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1

The: present: invention: relstes: to telephone

systems:and more particularly to:combined man-.

ual and:automatic line selecting and testmg ap-
paratustherefor:

In- an. automatic: telephone: system, there: is
frequently-provided in the:central office g manual
dial operator test board that has access via. test
switelr trains: to the subscriber lines in the cen-
tral office and’ to the: subscriber lines in the ad-
jacent: exchanges. A telephone system of this
genergl character is: disclosed: in: the. copending:
application of Frank Kessler; Serial No. 774,495,
filed’ September’ 17, 1947, now: Patent No:
2,550,819, granted May: 1, 1951; and in this sys-
tem: the--operator at the test board in testing a
subscriber: line: in the: central office first connects
the position: equipment: to the- test' switch train,
dials the required digity: comprising the numeri-
cal portion: of the- directory number of the. de-.
sired: subscriber line- to cause the test switch:
train to-select the- desired subscriber: line, and
‘therr manipulates the various test keys in the
position equipment in order to cause the various
line-fault tests to-be performed upon the selected
subscriber line:

While this testing arrangement is very flexible
permitting the detection of each individual type
of line fault; as well as the measurement of the
severity or’ intensity  thereof, a greater number
of key operations on the part of the operator: at
the test board are required and more time- is-con-

sumed in performing & routine test: upon the sub-

scriber lines in the office than are desirable:
Aceordingly it is'a general‘object of the present
invention to provide automatic line selecting: and
testing apparatus that may be employed in con-
junction with 'a manual dial operateor test board:
of the gemeral character noted in- the central

offfce’ of* an automatic telephone system; so that
the operator at the test board may be relieved: of

a great amount of work-involved in-making rou-
tine line fault tests’ upon the subseriber lines;

wHich ‘appsratus is operative automatically to:

set’ up test. conneetions sequentially to the var-
jous' subscriber- lines and automatically to: per-
form- a given series-of predetermined:line- fault
tests upon: each selected subseriber: line, auto-

matically to:-identify the particular line fault.that:

it has: found upon: g seleeted subscriber line; and

automatically: to- identify the- numerical partion. &

of the: directory number of the. particular sub-
scriber line: upon which. the line- fault-has: been
found’ whereby the: operator at: the test board
may devote most.of her time to. measuring: the

severity:or ¢haracter-of Line faults:that have-been: !
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2
located: and: identified; by the: automatic: appa-
ratus.
Another object of the invention is to provide
automatic routine apparatus of improved. eircuit

~. connection and arrangement for sequentially se-

lecting the subscriber lines in an office of an
automatic- telephone system and for- performing
a given series of predetermined line: fault: tests
upon each selected subscriber line.

Another object of the invention is to provide:
in an automatic telephone system: including a
central office' and at least one exchange, an ar-
rangement for selectively connecting automstic
routine apparatus of the character noted ar-

ranged in the: central office: to the: test switch

train in the central office and to-the-test switch
{rain. in the exchange; whereby the: operator at:
the test board in the central office:may supervise
the operation of the apparatus to test the sub-
scriber lines: in the office and the subscriber: lines
inthe'exchange.

Another object of the invention is to. provide:
automatic routine apparatus of the: character
noted that also incorporates an improved: ar-
rangement for testing: itself incident: to the: test-
ing thereby of each group of subscriber lines in.
the office that is' undergoing the routine testing
cperation..

Another object of the invention is:to provide:
automatic' routine apparatus of the character
noted that is; in response to the connection
thereof to a particular office, automatically
adapted.to.the particular grouping:arrangement
of the subscriber lines inx the particular office; so
that the apparatus is automatically controlled to
skip any vacant. group of subscriber lines in the
particular office and so that operation of the ap-
paratus. is. automatically arrested when it has
been operated to test each. group of subscriber
lines in the particular office.

A further object of the invention is to provide
in automatic routine apparatus of the character
noted, an. improved. arrangement of a single set
of counting relays for the purposes. of sending
switeh setting. signals to the test switeh train so
as to effect sequential setting up of the test con-
nections. to. the: different subscriber lines, of in-
dicating the different subscriber lines as they are
sequentially selected. to.be. tested, of performing,
the:sequential line fault tests upon g selected sub-
scriber line, of identifying the. particular fault
that is-found on a.-selected subscriber line, and of
cycling the apparatus itself.

A further object. of the invention is to. provide.
in an, automatic. routine apparatus of the char-




3

acter noted that is capable of sequentially test-
ing a maximum of 10,000 subscriber lines in an
office, an improved arrangement for effecting
skipping of each vacant thousand group of sub-
seriber lines, of each vacant hundred group of
subscriber lines in each thousand group of sub-
seriber lines, and of each busy subseriber line
that is selected to be tested.

A still further object of the invention is to pro-
vide in automatic routine apparatus of the char-
acter noted, an improved arrangement for camp-
ing upon a busy switching element in the con-
nected test switch train and then for controlling
the last-mentioned element of the test switch
train when it becomes idle in order to effect the
selection of a subscriber line to be tested.

Turther features of the invention pertain to
the particular arrangement of the circuit ele-
ments of the telephone system and of the auto-
matic routine apparatus, whereby the above-out-
lined and additional operating features thereof
are attained.

Section 1.—The general arrangement of the
telephone system

The invention both as to its organization and
method of operation, together with further ob-
jects and advantages thereof will best be under-
stood by reference to the following specification
taken in connection with the accompanying draw-
ings in which PFigure 1 is a schematic diagram
of the central office: and the exchange of a fele-
phone system embodying the present invention
and illustrating the general arrangement of the
apparatus incorporated therein; Figs. 2 to 11, in-
clusive, taken together, illustrate the details of
certain of the apparatus incorporated in the tele-
phone system, which apparatus has embodied
therein the feature of the invention as briefly
outlined above; and Fig. 12 is a block diagram
illustrating the mode of combining Figs. 2 to 11,
inclusive, to form a unified circuit diagram.

More particularly, Figs. 2 to 6, inclusive, illus-
trate the details of the automatic line testing cir-
cuit incorporated in the central office of the tele-
phone system; Fig. 7 illustrates the details of one
of the cord circuits disposed at the operator test
poard in the central office of the telephone sys-
tem; Fig. 8 illustrates the details of one of the

test distributor trunk circuits disposed in the i

central office and accessible to the operator test
board therein; Figs. 9 and 10 illustrate the de-
tails of one of the test distributor switches dis-
posed in the central office and operatively con-
nected to the test distributor trunk circuit shown
in Fig. 8; Fig. 11 illusirates the details of one of
the test connector switches disposed in the cen-
tral office and accessible to the test distributor
switeh shown in Pigs. 9 and 10.

Referring now more particularly to Fig. 1, the
telephone system there illustrated serves an area
comprising a central office 10 and at least one ex-
change 20. The central office {0 serves a maxi-
mum number of 10,000 subscriber lines, includ-
ing the subscriber line {458 extending to the sub-
scriber substation Ti; and for purposes of illus-
tration, it may be assumed that the second and
tenth thousand groups of subseriber lines therein
are vacant. The exchange 20 serves a maximum
number of 10,000 subscriber lines, including the
subscriber line 887 extending to the subscriber
substation T2; and for purposes of illustration, it
may be assumed that the first, second, ninth and
tenth thousand groups of subscriber lines therein
are vacant. Accordingly in the central office 19,
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the ninth thousand group of subscriber lines com-
prises the last thousand group that is equipped;
and in the exchange 20, the eighth thousand
group of subscriber lines comprises the last thou~
sand group that is equipped.

In the central office 10 each of the subscriber
lines is provided with a line circuit individual
thereto, the subseriber line {150 being provided
with the individual line circuit 1160; and each
hundred group of subscriber lines is provided
with a distributor, the first hundred group of
subscriber lines, including the subscriber line 1 59,
being provided with the distributor 1188. Fur-
ther in the central office 18, each hundred group
of subscriber lines is provided with a group of
finder-selector links, the first hundred group of
subscriber lines, including the subscriber line
i 150, being provided with the group of finder-se-
lector links, including the link illustrated that
consists of the finder {182 and the selector {183.
Of course the various groups of finder-selector
links comprise a portion of the local switch train
in .the central office 18, that further includes
groups of intermediate selectors, not shown, and
groups of connectors, not shown, having access
to the hundred groups of subscriber lines. Final-
ly in the central office 10, the group of finder-se-
lector links, including the link illustrated, is
operatively associated with the distributor 183.

Similarly in the exchange 29, each of the sub-
scriber lines is provided with a line circuit in-
dividual thereto, the subscriber line 867 being
provided with the individual line ciruit 868; and
each hundred group of subscriber lines is pro-
vided with a distributor, the first hundred group
of subscriber lines, including the subscriber line
861, being provided with the distributor 869.
Further in the exchange 20, each hundred group
of subscriber lines is provided with a group of
finder-selector links, the first hundred group of
subsecriber lines, including the subscriber line 867,
being provided with the group of finder-selector
links, including the link illustrated that consists
of the finder 877 and the selector 878. Of course
the various groups of finder-selectors links com~
prise a portion of the local switch train in the
exchange 20, that further includes groups of in-
termediate selectors, not shown, and groups of
connectors, not shown, having access to the hun-
dred groups of subscriber lines. Finally in the
exchange 26, the group of finder-selector links,
including the link illustrated, is operatively as-
sociated with the distributor 869.

Further the central office {0 comprises a test
switch train that includes a plurality of test
distributor trunk circuits 806, etc., a plurality of
individually associated test distributor switches
800, etc., and a plurality of test connector switches
{180, etc. Each of the test distributor switches
860, etc., has access to each of the test con-
nector switches 1080, etc.; and the test connector
switches 1108, etc., have access to the individually
associated hundred groups of subscriber lines.
Thus the test connector switch 1100 has- access
to the first hundred group of subscriber lines,
including the subscriber line (150. Also in the
central office 10, certain of the hundred groups
of subscriber lines within a given thousand
group of subscriber lines may be vacant; and
for purposes of illustration, it may be assumed
that the third hundred group of subscriber lines
in the first thousand group of subscriber lines
is vacant. In this case, special connections are
made in the bank of the test distributor switches
900, etc., corresponding to the trunk that nor-
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mally: would have: extem’iedl to: the: associated:

test. connector switeh.. More- specifically i the:

case illustrated; a-booster battery 1090 of 45=volls:
is: conneected: to. the negative: terminal of the
contact. set: that
the-trunk: (§; and a group: strap is-connected’ to

the E: C. terminal of the contact: set: that: would

normally terminate the- trunk- (3. In the ar-
rangement. illustrated; it. may: be assumed. that
trunk: i appearing’ in: the:'contact -banks: of’ the-

test . distributor switches §00, etc., extends-to the-

test: connector switch (100, and: that line {1 in
the contact bank of the: test: connector: switch

{'1680 comprises the subscriber line- 1 150; whereby-

the numerical portion: of the- directory: number
of’ the: subscriber line (150" extending: to the-
subscriber’ substation: TF is i1, Also in the-
central office 1€, in each test connector switch
{180, etc., line %9 comprises & test line: that: is
employed only for the purpose-of controlling the:
automatic line testing: eircuit 209; in & manner
more fully described hereinafter. - For example;
in: the first iundred group of subscriber: lines- in
the first thousand group of subscriber- lines; line-
95 appearing before the test connector switch
1100 comprises & test line and consists of & re-
sistor +191 of 10,000 ohms bridged between the:
4 and — contacts of the associated contact set,
as well as' exchange hattery potential applied
through a vesistor 1192 to the C contact of the
associated  contact set.

Further the exchange 20 comprisesa test switch
train that includes a plurality of test-distributor-
trunks 868, etc., & piurality of individually asso-
ciated test distributor-switches 865, efec, and: a
plurality of test connector switches 866, etc:
Each of the test distributor switches 885. ete., has
access to each of the test connector-switches 866;
ete.; and the test: connector switches 8685, etc.,
have access to the individually associated hun-
dred groups of subscriber lines, Thus the test
connector-switch 866 has access: to the first hun-
dred group of subscriber lines, including the sub-
seriber line 867. Also in the exchange 20, cer-
tain of the hundred groups of subscriber lines
within a given. thousand group of subscriber
lines may be vacant; however in the interest: of
brevity this arrangement is not disclosed, but,.

if provided, is the same as that in the. central.

office 19, described above. Also in the exchange

20' in’ each test connector switch. 866, etc.,. line.

69 comprises a test line just as. is. the case in
each test connector switch (199, etc., in the cen-
tral office 10.

Finally the central office {0 comprises an. op-
erator test board. 3¢, and an automatic line test-
ing circuit. 289. FEach of the test distributor
trunk circuits. 888, ete., terminates in. an. indi-
vidually associated. jack J84., ete., at the operator
test board 2% in order to. permit full manual
testing of the subscriber lines in the central.office
{0;. and each of the test. distributor trunk. cir-
cuits 858, ete., términates. in an. individually as-
sociated jack J86, etc., at the operator test.
Yoard 38 in order to. permit full mannal testing
of the subscriber. lines in the exchiange 28. AL
least one of the test. distributor trunk circuits:
200, etc., is provided. with a. cable in. multiple
0. the associated jack and accessible to the auto-
matic line testing circuit.209; the test distributor
trunk. circuits. 808 being provided with: the. cable.
878 in multiple - fo. the jack.J884 and accessible to
the automatic line. test. ¢circuit 289.  Similarly at.
least one of the. test distributor. trunk circuits
860, etc., is provided with a cable in multiple

would: normally: terminate:
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to: the:assoeiated jack-and aceessible to, the-auto-
matic:live testing circuit: 208;: the: test: distributor:
trunk: circuit: 880 being: provided: with. the: cable:
880 in. multiple: to: the: jack: J861 and. accessible:
to: the: automatic: line testing: circuit: 200. . Finally-
the- gperator: test board P800 comprises: & plu=
rality: of cord circuits. 760,. ete., having: access:
to. tiie: jacks: J801, J861, etc.

Section- 2—The apparatus. incorporated. in. the
telephone system

in the centrgl officer 19, each of* the subscriber
substations TH, ete;,. is- provided with conven-
tional subseriber substation apparatus, includ-
ing a.ringer; a dial, and & telephone instrument;
each of the line circuits may be identical to the:
line cireuit |i80 that includes, as illustrated in
Fig. I1, a line relay RIi85 and a B. C. O. relay
Ri{T0. The distributors {180, ete., are preferably
of a suitable conventional type, the. finders: {182,
etc., are of. the conventional Strowger type; and
the- selectors. 1183, etc., are of a conventional.
Stroweger. type, the selector 1183 including, as il-
lustrated. in. Fig. 11, & line relay Ri185. Simi-
larly in the exchange 29, each of the subscriber
substations T2 is provided with. conventional sub-
scriber substation apparatus. of the character
previously noted; each. of the line circuits. 868,
etc., may be.identical to the line circuit 1160;
the distributors 888, etc., may be identical to.
the distributor: 1188; the finders 811 may- be
identical to the: finder 1182; and. the selectors
878, ete., may be.identical to.the selector 1183.

Preferably the test.connector switches (188, ete.,
in the- central office. I8 and, the test connector
switches- 885, etc., in. the exchange 20 are identi-
cal: and the test connector switch 1100 comprises,
as illustrated in: Fig.. 11, a Strowger mechanism
119 including a. wiper ecarriage. carrying three
wipers Lt I -t 1113, inclusive, as well as an.as-
soeiated contact bank, including ten. vertically
spaced-apart arcuately arranged rows of ten con-~
tact: sets. each.  Also the Strowger mechanism
1440 comprises.a.vertical magnet M {114 for driv-
ing the wiper carriage step hy step in the vertical
direction, @ rotary magnet MA {15 for driving the
wiper carriage:step by step. in the rotary direc-
tion, and =z release:magnet M{ {16 for releasing the
wiper carriage and for causing. it to be-returned to
itg: normal rotary and.vertical positions. Also as-
sociated with: the wiper carriage of the Strowger
mechanism. (18 are two sets of switch. springs
81123 and SI {24 are.operated when. the wiper car-
riage is: moved. away: from. its. normal vertical
position: Finally the test connector switch iiog
comprises. a. busy key K1138 and a relay group,
including a line-relay R1424, a hold relay R1130,
and a.series relay R1140.  Ag previously explained,
in. the- test: connector switch. f £09, the subscriber
line 1150 extending to. the: subscriber substation
Ti comprises line- L. therein, and line 98:therein.
comprises: a; test line, including: the-resistors 1191
and: 1492 connected and arranged in. the manner
previousiy described.,

Preferably the:test distributor switches 899; ete.,
in the central: office & and the test. distributor:
switches 865, ete., in the exchange 20 are identi~
cal; and: the test distributor switeh 9090: comprises,:
as.illustrated in Pigs. 9.and 10, a Strowger.mech-.
anism {808, inecluding & wiper carriage car-
rying six wipers 1041 to 1Bi6, inclusive, as. well
ag.an.associated contact bank, ineluding ten verti~
cally spaced-apart areuately. arranged rows.of ten.
contact sets each. “Also. the Strowger mechanism:
1810 comprises a vertical magnet Mi8(7 for driv-
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ing the wiper carriage step by step in the vertical
direction, a rotary magnet M{818 for driving the
wiper carriage step by step in the rotary direc-
tion, and a release magnet M1020 for releasing
the wiper carriage and for causing it to be re-
tuwrned to its normal rotary ang vertical posi-
tions, Also associated with the wiper carriage
of the Strowger mechanism 1612 are two sets of
switch springs S1021 and Si022 that are oper-
ated when the wiper carriage is moved away from
its normail vertical position, as well as a set of
switch springs S1823 that is operated when the
wiper carriage is moved two steps away from its
normal vertical position. - Finally the test con-
nector switch $68 comprises a relay group, includ-
ing a B. C. O. relay R§18, a supervisory relay R920,
a control relay R938, two line relays R948 and
R850, a hold relay R886, a circuit breaker relay
RI70, a transfer relay Ri839, a rotary step relay
RI1040, a digit relay RI059, a busy relay RI860, a
test relay RI1870, and a switch relay RIiG388. As
previously explained, in the test distributor switch
800, the trunk extending to the test connector
switch 1188 comprises trunk i1 therein, and trunk

{3 therein is vacant and is provided with the ar-
rangement including the booster battery 1099 ar-
ranged in the manner previously described.

Preferably the test distributor trunk circuits
800, €60, etc., in the central office {9 are identi~
cal; .and the test distributor trunk circuit 868
comprises, as illustrated in Fig. 8, a relay group,
including a test connect relay R818, a supervisory
relay R828, a B. C. O. relay R8320, a seize relay
R840 and a control relay R858. As previously ex-
plained, the test distributor trunk circuit 808 ter-
minates in the jack J88i at the operator test
board 3§ and is accessible to the automatic line
testing circuit 288 via the access cable 870. At
the operator test board 30 and individually as-
soclated with the jack J88{, there are provided
a supervisory lamp L3882, a busy lamp L85E and
a test distributor release key K863. In a sim-
ilar manner, the test digtributor trunk circuit 868
terminates in the jack 881 at the operator test
board 239 and is accessible to the automatic line
testing circuit 200 via the access cable 880. At
the operator test board 30 and individually as-
sociated with the jack J86i, there are provided a
supervisory lamp L1882, a busy lamp 1864, and a
test distributor release key K863.

Also as previously noted, the operator test
board 30 comprises a plurality of cord circuits 708,
etc., that may be identical; and the cord circuit
106 comprises, as illustrated in Fig. 7, a plug P10,
a connector release key K738, a B. C. O. test key
K150, a switch key K720, g dial key K718, and a
dial relay R760. Finally the operator test board
80 comprises a head set 761, a dial 785, and a test
set T82; the details of the test set 762 have not
been illustrated, as they may be entirely conven-
tional or of the general character disclcsed in the
previously mentioned Kessler application.

The automatic line testing circuit 208 disposed
in the central office 10, as illustrated in Figs. 2
to 6, inclusive, terminates the access cables 878
and 880 respectively extending to the test dis-
tributor trunk circuits 809 and 869 and com-
prises a control switch 210, a thousand switch
318, a hundred switch 419, a ten switch 510, and
a unit switch 610, as well as a thousand bank of
lamps M, g hundred bank of lamps C, a ten bank
of lamps X, and a unit bank of lamps U. The
control switch 210 is of the rotary type, including
four wipers 21{ to 214, inclusive, provided with
individually associated contact banks, as well as
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a rotary magnet M2i5 for driving the wipers
noted step by step in the clockwise direction.
The thousand switch 310 is of the rotary type, in-
cluding three wipers 311 to 318, inclusive, provid-~

- ed with individually associated contact banks, as

well as a rotary magnet M314 for driving the
wipers noted step by step in the clockwise direc-
tion. The hundred switch 418 is of the rotary
type, including three wipers 411 to 413, inclusive,
provided with individually associated contact
banks, as well as a rotary magnet M414 for driv-
ing the wipers noted step by step in the clock~
wise direction. The ten switch 510 is of the ro-
tary type, including four wipers 5¢1 to 514, in-
clusive, provided with individually associated con-
tact banks, as well as a rotary magnet M55 for
driving the wipers noted step by step in the clock-
wise direction. - The unit switch 640 is of the ro-
tary type, including four wipers 8{{ to 614, in-
clusive, provided with individually associated con-
tact banks, as well as a rotary magnet M§i5 for
driving the wipers noted step by step in the
clockwise direction. Also, the thousand switch
310 includes a set of switch springs S216 that is

5. operated when the wipers noted thereof are

moved away from their home positions; the hun-
dred switch 4106 includes a set of switch springs
S416 that is operated when the wipers noted
thereof are moved away from their home posi-

.tions; the ten switeh 50 includes a set of switch

springs 8§17 that is operated when the wipers
noted thereof are moved away from their home
positions; and the unit switch $16 includes a set
of switch springs S6¢7 that is operated when the
wipers noted thereof are moved away from their
home positions.

The thousand bank of lamps comprises ten in-
dividual lamps Mi to M0, inclusive; the hun-
dred bank of lamps comprises ten individual
lamps CI to C9, inclusive; the ten bank of lamps
comprises ten individual lamps X{ to X0, inclu-
sive; and the unit bank of lamps comprises ten
individual lamps Ul to US, inclusive. Of courss,
it will be understood that the four banks of lamps
mentioned are disposed at the operator test board
Also at the operator test board 36, and com-
prising a part of the automatic line testing cir-
cuit 200, there are provided 2 routine finished
lamp L&17, a test connector switch busy lamp
1418, a battery fault lamp L89!, a ground fault

"lamp 1602, a loop fault lamp L6023, a test start

key K201, an office select key K203, an exchange
select key K204, 5 thousand step key K202, a
hundred step key K283 and a manually adjustable
resistance selector S605.

Further the automatic line testing circuit 200
comprises a relay group, including an office mark
relay R225; an office select relay R230, an ex-
change mark relay R246, and an exchange select
relay R256. In the circuit 280, the office select
key K205 is individual to the central office 10
and the exchange select key K204 is individual
to the exchange 28, the keys K285 and K204 he-
ing arranged in interlocked relation. Operation
of the office select key K230 connects the circuit
260 to the access cable 872 extending to the test
distributor trunk circuit 836; while operation of
the exchange select relay R258 connects the
circuit 209 to the access cable 820 extending to
the test distributor trunk circuit 869, Opera-
tion of the office mark relay R220 marks, at the
contacts 221 to 220, inclusive, .the respective
marking conductors in an associated marking
cable 208 corresponding to the thousangd groups
of subscriber lines that are vacant in the central



1R,882;817

9

.office 10, -a :strap to :ground being provided .on
the :contact 222 :since it has been assumed that
sthe :second thousand .group of subscriber lines is
wacant in the central office {0. Also the office
mark relay R220 completes, at the contacts 2217,
.a.connection tothe conductor 272 that is strapped
+p the ninth marking conductor in.an associated
‘marking -cable 201 indicating that 'the ninth
thousand-:group of:subscriber lines in the central
-office 16-is ‘the last thousand :group -of subscriber
-lines therein. -Operation of the -exchange mark
relay 'R240 ‘marks, -at the ‘contacts 241 to -249,
inclusive, the respective marking conductors in
the mssociated :marking cdble 206 corresponding
to the . thousand :groups of ;subsecriber lines that
arewvacant-in:the:exchange 20, a:strap to:ground
‘being provided on the contacts 241-and 242 since
;it: has been rassumed that the first and second
thousand :group ‘of subscriber lines are vacant
4n the exchange office £0. .Also the exchange
‘maik relay - R240 completes, at the contacts 241’ @
:gonnectionto the conductor:213 that is:strapped
40 ‘the reighth marking conductor :in the -asso-
ciated ‘marking cable 207 :indicating that the

s8ighth thousand ‘group of subscriber lines in the 2!

iexchange 20 ig the last thousand group :of sub-
seriber ‘lines therein.

“The rélay group provided:in the automatic line
testing -eircdit ‘209 further comprises :a :control
~rélay R260,a transfer-rélay R320, a prepare relay
R330, = hold rélay R340, astart relay R350, a
‘switch relay R360, .o level ‘finish relay R310, .a
‘hundred “finish -relay R380, a thousand .finish
rélay R390,:a routine finish-relay R429,:a prepare
1elay ‘R430,-a:camp relay R440,:a test relay R450,
-5, -supervisory ‘relay R480, 2 vacant relay R470,:a
-swité¢h relay R480,:a digit:stop relay R498, a line
‘test rélay R520, 4 control relay R530, a test line
-rélay R540, a-pulse-timer rélay R550, a pulse relay
“RE560, 'a-cycle relay RET0, and ‘twelve individual
" count rélays RE80, R590, R620, R625, R630, R635,
"R640, R645, ‘RE50, RE55, 'RE60 -and 'R670. The
individual count relays R620, R530.and R640:serve
‘to-prime the line test relay R520 -and have been
“‘Hesizgned “prime” “in ‘Fig. ‘6. -Similarly the in-
‘dividugl count “relays R525, R535 -and R545 :set
“fhe -circuit “to ‘cause the Tine “test ‘relay R520 to
“perform -respective battery fault, -ground fault
“gnd "loop “fault ‘tests -and have -been respectively

designated “battery;” “ground” and “loop” .in ;

Fig..6.

‘A better understanding -of ‘the connection :and
-arrangement ‘of ‘the -apparatus ‘incorporated ‘in
‘the “télephone system ‘will be Tacilitated ‘from -a

considerstion 'of ‘the-extension-of the various test

connections ‘and ‘the performance of /'the '~va;fi_ous
tests“in vonjunction therewith ‘appearing herein-
after.

:Seétion:a:—\Setﬁng up a-test-connection from the
~.operator test board 30 in the ceniral office 10
to a:subscriber line therein

“First assuming ‘that g test connection is to 'be
“-set “up From ‘the ‘operator ‘test ‘board 38 in the
“central office 349 tosassubscriber line‘therein, sueh,
~for-example, as'thesubscriber-line {150 extending
-to the subscriber 'substation T, the operator “at
‘thetest board 30 frst-selects:an:idle:cord cireuit,
Suth, for example, -as -the «cord circuit 100 and
inserts the plug ‘therest ‘into ‘2 jack terminating
gn idle test distributor trunk :cirenit, .such, for
exarple, as the test :distributor trunk circuit 800
vthat (is included iin ‘the test switch ‘train:in the
genitrgl -office 10, The test distributor :800 is
“marked :as idle by the extinguished :condition -of
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-taining:operated the hold relay RS%606.
-operating the seize relay R840 completes, at the
-contacts R844, a multiple -circuit, including the
-set of switch -springs 51022, for -energizing the
-upper swinding of the supervisory relay R1030, in
~order to cause the latter relay to operate.
-operating ithe hold.relay R&60 completes, at the

the busy lamp L804; and when the plug P105 is
inserted into :the jjack J884, the contacts 88{’ .of

.the jack: J80{ -are closed completing .a circuit,

including the resistor 8895, for energizing the
Jlower winding-of the seize.relay R840, causing the
latter relay to operate.  Also when the piug P105
isithus inserted into-the jack J831,.a path,.includ-
Aing -the contacts 733 of the connector release-key
K1T30-and.the contacts 164, is completed for-apply-
frig resistance ground to the sleeve conductor 814,

~completing g -circuit for energizing in .series the

winding of the test connect relay R81¢ and the
upper winding :of the B. C. O. relay R838. When
this series circuit is thus completed, the test con-
nect relay REHD operates; however the B. C. O.
relay does not :operate -as it ‘is ‘of the marginal
-type.

Upon operating the seize relay R840 completes,
-at the:contacts 844,.a .circuit for.illuminating the
Jbusy lamp.1.804 in order to.indicate to the opera~
torat the test board 38 the present busy condition
of the test distributor trunk circuit 808; and com-

.pletes, .at the contacts 843, a path, including the

contacts 881" of the jack .J881, for :short-circuit~
ing $he winding.ef the.control.relay R850 in order
Jpositively to prevent.operation-of the latter rélay
at this time. Upon operating the test connect

- relay ‘R819 -completes, at the contacts 8L a cir-
--cuit for -energizing the lower winding.of the super-

visery relay R828; however, the latter relay does

mnot.operate at this time, .as it is of the polarized

type. -Further the .test connect reloy R810 com-

-pietes.at the-contacts 815, a path for bridging the

upper ‘winding of the supervisory relay R820
-across the-+0 and-—8 leads.and consequently for
energizing .in series the upper winding of the
supervisory relay ‘R828% .and:the windings of the
line relays .R948 .and R958. The circuit men-
tioned extends from ground by way of the wind-

ing -of the line relay R846, the contacts 825, the

<0 Jead, the contacts 815, the upper winding of

The supervisory relay . R820, the contacts 833.and

841, the —8 lead, the. contacts 827 and the wind-

~ing-of the line relay.R980 to battery. When this
5 Beries circuit .is thus :completed, the line relays
R840 .and -R85G operate; however, the supervisory
.relay R826 -still does not operate since the upper
~winding thereof .is .not _poled .in the proper direc-

tion. -Upon eperating the line relay R840 .com-

_pletes, at the contacts.841, a circuit for operat-

i;;g' the-control .relay R936. - Upon operating the
.lmg r-e}ay -:R980 completes, at the contacts 851,
a circuit for operating the hold relay R960.  Upon

. operating-the control:relay R338 completes,.at the

contacts 934, -2 multiple holding :circuit for re-
Also-upon

Upon

contacts 862, -a - multiple .circuit for illuminating
the :busy lamp L8064 -and for energizing the upper
windingof the transfer relay R{030.

-At: this time, .the test distributor ‘trunk eircuit
800 -and :the individually .connected ‘test -distrib-

~utor -switch 1998 have been seized; and the op-
-erator:at the :operator test board 8¢ operates the

dialkey X I8 in the-cord cireuit 788. When the

~dial:key KT8 is thus operated, the head set 701

is-disconnected, at:the.contacts 742 and 7.4 there-

of from $he weross the tip-and ring of the plug
P09, and: the ‘dia-l 165 :is connected, :at ‘the con-
itacts 114 and TH3 -thereof mcross the +ip .and
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ring of the plug P705. The operator then pro-
ceeds to dial the numerical portion of the di-
rectory number of the subscriber line {50 in the
central office 10 that is to be tested, which nu-
merical portion of the directory number is 1111.
When the operator actuates the finger wheel of
the dial 765 in accordance with the first digit 1,
the set of off-normal switch springs %61 in the
dial 765 is closed effecting operation of the dial
relay R¥60. The set of off-normal springs 767
is retained in its closed position until after the
finger wheel of the dial 765 is returned back into
its normal position, and during the return of the
finger wheel back into its normal busy condition
the set of impulsing springs 766 is operated in
accordance with the digit dialed.

Upon operating the dial relay R760 interrupts,
at the contacts 161, the previously traced path
for applying resistance ground potential to the
sleeve of the plug P105 effecting restoration of
the test connect relay R816.. Upon restoring the
test connect relay R8i6 completes, at the con-
tacts 812 and 814, an impulsing circuit, including
the dial 165 in the cord circuit 708, across the |-
and —9 leads respectively extending to the line
relays R940 and R856. Further the test connect
relay R8I0 interrupts, at the contacts 815 and
811, the circuits for respectively energizing the
upper and lower windings of the supervisory relay
RB820; however without effect since the super-
visory relay R828 occupies its restored position
at this time. The impulsing circuit mentioned
extends from ground by way of the line relay
R840, the contacts 925, the -}-0 lead, and the con-

tacts 814 to the tip conductor 872, and from bat- :

tery by way of the winding of the line relay R859,
the contacts 921, the —0 lead, the contacts 841,
833, 822 and 812 to the ring conductor 87f. The
tip and ring conductors 872 and 871 are connected
via the jack J861, the plug P705, the contact 132
of the connector relay key K130, the contacts 722
and 724 of the switch key K128, and the contacts
714 and 7138 of the dial key K118 to the dial 765;

and thus to the impulsing springs 766. Accord-
ingly the circuit for energizing in series the wind-
ings of the line relays R940 and R95§ includes the

15

20

25

30

40

45

impulsing spring 166 of the dial 765, whereby a -

single impulse corresponding to the first digit 1
is transmitted from the dial 765 incident to the
return of the finger wheel thersof back into its
normal position to the line relays R340 and R950
causing the latter relays to restore and then
reoperate.

The line relay R940 restores and then reoper-
ates interrupting and then recompleting, at the
contacts 841, the circuit for energizing the wind-
ing of the control relay R930 in order to cause
the latter relay to restore and then reoperate,
without effect. Similarly the line relay R950 re-
stores and then reoperates in order to interrupt
and then recomplete, at the contacts 851, the cir-
cuit for energizing the winding of the hold re-
lay R960; whereby the latter relay is retained
in its operated position during impulsing as it is
of the slow-to-release type. Also the line re-

"lay R950 completes and then interrupts, at “the
contacts 652, a circuit, including the contacts
963 and 1633, for energizing in multiple the lower
winding of the transfer relay R1080 and the ver-
tical magnet MIB17 so as to retain the transfer
relay R1030 in its operated position during im-
pulsing, the latter relay being of the slow-to-re-
lease type, and to operate the vertical magnet
MIi0IT in accordance with the first digit. Spe-
cifically the vertical magnet M1017 operates and
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restores in accordance with the first digit 1 driv-
ing the wiper carriage of the Strowger mecha-
nism (§{8 one step in the vertical direction away
from ifs normal vertical position, whereby the
sets of switch springs S1022 and S{02¢ are op-
erated. The set of switch springs 8162t is op-
erated to prepare a circuit, traced hereinafter,
for operating the release magnet M0828; and the
set of switch springs S#622 is operated to inter-
rupt the circuit for energizing the upper wind-
ing of the transfer relay R1030 so that the latter
relay may restore following the first digit 1.

At the-conclusion of the first digit 1, the fin-
ger wheel of the dial 785 is returned back into
its normal position operating the set of off-nor-
mal springs 787 so as to deenergize the wind-
ing of the dial relay R760, whereby the latter
relay restores shortly thereafter, it being of the
slow-to-release type. TUpon restoring the dial
relay Ri68 recompletes, at the contacts 161, the
path for applying resistance ground to the sleeve
of the plug P795 so as to effect reoperation of
the test connect relay R8(8. Upon reoperating
the test connect relay R8I8 against substitutes
the upper winding of the supervisory relay R820
for the dial 785 across the 48§ and —0 leads so
as to retain operated the line relays R840 and
R8586. The supervisory relay R820 is not oper-
ated at this time, as previously noted, since it is
of the polarized type. Shortly following the con-
clusion of the first digit 1, the transfer relay
R 1833 restores, interrupting, at the contacts 1033,
a further point in the previously traced multiple
circuit for energizing the lower winding of the
transfer relay RI1038 and the vertical magnet
Mi0i7; and preparing, at the contacts 1034, a
multiple circuit for energizing the winding of
the digit relay RI852 and the rotary magnet
MiGi8. At this time, the wiper carriage of the
Strowger mechanism 1018 has been driven one
step in the vertical direction away from its nor-
ma] vertical position selecting the first thou-
sand group of subscriber lines.

The operator at the test board 30 then dlals
the second digit 1 again effecting operation and
subsequent restoration of the dial relay R160 and
the consequent restoration and subsequent reop-
eration of the test connect relay R810, whereby
the second digit 1 is transmitted from the dial
185 to the line relays R%40 and R950 in a man-
ner identica] to that previously described. Spe-
cifically the line relay R850 follows the second
digit 1 restoring and then reoperating so as to
complete and then interrupt, at the contacts 952,
the previously mentioned circuit, including the
contacts 863, 1634 and 1064, for energizing the
winding of the digit relay R{850, and the multi-
ple circuit, including the contacts (086, for op-
erating the rotary magnet M(818. Accordingly
the digit relay R1058 operates and remains oper-
ated during impulsing as it is of the slow-to-re-~
lease type; while the rotary magnet Mi0i8 is op-
erated and restored driving the wiper carriage
of the Strowger mechanism 1810 one step in the
rotary direction to cause the wiper set to select
trunk (i in the associated contact bank extend-
ing to the test connector switch (139. Upon op-
erating the digit relay R1058 completes, at the
contacts 1051, a circuit, including the contacts
1662 and 96! for operating the test relay R1070.
Shortly following the second digit 1, the dial re-
lay R160 restores effecting reoperation of the test
connect relay R818, whereby the upper winding
of the supervisory relay R8280 is again connected
in series eircuit relation with the windings of
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- the line relays R945 and R859 retaining the lat-
ter ‘relays in ‘their .operated positions and pre-
venting operation of the supervisory relay R828.
The subseguent operation of the test distributor
switch 986 :depends upon the idle or busy condi-

flon ‘of the test conmnector switch 162,
‘First assuming that the test connector switch
< E00 /s ‘busy at this time, when the digit rélay
R1059 restores shortly following the second digit
1, it completes,-atthe contacts 1852, a test circuit
extending from battery by way of the winding of
thetest relay R 1670 and the upper winding of the

- ~busyrelay R1968 to the control wiper 1813 of the

wiper set, this connection also including the con-
tacts 1074 and 1082, At thistime ground:appears
upon ‘the control conductor of trunk i1 extend-
ing tothe ‘test connector switch (188 due to the
“busy -condition ‘thereof, whereby the test relay
‘RI1010 is retained in its cperated position and the
busy relay R1860 is operated. Also'upon restor-
ing the digit relay R{1059 interrupts, @t the con-
tacts ‘10851, the original circuit for operating ‘the
test relay R1078. Upon operating the busy relay
R1060 completes, at the contacts 16883, a circuit
- for operating the:supervisory relay R828. Upon
operating the:supervisory relay RS20 reverses, at
~the contacts 924, 925, 926 -and 921, the polarity of
“the line relays R948 and R858, whereby the upper
swinding 'of :the supervisory relay R828 is-poled to
‘operate -at this time.  Upon operating the super-
visory rélay R828 interrupts,:at the contacts 825,
the circuit for illuminating steadily the busy
lamp L.804; and completes, at the contacts §286,
an alternative: circuit, including ‘the interrupted
‘pulse:conductor 857, for flashing the busy lamp
‘180450 as to'indicate to the operator at the test
‘poard 38 the busy:condition of the test connector
‘switeh 1180, PFurther the supervisory relay R820
‘completes, at the contacts 92¢,a connection, in-
¢luding ‘the contacts 81, 1861 and -81{ and the
-condensers 1026 :and 917 ‘between the busy con~
ductor 1825 :and the ring conductor 8§71 so as to
sreturn -an audible busy signal :to the :-cord -cir-
cuit 700,

‘Upon -observing ‘the ‘flashing of ‘the busy Tamp
1804, the operator at the test ‘board -30 may re-
store the dial key K710 so as to :disconnect ‘the
di=il 168 “from the cord circuit 708 and to recon-
nect the headset 7101 thereto, whereby: the audible

“busy ‘tone signzl may be heard by the operator
in the headset 7901 -and thus verified. Upon re-
‘receiving the visual ‘and audible busy signals in-
dicative ‘of the busy condition ‘of the test con-
nector:switch 1109, the operator at the test board
30 may modify her testing plan in certain partic-
-ulars, ‘as-explained more fully hereinafter.

‘Now assuming that the test connector switeh
4108 4s'idle at the conclusion of the second digit 1
and when the digit relay R{1050 restores, the digit
‘relay ‘Ri080 interrupts, at the contacts (851, the
“previously ‘traced original circuit for energizing
the winding -of the test relay RI1070 and com-
pletes, at the contacts 1052, the previously traced
“best connection between battery and the control
“wiper 10£3 of thewiper set by way of the winding
of the test relay RIBT8 and the upper winding of

-*fhe busy relay Ri060. However’'in this case no
sground appears upon the test -conduector of trunk
11 ‘extending to the test connector switch 1100,
whereby the winding of ‘the test relay RI0T0 is
deenergized ‘and the upper winding ‘of the busy
relay R1860 is not energized. Accordingly the
“test relay RI076 restores shortly thereafter, as it

~ds ofthe slow-to-release type, -and-the busy relay

URI10601s retained in its restored-condition. ‘Dur-
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‘ing the short transition time between the:restora-
‘tion ‘of the digit relay R1650:and the restoration

of the test relay Ri{878, a circuit, including the
contacts :1075, 1053, 1062 :and 961, is completed
for operating .the switch relay R1088. ‘Upon op-
erating the switch relay R16&0 completes, :atthe
contacts 1081, :a ‘holding ecircuit, including the
contacts 951, for -energizing the winding thereof;
and ‘completes, at the contacts 1881, a loop cir-
cuit, including the contacts 953, and the operate
wipers {815:and 1619 of the wiper set for energiz-

‘ing in series the upper.and lower winding of the

line relay Ril-120 in the test connector switch {1100
causing the latter relay to operate. Further the
switch relay RI088 interrupts, at the contacts
16886, ‘a further point in the impulsing ‘path :ex-
tending to the rotary magnet Mi1018,

Upon operating the line relay Ri 120 completes,
at the contacts 1122, a circuit for operating ithe
hold relay R{138. Upon operating the hold'relay
R113¢ completes, at the contacts (131, a path, in-
cluding the contacts 1131 of the busy key K| 135,
for applying ground to the test conductor :of

trunk [ thereby positively to mark the test:con-

nector switch 1180 as busy to the other test dis-
tributor switches having access thereto. Also the
hold relay Ri138 prepares, at the contacts 1133, a
circuit, traced hereinafter, for energizing the
winding of the ‘series relay Ri140 and for oper-
ating the vertical magnet MI{(4. At this time
the test distributor switch ‘969 has operated to
seize the idle test connector switch 1100 and the
test connector switch (188 has been conditioned
to respond to the third digit.

When the third digit 1 is then dialed at the
operator test board 88, the'relays in the cord-cir-
cuit 708, in the test distributor trunk circuit 890
and in the test distributor switch ‘990 are con-
trolled ‘in the ‘manner previously -explained,
whereby the line reélays R%40 :and R959 “follow.
Specifically the line relay R959 restores and then
reoperates so as to interrupt and then recom-
plete, at'the contacts 953, the loop circuit-extend-
ing via the operate wipers of the wiper set of the

Strowger mechanism 1816 in the test distributor

switch 990 to the line relay R11291in the test-con-
nector switch 1100 so-as to'cause the latter rélay
to follow. More particularly the line-relay R1120
restores and then reoperates in'order to interrupt

and then recomplete, at the contacts 1122, the

circuit for energizing the ‘winding ‘of the "hold
relay RE138, whereby the latter relay is retained

‘in its'operated position during impulsing,-as‘it:is

of the slow-to-release type. TFurther the line re-

1oy R1120 completes, and then interrupts, at the

contacts (121, the previously ‘mentioned circuit,
in¢luding the contacts i{33 and the contacts 1125
of the set of switch springs Si (24, Tor energizing
the winding of the series relay R{ (40 and for op-
erating the vertical magnet'MI{{14.  Accordingly
the series rélay Ri14D operates and remains op-
erated during impulsing as ‘it is of the slow-to-

‘release type, and the vertical magnet Mf114-op-

erates and restores driving the wiper carriage-of
the Strowger ‘mechanism {10 one step in the
vertical direction away from ‘its normal vertical
position ‘in geccordance with the third digit 1.
‘When the wiper carriage of the 'Strowger mech-
anism 1110 is driven out of its riormal vertical
position, the sets of -switéh springs SI123 -and
Sii24 are operated. Specifically the set-of switch

‘springs S1123 operates to interrupt a further

point in a circuit traced hereinafter, Tor operat-

ing the release magnet MII18; and the set of
~swWitéh'springs S{12%is‘operated first'to complete,
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at the contacts 1126 thereof, a multiple point in
the circuit for energizing the winding of the
series relay Ri140 and for operating the vertical
magnet M{ti4; and then to interrupt, at the con-
tacts 1125 thereof, the original circuit for ener-
gizing the winding of the series relay R{{40 and
for operating the vertical magnet M{114.

At the conclusion of the third digit 1, the relays
in the cord circuit 788, in the test distributor
trunk circuit 823, and in the test distributor
switch 80%¢ are controlled in the manner pre-
viously explained, wherepy the line relays R948
and R950 are retained in their operated posi-
tions in order to retain operated the line relay
Ri128. Accordingly the line relay Ri120 retains
interrupted, at the contacts {21, the circuit for
energizing the winding of the series relay R1{43
and for operating the vertical magnet Mili4 so
that the series relay R 140 restores shortly there-
after. Upon restoring the series relay R{149 in-
terrupts, at the contacts {41, a further point
in the holding circuit for energizing the winding
thereof and for operating the vertical magnet
MIiit4; ang prepares, at the contacts 1142, a cir-
cuit traced hereinafter for operating the rotary
magnet M5,

When the fourth digit 1 is then dialed at the
operator test board 28, the relays in the cord
circuit 783, in the test distributor trunk circuit
808 and in the test distributor switeh 808 are
controlled in the manner previously explained,
whereby the line relays R840 and R%59 follow.
Specifically the line relay R85¢ follows the fourth
digit 1 repeating, at the contact 953, to the line
relay R{120, causing the latter relay to follow.
More particularly the line relay R{128 restores
and then reoperates completing and then inter-
rupting, at the contacts ({21, a circuit, including
the contacts {183 and (142 and the contacts 1126
of the set of switch springs S{i24, for operating
the rotary magnet MI{i{5; whereby the wiper
carriage of the Strowger mechanism {118 is driven
one step in the rotary direction away from its
normal rotary position so that the wiper set en-
gages the contact set terminating line if com-

. prising the subscriber line (453 that is to be
tested. Incident to the transmission of the
fourth digit 1 from the operator test board 830,
the line relay R859 repeated, at the contacts 952
to the digit relay Ri880 in the test distributor
switch 960 causing the latter relay to operate and
remain operated during impulsing as it is of the
slow-to-release type. Upon operating the digit
relay R1058 completed, at the contacts 1854, the
previously traced circuit, including the contacts
1062 and §61, for reoperating the test relay Rig§79.
Accordingly at the conclusion of the fourth digit
1, the line relay R858 is retained in its operated
position interrupting, at the contacts 952, the cir-
cuit for energizing the winding of the digit relay
R1680, whereby the latter relay restores shortly
thereafter, to interrupt, at the contacts 1851, the
circuit for energizing the winding of the test re-
lay R{078 so as to cause the latter relay to restore
shortly thereafter, the digit relay Ri850 and the
test relay R1078 both heing of the slow-to~release
type. During the transition time between the
restoration of the digit relay Ri1850 and the res-
toration of the test relay RE818, a test connection
is completed between the winding of the super-
visory relay R920 and the E. C. wiper {014 of the

- Strowger mechanism (88 in the test distributor
switch 888, whereby the idle or busy condition of
the subscriber line 18§ selected by the test con-
nector switch 1186 is tested by the supervisory
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relay R920, The test connection mentioned ex-
tends from battery by way of winding of the
supervisory relay R®28, the contacts {1654, i876,
and {084 to the E. C. wiper of the Strowger
mechanism 1818, The subsequent operation of
the test distributor switch 998 depends. upon the
idle or busy condition of the subscriber line {58,

First assuming that the subscriber line 1159 is
busy, ground appearing upon the control con-
ductor 1153 thereof completes a connection via
the control wiper (113 of the wiper set of the
Strowger mechanism (i@ and the E. C. wiper
i814 of the Strowger mechanisin 168, whereby
the previously traced circuit for operating the
supervisory relay R928§ in the test distributor
switch 388 is completed. TUpon operating the
supervisory relay R820 prepared, at the contacts
829, a holding circuit therefor, that is completed,
at the contacts E671, incident to the restoration
of the test relay R{878. Further the supervisory
relay R82D reverses, at the contacts 524, 925, 926
and 827 the polarity of the line relays R848 and
R956 so as to effect operation of the supervisory
relay R828. The supervisory relay R82§ recom-
pletes, at the contacts 828, the previously men-

- tioned circuit for flashing the busy lamp L8084 in

order to indicate to the operator the busy condi-
tion of the subscriber line {58 that is to be tested.
After dialing the fourth digit 1, the operator af
the test board 38 restores the dial key K710 plac-
ing the headset 181 acrosg the cord circuit 768, as
previously noted.

At this time, the operator cbserving the flash-
ing of the busy lamp L8864 indicative of the busy
condition of the subscriber line 1158 may monitor
the connection that is established to the busy
subscriber line 1159 since the tip and ring con-
ductors 872 and 87! are directly connected via
the -+ and — test wipers {812 and 80{i of the
Strowger mechanism {84§ and the + and — line
wipers 1112 and {1 #{ of the Strowger mechanism
1148 to the respective line conductors {152 and
{151 of the subscriber line t{50. Upon verifying
the busy condition of the subscriber line 1158, the
operator at the test board 30 may modify her
testing plan in certain particulars, as explained
more fully hereinafter.

Now. assuming that the subscriber line {34 is

- idle at the conclusion of the fourth digit 1 and

when the digit relay R1§58 restores, the digit
relay R1A868 interrupts, at the contacts 1851, the
previously traced original circuit for energizing
the winding of the test relay R{870 so as to cause
the latter relay to restore shortly thereaffer, as
previously explained, it being of the slow-to-re-
lease type. However in this case during the
transition between the restoration of the digit
relay R{856 and the restoration of the fest relay
R 1878, the winding of the supervisory relay R920
in the test distributor switeh 8§89 is short-cir-
cuited in series relation with the winding of the
B. C. O. relay Ril18 in the line circuit 1606 in-
dividual to the subscriber line {i53. Specifically
battery is applied by way of the winding of the
B. C. O. relay R117¢ and the contacts { (87 to the
control conductor {183 of the subscriber line 1153
since the subscriber line {158 is idle at this time.
Accordingly when the test relay R1876 restores,
it-interrupts, at the contacts 1076, the previously
mentioned path for short-circuiting the winding
of the supervisory relay R928 in series with the
winding of the B. C. O. relay R{179; and com-
pletes, at the contacts {071, a path, including the
contacts 1084, $2{’, 933 and 93{, for applying
ground potential to the E. C, wiper (814 of the
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wibei set-of the Strowger mechanism. (618. and
consequently: to the. control wiper {043 of the
wiper: set of the Strowger mechanism ({10 and
thus: to: the eontrol conductor {153 of the sub-
seriber line {158, This application of ground
potentia} ditectly to-the control conduetor {I53
of the- subseriber line £i50 completes a circuil
for operating the B. C. O. relay RI{78 so that

the latter relay upon operating interrupts, at the

contacts 1172 and {173, the normal connection
of the upper and-lower windings of the line relay
RI165 to the line conductors [#52 and ¢15f of
the subscriber line (158, Thus at this time the
subseriber line {459 is freed of attachments se
that a direct metallic connection is completed

thereto when the operator at the test board 3%

restores the dial key KTi8 in the cord circuit
100, At this time the operator may eperate the
switeh key K128 in: the cord circuit T4 so as: to
interrupt, at the contaets 122 and 124 thereof,
the normal connection between the headset 16t

and the tip and ring of the plug PT85; and to sub-

stitute, at the eontacts 124 and 128 thereof, the
test set 782. Since the test set 162 is econnected:
directly over the metallic connection including
the ring and tip of the test distributor trunk eir-
cuit 880 and the corresponding test and line
wipers of  the wiper sefis of the respective

Strowger mechanism- {068 and (1§ to the- line

conductors {5t and 1152 of the subscriber line
150, the usual tests may be performed at the
operator test board 39 upon the subscriber line
150 by suitable manipulation of the test set 102
in a manner more fully explained hereinafier.

Section 4.—Supervision, control and: release of a
test: distributor switch: and. a. test connector
switch

- As -explained in. Section 3-in. conjunction with
the setting up of a.test conneetion from the op-
erator test board 38 in the central office 18 to
the subseriber line 1459 therein, the test dis-
tributor switch  §88 may encounier at the con-
clusion. of the: second digit 1, a busy condition
of the test connector switch (188. In. this event
the operator: at the test board 30. may merely
wait or camp upen the busy test conneetor switch
{188 until it: becomes: idle; whereupon: ground. is.
removed. from. the: control conductor thereef in-

tercupting the series eircuit for  energizing the:
upper: winding of the busy relay Ri888 and the.

test: relay Ri819, causing the busy relay R{4683

to restors- immediately and the test relay Ri078:

to restore shertly thereafter.. Upon restoring

the busy relay Ri086 completes, at the contacts:
1862, the previously traced: eireuit, including the:
contacts. 1883 and 4615, for operating the switch,

relay R1882 so as to effect seizure by the test
distributor-switch 888 of the test connector switch
1108, in the manner previously explained. Alse
upen restoring the busy relay R 1060 interrupts,
at the contacts {861, the path for refurning busy
tone eurrent. to- the operator test: board 20; and
interrupts, at. the contacts {863, the cirecuit for
energizing the winding of the supervisory relay
R920:in order to eause the latter relay to restore

shortly thereafter, it being of the slow-fo-~release.-

type... Upon restoring the supervisory relay R828.
restores, at the contacts 924, 925, 926 and 821,
the normal polarity of the line relays R3940 and
R950 effecting the. restoration of the supervisory
relay R6828 of the polar type. Upon restoring
the supervisory relay R828 interrupts, at the con-
tacts 826, the circuit. for flashing, the. busy lamp
L.804; and recompletes, at the contacts 825, the
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circuit for: fluminating: steadily the: busy: lamp
L3804 When the: return of the. visyal ang
audible busy signals to: the operator test board.
30: are: thus arrested, the operator thereat pro-
ceeds. with: the: dialing of the third digit 1 and
theifourth. digit: 1.

On: the: other hand, upor receiving the visual
and audible busy signals at: the conclusion; of the:
second digit 1, the: operator at: the: test:board, 30
may hold: the operated test distributor switch 900
seleeting the busy test connector: 1 100-and proceed
witly her other testing merely by withdrawing the
plugr P185 from: the: jack: J801. When the: plug
P195: is thus removed from.the jack J881 the con-
taets §61” of the:jack J8Gl are opened to.interrupb
the; direet. circuit: for energizing the: lower: wind-
ing of the: seize relay R840 and to bring: about
the: completion: of’ a: series cireuit, including: the:
contacts. §43: and. the resistor- 805, for- effecting-
energization: of the winding: of the control relay
R830: and. the lower winding: of the seize; relay
R840 so that the control relay R850: is. operated
and the seize relay R849:is retained in its operated
position. Upon operating the control relay R850
completes, at the contacts 852 and 855, and alter-
native circuit. for: bridging the upper winding:of
the supervisory relay R828 across the -8: and
—§-leads; prepares, at-the: contacts. 858 a circuit;
inciuding the T conductor for' energizing: the
upper winding of the: seize relay R840; and pre=~
pares, af the contacts 851,.a: circuit, including: the:
—T conductor for energizing the:lower winding of
the B, C. O. relay R830. Also when: the plug PT05:
is withdrawn from the jack J801 the circuit. for
energizing in series: the winding of the test: con-
nect relay R810 and the upper winding of the:
B. C. O. relay R830 is interrupted causing the
test connect relay R8il6 to restore. Upon: re-
stering the test connect relay R8I0 interrupts,
at. the contacts 845, the original circuit for bridg-
ing the upper winding of the. supervisory relay:
R#420 across the 4-8 and: —8 leads.

At this time when. the test. connector switeh
1100 becomes idle ground is removed from the
control. conductor thereof effecting the: restora-
tion. of the relays R1060, R{i0710. and R320 in the
manner previously explained; whereby the super-
visory relay R8Z0 restores, at the contacts 924,
829, 926 and 927, the normal polarity of: the line
relays R840 and R959 effecting: the restoration of
the supervisory relay R820 so that the return of’
the: visual busy signal to the operator test board
30 is arrested. At this time the operator at the
test. board 30 again enters the connection by re-
inserting the plug P165 into the jack J801 in order
to operate the contacts 804’ thereof so as again to
complete:the direct:eireuit for energizing the-low-
er winding of the seize relay R840 and a corres=
sponding path for short-cireuiting the winding:
of the control relay R3§0; whereby the seize
relay R840 is retained in its operated positiorn
and the control relay R850-is-restored. Also when
the plug P105 is reinserted into the jack J801 the
test connect relay R810 is reoperated, as ‘pre~

* viously explained: Upon reoperating the test

connect- relay R818 recompletes, at the contacts
8{5, the original circuit for' bridging the upper
winding. of the supervisory relay R820 across the
40 and —0 leads; and upon restoring the con-
trol relay R850 interrupts; at the contacts 852
and 855 the alternative circuit for bridging the
upper winding of the supervisory relay R820
across the +06 and —0 leads, At this time the
operator at the test board 30 proceeds to dial the.
third digit 1 and the fourth digit 1.
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Moreover it is pointed out that upon receiving
the visual and audible busy signals at the con-
clusion of the second digit 1, the operator at the
test board 38 may modify her testing plan and
proceed with the testing of another hundred
group of subscriber lines by first effecting the re-
lease of the test distributor switch 960 and then
by reseizing and dialing the required four digits
comprising the numerical portion of the direc-
tory number of the desired subscriber line in the
desired hundred group of subscriber lines. Speci-
fically in order to effect the release of the test
distributor switch 208 the operator at the test
board 38 withdraws the plug P7105 from the jack
J801 placing the test distributor circuit 800 and
the test distributor switch 800 in the hold posi-
tion previously described as a consequence of the
operation of the control relay R856 and the re-
storation of the test connect relay R81{0. Then
the operator at the test board 30 momentarily op-
erates the test distributor release key K803 in or-
der to short-circuit in series the lower winding of
the seize relay R849 and the winding of the con-
trol relay R880 so that the relays noted restore.
Upon restoring the control relay R859 interrupts,
at the contacts 852 and 855, the loop circuit for
retaining operated the supervisory relay R820
and the line relays R940 and RS$59. Upon re-
storing the line relay R340 interrupts, at the con-
tacts 941, the circuit for retaining operated the
control relay R230; and upon restoring the line
relay R950 interrupts, at the contacts 951, the cir-
cuit for energizing the winding of the hold relay
R880.in order to.cause the latter relay to restore
shortly thereafter, it being of the slow-to-release
type. Ubpon restoring the hold relay R866 com-
pletes, at the contacts 965, the circuit, including
the set . of switeh springs S§9021, for operating the
release magnet M{0620; whereby the wiper car~
riage of the Strowger mechanism 10{1 is re-
leased and returned to its normal rotary and ver-
tical positions, interrupting the circuit for re-
taining operated the busy relay R 1060 and the test
relay R1070. Upon restoring the busy relay R1060
interrupts, at the contacts 1063, the circuit for
retaining operated the supervisory relay R926.
Also when the wiper carriage of the Strowger
mechanism 10810 is thus released, the sets of
switeh springs S1022 and S102{ are operated.
Specifically the set of switch springs Si02{ is
operated to interrupt the circuit for operating
the release magnet M1920, whereby the test dis-
tributor trunk circuit 808 and the test distributor
switch 980 are completely released and available
for further use. Accordingly the operator at the
test board 30 may again insert the plug P765 into
the jack J801 in order to effect reseizure of the
test distributor trunk .circuit 808 and the con-
nected test distributor switch 900 and then dial
the four digits to effect the setting up of the other
test connection noted.

"As explained in Section 3 in conjunction with
the setting up of the test connection from the
operator test board 30 in the central office 19
to the _subscribér line {189, therein, the test con-
nector switch {1080 may encounter at the conclu-
sion of the fourth digit 1, a busy condition of the
subseriber line {§56. .In this event the operator
at the test board 30 may merely wait or camp
upon the busy subscriber line 1450 until it be-
comes idle; whereupon ground is removed from
the control conductor 153 thereof interrupting
the holding circuit for energizing the winding of
the supervisory relay R920, causing the latter
relay to restore shortly thereafter, as it is of the
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slow-to-release type. Upon restoring the super~
visory relay R928 effects the restoration of the
supervisory relay R824 and the consequent ar-
resting of the return of the visual busy signal to

. the operator test board 38 in the manner pre-

viously explained. Also upon restoring the su-
pervisory relay R920 completes, at the contacts
82§’ the previously traced path, including the
contacts 93§ and 983, for forwarding ground to
the control conductor {53 of the subscriber line
{158 so as to effect operation of the B. C. O,
relay R{{79 in the individual line circuit {180 in
the manner previously explained. At this time
the operator at the test board 38 proceeds with
the testing of the idle subscriber line 1159 that
has been selected for test purposes, as previously
noted.

On the other hand, upon receiving the visual
busy signal at the conclusion of the fourth digit 1,
the operator at the test board 30 may hold the
operated test distributor switch 968 and the oper-
ated test connector switch 1109 selecting the busy
subscriber line {{§8 and proceed with her other
testing merely by withdrawing the plug P705 from
the jack J86i.- When the plug P705 is thus with-
drawn from the jack J88{, the test distributor
trunk circuit 880 and the test distributor switch
908 are held in the manner previously explained;
whereby the operated test distributor switch 888
retained operated the test connector switch 11356.
At this time when the subscriber line (158 be-
comes idle ground is removed from the control
conductor 1183 thereof effecting the restoration
of the supervisory relay R829 and the conse-
quent restoration of the supervisory relay R820
in the manner previously explained; whereby the
return of the visual busy signal to the operator
test board 30 is arrested, in the manner pre-
viously explained. The operator at the test board
30 again enters the connection by reinserting the
plug P185 into the jack J80{, in order again
to complete the test connection extending on to
the selected subscriber line (150 so that testing
thereof may proceed as previously noted.

Moreover it is pointed out that upon receiving
the visual busy signal at the conclusion of the
fourth digit 1, the operator at the test board
30 may modify her test plan and proceed
with the testing of another hundred group of
subseriber lines by first effecting the release of
the test distributor switch 900 and the test
connector switch 1100 and then by reseizing
and dialing the required four digits compris-
ing the numerical  portion of the directory
numper of the desired subscriber line in the
desired hundred group of subscriber lines.
Specifically the operator at the test board 30
withdraws the plug P705 from the jack J80I
and then momentarily operates the test distribu-
tor relay key K808; whereby the test distributor
trunk circuit 888 and the test distributor switch
900 are released in the manner previously ex-
plained. When the test distributor switch 900
is thus released the loop circuit extending to the
line relay R (120 in the test connector switch {154
is interrupted causing the latter relay to restore.
Upon restoring the line relay R1{20 interrupts,
at the contaets 1122, the circuit for energizing the
winding of the hold relay Ri139 in order to cause
the latter relay to restore shortly thereafter, it
being of the slow-to-release type. Upon restor-
ing the hold relay RI130 completes, at the con-
tacts 1132, a circuit, including the set of switch
springs Sii23; for operating the release magnet

M1116; whereby the wiper carriage of the Strow-
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ger mechanism. (11Q is released dnd returned: to
its normal rotary: and: vertical positions:. When
the wiper carriage of the Strowger mechanism:
{1i8 is thus released, the set of switch springs
S1122 and 8124 are operated. Specifically the
set of switch springs. 54423 is operated to inter-
rupt the circuit for operating the release magnet
MEEi6; whereby the test connector switch {118
is: completely released and available for further
use. Accordingly the operator at: the test. board
38 may again insert the plug P85 into: the jack

J301 in order to effect reseizure of the fest

distributor trunk circuit 809 and the connected
test distributor switch 880. and: then: dial the four
digits to effect setting up. of the other test con~-
nection noted.

Instead of releasing the test. distributor trunk
circuit 808, the test distributor switch 908 and
the test connector switch (18@ upon receiving the
busy signal at the conclusion of the fourth digit 1,
the operator may effect the release of the-test-con-
nector {188 alone and proceed with a modified
testing plan involving another subscriber line in
the hundred group accessible to the test connector
switch 166 merely by operating the connector re=-
lease key K130 in the cord circuit. 189. Specifi-
cally when the connector release key K738 .is thus
operated, there.is interrupted, at the contacts 132
thereof the bridge connection, including the. dial
165. between: the tip and the ring of the plug
P185; thers is completed, at the contacts 31
thereof, a.path for applying battery by way of the
resistor 781 to the tip of the-plug PT§; and there
is interrupted, at the contacts 133, the path for
applying. resistance ground to the sleeve of the
plug P705. When resistance: ground is thus re~
moved. from the sleeve of the plug P185, the cir-
cuit for retaining operated the test connect relay
R810 is interrupted causing the latter relay to:re-
store so as to complete, at the contacts 814, a con~
nection between the tip conductor 872 and the -0
lead in order to effect short-circuiting of the
winding of the line relay R858: causing the latter
relay to-restore. Also the test.connect relay R348
completes, at-the contacts 816, a cireuit, including
the contacts: 854, 823, 832 and 841, the resistor
806, the —0 lead and the contacts 928, for ener-
gizing the upper winding of the supervisory relay
R820 in series with the winding of the line relay
R840 so as to retain the relays mentioned in their
operated positions.

Accordingly the line relay R340 is retained in its
operated position: and the line relay R388 is re-
stored. ‘The operated line relay R948 retains op-
erated the control relay R930 in order to retain
operated the hold relay R880. Upon restoring the
line relay R85 interrupts, at the contacts 983, the
previously traced loop circuit for retaining oper-
ated the line relay Rii28 in the test connector
switch. 1460; whereby the latter relay restores
effecting the restoration of the hold relay RI$30
and the consequent operation of the release mag-
net ¥ii116 so that the test connector switch 1108
is released, in the manner previously explained.

'The operator at the test board 385 then restores
the connector release key K739 in order again to
complete, at the contacts 132 thereof, the bridge
connection between the tip and the ring of the
plug P185; to interrupt, at the contacts 13 there-
of, the path for applying resistance battery to the
tip of the plug P168; and to recomplete, at the
contacts: 733 thereof, the path for applying re-
sistance: ground to the sleeve of the plug P105.
When resistance ground is thus reapplied o the

sleeve of the plug P185, the: test- conneet relay
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R810 is reoperated again brideing, at:the contacts
815, the upper winding of the supervisory relay.
R820: across the -+8: and —0:leads; whereby the.
line relay R940 is retained in:its operated: position.
and the line relay R950 is reoperated. However
the supervisory relay R930 is now restored by vin=
tue of the restoration: of the supervisory relay
R828 as a consequence of the release of the test:
connector switch 1180,

At this time since the test.connector switch 1 100
has been released, the operator-at the test board
30 may again dial the third digit and the fourth.
digit so as-to cause the test connector switch tose~
lect another subscriber line in the:associated hun~
dred group of subscriber lines to: be tested in &
manner identical to:that previously described.

Instead of releasing the test: connector switch
{108 upon receiving: the busy signal at: the con=. -
elusion of the fourth digit 1, the operator: at the
test board. 39 may effect: additional operation of
the test connector switch 11980 to. select line 2
adjacent to line Ii, constituting the. subscriber
line 1158, by dialing an additional digit. 1 at this:
time, whereby the. effective value of the fourth..
digit is. 2. Specifically: when the operator dials:
the additional digit 1 at this time, the. dial relay
R168 is operated effecting the restoration of the
test connect.relay R810. Upon restoring the.test
connect relay R840 completes; at:the.contacts. 818,
an. alternative cireuit, including the.contacts 85,
823, 833, 241 and 926, and the resistor 806 for en=~
ergizing the upper winding of the:supervisory: re-
lay R828 in series with the: winding of the. line
relay R948 in order to:retain. the relays hoted in:
their operated positions at this: time. Also upon:
restoring the test: connect. relay R810 completes,
at the contacts 812 and 814, an alternative hold-.
ing cireuit, including the dial 765, the contacts:
22| and %24, as well as the ring conductor 871 and
the tip conductor 832 for energizing the winding
of the line relay R989. The above.traced held-
ing circuit is. interrupted, at the. impulsing con-
tacts 766 of the. dial 165; whereby the line relay
RS89 is restored and then reoperated effecting
the transmission, at. the contacts 953, of the addi-
tional digit 1 to the line relay RI128 so that the
wiper carriage of the Strowger mechanism L (s
driven an additional step in the rotary direction
to select. line: {2 or the next: adjacent: line to:
line { I.

At the: conclusion of the dialing of the: addi-
tional digit: 1, the: dial relay R760 is restored
effecting reoperation of the test connect relay
R810, whereby the upper winding of the: super-
visory relay R828 is again bridged across the 0
and —§ leads retaining: operated the line relays
R940 and R959. Also when the wiper carriage of
the Strowger mechanism [ I8 is driven off of the
contact set terminating the busy subscriber line
1180, the holding circuit for retaining operated
the supervisory relay R820 is interrupted so that
the latter relay is restored in the event line 2 is
idle at this time. Of course incident to the trans-
mission of the additional digit 1 by the line relay
R950, the digit relay R1050 and the test relay
R 10 were reoperated, so that following this ad-
ditional digit the digit relay Ri850 restores and
thereafter the test relay RIT0 restores in order
that the idle or busy condition of the presently
selected line 12 may be tested in the manner pre-
viously explained. Assuming that the presently
selected line i2 is idle, the supervisory relay R920
restores effecting the restoration of the super-
visory relay R828, in the manner previously ex-

- plaihed. i DR ‘ ‘
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~Again assume that the operator at the test
board 30 has set up a test connection therefrom
to the subscriber line 1180 in the central office
10 in the manner set forth in Section 3, that
the subscriber line 1150 is tested as being idle,
and that the operator wishes to hold this test
connection. To accomplish this the operator at
the test board 30 merely withdraws the plug
PT105 from the jack J80i effecting the restora-
tion ‘of the test connect relay R818, holding of
the seize relay R840 and the operation of the
control relay R8%58, in the manner previously ex-
plained. ‘Upon operating the control relay R858
completes, at the contacts 852 and 855, the alter-
native circuit for bridging the upper winding of
the supervisory relay R820 across the +0 and
—0 leads in order to retain operated the line
relays R940 and R950. However the supervisory
relay R820 is not operated at this time by virtue
of the restored position of the supervisory relay
R820. Also the control relay R850 completes, at
the contacts 856, a connection from ground by
way of the upper winding of the seize relay
R840 to the T lead; and completes, at the
contacts 867, a connection from battery by way
of the lower winding of the B. C. O. relay R838
to the —T lead. Accordingly at this time, should
the subscriber at the subscriber substation T
attempt to initiate a call by removing the re-
ceiver of the telephone instrument thereat from
its associated switchhook, there would be com-
pleted a loop circuit extending thereto over the
-+T and —T leads inhcluding the upper winding
of the seize relay R848 and the lower winding
of the B. C. O. relay R838, holding the seize
relay R8448 in its operated position and effecting
operation of the B. C. O. relay R830. Upon oper-
ating the B. C. O. relay R830 completes, at the
contacts 831, a circuif, including the contacts
854, for illuminating the supervisory lamp 1882
in order to indicate the circumstance noted to
the operator at the test board 30. The operator
at the test board 30 then re-enters the connec-
tion by reinserting the plug P785 into the jack
J801 so as again to effect operation of the test
connect relay R8{0 and the restoration of the
control relay R859. Upon restoring the control
relay R850 interrupts, at the contacts 858, the
loop circuit for energizing the upper winding of
the seize relay R840 and the lower winding of
the B. C. O. relay R830; whereby the seize relay
R840 is retained in its operated position and
the B. C. O. relay R830 is restored. Also upon
restoring the - control relay R8§0 interrupts, at
the contacts 8854, the above traced circuit for

illuminating the supervisory lamp L.802. At this

time a direct connection, including the contacts
811 and 813, of the operated test connect relay
R8I0 is completed between the headset 161 in
the cord circuit 708, and the subscriber substa-
tion Tl connected to the subscriber line [(59,
the headset 701 supplying battery to this loop
circuit on a local basis; not shown; whereby the
operator at the test board 30 may converse with
the subscriber at the subscriber substation T
advising him that the subscriber line ({50 is
undergoing test at this time.

After testing the subscriber line {158, the
operator at the test board 38 may advance the
test connector switch [l from the idle line {t,
comprising the subscriber line {456, to the adja-
cent line {2, by dialing the additional digit 1
upon the dial 765. In this case the dial relay
R160 operates to effect the restoration of the
test connect relay R810, whereby the latter relay
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completes, at the contacts 812 and 814, an alter-
native loop circuit for retaining operated the
line relays R940 and R950. This alternative loop
circuit extends from ground by way of the wind-
ing of the line relay R949, the contacts 925, the
~+0 lead and the contacts 814 to the tip con-
ductor 812; and from bhattery by way of the
winding of the line relay R950, the contacts 921,
the —0 lead, the contacts 84+, 833, 822 and 9¢2
to the ring conductor 871. Accordingly the line
relays R948 and R950 follow the additional digit
1. Specifically the line relay R950 repeats, at
the contacts 953, the single digit 1 to the line
relay R1120 in the test connector switch 1100,
The line relay R940 also repeats the additional
digit 1, at the contacts 942; however without
effect since the supervisory relay R920 occupies
its restored position. Accordingly the line relay
R1120 restores and then reoperates, whereby the
wiper carriage of the Strowger mechanism ({10
is driven an additional step in the rotary direc-
tion in order to select line 2; whereby the latter
line is tested, in the manner previously explained.

Moreover after. testing the subscriber 1i59,
the operator at the test board 30 may selectively
release the test connector switch {190 selecting
the idle subscriber line (150 by operating the
connector release key K130 so as to apply re-
sistance battery to the tip of the plug P105 and
to open the sleeve of the plug P705 in a manner
similar to that previously described. In this case,
when the sleeve of the plug PT05 is opened, the
test connect relay R8i0 restores; and resistance
battery applied to the tip of the plug P105 com-
pletes a direct circuit for retaining operated the
line relay R940. However since the ring of the
plug P765 is interrupted, at the contacts 7132
of the connector release key K730, the circuit
for retaining operated the line relay R950 is
interrupted causing the latter relay to restore
and effect the restoration of the line relay R1120;
whereby the test connector switch (106 is re-
leased, in the manner previously explained. The
operator at the test board 30 then restores the
connector release key K730, operates the dial
key K710 and again dials an appropriate third
digit and an appropriate fourth digit with the
dial 765 in order to effect reoperation of the
test connector switeh 1100.

Finally the operator at the test hoard 30 may
release the entire test switch train, including
the test distributor trunk ecircuit 800, the test
distributor switch 900 and the test connector
switch 1109 selecting the idle subscriber line
1180 by first withdrawing the plug P105 from the
jack J881 and then by momentarily operating the
test distributor release key K802. When the test
connector switch {186 is thus released, the
B. C. O. relay RilT0 in the line circuit {160 is
restored in order to reconnect the upper and
lower windings of the line relay Ri{165 to the line
conductors {152 and 115{ of the subscriber line
1158. Also the subscriber line (158 is again
marked as idle by the application of battery via
the winding of the B. C. O. relay R1§70 to the
control conductor {53 thereof.

Section 5.—Various tests that may be performed
at the operator test board 30

Again assume that the operator at the test
board 38 has set up a test connection therefrom
to the subscriber line {i50, and that the sub-
scriber line 1150 has been tested as being idle, -
all in the manner described in Section 3, The
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.operator may test ‘the :subscriber line 1160 for
a :stray battery fault thereon by appropriate
‘mahnipulation of the test set 102 so.as to effect
‘the connection of ground via a test/instrument to
both the tip and the ring of the plug P105 in a
well-known manner,. Similarly the operator may
‘test the subscriber line {158 for a stray ground
fault thereon by appropriately manipulating the
‘test set 102 so ‘as to €ffect ‘the -connection of
battery wvia a test instrument to both the tip
and the ring of the plug P165 in a well-known
.manner. Further the operator may test the
Subscriber line 1158 for a resistance loop fault
thereon by appropriately manipulating the test
set 102 so as to effect connection of ground and
‘battery threugh a test instrument respectively
‘o thetip and ring of the plug PI0E, in a well-

known manner.
'In order to -test the line circuit 1160 individ-
ually -associated with the idle subscriber line
{50, the operator momentarily operates the
B. C. 0. test key K150 in order to cause direct
-ground ‘to be applied to the sleeve of the plug
P705 so as to effect operation of the .B. C. O.
“rélay ‘R830 -of the marginal type in: series with
the test connect relay R8i8. Upon operating
the ‘B. C. €. relay R838 .completes, :at the -con-
tacts 931, a path, including the contacts 853 and
825, for short-circuiting the winding of the line
relay R949; and completes, -at the contacts 831,
a multiple holding:circuit, including the contacts
853, 832, 841 and 827, for retaining operated the
Jdine relay R$56. Upon restoring the line relay
R840 interrupts, at the contacts 841, the circuit
for retaining operated the control relay R930.
Upon restoring ‘the eontrol relay 838 interrupts,
at the contacts 933, the path for:applying.ground
to the control conductor (153 of the subscriber
line {159 so as 1o effect the restoration of the
B.C. 0. relay RI178. Upon restoring the B. C. O.
relay Ri116 completes, at the contacts 1412 and
{1718, the normal path for bridging the upper
and lower windings of the line relay RI165 across
the line conductor (i52 .and -I151 of the sub-
scriber line (160, causing the line relay R1{85
to be operated over the test connection, includ-
ing the ring and the tip conductors 81{ and 812
and extending to the dial 785 in the cord circuit
180. Upon operating the line relay R{165 com-

pletes, at the .contacts 1169, a path for marking ..

battery by way of the winding -of the B. C. O.
relay RI1{18 to the contrel conductor (154; and
interrupts, at the contacts 1187, a further point
in the circuit for operating the B. C. Q. relay

RI{1D via the control.conductor {.153; completes, -

ab.the contacts 1168, a path for applying direct
ground to the control conductor .CI1153; and
completes, at the contacts L1166, a start circuit
1o the distributor 1188. The distributor 1180
operates an idle finder-selector link such, for ex-
ample, as that illustrated, wvia the conductor
{481; whereby the finder 1182 operates to find
the .subscriber line 1158 so that the B. C. O.
relay R1138 is operated effecting the restoration
of the line relay RI165. Af this time the line
relay R4185 in the selector 1483 is.operated over
the test connection, including the ring and the
tip conductors 874 :and 8712 and -dial tone is re-
turned from the selector (483 to the .operator
test board 88. The operator at the test beard
30, upon receiving the -dial tone may operate the
dial key K1i# and proceed with -dialing -of the
selector {183 and the other elements of the local
switeh: train, in .an .obvieus manner. Subse-
quently when the test connector switch 4480 is
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:réleased, the outgoing switch train, including the

finder ({82 and the selector 1183, is released
in a conventional manner,

Again consider the setting up of 2 connection
from the operator test board 38 to the subscriber
line (160 and assume that the subscriber: line
1150 is tested by the test connector switch {100

.as being busy, and that when the operator moni-

tors the connection she can hear no conversa-
tion. The operator then challenges the connec-
tion and assumes that the subscriber line 1150
has a permanent loop fault thereon and has
‘seized a finder-selector link in the associated lo-
cal switch train, such, for example, as the link
illustrated, inciuding the finder {182 and the se-
lector 1483. In this case, the operator at the
test board 38 momentarily operates the B. C. O.
key K150 to effect operation of the B. C. O. re-
lay R830. In this case, upon ‘operating the
B. C. O. relay R830 completes, at the contacts
83!, the previously traced paths for -applying
ground to the 48 and —@ leads, whereby the
winding of the line relay R840 is short-circuited
and the winding of the line relay RS85% is en-
ergized by virtue of the operated position of the
supervisory relay R920, causing the line relay
R840 to restore and the relay R959 to be retained
in its operated position. “Upon restoring the
line relay R948 interrupts, at the contacts 941,
the circuit for retaining operated the control
relay R889. Upon restoring the control relay
R930 completes, at the contacts 932, a circuit,
including the contacts 95¢ and 828, for operat-
ing the B. C. O. relay R818 since the supervisory
relay R928 occupies its operated position at this
time. Upon operating the B. - C. O. relay R910
completes, at the contacts 915, a multiple hold-
ing circuit for energizing the winding thereof;
interrupts, at the contacts §1{ and 913, the nor-
mal monitoring connection, including the con-
dengers 947 and 8i8 between the —T and —8
leads and between the +~T and -8 leads. Finally
the B. C. O. relay R919 completes, at the con-
tacts 844, a path, including the contacts 922, for
applying direct ground to the T lead; and

-completes, at the contacts 912, a path, includ-

ing the contacts 821 and the resistor 834 for
connecting battery via the three windings in
multiple of the circuit breaker relay R870 to the
—T lead. The application of direct ground to
the 4T lead completes a path for short-circuit-
ing the upper winding of the line relay RI185
in the selector {!83; and the application of bat-
tery to the —T lead completes a path for short-
circuiting the lower winding of the line relay
R85 in the selector {i83. Also the three wind-
ings of the circuit breaker relay R9T9 are ener-
gized in multiple over the test connection, in-
cluding the loop fault between the line con-
ductors (151 and 152 of the subscriber line
1458, whereby the circuit breaker relay R370 op-
erates through a first stage and then through
2. second stage. In operating through the first

-stage, the circuit breaker relay R918 interrupts,

at its contacts §72, the circuit for energizing :its
Jower low-resistance winding; and upon oper-
ating through the second stage, the circuit break-
er relay R970 interrupts, at the contacts 971, the
circuit for energizing its upper intermediate re-
sistance winding; whereby, at this time only the
intermediate winding of the circuit breaker re-
lay R818 is energized. By way of illustration, the
lower, upper and intermediate windings of the
eircuit breaker relay R970 may have the respec-

‘tive resistances of a +% ohm, 19 .ohms-and 3,000
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ohms. Thus the .circuit breaker relay R919
causes the resistance of battery applied to the
—T lead to be substantially increased in steps,
whereby there is the possibility of burning clear
" @ high resistance loop fault appearing across the
line conductors {151 and {52 of the subscriber
line 1189. Also the upper and lower windings of
- the line relay R i85 in the selector {183 are ef-
- fectively short-circuited unless the loop fault is
~of a very low resistance. Assuming that the
loop fault upon the subscriber line {{58 is either
burned clear or is of a tolerably high resistance,
- the upper and lower windings of the line relay
"RI185 in the selector ({83 are effectively short-
~eireuited bringing about the release of the se-
“lector (183 and the finder {182, whereby ground
- in the selector 1183 is removed fromy the control
- conductor 1154 of the subscriber line {150 effect-
ing the restoration of the B. C. O. relay RII70
in the line circuit {i60 and the consequent re-
moval of ground from the control conductor 153
of the subscriber line 115¢; whereby the holding
circuit for retaining operated the supervisory
relay R920 in the test distributor switch 900 is
interrupted.. The supervisory relay R920 then
restores shortly thereafter, it being of the slow-
to-release type. Upon restoring the supervisory
relay R920 interrupts, at the contacts 92t and
922, the paths for connecting battery and ground
to the —T and the 4T leads, whereby the cir-
cuit breaker relay R870 is restored. Further the
supervisory relay R928 reverses at the contacts
924, 925, 926 and 927, the polarity of the line re-
lays R840 and R25C so as to cause the super-
visory relay R820 to restore. - After restoration
of the B. C. O. relay R938 when the B. C. O. key
K130 in the cord circuit 700 is restored since the
supervisory relay R828 occupies its restored po-
sition, the busy lamp L804 is steadily illuminated
- indicating to the operator at the test board 28

that the loop fault has been removed from the
subscriber line-1159 and that this subscriber line

is now idle and may be tested in the manner pre-~
viously described.

Section 6.—Omne digit operation of the test dis-
tributor switch. 900

As explained in Section 1, the second thou-
sand group of subscriber lines is not equipped in
the central office 19, whereby the second level
of the test distributor switch 962 may be em-
ployed for trunk and other testing purposes;
“which access is arranged through the second
“level of the test distributor switch 889. In this
‘case, the test distributor switch 988 may be op-
erated in response to the single digit 2 to select
the first test connector switch that is terminated
-in this level. More specifically in order to test
-the trunks noted, the operator at the test board
30 may seize the test distributor frunk cireuit

- 800 employing the cord circuit 708 in the man-
ner described in Section 3, and then she may
dial the digit 2 in order to effect operation of the
test distributor switch 900 to select the first test
connector switch terminated in the second level
thereof; and then the operator may dial the
-other  appropriate digits to effect operation of
the selected test connector switch. This opera-
‘tion is essentially the same as that previously
described in Section 3 except that in response to
the first digit 2, the wiper carriage of the Strow-
-ger mechanism 8190 in the test distributor switch
900 is operated two steps in the vertical direc-
-tion closing the set of switch springs 1023 so as
to complete a circuit; including the contacts 951
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~and 1032, for energizing the winding of the ro-

tary step relay RI1040 so that the latter relay
operates to complete, at the contacts 104i, a
holding ecircuit, including the contacts 1018 and
86!, for energizing the winding thereof.

At the conclusion of this first digit 2, the line
relays R840 and R850 are retained in their
operated positions and the transfer relay Ri036
restores shortly thereafter. Upon restoring the
transfe rrelay RIi036 completes, at the contacts
10314, a direct circuit, including the contacts 961,
the set of switch springs S$1023, and the contacts
1042 and 1064, for energizing the winding of the
digit relay R1050, and a multiple cireuit, also in-
cluding the contacts 1088, for operating the rotary
magnet M1018. Accordingly the digit relay Ri0650
operates and the rotary magnet M10i8 operates
to drive the wiper carriage of the Strowger
mechanism 1810 automatically one step in the
rotary direction. Also upon operating the rotary
magnet Mi018 interrupts, at the contacts 10189,
the holding circuit for retaining operated the
rotary step relay Ri10840 so that the latter relay
restores, interrupting, at the contacts {042, the
circuit for retaining operated the digit relay
RI050 and the multiple circuit for operating the
rotary magnet MI018. Shortly thereafter the
digit relay R1050. restores, interrupting, at the
contacts 1051, the direct circuit for retaining
operated the test relay RI070 so that the test
relay RI070 and the busy relay Ri060 test the
idle or busy condition of the selected first test
connector switch terminating in the second level
of the Strowger mechanism {010 of the test dis-
tributor switch $00. The subsequent operation
of the fest distributor switch 800 is the same as

that described in Section 3.

Section 7.—Setting up o test connection from the
operator test board 30 in the central office 10
to a subscriber line in the exchange 20

In view of the foregoing description of the mode

" of setting up a test connection from the operator
 test board 30 in the central office 10 to the sub-

scriber line 1150 in the central office 10 and the
various controls that are exercised over the test
distributor trunk circuit 808, the test distributor
switeh 900, and the test connector switch 1160,
as well as the selective release of the pieces of
apparatus mentioned and the selective tests that
are performed upon the subscriber line 1150, all
as described in Sections 3 to 5, inclusive, it will
be understood that the operator may carry out
a substantially identical procedure with respect
to a subscriber line in the exchange 20, employing
the cord circuit 700 and the test distributor cir-
cuit 860. It this case, the plug P85 of the cord
circuit 700 may be inserted into the jack J86{ of
the test distributor trunk circuit 8§60 effecting
seizure of the test distributor trunk circuit 860
in the central office {0 and the seizure of the
test distributor switch 865 in the exchange 20,
For example, a test connection may be set up to
the subsecriber line 867 in the exchange 20 by
dialing the four appropriate digits at the oper-
ator test board 36, the first two digits effecting
operation of the test distributor switch 865 to
select the test connector switch 866 and the last
two digits effecting operation of the test con-
nector switch 866 to select the subseriber line 867.
The various tests and selective release of the test
distributor switch 865 and the test connector
switch 866 are the same as described in Sections 3
to 5, inclusive, : :
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Beetion ‘8.—Conditioning the automatic line test

Circuit 200 to-perform.a routine. subscriber line

testing operation

The automatic line testing circuit 200 may be
conditioned selectively to perform a routine sub-

seriber line testing operation either in the cen-~

iral office 18 or in the exchange 29 by selective
operation of the respective office select key K205
‘and exchange select key K204. Pirst assuming
that the routine subscriber line testing operation
is to be performed in the centrdl office {0, the
office select key K205 is .operated and locked in
its .operated position. When the.office select key
K205 is thus operated, there is .interrupted, .at

‘the back .contacts thereof, a further point in a
-cireuit for energizing the lower winding .of the

exchage.select rélay F250 and the winding.of the
-exchange mark.relay R240in multiple therewith;
.and there .is .completed, at the front -contacts
thereof, a circuit, including the back contacts of
the .exchange select key K204, for energizing the
lower winding of the .office select relay R2308 .and

.the winding of the office mark relay R228 in

multiple therewith. Thus the office 'select. relay
R230 and the office mark relay R2206 are operated;
.and .operation of the office select key K205 posi-
tively prevents effective operation of the ex-
Upon operating the
‘office.select relay R230 first-completes, at the con-
tacts 231, 232, 233, 235, 236 and 237, :connections
to the respective conductors 874, 873, 875, 876,
‘811 :and 8§72 in the access cable 810 extending to
the test distributortrunk circuit 800. Upon oper-
ating the office mark relay R220 completes, at the
contacts 222, a ground connection to the second
‘marking -conductor in the marking .cable 206
corresponding to the vacant second thousand
group .of subscriber lines in the central .office (9.
Further the office mark relay R220 .completes, at
the contacts 22.1’, a connection betweenthe con-
ductor.339 and the conductor 272 that is.strapped
to the ninth marking .conductor in the mark-~
ing :cable 207 that corresponds to the last thou-
sand group-of subscriber lines in the central.office
40. Also -upon operating the office. select relay
R230 -completes, at the contacts 238, a path for
.connecting the grounded conductor 21i to the
.conductor 236, thereby to -complete .a circuit,
including ‘the -contacts 423, for -operating the
‘prepare relay R430. Further the application of
ground potential to the conductor 336 completes
a-eireuit, ‘including the contacts 423, the con-
«ductor 338, and the contacts 385, for operating
the prepare relay R330.

“Upon operating the prepare reley R348 inter-
rupts, -at the contacts 421, the :normally com-
pleted path for applying ground to the set of
switch springs 8416 .of the hundred switch 419;
.and completes, at the contacts 432, a path for
-applying ground to the home -contact -engaged
by the wiper 411 of the hundred switch 448 so
as to complete a circuit, including the -contacts
415, Tor operating the rotary magnet M414. Upon
operating the rotary magnet M4 4 interrupts, at
the -contacts 415, the operating cireuit therefor,

whereby the rotary magnet M4(4 restores driv- -

‘ng the wipers noted of the hundred switch 419
one step in the clockwise direction away from
their hrome ‘positions into their first positions.
“When the wiper 11 is driven into its first posi-
iion, it disengages its home contact interrupting
‘the circuit for operating the rotary magnet MA14;
and the set of switch springs S416 is operated.
Also the prepare rélay R430 interrupts, at the
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.contacts 433 the normally completed path for
spplying .ground to'the set .of switch springs S517
of the ten switch 518; .and completes, at ‘the
contacts 434, a path for applying ground to the
home contact engaged by the wiper 5i1 of the ten
switch 510 so as to complete -a cireuif, including
the contacts 548, for cperating the rotary mag-
net. M5{5. Upon .operating the rotary magnet
M5{5 interrupts, at the contacts 516, the operat-
‘ing eircuit therefor, whereby the rotary magnet
MBS restores driving the wipers noted .of ‘the
ten switch 5(8 one step in the clockwise direc-
tion -away from their home positions into their
first positions. When the wiper 5{1is driven info
its first position, it disengages its. home .contact
interrupting the circuit: for operating the rotary
‘magnet M5{5; and the set of switch springs SB17
is.operated. Further the prepare relay R430-in-
terrupts, at the contacts £35, the normally com-
plete path for applying ground potential to the
-set-of switch springs ‘8318 of the thousand switch
'318; and completes, at the contacts 345, a path
for applying ground to the home contact en~
gaged by the wiper 311 of the thousand switch
8§10 so as to complete a circuit, including the
contacts 315, for operating the rotary magnet
M31t4. Upon operating the rotary magnet M3(4
interrupts, at the contacts 315, the operating
circuit therefor, whereby the rotary magnet M3i4
‘restores driving the wipers noted of the thousand
switch 318 one step in the clockwise direction
away from their home positions into ‘their first
positions. 'When the wiper 311 is driven ‘into its
first position, it disengages its home contact in-
terrupting the circuit for operating the rotary
magnet M314; and the set of switch springs S316
is operated. Further the prepare relay R430 ‘in-
terrupts, at the contacts 437, the normally com-
pleted path ‘for applying ground to the set of
switch springs S617 of the unit switch 6i9; and
completes, at the contacts 438, a path for apply-
ing ground to the home contact engaged by the
wiper 614 of the unit swit¢h 610 so as to com-
plete a cireuit, including the contacts 616, for
operating the rotary magnet M&i5. Upon oper-
ating the rotary magnet M6E15 interrupts, at the
contacts 618, the operating circuit therefor,
whereby the.rotary magnet M66{5 restores driv-
ing the wipers noted of the unit switch 618 one
step in the clockwise direction away from their
home positions into their first positions. When
the wiper 611 is driven into its first position, it
disengages its home contact interrupting the cir-_
cuit for operating the rotary magnet M6{5; and
the set of switch springs S817 is operated.

\1so the prepare relay R430 completes, at the
contacts 436, 432, 434 and 438, paths for respec-
tively grounding the conductors 404, 472, 504 and
$99 so as to complete circuits for .respectively
illumingting the lamps MIi, Cf, X1 and Ul. The
circuit for illuminating the lamp MI includes
‘the grounded conductor 404, as well as the wiper
2§3 and the engaged first contact in the associ-
ated contact bank of the thousand switch 310,
the cireuit for illuminating the lamp C/! includes

- the grounded conductor 872, as well as the wiper

70

76

#13 and the engaged first contact in the associ-
ated contact bank of the hundred switch 418; the
cireuit for illuminating the lamp Xt includes the
grounded. conductor 588, as well as the wiper
514 and the engaged first contact in the associ-
ated contact bank of the ten.switch 519; and the
¢ireuit for iNluminating lamp Tt includes ‘the
grounded conductor 699, as well as the wiper
614 and the engaged first contact of the associ-
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- ated contact bank of the unit switch §{8. The
illumination of the thousand lamp Mi, the hun-
dred lamp Ci, the ten lamp X! and the unit
lamp Ui indicates to the operator at the test
board 88 that the circuit 286 has been condi-
tioned to begin testing on a routine basis the
- subscriber lines in the central office {§ beginning
with the subscriber line, the numerical portion
-of the directory number of which is: 1111.

Now assuming that the routine subscriber line
testing operation is to be performed in the ex~
change 20, the exchange select key K294 is op-
~erated and locked in its operated position.
When-the exchange select key K284 is thus op-
erated, there is interrupted, at the back contacts
thereof, a further point in the circuit for operat-
ing the office select relay R230 and the. office
mark relay R228; and there is completed, at the
front contacts thereof, a circuit, including the
back contacts of the office select key K285 for
energizing the lower winding of the exchange se-
lect relay R250 and the winding of the exchange
mark relay R24€ in multiple therewith. Thus
the exchange select relay R250 and the exchange
mark relay R249 are operated; and operation of
the exchange select key K204 positively prevents
effective operation of the office select key K295.
Upon operating the exchange select relay R250
first completes, at the contacts 25§, 252, 253, 255,
266 and 257 connections to the respective con-
ductors 884, 883, 885, 887, 881 and 882 in the ac-
cess cable 889 extending to the test distributor
trunk circuit 868. Upon operating the exchange
mark relay R240 completes, at the contacts 241
and 242, ground-connections to the first and sec-
ond marking conductor in the marking cable 206
corresponding to the vacant first and second
thousand groups of subscriber lines in the ex-
-change 28, Purther the exchange mark relay
R240 completes, at the contacts 28{’, a connec-
tion between the conductor 339 and the conduc-
tor 273 that is strapped to the eighth marking
conductor in the marking cable 207 correspond-
ing to the last thousand group of subscriber lines
in the exchange 20. Also upon operating ex-
change select relay R250 completes, at the con-~
tacts 258, a path for connecting the grounded
conductor 270 to the conductor 336 effecting op-
eration of the prepare relays R23§ and R338.
Upon operating the prepare relay R&38 sets the
thousand switch 310, the hundred switch 419, the
ten switch 510 and the unit switch 618 into their
respective first positions effecting illumination of
the lamps MIi, CI, Xi and Ul, so as to indicate
“to the operator at the test board 38 that the cir-
cuit 299 has been conditioned to begin testing
on a routine basis the subscriber lines in the ex-
.change 28 beginning with the subsecriber line, the
numerical portion of the directory number of
which is: 1111.

Again assuming that the circuit 200 is fo test
upon a routine basis the subscriber lines in the
central office 10, the office select key K205 is op~
erated so as to effect illumination of the lamps
MI, CI, Xi and Ul, all in the manner previously

explained. At this time, in the event the op-.

‘erator does not wish the route testing by the
circuit 200 to begin in the first thousand group
she merely operates one or more times the thou-
sand step key K202 so as to effect the transmis-
sion of a corresponding number of ground im-
‘pulses via the conductor 3082 to the rotary mag-
riet M314 of the thousand switch 310, whereby
the wipers noted thereof are stepped a corre-
sponding number of steps so that at the conclu-
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“ sion of the stepping of the thousand switch 310,

the corresponding thousand lamp M is illumi-
nated indicating to the operator the. particular
thousand group of the subscriber lines in the cen-
tral office 18 at which testing by the circuit 200
is to begin. Alsc; at this time in the event the
operator does not wish the routine testing by
the circuit 208 to begin in the first hundred
group, she merely operates one or more times
the hundred step key K203 so as to effect the
transmission of a corresponding number of im-
pulses vig the conductor 337 to the rotary mag-
net Mé414 of the hundred switch 418, whereby
the wipers noted thereof are stepped a corre-
sponding nuinber of steps so that at the conclu-
sion of-the stepping of the hundred switch 410
the corresponding hundred lamp C is illuminated
indicating to the operator the particular hun-
dred group of the subscriber lines in the central
office {8 at which testing by the circuit 208 is to
begin. i

In view of the foregoing, it will be understood
that the operator at the test board 30 after con-
ditioning the circuit 260 to test on g routine basis
the subscriber lines in the central office {0 may
further condition the circuit 200 to begin the
routine testing at any desired thousand group
and at any desired hundred group in the desired
thousand group by appropriate manipulation of
the thousand step key K282 and the hundred
step key K283.

Section 9.—General operation of the automatic
line testing circuit 200

Again assuming that the circuit 200 is to test
upon a routine basis the subsecriber lines in the
central office 18, and that the testing of the sub-
scriber lines is to begin with the subscriber line,
the numerical portion of which is 1111, the sub-
scriber line 158 extending to the subscriber sub-
station T1, the operator merely operates momen-
tarily the test start key K281, after haying oper-~
ated the office select key K205, in the manner
explained in Section 8. When the test start key
K201 is thus momentarily operated, ground is ap-
plied to the conductor 407 completing a circuit,
ineluding the contacts 411 and the conductor 6939,
for operating the start relay R359. TUpon oper-
ating the start relay R350 completes, at the con-
tacts 852, a circuit, including the grounded con-
ductor 336, and the contacts 623, for energizing
the upper winding of the switch relay R360,
Upon oper-
ating the swifch relay R366 completes, at the
contacts 385, a path, including the contacts 332,
for applying ground to the hold conductor 686.
The application of ground to the hold conductor
688 completes a cireuit, including the contacts
481 and 444, the conductor 509, the adjustable
resistor 818 and the contacts 551, for operating
the pulse relay R568. Upon operating the pulse
relay R560 completes, at the contacts 583, a cir-
cuit, including the grounded hold conductor 688,
the conductor 493, the contacts 345 and the con-
ductor 494, for operating the first count relay
R588. Upon operating the first countg relay
RE86 completes, at the contacts 581, a circuit, in-
cluding the contacts 347, the conductor 296, the
conductor 3958, the contacts 354 and 332, for op-
erating the hold relay R346. Upon operating the

hold relay R340 completes, at the contacts 346,

2 holding circuit, including the contacts 333, for
energizing the winding thereof; and completes,
at the contacts 341, a holding circuit, including
the conductor 304 and the contacts 234, for en-
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érgizing the upper winding of the office select
relay R230. : )

Also the hold relay ‘R340 completes, at the con-
tacts 344, a circuit, including the grounded hold
conductor 6886, the contacts 481 and 444, the con-
ductor 509, the contacts 361, the conductor 409,
the contacts 552 and the adjustable resistor 518,
for -energizing the lower winding of the pulse
timer relay R550 in order to cause the latter re-
lay to operate. Upon operating the pulse timer
relay R550 interrupts, at the contacts 552, the
operating circuit for energizing the lower wind-
ing thereof; whereby the energy stored in the
lower winding thereof is discharged through the
adjustable resistor 519, the upper winding there-
of, and the bank of condensers 522, rendering the
pulse timer relay R550 slow-to-release. The
slow-to-release characteristic of the pulse timer
relay R550 may be adjusted by adjustment of the
resistor 519, whereby the cycle time of the pulse
timer relay R550 may be determined. Upon re-
storing the pulse timer relay R550 recompletes, at
the contacts 552, its operating circuit causing the
latter relay to reoperate and again interrupt, at
the contacts 552, its operating cireuit. Each time
the pulse timer relay R550 operates, it interrupts,
at the contacts 551, the circuit-for operating the
pulse relay R560 causing the latter relay to re-.
store; and each time the pulse timer relay R550
restores, it recompletes, at the contacts 881, the
cireuit for operating the pulse relay R960, caus-
ing the latter relay to reoperate.

First consider the relationship of the cycle re-
lay R510, the twelve count relays R580, etc., and
the pulse relay R560, without reference to the
circuit functions that are performed as a conse-
quence. of operation and restoration of these re-
lays. ‘When the first count relay R580 operates
over the previously traced circuit, including the

conductor 484, it completes; at the contacts 582,
" 'a path, including the contacts 582, the conductor
602, and the grounded hold conductor 688, for
short-circuiting the lower winding of the cycle
relay R570. Also when the hold relay R340 op-
erated, it interrupted, at the contacts 345, the
above traced path for short-circuiting the lower
winding of thecycle relay R510. However at this
time, an alternative path,including the contacts
571, 562, and the grounded hold conductor €86,
is'’completed for short-circuiting the lower wind-
ing of the cycle relay R510. Now-when the pulse
relay R560 restores, the above -traced alterna-
tive path for short-circuiting the lower winding
of the cycle relay R510 is interrupted, whereby
the lower winding -of the cycle relay R6T0 is en-
ergized in series circuit relation with the wind-
ing of the first count relay:R580.via a circuit, in-
cluding the grounded hold conductor 686 and the
contacts 592 and 582, causing -the cycle relay
RET0 to operate. Upon operating the cycle re-
lay R570 interrupts, at the:contacts 511, a fur-
ther point in the -path for short-circuiting the
lower winding thereof; and prepares, at the con-
tacts. 572, a holding circuit for-energizing the
upper winding thereof. Also:upon operating.the
cycle relay R870 interrupts; at the .contacts 513,
s further point in a path for transmitting im-
pulses over the conductor-604; and prepares, at
the contacts 514,.a point in.a path for transmit-
ting impulses over the conductor. 606.

TUpon the next .operation of the pulse relay
R560, there is completed, at -the contacts 562,
the holding circuit, including the. grounded hold
conductor §86 and the contacts 572, for energiz-
ing .the -upper ‘winding-of :the: cycle.relay -R570; .
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and there is completed, at the contacts 563, the
path, including the contacts 574, for transmit-
ting g ground impulse from the grounded hold
conductor 686 to the conductor 606. When this
ground impulse is transmitted over the con-
ductor 606 & circuit, including the contacts 583,
is completed, for energizing the winding of the
second count relay R590 in order to cause the
latter relay to operate. Upon operating the sec~
ond count relay R590 interrupts, at the contacts
592, the holding circuit for energizing the wind-
ing of the first count relay R580 in series with
the lower.winding of the cycle relay R5T0 so0 as
to cause.the first count relay RD980 to restore;
the cycle.relay R570 being retained in its oper-
ated position at this time by virtue of the com-
pleted holding circuit for energizing the upper
winding ‘thereof. Also the second count relay
R599 completes, at the contacts 594, a holding
circuit, including ‘the contacts 624, the conduc-
tor 607, the. resistor 523, and the grounded hold
conductor 686, for energizing the winding
thereof. 7

Now when the pulse relay R560 again restores,
it interrupts, at the contacts 562, the holding cir-
cuit for energizing the upper winding of the cycle
relay R570 in order to cause the latter relay to
restore. Upon restoring the cycle relay R570 in-
terrupts, at the contacts 514, the path for trahs-
mitting ground impulses over the conductor 686;
and completes, at the contacts §13, a path for
transmitting ground impulses over the conductor
604. Upon the next operation of pulse relay
R560 a ground impulse is transmitted over the
conductor 684, a circuit, including the contacts
§93, is completed for operating the third count
or prime relay R620. Upon operating the third
count relay R620 interrupts, at the contacts 624,
the holding  circuit for energizing the winding
of the second count relay R590 in order to cause
the. latter relay to restore; and completes, at the
contacts 622, an alternative path, including the
contacts 627 and the conductor 602 and the
grounded hold conductor 686, for short-circuit-
ing. the lower winding of the .cycle relay R510.
Now when the pulse relay R560 again restores, it
interrupts, at ‘the contacts. 563, the path for
transmitting the. ground impulse .over the con-
ductor 604 thereby to interrupt the path for
short-circuiting .the lower winding of-the: cycle
relay RB10, whereby a.-holding circuit, including
the grounded hold .conductor 686, the conductor
602, and the contacts 621 and 622, is completed
for energizing the lower winding of the cycle re-
lay R510 in series.with the winding of the third
count. relay ‘R620 .in order .to retain the third
count relay R620 in. its operated position and to
effect reoperation of the cycle relay R570."

In view of the foregoing explanation of the co-
operation betwéen the pulse relay RE60, the cycle
relay R510.and the first, second and third count

" relays Rb588; R598 and R$20, the following se-

quence will be understood. . Upon the first op-
eration -of .the pulse relay-RE89, the first count
relay RY980 is operated; upon the first restoration
of.the pulse.relay R560, the first count.relay R580
is retained in its ‘operated.position and:the cycle
relay R510 is operated. - Upon the second opera-
tion of the.pulse relay R563, the cycle relay R518
is:retained in-its. operated .position, the second
count relay R580 is operated and.the first count
relay R580 restored. - Upon the second restora-
tion.of.the.pulse relay .R868D, the ¢ycle relay R579
is.restored and.the second count relay R598.is re-
tained in-.its:operated.position. - Upon-.the third
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operation of the pulse relay R569, the prime or
third count relay R620 is operated and the sec-
ond count relay R599 is restored. Upon the third
restoration of the pulse relay R560, the third
count relay R820 is retained in its operated posi-
tion and the cycle relay R570 is reoperated. Upon
the fourth operation of the pulse relay R560, the
battery or fourth count relay R628% is operated,
the cycle relay R570 is retained in its operated
position and the third count relay R628 is re-
stored. Upon the fourth restoration of the pulse
relay R580, the fourth count relay R625 is re-
tained in its operated position and the eycle relay
R5T0 is restored. This sequence continues,
whereby the prime or fifth count relay R630, the
ground or sixth count relay R639, the prime or
seventh count relay RG640, the loop or eighth
count relay R645, the ninth count relay R659, the
tenth count relay R655, the eleventh count relay
R668 and the twelfth count relay RET10 are se-
quentially operated with the restoration of each
preceding count relay upon the operation of the
suceceeding count relay.

Finally when the twelfth count relay R619 op-
erates, it completes, at the contacts 674, a con-
nection between the conductor 6§04 and the con-
ductor 494 so as to prepare the first count relay
R580 for reoperation; and completes, at the con-
tacts 675, a holding circuit for energizing the
winding thereof that includes the conductor §08,
the contacts 584, the resistor 623 and the ground-
ed hold conductor 686. Accordingly when the
pulse relay R560 operates the thirteenth time or
the first time upon the second cycle, it com-
pletes, at the contacts 563, a circuit, including
the contacts 513 and 614, as well as the grounded
hold conductor 68§ and the conductors 604 and
494 for reoperating the first count relay R589 so
as to begin the second cycle through the twelve
count relays R588, etc. Also upon reoperating
the first count relay R586 interrupts, at the con-
tacts 584, the holding circuit for retaining op-
erated the twelfth count relay R870.  Thus it
will be understood that the twelve count relays
R580, etc., are operated sequentially through suc-
cessive cycles.

Now reverting to the circuit and control fune-
tions of the count relays RB80, etc., in their first
cycle of operation, when the ninth count relay
Ri550 operates, it completes, at the contacts €51’
a circuit, including the grounded hold conductor
1686, the conductor 688 and the contacts 267, for
energizing the upper winding of the control relay
R520, causing the latter relay to operate. Upon
operating the control relay R268 completes, at
the contacts 267, a momentary path, also in-
cluding the conductor 308, the contacts 391 and
385, the conductor 338, the contacts 423, the
conductor 338, the contacts 238, and the grounded
conductor 27§, for short-circuiting the lower
winding thereof. .Also the control relay R260 in-
terrupts, at the contacts 267, the operating circuit
for energizing the upper winding thereof and the
path noted above, whereby a holding circuit sub-
stantially identical to that traced above is com=-
pleted for energizing the upper and lower wind-
ing thereof in series circuit relation.

Also upon operating the control relay R268
completes, at the contacts 283, a path, including
the contacts 232, for applying ground to the con-
ductor 813 in the access cable 870 extending to
the test distributor trunk circuit 860 so as to ef-
fect operation of the seize relay R849 therein, for
the purpose explained in Section 3. Further the
control relay R260 completes, at the contacts 285,

36
a path for applying ground to the conductor 305
terminated by the home confact engaged by the
wiper 21{ of the control switch 210 so as to com-
plete a circuit, including the contacts 216, for
operating the rotary magnet 2{5. Upon operat-
ing the rotary magnet 245 interrupts, at the con-
tacts 218, the operating circuit therefor, and re-
stores driving the wipers noted one step in the

~ clockwise direction out of their home positions
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into their first positions.. When the wiper 211
disengages the home contact in the associated
contact bank, it interrupts the circuit for operat-
ing the rotary magnet M21i5. At this time ground
is applied via the contacts 378 and 387, the re-
sistor 317, the conductor 691, the contacts 325
and the conductor 692 to the multiple that is
terminated upon. the first, second, fourth, sixth,
eighth and tenth contacts in the contact bank
associated with the wiper 214 of the control
switeh 210, whereby resistance ground is applied
to the wiper 214 in its first position and -con-
sequently via the conductor 276 and the contacts
231 to the conductor 874 in the access cable 870
causing - selective operation of the test connect
relay R818, without operation of the B. C. O.
relay R838, in the test distributor trunk cireuit
800, for the purpose explained in Section 3. In
passing, it is noted that the third, fifth, seventh
and ninth contacts in the contact bank associated
with the wiper 214 of the control switch 210 are
excluded from the multiple noted terminating
the conductor 6§92, whereby resistance ground is
removed from the conductor 874 in the access
cable 870 in the corresponding positions of the
control switch 210 so as to effect restoration of
the test connect relay R810 in the test distributor
trunk circuit 800 in the positions noted. As ex-
plained more fully hereinafter, in the third, fifth,
seventh and ninth positions of the control switch
210, resistance ground is removed from the con-
ductor 874 effecting the restoration of the test
connect relay R810 in these positions; and in the
third, fifth, seventh and ninth positions of the
control switch 218, the respective first, second,
third and fourth digits comprising the numerical
portion of the directory number of the subseriber
line in the central office 10 to be tested are trans-
mitted over the conductors 8T and 812 in the
access cable 870 in order to cause corresponding
settings of the test distributor switch 800 and
the test connector switch {180, in the manner
explained in Seetion 3.

When the twelfth count relay R670 is operated
and then restored in the first eycle therethrough,
there is completed and then interrupted, at the
contacts 617, a path for applying ground to the
conductor. 307 in order to effect operation and
restoration of the rotary magnet M215 so that
the wipers noted of the control switch 210 are
driven an additional step in the .clockwise direc-
tion to engage the second contacts in the asso-
ciated contact bank. The path noted extends
when completed from the conductor 307 via the
contacts 266, the conductor 394, the contacts 458,
the conductor 693, the contacts 677, the conduc-
tor 694, the contacts 485, the conductor 439, the
contacts 586, the conductor- 395, and the con-
tacts 354 and 332 to ground.. Thus at the con-
clusion of the first cycle of operation of the count
relays R580, etc., and incident to operation of the
twelfth count relay R§10, the control switch 21§
is operated into its second position. Now the
counst relays R580, etc., operate through their sec~
ond cycle and incident to the reoperation of the
twelfth  count relay R670 therein, the above.
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traced circuit for operating and réstoring the
rotary magnet M215 of the control switch 210 is
again  completed and interrupted, at the con-
tacts 677 thereof, whereby at the conclusion of
the second cycle of operation of the count relays
R580, étc., the control switch 210 is driven into
its third position. When the wiper 2{4 of the
control switch 218 is operated into its third posi-
tion, - it disengages the multiple including the
_ grounded conductor §92 so as to remove resist-

ance ground from the conductor 814 in the ac-
cess cable 810 in order to effect the restoration
of the test connect relay R8I0 in the test distri-
butor circuit 886, for the purpose explained in
Section 3.

In the third cycle of operation of the count re-
lays RE80, etc., the first count relay .R580 com-
pletes, at the contacts 585, a shunt around the
impulsing contacts 564 of the pulse relay R560
between the impulse conductors 5047 and 862°,
thereby disabling the impulsing contacts 564,
Now upon thie second operation of the pulse relay
RS560, the second count relay R58 is operated ef-
fecting the restoration of the first count relay
R580, whereby the shunt contacts 585 are opened
while the impulsing contacts ‘§84 are -closed.
Thus upon the next restoration and reoperation
of the pulse relay R560 to.operate the third count
relay R628, the impulsing contacts 584 are effec-
tive to transmit an impulse over the impulse con-
ductors 581’ and 502’, whereby the first com-
plete impulse is transmitted by the contacts 564
incident to operation of ‘the third count relay
RE28. Accordingly it will be understood that
while there are twelve count relays R588, etc., a
maximum of ten .impulses may be transmitted,
at-the contacts §54, by the pulse relay. R588, over
the impulsing conductors 501’ and 502’ in a cycle
of operation of the count relays R588, etc. The
impulse, or. impulses comprising the first digit
are transmitted -via the impulsing ‘conductors
591’ and 562', the contacts 454 -and 485, the con-
ductors 498 and 499, the contacts 315, 377, 36l
and 382, the conductors 334-and 335, the con-
tacts 268, 269, 236 and 237 and the conductors
871 and 872 in the access cable 870 to the test
distributor trunk circuit 800 so as to-control the
line relays R940 and R850 in the test distributor
switch 808, in the manner -explained in Section 3.
Tach time the pulse relay R580 operates, it com~
pletes, at the contacts 561, path for connecting
the'grounded hold conductor 686 to the conductor
$98., 'Thus ground is applied to the first mark-
ing conductor in the marking cable 394, inecident

to operation of the: third count relay ‘R620, and-

at the conelusion of ‘the transmission of the first
impulse by the pulse relay RUS60 “over -the -im-
pulsing. conductor 504’ and 502’, ‘as ‘explained
above; and ground is applied to the second mark-
ing conductor in the marking cable 394 .incident
to operation of the fourth count relay R625:and
at the conclusion of the transmission of the sec-
ond impulse by the pulse relay R560 over the im-
pulsing conductors 521’ and 532’,-ete:
~Accordingly in the present example, when
the third count reldy R520:is.operated at the
conclusion of -the -transmission of the first im-
pulse-over the impulsing eonductors 501’ and
502’ by the pulse relay R560, ground is applied
to the first marking conductor in the cable 394
effecting the completion of a circuit for energiz-
ing -the intermediate winding of the digit stop
relay R490 since.the thousand switch 3{8.occu-
pies iits: first position registering 'the" thousand
digit-1. -Specifically ~this«ecircuit jextends:from
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the first grounded .marking conductor in the
marking cable 394 by way of the wiper 312 and
the engaged first. contact in the associated con-
tact bank in the thousand switch 310, the con-
ductor 361, the wiper 213 and the engaged third
contact in the associated contact bank in the
control switch 210, the conductor 408, the inter-
mediate winding of the digit stop relay R490 and
the contacts 581 and 591 to battery.. When this
circuit is completed, the digit stop relay RA49%
operates to complete, at the contacts 49, an
obvious multiple holding circuit for energizing
the intermediate winding ‘thereof; and -com-
pletes, at the contacts 492, a direct shunt between
the impulsing conductors 501’ and 582’ so as to
disable the-impulsing contacts 564 of the pulse
relay R560.

In the third cycle of the count relays R580,
ete., when the twélfth count relay R670 is again
operated and restored, ‘there is completed -and
then interrupted, at the contacts 671, the circuit
for operating the rotary magnet M215 of the
control switch 219, in order ‘to drive -the wipers
noted thereof into their fourth positions; also
at this time, the ‘count relays R580, etc., begin
operating through the next éycle, in-the manner
previously described. “When the wiper 213 of
the control switch 210 engages the fourth con-
tact in the associated contact bank terminating
the conductor 338 in-the associated multiple, a
holding circuit is completed for -energizing the
upper winding of ‘the digit stop relay R499; which
holding circuit also includes the conductor 408,
the contacts 491, and the grounded hold con-
ductor 686. In the fourth cyecle ‘of operation of
the count relay R580, etc., the first count relay
R580 interrupts, at the contacts 581, the original
operating circuit for energizing the intermediate
winding of the digit stop relay R4%80; however
without effect since ‘the previously traced hold-
ing circuit is completed for energizing the upper
winding thereof so that the operated digit stop
relay RA80 disables, at the shunt-contacts 492,
the ‘impulsing contacts 564 of the pulse relay
RES0 in the present cycle of operation of the
count relays R580, etc.

Upon the completion of the fourth ‘cycle of
operation of the count rélays R580, etc., and
incident to operation -and restoration of the

twelfth count relay R610, the contacts 611 are

again closed and then ‘opened 'so as to -cause
the rotary magnet M215 ‘of -the contrel switch
2i0 to drive the wipers noted into their fifth
positions. When the wiper 213 of the control
switch 218 disengages the fourth contact in the
associated contact bank, it interrupts the hold-
ing circuit for energizing the upper winding -of
the digit stop relay R490, whereby only the oper-
ating circuit ‘for .energizing the intermediate
winding thereof is completed at this time,.the
last-mentioned circuit including the contacts
581 of the first count relay RE80. - Accordingly
at. this time when the first .count relay R589 is
operated: in-the fifth cycle of the count relays
R580, etec., there is. interrupted,.at the contacts
581 of the first count relay RE80, the operating
circuit ‘for energizing the: intermediate winding
of the digit.stop.relay-R490:in order to-cause the
latter relay to restore so-as to open the shunt
contacts . 492 between the impulsing conductors
501’ and 502’. The pulserelay R560 again trans-
mits, at the contacts. 564, the impulse (or im-
pulses) - comprising the second digit during the
fifth cycle of the counit: relay:R580, etc. (In the
present example, the second digitccomprises the
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digit 1, whereby upon operation of the third
count relay R620, at the conclusion ‘of the trans-
mission of the second digit 1, the application of
ground potential to the first marking conductor
in the marking cable ‘394 completes the pre-
viously traced circuit for energizing the inter-
mediate winding of the digit stop relay R499
since the hundred switch 410 occupies its first
position registering the hundred digit 1. 'This
circuit extends from the grounded first marking
conductor in the marking cable 394 by way of
the wiper 412 and the engaged first contact in
the associated contact bank of the hundred
switch 410, the conductor 402, the wiper 213 and
the engaged fifth contact in the associated con-
tact bank of the control switch 218, the conductor
408, the intermediate winding of the digit stop
relay R490 and the contacts 481 and 491 to bat-
tery. Thus the digit stop relay R490 is again
operated in order to complete, at the contacts
492, the shunt around the impulsing contacts
564 of the pulse relay R560.

At the conclusion of the fifth cycle of  the
count relays R§80, etc., the twelfth count relay
RE70 operates in order to effect driving of the
wipers noted of the control switch 210 into its
sixth position, so that the wiper 213 again com-
pletes the holding circuit for energizing the upper
winding of the digit stop relay R490 during the
six eycle of operation of the count relays R580,
etc., and at the conclusion of the sixth cyele of
operation. of the count relays R580, etc., the
twelfth count relay R670 again operates to drive
the wipers noted of the control switch 210 from
its sixth position into its seventh position so that
the restoration of the digit stop relay R49¢ may
be effected at the beginning of the seventh cycle
of operation of the count relays R589, etc.

‘During the seventh cycle of operation. of the
count relays R580, etc., the pulse relay R560
sends, at the contacts 584, the impulse (or im-
pulses) of the third digit; angd in the present ex-
ample since the third digit is 1, the previously
traced circuit for energizing the intermediate
winding of the digit stop relay R490 is completed
incident to operation of the third count relay
R520 since the ten switch 510 occupies its first
position. In this case, the grounded first mark-
ing conductor in the marking cable 3894 is ex-
tended via the wiper 513 of the ten switch 510
and the engaged first contact in the associated
contact bank, the conductor 502, the wiper 213
of the control switch 210 and the engaged sev-
enth contact in the associated contact bank to
the conductor 408 and thenhce on to the inter-
mediate winding of the digit stop relay R490.
Thus the digit stop relay R498 is again operated
in order to complete, at the contacts 482, the
shunt around the impulsing contacts 564 of the
pulse relay R560. .

At the conelusion of the seventh cycle of the
count relays RB80, etc., the twelfth count relay
Ri618 operates in order to effect driving the wip-
ers noted of the control switch 212 into its eighth
position so that the wiper 213 again completes
the holding circuit - for energizing the upper
winding -of the digit stop relay R490 during the
eighth cycle of operation of the count relays
R3580, etc.; and at the coneclusion of the eighth
cycle of operation of the count relays R580, ete.,
the twelfth count relay R6T0 again operates to
drive the wipers noted of the control switch 210
from its eighth position into its ninth position
so that the digit stop relay R490 may be sub-
sequently restored. .. ... .. . :
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During the ninth cycle of operation of the
count relays R580, ete., the pulse relay R560
sends, at the contacts 564, a single impulse com-
prising the fourth digit 1; whereupon the third
count relay R620 upon operating completes the
previously traced cireuit for energizing the in-
termediate winding of the digit stop relay-R490.
This circuit extends from the grounded first
marking conductor in the marking cable 294 di-
rectly to the ninth contact engaged by the wiper
213 of the control switch 219 and thence via the
conductor 408 to the intermediate winding of the
digit stop relay R498. Thus it will be under-
stood that the fourth or unit digit is not taken
from the unit switch 618 but is completed direct-
ly by virtue of the strap between the first mark-
ing conductor in the marking cable 394 and the
ninth coniact associated with the wiper 213 of
the control switch 218, whereby the fourth digit
always comprises the digit 1. ‘Thus the digit
stop relay RA490 is again operated in order to
complete, at the contacts 492, the shunt around
the impulsing contacts 584 of the pulse relay
R560.

At the conclusion of the ninth cycle of the
count relays R580, etc., the twelfth count relay
R870 operates in order to effect driving of the
wipers noted of the control switch 240 into their
tenth positions so that the wiper 212 engages the
tenth contact in the associated contact bank ter-
minating the conductor 495 in order to complete
multiple circuits for operating the transfer re-
lay R320 and the test relay RA450. More par-
ticularly, ground, at the contacts 261, is applied
via the conductor 275 to the wiper 212 and thence
to the conductor 485, completing a direct circuit
for operating the test relay R450 and a multiple
circuit, including the contacts 323, for operating
the transfer relay R320. -

Upon operating the transfer relay R320 com-
pletes, at the contacts 322, a holding circuit, in-
cluding the conductor 308, the.contacts 391 and
385, the conductor 338 and the contacts 423, to
the grounded conductor 338; and interrupts, at
the contacts 323, the initial operating - circuit
therefor. Upon operating the test relay R450
completes, at the contacts 452, a -circuit for op-
erating the switch relay R480. Also upon op-
erating the test relay R450 Interrupts, at the
contacts 454 and 455, the previously traced con-
nection between the conductors 871 and 872 in
the access cable 878 and the impulsing conduc-
tors 504’ and 562’;: and completes, at the con-
tacts 453 and 456, connections, including the
contacts 4864 and 465, between the conductors 811
and 872 in the access cable 870 and the test con-
ductors §81 and 682, for a purpose more fully ex-
plained hereinafter.

Recapitulating, the first digit 1, the second
digit 1, the third digit 1, and the fourth digit 1
were transmitted in the respective third, fifth,
seventh and ninth positions of the control switch
210 when the wiper 214 thereof engaged the cor-
responding contacts in the associated contact
hank that were excluded from the multiple con-
nected o the conductor 692, whereby resistance
ground was removed from the conductor 814
in the access cable 870 during the transmission
of the four-digits noted in order that the test
connect relay R8I0 in the test distributor trunk
circuit 800 restored during the transmission of
the four digits over the conductors 87{ and 872 in
the access cable 810 so that the four digits were
received by the line relays R940 and R950 in
the test distributor switch 900 for the purpose
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explained in Section 3. ‘Specifically the test dis-
tributor switch 900 responded to the first two of
the digits noted and the fest connector switch
1100 responded to the second two of the digits
noted, whereby the subscriber line 1150 was se-
lected.

Tn the fourth, sixth and eighth positions of the
control switch 210 resistance ground was re-
turned upon the conductor 874 in the access cable
870 so as to effect reoperation of the test connect
relay R8I0 in the test distributor trunk circuit
800 between the four digits mnoted. Also at the
present time while the contro]l switch 210 oc-
cupies its tenth position resistance ground is re-
turned upon the conductor 814 in the access ca~
ble 870 so as to effect reoperation of the test
connect relay R810 in the test distributor trunk
circuit 800; whereby the latter relay completes,
at the contacts 811 and 1813, direct metallic con-
nections between the line conductors {151 and
1152 of the subscriber line 1156 and the con-
ductors 871 and 872 in the access cable 870.

At this time, the count relays R580, etc., are
operatmg through their tenth cycle and when
the third count relay R620 operates, it com-~
pletes, at the contacts 621’ and 622’, paths for
respectively applying battery via the resistor 667
to the conductor 683 and ground to the conductor
684, whereby a priming circuit, including the
contacts 457, is completed for energizing the line
test relay R520 so as to cause the latter relay to
operate. Subsequently when the fourth count
relay R625 operates it completes, at the contacts
627°, a path for connecting together the test
eonductors 681 and 682; effects the restoration
of the third count relay R620; and completes,
at the contacts 626” and 628’ a test connection
from ground via the wiper 686 of the resistance
selector S605 and the engaged second contact in
the associated contact bank and the associated
two segments of resistance, the conductor 684,
the contacts 457, the winding of the line test
relay R520, and the conductor 683 to the multiple
connected test conductors 681 and 682. Accord-
ingly ground is connected through the two seg-
ments of resistance of the resistance selector
S605 and the winding of the line test relay R520
to the multiple connected test conductors 684 and
682 and thence on to the conductors 871 and 872
in the access cable 870 and ultimately to the line
conductors (151 and (152 of the subscriber line
1159, whereby the line test relay R520 will re-
main in its operated position only in the event
there is. a battery fault on the subscriber line
1150, Now assuming that there is no battery
fault vpon the subscriber line 1180, the line test
relay R520 restores and when the fifth count
relay R660 operates, it effects the restoration of
the fourth count relay R625; and recompletes,
at the contacts 631’ and 632, an alternative
priming circuit substantially identical to that
previously traced for reoperating the line test
relay R520. Subsequently when the sixth count
relay R635 operates, it completes at the contacts
637’, a path for connecting together the test
conductors 681 and 682; effects the restoration
of the fifth count relay R630; and completes,
at the contdcts 636’ and 638’ a test connection
from battery via the resistor 687 and the resist-
ance selector 8605 to the multiple connected test
conductors 681 and €82 that also includes the
winding of the line test relay R620. This test
connection extends from battery by way of the
resistor 607, the contacts 638, the conductor 683,
the winding of the line  test- relay R§20, the
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contacts 457, the conductor 684, the two segments
of resistance of the resistance selector S605, the
wiper 606 and the engaged second contact there-
of, and the contaet 6§36’ to the multiple connected
test conductors 681 and 682. Accordingly bat-
tery is connected through the two segments of
resistance in the resistance selector S605 and the
winding of the line test relay R528 to the mul-
tiple connected test conductors 681 and 682 and
thence on to the conductors 87i and 872 in the
access cable 870 and ultimately to the line con-
ductors {161 and {152 of the subscriber line 1150,
whereby the line test relay R520 will remain in
its operated position only in the event there is
a'ground fault on the subscriber line 1150. Now
assuming that there is no ground fault upon the
subscriber line 1158, the line test relay R520 re-
stores and when the seventh count relay R640
operates, it effects the restoration. of the sixth
count relay R835; and recompletes an alterna-
tive priming ecircuit substantially identical to that
previously deseribed for reoperating the line test
relay R528. When the eighth count relay R6E45
operates, it completes, at the contacts 646’, 647’
and 648’, a test connection, including the winding
of the line test relay R528 and the two segments
of resistance in the resistance selector S605 to
the test conductors 681 and 682.  More particu-
larly ground is applied directly via the contacts
64T’ to the test conductor 682; and battery is
applied via the resistor 8§07, the contacts 6487,
the conductor 6383, the winding of the line fest
relay R529, the contacts 457, the conductor 684,
the two segments of resistance in the resistance
selector 605, the wiper 606 of the resistance
selector S685 and the engaged second contact in
the associated contact bank and the contact 646°
to the test conductor 681. Accordingly ground
and battery are respectively applied via the above
traced test connection to the test conductors 682
and 68! and thence via the conductors 872 and
871 in the access cable 878 and ultimately to
the line conductors 1152 and {151 of the sub-
scriber line (150, whereby the line test relay
R520 will remain in ils operated position only
in the event there is a loop fault between the line
conductors 1151 and (192 of the subscriber
line 1450." :

Now assuming that there is no loop fault be-

. tween the line conductors of the subscriber line

{180, when the ninth count relay R658 operates,
it interrupts, at the contacts 652’, the path for
applying ground via the resistor’ 3!1 to the con-
ductor 874 in the access cable 870 so as to effect
the restoration of the test connect relay R8I0
in the test distributor trunk circuit 888. Upon
restoring the test connect relay R810 disconnects,
at the contacts 81! and 813, the —T and +7T
leads from the ring and tip conductors R8T1
and R872 in the access cable 810 and connects
the line relays R948 and R958 respectively to
the tip ang ring conductors 872 and 871 in the
access cable 879 which- tip and ring conductors
872 and 87! are not connected together at this
time in the circuit 200 so that the line relays
R%40 and RS856 in the test distributor switch
900 restore. Upon restoring the line relay R958
interrupts, at-the contacts 943, the eircuit for
retaining operated the line relay Ril20 in the
test connector switch 1180 so that upon restoring
the latter relay effects reoperation of the rotary
magnet M11{15 so that the wiper carriage of the
Strowger mechanism 148 is driven to select line
i 2 accessible thereto.

Now when the tenth count relay R655 operates
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it completes, at the contacts 657, a path substan-
tially identical to that previously traced for ap-
plying ground by way of the resistor 317 to the
conductor 874 in the access cable 870 so as-again
to operate the test connect relay R818 in the
test distributor trunk circuit 800 -effecting- re-
operation of the line relays R848 and ‘R858 in
the test distributor switch 808 and the conse-
quent reoperation of the line relay R{120 in the
test connector switch 1108.

At this time, the subscriber line, the numeri-
cal portion of the directory number of which is:
1112 is selected by the test connector switch 1100;
and when the twelfth count relay R670 is oper-
ated and then restored in the present tenth cycle
of operation of the count relays R588, etc., it
completes and then interrupts, at the contacts
672; a circuif, including the conductor 601, the
contacts 451, and the conductor 696, for oper-
ating the rotary magnet M615 of the unit switch
610 so as to drive the wipers thereof to engage
the second contacts in the associated contact
banks. When the wiper 6§14 of the unit switch
610 is driven to disengage the first contact and
to engage the second contact in the associated
contact bank, the lamp Ul is extinguished and
the lamp U2 is illuminated. - Thus at this time
the lamps MI, Ci, Xi and U2 are illuminated
indicating that the circuit 200 is in readiness to
test the subscriber line in the central office {9,
the numerical portion of the director number
of which is: 1112. Upon the next eycle of oper-
ation of the count relays R880, etc., the line test
relay R520 tests the selected subscriber line
noted in order to determine whether there is a
battery fault, or a ground fault, or a loop fault
thereon, in the manner descnbed above.

Referring to the line test relay R520, as previ-
ously explained, this relay is operated and satu-
rated as a consequence of operation of the prime
relays R620, R630 and R640 just preceding opera-
tion of the respective battery, ground and loop re-
lays R625, R635 and R645 wherein respective bat-
tery, ground and loop fault tests are made. The
line test relay R620 is retained in its operated po-
sition in series with one of the faults noted of a
total resistance of 50,000 ohms and the segments
of the resistance selector S685 are made of 10,000
ohms each so that the resistance-selector S605
is adjustable to maintain the line test relay R520
in its operated position upon faults of adjustable
resistance. In the example-illustrated, the. re-
sistance selector S605 occupies its second posi-
tion setting two segments thereof into each test
connection so that the line test relay R520 will
be retained in its operated position in the event
of a fault having a resistance of 30,000 ohms, or
less, in an obvious manner.

Moreover at the beginning of the testmg of
the subscriber line 1150, the switch relay R480
was operated, whereby it interrupted, at the con-
tacts 481, the original-circuit for energizing the
winding of the pulse relay R560, whereby the
pulse relay RB660 is then energized via a first al~
ternative circuit, including the contacts 551, the
resistor 518, the conductor 509, the contacts 366,
the conductor 689 and the chain back contacts
§45’’, 635"’ and 626’’ and the grounded hold con-
ductor 686. Now when the battery relay R625
operates, it interrupts, at the contacts 626’ the
first alternative circuit for operating the pulse
relay R560 and completes, at the contacts 628’ a
further alternative circuit for operating the
pulse relay RB60 that includes the conductor
685, -the contacts 541, 521 and 482 and the
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grounded ‘hold -coniductor 685. “Thus when the
battery relay R825 occupies its operated position,
the circuit - for sustaining operation of the pulse
relay R560 -includes the conductor 885 - Simi-
larly-when the ground -relay R635 occupies its
operated position, the circuit for sustaining op-
eration of the pulse relay R560 includes the con-
ductor 685 and the contacts 63%'.  Finally when
the loop relay:R635 occupies its operated posi-

tion, the circuit for sustaining operation of the

pulse relay R580 includes-the conductor 85 and
the confacts 6§49’

Now since the line test relay R520 occupies its
operated - position when the battery relay R625
is operated, when the ground relay R635 is op-
erated, and when the loop relay R845 is cperated;
the alternative circuit, including- the conductor
685 for sustaining operation of the pulse relay
RESG is-interrupted, at the ccontacts 521 of the
operated line test relay R528. Thus it will be
understood that the line test-relay R520 must re-
store in order to.recomplete, at the contacts 521,
the circuit for sustaining operation of the pulse
relay RB60. Accordingly.in the event of any one
of the faults noted, the line test relay R520 being
retained in its operated position arrests further
operation of the .pulse relay R560 so that the
cycle of operation of the.count relays R569, etc.,
is arrested while one of the count relays R628,
RE35 or R645 occupies its operated position.

Since the test start key K201 was operated only
momentarily, the start.relay R358 is maintained
in its operated position by virtue of the pulsing
operation of the pulse relay R5E8 transmitting,
at the contacts 561, ground -impulses from the
grounded hold. conductor 686 over the conduc-
tor 689, and consequently to the winding of the
start relay. R3%50, the latter relay being of the
slow-to-release type. - Accordingly when the op-
eration of the pulse relay R560 is arrested due to
a fault, as explained above, the start relay R3508
restores shortly thereafter, interrupting, at the
contacts 352, a point in the holding circuit for
energizing the upper winding of the switch relay
R360 so as-to cause the latter relay to restore
shortly thereafter. Upon restoring the switch
relay R360 .interrupts, at the contacts 361 and
362 the test connection between the winding of
the test relay R520 and-the conductors 871 and
872 in the access cable 8719 causing the line test
relay R520 to restore. Also upon restoring the
switch relay R360 completes, at the contacts 364,
a path,-including the contacts 332 and 824 for
grounding the conductor 685, whereby one of the
fault lamps L5601, 1.602 or L603 is directly illu-
minated depending upon-the operated position
of -the corresponding count relay R625, R635 or
R645. - Of -course the illumination of one of the
fault lamps L6041, 1602 or 1.803 indicates to the
operator at the test board 30, the character of
the fault that was found upon the subsecriber line
undergoing test; whereas the illumination of the
lamps Mi, CI, X[ and Ul identify the subsecriber
line that was - found to- be subJect to the fault
noted.

- In order to restore operatlon of the circuit 200,
it-is only necessary for the-operator at the test
board 30-again momentarily to operate the test
start key K20 so as again to effect operation
of the start relay R350. Upon reoperating the
start relay R380 recompletes, at the contacts 252,
the previously traced circuit for energizing the
upper winding of the switch relay R360 in order
to effect reoperation of the latter relay. Upon
reoperating the switch relay R360 interrupts, at
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the contacts 364, the previously traced circuit
for illuminating one of the fault lamps 1§01, etc,,
corresponding to the operated one of the count
relays R625, etc. However during the time that
the circuit 200 is stopped, the operated one of
the count relays R625, etc., was retained in its
operated -position; hence ground was retained
upon the hold conductor 686 via a path, including
the contacts 484 and 332. Also upon reoperating
the start relay R350 completes, at the contacts
353, an alternative ecircuit, including the con-
tacts. 551, the resistor 518, the conductor 509,
and the conductor 689, to the conductor 635 de-
pending upon the particular operated one of the
count relays R625, R635 or R64E, and then from
the conductor 685 via the contacts 541, 921, and
482 to the grounded hold conductor §86. Accord-
ingly the pulse relay R568 reoperates advancing
the counting chain through the counting relays
R630, R640 or R650, and ultimately to the
twelfth count relay R610.

In view of the foregoing, it will be understood
that in the event operation of the circuit 209 is
arrested as a consequence of finding a battery
fault upon the subscriber line {150, when opera-
tion. thereof of the circuit 298 is'again initiated
by momentary reoperation of the test start key
K201, the count relays R630, etc., progress,
whereby the circuit 200 then proceeds to make
the ground fault and loop fault tests upon the
subscriber line - 1150.

In view of the foregoing description of -the
operation of the circuit 200, it will be under-
stood that the subscriber hnes in the central
office 10 having the directory numbers the nu-
merical portions of which are: 1111 to 1110, in-
clusive, are sequentially tested; whereupon the
twelfth count relay R670 is operated and then
restored -while the unit switch 610 is in its tenth
position, completing a circuit for operating the
level finish relay R370 and a multiple holding
circuit for energizing the lower winding .of the
digit stop relay R480. This circuit extends when
completed from the grounded hold conductor
685 via the conductor 506, the wiper 612 of the
1nit switch 610 and the engaged tenth contfact
in the associated contact bank and the conductor
§97 to the windings noted of the relays R370 and
‘R490 causing the level finish relay R370 to oper-
ate and the digit stop relay RA490 to.be retained
in its operated position. Upon operating the
level finish relay R370- interrupts, at the con-
tacts 315, the connection to the ring conductor
871 .in the access cable 870; and completes, at
the contacts 316, a path, including the contacts
362, 269 and 237, for applying battery via the
vesistor 816 to the tip conductor 872 in the access
cable 810. PFurther the level finish relay R370
interrupts, at the contacts 378, the path for ap-
plying ground via the resistor 317 to the con-
ductor 874 in the access cable 870.  When re-
sistance ground is removed from the conductor
874, the test connect relay R810 in the test dis-
tributor trunk circuit 800 is restored so.as to com-
plete, at the contacts 814, the previously traced
circuit for retaining operated the line ralay R840
in the test distributor switch 900. Also the test
connect relay R8{0 completes, at the contacts
812, a connection between the ring conductor
8T{ and the line relay R850 in the test distributor
switch §80, whereby the latter relay is restored
since no potential is present upon the ring con-
ductor 87i, Accordingly in the test distributor
switch 980 the line relay R940 is retained in its

operated position and the line relay R950 is re~
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stored o as to effect the restoration of the line
relay RI120 in the test connector switch (100
and the consequent complete release of the test
connector switch. {180 in the manner explained
in Section 4. Also the level finish relay R370
completes, at the contacts 373, a holding circuit,
including the conductor 698, the contact 664,
the conductor €07, the resistor 623, and the
grounded hold conductor 686, for energizing the
winding thereof in multiple with the lower wind-
ing of the digit stop relay R498. Further the
level finish relay R37T0 completes, at the contacts
374, a direct circuit, including the conductor 307,
for operating the rotary magnet M215§ of the
control switch 2{06; and completes, at the con-
tacts 371, a direct circuit, including the con-
ductor 531, for operating the rotary magnet
M58 of the ten switch control 510.

Also incident to the present restoration of the
twelfth count relay R&79, the unit switch 618
is driven out of its tenth position back into its
home position, in the manner previously ex-
plained. When the wiper 612 of the unit switch
610 engages its home contact in its associated con-
tact bank, the previously traced circuit, including
the contacts 438 and 616 and the conductor 8§99
is completed for operating and then restoring the
rotary magnet M615 so as to effect driving of the
wipers noted of the unit switch into its first posi-
tion in order again to illuminate the lamp Ul.
The cycle relays R580, etc. then proceeds through
the next cycle of operation and when the eleventh
count relay R668 operates, it interrupts, at the
contacts €64, the holding circuit for energizing
the winding of the level finish relay R310 and
the lower winding of ‘the digit stop relay R490 in
order fo cause the level finish relay R370 to re-
store. However the digit stop relay R498 is re-
tained in its operated position by virtue of the
completion of a holding circuit for energizing the
intermediate winding thereof that was completed
incident to operation of the digit stop relay R429.
Upon restoring the level finish relay R376 inter-
rupts, at the contacts 371, the circuit for operat-
ing the rotary magnet MB5495 in order to effect
driving of the wipers noted of the ten switch 510
from their first positions into their second posi-
tions-so that the lamp X! is extinguished and
the lamp X2 is illuminated. Also the level finish
relay R370 interrupts, at the contacts 314, the

. ¢ircuit for operating the rotary magnet M215 to
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effect driving of the wipers noted of the control
switch 212 from their tenth positions back into
their home positions. When the wiper 21 en-
gages the home contact in the associated contact

- hank, the previously fraced circuit, including the
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contacts 285 and 2¢6, and the conductor 386, is
completed for operating and then restoring the
rotary magnet M215, whereby the wipers noted
of the control switch 216 are driven from their
home positions into their first positions, At this
time ground is applied via the contacts 26§, the
conductor 308, the contacts 321, and the conductor
383, to the multiple termmated upon the first
five contact;s in the contact bank associated with
the Wlpe; 21, whereby the rotary magnet M245
is operated buzzer—fa.shion to. drive the wipers
noted of the control switch 210 from their first
positions into their sixth positions. When the
wiper 213 of the control switch 218 engages the
sixth contact in the associated contact bank ter-
minating the conductor 338, the previously traced
holding circuit for energizing the upper winding
of the digit stop relay R498 is completed. When
the w1per 212 of the control sw1tch 2 l 0 dlsenga edv
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the tenth contact in the associated contact bank
the previously traced circuit for retaining op-
erated the test relay R45§is interrupted so as to
cause the latter relay to restore and effect the
restoration of the switch relay R488.

" Upon restoring the test relay R458 interrupts,
at the contacts 453 and 458, the connections be-
tween the conductors 87! and 872 in the access
cable 870 and the test conductors 68! and 682;
and recompletes, at the contacts 454 and 455, the
connections between the conductors 871 and 8712
and the impulse conductors 58!’ and 582’. At
this time, the lamps M1, Cf, X2 and Ut are illu-
minated indicating that the subscriber line in the
central office 13, the directory number of which
comprises the numierical portion: 1121, is to be
next tested. The cycle relays RE80 operate
through another cycle, whereby the twelfth count
relay RE7¢ effects operation and restoration. of
the rotary magnet M215 driving the wipers noted
of the control switch 212 into their seventh posi-
tions so ‘as to interrupt the holding circuit for
energizing the upper winding of the digit stop
relay R483. In the next cycle of operation of the
count relays R580, etc., the first count relay R589
upecn operating interrupts the holding circuit for
energizing the intermediate winding of the digit
stop relay R490 in order to cause the latter relay
to-restore so as to render effective the impulsing
contacts 564 of the pulse relay R568.

In the present example, the count relays R589,
ete. transmit the digit 2 by virtue of the eircum-
stance that the wipers noted of the ten switch
510 occupy their second positions; whereupon the
previously traced operating circuit for energizing
the intermediate winding of the digit stop relay
RA489 is completed causing the latter relay to re-
operate. At the conclusion of the present cycle
of operation of the count relays R580, ete., the
wipers noted of the control switch 218 are dm en
into their eight positions, whereby the count re-
lays R588, etc. operate through an additional
cycle to drive the wipers noted cof the control
switch 210 into their ninth positions. In the
succeeding cycle of operation of the count relays
R580, etc., the digit 1 is transmitted by the pulse
relay R860 prior to the operation of the digit stop
relay R483, in the manner previously explained,
whereupon the wipers noted of the control switch
210 are driven into their tenth position. At this
time, the circuit 2080 has operated to transmit
the digit 2 followed by the digit 1 so as to effect
operation of the Strowger mechanism 1110 in the
test connector switch 168 to select line 21 there-
in. In the next cycle of operation of the count
relays R380, ete., the line 21 selected by the test
connector smtch {100 is tested in the manner
previously explained,

In view of the foregoing description of the op-~
eration of the circuit 200, it will be understood
that lines 21 to 20, inclusive, accessible to the
test connector switch 1180 are successively tested,
whereby the level finish relay R319 is again op-
erated so as to effect the release of the test con-
nector switch {188 and the subsequent reopera-
tion thereof in accordance with the digits 3 and 1.
Thus the lines accessible to the test connector
switch 1100 are sequentially tested in each level
until line 88, the tenth line in the tenth level, has
been tested effectlng -Teoperation of the level
finish relay R380.

At this time, the level ﬁmsh relay R370 is re-
operated in the manner previously explained and
effecting operation of the hundred finish relay
R380 by virtue of the circumstance that the
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wipei's noted of the ten switch 58 stand in their
tenth positions.  The circuit for operating the
hundred finish relay R3880 includes the contacts
372, the conductor 508, the wiper 512 of the
ten switch 8i0 and the engaged tenth contact in
the associated contact bank, the conductor 596,
and the contacts 671’ of the operated twelfth
count relay R670. Upon operating the hundred
finish relay R380 completes, at the contacts 382,
a holding circuit, including the contacts 341, for
energizing the winding thereof; completes, at
the contacts 384 and 383, a circuit, including the
contacts 352, the conductor 338’ the contacts
423, and the grounded conductor 336 for operat-
ing the rotary magnet M4 14 of the hundred switch
410. Also the hundred finish relay R380 inter-
rupts, at the contacts 385, the circuits for re-
taining operated the prepare relay R339, the
transfer relay R320 and the control relay R260
causing the relays mentioned to restore. Upon
restoring the control relay R268 completes, at
the contacts 262 and 254, paths for applying
ground to the conductors 393 and 214 so as to
effect operation of the rotary magnet M2i5 so
that the wipers of the control switch 210 are
driven back into their home positions. Upon re-
storing the prepare relay R330 interrupts, at
the contacts 333, the holding circuit for energiz-
ing the winding of the hold relay R340, in order
to cause the latter relay to restore shortly there-
after, it being of the slow-to-release type.

During the time interval between the restora-
tion of the prepare relay R330 and the hold relay
R340 ground is applied to the conductor 305
and thence via the contacts 233 to the conductor
875 in the access cable 810 effecting the reléase
of the seize relay R840 in the test distributor
trunk cireuit 860 and the consequent release of
the test distributor switch 98¢ and the test con-
nector switch 1100 as described in Section 4.
Upon restoring the hold relay R340 interrupts, at
the contacts 341, the holding cirecuit for retain-
ing operated the hundred finish relay R388. Ubon
restoring the hundred finish relay R380 inter-
rupts, at the contacts 384, the circuit for op-
erating the rotary magnet M4{4 of the hundred
switch 410 causing the wipers thereof to be
driven into their second positions so that the
lamp C2 is illuminated. Also the hundred finish
relay R380 recompletes, at the contacts 385, the
previously traced circuit for reoperating the pre-
pare relay R330.. The level finish relay R376
effected advancement of the wipers of the ten
switch 518 from their tenth positions back into
their first positions so as again to illuminate the
lamp XIi; and the eleventh count relay R670
effected operation of the wipers of the unit
switch 610 from their tenth positions back into
their first positions so as fo effect illumination
of the lamp Ul.

At this time the lamps M, €2, XI and Ul are
iluminated to indicate that the next subscriber
line in the central office 10 that is to be tested
has the directory number provided with. the
numerical portion i(2{i. The circuit 200 then
operates in the manner previously explained, to
transmit the digits 1, 2, 1 and 1, over the con-
ductors 871 and 872, so as to reset the test dis-
tributor switch 900 to select trunk {2 accessible
thereto and then to set the test connector switch,
not shown, terminated by trunk {2 to select
line {l, accessible thereto. The testing of the'
subscriber lines in the central office having the'
directory numbers, the numerical portions_of
which are 1211 to 1200, inclusive, is the same as
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that previously: described effecting reoperation

of the level finish relay R370 -and the hundred
finish - relay R3806, so that the hundred switch
410 :is-advanced into its third position and the
ten switch 510 and the unit switch 610 are ad-
vanced back into their first positions. At this
time the circuit 208 operates to effect the release
of the testdistributor switch 9608 and the selected
test connector switch ‘and is normally operative
to transmit the digits 1, 3, 1 and 1 so that the
subseriber lines in the third hundred group in
the first thousand group may be tested; however
it has been assumed that the last mentioned
hundred group of subscriber lines is vacant in
the first thousand "group of subscriber lines in
the central ‘office 10. Accordingly at the con-
clusion -of ‘the second digit 23, the wiper car-
riage of the Strowger mechanism 1010 in the
test distributor switeh’ 900 selects the vacant
trunk . 13 terminating no test connector switch.
In this case the application of ground to the E.C.
wiper ‘1014 effects operation of the supervisory
relay R920 and the consequent operation of the
supervisory relay R820; whereby the latter relay
completes, at the contacts 827, a path for apply-
ing ground to the conductor 876 in the access
cable 878 so as to complete a circuit, including
the contacts 235 and the conductor 496 for op-
erating the supervisory relay R460 in the circuit
260. Upon operating the supervisory relay R460
completes, at the contacts 463, a test connec-
tion, inecluding the contacts §56°, 665 and 676
for applying battery via the conductor 809, the
winding -of the vacant relay R410, the conductor
491, the contacts 361, the conductor 334, the
contacts 268 and 236 to the conductor 87i.in the
access cable 870. -Also at this time the booster
battery 1098 is connected via the test wiper 1011
and the contacts 1871 and 811 to the conductor
811 in the access cable 810; whereby the wind-
ing of the vacant relay RA10 is energized with
a: potential corresponding to exchange battery
plus hooster battery, a voltage of approximately
93 volts, causing the latter relay to operate since
it is.of the marginal type. In passing, it will be
observed that the vacant relay R410 being of the
marginal type will not operate upon exchange
battery and must encounter the booster battery
potential of ‘the booster battery (090 to: be op-
erated.  Upon operating the vacant-relay RA4T0
completes, at the contacts 411, a circuit for re-
operating the hundred . finish relay R330 so as
to advance: the wipers noted of the hundred
switch 410 into their fourth positions and other-
wise to recycle the circuit 200 in the manner pre-
viously -explained.

Accordingly the circuit 200 then proceeds to
set up and test the subscriber lines in the cen-
tral office 10 in the fourth hundred group in the
first thousand group. Ultimately the subscriber
line having the directory number, the numerical
portion of which is: 1000, is tested by the circuit
200-s0 that the level finish relay R370 and the
hundred finish relay R380 are reoperated. ‘In
this case the hundred finish relay R380 completes,
at the contacts 381, the circuit for operating the
thousand finish relay R398 by virtue of the cir-
cumstarnice that the wipers noted of the hundred
switch 418 stand in their tenth positions. The
circuit for operating the thousand finish relay
R399 includes the conductor 484, the wiper 443
of the hundred switch 418 and the engaged tenth
eontact in the associated contact bank, as well
as the grounded conductor 412. Upon operating
the thousand finish relay R39%8 completes, at the
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contacts 392, a circuit, including the conductor
302, the contacts 388, the conductor -338’, the
contacts 423 and the grounded conductor 335 for
operating the rotary magnet M3i4 of the thou-
sang switch 319, Subsequently. when the hun-
dred finish relay R388 restores the circuit for
retaining operated the thousand finish relay
R390 is interrupted causing the latier .relay to
restore, whereby the rotary magnet M8i4 is de-
energized so as to drive the wipers noted of the
thousand switch 318 into their second positions.
At thig time the circuit 208 is normally opera-
tive to transmit the digits 2, 1, 1 and 1, but it
has been -assumed that the second thousand
group of subscriber lines in the central office 10
is vacant; whereby the ground strap has been
provided at the confacts 222 of the operated
office mark relay R228 so that when the wiper
314 of the thousand switch 318 engages the sec-
ond contact in the asscciated contact bank, i
encounters the grounded second mark conductor
in the marking cable 286 so that the rotary mag-
net M3i4 is operated and restored driving the
wipers noted of the thousand switch 318 into
their thirq positions.. Accordingly at this time
the lamps M3, Ci, Xi and Ul are illuminated;
and the eircuit 208 operates to transmit the corre-
sponding digits 3, 1, 1 and 1 in order that the
subseriber lines in the first hundred group.in the
third thousand group may be tested in the man-
ner previously explained. ]

The circuit 208 proceeds with the testing of
the subscriber lines, the directory numbers of
which .include the numerical portions: 3ill to
9000, inclusive, it having been. assumed that the
ninth thousand group of subscriber lines is the
last equipped group in the central office i0. At
this time when the thousand finish relay R3%§
operates, it completes, at the contacts 333, a-cir-
cuit for operating the routine finish relay R42G.
'This circuit includes the contacts 383, the con-
ductor.§39, the contacts .221’, the conductor 272
conneected to the ninth marking conduector in the
marking cable 281, the wiper 313 -and. the en-
gaged ninth contact in the associated contact
bank of the thousand switch 218, the conductor
04 and .the contacts 436. Upon operating the
routine finish relay R428 completes, at the con-
tacts 422, o . holding cireuit, including the
grounded conductor 388, for energizing the wind-
ing thereof; and completes, at the contacts 421,
a. circuit for illuminating the routine finish lamp
1417 s0 as to indicate the circumstance noted to
the operator at the test board 8. Also upon op-
erating the routine finish lamp R42§ interrupts,
at the contacts €23, the circuits for retaining op-
erated the prepare relays R4388 and R328 as well
as the control relay R260. At this time all of
the relays. in the -circuit 288 are restored except
the -office select relay R238 and the office mark
relay R22% that are held operated-directly by the
operated office select key K2835. Upon restoring
the control relay R286 completes, at the con-
tacts 262 and 264, paths for applying ground to
the conductors 30% and 274, whereby the rotary
magnet M215 is operated buzzer-fashion in or-
der to drive the wipers noted of the control switch
248 back infto their home position. - Upon restor-
ing the prepare relay R430 completes, at the con-
tacts 435, a path for applying ground to the set
of switch springs S316 so as to effect operation
of the rotary magnet M3i4 buzzer-fashion in or-.
der to drive the wipers noted of the thousand
switch 3108 back into their home positions; where-
upon: the set of switch springs 8345 is operated
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to interrupt the circuit mentioned. Also upon
restoring the prepare relay R430 completes, at the
contacts 431, a path for applying ground to the
set of switch springs S416 so as to effect opera-
tion of the rotary magnet M&14 buzzer-fashion
in order to drive the wipers noted of the hundred
switch 4108 back into their home positions; where-
upon the set of switch springs S416 is operated
to interrupt the circuit mentioned. Also upon
restoring the prepare relay R43§ completes, at
the contacts 433, a path for applying ground
to the set of switch springs SE{T so as to effect
operation of the rotary magnet M55 buzzer-
fashion in order to drive the wipers noted of the
ten switch 818 back into their home positions;
whereupon the set of switeh springs S517 is op-
erated to interrupt the circuit mentioned. Fur-
ther the prepare relay R438 completes, at the
contacts 437, a path for applying ground to the
set of switch springs S617 so as to effect opera~
tion of the rotary magnet M§15 buzzer-fashion
in order to drive the wipers noted of the unit
switch 610 back into their home positions; where-
upon the set of switch springs 617 is operated to
interrupt the circuit mentioned.

* In order completely to release the circuit 200,
the operator at the test board 30 restores the op-
erated office select key K205 -so as to remove
ground from the conductor 271 effecting the res-
toration of the office select relay R238, the office
mark relay RZ220 and the routine finish relay
R420. TUpon restoring the routine finish relay
RA429 interrupts, at the contacts 421, the circuit
for illuminating the routine finish lamp L4i1.
Upon restoring the office select relay R239 inter-
rupts, at the contacts 231, etc., the connections
to the conductors 874, etc., in the access cable
870. Upon restoring the office mark relay R222
interrupts, at the contacts 222, etec., the ground
connections to the marking conductors in the
marking cable 208. At this time the automatic
line testing circuit 200 is completely released and
available for further use.

At any time during operation of the circuit
200 in carrying out its routine test functions,
either in the central office 10 or in the exchange
20, the operator at the test board 36 may arrest

operation and release thereof by merely restor-.

ing the operated one of the select keys K205 or
K204 so as to interrupt the application of ground
to the corresponding conductor 271 or 216 so as
to effect the restoration of the office select relay
R230 and the office mark relay R220 or restora-
tion of the exchange select relay R250 and the
exchange mark relay R240 and the consequent
removal of ground from the conductor 33§ so
as to bring about the restoration of the prepare
relays R3238 and R430 in the manner described
above. Incident to the restoration of the pre-
pare relay R338 the holding circuit for retaining
operated the hold relay R340, is interrupted,
whereby the latter relay restores shortly there-
after, it being of the slow-to-release type. Dur-
ing the transition time between the restoration
of the prepare relay R330 and the restoration
of the hold relay R34% ground is applied to the
conductor 875 in the access cable 810 or to the
conductor 885 in the aeccess cable 880 so as to
bring about the complete release of the connected
test switch train. Also in passing, it is noted
that the office select relay R238 or the operated
exchange select relay R250 is retained in its op-
erated position until the hold relay R34§ re-
stores, interrupting at the contacts 341, the par-

ticulary holding circuit for the office select relay’
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R230 or the exchange select relay R250 that is
completed at this time.

Section 10—Special operations of the automatic
line testing circuit 200

Reconsidering the operation of the automatic
line testing circuit 208, it is now assumed that
incident to the operation thereof to set up a test
connection therefrom to the subscriber line {150
in the central office {§ that the test distributor
switeh 880 encounters a busy condition on trunk
11 accessible thereto and extending to the test
connector switch. 1100 at the conclusion of the
second digit 1 that was transmitted from the cir-
cuit 208. In this case the supervisory relay R820
in the test distributor switch 880 is operated ef-
fecting operation of the supervisory relay R820
in the test distributor circuit 830 and the conse-
quent application of ground upon the conductor
816 in the access cable 8§70, so as to complete the
previously traced circuit for operating the su-.
pervisory relay R466. Upon operating the super-
visory relay R460 prepares, at the contacts 466,
a circuit for operating the camp relay R449;
which ecircuit is completed when the control
switch 210 is operated into its sixth position at
the conclusion of the present cycle of operation of
count relays R523, efc. Specifically when the
wiper 212 of the control switch 210 engages the
sixth contact in the associated contact bank, the
circuit for operating the camp relay R440 is com-
pleted and includes the contacts 261, the con-
ductor 275, the conductor 405 and the contacts
466. Upon operating the camp relay R4£0 in-
terrupts, at the contacts 444, the circuit for sus-
taining operation of the pulse relay R560 so as
to arrest further operation of the count relays
RB80, ete, at this time. Also the camp relay
RA40 completes, at the contacts 445, an additional
path, including the contacts 481, for applying
ground potential to the hold conductor 68§ so
as to insure that the first count relay R580 is
retained in its operated position at this time.
When pulsing operation of the pulse relay R560
is arrested, the start relay R380 restores shortly
thereafter effecting the restoration of the switch
relay R368 after an additional small time inter-
val; af this time cp_era,tion'of the circuit 200 is
arrested and the circuit 200 is camping upon the
test connection sxtending to the busy connector
switch 1100.

When the test connector switeh {188 becomes
idle the supervisory relay R920 in the test dis-
tributor switch 808 is restored effecting the res-
toration of the supervisory relay R820 in the test
distributor trunk circuit 800 and the consequent
removal of ground from the conductor 81§ in
the access cable 879 so as to bring about the res-
toration of the supervisory relay R460. Upon
restoring the supeivisory relay R480 interrupts,
at the contacts 44§, the circuit for retaining op-
erated the camp relay R440, whereby the latter
relay restores shortly thereafter. In the transi-
tion time between the restoration of the super-
visory relay R466 and the restoration of the camp’
relay R448, a circuit, including the contacts 462
and 443 and the conductor 698 is completed for
reoperating the start relay R358 so as to effect
reoperation of the switch relay R360. Also the
camp relay R440 recompletes, at the contacts 444,

-the circuit for causing operation of the pulse re-

lay R560 to be resumed so as further to operate
the count relays R589, etc., in their present cycle.
At this time the circuit 200 continues its send-
ing funection transmitting .the third digit 1 and
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the fourth digit 1 so as to operate the test con-
nector -switch 1109 to select the subscriber line
1150 in the manner described in Section 9.

During the time that the circuit 200 was camp-
ing upon the test distributor switch 908, in the
‘manner explained above, the operated supervisory
relay R460 completed, at the contacts 467, a cir-
cuit, including the contacts 483 and the grounded
hold conductor 688 for illuminating the test con-
nector switch busy lamp 1418 so as to indicate to
the operator at the test board 30 that the circuit
2080 is camping upon a busy test connector switeh.

When -the operator at the test board 30 ob-
serves the illuminated test connector switch busy
lamp L&18 she may desire to restore operation of
the circuit 260 ; which may be accomplished by
momentary operation of the test start key K201,
causing ground to be forwarded via the conductor
407, the contacts 242 and 48! and the conductor
405 to the hundred finish relay R388 effecting op-
‘eration of the latter relay. The hundred finish
relay R380 upon operating recycles the circuit 280
effecting movement of the hundred switch £{9
into -its second position,:all in the manner de-
scribed in Section 9 so that the test distributor
switch 800 is released. The circuit 280 then oper-
ates to send the digits 121! in the manner ex-
plained in Section 9.

‘Again reconsidering the operation of the circuit
200, it is now assumed that incident to the opera-
tion-thereof to set up a test connection therefrom
to the subscriber line {158 in the central office {0
the test connector switch {188 encounters a busy
condition of the subscriber line 1158 at the con-
clusion of the fourth digit 1 that was transmitted
from the circuit 288. In this case the supervisory
relays R920, R828 and R465 are operated in the
manner explained immediately above, However
upon operating ‘the supervisory relay R466 does
not effect operation of the camp relay R440 since
the wiper 212 of the control switch 218 has pre-
viously passed the sixth contact in the associated
contact bank. Accordingly the count relays R580,
ete. continue to operate sequentially; however
there.can be no testing over the test conductors
681 and 682 since the operated supervisory relay
RA60 interrupts, at the contacts 464 and 485, the
normal connections between the test conductors
681 and 682 and the conductors 871 and 872 in
the access cable 870. Of course at the conclusion
of the present cycle of operation of the count re-
lays R580, etc., the unit switch 619 is operated
into its second position ang the wiper carriage of
the Strowger mechanism 111§ in the test con-
nector switeh {108 is operated an additional step
in the rotary direction to select line 12 accessible
thereto, all in & manner explained in Section 9.
The testing of line 12, etc., accessible to the test
conductor switch 1109 by the circuit 208 is other-
wise the same as previously described.

Purther reconsidering the operation of the cir-
cuit 200 in conjunction with the routine testing
of the hundred group of subscriber lines in the
central office 18 that is accessible to the test con-
nector switch $100, it is again noted that line 99
comprises a test line providing the 10,000 ohms
pridge between the 4 and — terminals of this
contact set accessible to the -~ and — line wipers
4111.and 1112 carried by the wiper carriage of the
Strowger mechanism 1118 in the test connector
switch 1100. = Also at this time the ten switch 510
occupies its ninth position and the unit switch
610 occupies. its ninth position, whereby a chain
eircuit is completed for operating the test line re-
lay R540 when the seventh count relay R648 is
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operated in the present cycle of operation of the
count relays R580, etc. This chain circuit ex-
tends from ground via the contacts 434, the con-
ductor 504, the wiper 514 of the ten switch 510
and the engaged ninth contact in the associated
contact bank, the conductor 507, the wiper 613 of
the unit switch 610 and the engaged ninth con-
tact in the associated contact bank, the contact
641’’, the conductor 681, the contacts 468, and the
winding of the test line relay R548 to battery.
Accordingly the test line relay R640 operates com-
pleting, at the contacts 544, a circuit, including
the grounded hold conductor 686, for operating
the control relay R530.  During the operation of
the prime or seventh count relay R648 in the
present cycle of operation of the count relays
R588, etc., the line test relay R520 is operated and
saturated; and when the loop or eighth count re-
lay R6845 is operated, the prime relay R640 is re-
stored and the loop fault test circuit, including
the winding of the line test relay R520, is com~
pleted to the test conductors 681 and 682 due to
the operated position of the loop relay R645,
whereby the line test relay R528 should be re-
tained in its operated position by the 10,000 ohms
resistor 1191 that is connecteq across the wipers
titl and 1112 of the wiper set in the Strowger
mechanism ! 118 in the test connector switch 100,
this 10,000 ohm resistor 1181 being included in
series relation with the two 10,000 ohm segments
of the resistance selector S605 in the manner ex-
plained in Section 9.

First assuming that the line test relay R520 is
retained in its operated position by the artificial
10,000 ohm fault {191 when the prime or seventh
count relay RG40 restores incident to the opera-
tion of the loop or eight count relay R645, there is
interrupted, at the contacts 641’’ the circuit for
maintaining operated the test line relay R540
causing the latter relay to restore shortly there-
after.” Upon restoring the test line relay R540 in-
terrupts, at the contacts 544 the circuit for re-
taining operated the control relay R530 so as to
cause the latter relay to restore shortly there-
after, it being of the slow-to-release type. In the
transition time between the restoration of the
test line relay R840 and the control relay R530
the grounded hold conductor 686 is connected via
the contacts 543 and 531, the conductor 688, the
contacts 648’ the conductor 689, the contact 366,
the conductor 5§89, the resistor §I18 and the con-
tacts 881 to the winding of the pulse relay R5E0
so as to effect reoperation thereof. In passing, it
is noted that the normal circuit for operating
the pulse relay R568 at this time was interrupted,
at the contacts 521, incident to operation of the
line test relay R528.  Accordingly at this time the
count relays R588, etc. continue to operate, where-
by the unit switch 618 is driven into its tenth posi~
tion, bringing about the next testing of line 80,
appearing before the test connector switch {100.
in the manner explained in Section 9.

Now. assuming that the line test relay R520
fails to be held in its operated position by the
artificial 10,000 ohm fault (18{, upon restoring
the line test relay R528 completes, at the contacts
521, 'a holding cireuit, including the grounded
hold conductor 688, the contacts 482 and 542 for
retaining operated the test line relay RS540 so as
to retain operated the control relay RB38. The
operated test line relay RB49 retains interrupted,
at the contacts 841, the previously traced circuit
for reoperating the pulse relay R568, whereby
further operation of the latter relay is arrested

80 that the start rslay RE&38 restores shortly
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thereafter effecting the restoration of the switch
relay R368. Upon restoring the switch relay
R368 completes, at the contacts 354, the previ-
ously traced circuit for illuminating the loop
fault lamp 1883 since the loop or eighth count
relay RE45 occupies its operated position at this
time. The illumination of the loop fault lainp
1883, when the lamps M, C{, X8 and U9 are
iluminated indicates to the operator at the test
board 30 that the line test relay R520 has failed
to be retained in its operated position as it should
have been upon the artificial 10,600 ohm fault
{18¢{ comprising the test line §9 accessible to
the test connector switeh (198,

Thus it will be understoed that the arrange-
ment - deseribed immediately above constitutes
facility for testing the operativeness or com-
petence of the line test relay R52§ to perform
line testing functions on the lines other than the
test line 99. Restating the matter, the illumina-
tion of the loop fault lamp LE83 when cther than
the lamps X9 and U8 are conjointly illuminated
indieates the presence of a loop fault upon the
line that is being tested; whereas the illumina-
tion of the loop fault lamp LE83 when the lamps
X9 and U% are conjointly illuminated indicates
o fault in the line test relay RB528& incorporated
in the automatic line testing circuit 288.

Section 11.—Conclusion

In view of the foregoing it is apparent that
there has been provided an improved manual
line testing and automaftic line testing or routin-
ing arrangement that is selectively controllable
to bring about the testing of any subscriber line
either in the cenfral office or in the associated
exchange in a simple and efficient manner and
requiring a minimum number of operations on
the part of the operator at the test board in the
central office.

While there has been described what is at
present considered to be the preferred embodi-
ment of the invention, it will be understood that
various modifications may be made therein, and
it is intended to cover in the agpended claims ail
such modifications as fall within the true spirit
and scope of the invention.

What is claimed is:

1. In a telephone system, a group of subscriber
lines having individual multi-digit numbers as~
signed thereto, a test switch having access ic
said group of subscriber lines, an operator posi-
tion, means controlable from said operator posi-
tion for connecting said test switch tc said op-
erator position, additional means controllable
from said operator position for transmitting the
digits of any given multi-digit number ts said
connected test switch in order to operate it to
select said given subscriber line in said group,
additional means controliable from said cperator
position for performing any one of a given series
of predetermined fault tests upon a subscriber
line selected by said connected test switch, auto-
matic routine apparatus, and further means
controllable from said operator position for con-
necting said test switch to said apparatus; said
apparatus comprising a register, means controlled
by the connection of said test switch to said ap-
paratus for - automatically registering in said
register a first predetermined multi-digit num-
ber, a sender operative to send to said connected
test switch the digits of said first predetermined
number registered in said register in order to op-
erate it to select a corresponding first prede-
termined subscriber line in said group, additional
means controllable from. said eperator position
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for operating said sender, a tester operative
through a cycle to perform said given series of
said predetermined fault tests upon a subscriber
line selected by said connected test switch, means
controlled by the operation of said connected
test switch to select said first predetermined sub-
seriber line in said group for initiating operation
of said tester, means governed by the completion
of a cycle of operation of said tester for arresting
operation oif said tester and for registering a
second predetermined multi-digit number in said
register and for reoperating said connected test
witch to select a corresponding second prede-
termined subscriber line in said group, means
controlled by the recperation of said connected
test switch to select said second predetermined
subscriber line in said group for initiating re-
operation of said tester, means for indicating to
said operator position the particular digits of any
multi-digit number registered in said register,
means governed by said tester finding a fault on
a subscriber line selected by said connected test
switch for arresting operation of said tester in
its cycle, and means governed by the arrest posi-
tion of said tester in its eycle for indicating to
said operator position the particular fault found
by said tester.

2. In a telephone system, g group of subscriber
lines having individual multi-digit numbers as-
signed thereto, a test switch having access to
said group of subscriber lines, an operator posi-
tion, means controllable from said operator posi-
tion for connecting said test switch to said op-
erater position, additional means controllable
from said operator position for transmitting the
digits of any given multi-digit number to said
connected test switch in order to operate it to
select said given subseriber line in said group,
additional means controllakle from said operator
position for performing any one of a given series
of predetermined fault tests upon a subscriber
line selected by said connected test switch, auto-
matic routine apparatus, and further means con-
trollable from said operator position for connect-
ing said test switch to said apparatus; said ap-
paratus comprising a register, means controlled
by the connection of said test switch to said ap-
paratus for automatically registering in said
register a first predetermiined multi-digit nuwm-
ber, a sender operative to send to said connected
test switch the digits of said first predetermined
number registered in said register in order to op-
erate it to select a corresponding first prede~
termined subscriber line in said groug, additional
means controllable from said operator position
for operating said sender, a tester operative
through a cycle to perform said given series of
said predetermined fault tests upon s subscriber

_line selected by said connected test switch, means
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controlled by the operation of said connected
test switch to select said first predetermined sub-
scriber line in said group for initiating operation
of said tester, means governed by the comple-
tion of a cycle of operation of said tester for
arresting operation of said tester and for regis-
tering a second predetermined multi-digit num-
ber in said register and for reoperating said con-
nected test switch to select a corresponding see-
ond predetermined subscriber line in said group,
means controlled by the reoperation of said con-
nected test switch to select said second prede-
termined subscriber line in said group for initiat-
ing reoperation of said tester, means for indicat-
ing to said operator position the particular
digits of any multi-digit number registered in
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said register, means governed by said tester find=-
ing & fault on a subscriber line selected by said
connected: test switeh for arresting operation of
said tester in. its cyecle, means governed by the
arrested position of said-tester in its cycle for
indicating - to said . operator ‘position the par-
‘ticular fault found by said tester, and further
means controllable from said operator position
for initiating further operation of said tester in
its cyele from. its arrest position therein.

3. In a. telephone system, a central office in-
cluding an operator position and a - first group
of subscriber lines having individual multi-digit
numbers. assigned thereto and an associated. first
test switeh having access to the-subscriber lines
in said first group, an exchange including a sec-
ond group. of subscriber lines having individual
multi-digit numbers assigned thereto and an
associated second. test switch having access. to
the subscriber lines in said second. group, means
controllable from said cperator position for con-
necting either .one- of said test switches to
said operator -position, additional means- con-
trollable from. said operator position for trans-
mitting: the  digits of any given -multi-digit
number to said. connected test. switch in order
to. operate it to-select said given subscriber- line
in the. associated group, additional means. con-
trollable from said operator position for perform-
ing any.one of a given series of predetermined
fault tests upon a subscriber line selected by said
connected switeh, automatic routine. apparatus
in said central office;, further means comntrollable
from said operator position for connecting either
one -of 'said. test--switches to said -apparatus,
means controlled. by-the connection of one of
said test switches to said apparatus for prevent-
ing the connection  of the other of said test
switches to -said- apparatus, and means for in-
dicating: to said operator position the particular
one: of said test switches that is connected to said
apparatus; said apparatus comprising a register,
means controlled by the connection of said one
test switch to said apparatus for automatically
registering in said register a first predetermined

" multi-digit. number, a sender operative -to. send
to ‘said connected one test switch the digits of
said first predetermined number registered in
said register .in order to operate it to select a
corresponding first predetermined subscriber line
in the associated group, additional means con-
trollable from said operator position for operat-
ing said: sender, a tester operative through a
cycle.to perform said given series of said prede-
termined fault tests upon a subscriber line se-

lected by said connected one-test switch, means;

controlled by the operation of said connected one
test switeh to select said first predetermined sub-

seriber line in the associated group for initiating

operation of said tester, means governed by the
completion of a cycle of operation of said tester
for arresting: operation-of said tester and for
régistering ‘a- second predetermined multi-digit
number in said register and for reoperating said
connected one test switch to select the corre-
sponding secortd predetermined subscriber ‘line
in the associated group, means controlled by the
reoperation of said connected one test switch to
select said second predetermined subscriber line
in the associated group for initiating reoperation
of said tester, mesns for indicating to said op-
erator position the particular digits of any multi-
digit number registered in said register, reans
governed by. said tester finding a fault on a sub-
seriber: line selécted by said connected one: test

switch for arresting operation of said tester in
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its cycle, and means governed by the arrested
position of said tester in its cycle for indicating
to said operator position the particular fault
found by said tester.

4. In a telephone system, a plurality of offices
each including a group of subscriber lines hav-
ing - individual multi-digit numbers assigned
thereto - and an associated test switeh- having
access to the subscriber lines in said group, auto~
matic routine apparatus common to said.offices,
means for connecting any one of said test
switches: to .said apparatus, means. controlled: by
the: connection of one of said test switches to
said apparatus for preventing the connection of
any other of said test switches to said apparatus:
and means for indicating the particular .one of
said test switches that is connected to said ap-
paratus, ‘said apparatus comprising a register,
means controlled by the connection of said one
test switch to said apparatus for automatically
registering in said register a first predetermined
multi-digit number, a sender operative to send
to said connected one test switch the digits of
said first predetermined number registered in
said. register in order to operate it to select the
corresponding first predetermined subscriber line
in the associated group, means for operating said
sender; a tester operative through a cycle to
perform. a given series of predetermined. fault
tests upon a subscriber line selected by said con-
nected one test switch, means controlled by the
operation of said connected one test switch to
select said first predetermined suhscriber line in
the associated group for initiating: operation of
said tester, means controlled by the operation of
said tester through its cycle for arresting opera-
tion of said tester and for registering a second
predetermined multi-digit number in said regis-
ter and for reoperating said connected one test
switch to select the corresponding second prede-
termined subscriber line in the associated group,
means controlled by the reoperation of said con-
nected one test switch to select said second pre-
determined - subscriber: line in- the associated
eroup for'initiating. reoperation of said tester,
means for identifying the particular digits of
any multi-digit number registered in said register,
and means controlled by said tester in response
to the finding of a predetermined fault upon a
subscriber line selected by said connected one
test switch for arresting operation of said tester
in its cycle and for identifying said predeter-
mined fault.

5. In a telephone. system, a first office .includ-
ing. an operator position and a first group of
subscriber lines having individual  multi-digit
numbers assigned thereto.and an associated first
test: switeh having access to the subscriber lines
in said first group, a second oiffice including a
second. group of subscriber lines having indi-
vidual multi-digit numbers assigned. thereto and
an associated second test switch having access to
the subscriber lines in said second group, auto-
matic routine apparatus in said first office, means
controllable from said operator position for con-
necting either one of said test switches to said
apparatus, means controlled by the: connection.
oif one of said test switches to said apparatus for
preventing the connection of the other of said
test switches to said apparatus; and means for
indicating to said operator position the particular
one of said test switches that is connected to said
apparatus; said apparatus comprising a register,
means contrelled by the connection of said one
test switeh. to said apparatus for automatically
registering. in said register a first predetermined
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multi-digit number, a sender operative to send
to said connected one test switch the digits of
said first predetermined number registered in
said register in order to operate it to select the
corresponding first predetermined subscriber line
in the associated group, means controllable from
said operator position for operating said sender,
a tester operative through a cycle to perform a
given series of predetermined fault tests upon a
subscriber line selected by said connected one
test switch, means controlled by the operation
of said connected one test switch to select said
first predetermined subscriber line in the asso-
ciated group for initiating operation of said
tester, means controlled by the operation of said
tester through its cycle for arresting operation
of said tester and for registering a second pre-
determined multi-digit number in said register
and for reoperating said connected one test
switch to select the corresponding second prede-
termined subscriber line in the associated group,
means controlled by the recperation of said con~
nected one test switch to select said second pre-
determined subscriber line in the asscciated group
for initiating reoperation of said tester, means
for indicating to said operator position the par-
ticular digits of any multi-digit number regis-
tered in said register, and means controlled by
said tester in response to the finding of a prede-~
termined fault upon 2 subscriber line selected
by said connected one test switch for arresting
operation of said tester in its cyele and for in-
dicating to said operator position said prede-
termined fault.

6. In a telephone system, a first office includ-
ing an operator position and a first group of sub-
seriber lines having individual multi-digit num-
bers assigned thereto and an associated first test
switch having access to the subscriber lines in
said first group, a second office including a sec-
ond group of subscriber lines having individual
multi-digit numbers assigned thereto and an
associated second test switch having access to
the subscriber lines in said second group, auto-
matic routine aprparatus in said first office, means
controllable from said operator position for con-~
necting either one of said test switches to said
apparatus, means controlled by the connection
of one of said test switches to said apparatus
for preventing the connection of the other of
said test switches to said apparatus, and means
for indicating to said operator position the par-
ticular one of said test switches that is connected
to said -apparatbus; said apparatus comprising a
register, means controlled by the connection of
said one test switch to said apparatus for auto-
matically registering in said register a first pre-
determined multi-digit number, a sender opera-
tive to send to said connected one test switch
the digits of said first predetermined number
registered in said register in order to operate it
to select the corresponding first predefermined
subscriber line in the associated group, means
controllable from said operator position for op-
erating said sender,.a tester operative through a
cycle to perform a given series of predetermined
fault tests upon a subscriber line selected by said
connected one test switch, means controlled by
the operation of said connected one test switcn
to select said first predetermined subscriber line
in the associated group for initiating operation
of said tester, means controlied by the opera-
tion of said tester through its cycle for arresting
operation of said tester and for registering a
second predetermined multi-digit number in said
register and for reoperating said eonnected one
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test switch to seleet the corresponding second
predetermined subscriber line in the associated
group, means controlled by the reoperation of
said connected one test switch to select said sec-
ond predetermined subscriber line in the asso-
ciated group for initiating reoperation of said
tester, means for indicating to said operator posi-
tion the particular digits of any multi-digit num-
ber registered in said register, means controlled
by said tester in response to the finding of a
predetermined fault upon a subscriber line se-
lected by said connected one test switch for ar-
resting operation of said tester in its cycle and
for indicating to said operator position said pre-
determined fault, and additional means con-
trollable from said operator position for again
initiating operation of said tester in its cycle
from its arrested position therein.

7. In g telephone system, a first office including
an operator position and a first group of sub-
scriber lines having individual multi-digit num-
bers assigned thereto and an associated first test
switch having access to the subscriber lines in
said first group, a second office including a second
group of subscriber lines having individual multi~
digit numbers assigned thereto and an associated
second test switch having access to the sub-
seriber lines in said second group, automatic
routine apparatus in said first office, means con-
trollable from said operator position for con-
necting either one of said test switches to said
apparatus, means controlled by the connection
of one of said test switches to said apparatus for
preventing the connection of the other of said
test switches to said apparatus, and means for
indicating tosaid operator position the particular
one of said test switches that is connected to
said apparatus; said apparatus comprising a
register, means controlled by the connection of
said one test switch to said apparatus for auto-
matically registering in said register a first pre-
determined multi-digit number, a sender opera-
tive to send. to said connected one test switch
the digits of said first predetermined number
registered in said register in order to operate it
to select the corresponding first predetermined
subscriber line in the associated group, means
controllable from said operator position for op-
erating said sender, a tester operative through
a cycle to perform a given series of predetermined
fault tests upon a subscriber line selected by said
connected one test switch, means controlled by
the operation of said connected one test switch to
select said first predetermined subscriber line in
the associated group for initiating operation of
said tester, means controlled by the operation of
said tester through its eycle for arresting opera-
tion of said tester and for registering a second
predetermined multi-digit number in said regis-
ter and for reoperating said connected one test
switeh to select the corresponding second pre-
determined subscriber  line in the associated
group, means confrolled by the reoperation of
said connected one test switch to select said sec-
ond predetermined subscriber line in the asso-
ciated group for initiating reoperation of said
tester, means for indicating to said operator posi-
tion the particular digits of any multi-digit num-
ber registered in said register, means controlled
by said tester in response to the finding of a pre-
determined fault upon a subscriber line selected
by said connected one test switch for arresting
operation of said tester in its cycle and for indi-
cating to said operator position said predeter-
mined fault, and additional means controlled
jointly by operation of said connected one test
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switch to select the last subsecriber line in the
gssociated group and by operation of said tester
through its cycle for arresting cperation of said
tester and for transmitting a routine finished sig-
nal to said operator position.
8. In a telephone system, a plurality of sub-
scriber lines having individual multi-digit num-
bers assigned thereto, a test switch having access
to said subscriber lines, & register, means for con-
necting ‘said test switch to said register, means
controlled by the connection of said test switch
to said register for automatically registering in
said register a first number assigned to a first of
said subscriber lines, manually operable means
for selectively registering in said register a sec-
ond number assigned tc a second of said sub-
seriber lines, a sender operative to send to said
test. switch the digits of a number registered in
said register, manually operable means. for
initiating operation of said sender, means. in-
cluded in- said test switch and controlied by the
digits ‘of ‘a particular number sent thereto for
operating said test switch to select said particular
subscriber line, a tester operative through a cyele
to perform a given series of predetermined fault
tests upon a’ subscriber line selected by said test
switeh, means controlled by the operation-of said
test: switch to select saild particular subscriber
line for initiating operation of said tester, means
for indicating the digits of a number registered
in said register, means controlled by said tester
finding a fault on a subscriber line selected by
said test switch for arresting operation of said
tester in its cyele, and means controlled by the
" arrested position of said tester in its cycle for in-
dicating the particular fault found by said tester.

9. In a telephone system, a-plurality of sub-
seriber. lines divided into thousand groups each
divided' into hundred groups each. divided into
ten groups.each divided into unit positions, each
of said subseriber lines being assigned an indi-
vidual four-digit number the respective digits
of which identify the respective thousand group
and hundred group and. ten group and unit posi-
tion thereof, a test switch having access to said

subseriber lines, a register, means for connecting 4

said test switch to said register, means controlled
by the connection of said test switch to-said regis-
ter for automatically registering in said register
the number 1111, first manually operable means

. for selectively changing the thousand digit of the §

number 1111 :registered  in said register, second
manually operable means: for selectively changing
the hundred digit of the number 1111 registeredin
said register, a sender operative to send to said
test switeh the four digits of a number registered
in said register, manually operable means for
initiating. operation of said sender; means in-
cluded in said test switch and controlled by the
four digits of a particular number sent. thereto
for operating said test switch to select said: par-
ticular subscriber line, a tester operative through
a cycle to perform a given series of predetermined
fault tests upon a subscriber line selected by said
test switch, means controlled by the operation
of said test switch to select said particular sub-
scriber line for initiating operation of said tester;
means for indicating the four digits of a number
registered: in said register; means controlled by

said tester finding. a fault on a subscriber line

selected: by said test switch for arresting opera-
tion: of said tester in its cycle, and means con-
trolled by the arrested position of said tester in
its ¢ycle for indicating the particular fault found
by said tester.

10. In a telephone system, & plurality of sub=

10

20

35

40

60

62
scriber lines having individual multi-digit num-
bers. assigned thereto, o test. switch having access
to said subscriber lines, a ‘register, means for
connecting said test switch to said register, means
controlled by the connection of said test switch
to said register for automatically registering in
said: register a first number assigned to. a first-of
said subscriber lines, a : controller. operative
through. a cycle and governed by the number
registered in said register for operating said: test
switch to select the particular one. of said sub-
scriber lines to which said number is assigned,
o tester operative through a cycle to perform a
given series of predetermined. tests upon a sub-
seriber line selected by said test switch, means
for initiating the first cycle of operation of said
controller, means governed hy: the completion of
a cycle of operation of said controller: for initiat-
ing a eycle of operation of said tester;, means gov-
erned jointly by the number registered in-said
register and by the completion of a cycle of oper-
ation of said tester for registering in said register
the next adjacent number assigned to another of
said subscriber lines and for initiating -another
cycle of operation of said controller, means for
indicating: the digits of a number registered in
said register, means controlled by said tester find-
ing a fault on a subscriber line selected by.said
test switeh for arresting operation of said tester

. in its cycle, and means controlled by the arrest~

ed position of said tester in its cycle for indicating
the particular fault found by said tester.

11. In g telephone system, a plurality of sub-
scriber lines having individual multi-digit num-
bers assigned thereto, a test switch having access
to said subscriber lines, & register, means for
connecting said test switch to said register, means
controlled by the connection of said test switch
to said register for automatically registering in
said register g first number assignad to a first of
said subscriber: lines, manually operable means
for selectively registering in said register a dif-
ferent number: assigned to a different one of said
subscriber lines, a controller operative through
a cycle and governed by the number registered
in said register for operating said test switeh to
select the:particular one of said subscriber: lines
to which said number is assigned, a tester opera-
tive through a cycle to perform 3 given series of
predetermined tests upon-a subscriber line select-
ed by sald test: switch, means for initiating the
first cycle of operation of said controller, means
governed by the completion of a cycle of opera~-
tion' of said controller for initiating a. cycle. of
operation of said tester, means governed jointly

5. by the number registered in said register and: by

the completion of a cycle of operation of said
tester for registering in said register the next ad-
jacent number assighed to another of said sub-
seriber lines and for initiating another cycle of
operation of said controller, means for indicating
the digits of a number registered in said regis-
ter, means controlled by said tester finding a fault
on a subscriber line selected by said test switeh
for arresting operation of said tester in its cycle,
and means controlled by the arrested position of
said tester in its-cycle for indicating the particular
fault found hy said tester.

12..In a telephone system, & plurality of sub-
scriber lines having individual multi-digit' num-
bers assigned thereto, a test switch having access
to said subscriber lines; a register, means for com-
necting said test switch to sald register, means
controlled by the connection of said test switeh
to said register for automatically registering in
said register a first number. assigned to a first
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of said subscriber lines, a' controller operative
through a cycle and governed by the number
registered in said register for operating said test
switch to select the particular one of said sub-
scriber lines to which said number is assigned,
a tester operative through a cycle to perform
a given series of predetermined tests upon a sub-
scriber line selected by said test switch, means
for initiating the first cycle of operation of said
controller, means governed by the completion of
a cycle of operation of said controller for initiating
a cycle of operation of said tester, means governed
jointly by the number registered in said register
and by the completion of a cycle of operation of
said tester for registering in said register the
next adjacent number assigned to another of said
subscriber lines and for initiating another cycle
of operation of said controller, means for indicat-
ing the digits of a number registered in said
register, means controlled by said tester finding
a fault on a subscriber line selected by said test
switch for arresting operation of said tester in
its cycle, means controlled by the arrested posi-
tion of said tester in its cycle for indicating the
particular fault found by said tester, and addi-
tional means for initiating further operation of
said tester in its cycle from its arrested position
therein.

13. In a telephone system, a plurality of sub-
scriber lines divided into thousand groups each
divided ‘into hundred groups each divided into
ten groups each divided into unit positions, each
of said subscriber lines being assigned an in-
dividual four-digit number the respective digits
of which identify the respective thousand group
and hundred group and ten group and unit posi-
tion thereof, a test switch having access o said
subscriber lines, a regisfer, means for connecting
said test switch to said register, means controlled
by the connection of said test switch to said
register for automatically registering in said
register the number 1111, a controller operative
through a cyecle and governed by the number
registered in said register for operating said test
switch to select the particular one of said sub-
scriber lines to which said number is assigned,
a tester operative through a cycle to perform
a given series of predetermined tests upon a sub-
scriber line selected by said test switch, means
for initiating the first cycle of operation. of said
controller, means governed by the completion
of a cycle of operation of said controller for
initiating - a cycle of operation of said tester,
means governed jointly by the number registered
in said register and by the completion of a cycle
of operation of said tester for regisfering in said
register the next adjacent number assigned to
another of said subscriber lines and for initiating
another cycle of operation of said controller, ad-
ditional means governed by the registration in
said register of the number X111 including the
thousand digit X assigned to a vacant thousand
group of said subscriber lines for automatically
registering in said register the number Y111,
where Y is the digit following the digit X, means
for indicating the four digits of a number regis-
tered in said register, means controlled by said
tester finding a fault on a subscriber line seiected
by .said test switch for arresting operation of
said tester in its cycle, and means controlled by
the arrested position of said tester in its cycle
for indicating the particular fault found by said
tester.

14. In a telephone system, a plurality of sub-
scriber lines divided into thousand groups each
divided into hundred groups each divided into

10

15

20

30.

ten groups each divided into unit positions, each
of said subscriber lines being assigned an in-
dividual four-digit number the respective digits
of which identify the respective thousand group
and hundred group and ten group and unit posi-
tion thereof, a test switch having access to said
subscriber lines, g register, means for connect-
ing said test switch to said register, means con-
trolled by the connection of said test switch to
said register for automatically registering in said
register the number 1111, a controller operative
through a cycle and governed by the number
registered in said register for operating said test
switch to select the particular one of said sub-~
scriber lines to which said number is assigned,
a tester operative through a cycle to perform a
given series of predetermined tests upon a sub-
seriber line selected by said test switch, means
for initiating the first cycle of operation of said
controller, means governed by the completion of
a, cycle of operation of said controller for initiat=~
ing a cycle of operation of said tester, means
governed jointly by the number registered in
said register and by the completion of a cycle
of operation of said tester for registering in said
register the next adjacent number assigned to
another of said subscriber lines and for initiating --
another cyecle of operation of said controller,
additional means governed by the operation of
said test switeh in gccordance with the number
AX11 including the hundred digit X assigned to
a vacant hundred group of said subscriber lines
for automatically registering in said register the
number AY11, where A is any digit and Y is the

. digit following the digit X, means for indieating

the four digits of a number registered in said
register, means controlled by said tester finding

_ a fault on a subscribér line selected by said test
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switchh for arresting operation of said tester in
its cycle, and means controlled by the arrested
position of said tester in its cycle for indicating
the particular fault found by said tester.

15. In a telephone system, a plurality of sub-
scriber lines having individual multi-digit num-
bers assignied thereto, a test switch having access
to said subscriber lines, a. register, means for
registering in said register a first number as-
signed to a first of said subscriber lines, means
controlled by said register for sending to said
test switch the digits of said first number regis-
tered in said register, means included in said test
switch and controlled by the digits of said first
number for operating said test switch to select
said first . subseriber line, a tester operative
through a cycle to perform a given series of pre-
determined fault tests upon a subscriber line
selected by said test switch, means controlled by
the operation of said test switch to select said
first subscriber line for initiating operation of
said tester, means controlled jointly by the
registration in said register of said first number
and by the operation of said tester through its
cycle for registering in said register a second
number assighed to a second of said subseriber
lines and for sending to said test switch a step
signal and for arresting operation of said tester,
means included in said test switch and con-
trolled by said step signal for reoperating said
test switch to select said second subscriber line,
means controlled by the operation of said test
switch to select said second subscriber line for
again initiating operation of said tester, means
for indicating the digits of a number registered
in said register, means controlled by said tester
finding a fault on a subscriber line selected hy
said test switch for arresting operation of said
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tester in its cycle, and means controlled by the
arrested position-of said tester in its cycle for in-
dicating-the particular fault found by sald tester.
16, In a telephone system, a plurality of sub-
scriber lines divided into thousand groups each
divided into hundred groups each divided into
ten groups each divided into unit positions, each
of said subscriber lines being agsigned an indi-
vidual - four-digit  number the respective - digits
of which identify the respective thousand group
and hundred group and ten group and unit posi-
tion thereof, & test switch having access to said
subscriber lines, a register, means for register-
ing in said register the number X¥11, where X is
any digit and Y is any digit, means controlled by
said register for sending to said test switch the
digits of the number XY11 registered in said reg-
ister, means included in said test switch and con-
trolled by the digits of the number XY11 for op-
erating said test switch to select said subscriber
line XY11, a tester operative through a cycle to
perform a  given series of predetermined fault
tests upon a subscriber line selected by sald test
switch, means controlled by the operation of said
test switch to select said subscriber line XY11 for
initiating operation of said tester, means con-
trolled jointly by the registration in said register
of the number XY11 and by the operation of said
tester through -its cycle for registering in said
‘register the number XY12 and for sending to
said test switch a step signal and for arresting
operation of said tester, means included in said
test switch and controlled by said step signal for
reoperating .$aid test switch to select said sub-
seriber line XY12, means controlled by the opera-
tion of said test switch to select said subscriber
line XY12 for again initiating operation of said
tester, means for indicating the four digits of a
number registered in.said register, means con-
trolled by said tester finding a fault on a subseri-
~ber line selected by said test switch for arresting
operation. of said tester in its cycle, and means
controlled by the arrested position of said tester
in its-cycle for indicating the particular fault
found by said tester.

17. In a telephone system, a plurality of sub=
seriber lines divided into thousand groups each
divided into “hundred groups each divided into
" Yen groups each divided in unit positions, each of
“said subscriber lines being assigned an individual
four-digit number the respective digits of which
identify the respectlve thousand group and hun-
dred group-and ten group and unit position there-
of, a group of test connector switches each having
acecess to a given hundred group of said subseriber
lines, a test distributor switch having access to
said test-connector switches, a: frunk extending
to said test distributor switch, a register, means
for registering in said register the number XY11,
where X is any digit and Y is any digit, means con-
trolled by said register for sending over said frunk
the digits of the number XY11 registered in said
Tegister, means included -in said test distributor
switch and controlled by the digits X and ¥ of the
number X¥11 sent over said trunk for operating
said test dlstrxbator switeh to select the corre-
spending one :of said test connector switches,
means included in said test distributor switch and
controlled by the.digits .1 and 1. of the number
XY 11 sent over said trunk for operating said-one
1est connector switeh to select the correspond-
jng . subscriber: line s XY11,-a. tester operative
through a cycle to perform a given series of pre-
determined fault tests over said trunk upon a
selected subscriber line, means controlled by the
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‘operation of said one test connector switch to se-

Ject said subseriber-line XY11 for initiating op--
eration of said tester, means controlled jointly
by the registration in said register of the num-
ber XY1il and by the operation of said tester
through its eyele:for registering in said register
the number XY12 and for sending over said trunk
a step signal and for arresting operation of said
tester, means included in said test distributor
switch and controlled by said step signal sent over
said trunk for reoperating said one-test connector
switch to select said subscriber line XY12, means
controlled by the reoperation of said one test con-
nector switch to select said subseriber line XY12
for again initiating operation of said tester,
means for indicating the four digits of a number
registered in said register, means controlled. by
said tester finding a fault on a selected subscriber
line for arresting operation of said tester in its
cycle, and means controlled by the arrested posi-
tion of said tester in its cycle for 1nd1cat1ng the
particular fault found by said tester:

18. The telephone system seb forth in ‘claim
17, wherein said trunk includes a pair of line con~
ductors and ‘a- control conductor, said sending -
means sends the digits of a number over the line
conductors of said trunk and sends said step sig-
nal over the control conductor of said trunk, and
said tester tests a selected subscriber line over
the line conductors of said trunk. ‘

19. The telephone system set forth in claim
17, wherein said test: distributor switch includes

means controlled by the operation thereof to se-

lect said one test connector switch: for. testing
the idle or busy condition of said one test con-
nector switch and means controlled during the

testing of said one test connector switch as being

busy for returning a delay signal over said trunk,

and said sending means-includes means controlled

during the return of said delay signal over said
trunk for delaying the sending of the digits 1 and

-1 of the number XY11 over said trunk.

20. The telephone systm set forth in claim 17,

‘wherein said test distributor switch ‘includes

meang controlled by the operation of said one test
connector to select said subscriber line XY11 for

testing the idle or busy condition of said subscrib-

er line XY11 and means controlled by the test-

.ing of said subscriber:line as busy for returning

a busy signal over said trunk, and further includ-
ing means jointly controlled by the registration
in said register of the number XY11 and by said

.busy signal for registering in said register the

number XY12 and for sending over said trunk
said step signal and for preventing testing by
said tester of said busy subscriber line XY11.
21. In a telephone system, a plurality of sub-~
seriber lines having individual multi-digit num-
bers: assigned . thereto, a test switch having: ac-
cess .to-said subscriber lines, a register, means
for registering in said register a first number as-
signed to a first of said subscriber lines, a cyclic
operative mechanism, means for initiating -cyclic
operation of said mechanism, means controlled
by initial cyclic operation of said mechanism for
sending- to -said - test. switch the- digits of - said
first number registered in said register, means
included in said test switch and controlled by the
digits of said first number for operating said
test switch to .select said first subscriber. line,
means controlled by a subsequent cycle of opéra~
tion of said mechanism-for performing a given
series of predetermined fault. tests upon a sub-
seriber-line selected: by said: test” switch,” means
controlled jointly by the registration in said reg-
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ister-of said first number and by the operation of
said mechanism through :said mibsequent cycle
for registering in said register -2 second number
assigned to a second of said subscriber lines and
for sending to said test switch a step signal,
‘means included in sdgid test switch and controlled
by said step signal for reoperating said test switch
to select said second wtbscriber line, means for
indicating the digits of a number registered in
sald register, means controlled by said testing
means finding a fault on a svbscriber line select-
ed by said test switch for arresting cyclic opera-
‘tion of said mechanism, and means controtled by
the arrested position of s8id ‘mechanism for in-
Adicating the particular fault found by said test-
‘ing means.

22. 'The telephone system set forth in claim 21,
wherein said -cyclic -operative mechanism is in
the form of a ¢hain -of -count relays, the copera-
tion of each -count rélay in said chain -effecting
restoration of the preceding -count relay in said
chain and preparing operation -of the succeeding
count relay in -said -chain, and also including
means for operating the count relays in said
chain at a predetermined rate.

23. In a telephene system, @ plurality of sub-
seriber lines having individual multi-digit num-
bers assigned thereto, a test switch ‘having ac-
cess to said subscriber lines, o register, means for
registering in said register a first number as-
signed to -a first of said subseriber Tines, means
contrdlled by said register for sending to said
test switch the -digits of said frst number reg-
istered in said vegister, means included in said

test switch and controlled by the digits of said

first number for -operating said test switch to
select said first subscriber line, @ tester -opera-
tive through a cycle to perform a wgiven series
of predetermined fault tests upon a subscriber
line selected by said test switch, means controlled
by the operation of said test switch to select said
first subscriber line for initiating operation of
said tester, means-controlled jointly by the regis-
tration in said register of a predetermined num-
her and by the operation of said tester through its
‘eycle for registering ‘in sald register a second
number assigned o a second of said subscriber
lines and for sending to said test switch a ‘partial
release signal and for arresting the ‘operation of
said ‘tester, means included in said test switch
and controlled by said partial release siznal for
effecting ‘a partial release of said test switch,
additional means controlled by said rezister for
sending to said test switch certain only of the
digits of said second number registered in said
register, means included in said test switch and
controlled by the certain digits of said second
number for reoperating said best switch to select
said second subscriber line, means controlied by
the reoperation of said test switch to select said
second subscriber Iine for again initiating opera-
tion of said tester, means for indicating the
digits of a number registered in said register,
means controlled by said tester finding a fauib
on a subscriber line selected by said test switch
for arresting operation of said tester in its cycle,
and means controlled by the arrest position of
said tester in its eycle for indicating the ‘par-
ticular fault found by said tester.

24. In a telephone system, a plurality of sub-
scriber lines divided into thousand groups each
divided inte hundred groups each divided nto
ten groups each divided into unit Ppositions, each
of said subscriber lines being assigned an in-
dividual four-digit number the respective digits
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68 ,
of ‘which identify the respective thousand group
and hundred group wnd ten group and unit posi-
tion thereol, a test switch having access to said
subscriber lines, a register, means for registering
in said register the number XY11, where X is
any digit and Y is any digit, means controiled by
said register for sending to said test switch the
digits of the number X¥11 registered in said
register, means included in said test switch and
controlled by the digits of the number XY11 for
‘operating said test switich to select said subseriber
line XY11, a tester operative ‘through a cycle
to verform a given series of predetermined fault
tests upon a subscriber line selected by said test
switeh, means controlled by the operation of said
testswitch to select said subseriber line Xv11 for -
initiating operation of said tester, means con-
troled jointly by the registration in said register
of the number XY10 and by the operation of
sald tester through its cycle for registering in
'said register the number X¥21 and for sending to
sald test switch a partial release signal and for
arresting ‘the ‘operation of said tester, means
included in said test switch and controlled by said
partial release signal for effecting a partial re-~
lease of said test switch, additional means con-
trolled by said register for sending to said test
switch the digits 2 and 1 of the number XY31
registered in said register, means included in
said test switch and controlled by the digits 2
and 1-of the number XY21 for recperating said
test switch to select said subscriber line xXyai1,
means controlled by the operation of said test
switch to select said subscriber line XY21 fox

5 ‘again initiating operation of said tester, means

for indicating the four digits of a number regis-
tered in said register, means controlled by said
tester finding = fauit on a subscriber line se-
leeted by said test switch for arresting operation
of said tester in its cycle, and means controlied
by the arrested position of said tester in its
cycle for indicating the particular fault found by
said tester.

25. In a telephone system, a plurality of sub-
scriber lines divided into thousang groups eacil
divided into hundred groups-each divided into ten
greups each divided in unit positions, each of
sald subscriber lines being assigned an individual
four-digit number the respective digits of which
identify the respective thousand group and
hundred group and ten group and unit position
thereof, 3 group of test connector switches each
having access to & given hundred group of said
subscriber lines, a test distributor switch having
access to sald test connector switches, a trunk
extending %o said test distributor switch, 3 regis-
ter, means for registering in said register the
number X¥11, where X'is any digit and ¥ is any
digit, means controlled by said register for send-
ing over said trunk the digits of the number
X¥11 registered in said register, means included
in said test distributor switch and controlled by
the gigits X and Y of the number XV11 sent over
said trunk for operating said test distrihutor

5 switch to select the corresponding one of said test

connector switches, means included in said test
distributor ‘switch and controlied by the digits

-1 and 1 of the number X¥11 sent over said trunk

for operating said-one test connector switch to se-
lect ‘the corresponding  subscriber line XY11, a
tester -operative through a cycle to perform a
given series of predetermined fauli tests over
said trunk upon a selected subscriber line, means
controlled by the operation of said one test con-
nector switch to s€leect said ‘subscriber line Xvi1l
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for initiating operation of said tester, means con-
troled jointly by the registration in said register
of the number XY10 and by the operation of said
tester through' ifs cycle for registering in said
register the number XY21 and for sending over
said trunk & partial release signal and for ar-
resting operation of said tester, means included
in said test distributor switch and controlied by
said partial release signal sent over said trunk for
effecting. the release of sald one test connector
switch, additional means controlled by said ragis-
tet for sending over said trunk the digits 2 and 1
of ‘the number XY21 registered in said register,
means included in said test distributor switch and
controlled by the digits 2 and 1 of the number
X721 sent over said trunk for operating said cne
test connector switch to select the corresponding
subscriber line XY21, means controlled by the
operation of -said -one test connector -switch to
select said subscriber line XY21 for again initiat-~
ing: operation of said tester, means for indicating
the four digits of a number registered in said
register, means controlled by said tester finding a
fault on a selected subscriber line for arresting
operation of said tester in its cycle, and means
controlled by the arrest position of said tester
in its cycle for indicating the particular fault
found by said tester.: :

- 96. The telephone system set-forth in claim 25,
wherein said trunk includes a pair of line con-
ductors, sald sending means sends the digits of
s number over both of the line conductors of
said trunk and sends said partial release signal
over only one of the line conductors of sald trunk,
and said tester tests a selected subscriber line
over both of the line conductors of said trunk.

o7. The telephone system set forth in claim 25.
wherein said test distributor switeh - includes
means controlled by the operation thereof to
select said one test connector switch for testing
the idle or busy condition of said one test con-
nector switch and means controlled during the
testing of said.one test connector switch as being
busy for returning a delay signal over said trunk,
and said sending means includes means con’crollgd
during the return of said delay signal over said
trunk for delaying the sending of the gigits 1 and
1 of the number XY11 over said trunk.

928. In a telephone system, a plurality of sub-
scriber lines having individual multi-digit num-
bers assigned thereto, a test switch having access
to said “subscriber lines, & register, means for
registering in said register a first number as-
signed to a first of said subseriber lines, 2 cyc‘i}c
operative mechanism, means for initiating cyclic
operation of said mechanism, means cor}trolled
by initial cyclic operation of said mechan1§m for
sending to sald test switch the digits of said vﬁ.rst
number registered in sald register, means .-
cluded in said test switch and-controlled by the
digits of sdid first number for operating said test
switch to select said first ‘subscriber line, means
controlled by a subsequent cycle of operation of

. gnid mechanism for performing a given serieS_ of
predetermined. fault tests upon. a subscriber line
selected by said test switeh, means con‘r,xjolled
jointly by the registration in said register of e:‘
predetermined number and by the operation of
said mechanism through a still subseque_nt cyvele
for registering in said register a second number
assigned to a second of said subscriber lines and
for sending to said test switch a partial release
signal, means -included in said test switch-and
controlled by said partial release :signal for ef-

fecting a partial release of said test switch, means
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controlled by a later cycle of operation of said
mechanism for sending to said test switch certain
only of the digits of said second number registered
in said register, means included in said test switch
and controlled by the certain digits of said second
number for reoperating said- test switch to select
said second subscriber line, means for indicating
the digits of a number registered in'said register,
means controlled by said testing means finding.
a-fault on a subscriber line selected by said tesb
switeh for arrvesting cyclic operation of said mech-
anism, and means.controlled by the arrested posi-
tion of said mechanism for indicating the par-
ticular fault found by said testing means.” .

99. In a telephone system,.a plurality of sub-
scriber lines having individual multi-digit-num-
bers assigned thereto, .a test: switeh having ac-
cess to said subscriber lines, a register, means
for registering .in said. register a first number
assigned to a first of said subscriber lines, means
controlled by said register. for sending to said
test switch the dizits of said first number regis-:
tered in-said register, means included in said
test switeh and controlled by the digits of. said
first number for operating said test switch to
select said first subscriber line, a fester operative
through a ecycle to perform a- given series of pre-
determined fault tests upon a subscriber .line
selected by said test switch, means controlled
by -the operation of said test switch to select
said first subscriber ling for initiating operation
of “said tester, means controlled jointly by the
registration of a predetermined number in said
register . and by the. operation of said tester
through its cycle for registering in said register
a second number assigned .to a second of said.
subscriber lines and for sending: to said- test
switch ‘a. full release signal and for arresting
operation of said tester, means included in said-
test switch and controlled by said full release
signal for effecting a full release of said test
switch, additiona] means controlled by said regis-.
ter for sending to said test switeh the digits
of said second number registered in said regis-
ter so as to reoperate said test switch to select
said second subscriber line, means controlled by:
the operation of said test switch to select said
second subscriber line for again initiating opera-
tion of said tester, means for indicating the digits
of a number registered in said register, means
controlled by said tester finding a fault on a sub-
scriber . line selected by said test switch for ar-
resting operation of said tester in its cycle, and
means controlled by the arrested position of said
tester in its cycle for indicating the particular
fault found by said tester. '

30. In a telephone system, a plurality of sub-
seriber. lines divided into thousand groups each
divided into hundred groups each divided into
tert groups each divided into unit positions, each
of 'said subscriber lines being assigned an in-
dividual four-digit number the respective digits
of which identify the respective thousand group
and. hundred group -and ten group and unit
position thereof, a test switch having access to
said subscriber lines, a register, means for regis-.
tering in said register the number X111, where X
is any digit, means controlled by said register
for sending to said test switch the digits of the
number X111 registered in said register, means
included 'in said test switch and controlled by
the digits of the number X111 :for operating said
test switch to select said subscriber line X111,
a tester operative through .a cycle to perform g
given series of predetermined fault tests upon a
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subseriber line seleced by said test switch, means
controlled by the operation of sald test switch
to select said subscriber line X111 for initiating
operation of said tester, means controlled jointly
by the registration in said register of the num-
ber X100 and by the operation of said tester
through its cycle for registering in said register
the number X211 and for sending to said test
switch a full release signal and for arresting
operation of said tester, means included in said
test switch and controlled by said full release
signal for effecting a full release of said test
switch, additional means controlled by said reg-
ister for sending to said test switeh the digits
of the number X211 registered in said register
50 as to reoperate said test switch to select said
subscriber line X211, means controlled by the
cperation of said test switch to select said sub-
scriber line X211 for again initiating operation
of said tester, means for indicating the four
digits of a number registered in said register,
means controlled by szid tester finding a fauls
on a subscriber line selected by said test switch
for arresting operation of said tester in its ecycle,
and means controlled by the arrested position of
said tester in its cycle for indicating the particu-
lar fault found by said tester. .

31. In g telephone system, a plurality of sub-
scriber lines divided into thousand groups each
divided into hundred groups each divided into
ten groups each divided into unit positions, each
of said subsecriber lines being assigned an in-
dividual four-digit number the respective digits
of which identify the respective thousand group
and hundred group and ten group and unit posi-
tion thereof, a test switeh having access to said
subscriber lines, a régister, means for registering
in gaid register the number 1111, means con-
trolled by said register for sending to said test
switch the digits of the number 1111 registered
in sald register, means included in said test

switch and controlled by the digits of the number
- -1111 for operating said test switch to seleci said
subscriber line 1111, a tester operative through
a cycle to perform a given series of predeter-
mined fault tests upon a subscriber line selected
by said test switch, means controlled by the
operation of said test switch to select said sub-
seriber line 1111 for initiating operation of said
tester, means controlled jointly by the registra-
tion in said register of the number 1000 and by
the operation of said tester through its cyele
for registering in said register the number 2111
and for sending to said test switch a full release
signal and for arresting operation of said tester,
means included in said test switch anr rontrelled
by said full release signal for effecting a full
release of said test switeh, additional means con-
trolied by sald register for sending to said test
switeh the digits of the number 2111 registered
in said register so as to reoperate said test switch
to select said subscriber line 2111, means con-
trolled by the operation of said test switch to
select said subscriber line 2111 for sgain initiat-
ing operation of said tester, means for indicating
the four digits of a number registered in said
register, means controlled by said tester finding
a fault on a subscriber line selected by said
test switch for arresting operation of said tester
in its cycle, and means controlled by the arrested
position of said tester in ifs cycle for indicating
the particular fault found by said tester,

32. In a telephone system, a plurality of sub-
seriber lines divided into thousand groups each
divided into hundred groups each divided into
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ten groups each divided in unit positions, each
of sald subscriber lines being assighed an in-
dividual four-digit humber the respective digits
of which identify the respective thousand group
and hundred group and test group and unit posi-
tion thereof, a group of test connector switches
each having access to a given hundred group of
said subscriber lines, a test distributor switeh
having access to said test connector switches, a
trunk extending to said test distributer switch, a
register, means for registering in said register
the number Xill, where X is any digit, means
contrelled by said register for sending over said
trunk the digits of the number X111 registered
in said register, means included in said test
distributor switch and controlled by the digits
X and 1 of the number X111 sent over said trunk
for operating said test distributor switch to se-
lect the corresponding one of said test connector
switches, means included in said test distributor
switch and controlled by the digits 1 and 1 of the
number 2111 sent over said trunk for operating
said one test connector switch to select the cor-
responding subscriber line X111, a tester opera-~
tive through a cycle to perform a given series
of predetermined fault tests over said trunk upon
a selected subscriber line, means controlled by
the operation of said one test connector switch
16 select said subscriber line X111 for initiating
operation of said tester, means controlled jointly
1y the registration in said register of the number
X100 and by the operation of said tester through
its cycle for registering in said register the num-
her X211 and for sending over said trunk & full
release signal and for arresting operation of said
tester, means included in said test distribujor
switch and controlied by said full release signal
sent over said trunk for releasing both said test
distributer switeh and said one test connector
switch, additional means controlled by said reg-
ister for sending over said trunk the digits of
the number X211 registered in said register so
as to recperate said test distributor switch in ac-
cordance with the digits X and 2 of the number
X211 to select the corresponding other of said
test connector switches and to operate said other
test connector switch in actordance with the
digits 1 and 1 of the number X2i1 to select the
corresponding subscriber line X211, means con-
trolled by the operation of said other test con-
hector switch to select said subscriber line X211
for again initiating operation of said tester,
means for indicating the four digits of a number
registered in said register, means controlled by
said tester finding a fault on a selected subscriber
line for arresting operation of said tester in its
cycle, and means controlled by the arrested posi-
tion of said tester in its cycle for indicating the
particular fault found by said tester.

33. In a telephone system, a pluralisy of sub-
seriber lines divided into thousand groups each
divided into hundred groups each divided into
ten groups each divided in unit positions, each of
5aid -subscriber lines being assigned sn individ-
ual four-digit number the respective digits of
which identify the respective thousand group
and hundred group and ten group and unit posi-
tion thereof, a group of test connector switches
each having access 1o a given hundred group
of said subscriber lines, a test distributor switeh
having access to said test connector switches, a
trunk extending to said test distributor switeh, a
register, means for registering in said register
the number 1111, means controlled by said reg-
ister for sending over said trunk the digits of
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the number 1111 registered in said register, means
included in said test distributor switch and con-
trolled by the first two digits 1 and 1 of the num-
‘ber 1111 sent over said trunk for operating said
“test distributor switch to select the correspond-
ing one of said test connector switches, means
included in said test distributor switch and con-
trolled by the second two digits 1 and 1 of the
number 1111 sent.over said trunk for operating
said one test:connector switch to select the cor-
responding subscriber line 1111, a tester opera-
tive through a' cycle to perform a given series
of predetermined fault tests over said trunk upon
a selected subscriber line, means controlled by
the operation of said one test connector switch
to0 select said subscriber line 1111 for initiating
operation of said tester, means controlled jointly
by the registration in said register of the number
1000 and by the operation of said tester through
“its cycle for registering in said register the num-
“per 2111 and for sending over said trunk a. full
release sighal and for arresting operation of said
‘tester, means included in said fest distributor
switch and “controlled by said full release signal
'sent over said trunk for releasing both said test
distributor switch and said one test connector
‘switch, additional means controlled by said reg-
ister for sending over said trunk the digits of
the-number 2111 registered in said register so as
to reoperate said test distributor switch in ac-
cordance with the digits 2 and 1 of the number
2111 to select the corresponding other of said
test connector switches, and to operate said other
“test “connector switch in accordance with the
digits 1 and 1 of the number 2111 to select the
“corresponding stbscriber line 2111, means con-
trolled by the operation of said other test con-
" nector switch to select said subscriber line 2111
for again initiating operation of said tester,
means for indicating the four digits of a number
registered in said register, means controlled by
said tester finding a fault on a selected subscriber
line for arresting operation of said tester in its
cycle, and means controlled by the arrested posi-
- tion of said tester in its cycle for indicating the
particular fault found by said tester.

34. The telephone system set forth in claim 32,
wherein said trunk includes a pair of line con-
ductors and a control conductor, said’sending
means sends the digits of a number over the line
conductors of said trunk and sends said full re-
lease signal ‘over the control conductor of said
trunk, and said tester tests a selected subscriber
line over the line conductors of said trunk:

35. The telephone system set forth in claim 32,
wherein  said test distributor switch  includes
means controlled by the operation thereof to se-
lect said one test connector switchi-for testing the
idle -or busy condition of said one test connector
switeh 'and means controlled during the testing of
said one test connector switch as being busy for
returning a relay signal over said trunk, and said
sending ‘means includes means controlled during
the return of said delay signal over said trunk for
delaying the sending of the last two digits 1 and 1
of the number X111 over said trunk.

'36. In'a telephone system, a plurality of sub-
scriber lines having individual multi-digit num-
bers assigned thereto, a test switch having access
to said subscribed lines, a register, means for reg-

- istering in said register a first number assigned
to-a- first of said subscriber lines, a cyelic opera-
tive mechanism, means for initiating cyclic op-
‘eration of said mechanism, means controlled by
1n1t1al cyclic operation -of said mechanism for
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sendmg to said test switch the digits of said first
number registered in said register, means in-
cluded in said test swifich and controlled by the
digits of said first number for operating said test
switch to select said first subscriber line, means
controlled by a subsequent cycle of operation of
said mechanism for performing a given series of
predetermined fault tests upon a subscriber line
selected by said test switch, means controlled
jointly by the registration in said register of a
predetermined number and by the operation of
said mechanism through a still subsequent cycle
for registering in said register a second number
assigned to a second of said subscriber lines and
for sending to said test switch a full release signal,
means included in said test switch and controlled
by said full release signal for effecting a full re-
lease of said test switch, means controlled by a
later cycle of operation of said mechanism for
sending o said test switch the digits of said sec-
ond number registered in said register so-as to
reoperate said test switch to select said second
subscriber line, means for indicating the digits of
& number registered in said register, means con-~
trolled by said testing means finding a fault on =
subscriber line selected by said test switch for
arresting eyclic operation of said mechanism, and
means controlled by the arrested position of said
mechanism- for indicating the particular fault
found by said testing means.

37. In a telephone system, a plurality of sub-
scriber lines divided into thousand groups -each
divided into hundred groups each divided into
ten groups each divided into unit positions, each
of said subscriber lines being assigned an indi-
vidual four digit number the respective digits of
which identify the respective thousand group and
hundred group and ten group and unit position
thereof, a-test switch having access to said sub-
seriber lines, a register, means for registering in
said register the number 1111, means controlled
by said register for sending to said test switch
the digits of the number 1111 registered in said
register, means included in said test switch and
controlled by the digits of the number 1111 for
operating said test switch to select said subscriber
line 1111, a tester operative through a cycle to
perform a given series of -predetermined fault
tests upon a subscriber line selected by said test
switeh, means controlled by the operation of said
test switeh to select said ‘subscriber line 1111 for
initiating operation of said tester, means con-
trolled jointly by the registration in said register
of the number 1111 and by the operation of said
tester through its cycle for registering in said reg-
ister the number 1112 and for sending to said test
switch a step signal and for arresting operation
of said tester, means included in said test switch
and controlled by said step signal for reoperamng
said test switch to select said subscriber line 1112,
means controlled by the reoperation of said test
switch to'select said subseriberline 1112 for again
initiating operation of said tester, means con-

“trolled jointly by the registration in said register

of the number 1110 and by the operation of said
tester through its cycle for registering in -said
register the number 1121 and for sending to said
test switch a partial release signal and for arrest-
ing the operation of said tester, means included
in said test switch and controlled by said partial
release signal for effecting a partial release of said
test switch, additional means controlled by said
register for sending to said test switch the digits
2 and 1 of the number 1121 registered in said reg-
ister, means included in said test switch and con~




2,832,817

75

trolled by the digits 2 and 1 of the number 1121
for reoperating said test switch to select said sub-
scriber line 1121, means controlled by the reop-
eration of said test switch to select said sub-
scriber line 1121 for again initiating operation of
said tester, means controlled jointly by the regis-
tration in said register of the number 1100 and
by the operation of said tester through its cycle
for registering in said register the number 1211
and for sending to said test switch a full release
signal and for arresting operation of said tester,
means included in said test switch and controlled
by said full release signal for effecting a full re-
lease of said test switch, additional means con-
trolled by said register fol sending to said test
switch the digits of the number 1211 registered in
sald register so as to reoperate said test switch to
select said subscriber line 1211, means econ-
trolled by the reoperation of said test switch to
select said subscriber line 1211 for again initiat-
ing operation of said tester, means for indicating
the digits of a number registered in said register,
means contrelled by said tester finding a fault on
a subscriber line selected by said test switeh for
arresting operation of said tester in its cycle, and
means controlled by the arrested position of said
tester in its cycle for indieating the particular
fault found by said tester.

38. In 3 telephone system, g plurality of sub-
scriber lines divided into thousand groups each
divided into hundred groups each divided into
ten groups each divided into unit positions, each
of said subscriber lines being assigned an indi-
vidual four-digit number the respective digits of
which identify the respective thousand group
and hundred group and ten group and unit posi-
tion thereof, a thousand register, a hundred
register, a ten register, a unit register, s finish
relay, a thousand relay, a hundred relay, a ten
relay, cyclic  operative mechanism, means for
registering the digit 1 in each of said registers,
means for initiating ecyclic operation of said
mechanism, means controlled by cyclic operation
of said mechanism for successively registering
the digits 2, 3, ete., 0, 1, 2, ete., in said unit reg-
igter, means jointly controlled by the registra-
tion of the digit 0 in said unit register and by
the next. cycle of operation of said mechanism
for operating said ten relay, means controlled
by successive operation of said ten relay for suc-
cessively registering the digits 2, 3, ete., 0, 1, 2,
ete., in said ten register, means jointly controlled
by the registration of the digit 0 in said ten
register and by the next operation -of said ten
relay for operating said hundred relay, means
controlled by successive operations of said hun-
dred relay for successively registering the digits
2, 3, ebe., 0, 1, 2, ete, in said hundred register,
means jointly controlled by the registration of
the -digit 0 in said hundred register snd by the
next operation of said hundred relay for oper-
ating said thousand relay, means controlled by
successive operations of said thousand relay for
successively registering the digits 2, 3, etc., and
0 in said fthousand register, means controlled
jointly by the registration of fhe digit 0 in said
thousand register and by the next operation of
said thousand relay for operating said finish
relay, means controlled by operation of said
finish relay for arresting cyclic operation of-said
mechanism and for clearing said registers of
the digits registered therein, a test switch hav-
ing -access to said subscriber lines, means con-
trolled by the cyclic operation of said mech-
anism for operating said test.switch successively
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to select said subscnber lines corresponding to
the four-digit numbers registered in said reg-
isters, means for indicating the four digits regis-
tered in registers, and means controlled by the
eyclic operation of said mechamsm for testing
each idle subscriber line ‘selected by sald test
switch.

39. In g telephone system, a plurality of sub-
scriber lines divided into thousand groups each
divided into hundred groups each divided into
ten groups each divided into unit positionis, each
of said subscriber lines being assigned an indi-
vidual four-digit number the respective digits of
which identify .the respective thousand group
and hundred group and ten group and unit posi-
tion thereof, a thousand register, a hundred
register, a ten register, a unit register, a finish
relay, a thousand relay, a hundred relay, a ten
relay, cyclic operative mechanism; means for
registering the digit 1 in each of said registers,
means for initiating cyclic operation of said
mechanism, means controlled by cyclic operation
of said mechanism for successively registering
the digits 2, 3, ete., 0, 1, 2, ete., in said unit reg-
ister, means Jomtly contlolled by the registra-
tion of the digit 0 in said unit register and hy
the next cycle of operation of said mechanism
for operating said ten relay, means controlled
by successive operation of said ten relay for
successively registering the digits 2, 3, ete., 0, 1,
2, etc., in said ten register, means Jomtly con-
trolled by the registration of the digit 0 in said

ten register and by the next. operation of said

ten relay for operating said hundred relay,
means controlled by successive operations of said
hundred relay for successively ' registering the
digits 2, 3, ete., 0, 1, 2, ete., in said hundred
register, means jointly controlled by the regis-
tration of the digit 0 in said hundred register
and by the next operation of said hundred relay
for operating said thousand relay, means con-
trolled by successive operations of said thousand
relay for successively registering the digits 2,3,
etc., and 0 in said thousand register, a test
switch having access fo said subscriber lines,
means controlled by the cyclic operation of said
mechanism for operating said test switch suc-
cessively to select said subsecriber lines corre-
sponding to the four-digit numbpers 1eglstered
in said registers, means for indicating the four
digits registered in registers, means controlled
by the cyclic operation of said mechanism for
testing each idle subscriber line selected by said
test switch, means jointly controlled by the reg-
istration in said thousand register of the digit
corresponding to the last’ thousand group of sub-
seriber lines .and. by the next operation of said
thousand relay for operating said finish relay,
means-controlled by.operation of said finish relay
for arresting cyclic operatmn of .said; ‘nmechanism
and for clearing sa1cl reg1sters of the. dmj;s
registered therein.

40. The telephone system set forth in -claim
38, Wherem said testing means perfolms a glven
series of predetermined fault tests upon each
idle subscriber line selected by said test switch,
and further 1ncludes means controlled. by the
finding ‘of .a, fault by said. testmg means for ar-
resting operatmn ‘of said mechamsm 1in its.cycle,
and meang -controlled. by the arrested Position
of said mechanism in its cycle for mdmatsmrr
the particular fault: found by said testing means.

41, In a telephone system, @ plulallty .of sub-
scriber lines, a test line, g test switch havmg
access to said subscriber llnes and said test line,
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means for operating said fest switch to select

78 .

© the operation of said test relay and by the

successively said subscriber lines and said fest. -

line, g test relay, means controlled by the opera-
tion of said test switch to select one of said sub-
scriber lines or said test line for connecting said
test relay to said test switch, means whereby

- said test relay is operated when it is connected

to-s2id one subscriber line only in the event said
one subsecriber line has a line fault thereon and
whereby -said test relay is restored when it is
connected to said test line only in the event said
test relay has a fault therein, a signal, an oper-
ating circuit for said signal, control means for
completing said operating circuit, means whereby
said control means is responsive jointly to opera-
tion of said test relay and to connection therecf
to one of said subscriber lines, additional means
whereby said control means is responsive jointly
to restoration of said test relay and to connec-

- tion thereof to said test line, and means for

indicating the one of said subscriber lines or said
test line selected by said test switch.
42..In a telephone system, a plurality of sub-

seriber lines, a test line, a test switch having

access to said subscriber lines and said test line,
means for operating said test switch to select
successively said subscriber lines and said test
line; a test relay, means controlled by the opera-
tion of said test switch to select one of said sub-
scriber lines or said test line for first operating
said test relay and then for connecting said
operated test relay to said test switch, means
whereby said test relay is held in its operated
position when it is connected-to said one sub-
scriber line only in the event said one subseriber
line has a line fault thereon and whereby said
test relay. is returned to its restored . position
when it. is connected to said test line only in
the event said test relay has a fault therein, a
signal, an operating circuit for said signal, con-
trol means for completing said operating circuit,
means whereby said control means is responsive
to operation of said test relay when it is con=-
nected to one-of said subscriber lines, additional
means -whereby said control means is responsive

to restoration of ‘said test relay when it is con-

nected to said test line, and means for indicat-
ing the one. of said subscriber lines or said test

“line selected by said test switch.

43, In a'telephone system, g plurality of sub-
sceriber- lines, a test line, a fest switch having
access to said subscriber lines and said test line,
means- for operating said test switch to seleet
successively  said subscriber lines and said test

line, g test relay, a given number of test circuits,

normally operating . cyclic' means having said
given number of positions and conirolled by the
operation of said test switch to select one of said
subscriber lines or said test line for successively
connecting said test relay in said test . circuits
to said test switch, means whereby said test relay
is operated when it is connected in one of said
test circuits to said -one subscriber line only in
the event said one :subscriber line has a corre-

sponding type of line fault thereon and whereby

said test relay is restored when it is: connected

‘in. a predetermined one of said test circuits to
~ said test line-only in the event said test relay -

has & fault therein, means jointly controlled by
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-of said subscriber

operation -of said test switeh to select said one
subseriber- line for arresting operation of said
cyclic means in its cycle, additional means
jointly controlled by the restoration of said test
relay and by the operation of said test switch
to select said test line for arresting operation of
said cyclic means in its cycle, a given number
of signals respectively corresponding to said
given number of positions of said cycle means,
respective operating circuits for said signals,
control means for. selectively completing said
operating circuits, means whereby said- coutrol
means is respoensive jointly to. operation of said
test relay and to the arrested position of said
cycle means in' its cycle so as to operate -the
corresponding one ¢f said signals to indicate the
corresponding fault found by said {est relay upon
& subscriber line selected by said test switch,
additional means whereby said control ineans is
responsive jointly to the restoration of said test
relay and to the arrested position of said cycle
means in its cycle so as to operate the corre-
sponding one of said signals to indicate the
corresponding fault found in said test relay when
said test line is selected by said test switch, and
means. for indicating the one of said subscriber
lines or said test line selected by said test switch.

44, In g telephone system a plurality of sub-
scriber lines, a plurality of test lines, said lines
being grouped so that each group includes a fixed
number of subscriber lines and one test line, a
test switch having access to said lines, means
for operating said test switch to select in a pre-
determined order the subscriber lines and the
test line in successive ones of said groups, means
controlled by the operation of said test switch
to select one of .said subscriber lines or one. of
said test lines for connecting said test relay to
said test switch, means whereby said test relay
is operated when it is connected to said one sub-
scriber line only in the event said one subseriber
line has a line fault thereon and whereby said
test relay is restored when it is connected to said
one test line only in the event said test relay
has a faulf therein, a signal, an operating circuit
for said signal, first control means for arresting
further operation of said test switch, second
control means for completing said operating cir-
cuit, means whereby said first and second con--
trol means are responsive t0 operation of said
test relay when said test switch has selected one
lines, - additional ~means
whereby said first and second control means are
responsive to restoration of said test relay when
said test switch has selected one of said test
lines, and means. for indicating thie one of said
subscriber -lines or the one of said test lines
selected by said test switch.

FRANK KESSLER.
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