notable exceptions. Line circuit 25
of Fig. 31 does not have any line relay, etc. since no calls
will be placed from the loudspeaker paging trunk into
the P.B.X. It will be noted that in Fig. 31 the conduc-
tor IT85, leaving line circuit 25 and extending to the
line and trunk hunting circuit of Fig. 33, is extended
over a break contact 8 of relay AP in the loudspeaker
paging trunk. Also, the line circuit 25 of Fig. 31 will
have no relay IN25 corresponding to relay IN26 of line
circuit 26 for the same reason as mentioned above, name-
ly, that no call can be placed inward to the P.B.X from
this line circuit. Consequently, there will be no sleeve
conductor $25 corresponding to conductor §36 for line
circuit 26, whereby line circuit 25 could be seized on
a call of digits 25.

If a PBX station desires to be connected to the paging
trunk, the station originates a call and dials the code as-
signed to the paging trunk, namely, code 85. The P.B.X
marker functions to connect the calling station to the
paging trunk on a trunk class basis (without a junctor
circuit), the tens connector relays of Fig. 12, namely,
relays TKS, TKAS and TKBS being operated due to the
registration in a dial pulse register of the tens digit of
8 and a units selection relay US of Fig. 16 being oper-
ated as a result of the registration of the umits digit 3
in a dial pulse register. A circuit extends from ground
in Fig. 33, through the lower winding of sleeve relay 35,
over make contact § of relay US, to conductor 5, ex-
tending over make contact 7 of relay TKS, to conductor
IT85 extending into Fig. 31 to line circuit 25 associated
with the loudspeaker paging trunk. If the loudspeaker
paging trunk is engaged at the moment, its relay AP will
be operated, whereupon ground will appear on conduc-
tor IT85 in Fig. 31 over make contact 8 of relay AP.
Therefore, the sleeve relay S5 of Fig. 33 will not be able
to operate and the calling P.B.X party will be routed to
a busy tone condition, as has been explained hereinbe-
fore. On the other hand, if the loudspeaker paging trunk
is idle, conductor ¥T85 of Fig. 31 will extend over break
contact 8 of relay AP, to battery through the winding of
relay OT25. If the loudspeaker paging trunk is present-
ly engaged in a call involving the line circuit 25, relay
OT25 will be operated and will be held operated in a
circuit extending from ground in Fig. 31, over make
contacts 4 and 5 of relays AP and OT2S, to battery
through the winding of relay OT25 whereupon, if such
is the case, ground will appear on the lower part of the
winding of relay OT25, thereby to prevent the operation
of sleeve relay S5 of Fig. 33. If line circuit 25 is not
engaged at the moment, the sleeve relay S3 will find a
circuit to battery through the winding of relay OT25
and will operate in series with this relay, relay OT25
not operating in this series circuit. Subsequently, rélay
S5 will remain locked operated in a circuit previously de-
scribed through its upper winding, and ground will be
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applied to conductor 5 in Fig. 33 for hold magnet oper-
ation, this ground extending over make contact 7 of re-
lay TKS$ in Fig. 33, to conductor IT85 extending into
Fig. 31, and over the circuit previously described to the
lower part of the winding of relay OT25, which there-
upon operates and causes the operation of line hold
magnet LHM?25 in an obvious circuit over make contact
4 of relay OT25. The operation of line hold magnet
LHM25 and of relay OT25 extends the tip and ring con-
ductors from Fig. 27 into the line circuit 25 of Fig. 31,
thence over make contacts 2 and 3 of relay OT25, to the
tip and ring conductors T2 and R2 extending into the
loudspeaker paging trunk.

In the meantime, upon the operation of relay TKB8
of Fig. 12, the select magnet connector relay SMC2 of
Fig. 37 is operated in an obvious manner over make con-
tact 2 of relay TKB8. The operation of the select magnet
connector SMC2, in a manner hereinbefore described in
detail, causes the operation on switch 2 of Fig. 27 of suit-
able select magnets corresponding to the link previously
used by the calling P.B.X party for the dial tone job,
whereby the tip, ring and sleeve conductors of line cir-
cuit 25 of Fig. 31 are connected (upon the operation of
line hold magnet LHM25) to this link and thence back
to the tip, ring and sleeve conductors of the calling P.B.X
line circuit. In Fig. 31, upon the operation of relay
OT25, a low impedance holding ground is applied from
ground, through resistance S25 in Fig. 31, and over make
contact 1 of relay OT25, to the sleeve conductor S extend-
ing back over the crossbar link to hold operated the hold
magnet associated with the calling P.B.X line circuit.
Relay AP in the loudspeaker paging trunk of Fig. 31 oper-
ates in an obvions fashion through its two windings over
the tip and ring loop back to the calling P.B.X line cir-
cuit and, in operating, applies a locking ground through
its make contact 4, and make contact 5 of relay OT25 to
hold operated relay OT25; and, at its make and break
contacts 8, relay AP opens the conductor IT85 extending
to the winding of relay OT25 and applies a ground to this
conductor leading back into the marker circuit to make
the loudspeaker paging trunk busy to the marker. Re-
lay AP, by opening break contact 6, connects the tip and
ring conductors T2 and R2 through respective condensers
T and R to the loudspeaker paging equipment, whereby
the calling P.B.X line may then make whatever an-
nouncement js necessary over this loudspeaker paging
equipment. At the conclusion of the use of the loud-
speaker paging trunk of Fig. 31, upon the disconnection
by the calling P.B.X party line, the tip and ring loop is
opened, thereby releasing relay AP in Fig. 31, which in
turn reconnects resistance A in shunt of the input of the
loudspeaker paging equipment, causes the release of refay
OT25 which in turn causes the release of hold magnet
LHM25 and the hold magnet of the calling P.B.X line
circuit, and reconnects the conductor IT85 in Fig. 31
through to the winding of relay OT25, making line circuit
25 again available to be seized by another calling P.B.X
line circuit.

If some P.B.X line circuit party should, by mistake,
dial the digits 25, thereby intending to make comnection
with line circuit 25 of Fig. 31, the call will be routed
to the P.B.X attendant by means of an attendant trunk
circuit such as the one shown in Fig. 9. This action will
take place due to the fact that conductor S25 extending
from the line and tronk hunting circuit of Fig. 33 into
Fig. 31 is not connected into line circuit 25. Under these
circumstances, the marker would proceed to test the line
circuit 25 in response to the digits 25, just as though it
were going to complete the call; however, when the lower
winding of relay S5 is extended over conductor 5 in Fig.
33, and over make contact 7 of relay TMZ2 to conductor
825 leading into Fig. 31, relay S5 of Fig. 33 could not
operate. This is an indication to the marker of a busy
condition of line circuit 25 of Fig. 31, as has been ex-
plained hereinbefore. The marker would then proceed
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through the action, hereinbefore described, of operating
the busy relays of Fig. 32, followed by the operation of
the hunt connector relays of Fig. 29; and, since conductor
H25 extending from Fig. 16 into the punching sheet of
Fig. 20 would have the terminal corresponding thereto
not connected to any other ferminal, no other units re-
lays in the units selection circuits of Figs. 15, 16 and 17
would be operated, which would of course prevent the
operation of any of the other sleeve relays of Figs. 30
and 33. Normally, under these circumstances, a legiti-
mate busy line circuit 25 would be indicated; however,
when the hold magnet check relays HMKA and HMKB
of Fig. 29 are extended in circuits over contacts of the
sleeve relays (sleeve relay S5 having been operated in
the meantime over its upper winding) to the conductor
S25 extending into Fig. 31, relays HMKA and HMKB
of Fig. 29 would not operate, thereby failing to give a
proper check of an operated hold magnet for line cir-
cuit 25. In Fig. 8, as has been explained hereinbefore,
if the check relays HMKA and HMKB had operated
under these circumstances to indicate a true busy condi-
tion on line circuit 25, the busy tone relays BTTA and
BTTB of Fig. 8 would have operated resulting in the
interconnection of the calling P.B.X line circuit with the
busy tone trunk of Fig. 13.

Under the present circamstances, circuits are com-
pleted in Fig. 8 for causing the operation of the inter-
cept connector relays ICTA and ICTB, the circuit for re-
lay ICTA extending in Fig. 8 from ground over make
contacts 1 and 8 of relays SOA and SMRAA, break con-
tacts 5 and 9 of relays HMKA and HMKB, break contact
2 of relay NCA, through the winding of relay ICTA,
break contact 2 of relay NCB, to battery over break
contact 8 of relay HMKA and make contacts 10 and 12
of relays SEAA and SOA. A similar circuit is provided
in Fig. 8 for causing the operation of relay ICTB in an
obvious fashion. Relays ICTA and ICTB lock in circuits
under control of their own make contacts 6 and 12 and
make contacts 7, 8, 15 and 16 of relay RPA® {assuming
that dial pulse register 0 of Figs. 14, 18 and 19 is used in
this particular connection). Upon the operation of the
intercept connector relays ICTA and ICTB of Fig. §,
the marker goes through a complete releasing cycle just
as it did in the previously-described instance of a busy
tone trunk connection except that when relay RCE® of
Fig. 12 and relays TRKA and TRKB of Fig. 41 are re-
leased, with relays TRCAA and TRCBA of Fig. 41 op-
erated, a circuit is completed in Fig. 12 for causing the
operation of the tens connector relays TK6, TKAQ and
TKB0. This circuit extends from ground in Fig. 12,
over the parallel make contacts 2 of relays ICTA and
ICTB, break comtfacts 8 of relays RCEQ and RCEI,
through the windings of the tens connector relays TKO,
TKAO and TKBO, over break contacts 11 of relays
TRKA and TRKB, over the parallel make contacts 8
of relays TRCAA and TRCBA, to battery over the paral-
lel make contacts 8 of relays ICTA and ICTB. Also, in
Fig. 15, upon the operation of relays ICTA and ICTB,
circuits are completed for causing the operation of units
selection relays U@, Ul and U2 corresponding to the
three attendant trunk circuits & of Fig. 43, 1 of Fig. 9,
and 2 of Fig. 13. This circuit extends from ground in
the lower part of Fig. 15, over the parallel make con-
tacts 4 of relays ICTA and ICTB, and thence over respec-
tive contacts 2, 1 and 3 of relay TKAQ and respective
make contacts 2, 1 and 3 of relay RUCB to cause the
operation of units selection relays Ul, U0, and U2.
Now, with the operation of the tens connector relays
TKS$, etc. of Fig. 12 and units relays U¢, Ul and U2 of
Fig. 15, the tens and units selection circuits are in the
same condition that they were in under the previously-
described situation where a calling P.B.X party dialed
the digit 0 to make connection with the attendant over
an attendant trunk. The further action of the circuits
whereby the calling P.B.X party is connected to an at-
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tendant over an attendant trunk, such as atiendant trunk
i of Fig. 9, has been described hereinbefore and it is not
necessary to repeat these details. It is to be noted that
this intercept condition was caused by an open sleeve
conductor 825 in line circuit 25 of Fig. 31. It will be
appreciated that any such open sleeve conductor of any
line circuit in the P.B.X will cause a similar intercept
condition.

Conference call

A dial conference circuit is shown in the lower half
of Fig. 28 having five appearances corresponding to five
line circuits 26 through 24, whereby a conference may
be effected betwen up to five P.B.X line circuits or be-
tween three P.B.X line circuits and twe central office
trunks. A conference is set up by the calling parties in-
volved dialing this circuit at the same time. In response
to the dialed number the dial pulse register and the
marker circuit function to connect each line and trumk
to a different appearance of the conference circuit. As
each calling party is connected to this circuit a talking
path is established to all others already connected.

To reach the conference circuit of Fig. 28 in this P.B.X,
while line circuits 28 through 24 are respectively as-
signed terminal numbers 80 through 84, as shown on the
punching sheet of Fig. 20, the parties on station lines
must dial 80 while those on trunks should dial 83. If
more than three parties on station lines dial 80, the
fourth and fifth station lines will be connected to the
trunk terminating line circuit appearances of the confer-
ence circuit. However, if more than two parties on
trunks dial 83, the third trunk will not be connected and
will receive busy tone. If a party on a trunk dials the
station code 80 instead of the trunk code 83, the most
favorable transmission condition may not be obtained.
The transmission circuits for station lines are in series
and and those for trunks are in parallel, to equalize the
transmission. As each station or trunk disconnects, it
will be released from the conference circuit.

When a P.B.X station line desires to be .connected to
the conference circuit of Fig. 28 the P.B.X party will
dial 80, whereupon, due to the presence of the tens digit
8, the dial pulse register will recognize this code as
equivalent to a tie trunk code and will signal the marker
to connect the calling station to the line circuit appearance
of the conference circuit designated by the dialed digits
80 in accordance with the operation of the tens connec-
tor relays TKS, etc. of Fig. 12 and of the units selection
relay UO of Fig. 15. The marker tests line circuit 28
of Fig. 28 by extending ground through the lower wind-
ing of relay S@ in Fig. 30, thence over make contact 12
of relay U®, to conductor 0, over make contact 1 of re-
lay TKS, to conductor 1T88 leading into Fig. 28 to the
lower side of the winding of relay OT28. If the confer-
ence appearance corresponding to line circuit 28 of Fig.
28 is idle, the marker will proceed to cause the operation
of relay OT26 in Fig. 28, which in turn, over its make
contact 4, operates the line hold magnet LHM26 cor-
responding to the line circuit 28, thereby to cut through
the tip and ring conductors of this conference appear-
ance to the crossbar switch network and back to the
calling P.B.X party over the link which was used by that
party on the dial tone job. Relay ACC of the dial con-
Terence circuit will be operated in the tip and ring loop
back to the calling P.B.X station and the operation of
relay ACC applies ground over its make contact 6 to the
sleeve conductor S2 to hold operated relay 0OT28, which
in turn, over its make contact 1, applies a holding ground
back to the sleeve conductor S into the switching net-
work to hoid operated the line hold magnet of the P.B.X
line connected to this particular dial conference circuit
appearance. Relay ACC, in operating, also opens at its
break contacts 1@ the low impedance circuit across the
lower windings of its transmission transformer and
causes the operation of the reversing relay RVC in the
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lower right-hand corner of Fig. 28 over make contact
8 of relay ACC. The next two P.B.X calling parties
will likewise be connected to the next two dial confer-
ences appearances corresponding to line circuits 21 and
22 in Fig. 28. It will be noted, with reference to the
punching sheet of Fig. 20, that although these additional
P.B.X parties also dial the digits 80, when the marker
ascertains that line circuit 20 is already busy, the pre-
viously-described line hunting arrangement will be
brought into operation whereby the grounding of conduc-
tor H80 extending from Fig. 15 into Fig. 20 will ground
conductors H81 and H82 leading back into Fig. 15 to
cause the operation of units relays U2 and U2, of which,
due to the arrangement in Fig. 30 of sleeve relays S1 and
82, line circuit 21 is preferred over line circuit 22. There-
fore, the second P.B.X party to call will be connected
to the conference appearance corresponding to line cir-
cuit 22 of Fig. 28 and the third P.B.X party who calls
the dial conference circuit will similarly be conmnected
to line circuit 22 in Fig. 28 due to the line hunting fea-
ture embodied in the cross connections in the punching
sheets of Fig. 20. The dial conference appearances cor-
responding to line circuits 21 and 22, when connected to
a calling P.B.X line, will operate their corresponding re-
lays, such as relays BC and CC, which accomplish simi-
lar functions as previously described with respect to re-
lay ACC.

While it will be obvious that a fourth and a fifth P.B.X
line circuit may effect connection to line circuits 23 and
24, terminating the fourth and fifth appearances of the
dial conference circuit, due to the fact that the diodes
DCA and DCB in Fig. 20 are connected between termi-
nals corresponding to conductors H80, H81 and H82
and terminals correspending to conductors H83 and H84
in their low impedance direction, thereby permitting hunt-
ing from line H80 to H83 or H84, these two line appear-
ances 23 and 24 are primarily provided for the purpose
of enabling two incoming central office trunk calls to be
terminated in this dial conference circuit. When an in-
coming trunk desires to be connected to the conference
circuit the attendant will be called in on the call, as is
the case with all incoming central office calls, and she
will dial the digits 83, whereupon the dial pulse register
and marker circuit operate to connect the incoming
trunk to line circnit appearance 23 if idle, or to line cir-
cuit 24 appearance, if line circuit 23 appearance is busy.
In this respect it will be noted, in connection with the
punching sheet of Fig. 20, that calling code 83, while it
may be permitted to hunt to conductor H84, is not per-
mitted to hunt to any of the conductors H86, H81 and
H82 because of the reverse bias condition of diodes DCA
and DCB, as has been explained hereinbefore. There-
fore, while a P.B.X station may effect a connection to
one of the two conference appearances corresponding to
line circuits 23 and 24, an incoming central office trunk
cannot cause interconnection between itself and the con-
ference appearances corresponding to line circuits 20, 21
and 22,

When the marker effects the connection between the
incoming trunk circuit and line circuit 23 or 24 in Fig. 28,
a loop is closed over the switching apparatus for causing
the operation of relay DCC or relay EC, as the case may
be, the operation of which applies a ground over its make
contact 6 back over the sleeve conductor 82 to hold the
connection; and, by virtue of their break contacts 14,
relays DCC and EC open the shunt across the talking
circuit involving condensers Ti, T2, R1 and R2, whereby
these two conference appearances corresponding to line
circuits 23 and 24 are placed in parallel. The operation
of the reversing relay RVC of Fig. 28, upon the seizure
by a P.B.X line circuit of one of the three appearances
corresponding to the line circuits 20, 21 and 22, causes the
well-known battery reversal back over the tip and ring
leads T2 and R2 to the incoming trunk circuit for pro-
viding thereto answer supervision.
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When a station line or a trunk disconnects after having
"been connected to the conferemce circuit of Fig. 28,
the corresponding relay ACC, BC, CC, DCC, or EC re-
leases, removing holding ground from the corresponding
sleeve conductor and allowing the connection to release,
thereby restoring the shunt conditions across the trams-
mission circuits and, with respect to the relays ACC, BC
and CC, causing the release of the reversing relay RVC,
which again causes disconnect supervision to be trans-
mitted back to the connected central office trunk by bat-
tery and ground reversal.

1t is to be understood that the above-described arrange-
ments- are merely illustrative of the application of the
principles of the invention. Numerous other arrange-
ments may be devised by those skilled in the art without
departing from the spirit and scope of the invention.

What is claimed is:

1. An automatic switching system comprising a plu-
rality of crossbar switches having horizontal conductors
thereof multipled throughout said switches to form =a
number of horizontal conductor links common to all
switches, a plurality of functional circuits each ter-
minated in at least one switch vertical individunal thereto,
switch control means including a select magnet per switch
corresponding to each switch horizontal and a hold mag-
net per switch. corresponding to each switch vertical,
a common control circuit effective to control said magnets
to establish connections between vertical terminations of
said functional circuits over only those parts of links
extending between switch crosspoints individual to said
connected functional circuits, and means in said control
circuit for obtaining access to said functional circuits
and to said magnets and to said links to effect the said
control of said magnets, said access means to said links
consisting solely of a test circuit connected between said
links and said common control circuit to ascertain the
condition of said links, said access means to said magnets
including means controlled by said test circuit to effect
select magnet operation corresponding to a link, said
access means to said functional circuits including means
controlled by said select magnet operation and by said
functional circuits to operate hold magnets correspond-
ing to switch verticals between which connections are to
be effected over the link corresponding to the said select
magnet operation.

2. The invention claimed in claim 1 wherein means
is provided in functional circuits interconnected over
Jinks for causing to be applied to links in use a first
electrical condition comprising a busy link condition,
wherein means is provided in said test circuit for applying
to all links not in use a second electrical condition com-
prising an idle link condition, and wherein said test cir-
cuit includes means for normally permitting operation
of only select magnets corresponding to idle links.

3. The invention claimed in claim 2 wherein said test
circuit applying means comprises means controlled by
said common control for applying to all links said second
electrical condition, wherein said functional circuit ap-
plying means comprises means coatrolled thereby for
changing said second elecirical condition to said first
electrical condition on links in use, and wherein said test
circnit comprises means selectively controlled differently
according to the first or second electrical condition on
links.

4. The invention claimed in claim 3 wherein said
second electrical condition applying means comprises po-
tentiometer means connected to all links and arranged to
apply thereto a second level of potential, wherein said
electrical condition changing means comprises circuits
for altering the action of said potentiometer means to
change the potential level applied thereby to links in use
from said second level to said first level, and wherein said
test circuit comprises marginal relays connected to said
Tinks and responsive differently to different potential levels
thereon. .
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5. The invention claimed in claim 4 wherein said
potentiometer means comprises direct current impedances
connected between fixed direct current potentials whereby
due to the action of only said potentiometer means each
link has applied thereto a second value of direct current
potential, wherein said altering circuits comprise com-
binations of direct current impedances and potentials
connected to links in use thereby to change the action of
said potentiometer means to change the value of direct
current potential applied to links in use to a first value
of potential, wherein a marginal relay is connected with
each link and is normally operable only responsive to
one of said two potential levels, and wherein the con-
dition (operated or released) of said marginal relays
controls select magnet operation.

6. The invention claimed in claim 5 wherein said
potentiometer means comprises for each link a separate
circuit consisting of one arm comprising an impedance
connected between the link and one pole of a direct cur-
rent source of potential and another arm comprising a
marginal relay winding connected between the link and
one end of each of two other impedances the other ends
of which are respectively connected to opposite poles of
said direct current source, wherein said altering circuits
consist of impedances connected between the link in use
and a pole of said direct current source, and wherein the
said connected marginal relay winding is so arranged as
to cause the operation of the relay only if the potential
condition on the link conmected thereto is said second
level.

7. The invention claimed in claim 2 wherein special
means is provided in said common control for at times
causing a third electrical condition to be applied to a link
in use, and wherein means is provided in said test circuit
controlled by said special means for causing said test
circuit to permit operation of only select magnets corre-
sponding to said link having said third electrical condition
thereon.

8. The invention claimed in claim 3 wherein special
means is provided in said common control for at times
changing said second electrical condition on a link in use
to a third electrical condition, and wherein means is pro-
vided in said test circuit controlled by said special means
for permitting said selectively controlled means of said
test circuit to be controlled only by a link having said

_third electrical condition thereon.

9. The invention claimed in claim 4 wherein special
means is provided in said common control for at times
further altering the action of said potentiometer means
to change the potential level applied to a link in use to
a third level.

10, The invention claimed in claim 5 wherein special
means is provided in said common control for at times
further changing the action of said potentiometer means
to change the value of direct current potential applied to
a link in use to a third value of potential, wherein means
is provided in said test circuit to alter the response
characteristics of said marginal relays whereby they are
operable only responsive to said third potential level, and
wherein the operated condition of a marginal relay con-
trols select magnet operation.

11. The invention claimed in claim 6 wherein special
means is provided in said common control for at times

“further altering the level of potential on a link in use to

a third level, wherein each marginal relay has two wind-
ings one of which is normally included in the said other
arm of said potentiometer means, wherein means is pro-
vided in said test circuit and controlled by said special
means to substitute the other windings of said relays for
the said one windings thereof, and wherein said other
windings change the response characteristic of said relays
whereby they are operable only if the potential condition
on the link connected thereto is said third level.

12. The invention claimed in claim 1! wherein said
special means comprises means for at times applying said
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other pole of said direct current source directly to said
link in wse, and wherein the response characteristic of
the said other winding of the marginal relay connected
in the said other circuit arm with said link in use is such
that said marginal relay is operable only if the associated
link has applied directly thereto the said other pole of
said direct current source.

13. An automatic switching system comprising a plural-
ity of coordinate-type switches, each of said switches
having first and second coordinate conductor groups, said
switches having conductors of first coordinate groups
multipled throughout said switches to form a number of
conductor links common to all switches, a plurality of
functional circuits each terminating in at least one of
said second coordinate groups, switch control means, and
a common control circuit including means for obtaining
access to said links, said link access means consisting
solely of a test circuit connected to said links to ascertain
the condition of said links, and means controlled by said
test circuit and by said functional circuits effective to con-
trol said switch control means to establish connections
between functional circuits over a link extending between
coordinate conductors to said functional circuits.

14. An automatic switching system comprising a
plurality of coordinate-type switches, each of said switches
having first and second coordinate conductor groups, said
switches having conductors of first coordinate groups
multipled throughout said switches to form a number
of conductor links common to all switches, a plurality
of functiomal circuits each terminating in at least one of
said second coordinate groups, selectively operable
switch control means, and a common control circuit
including means for obtaining access to said links, said
link access means consisting solely of a test circuit con-
nected to said links to ascertain the condition of said
links, means in said test circuit selectively controlled
differently according to the condition of said links, and
means controlled by said test circuit means and by said
functional circuits effective to control selective operations
of said switch control means to establish connections be-
tween functional circuits over particular first and second
coordinate conductors and over a particular link.

15. The invention claimed in claim 14 wherein said
means controlled by said test circuit means and by said
functional circuits includes special means effective to
sequentially control a first operation of said switch control
means to select a link and to condition sets of coordinate
conductors for connection and a second operation of said
switch control means to effect the connection of coordi-
nate conductors corresponding to the selected link and
the functional circuits to be interconnected.

16. The invention claimed in claim 15 wherein said
number of conductor links comprises groups of conduc-
tor links, and wherein said test circuit means includes
means for controlling said common control circuit means
to distribute link usage within said groups.

17. The invention claimed in claim 16 wherein the said
distribution controlling means of said test circuit means
comprises means for ascertaining the condition of all
links in each of said groups in a predetermined order
and for causing sequential preference operation of said
switch control means according to the same order.

18. An automatic switching system comprising a plu-
rality of coordinate-type switches, each of said swiiches
having first and second coordinate groups of conductors,
said switches having corresponding conductors of first
coordinate groups multipled throughout said switches to
form a number of conductor links common to all
switches, a plurality of functional circuits, means for as-
sociating said functional circuits with at least one of said
second coordinate groups of conductors, switch control
means, a common control circuit effective to control said
switch control means to establish connections between
functicnal circuits over a link and over first and second
coordinate conductors, and means in said common con-
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trol circuit for obtaining access to said functional circuits
and to sajd switch control means and to said links to
effect said control of said switch control means, said link
access means consisting solely of a test circuit connected
to said links to ascertain the condition of said links, said
access means to said switch control means including
means controlled by said test circuit to effect a first
operation of said switch control means to select a link
and to condition sets of coordinate conductors for con-
nection, said access means to said functional circuits in-
cluding means controlled by said first operation and by
said functional circuits to effect a second operation of
said switch control means to interconnect conditioned co-
ordinate conductors, thereby to interconnect functional
circuits over the selected link extending between said
interconnected coordinate conductors.

19. The invention claimed in claim 18 wherein said as-
sociating means comprises a plurality of second coordi-
nate groups of conductors and a plurality of special ad-
ditional first coordinate groups of conductors connected
in such a way as to increase the access of said switch,
wherein said functional circuits are connected to at least
one of said special first coordinate groups of conductors,
wherein said switch control means includes first circuit
means per switch corresponding to each first coordinate
group of conductors and second circuit means per switch
corresponding to each switch second coordinate group of
conductors, wherein said test circuit controls said switch
control access means to effect first circuit means opera-
tions to select a link and to condition sets of coordinate
conductors for connection, and wherein said first circuit
means operations and said functional circuits control said
functional circuit access means to effect second circuit
means operations corresponding to second coordinate con-
ductor groups between which connections are to be ef-
fected over the selected link corresponding to the said
first circuit means operations.

20. The invention claimed in claim 13 wherein said
coordinate-type switches comprise crossbar switches,
wherein said first and second coordinate conductor groups
comprise horizontal and vertical conductor groups re-
spectively of said crossbar switches, and wherein said
test circuit includes electromechanical relay test circuit
arrangements.

21. An automatic switching system comprising a plu-
rality of crossbar switches, each of said switches having
horizontal and vertical groups of conductors, said
switches having corresponding conductors of a plurality
of horizonial groups multipled throughout said switches
to form a number of conductor links common to all
switches, each switch having conductors of a plurality of
vertical groups and of a plurality of special additional
herizontal groups connected in such a way as to in-
crease the access of each switch, a plurality of functional
circuits each terminating in at least one of said switch
special horizontal groups individual thereto, switch con-
trol means including a select magnet per switch corre-
sponding to each switch horizontal group and a hold
magnet per switch corresponding to each switch vertical
group, a common control circuit effective to control said
select and hold magnets to establish connections between
horizontal terminations of said functional circuits over
only those parts of links extending between switch con-
ductors individual to said functional circuits, and means
in said common control circuit for obtaining access to
said functional circuits and to said select and hold mag-
nets and to' said links to effect said control of said select
and hold magnets, said link access means consisting solely
of a test circujt cosmected between said links and said
common conirol circuit to ascertain the condition of said
links, said access means to said select and hold magnets
controlled by said test circuit to effect select magnet
operations corresponding to a link, said access means to
said functional circuits including means controlled by
said select magnet operations and by said functional cir-
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_cuits to operate hold magnets corresponding to switch
verticals between which connections are o be effected
over the link corresponding to the said select magnet
operations.

22. The invention claimed in claim 21 wherein said
number of conductor links common to all switches com-
prises two groups of conductor links, wherein means is
provided in functional circuits interconnected over links
for causing to be applied to links in use a first electrical
condition comprising a busy link condition, wherein
means is provided in said test circuit for applying to
all links not in use a second electrical condition com-
prising an idle link condition, and wherein said test cir-
cuit includes means for ascertaining the condition of all
links in each group in a predetermined order and for
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controlling the distribution of link usage by normally
permitting a sequential preference operation of only se-

lect magnets corresponding to idle links.

23. The invention claimed in claim 22 wherein each
group of said two groups of conductor links comprises a
plurality of links, wherein special means is provided in
said common control circuit for at times causing a third
electrical condition comprising a special busy link con-
dition to be applied to links in use, and wherein said
test circuit includes means controlied by said common
control circuit for selectively permitting the operation
of only select magnets corresponding to links having said
third electrical condition thereon.

No references cited.



