2,607,843

R. B. HEARN ET AL
REMOTE CONTROL AND SUPERVISORY SYSTEM

Aug. 19, 1952

21 Sheets—Sheet 1

Filed Nov., 12, 1948

NOILV.LS GIANFLLY ~——s

ra——— NO/LVLS GFONIFLLVYNN

L1914

8914 914
297 | 991y 91917 | oy | 61007
s 914 oot | ervorr | @our | wvses | erow
01| ozot4 | oro | 6'9uq
SNOILVLS
GIANFLLVND
SIHIO 04
SNOILVLS NOILVLS
aIGNTLLVNA - OIS, e e e - — @3GNFLIVND
YFHIO 01 FLIGINGTINI
SNOLLIVLS
GIGNILIVAD-
STHIO 01 / oL4

NOILYLS
a3I0NMILLVNN
LSV7

INVENTORS:

R B. HEARN
H. M PRUDEN
Ot % Rele

ATTORNEY

8y




2,607,843

R. B. HEARN ETAL
REMOTE CONTROL AND SUPERVISORY SYSTEM

Q1 Sheets—Sheet 2

Aug. 19, 1952
Filed Nov. 12, 1948

mmmv \\Qoh SNOLIDIYIG ININIING NI wu
SNOLIVIOT OL STI8VD YOS =
@9l STVNINYTL GNNCYD 192 2 &
: 77 INITYNIIS 31/SOdW0I OL 2W S
cdom o] wAFIZY T K
S WYYV < > . _m
2600 IS VS _.LR 8
\ 5 00 F78v2 YY) ] H P
_ o 220 DAKINIS 12D Swonas
i > 1INNVH) Wy ¥ TINNVED ey . M
3 WAUVS wanvs Q
_ 78V Jev> . .
BELE LKAl CREITE] | KL
222 9NIGN3S, 1 130 IVIONTS Q.v
NOILYIION! NOILYIION! . R
q %9 r2e 2o o126 2o Qo
|1 i ir3 $914 ‘$oLd "S914 "$914 X W
T~ e : M
sl ¥z | LRI vowo[ so]wo o] 222 N
FUEL) [0 IN3S 143 V01 - WOILVZiNowHNGS| ININIFIIY >
NOLLYDIONI [ . B3
212 0 EX X
Q403 HOLVIONI Wiy v 18 5 )
\O.ﬂ\ ) L] ||
: Ivimyz[ T TINNVED| Ty 3L 422 vnmyzL| € TNNVED| Tynpmyz) 1%
S04 Y0LIFY/C 0153910
| awnous avzLvg| (R annouo AYZLIVG T@&Mﬁt
195
@ H0123¥1G 237 120 199 22
ONIONZS WTYNS W/ TN W/ TN OIS WITINO/S
| 24/500m07) 215040 | 21/S00m00] | 2LISOM00)
oIy 197
WIAIZITY
vy |.
NOILVLS | -
DOOCTorow
T)}MV/ 0/ 26 036
OO0 »on ‘S9/4 944
mumu,wwu uw%www 9 M&wm
OO0O0Te: 7 N/ON, "
S o 7 AINNVH| parbris 1 1VNVHD WY
%Ennkt\s NO/LVLS NO/LVLS
3 .
7 _
bmm.\w.\«w\mtx.mﬁwﬂ%w\vw ] \ NOLIVLS NOLLVLS GIANILLYNN NOLIYLS TIGNILLYND
(3738 Him wavTv dem)dg GIANILLY JLVIGTNYTLNI LSVT
(7738 HilM WEVYIY YOrym)gy .
, Z 9l



Aug. 19, 1952 R. B. HEARN ET AL 2,607,843
REMOTE CONTROL AND SUF;ERVISORY SYSTEM
Filed Nov. 12, 1948 21 Sheets-Sheet 3

SOOI ﬁ-Hn-' Il‘:T%

79

d;ll

b

76

1=
A {
Lo

it

Tt A JJ%’ l
g >
LB [T
|
3 i
v Tod =Ll
| SR
ra— l -
g 3 .
< dld=s 4l
b ) S -
e
] :
3 7
| 3 A 8
IS ~
3 T .
™~ e § ‘
o 3 ==
[y — =yl
;"3 .g‘
(]
. . R B. HEARN .
IVENTORS: f3 4 PRUDEN

ATTORNEY




R. B. HEARN :-.-rAn. 2,607,843

REMOTE CONTROL AND SUPERVISORY SYSTEM

Aug. 19, 1952 -

© Filed Nov, 12, 1948

21 Sheets-Sheet 4 -

—

120 ONITYNDIS 3LISOdWOD

. ) = : b
—59¢ 2L6—] roe— |16 = MrN._ M Yy
SEEN 262 _MW % _m
ree - € oN T &
= TINNYHD ~Q I
W ~9ex / BM .
PEE ~eee Tx
a O
] .
Emsa&j 162 £9¢ m N
>
.ﬁ N
] 2
] .~
_§9¢ 02
»96— .
a321v 70d i
U esel ) gl . i
763, =
PESE NI SNOILY207 3218Y 109—F 1 T
0. 5378V 404 417 W
.m.H GEGE ] |'SU229NITYNOIS &l n
.IMM@M. 11002 0.1 v Sl |
i A
n vyvyY
cee-—1
26—
22l =
gly\l“ ye/ ]
b= wy . 20N
= _ ..L.M s TN
W aIz1IY10d P
v prowsa e
ese/ ose—il|
€32 'SON STINNVHD TYNIWYIL ONNOYD mMMmH




Aug. 19, 1952 R. B. HEARN ET AL 2,607,843

REMOTE CONTROL AND SUPERVISORY SYSTEM

Filed Nov. 12, 1948 ‘ ' © ' 21 Sheets-Sheet 5
IIPYE

=
T\W

105

o

=
104

PN I
O
T J,i}';e L
= T ™
T s LY
b S i
Oy~ :u
| Sl
b
N -
3

b
—y

375
90
"
=
) S
i ;eg
98
r+_‘
E Hr"
b Yor
\lo7
Y06

/353
/352
100
|
K
=]

e )

=
. R.B. HEARN
/NVEN?RS.HM PRUDEN

VQ&,—& Q- Rece

ATTORNEY




R. B. HEARN ETAL
REMOTE CONTROL AND SUPERVISORY SYSTEM

2,607,843

Aug. 19, 1952

Filed Nov. 12, 1948

/820

E20 bl

21 Sheets-Sheet 6

14 52¥
Yildd )eid . .
oz .
L yalid \%\V. \N\V
3= =
182—= . _ \c
— 652 M ES 102
wzra— | |l h..,Jr, =] T = = el =277
=i >t — ot L o i 69z
. = <k | [Sie [ [ECh | [ [ wﬁ
v v ) ¢ v A b g v v
| s 6 _.. ] v ]
ﬂ g
A B
_ﬂ 1 - . . IE . wre .

Yo

19y

o082 Pzl
by i
= ge-
e |
159+

R.B. HEARN
H. M. PRUDEN

OM%.M

INVENTORS:

L—25€

| —cor

9 9/4

L8

ATTORNEYV

8y




Aug. 19, 1952 R. B. HEARN ETAL 2,607,843
REMOTE CONTROL AND SUPERVISORY SYSTEM )
Filed Nov. 12, 1948 - 21 Sheets-Sheet 7

276a.

X
L.

ﬂl
=b
!
\H_Q e
\ -
7 ¢
I
)
i
il R
Il n 8
r— L]
=1 l - _:"l' - —h a-—V
~TEH IO | 3 ~
. pd 1 3 YV || - - %
Q T vyl - b -
W ! - $
. # g sk {1 Itk S
T .l i “ [ I' = - &
“. - -
| % AN 1}
- \ - - §
- T - o | i R ny
I 2 . - =
L=l . K
e g Bd I - wig N
-G W 1 N
i { IR
U
¥ % — 3
L Y e — N
'0‘] 4 l - b %
iy 2 -3 EHET
i - N
Y -l N
. & - — 1124
T :.E |-| . ]
—J 3 | — IIHI S
Ni[E=i =
— | 1 o
T e R =3 L~
S » - o b} M Q
< . : & 5
Y 5 ¥ _ R re 3
O o N
Q\%,:'I___ [ i N LRI _%

‘ . R.B.HEAR
INVENTORS: 1/t bBUDEN

i OM%M

ATTORNEY




Aug. 19, 1952

Filed Nov. 12, 1948

R. B. HEARN ET AL 2,607,843
REMOTE CONTROL AND SUPERVISORY SYSTEM
21 Sheets-Sheet 8

-

p———

)

3

~

3.\

SNN

g

~
%
%

S W

S8

\\

-
N
™
\
N
™
\_
o
™
\_
o
[
™
4

N

= %

VISUAL ALARM CCT.

314 {Jl']
1=
==

TO AUD/IBLE OR

35—
32/ ) |

o |
320-(~—— '

" RB.HEARN
. /NVENTORS~HM. PRUDEN

Y Qi Qs

ATTORNEY




2,607,843

Aug. 19, 1952

'R.B. HEARN ETAL
REMOTE CONTROL AND SUPERVISORY SYSTEM

21 Sheets—-Sheet 9

Filed Nov. 12, 1948

_ Ui rve
= v __ g7 L ogc
_ H—o048
|-648
=t »ﬂ _ —Ere
= ST HIE
y T/NN - 174
i =1
oy
;H\\mn‘ /0N TINNYH
mitd v
pEY —l 5 [} 44
986\ zery oer—8IL £Er t-6¢v oo _
FN _ - . ——
T - NI TYNOIS
L= g3218v70d- 32150900 .
s
Qf—== §/ Q\ﬂ_\q d 28/ F *— =y . =
-\-.- Q-W-w QMW- =2 Iﬂ—_TD/V pd. ”_- _
= v b
291 i__u_ = H
. 1= 2 —/pe
egl .I.H -
evi] . CTI | m i e
' . 5AVI3Y
oot art/ ¥3n10 |
=] L N
4 —
} T <
es 5 g L
£ v é S—
Neg = / . 6 '9/4
— L-or¢
" hwlnluL
Z SAVIZY :
¥3H10 OL

INVENTORS:

R.B. HEARN
H.M. PRUDEN

M%.Q&&é

By

ATTORNEY




Aug. 19, 1952

2,607,843

R. B. HEARN ETAL
'REMOTE CONTROL AND SUPERVISORY SYSTEM

Filed Nov. 12, 1948

21 Sheets-Sheet 10

H~948
2243
»ON
TINNVHI
. 948 - N
—L . =
g =
o =
- T 0fe . .ﬁ
‘ \W m MIOMLIN . .=“I|_|
Vhgp oMY IvVE ,

T TTTTT= —G¥
mvm%u = . [y - ol
\. . vyy o

TINNVH, . W m o .ww

: }_|reomssn . i
6 | |owvoowvve Y Nog
A T

rrE—

.cm./ — M

— . Y

- G —

___H_I : - a ) r-r.l] Qg

= ﬂ._%uH )

v — Q¢

_JnuJ . j 1 g2 m_

| — ¥

98¢ I\ W

C b\h\. ”

|..uﬂ.|_ = | =
NN.M_I..

1°ON TINNVHD
220 ONITYNIIS 3ILISOINOI

TWNINYIL AYILLIVE

H. M. PRUDEN

i Q). Qoce |

8y

ATTORNEY




2,607,843

R B. HEARN ETAL

' REMOTE CONTROL AND SUPERVISORY SYSTEM

Aug. 19, 1952
Filed Nov. 12, 1048

21 Sheets-Sheet 11

P N
24 _M
xQ ¥
IR O
y =
TL A %
B-M- B .
T &
G :
s
oy
2
59
3% Ry L
=i} 65/
QQ\\.|<, ol ! - _ . &u\“wh - )
T [ - B L = (N B Bpmot =
— ! | | mm\_lﬂml pvllw./va
. xfiE ST . T s f b.m.m,. )
Ko . v o o o uact!u_gbkia.
V . JLVIGINYILNI TV tﬁk
7 _

arya

R A .,Qn\..mwa\. “0ee” 626/



Aug. 19, 1952 R. B. HEARN ETAL 2,607,843
REMOTE CONTROL, AND SUPERVISORY SYSTEM
Filed Nov, 12, 1948 : " 21 Sheets-Sheet 12

Higl Hnl i W.d \WJ],J“’% ” tl’lwt W
T
| L Sy ]
) —Lglsﬂét 2]t
il szt
i = ” {I«Llllaj ek
T T=ariEl) %%%ég:
|| “t‘ﬂﬁ‘%?uui
T D

INVENTORS: 1. M. PRUDEN
| Qr:.,»a Qb

ATTORNEY




2,607,843

21 Sheets-Sheet 13

R. B. HEARN ET AL
REMOTE CONTROL AND SUPERVISORY SYSTEM

Aug. 19, 1952
Filed Nov. 12, 1948

mm..)

09¢/

_ = 8ce
SOV TINNYHD) ; Hile D i
FM.QM- . - : wo Eﬂh—h\ a32t&y70d, -E Vﬂ\ .|“-|-“ AGr—
(7,74 622 A

A
vy

AAA

¥ N 1
pﬁ.ﬁ s :
el

e B
oo e |
~
—u“nl >)<- h><- Q“WMI\I
I VYy—o=yyy ] \I
. | 9ze/ s
—_ - BB~ dll , '
2OV TINNVHI 9ee x 677
. - 5 03214v70d 1|.||.H_J \
TG W W Y144
YOMLIN ) J
£32 'SON TINNVHD TYNIWYIL A4FLLVE T |omanravy
_ L2D ONITYNOIS 3LISOdWOD

56€

H.M.PRUDEN
AT TORNEY

QCL_--LQI%Q&Q/&

R.B.HEARN

INVENTORS
8y

YRIES

94¢ LLE rre



Aug. 19, 1952

Filed Nov. 12, 1948

R, B. HEARN ETAL 2,607,843

REMOTE CONTROL AND SUPERVISORY SYSTEM

21.Sheets—Sheet 14

|
A
Sk N N 2l
it 0 % lzg RIE
o
be)
I I N I Eﬂ
. » f ﬂ]—nlﬁ §*-wﬂiﬁ
MM bE bl T
L )
Q‘°
RN
I
I -
I Hr
3 R
&~
. Napll
Q Tl e &yt
: ii ST
R R Ty ™|
e , N F _
E\%\ FI"/VQ Nl[ 1>
b
]
3 1%
1)
N P
R 3
R.B.HEARN

INVEN ;3”5 ' H.M.PRUDEN
Qo %.M

AT TORNEY




Aug. 19, 1952 R. B. HEARN ET AL 2,607,843
REMOTE CONTROL AND SUPERVISORY SYSTEM:
Filed Nov. 12, 1948 21 Sheets-Sheet 15

=
24
£

'/FQ /Fa

\n
g .
&_‘].—.Hlu N
N
£ *
Q 4 Ji—hl ~ E _}
9 I
g
_ﬂ"
. = 2
Qv__] J—;‘Lﬂ _:.2 | 4
N
il
1 d 54 F _ﬁ": /:TY

215
ey

2/r

| ’ "#‘-
]
\F3

\r

(]
b

R.B. HEARN
/NVENTORS H M. PRUDEN

7 Qi) Qe

ATTORNEY




Aug. 19, 1952 R. B. HEARN ETAL 2,607,843

REMOTE CONTROL AND SUPERVISORY SYSTEM

Filed Nov., 12, 1948 ?1 Sheets—Sheet 16
\ 1l
\ S
s gL || Y
I

aw3—y

%
198
<06

fRDZ‘/RDI '/RD ',.360 ’7&59

=405 407

398—1

209
=~
T@*%
04

FlG. 16
16

4
=
4715

’y

193 v
\
1 a
(0=
v ) 4 T
’ P howm
40/ 410 1402 4 ——1 403

204
(o=
A8
\g/4
409

192

L3299
1208
=400

| -1D
203

o:R.B.HEARN

BVOM%.Q,&&

ATTORNEY




Aug. 19, 1952 R.B.HEARN ETAL 2,607,843

REMOTE GONTROL AND SUPERVISORY SYSTEM

Filed Nov, 12, 1948 ‘ B : 21 -Sheets-Sheet 17
N :
~
6 -
~ e—
N ,
| i
ts'o —
‘S8 :
S S v
' . SO /1
n
¥ it ¥
1 . ‘
X =
3 | .
S D_|||H|.v
] G
Sy -
TR . ’
TR e ‘
. Hith i [Ny 'S
3y | | Y
Ty z
{ ] e
[
o . = —I__.
9»[% JlllHl
.v -
38 . . : |
. TT : - A \ . PIONE DRDDEE DIERE Tl gl IIIIIII
. - . . v
T 5 =l g
- : T : NI
: ‘ RIS o

. ~ :
| s: R.B. HEARN
IWVENTORS: 11 4. PRUDEN -

v e ) Qo

ATTORNEY




Aug. 19, 1952 R. B. HEARN ETAL 2,607,843
RIEMOTE CONTROL AND SUPERVISORY SYSTEM

Filed Nov, 12, 1948 . , 21 Sheets-Sheet 18
Moo%
_ l 353
LyI
Ld
- :'0) :9, "E )
_ \ ' SS
< v
9w 9
~
o J
[ . ~
% ¥ J
. & ‘
s Y
NN . i
|
1
! I -
J !
N
[l x B ’
> :
O
\ 1
| !
o PWApH '
N W
Z Sxl s ~MH[IH -
58 |¥g| ¥ -
-
g% ] g _I\M,_|||H|.
I , Sy
Ho| M L |
s ST T 1T T1 :
wi v
Sq =z = N Q
H | e § |
) ) . - ]
3]
"~

‘ . R.B. HEARN
INVENTORS: J92 PRUDEN

~ Qi) Ruce

ATTORNEY




2,607,843

Aug. 19, 1952

R. B. HEARN ET AL
REMOTE CONTROL ‘AND SUPERVISORY SYSTEM

Filed New, 12, 1948

21 Sheets-Sheet 19

”N
2 2
N O &
<Q TP
. EU %_/_
. T 3
892 &P X
+ — <X 4
| - = S
N e =} e o
\wm. = 24 = _%DL__T#V 7810y oL S Q
= AL
i ..H.".F N = 2
- L, 3
v _ L 3
1 TR
—l > 3
~ 1\
29 _
© sovr oL ] .
K Cea’ e’ a1’
2 | o o682
1 _ | N B
N . L ) . = o
262 e e e v — A . ) |
o e o e WU Lo g r
lﬂnm“hlllll Q% o . .”HI.N.\QN = =
Pz | e | <] ez . 1] )S)-roe
= e — Q..mm.h._ | 662’ # S350 WYY 01 HS)vse
=HFWY - . - - Dan’
9%~ 982 el A\
. | Y74
= soz v
\NQQ )
7 |
1| frese _
ere— .
peomi| 6/ 914
soe M| F—zoe .




R. B. HEARN ET AL 2,607,843

REMOTE CONTROL AND SUPERVISORY SYSTEM

Aug. 19, 1952

Filed Nov, 12, 1948

174 m/ _ i

21 Sheets—Sheet 20

ey

.xvn_.__.D\||.w§ hﬂD\l\xmlw

+iH

o

&.ﬂﬂL—
4

o
por [T ._"..1IH v
| bhm .
e6rc—] 656 26t PEpE—
@156 wset—  uset—  ese

——s

SNOILITFYIG INFHTAIA Nf SNOILYIOT OL SITGVI
QI SLINJYID ONITYNIIS FLISOIWOD OL

mNm.\

056
8L8—

9L8—T]

e/se/

Q3Z1¥Y 70—t~ JNIHA.I\IR.

oc ‘9/4

T 6ec - €59 |
- .u.\mm.m, " ™ Ay
seromesn | | 897 T35 €9
H_PU T | ONDNYIYE 16 fed—— G321V 70
= & o8 F—Ter
_AW\ W HHOMLIN \\,\;I.. ~8r -85
¢ o5 SNONTTYEN g5 \h\? 1°ON_TINNYED

TYNINIL GNNOYS.
. _LINOYID INITYNIIS 3LISOINOD

R. B. HEARN
HM. PRUDEN
OT751 Q- Rod

INVENTORS::

BYy:

ATTORNEY




Aug. 19, 1952

R. B. HEARN ET AL

2,607,843

REMOTE CONTROL AND SUPERVISORY SYSTEM

Filed Nov. 12, 1948

21 Sheets-Sheet 21

ALARM INDICATOR RECORD SERALND,
DATE ACTION TAKEN
TIME A
RECEIVED P | 8y
SENDING TROUBLE
OFFICE FOUND
RECEWING )
OFFICE DATE OK TIME ?| BY
SYNCHRONIZATION ~START CA FAIL SEND CKT. STATION TDENTFICATION
] cran. 1 JcHan 2 JIChN. 3
oN oN | off | on on | srer R H 1 2 4 5
SYNCRONZATION - STOP FoEL ||| Temr. ece Il oocr é0$ coc A
GAS HIGH U Cl ocC.
oN OoN | oFF | oN oN i Fow |l Yo oreN B rigy | v | ciear
~FUSES Z4AVOITS ABS i 130-VOLTS
HL REG. 24y EN- GEN. POS, Pos. NEG.
DISCH. l ST |8 vour J| Fac |J 1sov | 48V B FuE L R 74 ko4
e
. POWER CONTROL PANEL FALURE COML A.C. PR. GAS ENG.
20i- | g 205-W2o7- W 20i- B 20 W 205 B 2o7. ,
202w % 206w B 208w | 202¢ @ 204 M 206 | 2oss J| ™ | RESHREN FaL § oeer.
ALY. GONT. BAY - NO VOLT. OUT. NO VOLT. ~ TRANS. T0 MOT. ALT. MOTOR ALTERNATUR. FAL
201 205 207 Zot 203 205 207 [
2crz|| zoe” 208 I 202 ||| 208 ||| 206 I 208 I"a'” "O'ZHNO"" No.4
Rect. ||[ 48V RECTIER- IWERTER FAILIRE rect- || wor. acr ][ Mor ace || power [ conrd
FAIL H-L . INVERY. || |AC. MOT. EMG, TRS. TO FUSE
24/i30v ||| vour NG | No.3 oper ||} FaiL (| Faic |]|mor acy || alarm
" 64 KC PILGT ALARM AT NOW- SW. WAN 3096 (WG LINE) PLOT AT SW. MAIR
201 205 206
I - ==
2064 KC PILOT ALARM AT NOW-5W. MAWN 309 (SF. LINE) PILOT AT SW. WA
' 200|205 ||[ 20z ||[ 206
201 I 202 I Lzos ] | 204 | , zos—.l l 206 I 207 Lzﬂ a | 208 |“ 202 l 26
3 3036 KC PROT ALARM AT_NON-SW. MAIN SP. LINE FAIL AT SW. MAIN
202 206
201 |l 202 l zos 205 || 206 I 207 | Lza;l I 208 I I Zes ,
|| T || S
QT LINE FAIL AT SW. MAIN AUTO_SATTCH AT SW, MAIN AUTO. SW_LOEKED AT SW. MAIN
201 205 202 206 201 205 202 206 20} 205 202 206
203 B 207 Q) 206 W 208 | 203 ||| 207 ||| 204 ||| 208 [| 203 | 207 | 204 | 308
WORKING LINE AT SWITCHING MAM
20/ 202 | 203 | 204 | 205 | 206 | 207 | 208
PILOT ALARM AT AUX. STATION .
207~ 203- 205 - 207 -
| 208W 204 ||| 20ex ||| 200¢
CARRER SUPPLY
56 ||[kovF |[[Gen. ||| axe
FaiL il FaiL JIlrans || exo awm)
INVENTORS - 1 PRUDEN

" Qi S Reelle

AT TORNEY




Patented Aug. 19, 1952

2,607,843

UNITED STATES PATENT OFFICE

2,607,843

REMOTE CONTRs(y)'g AND SUPERVISORY
T

Richard B. Hearn, Hollis, N. Y., and Harold M.
Pruden, Maplewood, N. J., assignors to Bell

Telephone Laboratories,

EM

Incorporated, New

York, N. Y., a corporation of New York

Application November 12, 1948, Serial No. 59,704

20 Claims.

1

This invention relates to an alarm and control
circuit for an intelligence transmission system,
and more specifically to an alarm and control
circuit for enabling the supervision of a plu-
rality of unattended repeater stations by an at-
tended repeater station embodied in such system.

The automatic operation of an alarm and con-
trol circuit involving several unattended repeater
stations and an attended repeater station in co-
axial signaling transmission systems has been
long known. However, in those alarm and con-
trol circuits, the operating conditions at the un-
attended stations were assumed to be normal,
in the absence of a fault signal received at the

attended station. If for any reason a fault sig-

nal failed to be recorded in the attended station
to indicate the occurrence of the fault and/or
an undesired change in operation conditions at
the attended stations several hours may have
elapsed before the fault or changed operating
condition was made known to the operating per-
sonnel at the attended station. This may occa~
sion an avoidable interruption of transmission
service. In coaxial intelligence transmission sys-
tems arranged for transcontinental operation, it
is desirable to reduce interruptions of service to
a matter of seconds, and/or to eliminate them
entirely.

_ The present invention contemplates, accord-
ingly, supervisory techniques that tend to anti-
cipate the occurrence of certain faults in coaxial
transmission systems whereby a material reduc-
tion of fault occurrences as well as the time dura-
tion thereof may be effected.

The present invention therefore concerns an
alarm and control circuit of the remote super-
visory type for use in coaxial signaling trans-
mission systems whereby the operating personnel
at an attended repeater station may check the
operating conditions at each unattended repeater
station whenever desired; may cause the per-
formance of preselected operations of remotely
controllable mechanisms at each unattended re-
peater station; and thereafter may check such
performances  to ensure that the controlled
mechanisms are operating as intended.

The main object of the invention is to provide
an alarm and control circuit for supervising a
plurality of unattended stations from an attended
station 'in a coaxial intellizence - transmission
system.

Another object is to check the operating con-
ditions at each unattended station at will.

(CL 177—353)
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" A further object is to reduce the frequency of

occurrence of faults:

55

2

Another object is to reduce the time duration
of individual faults.

Another object is to request information from
preselected unattended stations, and to record
at the attended station the responses to such re-
quests.

Another object is to transmit operational order
signals to preselected unattended stations, and
to check the manner in which such orders have
been carried out thereat.

Another object is to provide a cable failure
alarm for reporting to the attended station the
occurrence of faults on the transmission line.

Another object is to condition for transmission
only one group of several groups. of unattended
stations at a given time.

Another object is to preclude interference in
the signaling transmission between a designated
unattended station and the attended station by
the other unattended stations in the same group.

Another object is to provide permanent records
of certain operating conditions at each unat-
tended station on a predetermined time hasis.

In a specific embodiment, the invention com-
prises an attended repeater station connectable
to one or more unattended repeater stations ar-
ranged in predetermined groups extending in pre-
selected geographical directions relative to the
attended station. Each unatiended station in-
cludes a station alarm sending circuit connected
to various alarm circuits therein for automatically
transmitting to the attended station a signal in-
dicating when a major and/or a minor fault
occurs thereat; and an indication sending ecir-
cuit for scanning predetermined indication points
in response to a certain order from the attended
station and sending to the latter station signals
corresponding to the conditions of the indica-
tion points. In this connection there is contem-
plated the sending of indication signals repre-
senting a possible 168 indication points at each
unattended station, the first five and the last five
signals constituting synchronizing signals. The
term “indication” as used therein refers to the
status of various operational conditions at each
unattended station, such for example, as the
functioning or non-functioning of transmission
lines, the condition of the order wire circuit,
whether the order signals sent from the attended
station to. particular unattended stations have
been fulfilled thereat, ete. An illustration of the
latter would be whether a gas engine actually
started after an order to start it at a preselected
unattended station had been sent thereto. This
may be accomplished by causing each unattended
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station to send signals corresponding to the
possible 168 indication points thereat.

The attended station comprises a bank of 168
neon lamps connectable to the 168 indication
points at each unattended station. Of these
lamps, the first five and the last five are con-
trolled by the ten synchronizing signals to indi-
cate synchronization between the remaining 158
indication points and the corresponding lamps.
The attended station also includes circuits for
sending code orders to the unattended stations

to select a certain one of the latter stations and

to perform thereat specific operations such, for

10

example, as those mentioned above concerning - .

the possible indications associated. with esch’

unattended station. The sending. of -operational
orders is achieved by dialing at the attended sta-
tion the code of individual unattended stations,
followed immediately thereafter by a code corre-
sponding to the operation to be performed
thereat. The 168 indication lamps are arranged
under ‘a translucent plate in’ -such manner
that a data sheet of letter size may be placed
over-it and the illuminated lamp positions man-
ually noted or recorded on the sheet. This will
provide a permanent record of the condition of
the indication points at each unattended statmn
at the time the record was taken.

The attended station further includes a lamp
mechanism for receiving the'major and/or minor
alarm signals sent out from the individual unat-
tended. stations, and for identifying the unat-
tended. station originating the alarm signal as
well as whether the alarm was.a major or minor
type: ‘and thereafter for sending out an order
signal for causing the particular unattended sta-
tion initially originating the alarm signal to
repeat it. This will afford a .determination
whether the initial alarm signal was due to a
transitory or permanent ‘fault. In this connec-
tion, a transitory fault will not cause the repeti-
tion gf-the initial alarm signal whereas a perma-
nent fault will effect immediately a repetition of
the initial alarm signal.

Three composite signaling channels and a neu-
tralizing channel provide the necessary circuits
for transmitting signal pulses and steady-state
current between the attended .and unattended
stations. “Two types of composite signaling cir-
cuits ‘are utilized, one being a ground terminal
and the other a battery terminal. Each section
of transmission line.extending between adjacent
stations employs a battery terminal and a ground
terminal, the battery terminal being connected
to the end of the line section farthest from the
atténded station and the ground terminal on the
end. of the line section nearest to the attended
station. A fourth .signaling channel serves to
neutralize 'Interference in the electromagnetic
relays. utilized in .the three composite signaling
channels by aiding in the suppression of longi-
tudinal.currents and in the prevention of cross-
fire between the three composite signaling chan-
nels.

Channel | transmits a 51gnal to: the attended
station when the channel is seized by an unat-
tended station in response to the occurrence of a
fault thereat. If the attended station is free to
receive, alarm signals, it responds to the seizure
signal by .sending a signal over channel.l to the
faulty unattended station to proceed with the
sending of the major and/or minor alarm signals,
to the attended station. Channel | is therefore
adapted: for two-way transmission. Channel -2
transmits order signals from the attended station

15

4
to the unattended stations and synchronizing sig-
nals from the unattended stations to the attended
station. Channel 2 is therefore adapted for two-
way transmission. Channel 3 transmits indica-
tion signals in the direction from the unattended
stations toward the attended station, and is
therefore adapted for one-way transmission only.
Vibrating circuits associated with the three
composite signaling channels serve to reform the

‘signals thereby compensating for signal distor-

tion by shortening long pulses and lengthening
short pulses and in addition serve to repeat the
signals in both directions. When one or more
unattended: stations intervene between the

‘attended station and the particular unattended
-station originating the alarm signals, all inter-

" vening unattended stations repeat the alarm sig-

" nals.-
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The three composite signaling channels
and the neutralizing channel together with the
attended and unattended stations connected
thereto include ecircuit provisions for sequence
and lock-out .operation to -preclude interference
between an-unattended station originating alarm
and/or indication signals and the remaining
unattended stations in the same group when the
former unattended -station is -engaged -in ‘trans-
mitting such signals. The attended station also
includes circuit -provisions for directional ‘lock-
out operation to -preclude interference between
two or more groups of unattended stations con-
nected to the attended station. The signaling
channels include a cable failure -alarm whereby
the over-all transmission system may be sec-
tionalized for locating points of cable failure.

A feature -concerns automatic operation
whereby -a ‘fault originating in any unattended
station is immediately reported in the attended
station. ‘Thisinvolves seizure of channel I bythe
fault ‘unattended station and the sending of a
signal by the latter station to-the attended sta-
tion; and, subsequently, a return signal sent. out
on channel - by the attended station that the
systein-is conditioned for the transmission of the
alarm -signals by the fault unattended station.
Another feature involves the identification in the
attended station of -the unattended-station origi-
nating the alarm together with -an indication of
the -type of alarm, i. e., whether the fault-is a
major or minor one. Another feature relates to
a lock-out ‘cireuit in each unattended -station
whereby when one unattended station is engaged
in -the process of -transmitting alarm signals to
the attended station, the transmission of alarm
signals from all other unattended stations is held
up. A further feature relates to the directional
lock-out circuit in the attended station whereby
alarm signals from unattended stations extend-
ing in all but one geographical direction are held
up while alarm signals from unattended stations
extending in the one geographical direction are
transmitted to the attended station. 'The alarm
signals so held up will not be transmitted until
the signaling channels of the respective groups
of unattended stations are conditioned for signal
transmission.

‘Another feature relates to a circuit in each
unattended station for recognizing the termina-
tion of the pulses required for identifying both
the particular unattended station originating the
alarm-pulses and the type of alarm, i. e., whether
a major or minor one. Another feature involves
a recheck circuit whereby an operator at the
attended station may cause each unattended sta-
tion sending in an alarm to repeat the alarm
signal. This will provide an indication for the .
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operator whether original alarm signal was due
to a transitory fault or a permanent fault; if due
to a transitory fault, the fault or alarm indicator
will not be reactuated in the attended station;
and if due to a permanent fault,the fault or alarm
indicator will be reactuated at the attended sta-
tion.

Another feature relates to the use of balanced
circuits whose differential current serves to con-
trol the operation of electromagnetic relays em-
bodied therein. This enables two-way signal
transmission on one line conductor. Another
feature involves a storage of the major and minor
alarms at the attended station so that the alarms
will not be lost until cleared and so that new
alarms may be received from the same or a differ-
ent unattended station.

Another feature concerns an arrangement for
scanning a possible 168 indication points at each
of the unattended stations and indicating the
conditions of such indication points at the at-
tended station. This arrangement also serves to
isolate unattended stations more remote geo-
graphically from the attended station than the
unattended station whose above-mentioned 168
indication points are in the process of being
scanned; and to hold up the transmission of sig-
nals originating in all unattended stations other
than the unattended station whose 168 indication
points are being scanned. A further feature re-
lates to synchronizing mechanism whereby each
indication point scanned at each unattended sta-
tion will be indicated by the proper lamp at the
attended station. A feature involves a lock-out
circuit for preventing the transmission on channel
2 of signals tending to outgo from the sending
director circuit at the attended station during
intervals when the indication sending circuit at
one of the unattended stations is engaged in send-
ing out on channel 3 indication sighals corre-
sponding to the condifions of the indication
points at such unattended station. A feature
includes a cable alarm circuit for indicating the
occurrence of a fault on each of the signaling
channels and for isolating. the channel section
on which such fault has occurred but permitting
signaling transmission from unattended stations
closer to the attended station. Another feature
concerns & neutralizing circuit common to the

three composite signaling channels for enabling .

the normal operation of these channels regardless
of the existence of relatively large amounts of
alternating current and/or direct current ground
potential.

The invention will be readily understood from
the following description taken together with the
accompanying drawing in which:

Fig. 1 is a box diagram showing a plurality
of unattended repeater stations connected to an
attended repeater station from each of four differ-
ent geographical directions, all of which repeater
stations are adapted to include an alarm and
control system In accordance with a specific em-
bodiment of the invention;

Fig. 2 is a box diagram showing the box dlagram
of Fig. 1 with additional circuit details;

Fig. 3 is a schematic circuit diagram of the
attended repeater station of Figs. 1 and 2 showing
an alarm receiving circuit in accordance with the
specific embodiment of the invention;

Fig. 4 is a schematic circuit diagram of the
‘attended repeater station of Figs. 1 and 2 show-
ing a portion of the composite signaling circuit
ground terminal;

Fig. 5 is a schematic circuit d1agram of. the
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6
attended repeater station of Figs. 1 and 2 show-
ing the sending director circuit; :

Figs. 6 and 7 are schematic circuit diagrams of
the attended repeater station of Figs. 1 and 2
showing an indication receiving ecircuit in ac-
cordance with the specific embodiment of the
invention; ‘

Fig. 8 is a schematic circuit diagram of the
attended repeater station of Figs. 1 and 2 show-
ing a cable failure alarm receiving circuit in ac-
cordance with the spec1ﬁc embodlment of the
invention;

Figs. 9 and 10 are schemadtic circuit dlagrams
of the unattended repeater stations of Figs. 1 and
2 showing- a station alarm sending circuit and
portions of the composite signaling circuit ground
and battery terminals in accordance with the
specific embodiment of the invention; )

Figs. 11 and 12 are schematic circuit dlagrams
of the unattended repeater stations of Figs. 1. and
2 showing a receiving director circuit in accord-
ance with the specific embodiment of the inven-
tion.

Fig. 13 is a schematic cn'cmt diagram of the
unattended repeater stations in Figs. 1 and 2
showing a further portion of the composite signal-
ing circuit battery terminal of Fig. 10;

Figs. 14, 15, 16 and 17 are schematic circuit
diagrams of the unattended repeater stations of
Figs. 1 and 2 showing an indication sending cir-
cuit in accordance with a specific embodiment of
the invention;

Fig. 18 is a schematlc circuit diagram of the
unattended repeater stations of Figs: 1 and 2
showing a further portion of the composite signal-
ing circuit ground terminal of Fig. 9; -

Fig. 19 is a schematic. circuit diagram of the
unattended repeater stations of Figs. 1 and 2
showing a cable alarm sending circuit in accord-
ance with a specific embodiment of the invention;

Fig. 20 is a schematic cireuit diagram of the
attended repeater station of Figs. 1 and 2 show~
ing the remaining portion of the composite signal-
ing circuit ground terminal included in Fig. 4 and
the directional lock-out circuit associated with
the alarm receiving. circuit in accordance with
the specific embodiment of the invention; -

Fig. 21 shows the arrangement of the circuits
of Figs. 3 through 20 for the most expeditious
understanding of the specific embodiment of the
invention; and

Fig. 22 shows a data sheet for indicating oper-
ating conditiong at the unattended repeater sta-
tions for the purpose of a permanent record.

The complete alarm and control system shown
in Figs. 1 and 2 in accordance with a specific’ ‘em-~
bodiment of the invention consists of one at=
tended repeater station and one or more groups
of unattended repeater stations extending in the
same or different geographical directions. These
repeater stations are of a type utilized for the
transmission of intelligence. Each unattended
station is connected to the attended station by
four conductors, either directly or through other
unattended stations in the same group and sepa-
rate from the coaxial signalling transmission’
system per se. Thus the same four conductors
serve to provide control circuits for all stations
in the same group. Fach fou”—conductor link
between adjacent stations with same group is
equipped with a composite signaling eircuit. at
each end. These composite signaling circuits en-
able the four conductors between stations . to
provide two signaling paths from the attended
station to all una*tended statlons 1n the same
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group and- three signaling paths from each un-
attended station in the same group to the at-
tended station as well as a path for neutralizing
the effect of extraneous currents on signaling
transmission on the aforementioned paths.
‘Major and minor alarms originating at ‘the
unattended stations are transmitted to the at-
tended station by means of a station alarm send-
ing circuit at each unattended station 'ahd a
station alarm receiving circuit at the attended
station. When an alarm originates at an un-
attended station in response to the occurrence
of.a fault thereat, this unattended station seizes
control of signaling channel 1 extending to the
attended :station and sends a ground signal over
this ehannel to the latter station and waits for
the attended station to reply automatically by
sending a battery signal back over the same
channel to the fault unattended station, and
thereafter the fault unattended station transmits
a series of fault sighal pulses to the attended
station. - The number of fault signal pulses
transmitted indicates the identity of the unat-
tended station and the major or minor char-
acter of the alarm. The station alarm receiving
circuit at the attended station counts theé fault
signal pulses, operates an audible alarm and ern-
ergizes a lamp to indicate the identity of the
station ¢riginating the alarm and the major or
minor c¢haracter of the alarm. This alarm in-
dication may be wiped out at the attended sta-
tion whereby the fault unattended station is
éaused to repeat the alarm signal for the purpose
of ascertaining whether the fault still exists.
Certain preselected operational order signals
as previously identified may be transmitted from
the attended station to individual unattended
stations by means of a sending director circuit
at the attended station for initiating the order
signals and a receiving director circuit at in-
dividual unattended stations for responding to
the order signals. The sending director circuit
contains a telephone type dial that is operable
in the usual manner to send order signals. Each
order signal is transmitted by dialing three
digits. 'The pulses representing these digits are
transmitted by the composite signaling circuits
over channel 2 to the receiving director circuits
in. the unattended repeater stations. The first
digit indicates the designated unattended sta-
tion to which the order signal was directed. All
unattended stations in all groups count the pulses
of this digit. The designated unattended sta-
tion recognizes this digit and prepares to count
the pulses in the next two digits while all other
. unattended stations stop counting and ignore
the remaining digits of the order signal origi-
nated by the sending director circuit. The re-
ceiving director circuit in the designated un-
attended station counts the pulses of the second
and third digits and upon the completion of the
reception of the order signal causes the pre-
selected operational order represented by these
digits to be carried out. The sending director
circuit at the attended station contains relays
which count the pulses of the first digit of each
sending director order signal so as to restore
the energization of the major and/or minor
slarm indicating lamps associated with the
designated station each time the sending di-
rector circuit is operated for the transmission
of order signals.
."Other preéselected operational orders such, for

éxample, .as an order to: send information re- _

garding certain conditions may be initiated by
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the sending director circuit at the attended sta-
tion on channel 2 and responded o by an in-
dication sending circuit at each unattended sta-
tion and an indication receiving circuit at the
attended “station for the purpose of obtaining
information concerning the certain conditions
at each unaftended station. This information
is transmitted from one unattended station at
& time to the attended station over signaling
channels 2 and 3. In response to such opera-
tional order signal, the indication sending circuif
at the designated unattended station  goes
through a predetermined cycle of operations that
causes all existing information on the certain
conditions thereat to be transmitted to the at-
tended station. Information en each of the
certain conditions is indicated by an open or
closed condition of a pair of contacts associated
with each such condition at the unattended sta-
tion. The system described and illustrated
herein, will transmit indication signals concern-
ing 168 pairs of contacts at each unatfended
station. The indication receiving circuit at the
attended station contains 168 lamps, one lamp
corresponding to each pair of the 168 pairs of
contacts at each unattended station. During
the operation of the predetermined cycle of the
indication sending and receiving system involving
one unattended station and the attended station,
the indication sending circuit at the designated
unattended station generates a series of syn-
chronizing pulses and transmits these pulses
over channel 2 to the attended station. These
synchronizing pulses serve to activate a scanning
circuit at the attended station whereby the send-
ing and receiving ends of channel 3 in turn
are connected successively to one pair of the 168
pairs of contacts at the unattended station and-
the corresponding lamp in the attended station.
Each time the indication sending circuit at the
designated unattended station encounters a closed
pair of contacts, an indication signal pulse is
transmitted over channel 3 to energize the cor-
responding lamp in the attended station. Each
such. indicator signal pulse is accompanied by
a particular synchronizing pulse on channel 2
to insure that the indicator signal pulse is as-
sociated with the proper lamp. These 168 lamps
at the attended station corresponding to the 168
pairs of contacts at each unattended station are
placed under a translucent plate on a writing
shelf or the like so that a permanent record of
conditions in the unattended station may be ob-
tained by manually placing an appropriately
marked sheet of paper on top of the translucent
plate lamp bank and suitably manually marking
such paper on each spot under which -a lighted
lamp is shown. Interlock circuits are provided
at all unattended stations to limit the aforesaid
signaling operations to one unattended station
and the attended station at a given time.

Cable failure alarm signals are provided by
cable failure alarm sending circuits in all un-
attended stations and a cable failure alarm.re-
ceiving circuit in the attended station. These
circuits operate to produce alarm signals at the
attended station in case of failure of signaling
channels 1, 2 or 3 and provide means for isolat-
ing the defective section of the cable whereby
the portion of the control system lying between
the fault section and the attended station is
permitted to operate on a normal basis.

The detailed operation of the alarm and con-
trol system shown in Fig. 2 will be explained
hereinafter with reference to the description and
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eperation of the components located in one un-
attended station and in the attended station
shown in Fig. 1. With reference to Fig. 1-it will
be obvious that the unattended stations may be
connected to the attended station from at least
four geographlcal dlrectlons

Stabzon alarm sendzng czrcuzt

Figs 9 and 10 provwle a circuit at each unat-
tended station, for transmitting a major and/or
a minor alarm signal to a station alarm receiv-
ing circuit, Figs. 20 and 3, located in a distant
attended station. This transmitting circuit
consists primarily of 3 pulse generating cir-
cuit; a pulse frequency dividing circuit consist-
ing of relays 22, 23 and 24, a reentrant counting
chain consisting of relays 25 through 30, and
a composite signaling eircuit battery terminal.
This transmitting circuit also includes & plu-
rality of starting or fault relays 2 and ‘4, each
being adapted to cause this transmitting ¢ircuit
to seize control of the conductor used for trans-
mitting station alarmgs and to start the pulse
generator circuit to the attended station, in

response to the occurrence of a major or minor

alarm condition. The pulse generator circuit
transmits pulses over the signaling channel con-
necting each unattended station to the station
alarm receiving circuit at the attended station;
and also operates the counting chain. ~ Each urn-
attended station transmits an alarm signal in
the form of a predetermined number of pulses.
Two different pulse numbers are’ assigned to
each unattended station, cne number to indicate
o minor alarm and a different number to indi-
cate & major alarm. The number of pulses for
g major alarm is always one less than the num-
ber of pulses for a minor alarm. For example,
when ten unatiended stations are connected

chain-like to the attended stations, the unat-

tended station lying nearest to the attended
station may be assigned the code pulses of three
and four, three to identify a major alarm and
four a minor alarm; the unattended station ly-
ing second nearest to the attended station may
be assigned the code pulses of five and six; and
the third through the tenth unattended stations
in sequence may be assigned the code pulses of
seven and eight through twenty-one and twenty-
two, respectively. Thusly, the code pulses serve
to identify both the type of alarm signal, major
or minor, and the unattended station in which
the alarm signal originated. When the unat-
tended stations are connected in two or more
groups to the attended station, a similar code
pulse arrangement may be used. When a cer-
tain predetermined number:of pulses has been

produced the local counting’ chain closes a cir-.

cuit to operate relay 6 to stop the pulse generator
and permit the distant station alarm receiving
circuit to register the call on the proper annun-
ciator lamp. }

Any fault arising "in an unattended station,
PFigs. 9 and 10, requiring the operation of a minor
alarm signal in the station alarm receiving cir-
cuit at the attended station, Fig. 3, connects
ground to lead 340 which extends through a con-
tinucus contact of relay 2, and operating ‘wind-
ing of relay 1 to battery. This causes a momen-
tary operation of relay | whereby the ground
fault on lead 340 is applied via the upper front
contact of relay { and the operating winding of
relay 2 to battery. Relay 2 operates and locks
up through its outer lower front contact to the
ground fault on lead 340, and interrupts the
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operating circuit for relay [. "As a consequence
of the momentary operation of relay I, the
ground on the lower front contact of this relay
is applied to the operating winding of relay 5
to effect the momentary operation thereof." Re-
lay 5 in operating removes holding ground-from
relay 6 by interrupting its helding circuit com-
prising operating winding and the upper inner
front contact of relay 8, lead %a, inner upper
front contact of relay 2,-back contact of relay
5, lead 341 in Figs.'9, 12 and 11, and back con-~
tact of relay 159 in Fig. 11,  Thus, the opeération
of relay -5 restores relay 6 to the normally un-
operated condition in the event that the latter
relay was left-locked up as-a result-of the trans-
mission of a previous alarm: signal.

- The cperation of relay 2 and thsz restoratlon
of relays- 1 and § to the normally unoperated
condition connect ground from- the back contact
of relay 189 in Fig, 11, lead 341 in Figs. 11, 12
and-9, back contact: of yelay 5, upper ihner con-
tact ‘of relay 2, lead 5a-in Figs. 9 and 10, inner
back contact of relay 6, operating winding -of
relay 1, and battery. Relay T operates to con-
nect ground via its inner upper front contact to
the .operating ‘winding and battery of relay 8
which thereupon operates. Ground: on lead 34i-
is ‘also connected via back contact.of relay 5,
upper outer contact of relay 2, leads 6 in Figs.
9 and 10, outer upper back contact of relay 6, .
contact of relay 11, operating winding of.relay
9 to battery. The latter relay operates, provided.
that relay il in the’ unattended station under
discussion . and possibly. in cther . unattended
stations are not being held operated by alarm
sighals originating in an unattended station.lo-
cated more distantly from the attended station
than the unattended station being presently dis~
cussed. In:the event that alarm signals are in
the process of transmission from siich more dig-
tantly located unattended station, the operation
of relay ¢ in the unattended station under. dis-
cussion is delayed until -relay il in the latter
station is released.:

For the purpose of thls descrxptlon 1t w111
be assumed at the moment that. relay. 9 in the.
unattended . station, under present discussion,
operates, and further that the.same relay .in
other unattended stations remains in the. nor-
mally unoperated condition. The operation of
relay 9 transfers lead 342 from lead 344, to the
upper front contact of relay 8, lead {2q, winding
of relay 12, and.back contact of relay I3 to
ground, thereon. It will be understood that nor-
mally lead 342 is:connected via continuous con-
tact of relay 9 via lead 344, back contact of relay:
284 'in Fig. 19, and.lead 343 to the- composite
signaling mrcult and thereby to the.relay 9 in-
other unattended stations located more distantly
from the attended station than the unattended
station under discussion at this time in the de-
scription. - Ground on lead 342¢ in Fig. 9 operates
both:relay- 12 in Fig. 9 and relay 32 in Fig. 10
at the. same time. As a result:the ground on
the upper front contact of relay 82 is substituted
for the battery which is normally on the back
contaet of this relay. : This operation of relay
32 applies ground signal to the junction of wind-
ings 42 and 43 of relay 36. From this junetion,
a, ground sighal is further applied via winding:
43 of relay 36 to lead 348 which extends through
winding 49 of relay 54 and lead 349¢ to- ground
on contact 453 of relay 447 in Fig. 20. ‘At the
same time, the ground signal from the - above=
noted junction at relay 36 in Fig. 10 is applied
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via, winding 42 of the latter relay to the balancing
network connected thereto

It will be noted that a similar balancing net-
work is connected to winding 48 of relay 54 in
Fig. 20. As a consequence, ‘relay 54 operates,
but relay 36 does not for reasons which will be
hereinafter mentioned. Relay 54 in Fig. 20 in
operatmg produces operatlons in Pigs. 20 and 3
in the attended station that cause a battery. sig-
nal to be a.utomatlcally transmitted back over

lead 348 to operate relay 36 in Flg 10 as soon as.

the attended station is ready to receive addltlonal
signals from the unattended station -under dis-
cussion. Relay 36 now operates and interrupts
ground on its back contact and applies battery
vig its front contact to lead 345, front contact
of relay 9 to the operating winding of relay. I4.

This relay operates to connect ground over its

mlddle front contact, contmuous contact of relay
{5 and condenser 16 in Flg 9. This mdlcates
that the signaling channel extending between
the unattended statmn under discussion and the
attended station, Flgs 20 and 3, is cleared for
signaling transmission therebetween; and simul-
taneously therewith activates a pulse generator
circuit including relay i3 for operation in the
manner that will now be explained. In the event

an unattended station nearer to. the attended
statxon than the unattended station under dis-.

cussion is in the process of transmitting alarm
signals to the station alarm receiving. circuif
at the attended station, the above-mentioned
battery signal returned on lead 348 is delayed
whereby the .operation of relay 14 is delayed
until-the signaling lead 348.is cleared. for sig-
naling transmission thereover.

- In the normal condition, relay 13 in Fig. 9
is held with its back contact closed by the flow
of battery current through its secondary wind-
ing and resistance {1. When relay 14 is operated
to.ground the junction point of resistance 15 and
condenser 16 as above mentioned, the condenser
charges through the secondary winding of relay
{3. The direction of flow .of this charging cur-
rent is such that the armature of relay {3 is
held: against its back confact. Ground on the
above-noted junction. point of resistance 15:-also
causes. a flow of battery. current through- re-

sistance. 18, primary winding of relay (3 and.

resistances. 19 . and 15 to ground.. The flow of
this current is in the direction tending to operate
relay 13 but this current produces. fewer ampere
turns in relay i3 than the condenser charging

current so that-the relay remains with its back:
contact closed until the. condenser ' becomes:

charged to the point where the ampere turns
of- the primary winding. are.greater than. the
ampere turns of the secondary winding.
latter condition causes.relay 13 to.operate which

thereupon removes. ground: from the circuit pre-

viously traced through the winding:of relay 12
and front contacts. of relays 8 and 8 to the send-
ing lead 342.
relays. 12 and: 32.
rupts the ground on. lead 348 and thereby trans-

. mifs to the station alarm receiving circuit. the.

first of a preselected group of similar battery
pulses for actuating an: appropnate 51gna1 in-

dicator in the attended station for identifying

the kind of fault, minor-or major, and. the par-
ticular unattended station sending in the. alarm.
Relay 13 in operating also ‘connects. ground

through its front contact to.close-a clrcuit from.
battery through: res1stances ‘20 and. 19, the pri-

“The.

This.ground removal releases both-
The release of relay 32 inter-.
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mary winding of relay {3 to ground. This cailses
a current flow in the primary winding of relay
13 in a direction tending to cause the relay to
release. Closure of the front contact of relay (3
also closes a path from condenser 16, through
the secondary winding of this relay to cause
the condenser {6 to discharge and thereby hold
the relay operated until the discharge current
falls below the value at which it overcomes the
current through the primary winding of the
relay. Relay 13 then releases to close its back
contact. This terminates the operating cycle for
effecting thé fransmission of the first signaling
pulse.

‘When relay 13 releases, ground on its back
contact serves to operate relays 12 and 32 again
whereby a second ground signal is applied to
lead 348; and when relay {3 operates again to
release relays 12 and 32, the ground signal on
lead 348 is interrupted thereby completing the
transmission. of the second signaling pulse of ‘the
preselected group of signaling pulses. Relay (3
then releases to close its back contact and thereby
terminate the operating cycle for the transmis-
sion’ of the second sighaling pulse. The operat-
ing cycle is repeated approximately at the rate of
ten times per second, for example, until the pre-
selected group.of signaling pulses has heen sent
out for. the alarm purpose previously mentioned.
The circuit will recognize the end of the pre-
selected group of signaling pulses by operating
relay 6 and thereby removing ground from the
junction point of resistor 5 and condenser 11.
The counting of the preselected group of sig-
naling pulses is achieved:in a manner which will
now he explained.

Relays 22, 23 and.- 24 in Fig. 10 provide a pulse
frequéncy dividing circuit -arranged so that the:
first closure. of both. front contacts of relay 12
causes the operation of relay 24, by connecting
ground ‘over the inner front contact of relay (4,
lead. 14b, upper front contact of relay 12, lead
Mc, upper back contact of relay 22 to the wind-
ing and battery of relay 24. Relay 24 locks up
through a. eircuit, including battery and winding
of relay. 24, primary winding of relay 22, back-
contact of relay 23, upper front contact of re-
lay ~24, outer upper front contact of relay 7
and ground. As a consequence. relay 22 oper-
ates on. its primary winding when relay (2 re-
leases. at the end of the first pulse to remove.
ground from this winding via the front contact
of relay 12. The second closure of relay. 12 op-
erates relay 23 on its primary. winding through
the secondary winding of relay 22 and holds re-
lay 22 operated on the latter’s secondary wind-
ing. . The operation of relay 23 opens. the pre-
viously traced locking circuit for relay 24 where-.
upon the latter releases immediately. Release.
of relay 12 af the end of the second pulse opens
the holding circuit of relays 22 and 23 so that
both of these relays thereupon return to.normal.
This cycle of operation of relays. 22, 23 and 24
is repeated for. each.two ground pulses received,
thereat from relay 2.

It will be noted that the above-described se-
quence of operation.causes-ground from. a lower-
most. front-contact. of, relay 1 to appear on a front
contact. of relay 22‘ after -each odd—numbere_d
pulse. and causes. the same ground to appear on
a back contact of relay 22 after each--even-
numbered. pulse. - :

Relays 25 through 30- in-Figs. 9 and 10 pro-
vide a reentrant type of counting chain arranged:
to-count a maximum of ten pulses. Obviously;
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the number of these relays will vary depending
on the number of unattended stations included
in the system of .Figs. 1 and 2 as pointed .out
later herein. ‘The first closure of lead 384 to
the lower front contact of relay 22 causes the
operation of relay 25 on its primary winding

through contacts of relays 28; 26, 27 and 29 in.

sequence. Relay 25 in operating locks up on
its secondary winding: through contacts of re-
lays 25, 26, 27, 28 and 29 in sequence to-a ground
contact of relay 8. Relay 2% in operating also
prepares the counting relay circuit so that the
first. ground pulse transmitted over lead . 385
from .relay 22 operates relay:26. Relay 26 in
operating releases relay 25 and prepares relay
27 for operation on the next pulse on lead 384.
Successive ground pulses transmitted alternately
on leads 384 and 385 continue to advance the
counting relay chain until relay 28 is operated.

The next successive ground .pulse transmitted |

on lead 385 operates relay 38 but does not re-
lease: relay 29. Relay 30 in operating connects
lead 386:to a new set of contacts on relays
25 through 28. Relay 30 when operated remains
operated until the entire counting relay circuit
has been released upon the completion of the
signaling operation. After relay 30 has oper-
ated, the next or seventh pulse operates relay
25 for the second time and the counting relay
chain continues to advance as long as the pulses
are received from the pulse frequency ‘dividing
relays 22, 23 and 24.

“"When the preselected group of puises has been
reached’ for identifying the particular unat-
tended station as previously pointed out, ground
from the lower front contact of relay 12 is ap-
plied over lead 388, certain contacts of relays
26 through 29 of the counting relay chain, and
one ‘of the optional leads 433 through 436, Fig.
9, to lead 432 which is connected to a front con-
tact of relay 4 and to the winding of relay 6.
Relay 6 operates to remove ground from the
junction of resistor (5 and condenser 1§ and
thereby to stop the aforementioned operation
of relays 12 and i3. The lower front contact
on relay 6 connects ground via a contact of re-
lay (4, lead 14d, winding of relay 12, contacts
of relays 8 and 9, lead 342 to the winding of re-
lay ‘32 and battery. As previously mentioned
this transmits a ground pulse to the station
alarm receiving circuit in Figs. 20 and 3 in the
attended station whereat a suitable alarm is
actuated. This alarm. will identify the. unat-
tended station from which the alarm was re-
ceived and whether the. alarm was a minor or
major one in a manner that will be presently
mentioned. Relay 6 in operating locks up
through resistance 3! to inner upper front con-
tact of relay 6, lead 5q, upper inner contact of
relay 2 and back contact of relay 5 to ground on
lead 34i. Relay 6 now releases relays T and
8 in sequence to release relay 32 and terminate
the ground on lead 348 after the ala,rm has
been registered in the station alarm receiving
circuit at-the attended station, Figs. 1, 2, 20 and
3. Relay (4 remains operated until released by
the removal of ground from lead 345 in response
to an appropriate signal from the attended sta-
tion in a manner to be explained later. Relay
14 on releasing then releases relay 9 to connect
lead 342 via its continuous contact to lead 344
which is the normal path permitting signaling
transmission from more distant stations through
the particular unattended station now under dis-
-cussion and thence on to the attended station.
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Relay 9 in releasing also restores the path from
lead 345 to lead 346 of the signaling: circuit ex-.
tending . toward more distant unattended sta-
tions, thereby enabling the transmission of
signals from a nearer unattended- station ‘to
the next more distant unattended station and
vice versa. . =

-Any fault condition arising in the unattended
statlon under discussion and requiring the:op-
eration of a major alarm signal in the station
alarm receiving circuit at the attended station,
Figs. 1, 2, 3 and 20 connects ground to lead 341
in Fig. 9 for effecting the operation of relays 3
and 4. The operation of the circuit in Figs. 9,
10 and 11 is the same as that given above for a
minor alarm except that one less pulse is frans-
mitted from this unattended station to the at-
tended - station. In this case ground from the
lower front contact of relay i2 is applied over
lead 386, one of the optional leads 438 through
441, and-lead 437 to a contact of relay-4 and
thereby to lead 432 which is connected to the -
winding of relay 6 as previously mentioned; . The
operation of relay 4 therefore ties together leads
432 and 437 so that all signals transmitted from
the unattended station under discussion will.ap-
pear in the station alarm receiving station of the
attended station, Figs. 1, 2, 20 and 3 -as-a major
alarm. until relay 4 has been released.

As shown in Figs. 1 and 2, it will be understood
for the purpose of this explanation that the un-
attended station nearest to the attended station
is adapted to transmit three pulses to indicate a
major fault and four pulses to indicate a minor
alarm; the second nearest unattended station to
send five and six pulses to indicate the major
and minor faults; and the remaining unattended
stations to use an increasing number of pulses
as explained hereinbefore. In this connection
it will be obvious that the number of reélays
included in the reentrant counting chain of relays
25 through. 30 will depend on the number of
unattended stations included .in the system and
therefore the number of signal pulses. that
will require counting. Where the pulses to be
counted are less than ten in number, the cournt-
ing relay chain will obviously advance only part
way; and where the pulses are more than ten,
the counting relays 25 through 30 will include
an adequate number of relays to perform the
required counting.

For purposes of recheck of the above-men-
tloned minor and major alarms, each operation
of relay 159, in a manner that will be subse-
quently identified, of the receiving director cir-
cuit in Figs. 11 and 12 removes ground from lead
34t Whereupon relay 6 is released if relay 6 hap-
pened to be operated as a result of having trans-
mitted an alarm signal in a previous operation.
Reapplication of ground to lead 341 in response
to the operation of the receiving director. circuit
causes relay 9 to reoperate and the circuit in
Figs. 9 and 10 repeat the above-explained pro-
cedure. of transmitting a minor or major alarm
depending on whether relays 1. and 2 or 3 and 4
were initially operated. This will serve to dis-
tinguish transitory and permanent faults. A
permanent fault will cause a reactuation of the
fault or alarm indicator in the attended: station
whereas a transitory fault will fail to cause-a
reactuation of such fault or alarm indicator. .

In order to provide means for transmitting an
additional alarm signal from each unattended
station while an alarm signal therefrom is effec-
tive in the above manner, it is necessary to pro-
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vide as-many relays | and 2 as there are possible.
sources: of minor alarms and as many relays 3

and- 4 as there are possible sources.of major
alarms. ‘Relay | or 3 will cause a momentary
operation of relay § in Fig. 9 to release relay 6
and thereby cause a repetition of the minor or
major alarm sending cycle each time an addi-
tional relay 2 or 4 is operated for each new
fault. Relays 2 and 4 also provide indication
leads: ID whose purpose will be explained later
herein.

The- composite signaling circuit ground ter-
minal for receiving. signals from more distant
stations is shown in the box in Fig. 9; and it will
be understood that this signaling circuit is iden-
tical with the. composite signaling circuit illus-
trated in detail in PFig. 20. Alarm signals from

the more distant stations are received over lead

383 by the composite signaling circuit in Fig. 9,
and sent therefrom- over lead 343, through back

contact of relay 284 in the cable failure alarm-

sending circuit, Fig. 19, lead 344, continuous con-
tact of relay 9, lead 342 to the winding of relay
32 in Fig. 10. Relay 32 operates in the manner
previously explained to pass the sighals. to the
station alarm receiving circuit.

Composite signaling circuit—Battery terminal—
Channel No. I-—Unattended repeater station.

 Asmentioned previously herein, the pulses from
the .pulse generator including relays 12 and 13
in Fig. 9. are sent over lead 342 and transmitied

over the signaling lead 348 in Fig. 10 to.the station.

alarm. receiving circuit.in attended station, Figs.
20-and 3. In the normal condition in Figs. 20

and 3, 9.and 10, lead 342 is connected to lead 344

in Fig. .10; and relay 32 in. Fig. 10 is. released

whereby battery is applied to a circuit. ineluding

the back. contact of relay 32, noise attenuating

coil 34, and résistance 35.in Fig. 10. After the
the circuit. splits. into ftwo

Iatter resistance,
branches a first branch including winding 42 of
relay’ 38, resistance 37, a balancing network con-

stituting an artificial line to balance the line lead

348, and junction of resistances. 38 and 39 form-
ing a potentiometer between ground and battery.
for reducing the voltage applied to the balancing
network to one-half of the battery potential and
a 'second branch including winding 43 of relay 36,
resistance 40, line lead 348 in Fig, 10 and lead
348, resistor 58, and winding 49 of relay 54 in
Fig. 20. After this point the circuit divides into
two branches; a first-branch including winding
48 of relay- 54 resistor 55, a balancing network

constitutmg an-artificial line to balance the line :

lead: 348, and junction of resistances 56-and 57
forming: a potentiometer between ‘ground. and &
battery for reducing -the voltage applied to the
balancing- network to- one-half’ of- the battery
voltage- and a second branch including-resistor
41, noise’ attenuating- coil 46, lead- 3490, contact
453 of relay 447 and’ ‘ground:
. With- battery applied to the back contact of
relay 32 in Fig:. 10 (and thereby to-the- associated
- endiof lead 348)- and ground applied to contact
'453.of relay 447 in Fig. 20- (and ‘thereby to-the
. assoeiated-end-of lead 348), the-current through
. the winding 43-of -relay 36 Hows over line 348-in

a direction tending to operate relay--36 -to-its

i back: contact. At the same- time, the flow of
current over -line 348 and through- winding 42
of:relay 36-is-in a direction tending to- operate
this: relay to: its front contdct: However, the
amount.of current in winding 43 is approximately
twice that in- winding 42. As a consequence
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relay 36 remains on its back contact. With.relay
36.in the foregoing condition, ground is applied:
via its back contact to.lead 345.

‘When, however, battery: is applied:to the dis-
tant end of lead 348 via relay 66.lead: 349 -in
Fig. 3:and contact 454 or relay: 447 to lead 349a
for a purpose that will be mentioned later, the
current flow on lead 348 becomes: zero -whereby:
relay- 36-operates to its front contact by the flow
of current in winding 42 alone. This opens the
back contact of relay 36 to remove ground. from-
lead 345.and closes the front contact of this relay:
to connect battery to lead 345, When ground: is
applied to- the lead 342, relay 32 operates ‘and:
connects ground o its front contact. This re~
establishes. the condition of current flow. on lead
348, and reverses the direction of current flow:
in the balancing network and winding 42-of relay
36. In a balanced circuit, the- differential cur-
rent-in the windings 42 and 43 of relay 35 re-
mains unchanged. Relay-36- will, therefore; fail
to respond to changes of potential applied-to its-
windings 42 and 43, and will remain under control
of the potential applied at the distant end of legd
348 via relay 66 in Fig. 3 as-above stated.

Composite signaling circuit ground: terminal—.
Attended. repeater station

In the idle condition of the composite. sighal-
ing: circuit in Fig. 20, ground at contact 453 .of
relay 447 is connected over the 349a. lead and
noise attenuating coil 46 to resistance 41.. Im-
mediately after this resistance the circuit di-
vides into two branches; one.branch including
winding- 48 of relay 54, resistance 55, balancing
network, and the junction. of resistances.56-and
51 which form a potentiometer. which reduces
the potential applied.to the balancing network
to one-half the battery voltage anhd a second
branch comprising winding 48 of relay 54, re-
sistance.58, line conductor. 348 and the previously
identified equipment terminating the-end of. the
line- conductor 348 in the battery as, shown in
Fig. 10,

Windings 52 and 53 of relay 54 are cqnnected
in a vibrating circuit identified below and con-.
trolled by the front and back contacts of relay.
54. Windings 59 and 60 of relay.6i are con-
nected in. geries. with winding §3..of relay 54
s0- that. the operation of relay 61 follows the
operation of relay 54 for transferring ground
from lead 350 to lead 351 and vice versa. With
ground on lead 349¢ in Fig. 20.'and bhattery on
lead 348 at the distant end of the line 348 in

. Fig, 10, the current flow through winding 49 of

relay 84 is in a direction tending to operate relay
54 to its front contact while the current flow
through winding 48 has' the: opposite -effect but
the amount of the -latter current is only- half
the amount of current -in the winding -49. As
a consequence relay 54 operates. When the front
contact of relay- 54 is- closed; condenser--62- is
charged through winding 52 -and- current flows
through winding 53 and the both- wmdmgs -of
relay- 6f. 'The current through winding - 5§ of
relay- 54- tends -to operate-it to- its back contact
but ‘does not overcome the- magnetic effect -of
the differential current in-windings 48 .and- 49
of relay- 54. The current in both-windings of
relay 62 holds the- armature of relay 61 -against/
its back contact whereby ground -is connected to
lead- 350 -associated therewith. '

When ground is -applied- to: the- end- ‘of -con~
ductor line 348 via the lower front confact of
relay-32 in Fig. 10, the line current becomes Z€ro
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and relay. 54 is operated fo its back contact by

ithe cirrént flow in-its winding 48. ‘Before ‘the-

front contact of this relay is.opened, however,
the. .current through winding 53.aids the current
flow-in winding 48. "When the armature of relay
54 .opens its. front contact, condenser 62 dis-
charges through the windings 53 .and 52 in series
to.aid the. current . flow through winding "48.
When: the ‘back contact of relay ‘54 'is. closed,

current flow. through .winding™ 52. for charging’

conhdenser. 62. is in .a _direction tending to.hold
the’. front -centact " closed. 'The = current flow
through winding 53 -and windings 59 ‘and- 60 is
reversed-but-builds up slowly due to the voltage
drop in resistance 63 during the. charging inter-
val.of condenser 62. - This. reversal of current
operates- relay 61 to 'its. front. contact- whereby

ground -is .applied. to lead 35i¢. "When battery

is.reapplied to. the end. of conductor line 348 in
Fig. 10:as above.-mentioned, relay 54 will return
to. its-front .contact. - The vibrating cir¢uit in-

cluding. relay. 54 .will assist in the same. manner.

as. it .did .during- the operation in the.opposite
direction as just described.. The arrangement.of
the. vibrating-circuit. to include the winding. of
relay 61 .perniits a voltage swing in- the vibrat-
ing ¢ircuit which is .substantially twice.as large
as could be obtainéd if relay 61 were operated
in a circuit independent of the vibrating circuit.

“Whehn the potertial ‘applied-to lead 349¢:ih Fig.
20 is changed from ground to battery by the op-
eration-of- relays 66 -and -441,..the - condition -of
eurrent or no-current-on -the-line 348 -at-a.given

instant..is reversed. .- The. direction -of.current
flow-in-the -balancing network-is reversed -at the

same. time :so that:the direction .and-magnitude
of. the differential -current: in -the: windings .48
and-49.0f-.relay 54 -remains-unchanged.. -Relay
54 will; - therefore, -not. respond to: changes of
potential -on: .the lead: 349a¢ but-will :remain -ex-
clusively -for -the :-moment . under the -control. of

the potential -applied 'to the-end:of :line 348 wia

relay-32 in Fig.. 10 in:the.manner prevmusly €X~
plained.

~Fhe foregomg««desc-rllpmon “of -the: operation-of
the -composite; signaling cireuit ground terminal
in :Fig.  20and -of . the -composite-signaling +eir-
cuit battery:terminal -in Fig. 10 :is-the same-for
all-rsimilar=terminals~shown in-Figs.1 and 2. : -

© Stition alarm recewmg czrcuzt

'I‘he -statmn alarm receiving circuit: m Flgs 3‘

and .20 . operates.-to --count-:signal pulses trans-
mitted -from: the. station. alarm .sénding ecireuit
located:.in--each distant. unattended - station 'as
hereinbefore- described-and to reg1ster such.- sig-
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nals on-annunciator Jamps 18, 80, 82-and -84:. For .

countmg the- recewed signal pulses Fig:.3 con-
tains-. a -pulse -frequency dividing. circuit -consist-
ing:of relays-68,-69-and 10, and a reentrant type
of counting-chain consisting of relays 11 through
16--which is adapted-fo-count a maximum-of -ten
pulses -Obviously, the .number of- these relays
will vary depending on:the-number-of unattended
stations-included: in- the -system of Figs. 1-and.2
as-mentioned previously-herein. --Also as :above
discussed,. - ‘the - nearest unattended - station
equipped with-the-station:alarm :sending eircuit,
Figs. 9 and 10; transmits three.pulses for a-major
alarm-~and -four: pulses:for: & -minor -alarm;- and
the:more distant stations use a larger number-of
pulses:= for sidentifying: the . major -and- minor
alarms therein.- -Where-less. than ten: pulses-are
to-be counted: the-counting-relay-chain -will-ad-
vance-only: part ‘way;.and-where more-:than-ten
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pulses are to be counted, the counting relay chain
will include sufficient relays to perform the neces-
sary . counting.. For each unattended station,
Figs.' 1 and 2, equipped with a station alarm
sending circuit per Figs. 9 and 10, the attended
station includes a group of relays 171, 719, 8{ and
83, and a group of lamps 18, 80, 82 and 84.
When the station alarm sending circuit per
Figs.. 9 and 10 in -each unattended station is
required to actuate an alarm at the attended
statien in Figs. 20 and 3, a signal over the com-
posite circuit channel No. f per Figs. 10 and 20,
applies ground to lead 381a in the manner afore-
mentioned. Relays 447 through 452 provide an
interlock. feature so that the portion of the sta-
tion alarin receiving circuit shown in Fig, 3 can
be connected to only one composite signaling cir-
cuit ground terminal at a time. If relays 447
through 452 are in their normal positions when
relay 61 operates to connect ground to lead 35ta,
this ground operates relay 447 through contact
455 of relay 452.  Relay 447 in operating con--
nects lead 354a to lead 351 to operate relay 64
in Fig. 3 on ground from relay 61. Relay 64

. operates relay 65 which in turn operates relay 66

to provide holding ground for ‘the .above-ideriti-
fied counting relay chain in Fig. 3. Relay 6% is
a, slow-releasing type and will therefore remain
operated while signal pulses are being transmit-
ted through relay 64. Relay 66 in operating
transfers lead 349 from ground to battery. This
battery is connected through contact 454 of relay
441 to lead 348¢, in order to transmit a battery
signal to the station alarm. sending circuit in the
distant unattended station to cause the latter
station to start to transmit signal pulses to iden~
tify itself. Battery from lead 349 and contact
456 of relay 447 also operates relay 451 which in
turn .operates relay 452 to prevent operation of
relay. 448, 449 or 450 while leads 351 and 349 are
connected to -leads 85la and 348a to enable the
attended station to receive signals from a par-
ticular composite signaling ground terminal on
echannel No. 1. When relays 44T through 452 are
in their unoperated positions, ground from a com-
posite sighaling eircuit ground terminal connected
to lead 351b, 351c or-351d will operate relay 448,
449 or 458 and relays 45! and 452 to connect a
particular composite signaling circuit ground. ter-
minal to.leads. 85! and 349 in Fig. 3 and exclude
all other composite signaling circuits while alarm-
signals are being received at the attended station.

When: an unattended station transmits signal
pulses, each pulse received in Fig. 3 causes a
momentary release of relay §4. Ground through
tlie lower back-contact of relay 64 and the lower
front contact of relay 65 serves to operate relay
67 and causes the latter to remain operated as
long as the ground signal pulses are being re-
ceived via relay 64. .Ground from an upper. back
contact of relay 64 operates the pulse frequency
dividing cireuit consisting of relays 68, 69-and 70
whose pulses are -then-counted by the counting -
chain consisting of relays Ti through 76..  The
operation -of the.pulse fréquency dividing circuit
and the .counting chain. included in relays .68
through 76- as above identified is identical with
the. operation. of. correspondmg relays included
in-the group.22 through 30 inh Figs. 9 .and 10. as
previously- explained.

-As-the.counting relay chain in Flg '3 advances,
it will be noted that lead 387 is connected suc-
cessively-to leads MJ 1, MNI, MJ2, MN2.and. there-
by to-relays Ti.-and -81.-for identifying the un- -
attended statmn under- dxscussmn or other groups
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contalmng ‘similar relays for 1dent1fy1ng other>

unattended stations.in-Figs. 1 and 2. as. above
explained. - If the signal pulses incoming from
the unattenaed station constitute a .quantity less

than 10, the counting chain, Ti through 76 relays,.

advances only part way. ~After the last or final
ground signal pulse of the group has been re-
ceived, the slow-releasing reiay 67 releases to
place ground on lead 381. ~This ground will be
effective - through the counting relay. chain . 7i

through 76 until it reaches one of the leads MJ{ -

‘ete. and MNIi etc. to one of the sets of relays
71,78, 81 and 88 adapted to register the number
of  pulses for identifying the major or minor
alarm. After sufficient time has elapsed to per-
mit the registration of the fault signal, the dis-
tant unattended station originating the signal
pulses effects the release of relay 84 by removing
ground from the front contact of relay §i. This
releases relays 65 and €6 to remove the battery
sighal from lead 348 extending to the distant
unattended station sending in the alarm’signals

and thereby -releases all relays in F'lg 3 e*icept'

relays 17,79, 8t and 83. .

Rach group of relays Tl 19 81, 83 is connected
to certain leads from the counting relay chain 11
through 76 so that each relay group for each
.unattended station will receive ground when its
'associated station alarm sending circuit located
at_ 4, particular unattended station operates - to
‘send _out alarm signals. Ground on lead MJI
operates relay 17 on its.winding §5 Where_apon
the latter relay locks up on its winding 8§ through
(1) a contact of station alarm cut-off key: 87

and its inner upper front contact to one of the’

‘H leads extendmg to a sending director circuit,
Fig, 5, whose function will be explained later and
1(2) or.a back contact of relay 78. Ground on
the outer upper front contact of relay 77 oper-
ates lamp 78. Ground on a lower front contact
of relay 17 serves to operate a suitable audible
alarm, .not shown, to attract the attention of
maintenance personnel to the. occurrence of the
alarm. Relay 77 may be released by an appro-
priate operation of the sending director circuit in
‘Fig. 5 to transmit a sizgnal over line lead 248,
Fig. 10, to the distant unatfended station from
which the alarm signal was received. . The trans-
mission of such signal serves to remove ground
momentarily from. the appropriate H lead in.the
:sending director 1n Fig. 5 Whereupon the relays
operated. in Fig. '3 are released ‘to -restore the
circuit. of the lafter figure to normal. It will be
understood that the transmission of- such signal
from-the sending director cireuit in Fig. 5 will
‘have no effect on the fault condition in the dis-
tant unattended station in Figs. 9 and 10 sendmg

in the alarm: and that'in due course the distant

unattended station alarm sending circuit repeats
the alarm signal above explained. Obviously, the
_alarm . cannot be permanently wiped out until the
fault. condition causing the alarm is corrected
at the dlsl,ant unattended station.

‘The audible alarms in Fig. 3 may be sﬂenced
by thé momentary operation of the station alarm
cut-off key 871. If this key is operated while

‘relay 17 is operated; ground. from the H leadr

inner upper front contact of relay 11 and upper
front contact of the key operates relay 19. This

-relay in operating locks up to the H lead through

1ts upper front contact, and interrupts the hold-
ing circuit for relay 11 by opening its back con-
tact 88. Release of relay 17- removes ground
from the associated audible alarm and lamp 18.
Relay 18, in operating applies ground to-lamp

. .20
80 whlch prov1des for the- sﬂent storage of the»
alarm 51gna1 Relay 79 can be permanently re-
leased after the. ‘alarm . condition has been cor-

_rected at the distant unattended statlon by ‘the
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operation of the sending director circuit in Fig:
5 to transmlt an appropriate signal to.the- dlS-
tant unattended station. _When an add1t1ona1
alarm 51gna1 is .received . Wh1Ie lamp 80 is ener-'

‘gized relay 17 is. reoperated s0 that both lampe

78 and 80 will be energ1zed and the assoc1ated
audible ‘signal is again’ operated Operation of
the station alarm cut-off key 87 Wlll then release
relay 11 and leave lamp 80 hghted ‘as above ex-
plained. Thus, ground: on leads MJ 1, MJ2 ete.
energizes lamps 78 and 80:to indicaté the oceur-
rence of a major alarm.- Minor alarms are regis-
tered and stored by means of leads MNI MNZ
etc., relays. 81 .and 83 and lamps- 82 and 84 all
of which are.operated in.a manner similar to
the operation of leads MJf, MJ2, etc., relays 11
and 19 and lamps 78 and 80 Just descrlbed -As
hereinbefore mentioned, each unattended “sta~
tion according to Figs. 9 and 10° transmlts two
different sequences of signal pulses to 1dent1fy
major and. minor alarms, the major alarm re-
quiring one less pulse. The permanent reglstra-
tion of the major and mmor alarms are also
rhown in Fig. 2.

Sending dzrector cv,rcuzt in- a.ttended repeater
- station.

‘The sending director ciréuit; Fig. 5; is mcluded
in the attended station’ and provides a dial 89
for transmitting signals over channel No. 2, for
lead 354, of a composite signaling circuit to each
of the unattended stations equipped with a receiv-
ing director circuit which will be explained later.
The sending director signals consist -of‘a-group
of three digits, each: of which may be one of 0
through 9, the first digit mdlcatmg thé station
to which the signal is addressed and the remain-
ing two digits indicating the action to-be taken
at such station. ‘The remainder of the circuit in
Fig. 5 includes a group of relays for countmg
the pulses in the first digit of each sendmg direc-
tor signal in order- to 1dent1fy the partmular
unattended: statlon for which'the 81gna1 ig-in=
tended. After determmmg that station- the cir-
cuit of Fig. 5 operates to remove holding ground
from a particular H lead and thereby deener-
gizes the annunciator lamps 18, 80, 82 and 84 in
Fig. 3, which were energized 1n1t1allv by the alarm
circuit of the identified unattended station in
the manner hereinbefore explained. " Since the
receiving - director circuit at the identified: un-
attended station causes & repetltlon of the- 51gnals
1dent1fy1ng the existing alarms at ‘the latter sta-
tion, this results in-a réenergization of the ‘an-
nunciator lamps at the attended station as sbove

described whereby a recheck of alarm condltlons -

at the respective unattended statlons is’ affécted
each time the sending director: cu'cult is operated

When the sendmg director circuit'in Fig. 5 is'in
operation, ground is supplied to lamp 98 and d1a1
89 over lead 352 by associated indication réeeiv-
ing eircuit, Flgs 6 ‘and 7, ~This ground:is’re-
moved from lead” 352 by the operatlon of ‘the
indication receiving  circuit-in order to prevent
sending diréctor signals from -interfering with
the operatmn “of ‘the indication rece1v1ng circuit:
The pulsmg 01rcu1t of the dial 89 may be:traced
via winding of relay 91 and lead 353 to:sending

“relay 121 in” compdsite sighaling  circuit ground
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termmal channel No. 2. The network 92 con-
s1st1ng of a condenser and resistor is provided
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to aid'in producing:dial pulses with: appmx;mately :

50 per cent :opemns and:chosed:periods. ::The: upper
front contact of relay:9i:and-relay 10:in Fig. 4

provide means for Aransmitting .director:signals -
393t :and: 393c:to Jead. 393 0f=

over leads:853a;:
additional -composite :signaling :circuil: ground
terminalssin :order: 4o xedeh unattended:stations
connected -to ‘the iattended: station: by means .of
additionial cables.:Relay 91 is:adapted:to:operate

thecounting relays:in Fig.. 5-to-remove. ground:
from one :of-the H:leads extending:to’ the sta-.
tion alarm:receiving ecircuit: in Fig.. 3 each time:

the sending: director ~circuit: is; operated m a
manner that will now ‘be:explained..

‘When a- sending director signal:is: transmltted

relay. 81::via; ground -on. ifs-lower : front:.contact
operates-relay 93 which:in-oeperating,. operates
relay-94:to.provide. a holding; ground for various
parts:of the:circuit .of Fig.5. -Relay83:is.a:slow

release type so that both relays-93:and:94.remain-:

operated while dial:pulses are-being-transmitted.
The:first..dial pulse:-operates-relay. 95 through a
front-contact-of-retay: 93-and a.lower:back: con-
tact of relay:91. .- Relay -95-holdsrover-between

dial-pulses -and-remaing.operated -.until the:end:
of -the:digit. - Ground:;onthe; upper back:con-.
tact of -relay 84, .a:front contact of relay:93-and.

back -contact: 87 :0f relay:98: operates :the -pulse
frequency: dividing: circnit: consisting sof zrelays
98, 99 and 100.
thessame-asirelays:22,:23: and-24-in Fig. 10,7 Re-
laysid04;through : 105 provideia straightforward
calinting:ehain:to:count-the:dial:pulses. Ground.
from:contaet 2406 sofrelay: 98 may:be. traced
through apath: including back contictsof-vel
102; 103, 194:and 405 and winding of :relay: 191
which:operates:on the firstdial pulse.“Relay 01"
in Joperatmg :prepares ‘the:cireuit: so that-ground:

from’ eontact H0Tof Telay:-98 will opera/teﬂ‘elay
‘Relay 401 Jocks “up: 40

102 o1 the ‘second- pulse
through-i‘contmuous contacts ‘of ‘relays” ‘192, ~I03
04’ and: 1855to° ground on a-front contact ‘of Te=
1ay=-94,

the end’of-the *ﬁrstv digit-is reached. * "The-relays
o4 through’ 105 are- arranged to ccnmt five pulses,,
andwaddxtxonal‘ rela'ys*may ‘be-added to-the: count-
ing: cham for countmg “up-to-and’ mcludmg ten
ulses."
chain corresponding’ 1o the. number of pulses. in
the ﬁrst digit remaings” operated‘and relay 85 ve~
léases.” “Relay 95 in operating at- the begmmng,
of’ the digit operated relay 109 via ‘contact 110 0f.
relay 93 and:logked Up-the latter relay.to this
releasing atb. the.end.of.the
first d1g1t operates Telay 967 through' its1 1. con-.
tact and.a front nontact of relay. 109 elay s -96
in operating 1ocks up.fo contact: 112 of-relay-94:
and 1nterrunts the. pulsmg leadﬁto the pulse fsre—
quency duudmg circuit.938, Bsiand 108:50. that the
dial. pulses -of. subsequent, ,1g1ts are not-counied.

Relay 96 in- operatlng also.removes ground from
the H:leads. - When relay 96.operates; the- H. 1ear1
correspondlng to.the. operated relay-in the; count-
ing. chambecomes ungrounded but: leaves ground; -

The operation of .these J'Ela.’YSgiS?,

lays”

‘t_th;ls point, a telay in-the counting.

22 _
Composite-signaling -circuil.-ground Terminal i
attended repeater station

< Fhe composite signaling ‘circuit :ground-termi-

55 nalichannel No. 2-in ‘Figs. 2 and 4:is similar-to
~ the composite signialing ecircuit :ground:terminal-
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with~Fig. 10- except -a vibrating circuit +dscon~

Relay mz in-operating-‘releases- relay -
101 by means of* contact 108 on'the former.~ The’
count1ng~eha1n ‘cofitinues to-step forward: untll, -

=
ot

o
<

<t
&

65.

changes 1ts condxtmn untﬂ ther d.lal rkey 451~ 1s:
released--whereupon:all: relays:in: Fig: 5
“turned: 4o-the-normally. :non=operated: ccnd:ition.-;

; lead 355.

chanmnél::No.:1: except “the former- -circuit:.-has
added thereto-relays 113 -and 144, whose opera--
tion - will-be -explained -1ater,” and sending relay
124+ which " serves -to -‘réverse the- condition of
current or-no current online lead 354. © The-lead
353 -from-the- sending- director -circuit; Fig::5,-is
connected through the winding of sending relay
124 “Ground-applied to the lead 353--operates

-relay 121 -and ‘thereby substitutes battery forthe

ground “that - was  normally - on- resistance -122.
Signals are sent over line-lead 354 to the com-
posite-signaling circuit battery terminal, Fig. 13,

and thence to a receiving director circuit, Figs.

11 and "12 included in the unattended -station
transmxttlng the 1n1t1a1 alarm signal.

Composzte szgnalmg cireuit battery termmal in
unaftended repewter statzon

Flg 13 prov1des a composite s1gnahng mrcmt
battery. terminal for:receiving:order: signals seént
over ‘channel: No. 2. . This:circuit is .similar:to.
the compesite: signaling:circuit battery - terminal:
for .channel:No. | described ‘above: in-connection:

neeted to-a-back’contact and-windings {126-and
132--of “relay- 123, “-Ground- is-conneeted o the.
armature of relay 123 and.-a-battery-is:altbernately

: gonnected - to its-front -and back contacts through

resistances 124 and-‘125; ‘respectively. “Current
ﬂows from* battery through -one of these resist-
ances, ‘winding ‘126 of relay 123,~and both wind-
ings of relay 127 in series a1d1ng and -back- con=’
tact. of relay- 123 to.ground.- Thls current op-'
poses’ the differential current in’the wmdmgs
{28 "and’ 129 of relay "28. Condenser 139 in-
setries with the winding132 is also br1dged across
the front and back: contacts ‘of relay 423.
Durmpr the transm1ss1on "of . pulses” from™ the
attended. statmn ©of ‘the system” shown in'Fig:2,
the dlfferentlal current in windings 128 and 129
is reversed "6n each pulse, Ag the- dlfferentlal
current. approaches Zero,’ the ‘current in wmdmg'

128 takes c¢ontrol and operates relay 123 'to. its
front contact. T During the.armature travel time,

the .discharge ‘of. the .condenser "130. through’
windings 126 and 132 in_series aiding keeps. the
armature .moving. in.the direction_in ‘which it

-started When the. armature. closes. the .back

contact the chargmg current. for. the. condenser
139 causes B large current to- hald the-. contact
closed This. is- opposed by- the current in wind-

; 1ngf,l26 which. bullds up slowly due to the volt-
" age- drop:.in. the res1stances 124.and.i25: caused

by. the: charging current. AS the current in wind-
ing-126. 1ncreases,,the current in.- winding.. l32‘
decreases but-before the- dlfference is great, enough
to..cause: the -armature to le__ave the contact, the
differential current between:these two. windings
reaches a:value:-which is-high-enough:to held the
armature :on #he. back . contact..: Relay-{21. fol-
lows :reley:d 23, + Whencrelay: 123 closes. it front,

- contact,-relay 427 closes its . front-eontact, . :The.

latter-connects ground:to lead 355 to: the receiv~-:
ing: director circuit.in-Figs.:-11: and;.12. --When:
relay 123:closes:its back contact; relay 1271 opens:
its:front contact xto dlsconnect ground from, sthe
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- Receiving director circuit in unattended repeater
 stalion

The receiving director circuit, Figs. 11 and:12,
in each:unattended station consists of a- relay
counting chain arranged fo count the pulses in
the first digit of all sending director signals trans~

. mitted thereto over the associated composite sig~

naling circuit via channel No. 2. “If the first digit
originated in the sending director circuit at-the
attended station does not contain the prede-
termined number of pulses required for transmit-
ting signals to -this unattended station, the re-
ceiving -director circuit at the-latter statlon ig-
nores. all subsequent digits until the dial key 451
in- the sending director circuit at the:attended
station, Fig. 5, has been released and reoperated.
If-the first digit contains the required number
of pulses, thien the receiving director circuit at

the .identified unattended station proceeds to.

count the pulses in the next two digits and con-
nects ground to one of the one hundred order
leads.corresponding to these two-digits, as will be
explained hereinafter; and the order lead so se~

lected remains grounded until the dial key 451 is .

released. -

When the. dial key 457 in the sending dlrector
circuit, Fig. 5, is operated; ground from lead 355
of the composite signaling circuit in Fig. 13-oper-
ates relay- 133, Fig. 11, in series with the sending

' relay connected to lead 356 in the associated com~

posite signaling circuit ground terminal channel
No:- 2, ‘Fig. 18, The.composite signaling.eircuit:

ground terminsal, Fig. 18, which is the same as Fig.
4 transmits the director s1gnals to more .distant
statlons -equipped with receiving director circuits,

Pigs. 11 and 12. . ‘When the:receiving director cir- '

cuit .is located in the most distant station from
the attended station; terminating -resistance 134

and associated battery Serve to complete the én- -

ergization circuit for relay 133 as. shown -in Fig.
11. 'This relay operates.and thereupon operates

relay. {35 which in operating operates relay 136

to provide holding-ground to various parts of the
circuit in Fig. 11. Relay 136 also connects ground
to.lead: 3571 to the cable failure alarm sending cir-
cuit, Fig. 19, to perrmt an operation of the latter
. cireuit in the event that the cable is in trouble
S0 as-to cause a disabling of c¢hannel No. 2 of

© the composite. sighaling circuit in the link di-
réctly beyond the station to which the Girector.

‘signal is. addressed. - Each dial pulse from the
sendmg director circuit in Fig. 5 causes a mo-
_mentary release of relay 133’in Fig. 11, ‘On the
first dial pulse, the lower back contact of relay
133 operates relay 137 via lower back contact of
relay {49 and inner upper-front contact of relay
135. ' Relay 137 remains operated between dial
pulses and releases at the end of the first digit.

Relay 137 in operating Témoves the short circuit’

from relay 138 permitting ‘the latter relay to op-
. erate. - The first and subsequent dial pulses of
the upper back contact of relay 133 operate a
pulse frequency dividing ecircuit consisting of re-
lays 139, 148,
chain consisting of relays {42 through 147 in Fig.
12." The path for efiecting the operation of these
relays may be traced through contact 148 of te-
lay 149, contact 150 of relay 151, and contact 152
of relay 135 and the windings of the pulse dividing
. relays:”

i41 in Fig. 11 and a counting relay

The counting chain in advancing trans=
fers the ground lead associated with contact 1531
of relay 137 in turn 6 each of the ten leads con=:
nected to relays 149 and 154 in Fig. 12. At 'the’
end of the digit, relay 137 releases to -connect’
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ground: through contact 153 and relay contacts :
in the counting chain to-one:of the leads shown:
by the optional designations 388 through 3917
shown in Fig. 12. - If the wiring selected for this

_ stationsis such that the ground from contact 153

of relay 137 does not reach contact 155 of relay -
138 .at the end of the’first digit, the circuit of
Fig. 11 ignorés subsequent digits.  In this event
ground-from contact {56 of relay (31 through
contact 157 of relay 138 operates relay 151 and
locKks the latter relay to contact 158 of reiay 136.
Operation of relay {51 opens the pulsing path via-
its contact 159 to the pulse frequency dividing -
circuit (relays 139, (40 and-141) so that subse-
quent pulses fail to reach the counting relays.
“In’'an unattended station in which the optional
wiring is arranged so that ground (through the:
counting chain) reaches contact 155 of rela,y 138
at the end’ of the first digit, this. ground operates
relay 159 on its pnmary winding. In this event

‘relay 181 operates inits usual’'manner but contact

150 of relay 159 reestablishes: the pulse circuit
from’the upper back contact of relay 133 to the .
pulse frequency dividing circuit (relays 139, 140
and-141) so that subsequent pulses can be count=~"
ed. "Reélay 159 in operatlng ‘retnoves - holding
ground for the counting chain, relays 142 through
147, thereby effecting the release of the counting
chain in preparation for the countmg of the next
successive ‘digit.

- At the beginning of the second digit orlgmated'
by the-dial 89 in Fig. 5, relay 161 operates when
relay 137 removes 'ground from ‘resistance '162..
Relay 161 in operating operates relay 154 through”
contacts- of relays 161, 168-and 189 to connect:
the: ten output leads of -the counting chain, re-
lays 142 through 147, to the ten relays 163 in Fig.
12.. The counting chain funections in:the usual-
manner gs.the dial pulses of the second digit are-
recelved so that at the end of this digit ground
from contact 153 of relay 131 in Fig, 11- effective
through the countmg relays operates:one of-the

.ten-163 relays dependmg on the number of pulses -

in the second digit. Relay 153 in operating on
its wmdmg 164 locks up on-its -winding' 165.
through its contact 166 to contact-167 of relay. 136-
in Fig. 11. " The particular. relay 163 opera,ted in.
the manner. just mentioned. also. operates-relay.
168 which, in operating, locks.up to contact 169"
of relay ‘136, and at_the same time releases relay._
154 to disconnect the windings of the relays’ (63
from the counting chain’in Fig. 11. Relay 154 in.
releasing removes holding ground from the count-. -
ing chain’.in F‘1g 12: to_prepare this chain for’
counting the th1rd digit. It should be hoted that .
the operatlon of one of the relays 163 connects'a
selected group of ten order leads, designated RDIA
through RD(0 in Fig. 12, to relay 148, :

At the begmmng of the third d1g1t relay nop
in Fig. 12 operates when relay l37 in Fig, 11 op-
erates to remove ground from res1stance 17t
associated with the former relay. The path from
resistance 171 to ground may be traced through
upper contacts of relay 118, contact 458 of relay
163, contact 156 of relay 37 and contact {58 of
relay 136. Relay {70 in" ‘operating provides a new’
holdmg ground to the counting ¢hain via-its lower
inner:front: contact "Asthe- pulses are received
for the tlurd d1g1t the countmg chain functions’
in the Usual manner:until'the release of relay -
137 -at the end of the third digit connects ground’
from its contact (53 to theé-selected spring -on*
relay 149in Flig. 12. Contact 156 of relay 131 also:
connects ground through contact 1712 of relay 170"
to the winding of relay: {49 causing the latter to
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-operate and -thereby: connect ‘the-ground from tHe ‘un4dtténded ‘station under - discussion. is’in
the counting chaiti in Fig. 12 to the selectéd Tead ope Gidn., @peratlon -of" relay - 114: . conniects
connected to relay 163 Which is-operated, where- ground to ‘the junetion poifit of résistanice: 115
by~ the requiréd lead of the order leads ‘RDM and condenser 176 to but the pulse generator re-
through RDA0 is-finally selected- Relay 149 in +_ -lay. ¢T7 and-its follower relay {718 in operation.
-operating opens-the- circuits i series: with: the “In tHéidle conditioti relay 11T is héld off its front
back contacts of relay- 133 in Fig: 11 5o that ad- contact by the ﬂow of battery current through
ditional manipulation of-fhe disl 89 of the send- ]
ing director ciréuit in Pig. 5 will not: cause’ the
further operation-of felay 37 i Fig. 11 and the’
pulse couiiting relays in Fig. 12.- Ground remains
on the seléeted- order lead RD unitil the ‘dial-key THE- operation of relay IT# closes a path
451 in the senditg director-citcuit-in Fig. 5 iy té- froribattery: through résistance (79, winding: (85
léased: whereupon rélay- '133-is- released- to-cause of relay 11T, winiding 186 of relay 118, resistaiice
all relays in the- ciretiit of Figs: 11 and 12 to Te- 115 to” ground on “ar front- contact of relay~ I14.

back3ccntact by the ﬂow of battery current
‘through Tesistatice 182, and- wmdmg i84 of relay

10

turd to the normal condition. 15 Thig-eurrent holds relay 178 on its baek eoiitact
L S : . amd tends:to: operate réldy 117, This tehdendy,
© Indication sending. ciféuit- it unatiended - However, is Overcome by the’ charging current for
repedter stations condenser {16 which flows through resistance (19

* Figs: 14,15, 16 and 17 provide & éireuit for og .arid Winding.180'of relay (11. Relgy (11, there-
seniding” indication  sigrials from an unattedded fore, remaing i the reledséd position until con-
station to”an indication receiving eircuit-in the ~ denser "[6, S charged ‘to the pomt where relay
. distant attended station. This circuit operdtes to
- gontrol” the emergization of* individual lamps in n operatmg 010535 a c1rcu1t from bat-
4 bank 'of lamps in the distant attended station eIy thicugh resistance 188, windirig 186 of reldy

for indicating each of a preselected group of con- 118 and wiriding 185 of relay (17 to ground via
ditions at each unattenided station. These con- front contaet of relay 171, The'flow of ctiirent
ditions are” associated with, for ‘example 168 in- in the circliit just traiced’ operates relay -

dicator contacts connected to fotrrteen relays 207 remove ground from lead 380 and supplied tHere-

irieluded in Fig, 17. The distant indication re- 3o~ bY 10" the composite” signaling' cifeuit in Figl 13,
and -»to ccnnect ground v1a 1ts front contaot to

'.ce1v1ng cireuit located  in~the- attended -station,
Pigs.6and 7, contains g neon lamp correspondmg
to" each of the 168 indicator-contacts.  Egeh in-
dicator eoritact is associated with an mdmatmn‘
point which’ ‘will be identified later herein with 3
réference to Fig. 22. When the sending indicator bl .
circuit is operated by & signal from the associated release: relay 111 but th1s tendency is overcome
feécelving director circuit described gbova'in don- By the - discharge :curréit of = condenser 176
néction’ withFigs; 11 and 12, ground over leadRD  bHrough winding=(80‘ef relay 1171'50 that the' fe-
operates relay 178 in Fig: 14 to start & pulse gen~ 49 | leasé of rélay ITT 1s<c‘1‘elayed uritil-the: coridenseér
erator circuit’ consisting ‘of relay (17, condéenser 15 discharged.  When‘relay {17 releases; relay 18
16 and dssociated resistances 1719 and (81 “con- als6-réleases to restore’ the norimial condition:to
nected to battery and -groutid:” respectively. th ‘cireud wlfereupon coxfdenSer ITG cha‘rges ‘and
Pulses-‘fronmi: this genérator opérate relays:in-tWo .
counting relay chainsto secan-each of the 168 in-: 45 mAanney foredescnbed '.,. Th1s successwe operate
dicator contacts by connecting lead 359 of the  &nd rélease'of relay 117 isrepeated approxu“x}vate-
_composite signalifig” eirelit” battery terminal in 1Y ten: tm&es_ per Second unt11 8 tOtal Of 1955
‘Pig 1. of the irdicator contacts it ‘turn orod:
it the ungttended station. ~ At the samé time the DULSES
pllsegénerdtor cireuit’ transmiits - a . se¥ies of 5y :
ground ‘pulses’ over ‘lead” '360 to' the compos1te
signaling “¢ircuit to opera.te a4 pair of
cauntmg Telay” chains in the distant
station.” The two relay éhaing i the distant at-
~terided station scan’ o group of’ 168" lamDS“thereat 55 :
Each-time lead 359 i connected to o grvunded chaiiis to-operate’ relay 19| i Flg 14't0" release
idicator conitact in “the sending indication ciy-  Teldy 113 after each operatmn
cuit: & signal -is” transmitted  over" composme ’ B
s]_gna,hng c¢ircuit’ channgl No‘ ‘'3 to! energlze the 15% ahd 16 ax adapted tO count fourteen dlglts
laip™ ’correspondmg to' thecontact.” - Affer*all ao:lEach relay group co"51sts of a’ pulse frequéncy
contacts*have been scanned, relay’ 194 is operated
moniértarily- in & locd: clrcu1t* to- restore" this
c1rcmt t’o normal cond1t1

’t1on ‘Féedlving -eircuit” at’ the -attended stat‘mn,
Flgs 6 andJ’T and closes the léad to relay 188" to

relays THE ﬁrst relay grdup for countm pulses
frb}h } )

6 i@ of the first pulse vo'm
- rélhy” 178 Vig, 1ts “froft! cortact Operates: réla,y 190

‘whlch‘ o_?:ks up ito a- grounclT contact T rélay 173.

- TEldy 188 cauSin Lthe
latter rélay to operate"’ - Series wWithithe win ing
of xélsy 190i The cpetaition:6f relay 188 conieets
ground: ol Gonitact 209 on- relay 118 er ~vffer
Wh11e the saniet cn'cult;* dnags front coftacts of ‘reldy: 887t le5d 308" The

the attended: station:
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ginning of the second pulse from the front con-
tact of relay 1718 operates relay 189 on its winding
202. and holds relay 188 operated on the latter’s
. winding 445. 'The operation of relay 189 re-
leases relay 188. At the end of the second pulse

relays 188 and 189 are released to restore the .

dividing circuit to its normal condition and fo
connect ground to lead 298 via lower back con-

“tact of relay 188. This operation is repeated for

each two pulses from relay 178, and.applies
ground to lead 398 after each odd-numbered pulse
and to lead 399 after each even-numbered pulse.
The first pulse over lead 398 operates relay 192,
Fig. 16, on its winding 2083 in series with contacts
on other relays-in the same group. Relay 152 in

operating locks up on its winding 204 to contact

205 of relay 113. Relay (92 in operating also
prepares relay 193 to operate on ground over lead
389.at the end of the second pulse. Relay 193 in
. operating releases relay (92 and prepares relay
184 for operation on the next pulse of lead 398.
Successive pulses over leads 398 and 398 con-
_tinue to advance the chain until relay 199 oper-
ates. Relay 198 in operating does not release re-
lay 198. The ninth pulse operates relay 192 for
a second time, releases relay {98 and leaves 189
-operated:. The chain then continues to advance
a second time until relay 197 is reached at the
end of the fourteenth pulse.

Closure of contact 206 of felay {13 operates

the first relay 207 of a group of fourteen relays
201, Fig. 17, which connects a group of twelve in-
dicator contacts to the leads designated: 400
through 4{1i. The operation of the counting re-
lays 192 through 199, as described above, connects
lead 359 of the composite signaling: circuit in Fig.
13 through lead £42 to each of these twelve leads
in turn beginning with lead 400 in Fig. 16. The
thirteenth pulse of the above-mentioned four-
teen pulses connects ground from contact 201 of
relay 173 and lead {3 through contact 208 of re-
lay (99 and contact 209 of relay 196 over lead 419
to relay 212, Fig. 14, to operate the second count-
ing chain.. The second. counting circuit includes
the pulse frequency dividing circuit relays.210,
2{f and 212 in Fig. 14 and the reentrant type
counting relays 213 through 220 in Fig. 15.- The
second counting relay chain operates in:a man-
ner similar to the first relay counting chain just
described and is operated by the thirteenth pulse
effective, over lead 415 from the latter counting
relay chain each time the first counting relay
chain goes through -its cycle of operation. - The
fourteenth pulse from the first counting relay
chain in Fig. 16 operates relay 22{ in Fig. 14 over

lead-4i6-and locks it to lead 399 so.that relay 221

will remain operated until the end-of the four-
teenth pulse. Relay 22[ in operating removes
ground from lead 414 to release relays 197 and
- 199 in the first counting relay chain to prepare
this ‘relay chain for counting the next series of
fourteen pulses from relay 178, The first op-
eration of relay 22i serves to operate relay 222
via a contact of relay 20f; and relay 222.locks

up to the same contact to release the first relay

207 to disconnect the first group of indicator con~

tacts, Fig. 17, from the first counting relay chain.

" The thirteenth pulse of each group from the first
counting relay chain in ‘Pig. 16 institutes the op-
eration of the second counting relay chain which
controls the second through -fourteenth of the
grovp of relays 207 in Fig. 17. The operation of
-relay 213 on the first cycle of the first counting
.relay.chain in Fig. 16 connects ground from con-
tact 223 of relay -113-via back contact relay of 220

10

15

20

25

30

35

40

650

55

a0

65

70

-

28

in Fig. 15 to-the -second. relay. 207 in Fig. 17 to

,connect a second .group of twelve 1nd1cator con-

tacts to the first counting relays 192 through 199

.in Fig. 16. The second counting relay chain con-

tinues to advance and connect a new relay 207
to the first counting relay chain until the 168 in-
dicator contacts connected to the fourteen.2d7
relays have been scanned.. During this scanning
operation each time a grounded indicator con-
tact is encountered, ground is.connected to lead
359 in Fig. 13 to send an indicator pulse to the
attended station to operate the indicator lamp
identified with the indicator contact .  being
scanned. . The thirteenth pulse on the fourteenth
cycle of operation of the first counting relay chain
operates relay 218 in Fig. 15 a second time to con-
nect ground from contact 223 of relay (13 in Fig.
14 through contact 224 of relay. 228 and contact
225 of relay 218 to the winding of relay 191 in Fig.
14. The latter relay operates to release relay
{73 in Fig. 14 and thereby to. restore the circuit
of Figs. 14, 15, 16 and 17 to its idle condition bub

~allows mdlcator lamps to remain energized.in

the indication receiving ecircuit at the atténded
station; Figs.'6 and 7, which wﬂl be descnbed
hereinafter.

If synchronizing 51gna1 and mdlcatlon pulses
are being sent from an unattended station more
remote from the attended station than the. one
shown in Fig. 18, such pulses are received from
such more unattended station at this ground ter=
minal over leads 381 and 382. From this. circuit
the pulses are passed.over leads 368 .and 369 to
the cable failure alarm sending circuit in Fig. 19,
through Fig. 19 to the indication sending ¢ircuit
shown in Figs. 14, 15, 16 and 17, and thence to.the
composite signaling circuit battery terminal .in
the same unattended station, where .they .are re-
transmitted toward the attended station as will
be described later herein. Thus the pulses are
reformed and repeated at each unattended.sta-
tion along the route to the attended station until
they are received thereat

Composite signaling circuit” battery termmals for
channels Nos. 2 and 3.

Fig. 13 shows ‘the compos1te s1gna,11ng c1rcuit
battery terminal in each unattended station for
channels Nos. 2 and 3 as shown in Fig. 2. Chan-
nel No. 2 is used for the transmission of order
signals from the sending director circuit in the
attended station, Fig. 5, and the .transmission
of indication synchronizing. signals from the un-
attended stations to the attended- station., A
series ‘of pulses sent from the attended station
by dial 89 in Fig. 5 selects the particular un-
attended station to which an order is directed
and transmits the order thereto. -The pulses sent
back from the called unattended station serve:to
synchronize the indication receiving ecircuit in
the attended station, Figs. 6 and 7, with the in-
dication signals sent back -from-the called un-
attended station. Synchronizing pulses on lead
360 in Fig. 14, operate relay 226, Fig, 13, which
connects ground to the apex c.u'cult of- Wmdmgs
128 and 129 of relay -123. - The operation of the
circuit of Fig. 13 is.similar to that of the corre-
sponchng battery terminals of the composn:e sig~

‘naling circuit of channel No. 1 described herein-

before. The synchronizing -pulses are sent over
lead 354 to the composite signaling circuit ground

ztermmal for the attended statlon as shown in
_Figs: 2and4 :

Channel No. 3 is a one- way cn‘cult operatlve

-only in the direction from. the unattended sta-
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tions toward the aﬁfeﬁded*sta‘txoﬁ‘ ‘ahdis® ititizéd
excl‘uswely “for “the~ tFansimission of ‘the: indica=
tion” sighals TFom eac unatt ided station to the
atténided “station;” Fig: 2. For “this “purpose &
stéady pulse of unif léngth ot a multiple of the
unit length is sefit from the unattehded station
origihating the signals; and is chopped up.at ‘the
ﬁrst ground terminal encounteréd into a” series
of pulses- havmg ‘half 'the length ‘of the’ or1gma1
mt pulse In Flg 13 battery is connected to
the line- léad 363 through the ‘back- coritact of
relay 228 n01se kﬂler 1nducta.nce 229 and resist<
ance- 230 -when -the- c1rcu1t is in the. idle ‘condi-
tlon ~When grotind- is “connected ‘to: the 359 1ead
in--a manner herembefore descmbed -relay 228
operates to remove- battery from its- ba.ck contact
and-to connect- gfound -via-its: front contact to
lme lead 363 - This: lea,d termlna,tes through a
_____ ~4.in a-voltage divider
at its dlstant end of the- ine so-that the reversals
of -battery and- ground produce equal and - oppo-

sme currents-on theline 353

Composzte “signdling ™ “cireust” ground ‘terminal
chdnnels 2°and 3"

The composn;e signaling: :circuit’ for -channels
Y ig* 4-gnd :13/is'similar:to the
composite signaling:circéuit for channel No. {-de~
seribed hereinbefore-in: conviection-with: Figs::2,
20-and- 10 except-for relays! 13 -and: {14 in series
with winding: 1 1670f-relas:i457in Fig. 4:: Channels
Nos.:2 and: 3 are interlocked by-means.of relays
{13: and- 114 so that: when: the' scanhing: circuit
explained-above;: which transmits: synchronizing
pulses-over: channel No. 2;-encounters at an:in-
dieation: point-a: grounded-lead: which -sends: a
ground- signal’ over-channelNo.- 3, the synchro-~
nizing -and indication signals:via -these two chan~
“nels will:appedr simultaneously: at: the: attended
station: This insures that the proper indication
signal- is: applied tothe  corresponding: indieation
lamp. In general, relay {14 cannot operate and
follow pulses: over: channel :No.-2;:a§ relay 113
does, unless-an:-indication ‘signal-is being received
over: channel No:. 3:: A -signal--over channel No:
3 ‘releases’ relay: 234 which thereupon removes
the  locking - ecirchit: from- relay:114so that -the
latter: may-follow the-pulses:over chantel -No. 2.
Syrichronizing:pulses-from-the: circuit-of. Fig: 13
are-received over-leéad 354t and-indication signals
are received over lead 363
In-Fig.- 4 it will' be-noted’ that' one winding.of
reldy <113 and® one:winding:of--relay- {4 arein
serieg'with: winding 146 of-relay 415:’ With ground
connected through the:front:contact of relay: 115,
current: through-the: winding .of: relay 113 holds
thelatter-on-its back: ¢ontact: - Current through
winding:{ 18 -of relay {4 isiin’ g direction:to op~
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relay so'that relay’f 14 operates-to-connect grotind
to lead’ 365 to send a signaling* pulse ‘to the: i
dication receiving- circuit ‘in Figs:*2;-6-and 7%
The" indication receiving ‘ciréuit~is ‘a -cireuit
which ‘receives only signals from' the-composite
signaling - circuit,  ground’ terminal; - Fig:*'4:
Ground applied via lead-363°to-the circuit of Fig:
47 at an unattended station ‘causes-relay’ 231“to
operate or release, - ‘While relay 231 is released;
battery through resistance 232; contact of relay
231, winding 120 of relay 14, contact 233 of ‘re=
lay 238 ‘and back-contact of 114 to ground; holds
relay 1147 on "its "back “contact regardless ‘of “the
direction” of current  through' -its  winding - 118:

- When relay ‘231 operates; relay 114 will-bé ‘oper=

ated by current through its winding~118"as con=
trolled by relay 115/ The "direction~of curremt
through winding {18 of velay 1 141 in a-direction
opposite” to thie current through “winding “{ 11 of
relay "1 13" 50" thatthe frontcontact of “relay- (14
will- bé~closed when' relay” {15 is~operated-toits
front contaect.” “When relay 115 is opersted-to its
back ‘contact, the current through wirding~118
of relay "1 14 holds relay | I'4 on its back contdct:

; Thiscloses “the operating circuit -for -relay-23%;

whereby this relay is held in*the operated’con~
dition.” If “the lockitig 'winding -cifeuitof relay
i 14 is closed at this time and remains ¢losed; re=
lay-1 14 cannot ‘operate to its front contact: Re=
1ay 234 is slow reléase and is held-operated while
rélay” {14 -is intermittently “operated” by pulses
from reldy ii5. However, if indication signals
ate being received on'lead 363 as above mentioned
and relay 231 ‘is operated, relay 114 ‘operates to
open’its back ‘contact and close-its front contact:
When' the  front contact of -relay 231 is again
closed, relay [147is not released until relay 115
reoperates at the end of the synchronizing pulse;
If rélay 115 remains in the réleased position for
a lengeér interval than is nornially required to re=
céive one pllse; relay 234 releases to ‘connect
ground to winding 120" of relay 114 to permit Tre-
1ay-231 to réestablish control over relay 114, “As
soon’as reldy 114 closes its back contact’ relay 234
isreoperated.” When'reldy 114 is operated ground
is senit over-lead 365 to the  indication receiving:
circuit in the attended station as shown i Flgs
2;6and .

Indicdtion receiving circuit in' ‘attended -
repeater station -

The indication receiving circuit as. shown in
Figs.-2, 6 and 7 in the attended station operates
in response to signals-received over channels:Nos:
2-and 3 of the composite signaling circuit. These
signals-originate in an indication sending .circuit
located:-in one -of “the - distant unattended- sta-
tions, and as- above pointed- out, comprise: (1)
synchronizing:signals sent over channel-No: 2 and:
lead 354-and ultimately: rendered effective:over
lead 364, and (2) 'indication:signals=sent over
channel” No. 3 and-lead 363~ and - ultimztely
rendered “effective over :legd: 365 The syrichro=
nizing: signals: sent~over channel No: 2 :servé:to:

5 operate:two chainstofi counting: rela,ys Flg‘v 6 m

sucH “matiner- that: relay 23
under: control-of ‘chiarinel Noi:3; 1s-c0nnected~m
tirn t6 eaéh of theé 168" indicdtor Iamps:
7."-"The operationis:stch’ that anfindieation sig-
n&l'teceived over channel N6. 3 and‘via reldy 1145

Fig! 4; causes the operstion offrelay 235 to ener-
gize “aiy indicator lamp- each’ time the scanning
circuit in’ one-off thie’ distant unattended: stations
eficouniters © &+ grounded™ indicator- contact:vas
abovesmentioned-in. connection Wwith Figs. 14515,
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16 and 17. In edeh of the latter stations an in-
dlcator contact is prov1ded for each of the 168
indlcator lamps. 276 in Fig. 7. . After the -com-
pletion of one full cycle of cperation, the lamp
bank in Fig. 7 is left with one energized lamp to
correspond to each gr ounded indicator ﬂontact in
the distant unattended station.

The operation of relay 236 in Fig. 6 on a signal
via relay 114, Pig. 4, from the indication sénding
¢ircuit in one of the distant unattended stations
as above-mentioned, serves to operate relay 237,
- Fig. 6. The latter relay in operating removes

ground from lead 352 connected to the sending.

director circuit in the attended station, Fig. 5, to
disable the latter circuit and thereby to prevent
signals tending-to outgo therefrom over channel

No. 2 of the composite sighalihg circuit in Fig. 2,

from interfering with the synchronizing pulses
being .received at the attended station via chan-
nel No. 2 and required to operate relay 235 as pre-
viously explained.  Relay 237 also operates relay
238 in a local circuit, Fig. 6, to provide a holding
ground for the two counting relay chains in Fig, 6.
Each time relay 236 is released in response to a
pulse from a distant unattendedstation, thisrelay
supplies ground through contact 239 of relay 237
to.the pulse frequency dividing cifcuit consisting
of relays 240, 241 and 242. Figs. 6 and 7 contain
two counting relay. chains each comprising a
pulse frequency dividing circuit and a reentrant
counting chain capable of counting fourteen
pulses. The first counting circuit in Fig. 6 in-
cludes the previously mentioned pulse frequency
dividing circuit comprising relays 248, 241 and
242, and a reentrant counting chain consisting
of relays 243 through 258. The second counting
circuit includes a pulse frequency dividing cir-
cuit comprising relays 251, 252 and 253 in Fig. 6,
and a reentrant counting chain comprising relays
253 through 28{ in Fig. 7. The first counting
circuit counts the individual pulses from relay
238, and the second counting circuit advances
one step each time the first counting circuit goes
through one full cycle of its operation. The clo-
sure of ground through the back coniact of relay
‘235 at the beginning of the first pulse operates

telay 242 which locks up to a contact of relay 238..

Removal of ground from the back contact of re-
lay 236 at the end of the first pulse permits relay
248 to operate on. its winding 282 in series with
the locking circuit for relay 242. The applica-
‘tion of ground via the back contact of relay 23§
at the beginning of the second puise energizes
winding 263 of relay 4% and winding 264 of re-
lay 241 in_ series. This operates relay 241 and
holds relay 246 operated. Relay 24{ in operating
releases relay 242. Removal of the ground from
the back contact of relay 236 at the end of the
second pulse releases both relays 240 and 241 to
restore the circuit of Fig. 6 to its normal con-
dition. - Each two successive pulses cause the
relay operation just described.

From the foregoing operation, it will be noted
that ground from contact 265 of relay 238 is-con-
nected to contact 268 of relay 240 at the conclu-
sion of the transmission of -each odd-numbered
pulse and to contact 267 of relay 240 after each
even-numbered pulse. 'Ground on contact 268
and via the contacts of other relays.in Fig. 6, on
the completion of the first pulse, operates relay
243 which locks up on its winding 276 and con-
tacts of other relays in Fig. 6 to contact 271 of
relay 238 and which thereupon prepares relay 244
for operation on the next pulse appearing on con-
tact 267 of relay 249. Ground on the latter con-
tact at the end of the second pulse operates relay
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244 through contact 272. of relay 243. The operds
tion.of. relay. 244 releases relay 243 and.prepares
relay 245 for operation on.the next succeeding
ground from contact 268 of relay 240.. In a simi-
lar manner. successive pulses from the contacts
267 and 268 of relay 240 cause the counting chain
to advance to include relay.243. until the, elghth
pulse is reached. This pulse operates relay 250
and prepares relay 243 for operation a second
time but does not release. relay 248. The ninth
pulse operates relay; 243, releases relay 249, and
prepares relay 244 for its second operaticn, The
counting chain then advances a second time until
the fourteenth pulse causes the operatlon of relay
248, with relay 256 still operated The operatlon
of relay 238 connects “‘ground through its cori-
tact 273 back contact of relay 274 and lead Fi
to -the ‘winding -of ‘the first relay 2715 in Flg 7.
The operation of relay 215 connects twelve
lamps 276 to the twelve leads de51gnated 411 to
428 to the counting cham in Fig. 6.

With relay 243 in Fig. 6 operated in response
to the first pulse as previously mentioned, ground
via.the back contact of relay 233, Fig. 6, is con-
nected through contact 217 of relay 250, contact
218 of relay 243, and contact 219 of the first relay
275 to the first lamp 276 in Fig. 7. Now the opera-
tion of relay 235 in response to a signal received
over channel No. 3 of the composite signaling
circuit as hereinbefore - explained, will connect
battery through resistance 280 and the front con-
tact of relay 235 to energize the first indicator
lamp 276 in Fig. 7 when and if such signal is
received before the end 6f the second pulse uti-
lized for operating the counting chain as just
described. - Each successive pulse advances the
counting chain in Fig. 6 and connects the arma-
ture of relay 235 to a different indicator lamp
276 in Fig. 7 until the twelith lamp in the first
group of twelve indicator lamps is reached. The
thirteénth pulse counted by the. counting relays
in Fig. 6 connects ground from contact 268 of
relay 238 through contact 281 of relay 25% and
contact Z82 of reiay 247 to the pulse frequency
dividing circuit associated with the second count-
ing chain as previously identified. This pulse
operates the second pulse frequency dividing cir-
cuit to gdvance the second counting chain in Fig.
7. The fourteenth pulse from the first counting
chain in PFig. 6 connects ground to the winding
of relay 283 causing this relay to operate and
lock up to contact 267 of relay 240 until the
end of the fourteenth pulse. Relay 283 in oper-
ating removes- holding ground from the first
counting chain to release relays 248 and 250 to
prepare the counting chain in Fig. 6 for a second
cycle of operation. The first operation of relay
283 operates relay 274 and causes the latter relay
to lock up to contact 273 of relay 238 until the
entire circuit has completed its operation. Relay
274 in operating releases the first relay 215 in
Fig. 7 to disconnect the first group of twelve in-
dicator lamps 276 from fhe counting relays in
Fig. 6. The advance of the second counting
chain -to its first position operates the second
relay 216 in Fig. 7 to connect a second group of
indicator. lamps 276 to the first counting chain.
Each-time the first counting chain goes through
a complete cycle of operation the second count-
ing chain advances one step to connect a new
group of indicator lamps to the . first counting
chain till all fourteen 278 relays in Fig. 7 have
been operated and the armature of relay 235 has
been connected in turn to each of the 168 lamps
276 in Fig, 7, After the 195th pulse has been
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received, the indication sending circuit in the dis-
tant unattended station, Fig. 2, removes ground
from channel No. 2 of the composite signaling
circuit, Fig. 2, so that relays 236, 2371 and 238
are released to restore the circuit in Fig. 6 to its
normal condition.
whatever record may be required, the neon lamps
2716 in Fig. 7 remain energized until key 276a is
manually operated momentarily to remove plate
battery from these lamps and thereby to deen-
ergize them.

As shown in Fig. 2, the 168 lamps 218 (F‘lg i)
are arranged in a bank directly underneath a
translucent glass plate 500 on top of which may
be positioned a transparent sheet 581. The
lamp bank comprises fourteen rows of twelve
lamps in each row.
squares that one square is associated with each
lamp as illustrated in Fig. 22. From the latter

figure it will be noticed that ten lamps are used:

to check the synchronization of the system. In

For the purpose of making.

This sheet is so arranged in -
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this connection, the first five and the last five of
the 168 indication signals are utilized. When
the proper lamps are energized or non-energized
as indicated by the corresponding squares of the
sheet 501, this will serve as a positive indication
that each of the remaining 158 lamps is con-
nected to the proper indication point at the
particular unattended station to which the at-
tended station is then connected. In the event
that the ten indication lamps fail to be energized
or non-energized in the sequence indicated on
sheet 50f, this will serve as an indication that
the lamps at the attended station are not con-
nected to. the proper indication points at the
particular unattended station to which the at-
tended station is then connected.

Referring to Fig. 22, major alarms are en-
closed in heavy solid lines; minor alarms are en-
closed in medium weight double lines; and “in-
dications” are enclosed by a single solid line.
The sheet includes the following data:

Row Designation Explanatory Detail
Synchronization—Start . Ceeemeaeoo- Synchronization check.
CA Fail Send Ckt_ oo Cable failure sending circuit.
Chan. 1—Sect g Channel I—sectionalized.
Chan, 2—Fail .. Channel 2—failure.
) S Chan. 8—Fail. . oo cm—en e Channel 3—failure.
Tdentifies sending station as follows:
g:a?on é:%amp 1 Sgagion $=£amp 115
ation 2=Lamp 2 ation 7=Lamp 245
Station Identification. . --oomeeeoeeaeee Station 3=Lamp 1+2 Station 8=Lamp 1--2-+6
Station 4=Yamp 4 Station 9=Lamp 445
: : Station 5=Lamp § _ Station 10=Lamp 1+4-5
Synchronization—Stop._ccceveameaani Synchronization check.
Fuel Gas oW emameemmaee Gas engine fuel supply low.
Temp. High- LW - o i ccce e ‘Room temperature too high or too low.
2 ire_-. Fire alarm.
S Door Open Door open alarm.
LOC Cut Thru_ . e amoas Local order circuit cut through.
COC Cut Thru._ Cableman’s talking circuit ent through.
PA LOC Clear. Pilot alarm location circuit clear.
Fuses—Disch Main discharge fuse failure.
Fuses—Dist__ Main distributing fuse failure.
24-Volts—H-~ 24 v. battery voltage too high or too low.
24-Volts—Reg, Fail 24 v. battery charging regulator failure.
ABS—24v,,130v.._ Alarm battery supply fuse failure—24 v., 130 v.
ABS—48v_____ Alarm battery supply fuse failure—48 v.
3....--[¢130 Volts...__.. 130 Volt Battery.
Gen. Fuse Charging generator discharge fuse failure.
Gen. Fail . aeaaan Charging generator failure.
Pos. Float Positive hattery voltage too high or too low while charging.
Pos. H-L Load ..o Positive battery voltage too high or too low across load.
Neg. Float.._____ Negative battery voltage too high or too low while charging.
Neg. H-L Load..__. Negative battery voltage too high or too low across load.
{Power Control Panel Fails Power loop failure.
201-202W. L units 201 and 202 West,
203-204W oo il mam e L units 203 and 204 West.
205-206W : L units 205 and 206 West.
207-208W - I, units 207 and 208 West.
4 2012028 __ L units 201 and 202 East.
"""" L units 203 and 204 East.
L units 205 and 206 East.
L units 207 and 208 East.
Commercial A, C. Power—Failure.
Commercial A. C. Power—Restored.
QGas Engine—Failure.
Gas Eng.—Onpe Gas Engine—Operating.
Alt. Cont. Bav——No Volt. O Alternator control bay—no voltage output.
201-202, 203-204, ete. oo L upits 201 and 202, 203 and 204, etc.
5 No vo]tage——tra.nsferred to motor alternator.
"""" L units.201 and 202, 203 and 204, ete. .
Motor alternator failure.
Machine No. 1, Machine No. 2, ete.
Rectifier failure—24 v, or 130 v.
_________ 48 v. battery voltage too high or too low.
Rectifier—inverter failure. -
........ Rectifier—inverter failure No. 1, No. 2, ete.
S Rectifier—inverter operating.
Motor alternator A. C. motor failure.
. . g Fail..___. Motor alternator emergency machine failure.
{1 Power Trs. to- Mot. Alt_. Power transferred to motor alternator.
Alt, Cont. Fuse Alerm__. Motor alternator control fuse failure. .
64 ke. Pilot Alarm at Non- 64 tk% pilot alarm outside limits at non-smtchmg main
station.
7 201; 202, 203, et .o e iwedoacnoaals L units 201, 202, 203, ete.
Teememe 3096 (Wkg Line) Pilot at Sw. Main.._. 3095 ke. pilot (aesomated with workmg lme at switching main
-station) cutside limits,
201-203, 205-207, €tCo oo T units 201 and 203, 205 and 207, ete.
2064 k¢, Pilot Alarm at Non-Sw. Main. 206;:1 1%«rc pilot alarm outside Timits at non‘switching mam
station.
8 201, 202, 203, ete | L units 201, 202, 203, ete.
TTineee 3096 (Sp Lme) Pllot at St. Main..._..| 3096 kec. pﬂot (assocxated with spare line at switching main
s station) outside limits. :
201208, 205-207, Ot mne L units 201 and 203, 205 and 207, ete.
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Row, g ) ]?jeéignhtiéﬁ» . R S Exp]anatory Detail’

kY *3096']:(: Pilot Alamrat Non-8w: Main_ | 309? 1%Ic pﬂot alarm outsidé- limits-at non- sthchmg: Inain
§ station:
. Lo units 201. 202, 203, ete.
" Spare line-failure-at sw1tchmg mainistation:
I, units;201 amd-203; 205 and-207, etc:.
| Total line fajlure.at sw1tch,1.r,1gkmam. station...
“I; units-261 and-203, 205 and-207; ete.
Tine switched at switching. main- station:
, L. units 201:and 203, 205 and 207, ete.
" Line-locked-at'switching main’ station.
90E-208,.205-207; etC. . . I anits:20 - and 203; 205 and 207, ete.
{ lorking Line at Switch: IIJG{JC?{’:SS ‘which L. unit is. Workmg line at switching, main.
j ) . *_ statiom:
- 2015.202,.203, etc - L units 201, 202;.203, ete.
] PﬂotAlarm atnAux(Stanon..___.,_.- Pilot slarm operated at auxiliary station.
i E units 201 and-202 West.
. L units: 203 and: 204 West.
| L units: 205 and_206 West.
L units 207 and 208 West.
. L units-201:and'202 East.
| L units 203 and 204 East.
[ F, units‘205-and 206 East.
. Lounits; 207 an@ 208 East.

| — 201 202,.203; ebo._ .-~

Sp. Line Fall at 8w
1201-203; 205-207;, etc;
|{Fot..Line Fail at &
lZOl —203, 206-207; et

Auto. Switch at:Swr M
201203, 205-207, efc_..
“Auto Sw. Locked-at-o

10

Li-supergroup carrier supply- ~faflure:

-[ Logroup-carrier:supply failure.

L carrier supply generator transfer.

Indlcat(;,;s adjustment needed in carrier supply synchronizing
clreul

Blank squares are unassigned.

In use a copy of the data. sheet; 80 is placed - --be determined by: transmitting signals over the
on top of the translucent screen: 588 and: a;.check.g.{?.-sendmg director cireuit, Figs. 2 and 5, to the
mark or other suitable designation is. made om ~~unattached stations: equipped with the receiv-
the data sheet for each illuminated: lamp. This ing director circuit to cut off channel No. | af
provides a permanent record of operating eon- each thereof to find. by trial and error the most
ditions at each unattended station fer a.desired '__- distant unattended’ station which is in full op-
time interval. 'Thus, pessible: fault conditions 35 erating condition, on: the side of the cable fault
may be anticipated and correetion therefore pro~ -----. nearest to: the: attended station.
vided before the fault actually occurs;. and faults —~ ~ Lead 343 from, the: composite signaling circuit
whose occurrence may not be prevented are an- . ..channel No. | is- econnected to a back contact
ticipated to the extent: that cerrection. therefore - ~-of relay 284 which. is normally released and which
may be provided te: reduce the duration of the.- %29 connects: lead: 343 to lead 344 extending fo the
faults. This tends to enable both. a. reduction, ~ associated alarm sending circuit in Fig. 10 where-
and possibly the elimination, of eertain faults. - -by signhals from-the more distant unattended sta-
As a consequence, the occurrenee and time dura- ~ tioms are permitted to pass through the nearer
tion of faults may be reduced to the irreducible - unattended statiens and on to the attended sta-
minimum. 45 tion. Relay 284 serves to. interrupt this signal-
-...-ing channel in: case a.fault in a more distant sta-
Cable failure ala:ze‘zetzflzt% g:;g;.zt o zmattended " tion tends to disable the entire station alarm

-system. Relay 284 may be operated by a direc~
" Figz. 19 shows a cable failure alarm sending =~ ~"tor signal which applies ground to lead RDZ,
circuit and includes normally operated slow-re-.50 and in operating locks up through resistance
leasing relays held so by the: grourd. on leads .~ 285 and its contact 286. Relay 284 in operating,
366 and 367 of the associated compesite- signal- - ..also transfers lead 343 from lead 344 to alarm
ing circuit shown in Fig. 18. The relays. in Fig. ‘lamp 28T. This Tamp permits visual observa-
19 remain operated under- all: normal conditions - --tion -of line conditions as an aid in determining
involved in the transmission. of all éireetor sig- 55 the nature of the fault occurring in the cable.
nals through the composite signaling system-as ----Relay- 284 also: grounds lead IDI to mark an
hereinbefore explained. The eomposite signal~"  indicator eontaet to control a lamp 276 in the
ing system is so arranged that under normal con- indication receiving circuit in the attended sta-
ditions battery current is- transmitted. over the _ tion. Relay 284 also operates, via a lower front
signaling system from the distant unattended 60 contact, the station alarm cut-off lamp 288.
stations toward the attended station. Am-inter-  ~~ After the fault has been cleared, relay 284 may
ruption of this current by failure -of one ef the - be-released either by a manual operation of sta-
cable conductors releases the nermally operated = tion alarm: release key 289 in Fig. 19 or by an
relay in the circuit of Fig. 19 to provide alarm - operation of the sending direetor system to ap-
and indicator signals and to. open channels Nos. 65 ply ground to lead RDI, as described above in
2 and 3 so that the indicator system: described - --- -connection with Pigs. 11 and 12.
above will continue to function at all unattended. . .. The signaling eircuit of channel No. 2 from
stations positioned between the attended sta- -more distant stations passes over lead 368, con-~
tion and the location of the fault in: the cable. tact 291 of relay 290, and lead 36i, to the indi-
No autematic alarm system is provided in the-cir- 76 cafion sending circuit in each unattended sta-

cuit of Fig. 19 to indicate a fault involving chan-~  tion as previously described above regarding
nel No. t of the composite signaling system -as - --Figs. 14, 15, 16 and 17. Relay 292 is held op-
faults on this channel are detected at the at- erated by ground over lead 366. Normal opera-

tended: station in o manner to he explained later ‘tion of the indication sending circuits in unat-
herein. The location .of such faults can then 75 tended stations more distant with reference to
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the attended station, Fig. 2, does not cause
ground to be removed from lead 366 for more
than :33 second in any single break so that
under normal conditions slow-release relay 290
remains unoperated. Interruption of the com-
posite signaling system between this station and
a more distant station equipped with a cable
failure alarm sending circuit may cause removal
of ground from lead 366. In this case relay 292
is released and relays 290 and 293 operate in
obvious local circuits in Fig. 19. Relay 290 in
operating fransfers lead 368 of the composite
signaling circuit from the indication sending
circuit to alarm lamp 294. This action prevents
the ground on lead 368 from interfering with op-
eration of the indicator system between this sta-<
tion and the station equipped with the indica-
tion receiving circuit, Figs: 2, 6 and 7. The op-
eration of relay 290 in Fig. 19 grounds lead ID2
through its contact 295 to mark an indicator at

the attended station to indicate that channel No.’

2 is in trouble. ‘Relay 290 also releases the nor-
mally operated relay 296 to complete a circuit
through contact 297 of relay 290 and contact
298 of relay 296 to lead 247 in Fig. 9 to operate
the station alarm system - described .previously
hereinbefore. In operating, the station alarm
system sends ground back on lead 378 and
through contact 299 of relay 290 to the audible
or visual alarm circuit. When the fault trouble
condition affecting channel No. 2 has been cor-
rected, the circuit of Fig. 19 restores itself auto-
matically to the normal condition. Permanent
ground is azain applied to lead 366 to operate
relay 292 which in turn releases relay 293 con-
nects the winding ‘of relay 293 16 lead 357 of the
receiving director circuit whenever the circuit
of Fig. 19 is operated to indicate a trouble con-
dition on channel No. 2. This connection is so
arranged that the operation of the receiving di-
rector system will not cause a false release of
this alarm circuit under certain cable trouble
conditions. Such false release would remove
ground from lead ID2 and thereby prevent the
indicator system from reporting the location
of the trouble. It may be noted that a trouble
condition on channel No. 2 at a point located
a distance from the attended station equipped
with the cable failure alarm receiving circuit,
Fig. 8. may cause a momentary operation of re-
lays 280 and 293 in all stations intervening he-
tween such distant unattended station and the
attended station. In this case only the relays
in the unattended station nearest to the fault
in the cable will remain operated and the op-
eration of transferring lead 368 2t this unat-
tended station to the alarm lamp 294 as above-
mentioned permits the corresponding alarm re-
lays at all other unattended stations to assume
the normal condition. -

The alarm system associated with channel No
3 of the composite signaling system operates in
a manner somewhat similar to that associated
with channel No. 2. Relay 30{ in Pig. 19 holds
operated through all normal indicator signals
transmitted over channel No. 3.  The longest
normal break in lead 367 is approximately .06
second.. Relay 30/ in releasing as a result of an
interruption of .lead 367 due to a fault on the
cable, operates relay 302 which ‘grounds lead

ID3 to mark an indicator point to indicate that

channel No. 3 is in trouble, to transfer lead 369
to operate alarm lamp 304, and to release relay
303 to operate the station alarm system over lead

341. Restoration of ground to lead 367 returns
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this portion of the circuit of Fig. 19 to its nor-
mal condition,

The lamps 287, 294 and 304 are connected to.
the audible and visual alarm circuit which is ar-
ranged so that it may be disabled at times when
not required in particular unattended stations.

Cable failure alarm receiving circuit in attended
repeater station

Fig. 8 shows the cable failure alarm receiving
circuit which indicates a trouble condition on
each of the three composite signaling channels
Nos. I, 2, and 3 associated with the alarm and
control system. Xach time a signal is received
over one of the three channels, ground from leads
350, 371 or 2372 is interrupted. These leads are
used by the circuit of Fig. 8 to indicate the
condition of the three channels. In the case of’
channels Nos. 2 and 3, removal of ground from
the corresponding leads 371 and 372 for an ab-
normally long period is taken as an indication of.
trouble. In the case of channel No. {, the normal
incoming signals. are rather complex and nob

.easily recognizable by means of a simple relay

circuit connected to lead 853. Therefore, the
alarm system used to indicate trouble in chan-
nel No. | operates on signals from leads 373, 374
and 875 from the station alarm receiving circuit,
Fig. 3, in a manner which will now be explained.»

In the normal operation of the station alarm
receiving circuit, Fig. 3, each alarm signal is re-
ceived by seizure of channel No. i followed by
a series of three or more pulses whereas any seiz-
ure of this channel not followed by a series of
pulses is: taken as an indication of -trouble .on
channeél No. {. Each time the station alarm
receiving circuit is seized for transmission in re-
sponge to . a- station . alarm signal, the station
alarm receiving circuit in Fig. 3 connects lead
373 to lead 374. This completes a circuit from
ground through key 36835, in Fig. 8, leads 373 and
374 and the station alarm receiving circuit, con-
tact 306 of relay 307, and contact 308 of relay
309 to the winding of relay 397, Relay 307 there-
fore operates each time the station alarm. cir-
cuit operates.  With normal operation of the sta-
tion alarm circuit as above noted, the reception
of the second pulse from a distant unattended
station connects lead 374 to lead 375 to operate
relay 309 through its contact §18. Relay 3069 in
operating locks up to lead 374 through ifs con~
tact 311 and releases relay 207. Relay 309 then
remains operated as -long as the station alarm
receiving circuit in Fig. 3 is receiving pulses.

As regards the seizure of channel No. I, if if
is caused by a false signal due to cable trouble,
no pulses are received so that relay 309 does
not operate and relay 367 remains operated.
When and if relay 367 remains operated for
approximately two seconds, ground from its con- _
tact 312 operates slow-operating relay 213 which
operates relay 214 in an obvious local circuit.
Relay 3(4 operates alarm lamp 315 to indicate
trouble associated with channel No. { and at the
same time connects.ground to the audible or vis-
ual alarm’ circuits. Because of the tendency for
vibrating relays to produce pulses under abnor-
mal line conditions, relay 316 has been provided.

long series of ‘pulses would operate relay 307,
then operate relay 209 and release 381 as in the
operation of g legitimate alarm signal. However,
ground would remain on-lead 374 as long as
Since
the longest series of pulses due to a legitimate
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signal-would last not more than 2% seconds, this
type of fault can be detected by providing relay
316 “haying an operate time much lenger than
that .of the longest possible legitimate signal. In
case pulses continue to-arrive after approximately
thirty seconds, relay 316 operates -to connect
ground through contact 317 of relay 309 to the
winding .of relay 301, ~This reoperates relay 301
and then operates relay 313 and relay 314 to
provide fhe audible and wvisual alarm signals.
Key 305 is provided fo silence the audible alarm
signals and terminate lead 350 in a lamp so
that the trouble condition on channel No. | may
be investigated.

As regards the occurrence of a fault on chan-
nel No. 2, relay 318 is normally held operated
by .ground on lead 3T1. Since the longest nor-
mal interruption of this lead on a normal.indi-
cator signal is approximately % second, relay
318 remajus operated under normal conditions.
Cable trouble associated with channel No. 2 in
the link adjacent to this station might cause per-
manent removal of ground from lead 3T1. Re-
moval of this ground would release relay 318
which in turn would release normally operated
relay 319 to energize alarm lamp 320. Key 321
permits operation of relay 318 in a local circuit
to.release relays 313 and 314 to silence the audi-
ble alarm. Relay 322 is held normally operated
by ground on lead 312, Since the longest inter-
ryption of ground on lead 372 due to the recep-
tion of indicator signals is approximately 06 sec-
ond, this relay remains operated under all nor-
mal conditions.

The ogccurrence of a fault on channel No. 3
in the section adjacent to the attended station
may cause removal of ground from lead 372
whereupon relay 322 is released fo energize alarm
lamp 323 and to operate relays 313 and 314 in
succession to produce an audible signal. Key
324 is provided to reoperate relay 322 in a local
circuit in Fig. 8 to silence the audible alarm
until the trouble conditions can he corrected.

Operation of channel No. 4

Channel Ne. 4 constitutes a neutralizing circuit
which is common for the three signaling channels
Nos. i, 2 and 3, and which permits the opera-
tion ‘of these channels under conditions involv-
ing the presence of a relatively large amount of
alternating current or direct current ground po-
tential, DPuring idle periods current will flow:in
each of channels Nos. 1, 2 and 3 and possess &
magnitude dependent on the length of the respec-
tive ehannels. - i the comrposite signaling circuit
battery terminal shown in Figs. 2, 10 and 13,
channel No. 4 includes in Fig. 10 lead 31§, and
winding 45 of relay 36, lead 376 in Figs. 10 and 13,
and in Fig. 13 winding 325 of relay 123, one-half
of resistance 326 and the junction between re-
sistances 327 and 328 which form a potentiometer
between battery and ground. A balaneing circuit
for the neutralizing circuit comprises in Fig. 13
the junction between resistances 327 and 328, the
other half of resistance 328, winding 329 of relay:
123; and lead 317, and in Fig. 10 lead 317, winding
44 of relay 36, balancing network to the junction
between resistances 330 and 331 which form a po-
tentiometer between battery and ground. Longi-
tudingl line currents induced or set up by ground
potentials have opposite magnetic effects in 43
and 45 windings of relay 36, and in 128 and 325
windings of relay 123; and these effects tend to
cancel each other in the respective relays except
for predetermined variations in circuit constants.
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-Outgoing signals:sent into the apex circuit .of
relay 36 in Fig. 10 (Gunction -of its windings 42
and 43) and of relgy 123 in Fig. 13 (junction.of
its windings 128 and 129) produce substantially
no change in the magnetic effects of the associ-
ated windings of the respective relays .if the
balancing network. connected . to each relay bal-
ances the line. Incoming signals to the relays 38
and {23 produce a change in the magnetic efiects
of the above-mentioned associated pairs.of wind-~
ings thereof, which induces :a current in wind-
ing. 45 of relay 36 and/or in winding 325 of relay
123.. “This induced current in each winding .of
the respective relays would tend to cause inter-
ferenece when it flows through the winding of the
other relay if it were not opposed by the current
indueed therein. With .a good magnetic balance,
the current in the respective windings 44 and 45
of relay 36 would tend to cancel each other; and
the current in the respective windings 325 and

" 329 of relay 123 -would tend to cancel each other.

In the composite signaling circuit ground ter-
minal at the attended station shown in Figs. 2,
20 and 4, channel No. 4 includes in Fig. 20 lead
316 and winding 50 of relay 54, and in Fig. 4
lead 378, winding 332 of relay ({5, winding 333
of relay 234, and.the junction hetween resistances
334 and 335 which forms a potentiometer between
battery and ground. A balancing circuit for.the
neufralizing circuit comprises in Fig. 4 the junc~
tion between the resistances 334 and 335, wind-
ings 336 of relay 231, winding 3371 of relay 115,
and lead 318, and in Fig. 20 lead 318. winding 51
of relay 54, the balancing network and the junc-
tion between the resistances 338 and 339 which.
form a potentiometer between battery .and
ground. The operation .of the neutralizing ¢ir-
cuit just traced is similar to that for the com~
posite signaling circuit battery terminal just de-
scribed.. The leads 383 and 446 of the composite
signaling circuit ground terminal at fhe unat-.
tended station correspond to leads 376 and 348
of the composite signaling cireuit ground terminal
at the attended station.

What is claimed is:

1. In an alarm system for an  intelligence
transmission system, an attended station, an un-
attended station geographically separated .frem.
said attended station, means at said unattended
station subject to a fault, an indicator at -said
attended station, means for operating said indi-
cator in response to the occurrence of a fault at
said fault means to record the fault occurrence
in said indicator, and means to restore said indi-.
cator and operating means to the normal condi-
tion and thereby cancel the record of the fault
occurrence for differentiating between a transi-
tory fault and a permanent fault, said differenti-
ation being in a sense that a failure of said in-
dicator to reoperate a second time to record a.
faylt. occurrence denotes that the initial record
was due to the occurrence of a.transitory faulf,
in said fault means whereas a reoperation of said
indicator a second time to record a fault occur-
rence denotes that a permanent fault occurred
in said fault. means..

2. A supervisory circuit. for a signal transmis-
sion system comprising an attended station, an
unattended station, apparatus in said unattended
station adapted for remote control, means at said.
attended station. for so.controlling said apparatus.
as to establish a. preselected condition in each. .

thereof, means. at said unattended station for =

broducing a predetermined sighal and an accoms.
panying -synchronizing signal in respomse:
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thé -establishmienit 6f said preselected condition
in each of said apparatus, indicators in said at-
tended station, means operated at will by an
attendant in’said attended station for activating
said controlhng means to establish said prese-
lected condition in at least one of said apparatus
thereby causing said signal means to transmit
said predetermined signal and said accompanying
synchronizing signal corresponding to said last-
mentioned condition established in said one ap-
paratus, said last-mentioned aceompanying-syn-
chronizing signal serving to apply said last-men-
tioned. predetermined signal to a ‘particular in-

dicator: to show thé preselected condition of said-

onhe apparatus, means for restoring said signal
means and said indicators to a normal condition
after each operation of said operated means, and
means for rendering said controlling means in-
operative ‘when sgid signal means is operative
and for rendering said signal means inoperative
when' said controlling means is operative.

©3.-In"a communication system including an
attended station, a plurality of unattended sta-
tions, a plurality of remotely controllable devices
at each of said unattended stations, said devices
being adapted to effect predetermined signals for
representmg certain operating conditions thereof,
and & trarsmission line conrecting said stations,
sisupervisory apparatus comprising means at each
of said umattended stations for generating a cycle

of pulse-signals, means at each of said unattended-

stations for scanning said devices thereat in re-
sponse -to said pulse signals and causing said
devices- to apply said predetermined signals to
said-line, said generating means also causing the
application of a -eycle of other pulse signals to
said line, means at said attended station for
applying -a- certain sighal to.said line to select
a particular unattended station and to cause said
generating means at said last-mentioned station
to run through one cycle of its pulse signals,
means comprising a group -of discrete indicators
at said attended -station responsive to said pre-
determined ‘signals on ‘said line to indicate the
conditions of said devices at said selected un-
attended ‘station, means for restoring said indi-
catinig means to a normal condition after said
last-mentioned conditions have been indicated;
and means at said attended station responsive to
said” other pulse signals on said line to direct
said’ predetermmed signals to partlcular 1nd1-
cators.

4. A comibination according to claim 3 which
includes 4t least one unattended station con-
nected to said line intermediate said selected
unattended station and said attended station, and
means at said intermediate station for repeating
said. signals on said line, said repeatmg means
comprising v1bra,t1ng cireuits for eliminating the
signals recelved at said intermediate station and

substituting new blas-free signals for the elimi-~

nated. ‘signals.

5. A combination accordlng to clalm 3 ‘which-

includes means at each of said unattended sta-
tions for.. controllmg the transmission  on .said

line of predetermmed and other signals originat- -

ing.in the remaining unattended stations of said
system, said controlhng means at said selected
unattended statlon being activated by said cer-
ta.m,sag,nal on said’ line to preclude the trans-
mission of predetermined and other signals origi~
nating in the remaining unattended stations of
said.system’during the-interval when said gener-

ating: means at said selected unattended station
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is-engaged in applying said predetermined and

other signals to said line.

6. A combination according to c1a1m 3 in which
said plurality of unattended stations comprises
at least two discrete groups of unattended sta-
tions extending in different geographical direc-
tions, and which includes further means at said
attended station for permitting signaling trans-
mission between said attended station and the
group of unattended stations including said se-
lected unattended station but holding up signal-
ing transmission betweén -said atiended station
and the other groups of unattended stations.

7. In an alarm system for -an intelligence
transmission system, in combination, an attended
station, a plurality of unattended stations spaced-
from each other and from said attended station,
a transmission line, means:at each of said: un-
attended stations subject t0-a fault, means for:
connecting each of said unattended stations to
said line in response to the occurrence of a fault’
each thereof at a different time, said last-men-
tioned means being initially résponsive to said
fault occurrence for applying a preselected sig-
nal to said line for identifying both the fault
unattended station and the type of fault, said
connecting means at each unattended station
intermediate said attended station and the fault
station serving initially to connect such inter-
mediate stations to sdid line in series with said
attended station and said fault station and for
causing such intermediate stations to repeat said
preselected signal on said line, said last-men—
tioned means comprising vibrating circuits to con- -
nect such intermediate stations to said line and
to reform. at said last-mentioned stations said’
preselected signals received thereat and to trans-
mit the reformed signals on said-line and thereby
compensate said preselected signals for any tend-
ency to include distortion therein, and 1ndlcat1ngr
means at said attended station responsive to said.
preselected signal received on said line thereat
for indicating both the fault originating un-
attended station and the type of fault.

8. An alarm system according to ¢claim 7 ‘in
which said indicating means includes means at
said attended station for storing the faulf signals
received from said fault unattended stations re-
gardless of the order of the unattended stations
originating said fault occurrences whereby the
fault occurrences at said fault unattended sta-
tions may be cleared in such order as circum- -
stances warrant.

9. In an intelligence transmission system in-
cluding an attended station, a plurality of un-
attended stations, and a signaling line connect-
able to said stations, an alarm and control circuit

. for supervising the operation of said unattended -
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stations from said attended station, said circuit
comprising means for adapting said line with
three composite signaling channels and a fourth
chainnel for neutralizing the effect of longltudmal
voltages on signaling transmission in said com-
posite channels, means at each unattended sta-
tion responsive to the occurrence of a fault there--
at fo¥ seizing said liné and sending a preselected
signal on a first composite signaling channel ‘to
sdid -attended station, means at said attended
station respoitisive to said preselected signal to
send a further preselected signal back on said
first channel to said fault station to cause sald '
fault station to send a preselected fault signal on
said first channel, means at said attended station -

operated by said preselected fault: signal for-in-"

dicating the type of said fault and for identifying
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the unattended station-originating said prese-

lected fault signal, means. at said attended sta-
tion for wiping out said fault indication on sai
indicating means to enable a differentiation be-

in such sense that a permanent fault causes the.
reoperatlon of said fault indication on said indi-,
cating means at sa1d attended station whereas.a
transitory. fault falls to cause the reoperation. of-

' said fault indication on said indicating means at: 10

sald attended stat1on a plurality of: further indi-.
L s at said attended station, a. plurality:
of 1nd1cat10n points at each unattended, station,
means, at each unattended. station for scanning

attended station for applymg a. certain
s1gv. 1 to g second composite signaling channel
to: select. a designated unattended station and.to.
operate said scanning. means. thereat whereby. a.

series; of  predetermined signals is applied to.a gp
third:composite signaling channel and thereby.to.

a.corresponding discrete further indicating means.
at.said attended station for. identifying: the con-.
dition of. each mdxcatmn point. scanned and

whereby. a plurahty of synchronizing signals are. oz

applied to sald second composite signal channel:

for. ensuring. that each predetermined. signal. is.

applied to a particular discrete further indicator

at.said attended. station, said further indicating.
means, at said. attended station being controlled. g
by.said predetermined signals to indicate at. said.

attended.station the condition of each indication

point scanned, means at each unattended:station.
for precluding other unattended. stations from.
effectively operating to.send. or receive signals. gs

when said fault or. designated unattended: station
is engaged in signaling operations, and means ab
said, attended station controlled. by a signal from.
sa1d fauls, or: des1gnated statlon to. render said.
durmg s1gnal transmlssmn from sa1d last-men-
 tioned: unattended station. to.said attended. sta-
tion, said; fourth . channel: tending. to. prevent.
extraneous longitudinal voltages from impairing.

signaling transmission: on said: first, second: and 45

third channels.
10. Inan 1nte111gence transnnssmn system coms.

attended statlons and a s1gnal1ng transm1ssmn

line;connected to_said attended station.and:con-. 5

nectable to. said: unattended. stations, said line.
comprising at.least two discrete signaling. chan-.

nels, means for supervising the operation of-said:

unattended stations from-said attended station,

said; last-mentioned means: including means. at: g5.
! thereat means at said selected ‘unattende

tended statmn for applying to.said Iine a.

said-

s1gnal to s select an unattended station and: to re-.
questu 1nformat10n signals :therefrom. regarding .
ope; tmg cond1t1ons thereat means. at sa1d se-.

mentloned 51gna1 to supply the requested 1nfor-
matlon 51gnals to sa1d line, means in one of:said:
channels, for»»transm1tt1ng ‘said selecting s1gnals

of sa1d unattended statmns for synchromzmg sa1d

;mformatmn s1gnal means . and sa1d indication: 70

for mterconnectmg sald synchromzmg means at
sa1d attended station.and each of said unattended
at,

sitory. and permanent, fault occurrences. 5

each of said indication points, thereat, and means. 15

_ said information s1gnals ‘on; sald 11ne to provad
"~ indications thereof; and~means at sa'

"pr1smg an attended- station, a- plurality of un=,

44
- 11. Inanintellizence transmission system: conix
prising an attended station, 2 plurality ef un-:
attended S.tat,ions., and: a sianaljng transmission

o‘inpnsmg‘at least three d1screte hannels, means:

for supervising the operation of said: unattended

stations. from said attended- statio
mentioned means including
tended station: for applying to sai &y gl
to select, an: unattended station: and. to requesg
1nformat10n s1gnals therefrom regardmg operatu

nel means 1n :
connectmg sa1

response. t0. e:s_t.rapequs,currexi ;
nef:ic.- effect;. anp_szi_ng; the,; mag;

response to. certam extraneous c ren
a magnet1c effect. opp051te to and- can

1ng transrmssmn on sa1d lme, means for superq.
vising. the operatlon of sa1d unattended sta.tlons
from said attended station, said last '
means including means at said atfended statmn
for applying,. to said line a signal to select an un-
attended station and to request 1n.format10n sig-.
nals therefrom regardmg operatmg conditions

sta-
tion controlled by said-first-mentioned- sj nal to
supply the requested 1nformat10n s1gnals to sald"
line; means at-said attended~stat10n respons1ve tS) -

station and each of-said unattended stat
synchronizing said 1nformat10n s1gna1 me ,ns a.nd"
said-indication means.

13: Inan 1nte111gence transnussmn ‘system com=.

attended stations, and a- 31gnahng transrmssmn-
line connected ‘to-said- attended-station: and con~
nectable- to- said- unattended~ stations,” means for-

-supervising the. operatlon ofisaid: unettended sta- -

tions from said. attended station; said ldst-men--
tioned: means. including- means -at: said: attended:
station for:applying.to.said:line:a:signal to select::
an.unattended: station:and:to request:informa.-..

vtion: signals: therefrom: regarding.operating: cons::




2,607,843

45
ditions thereat, means at said selected unattended
station controlled by said first-mentioned signal
to supply the requested information signals to
said line, means at said attended station respon-
sive to said information signals on said line to
provide indications thereof, and means at .said
attended station and each of said unattended
stations for synchronizing said information signal
means and said indication means, said super-
visory means including means at individual un-
attended stations for seizing said line and apply—
ing a signal thereto in response to the occurrence
of a fault at individual unattended stations,
means at said attended station operated by said
last-mentioned signal for sending on said-line a
further signal to the fault unattended station,
meang at said last-mentioned unattended station
responsive to said further signal for applying to
said line a preselected fault. signal to identify the
unattended station originating said preselected
fault signal and the character of the fault as a
major or a minor type, means at said attended

station responsive to said preselected fault signal

for indicating the identity of the fault unattended
station and the major or minor character of the
fault, and means at said attended station for
enabling a differentiation between permanent, and
transitory faults, said last-mentioned means com-
prising means for wiping out said fault indica-
tion whereby said fault at the fault unattended
station is caused to repeat the application of
said preselected fault signal to said line thereby

-to effect the reoperation of said fault indicating

means at said attended station when the fault is
permanent and whereby said fault at said fault
unattended station fails to reapply said prese-
lected fault signal to said line thereby failing to
effect the reoperation of said fault 1nd1cat1ng
means when the fault is transitory.

" 14. In an intelligence transmission system com-
prising an attended station, a plurality of un-
attended stations, and a signaling transmission
line connected to said attended station and con-
nectable to said unattended stations, means for
supervising the operation of said unattended sta-

‘tions from said attended station, said last-men-

tioned means including means at said attended
station for applying to said line a signal to select
an unattended station and to request information
signals therefrom regarding operating conditions
thereat, means at said selected unattended sta-
tion controlled by said first-mentioned signal to
supply the requested information signals to said

line, means at said attended station responsive to
-said information signals on said line to provide

indications thereof, and means at said attended
station and each of said unattended stations for

-synchronizing said information signal means and
said indication means, said information signal

means at each of said unattended stations com-
prising a plurality of pairs of contacts, one con-
tact pair being associated with each information
signal, certain contact pairs being closed to apply
ground to said lihe for supplying information
concerning certain operating conditions, other
contacts pairs being open to constitute an open
circuit on said line for supplying information
concerning other operating conditions, said indi-
cation means at said attended station comprising
a plurality of lamps each of which is connectable
to a corresponding pair of contacts at each of said
unattended stations, said lamps being controlled
by said ground and open circuits for visually

- representing said certain and other operating
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said synchronizing means ensuring the coniieé«

tion of each of said lamps to said corresponding
pair of contacts at each of said unattended sta=
tions.

15. In an intelligence transmission system com-
prising an attended station, a plurality of un-
attended stations, and a signaling transmission
line connected to said attended station and con-
nectable to said unattended stations, means for
supervising the operation of said unattended sta-
tions from said attended station, said last-men-
tioned means including means at said attended
station for applying to said line a signal to select
an unattended station and to request information
signals therefrom regarding operating conditions
thereat, means at said selected unattended sta-
tion controlled by said first-mentioned signal to
supply the requested information signals to said
line, means at said attended station responsive
to said information signals on said line to provide
indications thereof, and means at said attended
station and each of said unattended stations for
synchronizing said information signal means and
said indication means, said information signal
means at each of said selected unattendeq sta-
tions comprising a plurality of pairs of contacts,
one contact pair being associated with each in-
formation signal, certain contact pairs being
closed to apply ground to said line for supplying
information concerning certain operating condi-
tions, other contact pairs being open to constitute
an open circuit on said line for supplying infor-
mation concerning other operating conditions,
said indication means comprising a plurality of
lamps each of which is connectable to a corre-
sponding contact pair at said selected unattended
stations, said lamps being controlled by said
ground and cpen circuits for visually represents
ing said certain and other operating conditions
at each of said selected unattended stations, and
said supervisory means further including means
at each of said selected unattended stations for
synchronizing said information signal means and
said indication means in such manner that each
contact pair is connectable to a particular lamp.

16. In an intelligence transmission system ¢ com-
prising an attended station, a plurality of un-
attended stations, and a signaling transm;ssmn
line connected to said attended station and con-=
nectable to said unattended stations, means for
supervising the operation, of said unattended sta-
tions from said attended station, said last-men-
tioned means including means at said attenided
station for applying to said line a signal to select
an unattended station and to request information
signals therefrom regarding.operating conditions
thereat, means at said selected unattended.sta-
tion controlled by said first-mentioned signal to
supply the requested information signals. to said
line, means at said atiended station responsive
to said information signals on said line to provide
indications thereof, and means at said attended
station and each of said unattended stations for
synchronizing said information signal means and
said indication means, said supervising means
including means at said attended station for pre-~
cluding the transmission of signals therefrom
when said information signals are being received
thereat and when said synchronizing means at
both said selected unattended station and sald
attended station are operative.

17. In an intelligence transmission system com-
prising an attended station, at least two unat-
tended stations, and a signaling transmission line

conditions at each of said unattended stations, 7§ for connecting said unattended stations in series




; 1'ng Bt least th e‘e signalifiy Chiahhels,
Hsars Tor Sipervising the operation of said un- gighal Tor automatlcally %
attended stations from - said attended station, lected s1gna‘to ’sald fault unatte Ba statxon to
: < entmned ighiis inchiding mears at ndics i t nded -§t is Téa

3 Lstatlon for a—pplylng to smd lme

statmn respensive to said preselected si :
itting hit of pulses to 1dent1fy
at

die 'tioh [aate t;o‘ns thereat ‘meails 4t $aid
i ut ded statlon .controlled by said first-
jo)}

11‘5 attended sté,tton ahd sa1d 1mp0rtanc
5 sm1Ss1on ‘system an

tiijns;-a phirahty of ‘opié i
fg‘o ‘of §3id unattended statiors, &ath O C
tlons ‘Béitig tepresen gGbleé by a predetermm
Tigl, 4 pank Of fot's at smd attended ‘st
‘&a3ch mdlcat e sail
to otie of s¥id opératmg cond1tlons neahs zt
o5 said atteiided station for applying 4 signdl to §a1d
Tie Foy preselécting oiie of Said unattended stas
tiohs, mesils 4t egch of ‘said utintténded stations
YeSporisiveé t0 said preselected ‘sigrial for -genér-
Hiing scanhing ‘pulses and applymg certam ‘of
‘said iast=mentionsd pulses to sdid g, countmg
Teldys b each ‘of sAid undttetideq statiohs fe-
spons1ve th others of saad generat’ed pulses for
stzanmng sdid- condltlons afid applymg to ’
sald bredetefmmed srghal Tor répreésen 'n
‘of ‘$hid ‘sedtined conditichs, #nd ¢ou g relays

id ' _atte ded staticis, each condition
bemg 'représe taple By a predetermined signal,
1t 'ty of ifidicators &b s4id atténdéd station, 35

lcator bemg connectable W & partmular &t said attén tatioh fesponisive 10 s&
pulses for goanining said indicators and app

said predetermmed s1gnals to partlcular
cators and tHeréby tebistéring said -uperdting
conditions.

RICHARD B I—IEARN
HAROLD M. PRUDEN.

d 'u“attended Statiohs responswe o
uid geperated puilses for scannitig said 45 'The followmg referénces are of record i the
itions theredt in ‘seduende dnd file of ‘this patent:

‘()’peratmg eonditions to apply &aid UNITED STATES PATENTS
et“ermmed s1gn_als to said hne and means at

q usmg said

Nutiber Dite
1,689364  Por Oct 30, 1898
11695759 Shei)herd 22,
1 814 524 - y 14
1 816,496 -July 28 1931
1,860,191 iy 24 1932
119631600 the 10; 1934
atteérded statlon; a plurahty of tnattended s’ta- 2,047631 uly 14; 1036
tibiis; & tansmission chahnel intérconheeting said 2,241,899 My 13; 1941
Statiotis; means 4t each of said unattended Sta~ 2,269/692 = Jan. 13; 1942
2,424,571 Jily 29, 194‘?

S respdns:ve to the: dcéitrrénce of 'a faulb

thsrent for Seizing sHid lite and transmitting a = Juhe 205 1948

80 27444078




