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2,721,910
"ROUTINE LINE INSULATION TESTING: CIRCUTT
"Robert C. Avery, Jackson Heights, N. Y., ‘assigtior fo Bell
Telephone Laboratories, Incorporated, Neéiw York,
N. Y., a corporation of New York
“Application May 6, 1952, Serial No. 286,266
23 Claims, (Cl. 179—175.2)

..., This invention relatés to festing systéms and apparatus,
.and particularly to the ‘festing of the ‘nsulation on elec.
‘trical conductors. )
.., Still méfe specifically the invention relates to the fest-
‘ing of telephoite subscriber lines.
... A e Invention is disclosed in association With an duto-
jnatic ‘telephdne ‘switching system ‘of "the “kind “shown 'in
2,531,615, ‘granted Novetbér 28, ‘1950, to E. ‘L.
Erwin, 4nd the -disclostre ~of that patent'is incorporated
'h‘e’x;'éin ‘by 'reference ‘s part -of the' present’ specification.
‘It should be‘understood ‘that the ‘invention  is “applicable
1o the testing of ‘ifisulation ' or’ conductive ‘lines &f ‘other
types of systems, and is fiot limited to the testing of lines
of ‘the ‘paiticular system’shown’in’the "Erwin “patént.

“An object of the invention is to'test telephione subsériber
-lines-for: insulation “défects,

; “Amnothér objéct -of ‘the -invention *is -to -tést for and
detect troubles in: L ,
(a):”Drop wire and inside wire ‘at the subscriber's
premises;

.(b) Open wire conduictor;

(o) Cable terminals

(d), Underground and overhéad cable'sheaths,

;. AAnother object of the invention is fo provide a plurality
of resistance ranges for each type oOf fest. ,

... Another object of the invention is to set {ip' the operat-
ing"Conditions' for'the'test circuit in “accdrdance with the
type of test to be made and any Giie of sévéral fesistance
ranges to be used. =

Another object of the inivéntioh is to receive and record
failure indications, ,

The invention features an ‘affdngement for “selectitig
subscriber lines according to “a fiked pattéfn ‘ahd con.
trolling the automaticswitchirig Apparatiis to ¢dnniect the
lines to the test control circuit in sucession. The $pecific
arrangement for accomplishing this is claimed in“&pplica-
tion Serial No. 286,265, filéd on even “dste ‘With the
present specification, by R. C. Avery.

The invention ‘also featurés an arrangéirisit for éxclud-
ing from the test those lines' which ate f6iind to' be busy
and certain lines which ‘Would cause intsiférence in the
line insulation test circuit, '

In accordance with another féatire of theinvention the

i

different types of trotiblés aforementioned are detected by
the following tests: ) . o

(a) Short and rirg”ground ‘test, by “which ‘leiks be-
tween the tip and ring conductors of a line"and leaks from
the ring conductor to ground are detected; o

(b) Tip and ring ‘ground tést, ‘by which “leaks’ from
the tip to grournd “ad leaks from the ritig to’ groutd are
detecied, the latter being'a :dﬁplict:afiéh or Tépetition’ of the
ring-to-ground' t&st listed above under (a);

(¢) Foreign potential t'éét“b){ ‘Wwhich Ieaks from the tip
conductor to battery and leaks' from the Fifg conductor
to battery are detected. . ) .

In accordance with still another féature of the itivéntion
four different resistance. ranges are:provided, and each
range is cross-connectdble for 'oe of “three résistance
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‘the ‘no-fest connector circuit.
‘by a lock-out arrangement.

2

limits. ‘Three of these resistance ranges are used with

‘each of the three types of tests so that an aggregate of

nine combinations is available. .
.. In accordance with the embodiment of the invention
disclosed herein, a connection to a subscriber line for the
purpose of making the line insulation test is established at
the line link frame from the line vertical through a line
link to a line link no-test vertical, at the no-test connector
circuit through the required vertical and assigned - hori-
zontal, and through the line insulation test control circuit
to the line insulation test circuit. The line insulation test
control circuit has direct control of the line Iink frame
‘and the no-test connector for establishing this connection.
‘Access to the line link frame is provided-by using the

‘liie link frame connector multiple for one Of the rnon-

special markers. This multiple is wired from the lifie

link frame to the marker by way of the line insulation
‘test control circuit. When a test cycle is started the
‘marker is made busy, the multiple is cut off from it, and

the leads in this multiple which are required for testing
are cut into ‘the test control circuit. )

. The marker referred to in the preceding paragraph s,
as is fully described in Patent 2,585,904, -granted Febru-
‘ary 19, 1952, to ‘A. J. Busch, a control circuit employed

‘for controlling the switches in a crossbar switch type of
“telephone ‘switching systém. As described in the Bisch
‘paient the ‘marker or switch control device is employed
‘in Cooperation with an originating register in the cise of
‘dnbriginating ‘or incoming ¢all and is ‘émployed in ¢o-
“operdtion with an incoming registér in the case Gf ‘a

terminating call. The disclosure of the Buisch ‘patent ‘is
incorporated herein by feference as part of ‘the pieésent

“specification.

Access to the no-test connector circuit ‘is ‘provided

‘through ‘a preference circuit ‘in the madster tost ‘framie
connector circuit.

; The line insulation test control circuit
and the master test control circuit use ‘the saiie level on
Interference is prevented

To gain access to all of the subscriber liriés in the office,

‘the control circtiit successively 'corinects _to ‘the ‘line

groups (five lines associated with a line lik franie line
‘group Telay) according to a fixed pattérn. ‘When ‘a liiie
group 'is ‘connected its five verticals are ‘tested ‘simul-
taneously for busy and pass-by éonditions, the latter Being
associated with verticals which would caiise ifiterférence,
and the lines to be tested are connected in siiccession to
the line insulation test circuit. ‘ , )

_‘Thie "progression through the line groups for a “test

cyéle is always from the first line group ' (vertical ‘group

0, horizontal ‘group ‘0) of the first lirie link ‘fraiHe “and
continuing through correspondingly numbered line’ groups
on succeeding line link frameés in numerical ‘order to the
last line link frame. , ) _

‘On successive cycles ‘through ‘the framies the Verfical
‘group “count is “increaséd until all ‘of the ‘line grops
of horizontdl ‘group 0 of all frames have "been connéeted
and ‘tested. This progression is repeated ‘in a “simildr
manner for ‘each’ of the other Horizontal ‘groups. ‘Whén
the lines in’the 1ast line group have beén tested, e lite
insulation test-¢ontrol citcuit rétufhs All' circuits to normial
and scorés a plant register to record a compléted ‘tést
cycle. “Four stich registeis ‘are ‘provided, “corrésponding
to ‘the types of test and range“combinatiors.

If the required no-test junctor is busy, if'all ‘of the'lirie
links are busy or if the line link ‘frame is'pluggsd’ busy,
the -test “control proceeds “directly ib 'the ‘néxt line 'Hnk
frame. ‘If the marker associated with the’litie insulation
test ‘control circuit is required by traffic, ‘as indicated by
an ‘all’markers busy condition lasting from five to “eight
seconds, testing is stopped and ‘the ‘marker-is restoréd to
$ervice. “It*is rescized and “tésting is ‘tesumied “4ffer ‘a
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five to eight-second interval during which at least one
marker is idle. If the associated marker is selected for
a direct test call, the test call receives preference. In
such a case testing is momentarily stopped and the marker
is released. It is reseized and testing is resumed afier
the test call is completed. Testing may also be stopped
momentarily and restarted by keys if interference with
traffic is suspected. The testing circuit operates at an
average testing speed of 13,000 lines per hour.

As set forth above, the progression through the line
groups for a test cycle is from the first line group, which
is identifiable as vertical group 8, horizontal group 6, of
the first line link frame and then the first line group of
the second line link frame and continuing with the cor-
responding line group, frame by frame to the last line
link frame, after which the second line groups of the
first, second and all other line link frames are tested,
the cycle being completed with the testing of the last line
group of the last line link frame. The reason for pro-
gressing from frame to frame, testing only five lines of
a frame at a time, is to minimize the interval during
which any frame is under seizure by the line insulation
test control circuit. During the time that a line link
frame is under seizure, none of the lines terminating on
that frame can receive service. Dial tone will not be
applied to such lines in response to closure by a sub-
scriber of his line switch, and calls cannot be completed
to those lines. As will be set forth in detail hereinafter,
a line link frame may comprise switching terminations
of twelve line groups in each of ten horizontal levels or
groups, each line group comprising five lines for a total
of 600 lines terminating on the frame. As set forth
above, the testing circuit operates at an average testing
speed of 13,000 lines per hour.
by the number of lines in a frame, 600, gives a quotient of
approximately 21 line link frames per hour. It follows
from this that the testing of all of the lines of a frame
in succession during continuous seizure of the frame
would occupy an interval of slightly less than three min-
utes. The withholding of normal service from sub-
scribers’ lines for intervals of time of this magnitude
would give rise to numerous complaints and “out-of-
order” reports and would not constitute reasonable or
sound operating practice. With a testing arrangement
in accordance with the present invention, in which each
line link frame is held under seizure only long enough
to test five lines, there are no appreciable delays in the
giving of service to subscribers for the completion of
incoming and outgoing calls.

If a subscriber line fails to meet the insulation re-
quirement as indicated by the test circuit, the line link
frame and the no test conductor are released and a rec-
ord of the defect is made by a trouble recorder. The
information on the record includes a designation of
the marker group, the combination of range and type
of test made, the approximate resistance leak for the
initial test and for retest if involved and the equipment
location of the line. Upon completion of the record,
testing proceeds starting at the next line. Since off-
hook conditions (receiver removed after seizure of the
line link frame) and lines plugged-up for any reason
may cause a false appearance of trouble, the control cir-
cuit determines whether either of these conditions ex-
ists and cancels the record in such cases. It also re-
leases the line link frame and the no-test connecior mo-
mentarily to accord preference to waiting service calls
in order to prevent undue traffic delays. This is done
because the detection of trouble requires more time
than the testing of a trouble-free line.

The line insulation test control circuit is equipped to
make certain manual control tests which simulate var-
jous operating conditions. One of these is a calibration
test which is made to calibrate and test the adjustment
of the test circuit. Another of these is a maintenance
test which is made to determine that the test circuit and

Dividing that number
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the control circuit function with each other to detect:
and register insulation defects for each type of test and:
resistance range. Another is the off-hook test which is
made to check the ability of the control circuit to recog-
nize an off-hook line and to simulaie the operations
necessary to produce a trouble record if the line is not
off-hook or to indicate a trouble-free line if the line is
off-hook. Another is the plugged-up test which is made
to check the ability of the control circuit to recognize a
plugged-up line and to indicate a trouble-free line in
such cases.

For a complete understanding of the invention refer-
ence may be had to the following detailed description
to be interpreted in the light of the accompanying draw-
ings in which:

Figs. 2 to 9, inclusive, when arranged as shown in
Fig. 1 show in schematic form a telephone switching of-
fice which may be of the type disclosed in the Erwin
patent hereinbefore identified, employing cross-bar
switches for establishing connections between subscriber’s
lines or between trunks and subscriber’s lines;

Figs. 10 to 30, inclusive, when arranged as shown in
Fig. 1 in relation to one another and to the telephone
switching system shown in Figs. 2 to 9, inclusive, show
in detail the circuits of the line insulation test control
circnit in accordance with the present invention; and

Figs. 31 and 32 when placed side by side and immedi--
ately below Figs. 27 and 28, as indicated in Fig. 1, show
the line insulation test circuit in its proper relation to the:
line insulation test control circuit.

In the drawings a definite plan has been followed in:
the application of reference characters. Relays have been
designated by letters comprising abbreviations represent-
ing their functions with numerical prefixes designating
the figures of the drawings in which the relays are found.
Keys, lamps, switches and like components, other than
relays, have been designated by numerals with prefixes
representing the numbers of the figures on which those
components appear. Circuit paths have been similarly
represented by numerals with prefixes designating in each
case the figure in which the tracing of the path is begun.
Table A, which follows, comprises a listing of the abbre-
viated designations of the relays and the functional mean-
ings of the designations.

TABLE A
Designation: Functional Meaning
ADV _____. Advance.
ADV1 ____. Advance augxiliary.
AMB ____. All markers busy.
AR ______ Alarm release.
AVK - Advance check.
BR - B range.
BRI e B range (calibration test).
CHO0/9 ___. Channel 0-—9.
CHT ———-. Channel timing.
CHTI1 . Channel timing auxiliary.
CIl . Cut in.
CI2/9 _ee. Cut in auxiliary.
COl - Cut off.
C02/13 __. Cut off auxiliary.
CR . C range.
CT - Cut thru.
CTl o Cut thru auxiliary.
DCK ____. Double connection check.
DCKI1 __.__. Double connection check auxiliary.
DCT . Double connection test.
DLT - Delay timing.
DR - D range.
DT Double test.
EC . End of cycle.
ECl - End of cycle auxiliary.
EG - End of group.
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Fable 4 ‘“C&ﬁnﬁﬁéa

“Desigiiation: Funtticfial Mestiifig
“EG1 _____. “Efid ‘of * "group “aiixilisry,
F o No-test ‘Contiector “seléct “maghiet
o . comntrol.
‘FD . ____. - Frarmie’ delay.
‘FDT _.____ ‘Franie' delay ‘timiidg,
FE ____.._ “Frame-end.
FP . __. Foreign potential,
FPI 2 . Foretgn potentlal anxiliary.
FTO/ 3 . Frame tens 0—3,

"FTA0/3 __. Frame téns “Huxiliaty '0—3,
“FUo079 - Friinie" titiits "0—9,

H o VHold (no—test connector).
TH1 .. “Hold auxxhary
"HD ... ngh ‘detéctor.
"HD1 .___._ High "detector auxiliary.
‘HGO/Q _— Horlzontal group O——9
HGK ¢ I
HK
"HMK ____. Héid miagnet check.
HMT _____ Hold ‘magnet timing,
ANT .. - Intetrupting relay.
IB . Junctor busy.
EA . “Trouble fecordér” available.
"LA1 ______ “Trouble fecorder available’ auxiliary.
“LBO/4 ____. _Line busy 04,
‘LBT0/4 -__ L1ne busy test 0—4.
LE0/4 ____. "Trouble recorder coninector.
LF .. _Line framie.
*EFT ___. “Lifie framie timing.
LGS ... .~ Line group’start.
*LHT _._... “Line hold transfer,
"LK0/2 _.__ Line chieck 0=-2.
CEKT oo ‘Line check’ timing,
LEC Lo ‘Line link*controller.
LLC1 ____ .Line link controllér’ auxiliaty.
LEK ... Line Tirik controller ‘Cheek.
MBA _____ “Matker busy alarm.
"MC __.___. Marker ‘coninector.
"MCK _____ "Marker _tonnector”check.
MIT .. Marker idle test.
‘MKT ____. ‘Marker test.
"MS._ . LMarker seizute.
MTC .____. aintenianice test' coRtrol.
MTR .___. Mamtenance ‘tést ' reledse.
MTS _.__. ainténante test start.
‘NTA _._.. “No-test “advatice,
“OH —______ - Oft-h6ok.
OHL;2 . "OfHook aux’lhary ,
*OH3 ______ 'Ofi- hook operate (mamtenance fest).
OH4 . ____. - Of-Hiodk *honperate’ (mamtenance
test)
ON ______. 'Off norinal.
ON1/3 __. Off notimal auxilidty.
OST . “Open‘start lead.
PU Plug-‘up
PUI _____ Plug-up aux111ary
PU2 ______ ‘Plig-ip’ (miaintenance test).
RF . _. ‘Release frame.
RG -..__..'Ringing.
RL . .... Release
RM ... “Release marker,
RMT --.....-Release marker-timing,
RN .___:._-Return-to-normal.
‘RN1 -z.co Return'to normal (mairiteriande tést).
‘RST -...z._ Restart.
RT . - ~Retest. )
SO-_. - “Sleeve zero:(feturn’to normal)
> .+ Sleeve: (test number 1:=29),

‘Sleeve: connector.

“Soak’ (maghiettor).

PR Sklp'O'—;4.
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EDesination: *Pandtional’ Meanirig
SL . _.__ iSleéve.
SL1 . _..__. Sleeverauxiliary.
SM . Seize marker.
‘5 SMT - Seize marker timing.
'SPC. __..__. No-test connector preference.
\_‘SRG w——w. Short and ring ground.
SRG1 _.._. Short and ring. grotind auxiliary.
) ST eeoc —— Start.
10 TO0/2 .. Test 0==2,
TA ____... Time alarm.
TBL1-__:__. Trouble- (first test).
TBL2 ..... Trouble (Retest).
- TK _..__.. -Tens check.
15 TLLO/9 __. Test line link 0—9.
TM1,2 __.._. - Timifg: (Hatker'idle).
TMB _____ Trouble make busy.
TR oo -Trouble.
TRI —__.. - Trouble record,
20 TR2 _o__.. -Trouble recofd (maintenance: test).
TRC __._._. Trouble record complete
TRT soooo. -Trouble récotd timing.
TS ... Temporary stop.
TT _so._-_-Trouble-timifig.
b5 TT1,2 __._. Trouble timing auxiliary.
UK _=_.z_ -Units-check.
VO0/4 ___.. Vertical (class of service skip) 0—4.
_VF0/4 ~==~ Vertical file 0—4.
- 'VFK ______ Veértical file check
~30 VGO/ i1 . Vértical'g group 0—11
VGA ______ ‘Vertlcal group auxxhary
VGK ______ “Vertical ‘group chieék.
VK el “Veértical ‘grotip’ chieck.

‘Sthrtithng line insiilation test cireiit

“The*ine ~insulation - ~test - circuit ‘may - be " started ' 4id
. stOpped either’ locally by ‘the “operation of Keys“in' Flg
40 15" or by rémote | control at a distant test center sery'mg
“ithe sw1tchmg office. “Additicrial controls are prov1ded fo
‘stop tests’ temporarlly, to Testore after ‘a temporary stop
and to perform various mamtenance tests whlch prov1de
“for local operation -only. -Time limits ¢an “be “cut “off
locally or at-a-distant’ maintefiance center when- they ‘are
-transferred,
-For local control operatmn, ‘one -of the nine start keys
of -Fig.- 15-corresponding-to~the- type -of test-to° be*made
) 5o -and the range to be used completes the c1rcu1t of a cor-

'éxfen‘di'ng in “order *through ack contacts “of
5 - hlgher numbered Start relays to ground throdgh''the' start
relay that ‘Has been ‘Operated. The: chaln cir¢uit” in”this
“mdnfer gives’ preference to the lower numbered start Te-
lay if two are operated sunultaneously ‘When the start
relay operates a correspondmg numbered lamp- lights" to
“indi¢ale "the -c¢ombination of range and type of test
“selected.

Operatlon of a sleeve relay causes-a-test cycle to start
as-described in detail-hereinafter. - At-the-end-of the éycle
-the-return-to-normal relay-operates -and opéns’the ‘lock
rpath for -the" dperated -sleeve ‘relay "which Feleasés-and
calises the: citenit torretliirn to'normal. To retirn ‘the ¢if-
-cuiti to: iormal before the ‘efid-of ‘a ¢ycle, ‘if-it ‘should’ be
~desired to'cancel the’ remainder Of the test for's ‘Any Teason,
*ro “the’feturi-to normal ‘kéy “miay ‘be ' opérated” ‘moémentarily

to operate the return-to-normal relay

“As ‘stated” prekusly, four resistance ranges ‘afe pro-

“vided“and three-are used with éach’ of the" thrée fypes of
_ “tests. 'By mieans of ¢ross’ ‘connections, onie of thice Te-
5 -sistance Timits in’each rafnge may be selecied. The fesis

80 -
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and ranges selectable by the nine selecting relays in Fig.
15 are shown in Table B which follows:

TABLE B

Resistance
Limits
(X1,000
ohms)

Relay Type of Test Range

Short and Ring Ground..| A

{
{
{
{
|
{
|
{

D

{

Referring specifically to Fig. 15 it will be assumed that
key 15—01 is operated to complete a circuit from bat-
tery through lamp 15—92, closed key 15—01 and wind-
ing of sleeve relay 1551 to ground. Relay 1551 locks in
a circuit through its front contact and upper armature
and the break contacts of relay 15RN and lamp 15—62
to battery. At its outer lower armature the relay 1551
completes the circuit of lamp 15L1 which lights to indi-
cate visually that the sleeve relay 1551 is operated. At
its armature 3 and front coatact the relay connects ground
over conductor 15—03 to the winding of relay 27SRG
which operates. It will be noted that had either of the
relays 1552 and 15S3 been operated it would have con-
nected ground over cenductor 15—03 to operate relay

'27SRG. The three velayvs 155%, 1552 and 3583 individ-
ually initiate the short and ring ground test, the resistance
range being determined by the particular one of the thre
relays that has been operated. Relay 278RG in turn com-
pletes the circuit of relay 27SRG1 and prepares the circuit
of cut-through relay 23CT. Relay 27SRG1 connects
ground through its front contact and armature I and over
conductors 27—@1, 22—064 and 21—05 break contacts
controlled by armature 3 of relay 2IMTC and conductor
21—01, which is bracketed with a group of other conduc-

_tors to Fig. 16 where ground is extended to the winding of
relay 160N which operates. Relay 160N completes the
circuit of relay 160N1 which completes the circuit of
relay 160N2 which, in turn, completes the circuit of re-
lay 160N3 so that all four of these relays are operated
to complete circuits as will be described. Relay 160N
also connects ground over conductor 16—81 which is in-
cluded in a group of conductors bracketed to Fig. 28
where conductor 16—01 reappears and is extended to
alternating-current relay 31—~01 in the line insulation
test circuit, and relay 31—91 becomes operated over this
path, connecting 60-cycle alternating current to the pri-
mary winding of trunsformer 31—02 and to conductors
31—03 and 31—04 which are connected to the opposite
ends of the primary winding of the transformer. Con-
ductors 31—83 and 37—04 are connected to the termi-
nals of relay 26INT which pulses at the 60-cycle per sec-
ond frequency, to prepare for line tests as will be
described.

The relay 160N2 connects battery over cenductor
16—92 to the cathode of voltage regulator tube 31—06
through resistor 31—@7. The cathode is also returned to
ground through unilateral current carrying device 31—08.
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The anode of voltage regulator tube 31—06 is connected
to the positive output conductor 31—09 comprising the
upper secondary winding of transformer 31—02, full
wave rectifier tube 31—11 and resistive, capacitative and
inductive filtering elements. The battery connection to
the cathode of the voltage regulator tube biases that tube
to maintain conductor 31—~€9 at 150 volts’ direct current.

Timing operations initiated

The lower secondary winding of transformer 31—02
supplies heater current for the tubes in the insulation
testing circuit (Figs. 31 and 32). To delay the testing of
subscriber lines until the heaters have come to operating
condition, relay 160N initiates a timing function. This
is accomplished by opening a discharge circuit around
condenser 16—03, this circuit being traced from the upper
terminal of the condenser through armature ¢ and the
back contact of relay 160N, conductor 16—~@4, armature
1 and back contact of relay 2IMTC, conductor 21—04
and resistor 16—906 to the lower terminal of the con-
denser, and by completing a charging circuit for the con-
denser from the upper terminal through the armature 6
and front contact of relay 160N and the winding of relay
16ST to ground, the lower terminal of the condenser be-
ing connected by positive battery through resistor 16—07.
The condenser charges and the time constant of the
charging circuit is such that an interval of 40 to 62 sec-
onds is required to apply to the control gap of gas tube
1608, across which the condenser is connected, a firing
potential. At the end of the interval the tube fires and
the discharge transfers to the main gap. The discharge
current, flowing to ground through the wiring of relay
165T, operates that relay. Relay 165T locks to battery
supplied through its armature 5 and front contact, and
this batiery applies positive polarity to the cathode of dis-
charge tube 16—08, thereby quenching the tube. Relay
16ST completes the circuit of reiay 28LLK over an in-
volved circuit which will be traced later since the relay
28LLK performs no function at this time.

The marker associated with the line insulation test con-
trol circuit is not seized until an interval of 5.1 to 8 sec-
onds has elapsed during which at least one marker is idle.
This interval is provided by a timing circuit in Fig. 10
comprising gas filled electron discharge tube 16—91 and
condenser 10—02 connected across its control gap. This
timing circuit is controlled by relay 10AMB the operat-
ing winding of which is connected over conductor 18—63,
front contact and armature 7 of relay 160N which is now
operated, and armature 2 and back contact of relay 16TA
to the all markers busy circuit. A ground is supplied over
this path if all markers are busy, to hold relay 0AMB
operated. If one or more markers were available at the
time of operation of relay 160N no ground connection
would be supplied to the operating circuit of relay 1JAMB
and that relay would not become operated. In any case,
with relay 10AMB released an operating circuit for relay
10SM is traced through the armature 6 and back contact
of relay 10MS, back contact and lower armature of relay
10AMB, conductor 10—04, armature 5 and front contact
of relay 160N and armature 1 and back contact of relay
16TA to ground, and the relay 16SM operates. The relay
16SM connects ground to one terminal of the winding
of relay 10SMT and connects the other terminal of relay
10SMT to the cathode of tube 10—01, at the same time
opening a discharge shunt around condenser 10—62. This
condenser begins to charge from battery on the main
anode of tube 10—01 through the winding of relay 10SMT
to ground and when the charge on condenser 10—G2
reaches the firing potential of the control gap of the tube,
this gap fires and the discharge transfers to the main gap
through which current is supplied to operate refay 16SMT.
This relay locks to battery through its lower armature and
the locking battery connection quenches tube 16—01 by
shunting the main gap in the tube. With relay 10SMT
operated an energizing circuit for relay 18MS is traced
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rfrom - battéry through- the - winding: of - that - relay, 16wer
~armature: and 'back -contact of ‘relay 10MKT, -armatiire
+1:and -back: contact.of relay 10TM2, upper armature ‘and
-{front-contact of relay 10SMT, upper: armature and back

contact of relay 10TS, conductor 10—06, back contact :

«and armatufe 1 of relay 23BR1, conductor 23-=01, 4rma-
“ture*4 and front contact of relay:-16ST, ‘armature"5 -and
front contact of relay 160N and back contact ‘and- armia-
“ture-1 of relay 16TA to.ground. -The relay ‘16ST may
"mot - have "operatéd -at the time that the relay 10SMT
operated because of the: fact that the timing interval for
-operation: of relay 16ST is 40 to 62 seconds, whereas the
“timing interval for operation of relay 10SMT is 5:1 to 8
‘secords. Even‘after the telay 10SM has beconie oper-
‘ated ‘and relay-10SMT: has become operated and locked,
anall'markers busy condition may occur while the tube
16--08 is timing out preparatory to the operation of relay
“16ST. " Under this circumstance:the- relay T0AMB: would
rbe operated ‘and interrupt the energizing circuit for relay

10SM-which would release, in turn unlocking relay 10SMT

“which ‘would also release. As soon as-atiother. marker
+should -become available tube 10—01 would ‘again time
~out -and ‘operate relay -10SM -which would, in turn, - 6p-
-erate rélay ‘10SMT. In any case, when both' the - 16ST
*and-the ‘LOSMT relays-are operated-the control ¢ircuit
uis. prepared to- seize the mecessary circuits - to- start line
tests. Relay 10MS initiates the seizure of the circuits,
-Still another timing circuit comprises gas filled-electron
“discharge - tube '16—11 -having ‘coridénsér :16--12 con-
“niected -across its control .gap. With relay -160N3 -oper-
ated,’ground is- connected through its back contact and
‘armature-6 and the winding of relay:16SK to battery, and
this relay ‘operates. It connects ground to 6ne terminal
-of the winding of relay 16SKT and connects -the-other

~terminal of that relay to the cathode of tube: 1611, at -3

‘the:same time opening a discharging circuit for condenser
:16-—12. ‘The ‘condenser charges from positive “battery
-connected-to the main anode of tube 16—11<and at the
vend of“an interval of 3.75 to-5.5 seconds the. tibe -fires

in its control gap and the discharge transfers to"the main “

+gap to-operate relay 16SKT which locks-to- positive bat-
tery through its armature -1 and front contact,” this- bat-
“tery-¢onnection shunting the main cap of tube ‘16—-11
-and-cutting off - that tube. -Relay 165K, when' it: operated

"and:prior-to the operation of relay 16SKT, connects:the 4

~two terminals -of resistor 16—16 throughits armatures
4 -‘and § and front-contacts, and through the back -con-
“tacts'and armaturés 2 and 3 of relay. 16SKT through-con-
~ductors*16—13 and 16—14, and conductors- 23--:03-and
-23-04 ‘respectively, to the control terminals ‘6f: a mag-
“netic ‘modulator, - the ‘nature and function of ‘which® will
“be ‘described hereinafter. Since relay 16SK operates”im-
“ni¢diately ' upon the operation of relay "160N3, “relay

16SKT operates about four seconds after relay 16SK, and :
relay 16ST does not operate until forty or more seconds

after relay 160N3, there is an interval of approximately
“fourseconds during which curtent flowing in a circuit
traced from ground through the front contact and arma-
“ture 6 of relay 160N3, the back contact and armature-1
-of relay ‘16ST, and resistors 16—16 and 16—17 to bat-
tery, produces a voltage -drop across resistor 16-—16 that
"is-applied over conductors 16—13-and 16-—14, and con-
ductors:23-—03 and 23—04 to the terminals of the mag-
netic modulator, which includes a conductive. path through
which direct- current produced by the voltage drdp- across
-Tesistor 16—16 will flow. This current continues to flow
until -tube-16—11 times out and operates relay 16SKT.
The purpose of this-current is to saturate magnetic cores

of: the magnetic modulator, which-is conditioned in:this

“manner-at the start of each test cycle and prior:to-edach
maintenance test. ‘Failure of the relay  16SKT :to: oper-
~ate ‘will isuspend :the testing cycle of the circuit: becaiise
“¢ontinued - operation ‘depends upon the : extension -of a
“ground ¢onnection’ through -armature -5 and- the'front” ¢on- °
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‘tact of telay:160N3, anid afimatite 4 and the"Front eon-
“tact of relay  16SKT, s will‘be deéscribed Rarinaficr.
‘Seicure of ‘marker “Gnd line ' link-connéctor multiple
To gain’decess-to=subscriber lifes:the:line:insulation

“test control circuit-uses the lifie link frame cénnector mul-

+tiple of ‘one of the non-$pécial markers. This‘multiple:is

-arranged: for transfer from-the markerito the control cir-

»cuit. "Before ‘the connector leads are transferred; the asso-
ciated marker is ‘made-busy’ and: it is:held: busy -asiIéng
as these leads are: broken off 'from the-riarker. "The

~marker-itself: perfofms no functions: in"making’subsétiber
Line tests, 1t is festored-to service'and testing dssuspénded
if -it is required -for ' trafficor test: calls, ‘as Will*be- de-
scribed later.

As previously- stated, the relay ‘10MS,’ which’‘0pérates
over a circuit hereinbefore traced, initiates:the: seiztireof
“marker and line link connector multiple. *This relay tocks
in‘a circuit traced from’ its' winding, lower: arinatufe'aad
back contact: of relay ' 10MKT, front contact and-a¥fia-
ture 4 of relay ‘TOMS, upper armature ‘and-back céiitict
of relay "10RMT, uppeér "armature ‘and: back ‘contact-of
relay “107FS -and-thence ‘over: condactor *10—06snd the
originally “traced ‘enérgizing *circuit “to “ground on - the
upper armature-of relay 16TA through the‘associated back
contact of that:relay. This locking:circuit ay ‘beinter-
‘rupted by any one of ‘the! relays ‘IOMKT, :10RMT ‘&ad
"10TS for each of thtee temporary:stop featurés. -Ancther
locking: path-isitraced through ‘the atmatire 5:and:frént
contact of relay '10MS, armature’2:and’ front: ‘contact” of
‘relay 10MC, conductor 10207, ‘armatire *1 “and back
contact of relay 19H, armiture 1 and back é¢ontact of relay

19RF and'to conductor 10206 which is part ‘of*the’ orig-
-inal energizing circuit for relay'I10MS; ‘and "extefids “to
ground on"the armature 1" of: relay’16TA. -This locking
circuit does‘not bec¢onie closed until telay 10MC operates
‘and-ifs purpose’is to ‘delay "a‘témporary' stop ‘which any
‘one of the relays TOMKT, TORMT and 10TS: ‘may “at-
‘tempt -to initiate until the testing of five lries-that may
:then be connected: has been’ ¢ompletsd, drruntil>al tronble
is encountered. The relay 10MS performs the following
‘fanctions: ‘ .

“(a) Tt connécts:ground through its armature "8 ’and
front contact, and ' conductors ‘10---08 ‘and " 10—:10"to the
‘marker -circuit’ to make: that ‘circuit busy. )

(b) 1t interrapts’ at its armature -7 ‘and back contact
-the “energizing " circuit ‘for relay *10SM which releages, in
tuin’ releasing’ the relay 10SMT. _

(c) -1t provides an operating circuit’ for ‘relay 28FD
‘which'is tfaced' from: battery: through the winding of ‘that
-relay, the upper armature and back contact of relay 28LF,
-conductor:28-—01, armature 2 and front contact of relay
10MS, conductor:10-209, and back contact and armatife
‘2 of relay 22TR1 to'groiind. Relay28FD sets in-Gper-

5 “‘ation-a-timing circuit’ comprising gas filled electron dis-

‘charge tube 28--02:and condenser 28—03. 'If the no-
‘test ‘connector ‘anid the ‘line link framie have not beén
vséized ‘Within an interval of 8.4 ‘to "17.5 -seconds, - tube
2802 will-firetarid-operate relay 28FDT to bring in'dn
~alarm.

(d) It: connécts the winding of -relay 10MIT through
“the: armature -1 and back contact of relay 10MC ‘and
“through its‘own armatire ‘11 and front ‘contact, to con-
‘ductor ‘10—11"which eéxtends into the-marker circuit'in
Fig, -11'and if the’markeris ‘busy ‘the-relay - 10MIT ~will
i be: operated. )

(e) ‘It completes the circuit ‘of relay ‘10TM1 which is
-traced ‘ffom “battery ‘thifough the “winding of ‘that-relay,
break contacts associated with “armitire -3 ‘of ‘reldy
10TM2, armature 9 and front contact of relay 10MS and
back contact and armature 3 of relay 10MC to ground,
rand‘the relay 10TM1 opérates to stdrt 'a guardtiming
‘interval for-enabling “a’service ‘¢all to ‘record ‘a markér
-busy “‘condition “(ground “on - conductor '10-—11), if both
‘the’lifte fristlation’test’ control cifcuit‘and a‘marker’ con-
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nector seize the marker at the same time. The guard
timing interval is longer than the time required for the
marker connector seizure to cause operation of relay
10MIT. Relay 10TM1 extends its operating ground
connection through its lower armature and front contact
to the winding of relay 10TM2 which is a slow operate
relay. When the relay 10TM2 operates it locks and
opens the operating path for relay I6TM1 which has a
slow release characteristic. When the relay 16TMI1 re-
leases, and providing that the relay 10MIT has not been
operated, the relay 10MC operates in a circuit traced
from battery through its winding, the back contact and
armature of relay 10MIT, the front contact and armature
2 of relay 10TM2, the upper armature and back contact
of relay 10TM1, and the front contact and armature 18
of relay 10MS to conductor 10—86 which has ground
from the upper armature of relay 16TA. If the 10MIT
relay is operated, indicating that the marker is busy, oper-
ation of the relay 18MC is delayed until the relay 18MIT
releases. If this delay exceeds the time-out interval of
tube 28—02 that tube operates relay 28FDT and brings
in an alarm as previously described. Relay 16MC locks
in a circuit traced from its winding through its armature
4 and front contact, and the front contact and armature
7 of relay 10MS to grounded conductor 16—@6.

For the purpose of transferring the connector multiple
from the marker to the line insulation test control circuit,
the relay 10MC completes a circuit from ground through
its armature 5 and front contact, and conductor 16—12
to operate relay 13CO1. This relay, in turn, completes
the circuits of relays 11C02, 11CO3, 11C04, 11COs,
12C06, 12C07, 12C08, 12C09, 13CO1¢, 13CO11,
13C0O12 and 13CO13. These relays cut off all of the
Jeads of the line link frame connector multiple from the

~marker. When they have operated a ground connection
is extended through the armature 1 and front contact
of relay 10MC, conductor 19—13, a chain circuit estab-
lished through armatures and front contacts of the relays
11C0O2—13C013, conductors 13—01 and 13—92, and

the winding of relay 13CI1 to battery, and this relay,

operates.

Relay 13CI1 completes the circuits of relays 11CI2,
11CI3, 11Cl4, 11CIi5, 12CI6, 12C17, 12CI8 and 12Ci9
and these relays operate to connect the required leads of
the connector multiple to the line insulation test control
circuit. This sequence causes the multiple leads to the
marker to be opened before they are closed to the control
circuit to prevent false operations. Each of the relays
11CI2—12CI9 connects ground to coaductor 1¢—12 to
hold relay 13CO1 operated to insure that the leads of
the connector multiple are disconnected from the insula-
tion test control circuit before they are reclosed to the
marker, when the latter is restored to normal service.
When all of the relays 11CI2, 12CI9 have operated, a
ground connection is extended from the innermost left-
hand armature of relay 12CI9 through a chain circuit
completed by the relays 11CI2, 12CI8 to conductor
11—81 to the winding of relay 28MCK and this relay
operates. Relay 28MCK locks in a path traced from its
winding through its armature 1 and front contact, con-
ductor 28—18 to an armature of each of the relays
11CO2 to 13CO0O13, and through their associated front
contacts to ground. Af its armature 2 and front contact
the relay 28MCK connects ground over conductors
28—15 and 10—1id to the marker circuit to supplement
the ground supplied through the armature 8 and front
contact of relay 18AMB. At its armature 3 the relay
28MCK prepares an energizing circuit for relay 291.LC1,
which will be traced later.

No-test connector seizure

When the marker is seized the insulation test control
circuit puts in a bid for preference for the no-test con-
nector circuit. When preference is accorded the control
circuit, all of the select magnets associated with the level
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of the no-test connector that is assigned for use with
the line insulation test control circuit will be operated as
described hereinafter. This level is used in common by
the line insulation test control circuit and the master test
frame.

At the time of operation of the relay 18MC, if the
no-test connector level is not held busy by a test call
from the master test frame, the hold relay 19H will be
unoperated. Under this circumstance battery is con-
nected through resistance lamp 16—18, armature. 6 and
back contact of relay 16TA, conductor 16—19, front con-
tact and armature 7 of relay 18MC, conductor 10—14,
armature 2 and back contact of relay 19H, back contact
and armature 2 of relay I9RF, conductor 19—401, to
the master test frame connector. When preference is
accorded the line insulation test control circuit the master
test frame connector applies ground to conductor 19—02
to operate relay 19SPC in the line insulation test control
circuit. This relay connects ground through its armature
3 and front contact, the lower armature and back con-
tact of relay 19NTA, and the winding of relay 1SF to
operate that relay. Relay 19F connects ground to con-
ductors 19—93, and 19—84 to operate select magnets
2889 and 2889, and to eight intermediate conductors to
operate eight intermediate select magnets in the no-test
connector associated with the level used for the line
insulation test control circuit.

If the no-test connector level is busy on a test call
from the master test frame, ground is connected through
contacis of the line link frame in Fig. 20, over conductor
2001, armature 1 and back contact of relay 28CHTI,
conductor 28—@&4, front contact and armature 3 of relay
10MS, conductor 10—17, and winding of relay 19H to
battery and that relay would cperate. When relay 19H
is operated the path through the armature 2 and back
contact of that relay, through which the master test frame
connector is seized to effect the operation of relay
19SPC, is open so that the insulation test control circuit
is prevented from gaining access to the no-test connector
until the test call is completed. If this delay, including
marker seizure time, excceds 8.4 to 17.5 seconds, a time
alarm will be sounded as previously described.

When the control circuit is testing lines, a line link
frame is held busy until five lines of a line group are
tested, or until a trouble is encountered. Since this delay,
together with traffic delays, might exceed the normal
frame delay timing interval in the markers, the control
circuit signals thie master test frame connector to increase
this interval 1o the limits used when marker trouble
records are made. This is accomplished by the operation
of relay 14ROM in the masier test frame connector over
a circuit established from ground through the armature
2 and front contact of relay 18SPC and conductor 19—06
to the winding of relay 14RON.

Line link frame seizure

The control circuit progresses through the line link
frames to comnect to the lines of each line group as pre-
viously described. The seizure of a particular line link
frame is controlled by a combination of frame-tens and
frame-units relays for the frame and the combination of
vertical group relays and horizontal group relays for
the line group. The progression always starts at line
link frame zero and line group zero at the beginning of
a test cycle. It is initiated by off-normal relay 160N,
this being zn operation performed by that relay which
has not previously been described. The relay connects
around through its front contact and armature 3 to con-
ductor 16—21, back contact and armature 1 of relay
39VK, conductor 36—=@1, armature 3 and back contact
of relay 25FT3, chain circuit through break contacts of
relays intermediate the relays 25FT3 and 25FT1i, arma-
ture 4 and back contact of the latter relay, and winding
of relay 25FT8 to battery. Another path to battery is
traced from conductor 16—21 through the back contact
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~and-armature ‘2 of ‘relay 25TK,: conductor: 25—01,: arma-
ture 5 and back contact of relay 25FU9, chain circuits
sthrough-armatures and back contacts of other relays inter-
~mediate the relay: 25FU9 and the winding of relay 25FU0,
~and through the winding of that relay to battery. Another
path is traced from grounded conductor 16—21 through
the back contact and :armature 2 of relay 30HGL, con-
~ductor -30--02, -armature 3 and back contact of relay
-30VG11,-chain circuit through back contacts and arma-
tures-of other relays intermediate the relays 30VG11 and
30VGO, -and through the winding of relay 30VGO to
battery, and that relay operates. Another path is traced
from ground on' the conductor 16—21 through the arma-
+ture-3-and back contact of relay 30HGY, chain circuit
through - armatures of back contacts intermediate the
relays 30HG9: and 30HGO, and through the winding of
that relay to battery, and relay -30HGO operates. The
-four relays that have been operated from the ground on
conductor 16—21 -are the frame-tens zero relay, frame-
“units zero relay, vertical: group zero relay and horizontal
group -zero relay. With relay 25FT0 operated a circuit
for the operation: of frame-tens -auxiliary relay 30FTA®
is completed from battery through the ‘winding of -that
relay, front contact and armature § of relay 25FT0, con-
-ductors 25—02 and -25—03, armature 2 and back. con-
tact of relay 25UK, conductor '25—04, armature 2 and
-back contact of relay 19EG and conductors 19—07,
~19—08,-18—01, 18—02, and armature 3 and front con-
-tact of relay-16ST to ground.

‘For- the purpose of checking that only one line location '

‘relay- of -eachgroup is operated before a line link frame
is seized (in this case the relays 25FT0, 25FU0, 30VG0
-and - 30HGO are operated for the first line link frame
:seizure) with relay. 19SPC operated to indicate. that pref-
-erence-has been given for-access to the no-test connector,
and ‘with relay 28MCK operated to indicate that the
-required - leads of the line link frame connector multiple
-are-connected into the:insulation test control circuit, the
circuit of relay -29LLC1 is -completed from battery
through - the -winding of the relay, conductor 2901,
armature 3 and front contact of relay 28MCK, conduc-
<tor-28—-05 -armature 4 and back contact of relay 19EG,
‘armiature “4- and back -contact ‘of relay 19RF, armature
2:and front contact of relay -19SPC, conductor 19—11,
armature 1 and-back contact of relay 25UK, back contact
-and- armature -3-of - relay -25FU9, chain circuit ‘through
back ‘contacts and:-armatures’ of - relays intermediate: the
-relays 25FU9 -and 25FU0, front contact-and armature
2 -of - the - Jatter - relay, conductor 25--06, chain ‘circuits
‘through the back - contact -and -armatures § of relay
25F T8, -intermediate - relay, relay 25FT1, front contact
+and ;armature -3 ‘of -relay FT0, conductor 25—07 back
~contact-and -armature 5 of ‘relay 30VG11, chain circuit
sthrough contacts-and armatures of relays intermediate re-
lay 30VG11 and relay 30VGO, front contact and arma-
‘ture4-of the latter relay, conductor 36--93, back con-
tact -and ‘armature "5 -of relay 30HGY, "chain : circuit
through back contacts and armatures of relays - inter-
rmediate’ relay 30HGY and relay 30HGO, front contact
and armature -4 of the'latter relay, conductor 16—21
:and ‘armature -3 and front contact of relay -160N to
~ground,-and relay - 29LLC1 operates. At its single arma-
-ture-and. front contact relay. 29LLC1 completes the.cir-
~cuit of relay 29LLC which operates. - Relay 29LCC, also

-prepares-a path, which -will be identified later, for ex--

rtending ‘battery to operate the select magnets: on the line
-link frame when a channel is'selected.

‘Relay - 29LLC releases relay 28LLK, which -was oper-
<ated by relay-16ST without performing any useful func-
ition‘and: which: performs no usefil functions upon being
:released ‘at this time. ‘Relay -29LLC also : extends a
-ground: connection traced from ground through the front
“contact and -armature 3 of relay -16ST, - conduciors

1802, 18—03, 2401, 2402, 29—05, armature 2
~and front contact of.relay 29LLC, -conductor 29—10,
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“conductor:25—02, and armature 5 and front contactiof
‘relay -25FT0-and winding- of relay.- 25FTA0 to” hold -the
“latter relay operated’independently of the original -ener-

gizing circuit of the relay which-included armaturés -and

~back contacts of ‘relays 25UK and 19EG. The ‘relay
+29LLC -extends a battery connection through -resistance:
‘Jamp :16-<18 ‘through armature 5 and back -contact "of

relay -16TA, -conductor 16—22, front contact and-arma-
ture: 2-of ‘relay 29LLC, conductor 29—03, front contact
and armature 1 of relay 25FU0, conductor 25—08, arma-
ture 10 ‘and- front -contact- of ‘relay 30FTAO, conductor

-30—04, -and to Fig. 8, -armature and back contact of re-

lay -4MBO, ‘and ' winding of preference relay 4MP -to

-ground. through break contacts of other. preference re-

lays to ground, to obtain preference for the line link
frame zero. At its lower armature the relay 4MP con-
nects: ground to. jts winding, thereby establishing a-lock-
ing eircuit for itself -and at its upper armature- it-con-

"neets :ground over -conductor 4—01 -to operate relay
20 -

SMCAL. This relay prepares paths for the operatien
of horizontal and - vertical group relays as will be de-
scribed hereinafter. * On - subsequent seizures of other
line link frames in the office, battery is connected through
a resistance lamp- and extended over a lead corresponding
to-the- conductor:30~-04 in a similar manner through the

-combination -of “frame tens auxiliary relay 30FTAQ,
-30FTAL, 30FTA2 (not-shown) or 30FTA3 and. relays

25FU0 to-25FU9 for the particular frame to be con-
nected.
When :the insulation test control circuit receives. pref-

-erence the line link frame-connector relays are operated.
-Battery through the resistance lamps 29—06 and 29—07
-and -through - front- contacts -and armatures 7 and 6 re-

spectively - of - relay "29LLC is extended over conductors
29—08: and -29—09 respectively which are -extended -to
Fig.-11 and-through:left-hand -armatures and front-con-

-tacts -of -relay -11CI2 -and -over - conductors 11—07 and
-11-—08..and: front - contacts and armatures 1 and 10 re-
-spectively - of relay SMCAL1 to relays 4MCA21 -and
-SMCBI, which operate. - The connector relays close vari-

ous leads from- the line link: frame to the control-circuit.
When relay SMCAI1 operates a ground connection -is.ex-
tended through its armature 2 and front contact, con-
ductor 502 -which is extended to Fig. 11, one of the
left-hand front contacts and armatures of relay 11CI2,

-conductor -11-—03 -which is extended to Fig. 28 -and

winding:of relay 28LF when that relay operates. This

rrelay ‘interrupts - the - energizing circuit of relay 28FD

which releases to - disable ‘the timing circuit comprising
gas-filled - electron ‘discharge tube 28—02 and  conderniser

-28—03 and activates a similar timing circuit comprising
~gas-filled electron discharge tube -28—06 and condenser
:28—207 which, if-it times out, will cause the operation
‘of relay -28LFT. This timer covers the interval during

which the line ‘link frame:is occupied. It causes a time

--alarmif the frame is-not released in 3.75 to 5.5 seconds.

Operation of ‘the line link frame connector closes a

~path from:battery through resistance lamp-29—11, front
-contact and ‘armature ‘5 of relay 29LLC, conductor
29--12, -armature ‘1 and front contact of relay 30HG®O,
-conductor. 30—-06 which is extended to Fig. 12 where the
.pdth. continues. through ' the outermost left armature and
-front- contact of relay 12CI6, conductor 12—84 which is
~extended ‘to Fig. 5 to operate horizontal group relay

3HGO:in the-line link frame. Battery is also extended
through resistance lamp 29—13, front contact and arma-
ture 9 of :relay 29LLC, conductor 29--14, winding -of
relay 28VGK, conductor 28-—08, armature ‘1 and front

-contact. of relay 30VGO, conductor 30—07 which is in-

cluded in a group -extended to Fig. 11 where the path
is-traced to the- innermost right-hand armature and front
contact - of relay 11CI3 to conductor 11—04 which -in
turn is-extended to Fig. 5 to operate vertical group relay
3VGBO0. The particular vertical group relay 'will not
‘be-operated -until-the path -is completed-at the:front con-
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tact and armature § of relay SMCAL. Relay 28VGK
is provided for by-passing unequipped vertical groups in
offices having different sizes of line link frames as will
be described hereinafter.

When horizontai group relay 3HGY operates it con-
nects ground through resistor 3—91, armature 19 and
front contact of relay 3HGO, conductor 3—4@2, armature
5 and front contact of relay 5MCAL, conductor 5—03
which extends to Fig. 11, a front contact and right-hand
armature of relay 11Ci4, conductor 1¥—£&5 which ex-
tends to Fig. 28, and winding of horizontal group check
relay 28HGK to battery, and this relay operates. It com-
pletes a circuit traced from battery in Fig. 29 through re-
sistance lamp 29—1%6, front contact and armature 9 of
relay 29LLC, conductor 29—17, front contact and arma-
ture 3 of relay 28HGK, conductor 28—89, outer left-
hand armature and front contact of relay 1XCiZ, com-
ductor 11—06, front contact and armature $ of relay
SMCA, conductor 5—=84, front contact and armature 1
of relay 3VGB®, front contact and armature 13 of re-
lay 3HGO® and winding of relay 3LGO, which is the
line group relay for the particular horizontal and ver-
tical group relays operated, in this case the line group 89,
since the vertical group 9 and horizontal group © relays
3VGB0 and 3HGE respectively are operated. This relay
connects five pairs of conductors for five subscriber lines
to the line insulation test coatrol circuit. The first of
these five is the party line having subscribers stations
2—11 and 2—12 in Fig. 2 and the last is the single sta-
tion line having coin operated telephone station 2—13.
Five of these are line-hold conductors designated in com-
mon by the reference numeral 3—63, and the five con-
necting conductors, designated in common by reference
numerals 3—04, terminate on the five left-hand contacts
of relay 12C19. The remaining five are vertica] file con-
ductors designated in commen by reference numeral
3—06, and the five connecting conductors, designated by
reference numerals 3—07, terminate on five right-hand
contacts of relay IZCIS8. Relay 28HGXK also appiies
ground over its armature 4 and front contact and con-
ductors 28—11 to hold relay 13CI1 operated, and starts
channel timing as will now be described.

Channel testing and selecting

With horizontal group relay 3HGO in the line link
frame operated, the sleeves of the ten line links asso-
ciated with the herizontal group are connected to the line
insulation test control circuit over ten conductors. Only
three of these sleeve conductors, the first, second and last
are shown in the drawings and they are designated by the
reference numerals 2—3, 2—04, and 2—85. The con-
nections are traced over the armatures I, 2 and 3 and
front contacts of relay 3HGS, conductors 3—10, 3—11

and 3—12, armatures 1, 2 and 3 and front contacts of :

relay 4MCAZ2, conductors 4—02, 4—983 and 4—84, arma-
tures and front contacts of relay 12CI7, conductors
12—-61, 12—982 and 12—83, the lower armatures and back
contacts of relays 26CH®, 29CH1 and 29CHS9, these being
the first, second and last of a series of ten relays of which
six are shown in Fig, 29, to the winding of relays 29TLL@,
2Z9TLLY and 29TLL9, which are the first, second and last
relays of a series of ten. These paths are established for
the purpose of selecting an idle line link, A busy test
path is also traced for the junctors busy relay 28JB from
battery through its upper winding, conductor 28—12,
chain path through back contacts and armatures 3 of
relays 29CH9, 20CH1 and 29CHG¢ and the relays interme-
diate 29CH9 and 29CH1, conductor 29—15, a left-hand
armature and front contact of relay 11C12, conductor
11—09, front contact and armature 6 of relay SMCAI,
front contact and armature 11 of relay 3HGO, conductor
313 which is cennected to one of the hold magnet ver-
ticals of the no-test connector circuit in Fig. 20. If there

is a ground on that conductor the relay 28JB will operate. !
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It will be assumed that there is no ground on the conduc-
tor at this time.

With relays 28HGK operated, ground is disconnected
at its upper armature from the junction of one terminal of
the upper winding of relay 28CHT and condenser 28—21.
Paths are traced from the other terminal of the upper
winding and one terminal eof the lower winding over con-
ductor 28-22 to battery through the armature 8 and front
contact of relay 160N2 and from the other terminal of
the lower winding through conductor 28—23 and from
the other terminal of condenser 28—21 through resistor
28—24 and conductor 28—26 to ground through arma-
ture 19 and front contact of relay 160N2 and through
armature % and front contact of relay 160N3 respectively.
Current fiow through the lower winding of relay 28CHT
in a circuit through conductors 26—22 and 28—23 is not
affected by the disconnection of ground from the junction
of the upper winding and condenser 28—21, but current
will cease in the upper winding afier condenser 28—21
becomes charged. Current through the upper winding
normaily dominates and holds the armature away from
the right-hand contact. When the condenser charging
current diminishes, the lower winding assumes control
and drives the armature into engagement with the righi-
hand contact. The delay in the operation of the relay is
of the order of 25 milliseconds, and affords an interval
in which any relays 29TLLO to 29TLLY corresponding to
busy line links will operate from ground connected to
their sleeve conductors (the link circuit horizontals to
which conductors 2—83, 2—84 and 2—05 are con-
nected). It also affords an interval in which relay 28JB
will operate if the no-test junctor is busy.

Upon the operation of relay 28CHT an operating cir-
cuit for relay 28CHT? is completed from battery through
the winding of the latter relay, right-hand contact and
armature of relay 28CHT, conductors 28—27, 28—23
and 28—29 to conductor 24—92 which receives ground
over the previously traced conductors 18—02 from the
front contact and armature 3 of relay 16ST.

it will be assumed that the line link corresponding to
relay 29TLLO is busy so that this relay is operated and
that the first idle one corresponds to relay 29TLL1, which
is released. An energizing circuit for relay 29CHI will
be traced from battery through its winding, back contact
and armature of relay 29TLL1, front contact and arma-
ture of relay 29TLL8, armature and front contact of re-
lay 28VGK, armature 3 and front contact of relay
28CHT?, break contacts associated with armature 2 of
relay 281B, conductor 28—31, chain circuit through break
contacts controlled by armatures 5 of the relays 29CHO
to 29CHS, front contact and armature 5 of relay 29LLC,
conductor 29—=65 and over the previously traced path
including conductors 24—82 and 18—&2 to ground. Re-
lay 29CH1 operates and locks to the same ground through
its armature 5 and front contact, so as to omit from its
locking circuit the contacts of relays 29TLL1, 29TLLO,
28VGK, 28CHT, 28JB and 29CH¢ through which it
was energized.

Relay 28CH1 interrupts at its armature 6 the circuit
of its associated relay 28TLL1 to prevent operation of
that relay when its associated line link, now being selected,
is made busy. Relay 29CH1 also establishes an energiz-
ing path for double test relay 18DT from battery through
the winding of that relay, armature 5 and back contact
of relay 18DCK1, conductor 18—06, front contact and
armature 2 of relay 20CH]1, conductor 29—18, right-hand
armature and front contact of relay 11CI2, conductor
1i—11, armature 5 and front contact of relay 4MCAZ2,
conductor 4—31 armature 5 and front contact of relay
3HG? and conductor 2—04 to the sleeve of the link that
is being selected. Since this line link has not yet been
made busy as a result of the selection, there should be no
ground on the sleeve conductor and relay LEDT should
not operate, It is provided to detect false selection of
a busy link due to failure of a test line link relay, such
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4s relay 29TLLL, or an open test line link conductor, such
asthe operating-path for relay 29TLL1.

Line link select inagnet operates

. Relay 29CHL1 .also completes the circuit for the select
magnet :of the selected link, traced from battery through
the:amature and one of the two front contacts .of relay
29LLCI1, resistance lamp 29--19, conductor 29—-21, back
contact and armature 7 of relay 16TA, conductor 1623,
front-contact and armature 1 .of relay 29CH1, -conductor
2922, one of :the right-hand armatures and front :con-
tacts, of relay- 11CI4, conductor 11—12, front -contact
and armature 8 of relay 4MCAZ2, conductor 4—12. front
front contact and armature 8§ of relay 3HGO,: conductor
3—08 and winding of select magnet 2LS1-to .ground
and this magnet operates. Other select magnets' shown
in Fig. 2 are associated with the first and last of the line
links and are designated by reference numerals 21.S0
and 2LS9 respectively. Other select magnets associated
with the same link of the line link frame (not-shown)
are:connected in multiple with the select.magnet 2LS1 and
these other :select magnets: are. also. operated by. virtue
of ‘the -multiple -connections. .- If the -conductor’ 2922
should be crossed with another corresponding conductor,
such as the one-connected to the arm 1 of relay 29CH9,
ground on the back :contact .engaged by that-armature
shunts the winding of select - magnet 2L.S1 which the relay
29CH1 seeks to operate, and the select magnet. would
remain unoperated, thereby preventing operation of select
magnets for two links and consequent double. connections.

No-test connector and line link no-test hold magnet
operate

Relay 29CHI completes a circuit from ground. through
the front- contact and armature 4. of relay 29LLC, front
contact and armature 3 of. relay 29CHI1 and over. con-
ductor 29—15 and a previously . traced path. including
conductor 3—13 .and winding of hold magnet HOHO in
the no-test connector circuit to battery, and the.hold mag-
net .operates.  Because of the. fact.that. select..magnets
2$50.and 2089 and the eight intermediate select magnets
are operated from the. front contacts..of relay 19F, the
cross bar switch contacts common to.those select magnets
and to hold magnet 20HO0 will operate. .In addition, the
ground from which hold magnet 20H9 is. operated will
be extended .through the armature.and. front contact of
hold magnet 20H0 and conductor 20-—02 to operate the
no-test hold magnet 2NT and four others.(not shown)

that are multipled to hold magnet 2NT, these being half

of the.vertical file of ten hold magnets which comprise the
first. vertcial file of group 2, this file of the line link frame
being regularly assigned to the no-test connector. . The
minimum operate time .of the no-test connector hald mag-
net 20HO and of the line link no-test hold magnets in-
cluding and corresponding. to' the magnet 2NT is greater
than the maximum time required to operate the line link
select magnets and stabilize the select fingers.

Referring again to the relay 28CHT1 which was op-
erated by the relay 28CHT, the former. relay disconnects
conductor 20—01 from conductor 28—04 which is in-
cluded in a path. traced: to. the ~winding of relay
19H, and connects conductor 20—901 through armature

3- and -front - contact “of relay ‘28CHT1 and conductor
‘28-—32 to the upper winding of relay 19NTA. - With-select

magnet 2050 -and hold -magnet 20H0 operated, the -cross
bar switch contacts which they ‘jointly control -are closed

-and the ground -on conductor 3—13 which- operated ‘hold
‘magnet 20HO is -extended -to-conductor-20-—01 and-thus
‘to relay ¥9NTA which-operates. This relaylocks through

its' lower ‘winding-and-front contact-and -armature 3 and
through front contact-and armature 1 of relay  19SPC to

‘ground. - With -armatureé 3-operated the ‘circuit ‘of relay

19F is: interrupted. * This relay- releases and-in -turn re-
leases select magnets 2050 and 2089 ‘and the eight-inter-

'mediate select magnets (only-one-of which is shown) but
“the cross bar switch contacts controlled by those magnets
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are now held closed by hold magnet 20H0. The no-test
connector is-now available to serve no-test calls from the
markers but not from the master test frame as the com-
mon -no-test - connector level is held busy. The relay
T9NTA ‘allows marker no-test calls to proceed by inter-
connecting: the. conductors 19—12 and 19—15 which ex-

* tend to the master test frame connector circuit.
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Subscriber line hold magnet timing

As previously described, the operated relay 20CH1 op-
erates the select magnets for the selected line link. These
are the select magnet 2L.S1 and select magnets associated
with the same link in other switches in the same hori-
zontal level, those magnets being connected in multiple to
the -select- magnet 2LS1. - These select magnets remain
operated ‘during the testing of the five subscriber lines in
the line group that is being seized, or until the frame is
released ‘due to detection ‘of a line trouble. To insure
that the select fingers will be in place before the first sub-
scriber line hold magnet is operated, a timing interval of
20 to 25 milliseconds is provided by means of the con-
denser timed polar- relay 28HMT.

The relay 28HMT is a double wound polar relay having
circuit connections like those of telay 28CHT. It has a
connection from one terminal of its lower winding and
over conductor 28—-33 and armature 2 and front contact
of relay 160N3 to ground, a connection from one termi-
nal of its upper winding through condenser 28—34, re-
sistor 28—36, conductor 28—37 and armature 3 and front
contact of relay 160N3 to ground and from the same ter-
minal of the upper winding over conductor 28—38 and
the chain circuit through the armatures 4 and back con-
tacts of relays 29CHS9, 29CHO0 and all intermediate relays,
to .ground,;.and a connection from the other terminal
«of each-of its windings over conductor 28—39 and arma-
ture 9 and front contact of relay 160N2 to battery. With
relay. 29CH1- operated;: the ground connection directly
on the upper winding of relay 28HMT is removed, leav-
ing -energizing current in-its upper winding only during
the charging of condenser 28—34.  In an interval of 20
to 25 milliseconds- the -upper. winding loses control and
the lower winding moves the armature te its off-normal
contact to .extend ground previously traced to the arma-
ture of relay 28CHT over conductor.28—41, armature
and left-hand contact of relay 28HMT, conductor 28—42,
back contact and armature 8 of relay 19EG1, conductors
19—13 and 18—07, back contacts and armature of relay
18DT, conductor 18—08 and winding of relay 18LGS
to battery and this relay operates. - A locking circuit for

telay: 18LGS, - established at its armature. 6 and front

contacts, by-passes that portion of its-energizing circuit
which comprises. conductor 18-—07, armature and . back
contacts of relay 18DT -and conductor 18—08. At its
front contact and armature 7. the relay 18LGS extends a
ground connection from conductors 18—02 and 18-—01
over conductor 18—09, the noted front contact and arma-
ture of relay 18LGS, the armature 3 and back contact
of relay 180ST, conductor 1811, outer left-hand arma-
ture and back contact of relay 17LB0 and winding of relay
17VF0 to battery and this relay ‘operates.

Test made for:busy. lines and verticals to be by-passed

As previously described, the operated line group relay
3LGO in the line link frame connects the line hold leads
designated by the reference numeral 3—03 .of the. five
associated lines to the conductors 3—04 of the control
circuit and it connects the vertical file conductors 3—~06
to the conductors 3—07 extending to the contro! circuit,

"The sleeve ground which maintains the hold. magnets of

busy lines operated is extended over corresponding. ones
of the conductors 3—03 and their extensions 3—04, ar-
matures and front contacts of relay SMCBI1, such as the
armatures 14 and 15 of that relay, conductors, .such as
5-—06, front contacts and left-hand armature of relay
12C19, conductors 12—06, back contacts and armatures
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3 to 7 inclusive of relay 19EG 1, armatures and back con-
tacts of relay 19LHT, conductors 19—14 and windings
of line busy test relays 17LBT9, 17LBT1, 17LBT2,
17L7T3 and 17LBT4 to battery and any of those relays
associated with a line that is busy will be operated by the
ground connection. Each of these relays, when operated,
completes the energizing circuit of its associated relay
171B6, 17LB1. 17LB2, 17LB3 or 17LB4, the circuit being
traced, taking the relay 17LB1 as an example, from bat-
tery, through the winding of that relay, armature and
front contact of its associated relay 17LBT1, conductors
17—01 and 17—02, armature 4 and front contact of relay
160N1 to ground. The relay 17LB1, when operated,
locks in a circuit through its armature and front contact,
condurtor 17—@3, armature 2 and front contact of relay
18L.GS and conductors 18—12, 18—13 and conductor
17—02 to the same ground through which relay 17LB1
was operated.

The line link appearance of toll and certain other trunks
must not be tested by the line insulation test circuit as
this procedure would cause interference with service and
with the tests. Lines terminating at the switches of dial
private branch exchanges and certain other circuits con-
nected to the line link primary verticals should also be by-
passed as they will produce false trouble records. The
verticals associated with the above circuits may be skipped
in either of two ways. For each such vertical there is a
battery connection through 3300 ohms resistance (not
shown) connected to the vertical file conductor 3—86 as-
sociated with that vertical and this battery connection is
extended over the corresponding conductor 3—07, ar-
mature 16 or 17 of relay SMCB1, conductors 5—4§7,
front contacts and right-hand armatures of relay 12CI8,
conductors 12—07 to a corresponding one of the relays
17SKP@, 17SKP1, 17SKP2, 17SKP3 and 17SXP4. The
make contacts of each of these relays are in parallel with
the make contacts of the line busy test relay 17LBT associ-
ated with it and will thus cause the associated one of the
relays 17LB to be operated. Two private branch ex-
change classes of service are provided, one for manual
private branch exchange lines and the other for dial
private branch exchange lines. The marker accords the
same treatment to both classes, The test control circuit,
however, has access to the dial private branch exchange
class leads and skips the associated lines. Toll trunk
terminations and all other verticals which are not to be
tested are associated with the private branch exchange
class so that they may be passed also. The by-passing of
verticals on the basis of the class of service is accomplished
by the relays 17V8, 17V1, 17V2, 17V3 and 17V4. Each
of these relays has one terminal connected to battery and
the other connected to an individual one of a plurality of
conductors which, for the sake of convenience, have been
designated in common by the reference numeral 17—04.
These conductors are connected through armatures and
front contacts of relay $2CI8, conductors 12—88, ar-
matures 9 to 13 inclusive of relay SMCB1 and conductors
5—09, armatures 2 to 6 inclusive of relay 3VGB0O. The
front contact associated with any one of those armatures
may be cross-connected to any one of thirty terminals rep-
resenting different classes of service, and from which
thirty conductors extend cver paths represented by the
two conductors 3—16, armatures 7 and 8 of relay
SMCB1, and conductors 5—08 which are connected to
the armatures of relays 13C0O11, 13C0O12 and 13CO13.
These conductors have branching stubs which may be con-
nected, in the case of those which represent dial private
branch exchange classes, to front contacts associated with
the right-hand armatures of relay 12CI9 from which a
conductive path is traced through conductor 12—11 and
back contact and armature 3 of relay 19EG fo ground.
Any of the relays 17V that receives a ground connec-
tion over the path just traced will operate, and its make
contacts, being in parallel with those of the associated

10

15

20

30

35

40

60

65

75

20
relays 17SK and 17LBT, will cause the associated line
busy relay 17LB to operate.

In addition to the circuits described above for he
operation of the relays 17LB there is an additional en-
ergizing path for the relay 17LBJ traced through con-
ductor 17—06, front contact and armature 1 of relay
29LLC, conductor 29—25, armature 1 and front contact
of relay 30VG2, conductors 30—08, 19—16, 18—13,
17—62 and armature 4 and front contact of relay 160N1
to ground. The purpose of this additional operating path
is to make the no-test vertical in each horizontal group
(vertical 0 in vertical group 2) to appear busy so that it
will not be connected for test. This is the reason for ex-
tending the path through make contacts of vertical group
relay 30VG2.

Line hold magnet of tthe first subscriber in line group
operates

Upon the assumption that none of the relays 17V9,
17SKP@ and 17LBT@ is operated, the line busy relay
17LB0 will not be operated and the energizing path for
relay 17VF® will not be interrupted at the outer left-hand
armature and back contact of relay 171.B@ so that relay
17VEFQ operates as previously stated in a circuit completed
at the armature 7 and front contact of relay 18LGS.
This relay locks to the ground connection from which it
was energized, through a chain circuit traced through its
front contact and armature 4 and back contacts and ar-
matures 4 of the relays i7VFi, 17VF2, 17VF3 and
17VF4, conductor 17—§7, back contact and armaiure
2 of relay 19EG1 and conductors 19—07, 11—08, 18—01,
18—02 and armature 3 and front contact of relay 16ST
to ground.

Relay 18LGS also operates the relay 19LHT in a cir-
cuit traced from battery through the winding of that relay,
conductor 19—17 and front contact and armature 4 of
relay 18LGS to ground. Relay 19LHT transfers the line
hold conductors 12—&6 from the line busy test conductors
19—14 to the conductors 19—18 which extend to the front
contacts associated with the armatures 1 of relays 17VF0,
17VF1, 17VF2, 17VF3 and 17VF4. Since the relay
17VFQ is operated the path connected to the front contact
associated with its armature 1 is extended through a chain
circuit comprising the back contacts and armatures 1 to
relays 17VF1, 17VF2, 17VF3 and 17VF4, conductor
17—08, conductor 23—06, armature 5 and back contact
of relay 24ADYV to ground. In the opposite direction the
path is traced through the armature 7 and back contact of
relay 19EG1, one of the conductors 12—06, a left-hand
armature and front contact of relay 12CI9, one of the
conductors 5—@6, front contact and armature 14 of relay
5MCBI1, one of the conductors 3—04, armature 1 and
front contact of relay 3L.G9, and winding of hold magnet
2LHO to battery and the hold magnet operates. Since
only the select magnet 21L.S1 is operated, the hold magnet
2LH® operates only the cross bar switch contacts 2—%9$ to
connect the party line having stations 2—11 and 2—12 to
link 1 of the horizontal group 0.

Sleeve continuity check

After the subscriber line hold magnet is operated, a path
is cut through for a continuity check for all the required
cross-points to indicate that the connection is established
from the subscriber line to the control circuit.

The operating ground for the line hold magnet 2LHO
is used for this check. It is extended through the sleeve
vertical of the line serving party line stations 2—11 and
2—12, lowermost or sleeve switch point of the switch
contacts 2—66, sleeve horizontal of link 1, lowermost or
sleeve switch point of the switch contacts 2—~07, which
were closed when no-test hold magnet 2NT was operated,
no test sleeve vertical in the line link frame, connecting
conductor 2—08, sleeve vertical associated with the no-
test connector circuit hold magnet 20HO, sleeve switch
points of the contact set common to hold magnet 20HJ
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and select miagnét 2080, sleeve horizonfal and connect-
ing- conductor. 20--03; front contact -and-armsture: 6 of
relay 19SPC, conductor 1919, armature 3 and back con-
tact of relay 24ADV to -operate-the rélay ‘24SL.” When
the relay 24SL operates, the 24511 relay ‘operates from
battery, through its winding; make contacts -of the relay
248L, conductor 24—03, ‘back contact -and armature of
relay 26HD1, conductors 26--01; 27--02; 27—03; 27—
04, 22-—01, 16—26, front contact and armature 4 of relay
16SKT, and armature § and front contact of felay 160N3
to ground. It will be observed that this’ circuit is traced
through break contacts of relay 26HDL. " Tt should ‘be re-
membered that at the time relay 160N was operated, one
of the circuits that it completed ‘was that- of: the relay
31—01 which connected power- to transformer’ 31-—02
thereby activating a power supply including rectifier tube
31—11. When the rectifying action'started in tube 31—11
as- a result -of the heating' of  the' filament to operating
temperature, current flow was initiated in a path from
the positive output conductor 31-=—09 of the power supply
through conductors 31—12," 31--13; resistors 3114,
conductor- 31—16, back contacts -associated 'with'’ the
armature of relay 26HD and winding of relay :26HD1,
and that relay operates. ‘The discharge path of tube 32V7,
which has its cathode grounded, is traced from the anode
through conductor 32—01, winding.of relay 26HD, which
is paralleled by condenser 26—02, and resistor 26—03 in
series, conductor 2604 which is-included-in a conductor
group traced to Fig. 28, armature 4 and back icontact of
relay 23CT, conductors 23—07, 27—06,-26—07, 31--16,
resistors 31—14 and conductors 31—13 and 31—12 to
the positive terminal of the power supply in Fig. 31. - Re-
lay 26HD operates on the plate current of-tube 32V7,
when that tube becomes -conductive. as ‘hereinafter - de-
scribed, the condenser 26—02 and. resistor 26--03, de-
laying its operation slightly, and interrupts the.energizing
circuit of relay 26HD1 which releases. . ‘This .establishes
the released condition of relay 26HD1 which permits relay
24SL1 to operate. ' The fact that the ‘relay 24SL1 oper-
ates constitutes a check that the subscriber line-connection
is-established -and that the test circuit is prepared to per-
form the insulation measurement. - It-also. checks that the
relay 165KT has operated as otherwise ground would not
be connected to.conductor 16—-26 which. is .included ‘in
the-energizing-circuit for relay 24SL1.. Relay 24SL1 locks
in a circuit traced from battery through its winding, arma-
ture and front contact -of relay 24SL, front. contact.and
armature 4-of relay 24SL1, conductors 24-—04 and 18-—16,
and conductor 16—26 which is grounded-at .the arma-
ture 5 and front contact of relay 160N3. : Relay 24SL1
also starts the procedure of cutting through the line for
test; and operates.the relay 24HMK .in a circuit: traced
from ground through the winding .of that relay. and front
contact, and armature 2 of relay 24SL1 to.battery.

Preparation for double connection -test

At the same time that the sleeve continuity chéck is
made foliowing closure of the crossspoints -on the line
link frame, ground connected to the sleeve of the selected
line link is connected through conductor 204 and a pre-
viously traced circuit to operate relay 18DT, the-circuit
including make contacts of operated relay 29CH1 and
break contacts of relay 18DCKI1. - The .relay 18DT is
provided, as previously stated, to detect false selection of a
busy line :link due to a failure of operation- of relay
29TLLL. If-the relay 18DT operates at the time of oper-
ation of relay 29CHA1, it stops further.operation of the line
insulation test control circuit by preventing the -operation
of relay I8L.GS.. At this time; however, the relay 18L.GS
hasbeen operated-and the relay 18D T operates-as a-check
for this feature.

Relay 18DT completes a- circuit for ‘the upper winding
of relay 18DCT traced from battery; through.the winding
of that relay, make contacts of relay 18DT, conductor
18—17,. armature -and front contacts of relay: 24SL,
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front contact and armature 4 of relay 24S1.1, conductors
24—04, 1816 and-16---26, front- contact and arma-
ture 4 of relay 16SKT, armature 5-and-front .contact of
relay 160N3 to ground and the relay 18DCT -operates.
It locks in a path through its armature 2-and front con-
tact and the path to ground through which it was en-
ergized, thereby excluding from"the locking circuit the
make contacts of relay ¥8DT through which it was oper-
ated. * At its armature 1 -and front contact the relay
18DCT completes an - energizing circuit- for ‘the relay
18DCK through its upper winding, and that relay -oper-
ates. Relay 18DCK completes a supplementary holding
circuit for relay 24SL1 traced from battery through the
winding of that relay, conductor 24—06, front contact
and armature 7 of relay 18DCK and conductors 38-—18
and 18—19 to conductor 18—16 which is grounded at
the armature 4 and front contact -of relay - 160N3; as
previously stated. Relay 18DCK 'also completes an oper-
ating circuit for relay 18DCKI -traced from battery
through the winding of that relay, armature 1 and front
contact of relay 18DCK and- front contact and armature
4 of relay 18LGS to ground. Relay 18DCK1 locks di-
rectly to’ this ground connection independently of “the
armature 1 and front contact of relay 18DCK. Relay
18DCKI1, at its -armature 5, interrupts the circuit of
relay 18DT, which releases, and at its armature 3 com-
pletes the circuit of relay 180ST traced from battery,
through - the winding of -that relay, ‘front contact and
armature 3 of relay 18DCK1, conductors 18—21, 18--09,
18—01 and 1802 to-ground at the armature 3 and
front contact of relay ‘16ST. Relay 180ST locks in 2
path traced to ground through-its front contact -and
armature 3, armature 7 and front contact of relay 18L.GS
and conductors 18—09, 18—01 and 18—902. At its
armature 3 and back contact the relay 180ST interrupts
the energizing circuit over which relay 17VF0 was oper-
ated, including conductor 18—11,-to prevent interference
when succeeding ones of the relays 17VE are operated.
The relays 18DCT, 18DCK and 18DCX1 remain oper-
ated in order to check for a double connection upon the
release of the first subscriber line tested in the line group.

Conditioning of the ,subscriber‘ line

Except for the short and ring ground tests, the .normal
voltage on a line is different from the voltage. applied for
testing. To speed up .the testing operation the line is

-brought to .approximately .the .testing -voltage -before it

is connected to. the. test-circuit. . The charging potential
is applied to the ring of the line or to both the tip and
the ring when the line is connected to the control circuit.
Since the connections between the line and the test circuit
vary according to.each of the three types of test,- the
method of charging the -line also varies accordingly.
As shown in Fig. 23, there is a voltage divider circuit
comprising resistors 23-—11, 23—12 and 23—13 con-
nected in series-between battery.and conductor 23—14,
which receives ground through the armature 4 and. front
contact of relay 160N3. The back contact. associated
with armature 1.of relay 23FP is connected to the junc-
tion of resistors 23—11 and 23—12, and the front contact
associated with the same armature is connected to the
junction of resistors 23—12 and 23-—13. ' The output
voltages from the network are controlled by relay 23FP.
On short and ring ground tests and on tip and ring
ground tests the relay 23FP is released and the output of
the network, applied through armature 1 of ‘telay 23FP,
is approximately 1.5 volts ‘below the central office bat-
tery, while on foreign potential the relay 23FP is oper-
ated and the output voltage of the network is approxi-
mately .5 volt. The path is extended from armature 1
of relay 23FP over conductor 23—16, through the back
contact associated with armature 2 of relay 23CT so that
it terminates there when relay 23CT is operated.” When
relay 23CT is released, the path is continued over con-
ductor 2317 to the armaturé 3 of relay ‘23FP1, from
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which it may be extended over either of two paths de-
pending upon whether that relay is operated or released.
A bridging connection from the front to the back contact
associated with armature 3 of relay 23FP1 is traced, on
tip and ring ground tests and foreign potential tests, when
relay 27SRG is released, through conductor 23—18,
conductor 23—19 which is connected in a group of con-
ductors extended to Fig. 27, conductor 27—489, armature
9 and back contact of relay 26RT, resistor 26—%6, arma-
ture 3 and back contact of relay 27SRG, resistor 27-—97,
conductor 27—08, which is included in the same group
as conductor 23—19, and conductor 23—21 to the front
contact associated with armature 3 of relay 23FP1. An-
other path from the front contact associated with the
armature 3 of relay 23FP1 to the armature 3 of relay
27SRG in parallel with the one traced through the arma-
ture 9 and back contact of relay 26RT, is traced from
conductor 23—18 through branching conductor 23—22,
armature 2 and back contact of relay 23CT1, and con-
ductor 23—23, which is included in the same conducior
group as conductors 23—19 and 27—98. A branching
path is traced from conductor 23—21 over conductor
23—24, back contact and armature 1 of relay 230HI,
break contacts controlled by armature 6 of relay 230H2Z,
conductor 23-—28, back contact and armature 2 of relay
24TR, armature 2 and back contact of relay 24ADV,
conductors 24—07 and 24—08 and through armature
5 and front contact of relay 19SPC and conductor 19—21
to the ring of the lowermost link in Fig. 20 from which
the path is extended through the closed switch points and
vertical 20—06 to the no-test vertical in the line link
frame and through the middle contact 2—8&7 which is
operated, the ring of link 1 in the line link frame 6 (Fig.
2) and through the middle contact 2—96, also closed
to the ring conductor of the party line serving stations
2-—11 and 2—12. Similarly, a path is traced from the
front contact associated with armature 3 of relay 23FP1
by way of conductor 23—18, branching conductor
23—22, conductor 23--26, back contact and armature
4 of relay 230H1, conductor 23—27, back contact and
armature 1 of relay 24TR, armature 1 and back contact
of relay 24ADYV, conductors 24—11, 24—1Z, armature
4 and front contact of relay 19SPC and conductor 19—22
which is connected to the tip of the outermost link in the
no-test connector circuit through the switch points of
which the path is extended on conductor 26—=87, upper
contact 2—07 of the line link frame, tip conductor of
link 1, uppermost contact 2—86 to the tip conductor of
the party line.

When relay 27SRG is operated, as on short and ring
ground tests, the bridging connection between the front
and back contacts associated with armature 3 of relay
23FP1 is open at the armature 3 of relay 27SRG and the
conditioning potential is extended only to the ring con-
ductor of the line. At the armature 3 and front contact
of relay 27SRG, ground is connected to the tip conductor.
On tip and ring ground and foreign potential tests, the
relay 27SRG is released and the bridging connection be-
tween the two contacts associated with armature 3 of
relay 23FP1 is maintained. With the relay 23FP1 re-
leased, as on tip and ring ground tests, the conditioning
potential is extended directly to the ring of the line and
through the resistor 27—®67 to the tip of the line but when
the relay 23FP1 is operated, as on foreign potential tests,
the conditioning voltage is extended directly to the tip of
the line and through the resistor 27—=87 to the ring of
the line.

The resistor 27—87 is employed to retard the charging
or discharging of condensers associated with the line to
reduce the tendency of the tuned ringer circuits to cscil-
late due to the charging current. On short and ring
ground tests the charge on the line is changed only
slightly and, therefore, the resistor 27—@87 is not required.

Prior to the operation of a line hold magnet of the line
link frame, such as the magnet 2LHJ, the ring conductor
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of the line is connected to battery through an armature
and back contact of the hold magnet, through the line
relay, such as relay 2LO0, and the tip is connected to
ground, through an armature and back contact of the
hold magnet. When the hold magnet is operated to es-
tablish a connection to the line, the battery and ground
connections are opened at the two armatures of the hold
magnet and this leaves the ring conductor charged to
central office battery potential and the tip conductor
charged to ground potential. On short and ring ground
tests the conditioning voltage applied to the ring of the
line is approximately 1.5 volts less than central office
battery and the tip conductor is grounded. On tip and
ring ground tests the conditioning potentizal is applied
to both the ring and the tip conductors. In this case, the
ring conductor is lowered approximately 1.5 volts but the
tip conductor is raised from ground potential to slightly
less than central office battery. On foreign potential
tests, the conditioning potential is applied to both the
ring and tip conductors. In this case, however, the condi-
tioning potential is approximately 1.5 volts which lowers
the ring conductor from central office battery potential
to approximately 1.5 volts and the tip conductor is only
raised by approximately 1.5 volts.

Conditioning test circuit

During the procedure of establishing a connection to a
line in order to test it as hereinbefore described, involving
as it does a plurality of time delays the testing circuit
shown in Figs. 31 and 32 is conditioned for line testing.
This operation involves the establishment of an artificial
leak of approximately 30 per cent less than the maximum
resistance limit for the line test. The circuit through
which the leakage current flows is traced from battery
through resistance lamp 23—32, conductor 23—33, back
contact and armature 5 of relay 23CT?3, resistance 23—
36, back contact and armature 4 of relay 23FP1, con-
ductor 23—37, filters 31—21 and 31—22, conductors
31—23, 23—38, 23—39, 23—41 and 23-—42, back con-
tact and armature 4 of relay 23DR, back contact and
armature 3 of relay 23CR, resistance 23—43, conductors
23—44 and 23—46, filter 31—21 and associated filter
31—22, conductor 31—24, back contzct and armature 5
of relay 23DR, back contact and armature 6 of relay
23CR, back contact and armature 2 of relay 23BR, arma-
ture 4 and back contact of relay 23BR1, resistor 23—47,
conductor 23—48, break contacts controlled by armature
3 of relay 23CT, conductor 23-—49 and, for the case cf
the short and ring ground test in the range selected by
relay 1551 operated by key 15—91, any one of resistors
23—45, 23—59 and 23—51, depending upon which of
them is cross-connected from its terminal 6, 5 or 4 re-
spectively to terminal @, and thence over conductor 23—
52, armature 2 and front contact of relay 1551, con-
ductor 15—06 and armature 1 and back contact of relay
23FP1 to ground, and current flows in this circuit, the
value being determined mainly by resistor 23—51. In
parallel with the portion of the circuit disposed between
the junction of conductor 31—23 with conducter 23—38
and the junction of conductor 23—44 with conductor
23—46, including conductors 23—38, 23—39, 23—41
and 23—42, back contact and armature 4 of relay 23DR,
back contact and armature 3 of relay 23CR, resistor 23—
43 and conductor 23—44, a shunt path is traced over
conductor 23—353, armature 1 and front contact of relay
1581, conductor 15—907, a strap connection from cross-
connection block terminal 12 in Fig. 23 to resistors 23—
54, 23—55 and 23—69, resistor 23—56, conductor 23—
57, back contact and armature 2 of relay 23FP2 and con-
ductor 23—04 to one terminal of the magnetic modulator
31—05 in Fig. 31, and from the other terminal of that
modulator over conductor 23—©3, armature 1 and back
contact of relay 23FP2 to the junction of conductors 23—
44 and 23——46. Current determined by the various re-
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sistors in the principal and shimt circuits just traced flows
to condition the ‘Magretic modiilator and the tést circnit.

It is'stated in the preceding paragraph that any oneé of
the three resistors 23—45, 23--50 'and 23—51 may be
strapped to conductor 23--52 and that any one of the
resistors 23—54, 23—55 and 23-—60 may be strapped
to conductor 15—7, and such strappings hiave been indi-
cated in Fig. 23. In the lower right-hand cornerof Fig. 23
are shown fifteen resistors having terminals to which cross-
connections may be made, six ‘of these resistors Having
been - identified by -reference mumerals in the .preceding
paragraph. Adjacent the terminals provided for strapping
are fifteen terminals to which strap connections may be
made from the resistors and fromi which conductors ex-
tend, two of those conductors having been identified by
reference numerals in the preceding paragraph. The
thirty terminals have been numbered ordinally from zero
to 29 there being no special significance in the assign-
ment of specific. numbers -to particular terminals, - In
Tablé B four ranges of resistance limits are shown, desig-
nated A, B, C and D, each range including three different
resistance limits. The selection of one of -the three re-
sistance limits in each of the four ranges is accomplished
by establishing cross-connections among thé thirty num-
bered terminals, Table C, which follows, shows the
-cross-connections that are to be made for setting up the
three resistance limits in-each .of the four ranges.. It will
be apparent that at any one time only one limit may be
established in each of the three ranges because certain
individual terminals are utilized in the strap cornections
for all three limits in 2 range and none of thé terminals
may be strapped to more than one other-terminal for any
resistance limit.

TABLE C
Range Nominal Limits Connect

0-80,000:0hms____._. 0—4, 12—186.

Ao ]50-160,000 Ohms.. | 0—5, 1217,
.| 10-320,000 Ohms. 0—6, 12-18.

0-320,000 Ohms__.__} ‘16, 13—18, 23—24.
Bt 0-640,000 Obms._...__| 17, 1319, 23—24,

0-1.25 Meg_oocoanucl 1—8, 13—20, 2325,

0-1.25 Meg: 2—8, 14—20, 26—28.
[ ORI 0-2.5 Meg. 290, 1492, 26—21.

0-5Meg . 2—10,.14—21,

10-2:5 Meg. ‘3—9, 15--22, 2721,

0 P Iy 0.5 Meg.._ 2| 810, 15~-21.

010 Meg._ . _._ .. 3—11, 15—21, 20—30.

" The magnetic modulator 31—05 comprises similar mag-
netic cores 31-——15 and 31-—17 each having two windings.
Two of the windings, one on each core, are.connected in
series across the secondary -of transformer 31--18, the
primary of which, in combination with electron discharge
tube 31V4 and other circuit elements, comprises an oscil-
lator supplying to the magnetic modulator alternating
current at a suitable frequency such as 1000 cycles per
second. This frequency is impressed through the sec-
ondary of transformer 3118 on the windings connected
to it. The other two windings on the magnetic cores are
connected in series opposition through condenser 31—19
to the primary winding 31—26 of a transformer by which
the magnetic modulator 31—05 is coupled to a filter 31—
27 arranged to pass a frequency of 2000 cycles per sec-
ond. Conductors 23—03 and 23—04 are connected to
the opposite terminals of condenser 31—19 so that when
a potential difference is impressed across conductors 23—
03 and 23—04, as in the previously described case of the
potential difference across resistor 16—16 upon opera-
tion of relay 16SK and prior to operation of relay 16SKT,
and as in the case ‘of the shiint circuit above described,
“direct current will flow through the transformer winding
31—21 of the input to filter 3122 and through windings
of the magnetic modulator that are ‘connected -in series
opposition. v

As-described in Patent 2,164,383, granted July 4, 1939,
to E. T. Burton, the disclosure of which' is:incorporated
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herein by reference as part ‘'of the présént specification,
a flow of direct current in coils of a magrnetic odulator
which is supplied with alternating current on ‘other coils
‘thereof ‘will result in the generation of harmonics of the
impressed alternating current.” When the coils from which
the output is taken are connected in series opposition; these
being in the present instance the coils through which the
controlling direct current also flows, the fundamental fre-
quency and the odd order harmonics will be suppressed
because of the opposition as between the coils so con-
nected. The second harmonic is the strongest of the even
-ordéer harmonics produced, and is passed by the filter
31—-22. Moreover, the magnitude of the output of the
magnetic modulator 31—05 at the second harmonic of
the oscillator varies in accordance with the magnitude of
the direct current flowing through the control circuit ‘of
the modulator. Condenser 31—19 provides a low im-
pedance path for the second harmonic frequency.

The output of filter 31—22 must be amplified before it
is of sufficient magnitude to be of use, and this amplifica-
tion is accomplished in three cascaded stages comprising
electron discharge tubes.32V1, 32V2 and 32V3 and their
associated. circuit elements. Successive stages are inter-
-coupled through capacitative and resistive elements. ‘The
output of the amplifier, taken from the anode of tube
32V3 is impressed through condensers 32—02, 32—-03

-and .32—04 on the grids of tubes 32V5, 32V6 and 32V7,

respectively.

These tubes are hot cathode grid-controlled gas-filled
‘tubes. . The anode circuit of tube 32V5 is traced over
conductor 32—06, the lower winding of relay 26L.K0, in
parallel with resistor 26—32, back contact and armature
2 of relay 26TT2, front contact and armature 5 of relay
26TT1, conductor 26—11, back contact and armature 6
of relay 26TBL2, resistor 27—24, conductor 27—16 and
resistor 32—08 to conductor 31—89 which is the positive
side of the power supply in Fig. 31. The anode circuit
of tube 32V6 is traced over conductor 32—67, the lower
winding of relay 26LK1, in parallel with resistor 26—29,
‘back contact and armature 3 of relay 26TT2, front con-
tact and armature 6 of relay 26TT1,. conductor 26--12,
back contact and armature 8§ of relay 26TBL2, resistor
'27--17 and conductors 27—06, 26—67, 31—16, 31—13
and 3112 to conductor 31—09. The anode circuit of
tube 32V7 has been traced previously and includes the
winding of relay 26HD. . The three gas.tubes 32V5, 32V6

“and 32V7 are differently biased through a potential di-

vider network so that tube 32V6 is biased at approximately
half the biasing voltage for tube 32V5 and tube 32V7
is' biased at approximately half the biasing voltage for
‘tube 32V6.. Since the anode circuits of tubes 32V5 and
32V6 are open at front contacts of relay 26TT1 at the
time that the magnetic modulator is conditioned through
the artificjal leakage path previously traced, only the tube
32V7 has its. anode circuit completed. The signal im-
pressed .on amplifier tube 32V1 due to the conditioning
current is sufficient to produce at the anode of tube 32V3
an amplified signal of sufficient amplitude that it, when
applied ‘through condenser 32—04 to the grid of tube
32V7, renders ‘that tube conductive. In this way relay

"26HD is operated and relay 26HD1 is released, as previ-

ously stated.
Connecting subscriber line.to test circuit
After the test circuit and subscriber line have been

*conditioned, the line is cut through to the teést circuit for

‘the insulation measurement. On short and ring ground
“tests, the interval of the sleeve continuity check is suffi-
cient for the conditioning of the subscriber line and it is
connected through immediately following the continuity
check made by the operation of relay 24SL1. On tip and
ring ground tests- and foreign potential tests, however, a
longer charging interval is- required. - Therefore, when
‘the relay 24SL1 operates a delay timing interval of 40'to
‘45 milliseconds is started by means of the relay 24DLT,
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the subsequent operation of which will connect the line
through for tests.

On short and ring ground tests, when the relay 24SL1
has operated, the relay 23CT operates from battery
through its winding, conductor 23—29, armature 7 and
back contact of relay 24ADV1, front contact and arma-
ture 3 of relay 24SL1, conductor 24—16, armature 1
and back contact of relay 27TBL1, armature 1 and front
contact of relay 27SRG, conductor 27—64 and conduc-
tors 22—01 and 16—26 to ground at the armature §
and front contact of relay 160N3. With relay 273RG
operated, a path for preventing operation of relay 24DLT
is traced from a terminal common to the upper winding
of that relay and to the upper terminal of condenser
24—17 through conductor 24—18, conductor 27—11,
front contact and armature 4 of relay 27SRG, conductor
27—12 and armature 2 and back coatact of relay 230H1
to ground. The controlling circuits for relay 24DLT
are similar to those of relays 28CHT and 28HMT. The
lower terminal of condenser 24—17 is connected through
resistor 24—19 and conductor 24—21 and the armature
2 and front contact of relay 160N2 to ground, the lower
terminal of the lower winding of relay 24DLT is con-
nected through conductor 24—22 and armature 1 and
front contact of relay 160N2 to ground and the re-
maining terminals of the upper and lower windings are
connected by conductor 24—23 and the armature 5 and
front contact of relay 160N2 to battery. With a direct
ground connection to the upper winding of relay 24DLT
over a path previcusly traced, condenser 24—17 is dis-
charged, current flows in the upper and lower windings
and the upper winding dominates to hold the armature
in engagement with the left-hand contact. This is the
cendition with relay 27SRG operated.

On tip and ring ground tests and foreign potential tests,
the relay 27SRG is not operated and the immediate op-
eration of relay 23CT is thus prevented. Upon opera-
tion of relay 24SL1 a ground connection supplied to the
junction of the upper winding of relay 24DCT and the
upper terminal of condenser 24—17, applied through
the armature 5 and back contact of relay 24SL1, conduc-
tor 24—24, back contact and armature 4 of relay 22TR1,
conductor 22—02 and back contact and armature I of
relay 21TR2, is interrupted at the armature 5 of relay
24SL1, causing current to be sustained in the upper wind-
ing of relay 24DLT only while condenser 24—17 is
charging. After an interval of 49 to 45 milliseconds, the
charging current has decreased to a point at which the
lower winding of the relay takes control and moves the
armature to the right-hand contact. When this occurs,
the ground connection on conductor 24—04 is extended
through the armature and right-hand contact of relay
24DLT, conducter 24—26, break contacts controlled by

armature 5 of relay 23—01, winding of relay 23CT .

to battery to cause the operation of that relay.

Returning to consideration of relay 23CT which has
operated, as previously stated, it interrupts, at its arma-
ture 4 and back contact the circuit over which relay 26HD
became energized. Relay 26HD does not release as a
direct result of operation of relay 23CT because it has
a holding circuit traced through the front contact con-
nected to its winding, its armature, the armature and back
contact of relay 26INT, conductor 31-—16 and conduc-
tors 31—13 and 31—12 to the positive conductor 31—09
of the power supply. Relay 26IMT is being pulsed at 60
cycles per second because it is connected across the pri-
mary winding of transformer 31—02. Each time it op-
erates it interrupts the holding circuit for relay 26HD
but condenser 26—92 and resistor 26—03 impart to the
relay 26HP a slow-release characteristic and it holds op-
erated over the operating time of relay 26INT.

Relay 23CT interrupts at the break contacts controlled
by its armature 3 the path previously traced for condi-
tioning the test circuit and interrupts at its armature 2
and back contact the circuit through which the line was
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preliminarily conditioned, and connects the line to the
test circuit, the tip of the subscriber’s line, which has
been extended as previously traced through the line
link frame and the no-test connector to conductor 24—12,
being extended over conductor 24—11, back contact and
armature 1 of relay 24ADYV, armature 1 and back con-
tact of relay 24TR, conductor 23—27, armature 4 and
back contact of relay 230H1, conductors 23—26, 23—22,
23—19, 27—09, armature 9 and back contact of relay
26RT, conductor 26—06 and armature 3 and front con-
tact of relay 27SRG to ground, and from the junction of
conductors 23—19 and 27—09 through the front contact
and armature 2 of relay 27SRG1 and conductor 23—34
to the left-hand terminal of condenser 23—31. The ring
conductor which has been traced to conductor 24—08 is
extended over conductor 24—07, back contact and arma-
ture 2 of relay 24ADYV, armature 2 and back contact
of relay 24TR, conductor 23—28, break contacts con-
trolled by armature 6 of relay 230H2, armature 1 and
back contact of relay 230H1, conductors 23—24 and
23—21, back contact and armature 3 of relay 23FP1,
conductor 23—17, armature 3 and front contact of relay
23CT, conductor 23--48, resistor 23—47, back contact
and armature 4 of relay 23BR1, armature 2 and back con-
tact of relay 23BR, armature 6 and back contact of relay
23CR, armature § and back contact of relay 23DR, and
to the filters 31—21 and 31—22 over conductor 31—24,
returning over conductor 23—46 from which the path
continues over conductor 23—44, resistor 23—43, arma-
ture 3 and back contact of relay 23CR, armature 4 and
back contact of relay 23DR, conductors 23—42, 23—41,
23—39, 23—38, 31—23 which extend to the filters
31—21 and 31—22 returning over conductor 23—37,
armature 4 and back contact of relay 23FP1, and resis-
tor 23—36 to the right-hand terminal of condenser
23—-31.

Relay 23CT completes a circuit from ground through
its armature 1 and front contact and the winding of relay
23CT1 which operates. With this relay operated, the
charging from battery through resistance lamp 23—32,
conductor 23—33 and back contact and armature 3 of
relay 23CT1 to the right-hand terminal of condenser
2331 is interrupted, leaving the ring conductor con-
nected to the negative side of condenser 23-—51 through
the path traced above and this path has a portion which
is shunted by a previously traced path through the con-
trol windings of magnetic modulator 31—05. With the
tip conductor of the subscriber line connected to ground
and to the left-hand (positive) terminal of condenser
23—31, and the ring conductor of the subscriber line
connected to the right-hand (negative) terminal of con-
denser 23—-31, if there is a leak between the tip and
ring or a leak from ring to ground the condenser will
discharge through that leak and cause current to flow
in the control windings of the magnetic modulator.

To provide a timed interval for the detection of a
trouble condition the relay 23CT1 starts a timing opera-
tion by disconnecting at its armature 3 and back contact
conductors 23—58 and 23-—59 which extend to the fer-
minals of condenser 26—13 and by connecting conductor
23—58 to conductor 23—61 which extends through the
winding of relay 26TT to ground. Condenser 26—i3
charges in the circuit from ground through the winding of
relay 26TT, conductors 23—61 and 23—58, and resistor
26—14 to battery. This timing circuit functicas in a
manner similar to other timing circuits hereinbefore de-
scribed, and when the gas tube 26—16, which has its con-
trel gap connected in parallel with condenser 26—13, fires
across that gap, the discharge transfers to the main gap
and sufficient current flows to operate the relay 2617T.
This relay provides a locking circuit for itself through its
lower armature and front contact and the locking bat-
tery shunts the tube 26—16 thereby quenching the tube.
It requires an interval of 600 to 650 milliseconds for tube
26—16 to fire and operate the relay 26717,
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During the interval in which the timing cireuit com-
prising condenser 26-—13 and tube 26—16 is timing out,
the line is connected to the iagnetic modulator as pre-
viously described. If there is no leakage between the tip
and ring or between the ring and ground or if the leak-
age current is extremely small there will be very little
current through the control coils of the magnetic modu-
lator and the output of amplifier comprising tubes 32VI,
32V2 and 32V3 will drop to a low value. With the alter-
nating current at the second harmonic frequency of the
oscillator at a very low value or suppressed altogether,
the output of the amplifier 32VI will be insufficient as
applied to the input of tube 32V7 to overcome the bias
on the grid of that tube and the grid will not be swung to
the firing potential. With the external circuit of tube
32V7 being interrupted at a 60-cycle rate by relay 26INT,
the tube will be quenched if the output of the amplifier is
insufficient to maintain conductivity in the tube and re-
lay 26HD, which is being held operated in the dis-
charge circuit of tube 32V7, will be released. If this
relay is released it indicates that the leakage is below a
predetermined value and the circuit is considered as be-
ing trouble free, ' ’

For the present it will be assumed that the test indi-
cates a trouble free line and that tube 32V7 cuts off. It
may require several interruptions in the external circuit
of the tube at the armature of relay 26INT to effect the
quenching of the tube, but the timing circuit comprising
condenser 26—13 and tube 26—16 affords ample time
for the relay 26HD to be released. Relay 26HD re-
establishes the energizing circuit of relay 26HD1 which
operates. At its armature .and front contact the relay
26HD1 extends ground on conductor 26—01 over coin-
ductor 26—17, conductor 21—02, front contact and
armature 4 of relay 18DCK1, armature 4 and front con-
tact of relay 180ST, conductor 18—-26, conductor 23—62,
front contact and armature 4 of relay 23CT1, con-
ductor 23—63, armature 1 and back contact of relay
26RT, conductors 26—18, 21—03, 22—03, conductor
24—31 and winding of relay 24ADV1 to battery and that
relay operates. The ground connection is also extended
from conductor 22—03 over conductor 24—32, arma-
ture § and back contact of relay 24TR, conductor 24—33,
armature § and back contact of relay 230H2, conductor
23—64, and conductors 24—34 and 24—43 and wind-
ing of relay 24ADV to battery and that relay operates. A
locking circuit for both of the relays 24ADV and
24ADV1 is traced through their respective armatures 4
and front contacts and conductors 24—37 and 24--38,
armature and back contact of relay 18AVK and con-
ductors 18—19, 18——16, 16—26, front contact and arma-
ture 4 of relay 16SKT, armature 5 and front contact of
relay 160N3 to ground.

Relay 24ADV1 at its armature 7 and back contact in-
terrupts the circuit over which relay 23CT was operated
under the control of relay 24SL1 on short and ring ground
tests. At its armature 5 and front contact the relay
24ADV1 grounds condenser 24—17 and the left-hand
terminal of the upper winding of relay 24DLT to restore
the armature of that relay to the left-hand contact after
it has operated for a tip and ring ground test, or for a
foreign potential test, to operate relay 23CT. In either
case, relay 23CT releases and it in turn releases relay
23CT1. Relay 23CT1 reestablishes the shunt across con-
denser 26—13, thereby stopping operation of tube 26—16
and relay 26TT. Relay 2dADV opens at its armatures
1 and 2 the connections from the tip and ring conductors
24—12 and 2408 respectively, to the test circuit.

Double connection and hold magnet release test

A double connection test is made following the test-
ing of the first line tested in a line group or after the first
line is tested following a reseizure of a line link frame
due to an off-hook, plug-p or ‘trouble condition, as de-
scribed later.. . This test.is made only once for each frame
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seizure. Since the selected line link is held busy with its
select magnets operated throughout the testing of suc-
cessive lines it is, therefore, unlikely that a double con-
nection would be set up when second and subsequent
lines are connected. The hold magnet release check is
made on every line to determine that the hold magnet
of the line that was under test is released before another
hold magnet in the same line group is operated. This
test is of no significance in connection with the last line
tested on each frame seizure.

For the double connection test the relay 24ADV at
its armature 5 and back contact disconnects ground from
conductor 23—§6 over which a path was previously
traced to the line hold magnet 2LH¢ and a further path
was traced through the sieeve contacts 2—06 and 2—07,
sleeve conductor 2—98, sleeve contacts controlled joint-
ly by select magnét 2080 and hold magnet 20H6, con-
ductor 20—03, front contact and armature 6 of relay
19SPC, conductor 19—19, armature 2 and back contact
of relay 24ADV to the winding of relay 24SL. Relay
24SL releases and a path is extended from ' conductor
19-—19 over the armature 3 and front contact of relay
24ADV, conductor 24—41 and armature 4 and front
contact and lower winding of relay 18DCK to battery to
lock that relay. Relay 24SL interrupts the energizing cir-
cuit but not the locking circuit for relay 24SL1 and also
interrupts the locking circuit for relay 18DCT through
the armature 2 and front contact thereof. A locking cir-
cuit which relay 18DCT had prepared for itself at its
front contact and armature 3 was not completed so that
this relay releases. Relay 18DCT interrupts at its arma-
ture 1 and front contact the energizing circuit for relay
i8DCK. At the time of interruption of the emergizing
circuit for relay 18DCK its lower winding is connected
through the front contact and armature 4 to the sleeve
conductor 19—19 which was disconnected from the wind-
ing of relay 24SL at the armature 3 of relay 24ADV. If
there is a double connection the line hold magnet 2LHO
and the relay 18DCK will remain operated in parallel
from the holding ground for the second or service con-
nection. If no trouble is encountered on this test the
line hold ‘magnet 2LH® and the relay 18DCK will re-
lease, the latter relay in turn interrupting the locking cir-
cuit for relay 24SL1 which releases.

With relay 24SL1 released, the circuit of relay
24HMK is transferred at the armature 2 of relay
24SL1 from battery to a path including resistor 24—42,
front contact and armature 3 of relay 24ADV to sleeve
conductor 19—19 and the path is extended through the
operated contacts of the no-test connector circuit and
the sleeve contacts 2—07 and 2—06, if those contacts are
still operated, to the winding of line hold magnet
2LHO. If the sleeve contacts 2—06 have opened the
path will not be completed to the winding of line hold
magnet 2LHO and relay 24HMK will release which is
an indication that the line hold magnet has been released
and that the next one may, therefore, be operated. For
succeeding lines on the same frame seizure the double
connection test is omitted because the relays 18DCT and
18DCK remain unoperated. The relay 24SL1 releases
when the relay 24SL releases following the testing of
succeeding lines, thereby closing each time the hold
magnet release check circuit including the winding of
relay 24HMK.

Advancing to succeeding lines in the line group

Operation of the relay 24ADV1 results in the extension
of a ground connection from conductor 18—03 through
the armature 1 and front contact of relay 24ADV1,
armature 6 and front contact of relay 24ADV, conduc-
tor 24—39, armature 2 and back contact  of relay
18DCK, conductors 18—29, 18—27, armature 3 and
front contact of relay 18LGS, conductor 1828, arma-
ture 7 and front contact of relay 17VF0, conductor
17—11, outer left-hand armature and back contact- of
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relay 17LB1 and winding of relay 17VF1 to battery to
operate that relay. It should be noted that if the relay
17LB1 had been operated, indicating that the line to
which it is allocated is busy, the circuit would have
been extended through the front centact associated with
the outer left-hand armature of relay 17LB1 and through
the outer left-hand armature and back contact of relay
17LB2 to operate the relay 17VF2. Relay 17VF1 locks
to ground supplied over conductor 17—07 and through
the armatures and back contacts of higher numbered
relays 17VF and interrupts the locking circuit for relay
17VF@Q. This relay remains locked, however, by virtue
of a ground connection supplied over conductor 18—03,
armature 2 and front ccntact of relay 24ADVI1, con-
ductor 24—44, armature 5 and front contact of relay
17VF0 and the winding thereof to battery.

With any two of the relays 17VF operated, as a spe-
cific instance the relays 17VF¢ and 17VF1, an energizing
circuit for relay 18AVK is completed from battery
through the winding of that relay, conductors 18—10
and 18—31, front contact and armature 3 of relay
L7VF0, front contact and armature 2 of relay 17VF1,
conductor 17—12, conductor 23—66, back contact and
armature 3 of relay 24TR, conductor 24—46, back con-
tact and armature 1 of relay 230H2, armature 3 and
back contact of relay 230H1, conductor 23—67, back
contact and armature 1 of relay 24SL1, conductor
24—47, back contact and armature 4 of relay 26T2, back
contact and armature 4 of relay 26T1, back centact and
armature 4 of relay 26T¢, back contact and armature 7
of relay 24RT, conductor 26—21, back contact and ar-
mature 3 of relay 27TBL1, conductor 27—21, back con-
tact and armature 2 of relay 26LK2, armature 2 and
back contact of relay 26LK1, conductor 26—22, back
contact and armature 1 of relay 27TBL2, conductor
27—22, back contact and armature 2 of relay 26LKO0,
armature 1 and back contact of relay 26TT1, armature
1 and back contact of relay 26TT2, conductor 26—23,
armature 1 and back contact of relay 23CT1, conductor
23—68, left-hand contact and armature of relay 24DLT
and conductor 24—04 which in turn is connected to con-
ductor 18—16 which is grounded through make contacts
of relays 16SKT and 160N3, and relay 18AVK oper-
ates.

The energizing circuit for relay 18AVK, just traced,
includes normal contacts of the relays directly involved
in the line test. A number of these relays are operated
when line troubles are encountered. For example, it
has been stated previously that the relay 26TT operates
if tube 32V7 fails to cut off and release relay 26HD
_during the testing of a line. The circuit of relay 26TT1
includes the upper armature and front contact of relay
26TT and the energizing circuit of relay 18AVK ex-
tends through the armature 1 and back contact of relay
26TT1 so that relay 18AVK would not operate if relay
26TT1 were operated. Operation of relay 18AVK,
therefore, indicates that the circuit has advanced for
testing the next line in the group and that it is in condi-
tion to make another test.

With the relay 18AVK operated, and relay 24dHMK
released as previously described, the relays 24ADV and
24ADV1 release. Relay 24ADVT interrupts the locking
circuit for relay 17VF@ at its armature 2 and front con-
tact and this relay interrupts at its armature 3 and front
contact the circuit of relay 18AVK which releases.
With relay 24ADV released ground is reconnected
through its back contact and armature 5 to conductor
23—06 and over the branching conductor 17-—68 and
the back contacts and armatures 1 of relays 17VF4,
17VF3 and 17VF2 and the armature 1 and front con-
tact of relay 17VF1 to its associated one of the con-
ductors 19—18 from which the path is traced through
the front contact and armature 4 of relay 19LHT, arma-
ture- 6 and back contfact of relay 19EG1, one of the
conductors 12--06, a left-hand armature and front con-
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tact of relay 12CI9 and one of the conductors 5—%6 and
armature and front contact of relay SMCB1 and one of
the conductors 3—04, specifically the one associated
with the armature 2 of relay 3LG0. This completes the
energizing circuit for the line hold magnet (not shown)
associated with the second line in the line group and
this magnet operates.

Operation of the hold magnet results in the connec-
tion of the second line in the group to the test centrol
circuit in the same manner as the first line, since the
select magnet 21.S1 has remained operated and the con-
nection through the line link no-test vertical and no-test
connector is still closed. The relay 24SL operates as
before and initiates the testing sequence previously de-
scribed. If the line passes the test the tube 32V7 will
again be cut off, releasing the relay 26HD to again
cause the operation of relays 24ADV and 24ADVI.
These relays control the disconnection of the line just
tested and the connection of the next line to be tested
in the manner previously described and this process
continues until the last line in the group has been tested.

Advance after end of group

When the last line in the group has been tested and if
it is found to be without defect, the relays 24ADV
and 24ADV1 operate and complete a circuit for relay
19EG traced from battery through the winding of that
relay, conductor 19—26, front contact and armature 7
of relay 17VF4, chain circuit through back contacts and
armatures 7 of relays 17VF3, 17VF2, 17VF1 and 17VF9,
conductor 18—28, front contact and armature 3 of re-
lay 18LGS, conductor 18—-27, and in a branching path
from conductor 18—28 through the armature ¢ and
front contact of relay 17VF4, conducter 17—12 which
joins with conducter 18—27, and the path continues
over conductor 18—29, back contact and armature 2
of relay 18DCK, conductor 24—39, front contact and
armature 6 of relay 24ADYV, front contact and arma-
ture 1 of relay 24ADV1 and conductor 18—63 to con-
ductor 18—01 which has a ground applied at the front
contact and armature 3 of relay 16ST. Relay 19EG
operates over this circuit and locks in a path traced
through its armature 6 and front contact and conductor
19—27 to a branching point from which one path con-
tinues over conductor 19—28 back contact and arma-
ture 2 of relay 25UK, conductors 25—11 and 19—038
to conductor 18—01 which is grounded as just stated.
Another path is traced from the above-mentioned junc-
tion point over conductor 19—25, back contact and
armature of relay 19VFK and conductors 19—29,
19—31, 19—32 and 19—07 to conductor 19—08. A
third path is traced from conductor 19—25 over con-
ductor 19—33, armature 2 and back contact of relay
28LLK and conductors 28—41, 28—27, 28—28, 28—29,
2402 and 18—03 to 18—02, which is grounded as
previously stated. It follows from this that the relay
19EG will remain locked until such time as the relays
17VFK, 25UK and 28LLK are concurrently operated.
At its armature 5 and front contact relay 19EG com-
pletes the circuit of relay 19EG1 which operates. The
relays 19EG and 19EG1 initiate the release of the line
link frame and no-test connector and advance the cir-
cuit for seizing the next line link frame.

Relay 19EG releases relay 29LLCY which releasss
the select magnets on the line link frame and also re-
leases the relay 29LLC. The relay 29LLC removes
battery from conductors extending to the line link
frame to release the preference relay 4MP, the hori-
zontal group relay 3HG? and vertical group relay 3VGBO
on the line link frame and the multicontact connector
relays 4dMCA2, SMCA1 and SMCB1 of the line link
frame connector. The horizontal group check relay
23HGK releases and the vertical group check relay
28VGK also releases. With relay 29LLC released the
relay 29CH1, which was operated, releases and this
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dauses the relay 28HMT to reoperate to its right-hand
contact and the condenser 28-=34 is discharged. In
addition, the relay 29LLC disconnects ground from the
cireuit of hold magnet 20H0 in the ho-teést connector
circuit and ‘this magnet releases, in tufn releasing the
hold ‘magnet 2NT in the line link frame. Removal of
this ground connection also opens the operatinig path
for the relay 19NTA, but this relay remains operated
on its holding circuit which includes the lower winding
of the relay. With relay 19EG operated and relay
29LLC released, the operated telay 30FTAQ réleases.
Relay 19EG extends the ground conféction on con-
ductor 19--07 through its front contact and armatire

1, coiiductor 1936 and the winding of rélay 19RF to

battery and this relay operates, locking to a ground con-
fiéction supplied through its armature 3 and front con-
tact, front contact and armature 2 of relay 19NTA and
conductors 19--31, 19--32 and 1907 to giound and
also locking in a path traced through conductor 19—37,
armature 1 and back coitact of relay 28LLK ahd con-
ductors 28-—41, 28--27, 28--28, 2829 24-02,
18--03 and 1802 to ground. It follows from this
that felay 19RF will remain locked until such time as
relay 19NTA is released and relay 28LLK is operated.
Relay 19RF interrupts at its armature 2 and back con-
tict the energizing circuit for the no-test connector
pieference relay 14--03 which Tteleases and disconnects
ground from conductor 19-—02 thereby releasing relay
19SPC. This relay interrupts at its armature 1 the
locking ¢ircuit for relay 19NTA, which réleaseés. ‘Relay
19EG disconnectes ground at its armatuié 3 and back
contact from conductor 12—11 which is included in the
energizing circnit of any of the relays 17V0 to 17V4
that may have been operated for skipping a particular
vértical because of the class of séivicé to6 which that
vertical is assigned. ,

Relay 19EGI releases relay 18LGS and opens one
of the locking paths for relay 180ST. Relay 18L.GS
opens the second locking circuit for télay 180ST but
that relay is still locked under theé codtiol of relay
I18DCK1:. Relay 18LGS also opéns the operating paths
of the relays 19LHT and 18DCK1 which rélease. The
latter relay opens the 'opérating path for relay 180ST
which releases. The rélay 18LGS also operis locking
paths for the relays 17LB0 to 17LB4 and if ‘cotrespond-
ing ones of the relays 17V0 to 17V4, 17SKBO to
17SKB4 and 17LBTO to 17LBT4 aré released, the re-
lays 17LBO to 17LB4 reléase. Relay 19EG1 coripletes
a circuit for operating circuit 18AVK traced from bat-
tety through the winding of that relay, conductor 18-—10,
conductor 18—31, armafure 12 and front contact of
relay 19EG1; ¢onductor 19—38, -chain -circhit through
the back contacts and armatures 3 of relays 17VFO,
17VF1, 17VF2 and 17VF3, front contact and arma-
ture 2 of relay 17VF4, conductor 17-:13, and over
a phth previously traced in the séction desciibing ad-
vancément to succeeding lifies in the line group. Re-
lay 19EGI1 opens a locking circuit for relay 17VF4 but
that relay rémains operated in a locking circuit includ-
ing- ifs- afmature 4 and front contaét, a chain circuit
through the armature 5 and back contacts of the re:
1895 17VF0 to 17VE3, conductor 2444 and front con-
tact ‘and armatiire 2 of relay 24ADVI1, to grounded
conductor 18-—02 through conductor 18-=03.

With relay 24HMK released and relay 18AVK opér-
ated, the felays 24ADV and 24ADV1 release. The lat-
ter Telay interrupts the locking circuit for relay 17VF4
which réléases, in turn opening the enérgizing &ircuit
for relay 1BAVK which releases. To check that the
relay 17vF4 and relays 18DCK1, JA9LHT, 17LVO to
I7LV4 and 180ST release, the relay 24ADV conhects
ground to a path including back contacts of all of those
relays to operate relay 19VFK ds follows: Battery, wind-
ing of relay 19VFK, front contact and armature 9 of
relay 19EG1; conductor 1939, armature 1 and back
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confact of relay 180ST, conductor 1832, chain ‘circuit
through the back contacts and inner leff-hand armatures
of relays 17LB0 to 17LB4, conductor 17-—16, armature
6 and back contact of relay 19LHT, conductor 19--41,
armature I and back contact of relay 18DCK1, con-
ductor 18-<33, thain circuit through the back cortacts
and armaturés 1 of the relays 17VF0 to 17VF4, conduc-
tor 17-=08, conductor 23—06 and armature 5 and back
contact of relay 24ADV to ground.

With relay SMCAL released the ground connection pre-
viously traced over the armature 5 ard front contdct of
that relay and conductor 11—05 to the winding of télay
28HGK is interrupted and that relay releases, confiéct-
idg ground through its back contact and armature 1 t6
the upper winding of relay 28CHT thereby driving the
armature away from the fight-hand contact of that rélay
and discharging condenser 28=-21, Relay 28CHT in=
terfupts the energizing circuit of relay 28CHT1 which
releases: With relay SMCAL1 released ground at the
armature 2 is disconnected from conductor 5—02 and
thus from a path which includes conductor 11--03 and
terminate$ at the winding of relay 28LF and this relay
réléases, thereby connecting a shunt across condenser
28--07 to discharge it and recycle the line frame timifig
circuit including tube 28—06 and line frame timing relay
28LFT and operating relay 28FD to establish a charging
circuit for condenser 28-<03 to initiate frame delay tifn-
ing.

With relay 28CHT1 released and relay 28HMT having
its -armature ehgaging the right-hand contact an energiz-
ing circuit is established for relay 28LLK traced from
battery through the winding of that relay, condiictor
28—46, front contact and armature 2 of relay 160N,
conductor 16—=31, back contact and armature 3 of relay
28]B, back conmtact and afmature 2 of relay 28CHTI,
conductor 28--47, back contact and armatire 11 of relay
29LLC; conduttor 29--26, right-hand contact and arma-
ture of relay 28HMT to ground over a path previously
traced including conductor 24-=902 and conductor 18-—02.
Operation of relay 28LLK indicates that the c¢hanfel
test selection relays are released. .

With relay 28FTAQ released, as previously 'déscribed,
an energizing circuit for relay 25FU1 is established, thé
circuit being traced from battety through the winding of
that relay, front contact afd armature 4 of relday 25FU0,
conductor 25—12, back contact and armatute 1 of Telay
30FE, chain circuit through uppér armatures and Back
contacts of relays 30FTAO, 30FTA1 and intermediate
relay (not shown), relay 30FTA3, conductor 3011 aiid
front contact and armature 9 of relay 19EG to conductor
16—24 which is grounded at the arinature 3 and frowt
contact of relay 160N. Relay 25FU0 remaitls operatéd,
to establish an energizing circuit for relay 25FU1, by
virtue of a locking cir¢uit traced through the front con-
tact and armature 3 of relay 25FU0, armature 1 and back
contact of relay 25TK, conductor 25-—13 and front con-
tact and armature 8 of relay 19EG to ground. Relay
25FU1 locks in a circuit traced from its winding through
its front contact and armature 5, chain circuit through
armatures 5 and back contacts of relays intérfiediaté
relay 25FUT and relay 25FU9, armature 5 and back cop-
tact 'of the latter relay, conductor 25--14, and conductor
16—21 to ground. With rélays 25U0 ‘and 25U1 oper-
ated, an energizing circuit for units check relay 25UK
is established, traced froin battery through the winding
of that relay, armature 3 and front ¢omtact of relay
25FU1, front contact and armature 2 of relay 25FU0,
conductor 25—06, chain circuit through back cofitacts
and armatures 5 of relays 25FT3 and 25FT1, and an
intermediate relay (not shown), front contact and arma-
ture -3 of relay 25FT0, conductor 25--07, ¢hain éircuit
through armatures and back contacts of relays 30vGi11
and 30VG2, and intermediate relays, back contact and
armature -5 of relay 30VG1, front contact and armatire
‘4 of relay 30VGO, conductor 30—=—03, chain cifcuit
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through back contacts and armatures 5 of relays 30HG9
and 30HG1, and intermediate relays, front contact and
armature 4 of relay 30HGO and conductor 16—21 which
is grounded as previously stated, and relay 25UK oper-
ates. Relay 25UK interrupts one of the previously traced
locking circuits for relay 19EG and with relays 19VFK
and 28LLK also operated, the relay 19EG releases and in
turn releases relay 19EGI1. The latter relay releases
relay 19VFK and also releases relay 19RF which rees-
tablishes a battery connection through to relay 14—03
to put in a bid for preference for the no-test connector
circuit,

Relay 19EG, upon releasing, interrupts at its armature
8 and front contact the previously traced locking circuit
for relay 25FU0 which releases, leaving only relay 25FU1
of that series operated. Relay 25FU9, upon releasing, in-
terrupts the energizing circuit for relay 25UK which re-
leases and partially closes the operating circuit for relay
29LLC1 as an indication that the frame and line group

selection relays are ready for seizure of the next frame. @

When the relays 29LLC and 30FTAOQ are reoperated, in
the manner previously described, a connection from bat-
tery is extended to the start lead for the next line link
frame. This battery connection would be traced from
battery through resistance lamp 16—18, armature 5 and
back contact of relay 16TA, conductor 16—22, front con-
tact and armature 3 of relay 29LLC, conductor 29—03,
front contact and armature 1 of relay 25FU1, conductor
25—16, which is broken off in Fig. 30, but if completed
would extend the battery connection through an armature
and front contact of relay 30FTACQ to a conductor cor-
responding to conductor 30—04.

On the next operation of relay 19EG, after the group
of five lines selected by relay 25FU1 has been tested,
the ground connection applied to conductor 25—13 will
lock relay 25FU1 through the armature 3 and back con-
tact of relay 25FU0 and when relay 30FTAQ releases
the ground connection extended over conductors 30—11
and 2512 will be applied through the armature 4 and
back contact of relay 25FU0 and armature 5 and front
contact of relay 25FU1 and will operate the next relay
in the sequence which would be the first of two relays
intermediate relay 25FU1 and relay 25FU4. Disregard-
ing the dotted portion of the path between the front con-
tact associated with armature 5 of relay 25FU4 and the
winding of that relay, and assuming that relay 25FU4
operates, it would lock in a path traced through its front
contact and armature 5. It would complete at its arma-
ture 3 and front contact the circuit of relay 25UK, that
circuit being extended through the front contact and
armature 2 of relay 25FU1, again disregarding the dotted
section of the path indicating intermediate relays, and
conductor 25—06. As before, the operation of relay
25UK indicates that two of the relays designating frame
units, such as the relays 25FU0 and 25FU1, or 25FU1
and 25FU2 (not shown) or 25FU8 and 25FU9 are op-
erated. The subsequent release of relay 19EG results in
the interruption of the locking circuit of relay 25FU1
which releases. This sequence continues, the lines being
tested group by group, each group comprising five lines,
until relay 25FU9 has been operated and locked through
its front contact and armature 5 and the group of lines
which it selects has been tested.

Frame tens advance

- When relay 19EG operates with relay 25FU9 operated,
the latter relay is locked through its front contact and
armature 4 and back contacts and armatures of all re-
lays preceding it, in the manner previously described.
In addition, the frame tens relay 25FT0 locks in a cir-
cuit traced through its front contact and armature 1,
conductor 25—17, armature 3 and back contact of relay
30VK, conductor 30—12 and front contact and armature
10 of relay 19EG. When relay 30FTAO releases, the
ground connection applied to conductor 30—11 is, ex-
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tended through the back contacts and armatures 1 of
relays 30FTA3, 30FTA1 and 30FTAO, armature 1 and
back contact of relay 39FE, conductor 25—12, armature
4 and back contact of relay 25FU0, armature 6 and back
contact of relay 25FU1, and of each of the other relays in
that series except relay 25FU9, and through the armature
6 and front contact of the latter relay, armature 2 and
front contact of relay 25FT0 and winding of relay 25FT1
to battery and that relay operates. This relay locks in
the same circuit as that over which relay 25FT0 was
previously locked, including the armature 3 of relay
25FT1, now engaging its front contact. With relays
25FT9 and 25FT1 operated, a circuit for energizing tens
check relay 25TK is completed, traced from battery,
through the winding of that relay, front contact and arma-
ture 5 of relay 25FT1, front contact and armature 3 of
relay 25FT8 and from that point over the same path to
ground previously traced for the energization of relay
23UK. The operation of relay 25TK serves as an indi-
cation that two of the frame tens relays, in this instance
relays 25FT0 and 25FT1, are operated. Relay 25TK
interrupts both locking circuits for relay 25FU9 which
releases. With none of the relays 25FU0 to 25FU9 op-
erated, an energizing circuit for relay 25UK is traced from
battery through the winding of that relay, front contact
and armature 1 from relay 25TK now operated, a chain
circuit through armature 3 and back contact of relay
25FU0, and armature 4 and back contacts of all other
relays in that series to conductor 25—14 which receives
ground from conductor 16—21. When relay 19EG re-
leases it releases the relay 25FT0 which in turn releases
relay 25TK. The latter relay in turn releases relay 25UK
and also extends a ground connection from conductor
16—21 through its back contact and armature 2 through
a chain circuit comprising the armatures 5 and back con-
tacts of relays 25FU9, 25FU4, 25FU1 and zall interme-
diate relays in that series, to the winding of relay 25FU0
which again operates. This relay being operated and
relay 25UK released, and the operating path for relay
29LLC1 is prepared as before. Thereupon the relays
25FU1 and others of the series up to and including relay
25FUS9 are operated in succession to select groups of lines
designated by the frame tens relay 25FT1. With relay
25FT1 operated, it is the frame tens auxiliary relay
30FTAT1 instead of 30FTAO0 that is operated during the
testing of each group of lines and is released as part of
the procedure of advancing from one to another of the
frame units relays 25FU1, 25FU4, etc., to seize successive
groups of lines.

It will be observed that relay 25UK operates to check
that there are two successive ones of the relays in the
series 25FU0 to 25FU9 operated, or alternatively, that
none of these relays is operated if the relay 25TK is op-
erated. In either case the relay 25UX causes the re-
lease of relay 19EG. In the first case, the relay 19EG
releases the lower numbered one of the relays 25FU0 to
25FU9 and the higher numbered one of those relays re-
mains locked while in the second case the relay 25FU0
is reoperated to recycle the frame units count.

Each time the relay 19EG operates with relay 25FU9
operated, ground is extended to lock the lower numbered
one of the relays 25FT0, 25FT1, etc., and the next higher
numbered one of those relays is operated and locked.
With two of them operated, the relay 25TK operates re-
leasing the relay 25FU9. This causes the relay 25UK
to operate and when the relay 19EG releases, the lower
numbered one of the relays 25FT0, 25FT1, etc., releases,
in turn releasing relay 25TK which releases relay 25UK
and reoperates relay 25FU0. This process continues un-
til the last of the frame tens relays operates, in this case
the relay 25FT3, representing, with the other relays of
the series, an office having 40 line link frames, each of the
relays being associated with ten such frames.

Vertical group advance
With relay 25FU9 and relay FT3 operated and the last
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group of lines, as selected by relay 25FU9,. tested, the
operation of relay 19EG- for -advancing to the mext line
group causes the completion-of a-locking circuit for relay
30VGO traced from battery,. through- the winding of that
relay, its front contact and armature 2, back contact and
atmature 1 of relay 30HK, conductor 30—13 and front
contact and armature 11 of relay 19EG to grounded: con-
ductor 16—21. Release of the relay 30FTA3 results in

the operation of relay 30VG1 in a circuit traced from-

battery through the winding of that relay, front contact
and armature 3 of relay 30VGO, conductor 30-14; con-
ductor 30-—16, front contact and armature 4 of relay
25FT3, chain circuit through back contacts and armatures
4 of an intermediate relay (not shown), and relay 25FT1,
back contact and armature 2 of relay 25FT0, armature
6 and front contact of relay 25FU9, chain circuit through
back: contacts and -armature 6 of all relays in the series to
relay 25FU1, back contact and armature 4 of relay 25FU0,
conductor 2512, back contact and armature 1 of relay
30FE, chain circuit through armatures 1 and back con-
tacts of relays 30FTAQ, 30FTA1, intermediate relay (not
shown), relay 30FTA3, conductor 30—11 and front con-
tact and armature 9 of relay 19EG to grounded conduc-
tor 16—21 and relay 30VG1 operates. It locks in a cir-
cuit through its front contact and armature 3, back con:
tact-and armature 4 of relay 30VG2, chain circuit through
the back contacts and armatures 3 of other relays in the
sefies up to and including relay 30VGli, conductor 30-—
02; and armature 2 and back contact of relay 30HK to
grounded -conductor 16—21.. With relays 30VGO- and
30VGI operated, an energizing circuit for vertical check
relay 30VK is traced from battery through' its winding,
conductor 30—17, frent contact and armature 5 of relay
30VG1, front contact and armature 4 of relay 30VGo,
conductor 30—03, back contact and armature 5 of relay
30HGY, chain circuit through back contacts and armatures
§ of relays in the same series to and including relay
30HG1, front contact and armature 4 of relay 30HGO
to grounded conductor 16—21 and rélay 30VK operates.
The latter relay interrupts the circuit of relay 25FT3,
and an energizing circuit for relay 25TK is established
through conductor 25--18, front contact and armahire 2
of relay 30VK, conductor 25—+-17, chain circuit through
back contacts and armatures of the frame tens relays
25FT0, 25FT1, etc.; to grounded conductor 16—21 and
relay 25TK operates. Relay 25TK releases relay 25F(J9
and relay 25UK operates as before through make con-
tacts of relay 25TK and break contacts of all of the frame
umnits relays 25FU0 to 25FU9,

Relay 25UK releases relay 19EG which in turn re-
leases relay 30VGO. This causes relays 30VK, 25TK
and 25UK to release in turn. When relay 30VK releases,
relay 25FT0 reoperates in a circuit traced from battery,.
through its winding, break contacts of the other relays
in the series, conductor 30—01, armature 1 and back
contact of relay 30VK to grounded conductor 16—21
and when relay 25TK releases, relay 25FUQ reoperates’
through break contacts of the other relays in the seties
and break contacts of relay 25TK. The operating. path:
for relay 29LLC1 is prepared as before to indicate that
the circuit is ready to seize the next frame. These opera-
tions are repeated as the relays 30VG2 and others. in the
series are operated successively until relay 30VG11 has
been operated. It should be noted that when relay
30VG2 operates a previously traced circuit for relay
17LBO is completed, this circuit including the front con=
tact- and armature 1 of relay 29LLC and arimature 1
and front contact of relay 30VG2 at which point ¢on~
ductors 29—25 and 30—08 are interconnected. The
purpose in operating relay 17LB0 under the control of
relay 30VG2 is, as previously stated, to make the no-test
vertical in each horizontal group (vertical zero in vertical
group 2) appear busy so that it will not be connected
for test. The relay 25TK ‘is used for frame tens advaiice

to ¢heck. that two relays-of the $eries 25FT0 and 25FT1.
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are ‘operated “and Tor wvertical group (and horizontal
group) -advance to check ‘that all of those relays are
Feleased.

It may happen that in certain offices there may beé
more than teén line link frames but not a multiple of ten.
In these offices it is necessary to count through ore: ‘6f
more full cycles of relays 25FU0 to 25FU9 and thei
through ‘a partial cycle Whereupon the advance path ‘miust
be 'extended ‘to the vertical .group relays 30VGO o
30VGI11. At this point the frame units and frame tens
relays corresponding to the units and tens - digits Te-
sbectively of the last frame number are operated.

Relay 30FE is provided for ‘this purpose. Tt operatéss
after the last line link frafme has been selected for telst
when relay 19EG releases or when relay 25FU0 operites,
The -operating path for relay 30FE is traced from bat-
tety through the winding of that relay and conductor
39—37 to the front contacts associated with the arfha-
ures 1 of eath of the relays 25FTT to 25FT3. It has
been assumed for the purpose of explaining the opera-
tion ‘of the system as modified by relay 30FE that the
office contains thirty-five frames. A ‘Cross ‘connection
would be ‘made as indicated by the dotted conductor
25—32 from the front contact associated with armature

: 8-of relay 25FT4 to the armature 1 of relay 25FT3. It

will further be assumed that relays 25FT3 and 25_th3
(the latter ‘not shown) -are ‘operated, that relay 17VF4
operates to connect the last line in the group seized
under the control of relay 25FU3 and that the testing ‘of
that line is completed. Reldys 24ADV and 24ADVI.
operate and complete the: circit of relay 19EG which
operates as previously -desétibed. Relay 19EG conneéts-
ground over {ts-armature 9 and. frort contact, -conducto®
30-—11, chain circuit through the back contacts ‘and
armatures 1 of relays 30FTA3 to 30FTAQ, armature 1
and back contact of relay 30FE, cohductor 25-=.12, arma-
fure 4 and back contact of relay 25FU0, chain circuit
through the armatures 6 and back contacts of telays
25FU1 and 25FU2 (the latter not showin), aimature 6
and front contact of relay 25FU3 (also niot shown) and
winding. of relay 25FU4 to battery -and 'thdt relay ‘op-
erates. At its armature 7 relay 19EG disconnects ground:
from conductor 19—44 to which the front ‘confact asso=
ciated with armature 8 of relay 25FU4 and front ‘con:

. tacts associated with corresponding armatures ‘of ‘others:

of relays 25FU0 to 25FU8 are connected. This preveiits
the extension of a ground connection through the frofit,
contact and armature 8 of relay 25FU4 and through the

armature 1 and front contact of relay 25FT3 immediately
upon the operation of relay 25FU4. With relay 25FU4
and the one preceding it in the chain operated, the
circuit of relay 25UK is completed in the manner pre=
viously described, relay 19EG releases and the testing
of the group of lines seized under the control of relay
25FU4 begins. ) L :
Upon the release of relay 19EG a circuit is completed
from ground through its armature 7 and back contact;
conductor 19—44, front contact and armature § of relay
25FU4, cross-connection conductor 2532, armature 1
and ~fr__on§ contact of Telay 25FT3, conductor -30—37
and winding of relay 30FE to battery and that Telay
operates. It locks in a circuit traced through its front
contact and armature 2, conductor 30—38, back contact
and armatire 4 of relay 25UK and grounded conductor
16—21. At its armature 3 and front contact thé relay
30FE prepares a locking circuit for relay 30VK. At ity
armature 1 it transfers the cifcuit path of ‘¢onductor
30-==11 from its back contact to its front contact.
After the last line ity the -group seized under control
of relay 25FU4 has been tested, relays 24ADV, 24ADVI
and 19EG again opetate; but this tithe the ground coi
nection supplied through armature 9 and fromnt ‘contact
of relay 19EG, conductor 39--11; chain circuit through
the back contacts and armatures 1 of relays 30FTA3 1o
30FTAD and to the armatire 1 of Telay 30FE, ingtesd”
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of being extended over conductor 25—12, armature 4
and back contact of relay 25FU0, armatures 6 and back
contacts of relays intermediate the relays 25FU0 and
25FU4, and armature 6 and front contact of relay
25FU4 to the winding of relay 25FUS (not shown), is
extended through the front contact associated with arma-
ture 1 of relay 30FE, conductor 30—14, armature 3
and front contact of relay 30VGO, assuming that that
relay is operated, and winding of relay 30VG1 to battery
to cause the operation of the latter relay. If the relay
30VG1 should be operated at this time, instead of relay
30VGO, the path would be extended through the back
contact and armature 3 of relay 30VGO and armature 4
and front contact of relay 30VG1 to the winding of
relay 30VG2. The two operated relays, such as the
relays 30VGO and 30VG1, complete the circuit of relay
30VK: which operates in the manner hereinbefore de-
scribed and locks through armature 3 and front contact
of relay 30FE. Relay 30VK interrupts the circuit of
relay 25FT3 and an energizing circuit for relay 25TK
is completed as a result of the release of relay 25FT3.
Relay 25TK releases relay 25FU4, leaving none of the
relays in the series 25FU0 to 25FU9 operated and relay
25UK operates in a circuit through make contacts of
relay 25TK and break contacts of relays 25FU0 to
25FU9.

Relay 25UK releases relay 19EG which in turn re-
leases relay 30VGO. Relay 25UK also interrupts the
lIocking circuit for relay 30FE which releases. This leaves
relay 30VK, only under the control of the relay chain
30VGO to 30VG11 and with relay 30VGO released, relay
30VK releases, the relays 25TK and 25UK releasing in
turn. The release of relay 30VK serves as a check upon
the release of relay 30FE because if the latter relay failed
to release the relay 30VK would remain operated after the
release of relay 30VGO. When relay 30VK releases, re-
lay 25FT0 reoperates and when relay 25TK releases, re-
lay 25FU0 reoperates in the manner hereinbefore de-
scribed. In this way the advancement of the vertical
group relay chain comprising relays 30VGO to 30VGI11 is
effected each time the testing of lines seized under the
control of relays 25FU4 and 25FT3 is completed, and the
relay chain 25FU0 to 25FU9 is returned to the beginning
of a new cycle without the operation of relays in that series
beyond relay 25FU4.

In the preceding description it was stated that relay
30FE operates upon the release of 19EG. A different
operating sequence prevails when the number of line link
frames is one more than a multiple of ten. In that case
the cross connection corresponding to conductor 25—32
is made to armature 6 of relay 25FU0. As previously
set forth, when advancement from one to another of the
frame tens relays occurs, such as to relay 25FT3 from
the one preceding it, relay 25TK operates and releases
relay 25FU9. With none of the relays 25FU0 to 25FU9
operated the relay 25UK operates. Thereafter the relay
19EG operates, releasing relays 25TK and 25UK in turn.
Relay 25TK, upon its release completes the operating cir-
cuit for relay 25FU0, and the latter relay, under the
special condition noted above, completes the circuit of
relay 30FE.

Horizontal group advance

When relay 25FU9 has been operated with relays 25FT3
and 30VG11 operated and the group of lines selected by
relay 25FU9 has been tested, relay 19EG operates and
causes relay 30HG9O to lock in a circuit traced from bat-
tery through its winding, front contact and armature 2
and conductor 30—18, front contact and armature 12 of
relay 19EG to grounded conductor 16—21. Release of
relay 30FTA3 results in the completion of the energizing
circuit for relay 30HGI, the circuit being traced from
battery, through the winding of that relay, front contact
and armature 3 of relay 30HGO, front contact and arma-
ture 4 of relay 30VG11, chain circuit through break con-
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tacts of all others of the relays in that series including re-
lay 30VGO, conductors 30—14, 30—16, front contact
and armature 4 of relay 25FT3, chain circuit through
break contacts of other relays in the same series including
relay 25FT0, front contact and armature 6 of relay
25FU9, break contacts of other relays in the same series
including relay 25FUO0, conductor 25—12, back contact
and armature 1 of relay 30FE, chain circuit through arma-
ture 1 and back contacts of relays 30FTA0, 30FTA1 and
39FTA3, conductor 30—11, and front contact and arma-
tare 9 of relay 19EG to grounded conductor 16—21
and relay 30HG1 operates. With the relays 30HGO and
30HG1 operated, a circuit for the operation of relay 30HK
is completed, the circuit being traced from battery through
the winding of the relay, front contact and armature 5 of
relay 30HGI1, front contact and armature 4 of relay
30HGO to grounded conductor 16—21. Relay 30HK
interrupts the energizing circuit for relay 30VG11 which
completes the energizing circuit for relay 30VK through
the armature 1 and front contact of relay 30HK, and
break contacts of all of the relays 30VG0O to 30VG1l.
Relay 30VK interrupts the circuit of relay 25FT3 which
causes relay 25TK to operate, this relay releasing the
relay 25FU9 which causes relay 25UK to operate as be-
fore. Relay 25UK releases relay 19EG which in turn un-
locks relay 30HGO which releases. This causes the relays
30HK, 30VK, 25TK and 25UK to release in turn. When
relay 30HK releases, relay 30VGO reoperates through
break contacts of all others of the relays in that series
and break contacts of relay 30HK. When relay 30VK
releases, relay 25FT0 reoperates and when relay 25TK
releases, relay 25FU0 reoperates over paths as previously
described. This again prepares the circuit for relay
29LLC1. The testing of lines continues until relay 30HGY
has operated. The relay 30VK is used for vertical group
advance to check that two of the relays 30VGO to 30VG11
are operated and for horizontal group advance to check
that all of those relays are released.

End of testing cycle

With relays 25FU9, 25FT3, 30VGI11 and 30HG9 op-
erated, the operation of relay 19EG and release of relay
30FTA3 result in the completion of a circuit for relay
30EC1 from battery through the winding of that relay,
break contacts controlled by the upper armature of relay
30EC, front contact and armature 4 of relay 30HGY,
chain circuit through break comtacts of all other relays
in that series including the break contact and armature
3 of relay 30HGO, front contact and armature 4 of relay
30VG11, chain circuit through break contacts of all other
relays in that series including the back contact and arma-
ture 3 of relay 30VGO, conductor 30—14, conductor
30—16, front contact and armature 4 of relay 25FT3,
chain circuit through break contacts of other relays in that
series including the back contact and armature 2 of relay
25FT0, front contact and armature 6.of relay 25FUO,
chain circuit through break contacts and all other relays
in that series including the back contact and armature 4
of relay 35FU®, conductor 25—12, back contact and
armature of relay 30FE, chain circuit through break con-
tacts of relay 36FTAQ, intermediate relays in that series
and relay 30FTA3, conductor 30—11, front contact and
armature 9 of relay 19EG to ground and the relay 30ECI
operates and connects ground through its armature 3 and
front contact, conductor 39—19, armature 4 and front
contact of relay 27SRG1, conductor 27—23, armature 1
and back contact of relay 23CR and conductor 23—70toa
register circuit 24—48 to operate one of four registers (not
individually shown) used to count the number of test
cycles of each class. On short and ring ground tests the
path is as traced through make contacts of relay 27SRG1
and through the back or front contact associated with
armature 1 of relay 23CR to either of two paths to register
circuit 24—48. Relay 23CR is released when the test has
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been initiated by operation of either of relays 1581 and
1582 for two of the testing ranges but is operated when
the test is initiated by opération of relay 1583 for the third
range. Relay 30ECI also completes the energizing cir-
cuit for slow operating relay 30EC in a path traced from
battery through the winding of that relay, armature 1
and front contact of relay 30ECI and the same path to
gréund over which relay 30EC1 was operated. Relay
30EC operates and locks to the same path to ground
through its upper armature, at the same time interrupting
the circuit of relay 30EC1 which releases. Relay 30EC1
releases the register which it had operated and the slow
operating interval of relay 30EC provides sufficient time
for operation of the register. With relay 30EC1 re-
leased and relay 30EC operated, a circuit is completed
from' ground through the back contact and armature 2
of relay 30ECI1, lower armature and front contact of relay
30EC, conductor 30—21 and winding of relay 15RN to
battery and that relay operates to initiate the release of the
control circuit and associated circuits. . At this time, the
relays 19EG1 and 19RF are operated to prevent another
seizure of the no-test connector and line link frame, with
relay 19RF operating each time relay 19EG operates.

Reéstoration to normal

Relay 15RN interrupts the locking circuit for relay
1581. This relay extinguishes lamp 15L1 and releases
relay 27SRG which in turn reléases relay 27SRG1. Relay
27SRG1 releases relay 160N. This relay releases relay
160N1 which in turn releases relay 160N2 which in turn
releases relay 160N3. Relay 160N3 releases relay 165K
which in turn releases relay 16SKT. Relay 160N aiso
releases relays 28LLK, 25FU9, 25FT3, 30VG1l and
30HGY. Relay 160N also releases relay 30EC which re-
leases rélay 15RN. Relay 160N also releases relay 10MC
which in turn releases relay 13CI1 which releases relays
11CI2 to 11CI5 and 12CA6 to 12CA9. These relays
release the relay 13CO1 which in tarn releases relays
11CO2 to 11CO35, 12C06 to 12C09, 13CO10 to 13CO13.
With- the relays released, relay 28MCK ieleases. Relay
160N also releases relay 10MS and with this relay and
the relay 28MCK released, ground: is disconnected fioin
conductor 10—10 which removes the busy indication froii
the marker circuit. Relay 160N also releases relay 16ST
which in turn releases relays 19RF and 19EG. Relay
19EG releases relay 19EG1 which in turn feléases relay
I19VFK. Relay 160N also releases relay 31--01 which
disconnects altéernating current from relay 26INT there-
by stopping the pulsing of that relay and alse disconnécts
alternating current from transformer 31—02 thereby re-
moving power from the test circuit thergby deactivating
the 1000-cycle oscillator, the amplifier tubes in Fig. 32,
and quenching tube 32V7 thereby releasing felay 26HD.
In this way the insulation testing circuit and its control
circuit are restored to the initial condition.

Testing of subscriber line reveals a fault

The foregoing description of advancement from line
to line, from group to group and from frame to frame
and finally the restoration of the apparatus t6 noimal
was predicated upon the assumption that none of the lifiés
exhibited a fault upon being tested. It will fiow be as-
sumed that the first subscriber line seized and tested had
a sufficient leakage to prevent the quenching of tube 32V7
during the interval of 600 to 650 milliseconds required for
the timing circuit comprising condenser 26—13, and gas-
filled tube 26—16 to time out and operate relay 26TT.
Accordingly, relay 26TT operates and locks in a circuit
traced from battery through its front contact and lower
armature and in locking it shunts tube 26—16 and
quenches that tube.

Relay 26TT at its front contact and upper armature
completes the circuit of relay 26TT1 which operates.
With relay 26TT1 opérated, a cifcuit is traced from power
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supply conductor 31—13-over conductor- 31-—16; conducs
tors 26—07 and 26---31; front contact and armature 4
of relay 26TT1; armature and one of the front: contacts
of relay 26HD, conducter 26-—24; lower winding of relay
26LK2, back contact and armature 4 of relay 26TT2,
front contact and armature 7 of relay 26TTL, conduc:
tor 26—26, and back contact and armature 4 of relay
27TBL2 to ground and the relay 26LK2 operates and
locks through its upper winding; front contact and arma-
ture 3, conductor 26-—27, and front contact and arma-
ture 2 of relay 26171 to ground. .

Relay 26TT1 also extends a path from positive power
supply conductor 31--13, over conductors 31—16,
26—07, 27—06, resistor 27—17, armature 8 and back
contact of relay 27TBL2, conductor 26—12, armature 6
and front contact of relay 26TT1, armature 3 and back.
contact of relay 26TT2; parallel paths through the lower
winding of relay 26LK1 and through resistor 26-—29, con-
ductor 32—07 to the anode of gas-filled detecting tube’
32Ve6, thereby completing the external circuit of this tube,
including the lower winding of relay 26L.K1 to the posi-
tive side of the power supply. Tube 32V6 is so biaséd
that it conducts on twice as much controlling current in
the magnetic modulator as that required to render tube
32V7 conducting. Thus, if the insulation: resistance of
the subscriber line is between one-half and one-quarter
of the value of the maximum resistance for the test, tube
32V6 will conduct in addition to tube 32V7 and relay
261.K1 will operate.

Relay 26TT1 also completes a path from power supply
conductor 31—09 through resistor 32—08; conductor
27—16, resistor 2724, armature 6 and back contact
of relay 27TBL2, conductor 26—11, armature 5 and
front contact of relay 26TT1, armature 2 and back con-
tact of relay 26TT2, parallel paths through the lower
winding of relay 26LK0 and resistor 26—32, conductor
32—06 to the anode of tube 32V5 which completes the
external circuit of the tube through the lower winding
of relay 261 K0 to positive potential. Tube 32V5 becomes
conductive when the controlling current in the magnetic
modulator is twice the current required to render tube
32V6 conductive. If the insulation resistance of the sub-
scriber is between one-fourth of the maximum limit and
zero resistance, tube 32V5 will conduct and operate rélay
26LK0. Condensers 26—33 and 26-—34 are connected
in parallel with the paths through the lower windings of
relays 26LK0 and 26LK1 and discharge paths through
tubes 32V5 and 32V6 respectively to ground and serve
as sources of voltage to keep the tubes conductive dur-
ing momentary interruptions of the circuits such as in-
terruptions due to chattering of the contacts of relay
26TT1.

At its armature 3 and back contact relay 26TT1 dis-
connects ground from conductor 26-—36 which is traced
to the back contact associated with the armature 4 of
relay 230H2, through the armature associated with that
relay and conductor 23—69 to a terminal common to the
upper winding of relay 24LKT and one terminal of cor-
denser 24—49. The other terminal -of the condenser is
connected through a resistor and conductor 24—51 and
armature 4 and front contact of relay 160N2 to grounid.
The other terminal of the upper winding of relay 24LKT
is ‘connected through conductor 24--52 and armature 6
and front contact of relay 160N2 to battery. Thé same
terminal of the upper winding of relay 24LKT is con-
nected through conductor 24-=53, either of two resistors
associated with contacts of armatures 7 and 8 of relay
230H1 depending upon whether that relay is operated
or released and return conductor 23-=71 to one terminal
of the lower winding of relay 24LKT, the other terminal
of which is connected through conductor 24—54 and
armature 3 and front contact of relay 160N2 to ground.
The circuit of relay 24LKT, as thus described, is similar
to the circuits of relays such as 28HMT and 28CHT in
that the removal of ground from the terminal commog:
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to the upper winding and condenser 24—49 as a result
of the operation of relay 26 TT1 causes the current through
the upper winding to decrease as condenser 24—49
charges, until the lower winding takes control after a
delay interval of 30 to 35 milliseconds and moves the
armature of the relay into engagement with its right-hand
contact,

Upon the operation of relay 24LKT a ground con-
nection, supplied from grounded conductor 18—16 over
conductor 24—04 to the-armature of relay 241.KT, is
extended through its right-hand contact, armature 8 and
back contact of relay 24ADV1, conductor 24—56, break
contacts controlled by armature 6 of relay 250H1, con-
ductor 23-—72, to winding of relay 26TT2 which oper-
ates. At its armatures 2, 3 and 4 this relay interrupis the
circuits through the lower windings of relays 26LK9,
26L.K1 and 261L.K2 to prevent excessive drain on the
power supply in the test circuit. Any of these three re-
lays that have operated will have locked through their
upper windings and the front contact and armature 2
of relay 26TT1, so that the circuits through their lower
windings need not be maintained. Relay 26TT2 also
extends ground on conductor 18—02 supplied through
conductor 18—03, armature 3 and back contact of relay
24ADV1, conductor 24—57, back contact and arma-
ture 6 of relay 26RT, armature 5 and front contact of re-
lay 26TT2, to operate one of the relays 2610, 26T1 or
26T2 corresponding to the lowest numbered one of the
relays 26LK0, 26L.K1 and 26LK2 that is operated. If
all three are operated, the path will be extended through
the armature 5 and front contact of relay 26LK0 to op-
erate relay 26T0. If only the relays 26L.K1 and 26LK2
are operated, the path will be extended through the ar-
mature 5 and back contact of relay 26L.K0, and arma-
ture 4 and front contact of relay 26LK1 to operate re-
lay 26T1. If cnly the relay 26LK2 is operated the path
will be extended through armature 5 and back contact
of relay 26LK0, armature 4 and back contact of relay
26LK1, and armature 4 and front contact of relay 26L.K2
to operate relay 26T2. Any one of the relays 26T0,
26T1 and 26T2 that is operated locks through its front
contact and armature 2 to conductor 24—57 over which
the ground connection was supplied for operating it.
At its front contact and armature 3 any one of relays
2670, 26T1 or 26T2 extends the ground connection from
conductor 24—57 to conductor 26—37 and winding of
relay 27TBL1 and that relay operates. Operation of
relay 27TBL1 indicates that the result of the first test
is registered in the control circuit.

Since the result of the first test indicates either a leak
from tip to ring or from ring to ground, a retest is made
across the tip and ring conductors to determine -which
of the two conditions exists or whether there is a pro-
portion of each. If the retest indicates an insulation de-
fect there is a leak between the tip and ring and possibly
from the ring conductor to ground also. This can be
determined by comparing the results of the two tests.
If the retest results in an indication of a trouble-free
line, the leakage is between the ring conductor and
ground. :

Before the retest is made the indicating relays and tim-
ing relays are restored to normal and checked in the
following manner. Relay 27TBL1 releases relay 23CT
which in turn releases relay 23CT1. Relay 23CT1 closes
the charging path for condenser 2331, opens the op-
erating circuit of relay 26TT which releases and recycles
the timer comprising condenser 26—13 and tube 26—16.
Relay 26TT releases the relay 26TT1 which uniocks
those of the relays 26LK0, 26LK1 and 26LK2 that are
operated. Relay 26TT1 also grounds conductor 26—36
which discharges condenser 24—49 and reestablishes a
closed path through the upper winding of relay 24LKT,
causing the armature of that relay to be disengaged from
its right-hand contact. With relay 24LKT restored to
the normal condition, relay 26TT2 is released. Relay
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26T0, 26T1 or 26T2 remains operated and holds relay
27TBL1 operated. During the process of releasing the
relays, relay 23CT1 in the released condition again es-
tablishes the paths for conditioning the test circuit- by
providing a sufficient current in the control windings
of magnetic modulator 31—05 to render tube 32V7 con-
ductive and relay 26HD is held operated in the discharge
circuit of that tube.

With relay 27TBL1 operated and the relays enumer-
ated above released, a circuit for retest relay 26RT is
completed, traced from battery through the winding of
that relay, conductor 26—38, armature 4 and back con-
tact of relay 23FP, conductor 23—73, front contact and
armature 3 of relay 27TBL1, conductor 27—21, back
contact and-armature 2 of relay 26LK2, armature 2 and
back contact of relay 26LK1, conductor 26——-22, back
contact and armature 1 of relay 27TBL2, conductor
27—22, back contact and armature 2 of relay 26LK0,"
armature 1 and back contact of relay 26TT1, armature
1 and back contact of relay 26TT2, conductor 26—23,
armature 1 and back contact of relay 23CT1, conductor
23—68, left-hand contact and armature of relay 24DLT, -
and conductor 24—64 to grounded conductor 18—16,
and relay 26RT operates. Relay 26RT locks in a path
traced from its winding through the armature 5 and
front contact, conductor 26—39 and armature 2 and
front contact of relay 27TBL1 to conductor 27—03 to
which ground is connected from conductor 27——04 as
previously stated. The operating path for relay 26RT
includes break contacts of relay 23FP to provide for
the necessary switching on foreign potential tests, in
which case a retest is not made. A previously traced
path from ground to the conductor 24—12 which is con-
nected to the tip conductor of the line under test is in-

. terrupted at the armature 9 and back contact of relay

26RT but a ground is still connected to conductor 24—12
through the back contact and armature 2 of relay
23CT1. With relay 26RT operated, an energizing cir-
cuit is established for relay 23CT traced from battery
through the winding of that relay, conductor 23-—29,
armature 7 and back contact of relay 24ADV1, front
contact and armature 3 of relay 24SL1, conductor 24186,
armature 7 and back contact of relay 27TBL2, conduc-
tor 27—26, front contact and armature 8 of relay
26RT and conductor 26—61 from which a path is ex-
tended over conductors 27—02, 27—03, 27—04, 22—01
and 16—26 to ground. Relay 23CT operates and in
turn operates relay 23CT1. It also interrupts at its ar-
mature 4 and back contact the circuit over which relay
26HD was energized but that relay remains operated
through tube 32V7. Relay 23CT1 disconnects ground
from the path to the tip conductor of the subscriber line
and opens the charging circuit for condenser 23—31.
Relay 23CT cuts through the subscriber line in the same
manner as for the first test except that ground is dis-
connected from the tip conductor due to the operation

‘of relays 26RT and 23CT1. However, the tip conduc-

tor remains connected to the ground side of condenser
2331, the path being traced from conductor 24—32,
through conductor 24—11, back contact and armature 1
of relay 24ADYV, armature I and back contact of relay
24TR, conductor 23—27, armature 4 and back contact
of relay 230H1, conductors 23—26, 23—22 and 23—19,
front contact and armature 2 of relay 27SRG1, and con-
ductor 23—34. The other side of the condenser is dis-
connected from the charging battery by the operation of
relay 23CT1, but is connected through a previously
traced path, a portion of which is paralleled by the con-
trol windings of magnetic modulator 31—95, to con-
ductor 24—08 to which the ring conductor of the sub-
scriber line is connected. With this circuit arrangement
condenser 23—31 will discharge and magnetic modu-
lator 31-—05 will receive control current only if there
is a leak between the tip and ring conductors of the
subscriber line. '
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The action of the test circuit is the same on retest as
on the original test. If the leak across the tip and ring
conductors is above the maximum limit set for the test,
relay 26HD will release and cause the operation of relay
26HD1. If the leak between the tip and ring conductors
is less than the maximum limit, the relay 26HD will re-
main operated for the interval of 600 to 650 milliseconds
during which the timing circuit comprising condenser
26—13 and tube 26-—16 is timing out. At the end of
that interval, if relay 26HD has remained operated, relay
26TT will operate in turn causing the operation of relay
26TT1, or one or more of the relays 26LK0, 261.X1,
26LK2, relay 24LKT and relay 26TT2.

If relay 26HD releases, indicating that there is no
leakage of any consequence between the tip and ring
conductors of the line, the relay 26HD1 operates, operat-
ing relay 27TBL2 in a circuit traced from battery through
the winding of that relay, conductor 27—27, front con-
tact and armature 1 of relay 26RT, conductor 23—63,
armature 4 and front contact of relay 23CT1, conductors
23—62 and 18—26, front contact and armature 4 of relay
180ST, armature 4 and front contact of relay 18DCKI,
conductors 21—02 and 26—17, front contact and arma-
ture of relay 26HDI1 to conductor 26—01 from which
a path has previously been traced to ground, and relay
27TBL2 operates.- It locks in a circuit traced through
its front contact and armature 3 and armature 2 and front
contact of relay 27TBL1, from which a path has been
traced over conductors 27—03 and 27—04 to ground.
If the relay 26HD does not release on retest, indicating
a sufficient leakage between the tip and ring conductors
to constitute a fault, an alternate energizing circuit relay
27TBL2 will be completed when the relay 26TT2 op-
erates, the circuit being traced from battery, through the
winding of relay 27TBL2, conductor 27—27, front con-
tact and armature 2 of relay 26RT, armature 6 and front
contact .of relay 26TT2, conductor 26-—39, and arma-
ture 2 and front contact of relay 27TBL1 to ground on
conductor 2703, Relay 27TBL2 completes at its arma-
ture 4 and front contact locking circuits for any of the
relays 26LK0, 26LK1 and 261.K2 that may have operated
as a result of the retest. It interrupts at its armature 7
and back contact the energizing circuit for relay 23CT,
which releases. This causes relays 23CT1, 26TT, 26TT1
and 26TT2 to release and relay 24LKT to reoperate its
armature out of engagement with the right-hand contact.

The condition of the apparatus at this point is that the
result of the first test is registered on one of the relays
2670, 26T1 and 26T2, and an indication of the retest
is registered on the lowest numbered one of the relays
26LK0, 26LK1 and 26LK2 that may be operated, and
locked under the control of relay 27TBL2.

Off-hook and plug-up line tests

If a call is originated after a line link frame is seized
for testing, the dial tone connection is delayed. ' The
bridge caused by the receiver hook switch being off-
normal or the ground connection to a line terminated by
a coin-operated telephone can cause a false indication of
line insulation trouble. A line conmected to a plugged
up line circuit can also cause a. false appearance of
trouble, as in this case battery through a resistance of
98 ohms is connected to the ring conductor of the line
and ground is connected to the tip conductor.

After the control circuit has recorded a failure indica-
tion, it makes tests to determine whether either of the
above conditions exists, and cancels the trouble registra-
tions in such case. The off-hook test is made on short and
ring ground tests and on tip and ring ground tests only
if a failure in the lowest resistance band (relay 26T0
or 26LK0 operated) has been indicated, as such a condi-
tion is always registered in this band. It is made in all
cases for foreign potential tests because a difference. in
ground potential between the central office ground and a
coin line ground may cause a false appearance of trouble
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in any band. The plug-up test is made in all cases after
a trouble condition has been detected. A receiver off:
hook can cause a false indication only on the short and
ring ground tests whereas a coin ground can cause a
trouble indication on any of the three tests.

If the relay 26LK0 is operated on the short and ring
ground test a path for the operation of relay 230H1 is
completed, the path being traced from battery through
the winding of that relay, conductor 23—74, armature 2
and front contact of relay 27TBL2, conductor 27—28,
front contact and armature 3 of relay 26LK0, armature 1
and back contact of relay 26TT1, armature 1 and back
contact of relay 26TT2, and a previously traced path'
through armature 1 and back contact of relay 23CT1 and -
the left-hand contact and armature of relay 24DLT to"
ground. If the relay 26LK0 is not operated but the relay
26T0 has been operated on the first test, a circuit for
relay 230H1 would have been extended from conductor
23—74 over conductor 27—29, front contact and arma-
ture 6 of relay 26T0, conductor 26—41, front contact'
and armature 1 of relay 27TBL2, conductor 27—22, and
back contact and armature 2 of relay 26LK6 and thence
over the remainder of the path as previously traced.
Relay 230H1 locks in a path traced from battery through
its winding, front contact and armature 5, conductor
23—76, armature 5 and back contact of relay 24ADVL
to ground through conductors 24—62 and 24—04. Re-
lay 230H1 connects ground through its front contact and
armature 4, conductor 23-—27, back contact and arma-
ture 1 of relay 24TR, armature 1 and back contact of
relay 24ADV, to conductor 24—12 which represents the
termination of the tip conductor. of the subscriber line.
and. connects battery through resistor 23—11, front con-
tact and armature 1 of relay 230HI, break contacts
controlled by armature 6 of relay 230H2, conductor
2328, back contact and armature 2 of relay 24TR,
armature 2 and back contact of relay 24ADV and con-
ductor 24—07 to conductor 24—68 which terminates the
ring conductor of the subscriber line. The purpose in
the establishment of these connections is to prevent false

- operation of the relay 230H due to voltage surges when

that' relay ‘becomes connected to the line as described
below. At its armature 8 and front cotnact the relay
230H1 substitutes a resistor for the one associated with
the back contact of armature 9 in the circuit of the upper
winding of relay 24LKT to increase the timing interval
of that relay from its previously specified interval of 30
to 35 milliseconds to an interval of 50 to 55 milliseconds,
and it starts the timing operation of relay 24DLT by
disconnecting at its back contact and armature 2 the
ground connection supplied over conductor 27—12, front
contact and armature 5 of relay 27TBL1 and conductor
24—18 to the left-hand terminal of the upper winding,
of relay 24DLT and to the upper terminal of condenser
24—17. i

When relay 24DLT operates after an interval of 40 to
45 seconds it completes the energizing circuit for relay
230H2 traced from battery, through the winding of that
relay, armature 6 and front contact of relay 230H1,
conductor 24-—26, right-hand contact and armature of
relay 24DLT and conductors 24—04 and 18—16 to
ground. The timing interval provides for the arrange-
ment of the circuit to be effective to condition the sub-
scriber’s line. At its armature 6 the relay 230H2 dis-
connects conditioning battery from the ring conductor
of the subscriber’s line and substitutes a connection to
battery through the winding of relay 230H. It also
interrupts at its armature 4 and back contact the ground
connection to the upper winding of relay 241L.KT, thereby
initiating the timing cycle of that relay which has been
increased as previously stated by the substitution of a
resistance in series with its upper winding. If the receiver
switch at the subscriber’s station is- off-normal or if a
call is waiting on a coin line, the tip and ring conductors
will be interconnected at the subscriber’s station and
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the gfound on the tip conductor will complete the circuit

of relay 230H which will operate.

The timing interval involved in the operation of relay
24LKT covers the maximum time for operation of relay
230H. When relay 24LKT operates it connects ground
to the armature of relay 230H in a path traced from
conductor 24-—04 through the armature and right-hand
contact of relay 24LKT, armature 8 and back contact
of relay 24ADV1, conductor 24—356, front contact and
armature 7 of relay 230H1 to the armature. If relay
230H is unoperated, indicating that the line is not off-
normal at the subscriber’s station, the ground connection
is extended over back contact of relay 230H and con-
ductors 23—77 and 23—78 to the winding of relay 24TR
which operates in preparation for the plug-up test. If
the relay 230H is operated, indicating that the line is
off-normal at the subscriber’s station, the ground con-
nection is extended through the front contact and con-
ductor 23—79 to operate relay 24RL which advances
the circuit without making a trouble record as described
later.

Plug-up test

It will be assumed that relay 230H is unoperated and
that relay 24TR operates. Relay 24TR is operable over
the path just traced and is also operable over a path
traced from ground on conductor 24—04 through the
armature and left-hand contact of relay 24DLT, con-
ductor 23—68, back contact and armature 1 of relay
23CT1, conductor 26—23, back contact and armature
1 of relay 26TT2, back contact and armature 1 of relay
26TT1, armature 2 and back contact of relay 26LK0,
conductor 27—22, armature 1 and front contact of relay
27TBL2, conductor 26—41, armature 6 and back contact
of relay 26T0, conductor 26-—42, armature 4 and front
contact of relay 27TBL1, conductor 27-—31, and thence
over conductor 23-—78 and winding of relay 24TR to
battery. This path is used for short and ring ground
tests and for tip and ring ground tests if the relays
26LK0 and 26T0 are normal and is effective after retest
is made. As previously stated, the off-hook test is not
made in these cases.

Relay 24TR locks in a circuit traced through its front
contact and armature 4, conductor 24—58, armature 5

and front contact of relay 27TBL2, and conductors .

27—02, 27—03 and 27—04 to ground. At its armatures
1 and 2 it connects the tip and ring conductors to the
two terminals of the winding of relay 24PU. It also
connects ground through its armature 7 and front con-
tact to the winding of relay 24PU1. This relay has a
slow-operating characteristic to cover the maximum op-
erating time for relay 24PU. If the line is plugged up
the relay 24PU operates from battery through 98 ohms
resistance on the ring of the line and ground on the tip.
If the line is not plugged up relay 24PU will remain un-
operated. When relay 24PU1 operates and if relay 24PU
is normal, indicating that the line is not plugged up, a
circuit is completed for the operation of a relay to cause
a trouble record to be made as will be described later.
If relay 24PU is operated at the time relay 24PU1 op-
erates an energizing circuit for relay 24RL will be com-
pleted through the front contact and armature of relay
24PU and the front contact and armature of relay 24PU1.
The circuit path to ground for operating relay 24RL is
traced from the armature of relay 24PU1 and over con-
ductor 24—-59, break contacts associated with the lower
armature of relay 24RL, armature 6 and front contact
of relay 24TR and conductors 24—61, 24—62, and con-
ductor 24—04 to grounded conductor 18--16. Relay

24RL operates to advance the circuit without making a .

trouble record.
Release of frame on off-hook or plug-up conditions

The detection of an insulation resistance failure or an
apparent failure due to an off-hook or plug-up condition
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requires considerably more time than the testing of
trouble-free line. After such a condition is encountered,
the line link frame is momentarily released so that wait-
ing markers may seize it to avoid excessive traffic delays.
The same frame is then reselected and testing proceeds -
starting at the next line in the line group except when
the last line in the group is found off-hook or plugged
up. In such a case the next frame is connected for test.

Relay 24R1L initiates the release and reseizure of the
line link frame. When operated it locks through its
armature 4 and front contact, conductor 24—63, arma-
ture 2 and front contact of relay 230H2, and conductors
23—99, 2462, 24—904 and 18—16 to ground. Another
locking circuit for relay 24RL is traced through its lower
armature and front contact of relay 24RL and thence
over the previously traced path to ground through which
the relay was operated including armature 6 and front
contact of relay 24TR. In completing the last-mentioned
locking circuit the relay 24RL disconnects ground from
the armature of relay 24PU1 to prevent false operation
of the relay which initiates the recording of a trouble
when relay 24PU releases. Relay 24RL extends the
ground connection on conductor 24—61 over its arma-
ture 2 and front contact and conductors 24—34 and
24—43 to the winding of relay 24ADV.

Relay 24ADV locks, releases the relay 24SL, trans-
fers the sleeve lead for the double connection test if the
first line tested is involved and releases the line hold mag-
net all as previously described. It also operates relay
19RF in a circuit traced from battery through the wind-
ing of that relay, conductors 19—36 and 19—42, back
contact and armature 5 of relay 18DCK, conductor
1834, conductor 24—64, armature 3 and front con-
tact of relay 24RL, front contact and armature 8 of re-
lay 24ADV and conductors 18—93 and 18—02 to ground.
The operation of relay 19RF is delayed until the relay
18DCK releases if the double connection test is being
made. If a double connection failure occurs the relay
18DCK remains operated and prevents operation of relay
19RF so that the line link frame will be held long enough
to cause a time alarm.

Relay 19RF locks in a previously traced circuit, re-
leases relay 29LLCI1, and interrupts the path over con-
ductor 19-—01 to the master test frame connector cir-
cuit. Relay 29L1LC1 releases relay 29LLC which re-
leases the no-test connector and line link no-test vertical
hold magnets and restores the line link frame to normal
as previously described. The operated one of the relays
29CHO¢ to 29CHY9 and operated relays 29TLLO to
29TLLY, the relays 28CHT and 28CHT1, 28HGK,
28HMT and 28LF release as before and relay 28LLK
operates. The line frame timer comprising condenser
28—07 and tube 28—06 is recycled and the frame delay
timing circuit is set in operation, comprising condenser
28—03 and tube 28—02, by operation of relay 28FD.
With the path through conductor 19—01 interrupted
the no-test connector preference relay is released causing
the release of relays 19NTA and 19SPC.

Relay 18LGS releases when relay 28HMT releases
and in turn releases relays 19LHT and 18DCKI1 and it
also completes the circuit of relay 24ADV1 in a path
traced from battery, through the winding of that relay,
conductors 24—31, and 24—32 and 24—66, back con-
tact and armature 5 of relay 18L.GS, conductor 18—36,
front contact and armature 1 of relay 24RL to ground
through conductors 24—61, 24-—62 and 24—04. Relay
24ADV1 releases any one of the relays 26T8, 26T1 and
26T2 that may have been operated and also releases the
relay 27TBL1. The latter relay releases relay 27TBL2
and retest relay 26RT. Relay 27TBL2 releases relay
24TR which in turn releases relay 24PU1. With relays
24SL and 18DCKI released, relay 24SL1 releases which
in turn releases relay 24DLT which releases relay
230H2. The latter relay releases relays 230H1 and
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24LKT. ‘With relays 230H2 and 24TR released, the re-
lay 24RL releases.

With relay 24ADV1 operzied a locking path for the
operated one of the relays 17VF0 to 17VF4 is closed and
assuming that it is the relay 17VFQ that is operated the
path will be traced through its front contact and arma-
ture §, conductor 24—44 and front contact and armature
2 of relay 24ADV1 to grounded conductor 18—03, and
ground is extended through the armature 1 and front con-
tact of relay 24ADV1, armature 6 and front contact of
relay 24ADV and conductor 24-—39, armature 2 and
back contact of relay 18DCK and conductor 18—27 to
the armature 3 of relay 18L.GS which has been released
if any one of the relays 17VF0 to 17VF4 is operated ex-
cept the last-named relay. This delays operation of the
next relay in that series until the line link frame has been
reseized and the lines have again been tested for a busy
condition to prevent false seizure of a line which original-
ly tested idle but became busy during the monentary re-
lease of the frame. By preventing operation of the next
one of the relays 17VF0 to 17VF4 the reseizure of the
next line to be tested in the same line link frame is as-
sured. In this case the relay 19EG does not operate and
the frame selection circuit is not advanced.

When it is the relay 17VF4 that is operated, the ground
applied to conductor 24-—39 by relay 24ADV1 is ex-
tended over conductor 17—12 and through the arma-
ture 6 and front contact of that relay, chain circuit
through the armatures 7 and back contacts of the relays
17VF0 to 17VF3, armature 7 and front contact of relay
17VF4, conductor 19—26, and winding of relay 19EG to
battery and this relay functions as previously described
to release the vertical file progress and busy relays and
to advance the frame selection circuit for seizing the next
frame.

It was previously stated that one of the operations re-
sulting from the energization of relay 19RF is the en-
ergization of relay 28LLK. With relay 28LLK operated
and relays 19NTA and 24RL released, the relay 19RF
releases reclosing the path to the preference relays in the
master test frame connector circuit and the operating
circuit for relay 29LLC1 thereby causing the testing of
lines to continue.

Recording line insulation troubles

The information shown on a line insulation trouble
record includes an indication of the marker group in-
volved, a test. number corresponding to the particular
one of the relays 1551 to 1589 used, which indicates the
type of test and range, the band of failure for the initial
test and for retest, if made, as registered by the relays
26T0, 26T1 and 26T2 and the relays 261.K0, 26LK1 and
261.K2 and the equipment location of the line, as indi-
cated by the operated one of the frame tens relays
25FT0 to 25FT3, the operated one of the frame units re-
lays 25FU0 to 26FU9, the operated one of the vertical
group relays 30VGO to 30VGLl, the operated one of
the horizontal group relays 30HGO to 30HGY and the
operated one of the vertical file relays 17VF0 to 17VF4.
The marker group indication is provided because the test
center may receive and process records from a number of
marker groups. Numbers from zero to nine are assigned
to the marker groups having a common test center.

As previously described, a failure on an initial test is
recorded by one of the relays 26T6, 26T1 and 26T2 and
a failure on a retest is recorded by the lowest numbered
operated one of the relays 26L.K0, 26LK1 and 261L.K2.
If no trouble is found on a retest, all of the last-named
relays remain released. With relay 26T¢ or 26LK0
operated,  the indication is that the insulation resistance
is between zero and one-fourth of the upper limit of the
range. Relay 26T1 or 26L.K1 indicates when operated
that the insulation resistance is between one-fourth and
one-half the upper limit of the range and the indication
registered by relay 26T2 or 26LK2, when operated, is
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that the insulation resistance is between one-half the
value of the range limit and the range limit itself. Table
D shows the insulation resistance bands indicated by
those relays in their operated conditions for each of the
range limits listed in Tables B and C, and each figure
when multiplied by one thousand expresses a resistance
value in ohms:

TABLE D
260 or 26T1 or 26T2 or
Range Limit 26LKO0 Re-| 26LXK1 Re- | 26LK2 Re-
lay lay lay
80, e 0-20 2040 40-80
40-80 80-160
80~160 160-320
160~-320 320-640
320640 640-1, 250
640~1, 250 1, 250-2, 500
1, 250-2, 500 2, 500-5, 000
. 2,500-5,000 | 5,000-10,000

As previously stated, when the retest indicates that
the low insulation resistance of a line is not caused by
an off-hook condition or a plugged up condition, ground
extended through the armature and front contact of relay
24PUL and the armature and back contact of relay
24PU is further extended over conductor 24-—67, arma-
ture 6 and back contact of relay 2IMTC, conductor
21—06 and winding of relay 22TR1 to battery and this
relay operates. It completes a path traced from
grounded conductor 16—26 over conductor 22—901, con-
ductor 22—06, armature 5 and front contact of relay
22TR1, conductor 22—07, conductor 24—43 and wind-
ing of relay 24ADV and that relay operates and releases
the line hold magnet and initiates other frame advance
operations as previously described. Also the circuit of
relay 19RF is completed, the circuit being traced from
battery through the winding of that relay, conductors
19—36 and 19—42, back contact and armature 5 of re-
lay 18DCK when that relay releases, conductor 18—34,
conductor 24—68, front contact and armature 7 of re-
lay 22TR1, conductor 22—08, front contact and arma-
ature 8 of relay 24ADV and conductors 18—903 and
18—-02 to ground. The relay 19RF causes the line link
frame and the no-test connector and the control circuit
relays associated therewith to be released as before.
Operation of relay 24ADV1, however, is delayed so that
the trouble registration relays 26T0, 26T1, 26T2, 26LK0,
26L. K1  and 26LK2 will remain operated while the
record is being made.

Relay 22TR1 interrupts at its armature 4 a path traced
from ground through the armature 1 and back contact
of relay 21TR2, conductor 22—02, armature 4 and back
contact of relay 22TR1, conductor 24—24, back contact
and armature 5 of relay 24SL1 to the upper terminal of
condenser 24—17 and the left-hand terminal of the upper
winding of relay 24DLT to prevent the establishment of
steady current through the upper winding of the arma-
ture and restoration of the armature to the left-hand con-
tact when relay 24SL1 releases, thereby to prevent the
release of relay 260H2; relay 22TR1 disconnects ground
at its armature 2 from conductor 10-—09, the path of
which is traced to the front contact associated with
armature 2 of relay 10MS and thence over conductor
28—01, back contact and armature of relay 28LF and
winding of relay 28FD to battery, to prevent the frame
delay timer from functioning. Relay 22TR1 also inter-
rupts at its armature 6 and back contact a shunt across
condenser 22—09 which is associated with gas-filled elec-
tron discharge tube 22-—11 to form a timing circuit. A
connection from one terminal of condenser 22—09 and
the cathode of tube 22—11 is extended through armature
6 and front contact of relay 22TR1, winding of relay
22TRT, conductor 22—12, armature and back contact
of relay 10AR, conductor 10—18 and armature 2 and
front contact of relay 160N1 to ground. An interval
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of twenty to thirty-seven seconds is required for tube
22—11 to fire and operate relay 22TRT and this interval
is provided to cover seizure and release of the master
test frame connector by means of which access is gained
to the trouble recorder.

Trouble recorder operation

A further operation performed by relay 22TR1 is the
completion of a path from battery through resistor 16—
32, armature 3 and back contact of relay 16TA, conduc-
tor 16—33, armature 1 and front contact of relay 22TR1,
armature ! and back contact of relay 22TRC, conductor
22—13 to the winding of a preference relay 14—91 in
the master test frame connector circuit. A trouble re-
corder circuit and master test frame connector circuit of
a type suitable for use in connection with the insulation
test circuit and test control circuit forming the disclosure
of the present specification are disclosed in Patent
2,508,052, granted May 16, 1950, to O. H. Williford and
the disclosure of this patent is incorporated herein by
reference as part of the present specification. When
preference is received, such as by the operation of relay
14—01, a ground connection is extended through a chain
circuit of break contacts of other preference relays and
through make contacts of relay 14—~01 and break contacts
of relay 14TRC2 to the winding of relay 14LA which
operates. This relay locks to ground supplied through its
front contact and armature 2 and the path over which the
ground connection for energizing it was supplied includ-
ing a by-pass around the break contacts of relay 14TRC2.
Relay 14LA connects ground thrcugh its armature 3 and
front contact to conductor 14—02 for making the master
test frame connector busy to other circuits and completes
the circuit of relay 14LLAT which operates. Relay 14LA1
completes energizing circuits of relays 14LC0, 14LC1,
14L.C2, 141.C3 and 141L.C4 which operate.

The relays enumerated at the end of the preceding para-
graph prepare paths for controlling the operation of the
trouble recorder. As disclosed in the Williford patent,
this recorder is a perforator which makes perforations at
selectively determinable locations in a record card to
represent the nature and location of troubles indicated by
the insulation test control circuit. The individual punches
that make perforations in the record card are mechani-
cally operated and the selection or activation of those
punches is effective by interponent magnets individual to
the punches. The paths that are prepared by relays
141.C0 to 141.C4 are those of the interponent magnets.

The armatures 5 of relays 26T0, 26T1 and 26T2 are 5

connected by conductors 26—43, 26—44 and 26—46 to
armatures 3, 2 and 1 respectively of relay 14LC0. When
any of these relays is operated to indicate a fault within
the resistance range which it represents ground will be
extended through the front contact and armature 5 of
the relay and through the associated armature and front
contact of relay 14LCO, when that relay operates, to
operate a punch interponent magnet in the trouble re-
corder which will cause a perforation to be produced at
a location on the record card that represents a par-
ticular one of the relays 26T0, 26T1 or 26T2.

The front contacts associated with the innermost lower
armatures of the relays 1551 to 1559 are connected by
conductors 15—11, 15—12 and 15—13 through 15—19
to armatures 12 to 4 respectively, in that order, of relay
14L.CO so that when relay 14LCO operates a punch inter-
ponent magnet will be cperated representing one of the
relays 1551 to 1559 and, therefore, designating the type
of test and the insulation range thereof in which a trouble
has been found.

The front contact associated with armature 1 of relay
26LK0, the front contact associated with armature 1 of
relay 26LK1 and the front and back contacts associated
with the armature I of relay 26L.K2 are connected by con-
ductors 26—47, 26—48, 26—49 and 26—S51 to arma-
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tures 12, 11, 10 and 8 respectively of relay 14LC1. When
none of the relays 26LK0, 26LK1 and 26LK2 is op-
erated, the path will be extended over conductor 26—51,
when relay 26LK2 alone is operated the path will be ex-
tended over conductor 26—49, when telay 26LK1 is
operated the path will be extended over conductor 26—48,
whether or not relay 26L.K2 is operated, and when relay
261LK9 is operated the path will be extended over con-
ductor 26—47 whether or not either of the other two
relays is operated. One of four punch interponent mag-
nets will be selected for operation in accordance with the
condition of these relays.

Armature 4 of relay 25FT@, armature 7 of relay 25FT1,
the corresponding armature of the relay not shown, and
armature 7 of relay 25FT3 are connected by conductors
25—19, 25—21, 25—22 and 25—23 respectively, to
armatures 7, 6, 5 and 4 respectively, of relay 14LC1 so
that any one of the frame tens relays that is operated at
a time that a trouble is registered and is to be recorded
will extend ground over a conductor and an armature of
relay 24LC1 to operate a punch interponent magnet allo-
cated thereto.

Armatures 5 and 7 respectively of relays 25FU0 and
25FU1 are connected by conductors 25—26 and 25—27
respectively to armatures 2 and I respectively of relay
$141.C1. Similarly, the armatures 7 of relays 25FU4,
25FU8 and 25FU9 are connected by conductors 25—28,
25—29 and 25-—31 to armatures 10, 6 and 5 respectively,
of relay 14LC2 and corresponding armatures of two relays
(not shown), intermediate relays 25FU1 and 25FU4 and
of three relays (also not shown), intermediate relays
25FU4 and 25FUS are connected to armatures 12, 11, 9,
8 and 7 of relay 14LC2. Any one of the relays 25FU0
to 25FU9, when operated, extends a ground connection to
an armature of relay 14LC2 and upon operation of that
relay to a punch interponent magnet representing the par-
ticular one of the frame units relays.

Armatures 5, 7 and 8 respectively of relays 36VGO,
36VG1 and 30VG2 and armatures 7 of relays 30VGS,
39VG9Y, 30VG10 and 30VG11 are connected by conduc-
tors 36—22, 30—23, 30—24, 35—26, 30—27, 30—28
and 38—29 respectively to armatures 4, 3 and 2 of relay
141.C2 and armatures 8, 7, 6 and 5 respectively of relay
14LC3. Corresponding armatures of relays intermediate
the relays 30VG2 and 3¢VGS in the series are connected
to armature 1 of relay 14LC2 and armatures 12, 11, 19
and 9 of relay 14LC3. Any operated one of the relays
30VGE to 36VG11 will extend ground to an armature
of relay 14LC2 or 14LC3 to cause the operation, when
those relays operate, of a punch interponent magnet rep-
resenting the particular vertical group in which the line
exhibiting a trouble is located.

Armature 5 of horizontal group relay 30HGO and arma-
tures 7 of horizontal group relays 3¢HG1I, 30HGS and
39HGY are connecied by conducters 30—31, 3(—32,
36—33 and 38-—34 respectively to armatures 4 and 3 of
relay 14L.C3 and armatures 7 and 6 of relay 14LC4 in
that order. Relays (nct shown) intermediate the relays
30HG1 and 38HGS have corresponding armatures con-
nected to armatures 2 and 1 of relay 34LC3 and arma-
tures 11, 18, 9 and 8 of relay 14L.C4. Whichever one of
the herizontal group relays 30HGO to 39HGY is oper-
ated at the time a trouble is to be recorded will extend
the ground connection to an armature of one of the relays
14L.C3 and 141.C4 and the path will be further extended
upon operation of those relays to a particular punch inter-
ponent magnet correspending to the horizontal group
magnet. Front contacts associated with armatures 6 of
relays 17VFOQ, 17VF1, 17VF2 and 17VF3 and the front
contact associated with armature 5 of relay 17YF4 are
connected by conductors 17-—17, 37—18, 17—19, i7—21
and 17—22 respectively to armatures 5, 4, 3, 2 and 1
respectively of relay 14LC4.  Accordingly any one of
the vertical file relays 17VG® to 17VF4, when operated,
will extend a ground connection to one of the armatures
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of refay 14LC4 and when that relay operates the ground
will be further extended to a punch interponent magnet
corresponding to the particular vertical file relay,
The paths traced for operating punch interponent mag-
nets of the recorder will cause perforations to be made in
the record card identifying the type of test and range,
the band of failure on the first test, the band of failure
on retest or a trouble-free condition on retest and thé
line location in terms of the tens and units designations
of the frame, the vertical and horizontal groups and ver-
tical file in which it is located. When the trouble record
is completed the master test frame connector operates
relays 14TRC1 and 14TRC2. Relay 14TRC1 connects
ground through its front contact and upper armature and
over conductor 14—04, outermost upper front comntact
and armature of relay.14LAl, conductor 14—06 and
winding of relay 22TRC to ground and this relay oper-
ates. At'its armature 1 and back contact the relay 22TRC
interrupts the previously traced circuit for preference
relay 14—01 which releases and interrupts the locking
circuit for relay 14LA. This relay releases, in turn releas-
ing relay 14LA1 which releases relays 14LCO to 14L.C4.
Relay 22TRC locks through its front contact and arma-
ture 2 and the front contact and armature 3 of relay
22TR1 to ground, and at its armature 3 completes the
circuit of relay 24ADV1 in a path traced from battery
through the winding of that relay, conductors 2431,
22—03 and 22—14, front contact and armature 3 of relay
22TRC, front contact and armature 5 of relay. 22TR1
and conductors 22—06, 22—01 and 16—26 ‘which
receives ground through the front contact and armature
4 of relay 16SKT and the armature 5 and front contact
of relay 160N3. Operation of relay 24ADV1 causes the
circuit to advance as in the case of release on ofi-hook or
plug-up conditions. The same line link frame is reseized
and testing continues at the next line if any one of the
relays 17VF0 to 17VE3 is operated. If relay 17VF4 is
operated the relay 19EG will operate, as previously de-
scribed, to initiate the selection of the next frame, Relay
22TR1 releases when relay 24TR releases and récycles
the timer comprising tubes 22—11 and condenser 22909,
starts the frame delay timer comprising tube 28—02 and
condenser 2803 and releases relays 22TRC and 19RFE.
Thereupon the testing of the next line proceeds as here-
inbefore described. ‘

Short and ring ground tests in other ranges

Had it been desired to make the short and ring ground

test in the B range which, in accordance with Table B, ;

provides any ome of thres resistance limits, namely,
320,000 ohms, 640,000 ohms and 1,250,000 ohms, key
15—21 would have been operated instead of key 1501,
to cause relay 15S2 to operate and lock. This relay
would have completed at its armature 1 and front contact
a circuit from ground over conductor 15—22 to the
winding of relay 23BR, causing that relay to operate.
With this relay operated a different circuit for producing
an artificial leak of appproximately 30 per cent less than
the maximum resistance limit for the line test is estab-
lished. The circuit as previously traced began at the
battery connected to resistance lamp 23--32 and ended at
ground on the back contact associated with the armature
1 of relay 23FP1 and included the armature 2 and back
contact of relay 23BR. With relay 23BR operated the
complete circuit is traced from battery, through resistance
lamp 23—32, conductor 23—23, back contact and arma-
ture 5 of relay 23CT1, resistance 23—26, back contact
and armature. 4 of relay 23FP1, conductor 23—37, filters
31—21 and 31—22, conductors 31—23, 23—-38, 23—39,
23—41 and 23—42, back contact and armature 4 of
relay 23DR, back contact and armature 3 of relay 23CR,

resistor 23—43, conductors 23—d44 and 23—46, filter:

31—21 and associated filter 31—22, conductor 3124,
conductor 23—81 to strap terminal 24, or resistor 23—82
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and conductor 23—83 to strap terminal 25, and from
either of those terminals to strap terminal 23 depending
upon the resistance limit being used in range B, as indi-
cated in Table C, the path then extending through the
front contact and armature 2 of relay 23BR, armature 4
and back contact of relay 23BR1, resistor 23—47, break
contacts associated with armature 3 of relay 23CT, con-
ductor 23--49, resistors 23—45, 23—84 or 23—86 con-
nected to numbered terminals 6, 7 or 8 and from one of
those terminals by way of a strap to terminal 1 from
which the path continues through the back contact and
armature 6 of relay 23BR1, armature 3 and front con-
tact of relay. 23BR, and conductor 15—66 rightwardly to
the armature 1 of relay 23FP1 which is engaging its
grounded back contact. Also the circuit for conditioning
the test circuit is somewhat different, being traced from
the junction of conductors 31—23 and 23—38 over con-
ductor 23-—53, branching conductor 23—87, front con-
tact and armature 1 of relay 23BR, armature 3 and back
contact of relay 23BR1 to terminal 13 which, in accord-
ance with Table C, may be strapped to any one of the
terminals 18, 19 and 20, the path then being continued
through resistor 23—56, conductor 23-—57, and as previ-
ously traced through the control windings of the magnetic
modulator. The values of resistance connected in the
paths when relay 23BR is operated and with any one of
the three patch connections indicated in Table C, upon
testing the line, cause the relay 26T2 or 26LK2 to oper-
ate if the leakage resistance is between the selected limit
and one-half that value, relay 26T1 or 26L.K1 to be oper-
ated if the leakage resistance is between one-half and one-
quarter of the selected range limit and relay 26T0 or
26LK0 to be operated if the leakage resistance is be-
tween one-quarter of the range limit and zero.

It 'will be noted with respect to Table B that the
highest. range limit of range A is the same as the lowest
range limit of range B. The values of resistance in the
paths with relay 23BR operated and with strap connec-
tions from terminal 1 to terminal 6, from terminal 13 to
terminal 18 and from terminal 23 to terminal 24 are the
same as the resistance values with relay 23BR unoperated
and with strap connections between terminal 0 and ter-
minal 6 and between terminals 12 and 18.

When key 15—23 is operated to operate relay 15S3 for
a short and ring ground test in the resistance range C a
path is extended from ground, through the armature 1
and front contact of relay 1553 and conductor 15—24 to
operate relay 23CR. None of relays 23BR, 23BR1 and
23DR is operated. The leakage resistance paths’ for the
three resistance limits in the range differ by more than
the mere substitution of resistors and the artificial leakage
path for each of the three limits will be traced. For the
lowest resistance limit in the range which is 1.25 meg-
ohms, the artificial leakage path is traced from battery,
through resistance lanip 23—32, conductor 23—33, back
contact and armature 5 of relay 23CT1, resistor 23—36,
back contact and armature 4 of relay 23FP1, conductor
2337, filters 31—21 and 31—22, conductors 3123,
23--28, 23—39, 23—41, 23—88, terminal 28; strapping
connection to terminal 26, front contact and armature 4
of relay 23CR, resistor 23-—43, conductors 23—44 and
23—46, filters 31—21 and 31—22, conductor 31—24,
resistor 23—82, front contact and armature 6 of relay
23CR, back contact and armature 2 of relay 23BR, arma-
ture 4 and back contact of relay 23BR1, resistor 23—47,
conductor 23—48, break contacts controlled by armature
3 of relay 23CT, conductor 23—49, resistor 23-—86, strap
connection from terminal 8 to terminal 2, front contact
and armature 2 of relay 23CR and armature 1 and back
contact of relay 23FP1 to ground. The path over which
the magnetic modulator is conditioned parallels that por-
tion of the path just traced which begins at the junction
of conductors 23—39 and 23—41 and ends at the junction
of conductors 23—44 and 23—46 and is traced from
the junction of conductors 23—39 and 23—41 through
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the front contact and armature 5 of relay 23CR, terminal
14, strap connection to terminal 20, resistor 23—89,
resistor 23—56, conductor 23—357, back contact and
armature 2 of relay 23FP2, conductor 23—04, control
windings of magnetic modulator 31—05, conductor
23—03, armature 1 and back contact of relay 23FP2 to
the junction of conductors 23—44 and 23—46. The
current that flows in the control windings of the magnetic
modulator as a result of the artificial leakage current
conditions the magnetic modulator by causing tube 32V7
to conduct.

For the next range limit, which is zero to 2.5 megohms,
the artificial leakage path is as traced in the preceding
paragraph to the junction of conductors 23—39 and
23—41, the path, instead of being traced over conductors
23—41 and 23—88 to terminal 28, is now traced through
the front contact and armature 5 of relay 23CR, to ter-
minal 14 which is strapped to terminal 22 and through
resistors 23—91 and conductor 23-—92 to terminal 21,
strap connection to terminal 26, front contact and arma-
ture 4 of relay 23CR and resistor 23—43 to conductor
23—44, from which the path continues as traced in the
preceding paragraph, except for the fact that the resistor
associated with terminal 9 is included by virtue of a
strap from that terminal to terminal 2, the path termi-
nating at ground on the back contact associated with
armatare 1 of relay 23FP1. The parallel path through
which the conditioning current for the test circuit flows
is traced from the junction of resistor 23—91 and con-
ductor 23—92 through resistor 23—56, conductor
23—57, back contact and armature 2 of relay 23FP2,
conductor 23—04, contro] windings of magnetic modu-
lator 31—05, conductor 23—03, armature 1 and back
contact of relay 23FP2 to the junction of conductors
23—44 and 23—46.

For the uppermost limit of range C, which is 5
megohms, all of the leakage current flows through the
control windings of the magnetic modulator and the
path, like the one previously traced to terminal 14, is
extended over a strap connection to terminal 21, conduc-
tor 23-—92, resistor 23—356, conductor 23—57, back
contact and armature 2 of relay 23FP2, conductor
23—04, control windings of magnetic modulator 31—05,
conductor 23—03, armature 1 and back contact of relay
23FP2, junction of conductors 23—44 and 23—46, the cir-
cuit then being as traced in the preceding paragraph ex-
cept that terminals 2 and 10 are strapped together. There
is no path shunting the control windings of magnetic
modulator 31—05.

The D range is used only in connection with the foreign
potential tests and the paths individual to that range will
be described later.

Tip and ring ground tests

The tip and ring ground test is made to detect sub-
scriber line insulation defects between the tip conductor
and ground and between the ring conductor and ground.
This test is controlled by relays 1554, 1585 and 15S6
which are operable individually by keys 15—26, 1527
and 15—28. The relays 23BR and 23CR are operable by
relays 1585 and 1586 respectively when the resistance
limits desired for this test are in the B or C ranges.

It will be assumed that key 15—26 has been closed
momentarily to operate and lock relay 15S4 for a tip
and ring ground test in the A range. Armatures 1 and 2
complete the same circuit paths as armatures 1 and 2
of relay 15S1. Whereas any one of the relays 1581,
1582 and 1583, upon operating, completes a circuit of
relay 27SRG, which in turn completes a circuit of relay
27SRG1, and the latter relay completed the circuit of
off-normal relay 160N to initiate the test, the relay

1584 directly completes the energizing circuit for relay.

160N by a ground connection supplied through the front
contact and armature 4 of relay 1584, conductors 15—29
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and 21—05, break contacts controlled by armature 3 of
relay 21IMTC and conductor 21—01 to the winding of
relay 160N which operates. The sequence of opera-
tions initiated by relay 160N is the same as those de-
scribed in connection with the short and ring ground
test. Before the line that has been seized is cut through
for test, it is conditioned for 40 to 45 milliseconds un-
der the control of relay 24DLT, the test circuit is con-
ditioned and condenser 23—31 is charged to central
office battery. At the end of the timing interval, relay
23CT is operated and relay 23CT1 also operates as pre-
viously described. The latter relay removes the charging
potential from condenser 23—31. Relay 23CT removes
the conditioning potentials from the line and the test circuit
and connects the ring conductor of the line to the test cir-
cuit over the same path to the right-hand (negative) ter-
minal as the one traced for the short and ring ground
test. The tip conductor of the subscriber’s line under
test, which is extended to conductor 24—12, as previ-
ously described, is further extended for the present test
through the back contact and armature 1 of relay 24ADV,
armature 1 and back contact of relay 24TR, conductor
23—27, armature 4 and back contact of relay 23CHI,
conductors 23—26, 23—22, 23—19 and 2709, arma-
ture 9 and back contact of relay 26RT, conductor 26—06,
armature 3 and back contact of relay 27SRG, resistor
27—407, conductor 27—08 to a junction with conductors
23—21 and 23—24. This junction is in the path from
the ring conductor through the test circuit to the right-
hand (negative) terminal of condenser 23—31, the path
in one direction from the junction including the back
contact and armature 1 of relay 230H1, break contacts
controlled by armature 6 of relay 230H2, conductor
23—28, back contact and armature 2 of relay 24TR,
armature 2 and back contact of relay 24ADV, to con-
ductor 24—08 to which a connection from the ring con-
ductor of the subscriber’s line has been extended. From
the junction point the path is traced in the other direc-
tion through the back contact and armature 3 of relay
23FP1, conductor 23—17, armature 3 and front contact
of relay 23CT, resistor 23—47, back contact and arma-
ture 4 of relay 23BR1, armature 2 and back contact of
relay 23BR, armature 6 and back contact of relay 23CR,
armature 5 and back contact of relay 23DR, conductor
31—24, filters 31—21 and 31—22, conductors 23—46
and 23—44, resistor 23—43, armature 3 and back con-
tact of relay 23CR, armature 4 and back contact of re-
lay 23DR, conductors 23—42, 23—41, 23—39, 23—38
and 31—23, filters 31—21 and 31—22, conductor 23—37,
armature 4 and back contact of relay 23FP1, and re-
sistor 23—38 to the right-hand (negative) terminal of
condenser 23—31. It being remembered that relay
23CT1 is operated, the battery connection previously
supplied through resistance lamp 23-—32, conductor
23——33 and back contact and armature 5 of relay 23CT1
is disconnected from that terminal of the condenser.
The other terminal of the condenser is connected through
conductor 23—34, and armature 2 and back contact of
relay 27SRG1 to ground. With the condenser charged
to the central office battery potential, current will flow
in the control windings of the magnetic modulator if
there is a ground on the tip or ring conductor of the sub-
scriber’s line.

The circuit operation for recognizing a trouble-free
condition of the line or for recognizing a trouble is simi-
lar to that described for the short and ring ground test
and a retest is made when a trouble is encountered. If
a trouble is encountered, relay 27TBL1 operates as be-
fore and connects ground traced through the back con-
tact and armature 2 of relay 230H1, conductor 27—12,
front contact and armature § of relay 27TBL1 and con-
ductor 24—18 to the right-hand terminal of the upper
winding of relay 24DLT to restore the armature of that
relay to its left-hand contact, it being remembered that
as previously described relay 24DLT operates the arma-
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ture to its right-hand contact in connection with the tip
and ring ground test, whereas it does not operate during
the short and ring ground test. This ground connection
prevents the operation of relay 24DLT on retest. Since
it is not necessary to recharge the line conductors on
retest, relay 23CT is reoperated directly upon the opera-
tion of relay 26RT as in the case of the retest made in
connection with the short and ring ground test.
. On retest with relays 26RT, 23CT and 23CT1 oper-
ated the ring conductor path is left unchanged and the tip
conductor is disconnected at the armature 9 and back con-
tact of relay 26RT from the path through resistor 220T to
the junction of conductors 23—21 and 23—24 in the ring
conductor path, and is connected instead through arma-
ture 9 and front contact of relay 26RT, conductor 26-—52,
armature 3 and back contact of relay 27SRG1, conduc-
tor 27—32 and resistor 23—93 to the same (negative)
terminal of condenser 23-—31 as the ring conductor, It
will be seen that the path just traced from the tip con-
ductor to the condenser does not include the circuit ele-
ments including resistor 23-—43 that are shunted by the
path in which the control windings of the magnetic mod-
ulator 31-—05 are connected, so that leakage from the
tip circuit to ground will not be detected in the test cir-
cuit but only leakage from the ring conductor to ground.
The circuit operates on retest in the same manner as
described for the short and ring ground test. When the
entire insulation test control circuit has completed its
cycle for the tip and ring ground test it restores to normal,
releasing the various relays as described in connection
with the short and ring ground test and including, in the

case of the tip and ring ground test, relay 1554 by which

that test was initiated.

If it is desired to make the tip and ring ground test in
the B range of resistance limits, key 15-27 is operated to
cause the operation and locking of relay 1585. This
causes ground to be connected to conductor 15-22, as a
result of which relay 23BR is operated and test is made
in the same manner as the tip and ring ground test in the
A range except for circuit differences resulting from op-
eration of relay 23BR and different cross-connections as
described in connection with the short and ring ground
test in the B resistance range. Similarly, if it is desired
to make the tip and ring ground test in the C range, key
15-28 is operated to cause the operation and locking of
relay 1586. With this relay operated, ground is con-
nected to conductor 15-24 to cause relay 23CR to op-
erate and that relay establishes the necessary circuit paths
for testing in the C range.

Foreign potential test

The foreign potential test is made to determine whether
there are subscriber line insulation leaks between the tip
and ring conductors and battery on the ring conductors
of other lines in the same cable, connected through as-
sociated line relays. This test is initiated by operation of
keys 1531, 15—32 and 15—33 for the B, C and D
ranges respectively. These keys cause the operation and
locking of relays 1557, 1558 and 1559 respectively. Since
relay 1587 causes the connection of ground to conductor
1522 to operate relay 23BR for a test in the B range
and relay 15S8 causes ground to.be connected to comn-
ductor 15—24 for operation of relay 23CR for a test
in the C range, and tests in the B range have already been
described, the description of this test will be predicated
upon operation of key 15-—33 resulting in the operation
and locking of relay 1559 to cause the test to be made
in the D range of resistance limits. With any of the re-
lays 1557, 1558 and 1559 operated, but considering par-
ticularly relay 1589, ground is connected over its arma-
ture 4 and front contact, conductor 15—34 and winding
of relay 23FP to battery and that relay operates. At its
armature 2 and front contact the relay 23FP completes
the circuit of relay 23FP1 which operates. This relay,
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at its front contact and armature 2, completes the cir-
cuit of relay 23FP2 which operates. Also the relay
1589 at its armature 1 and front contact connects ground
over conductor 15—36 to cause the operation of relay
23DR. With relays 23FP, 23FP1 and 23FP2 operated,
the circuit of off-normal relay 160N is completed to
initiate the test, the circuit being traced from battery
through the winding of that relay, conductor 21—01,
break contacts controlled by armature 3 of relay 2IMTC,
conductors 21—05, 22—04 and 22—16, and front con-
tact and armature 3 of relay 23FP2 to ground and relay
160N operates. This relay initiates the sequence of op-
erations described in connection with the short and ring
ground test down to and including the conditioning of
the subscriber’s line and the test circuit and charging of
condenser 23—31. In this test, however, the condenser
performs no function.

The circuit for conditioning the test circuit for testing
at the lowest resistance limit in range D which, as shown
in Tables B and C is 2.5 megohms, is traced from battery
through resistance lamp 23—32, conductors 23—33, and
23—95, resistor 23-—94, front contact and armature 1
of relay 23FP1, armature 2 and front contact of relay
23DR to terminal 3, which is strapped, to terminal 9, 10
or 11 for the three resistance limits in range D, through
one of resistors, the resistor connected to terminal 9 in
the case of the lowest resistance limit, conductor 23—49,
break contacts controlled by armature 3 of relay 23CT,
resistor 23—47, back contact and armature 4 of relay
23BR1, armature 2 and back contact of relay 23BR,
armature 6 and back contact of relay 23CR, armature 5
and front contact of relay 23DR, resistor 23—82, con-
ductor 31—24, filters 31-—21 and 31—22, conductors
23—46 and 23—44, resistor 23—43, armature 3 and back
contact of relay 23CR, armature 4 and front contact of
relay 23DR to terminal 27 which for the lowest resistance
limit in range D is strapped to terminal 21, conductor
23—92, resistor 23—91, terminal 22 which is strapped
to terminal 15 from which the path continues through
the front contact and armature 3 of relay 23DR, con-
ductors 23—38 and 31—23, filters 31—21 and 31—22,
conductor 23—33 and armature 4 and front contact of re-
lay 23FP1 to ground. The shuat path through the wind-
ings of the magnetic modulator 3105 is traced from the
junction of conductors 23—46 and 23—44 through the
front contact and armature 2 of relay 23FP2, conductor
23——04, control windings of the magnetic modulator
31—05, ‘conductor 23—03, armature 1 and front contact
of relay 23FP2, conductor 23—57 and resistor 23-—56
to the terminal common to resistor 23—91 and conduc-
tor 23—92. Since the test that is to be made indicates
a leak to battery instead of to ground, as in the previously
described tests, the connections to the control windings
of the magnetic modulator are reversed at the armatures
1 and 2 of relay 23FP2 and the polarities as applied to
the paths just traced for conditioning the test circuit are.
reversed relative to those employed in the tests previously
described in order that the direct current through the
control windings of the magnetic modulator shall be in
the same direction for of the tests.

After the timing circuit associated with relay 24DCT
has timed out, that relay operates its armature to the
right-hand contact, in turn operating relay 23CT which
operates relay 23CT1. These relays connect the tip and
ring conductors to the test circuit. The tip conductor
path extended to conductor 24—12 is traced from that.
conductor through the back contact and armature 1 of
relay 24ADV, armature 1 and back contact of relay
24TR, conductor 23—27, armature 4 and back contact
of relay 230H1, conductors 23—26, 23—22 and 23—18,
front contact and armature 3 of relay 23FP1, conductor-
23—17, armature 3 and front contact of relay 23CT .at
which' point the path continues as previously traced and
including two parallel branches and terminating at the
ground on the front contact associated with armature 4
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of relay 23FP1. The ring conductor path extended to
tonductor 24—08 is traced from that conductor through
the back contact and armature 2 of relay 24ADV, arma-
ture 2 and back contact of relay 24TR, conductor 23—28,
break contacts controlled by armature 6 of relay 230H2,
armature 1 and back contact of relay 230H1, conductors
23—24 and 27—08, resistor 27—07, back contact and
armature 3 of relay 27SRG, conductor 26—06, back con-
tact and armature 9 of relay 26RT, conductors 27—89
and 23—19 to a point of junction with conductors 23—18
and 23—22, which conductors are included in the pre-
viously traced path from the tip conductor, and the two
‘paths extending together to the ground previously iden-
tified. If there is battery on either the tip or ring con-

ductor derived through an insulation leak to other con- 1

ductors in the same cable, current will flow in the cir-
cuit including the two parallel branches, one having in it
the control windings of the magnetic modulator, to cause
the registration of a trouble indication. The circuit op-

eration for recognizing a trouble-free condition or the 2

existence of a trouble is similar to that described in con-
nection with the short and ring ground test.

Upon the registration of a trouble condition the opera-
tion proceeds in the manner previously described includ-
ing the operation of relay 27TBL1, the restoration of the
armatutre of relay 24DLT to its left-hand contact, the re-
lease of the relays 23CT and 23CT1, the release of relays
26TT and 26TT1 and the release of relays 24LKT and
26TT2.

No retest is made in connéction with the foreign po- 3

tential test because it is not important to ascertain whether
the leak is to the tip conductor or to the ring conductor
but is sufficient to ascertain that therée is a leak, which usu-
ally results from a fault in the cable sheath. Since no

retest is to be made the relay 26RT is prevented from -

operating the manner previously described by the fact
that its energizing circuit includes the armature 4 and
back contact of relay 23FP and that relay is operated at
this time. With relay 26TT2 released and relay 26RT
prevented from operating the off-hook test will be ini-
tiated, by the operation of relay 230H1 in a circuit
traced from battery through its winding, conductor 23—
92, front contact and armature 3 of relay 23FP, now
operated for the foreign potential test, conductor 23—73,

front contact and armature 3 of relay 27TBL1, conduc- -

tor 27—21 back contact and armature 2 of relay 261.X2,
armature 2 and back contact of relay 26LK1, conductor
26—22, back contact and armature 1 of relay 27TBL2,
conductor 27—22, back contact and armature 2 of relay
261.X0, armature 1 and back contact of relay 26TT1,
armature 1 and back contact of relay 26TT2, conductor
26—23, armature 1 and back contact of relay 23CT1,
conductor 23—68 and left-hand contact and armature
of relay 24DLT to grounded conductor 24—04. Relay

230H1 operates in this circuit and makes the previously 5

described off-hook test. Following the off-hook test, the
test for a plugged up line is also made in the manner pre-
viously described and if the line is found to bé neither
off-hook ner plugged up the trouble recorder is called
into operation in the manner previously described and
after the record has been made the test control circuit
advances and seizes the next line to be tested.

When the foreign potential test is to be made at the
middle resistance limit, which is 5 megchms, the circuit
for conditioning the test circuit differs from the one
previously described in that one of the two parallel branch
paths is omitted, so that all of the test circuit condition-
ing current, and all of the leakage current, if any, flows
through the control windings of magnetic modulator
31—05. The circuit is traced from battery through re-
sistance lamp 23—32, conductors 23—33 and 23—95,
resistor 23—94, front contact and armature I of relay
23FP1, armature 2 and front contact of relay 23DR
to terminal 3 which is strapped to terminal 10 instead
of terminal 9, through the resistor associated with ter-
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minal 10, conductor 23—49, break contacts controlled
by arimatire 3 of relay 23CT, tesistor 23—47, back con-
tact and armature 4 of relay 23BR1, armature 2 and
back contact of relay 23BR, armature 6 and back con-
tact of relay 23CR, armature 5 and front contact of relay
23DR, resistor 23—82, conductor 31—24, filters 31—21
and 31—22, conductor 23—46, front contact and arma-
ture 2 of relay 23FP2, ¢onductor 23—04, control wind-
ings of magnetic modulator 31-—05, conductor 23--03,
crmature 1 and front contact of relay 23FP2, conductor
2357, resister 23—56, conductor 23—92, terminal 21
which is strapped to terminal 15, front contact and arma-
ture 3 of realy 23DR, conductors 23—38 and 31--23,
filters 31—21 and 3122, conductor 23—33 and arma-
ture 4 and front contact of relay 23FP1 to ground. The
portion of the path that is used only in conditioning the
test circuit but is not used in the actual test, beginning at
the battery, includes the resistor associated with terminat
10. In thé case of the highest resistance limit which is
10 megohms, the conditioning path extending to terminal
3 is continued by a strap connection to terminal 11 instead
of to terminal 10 thereby adding a resistance in series with
the resistance associated with terminal 10. The strap con-
nection from terminal 15 to terminal 21 remains. A
third strap connection is provided for the uppermost
resistance limit of range D, between terminals 29 and 30.
This strap connection shorts out resistor 32—09 in the
cathode circuit of amplifier tube 32V2, the short circuit
being traced from the upper terminal of the résistor over
conductor 32—11 to terminal 30 in Fig. 23 and thence
over the strap connection to terminal 29, front comtact
and armature 1 of relay 23DR and conductor 23—96 to
the lower terminal of resistor 32—09. The effect of the
short circuit across resistor 32—09 is to double the gain
of the amplifier. The reason for this is that the resistance
in the paths over which the magnetic modulator is con-
trolled by leakage current from a foreign potential to
the tip or ring conductor of the subscriber’s line is not
changed as between the middle resistance limit of 5
megohms and the upper limit of 10 megohms in range D.
Since the current flowing through a leakage resistaince of
10 megohms would produce in the control windings of
the magnetic modulator a current of only half the value
that would be produced at a leakage resistance of 5
megohms, the test circuit is made to respond to currént
through a leakage resistance of 10 megohms by doubling
the gain of the amplifier.

Busy tests

Relay 28JB is provided for taking ¢are of the condition
that the no-test junctor associated with a line link frame
that is to be selected is busy. As previously described,
when a line link frame is being selected ground on a hold
magnet vertical conductor of the no-test connector citcuit,
such as for example the verti¢al connected to the winding
of hold inagnet 20H0, will bé extended over conductor
3-—13, armature 8 and front contact of relay 3HGO,
armature 6 and front contact of relay SMCA1, conductor
11—09, front contact and one of the left-hand armatures
of relay 11C12, conductor 29—15 and chain path through
armatures 3 and back contacts of relays 29CHO to
29CHY, conductor 28—12 and upper winding of relay
28JB to battery, that relay will operate. When relay
28CH1 operates, ground is extended through armature 1
and front contact of that relay, armature 1 and front
contact of relay 28JB, conductor 28-—48 and conductor
19—26 to the winding of relay 19EG. This relay op-
erates and initiates the sequence of operations previously
described which cause the frame to be released and the
next frame to be selected. If all of the line links are
busy when a channel test is made, all of the relays
Z9TLLG to 29TLLY will be operated. Under that cir-
cumstance an energizing circuit will be completed from
relay 28JB traced through its lower winding and con-
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ductors 28—49 and 2851, chain circuit through the
front contracts and armatures and all of the relays
29TLLO to 29TLLY, conductor 29—27, front contact and
armature of relay 28VGK, armature 3 and front contact of
relay 28CHT1 when that relay operates, break contacts
controlled by armature 2 of relay 28JB, conductor
28-—31, chain circuit through break contacts controlled
by armatures 5 of relays 29CHO to 29CH9, front con-
tact and armature 5 of relay 29LLC, conductor 29—05
and over the previously traced path including conductor
24—02 to ground. Relay 28JB completes the circuit of
relay 19EG as before to cause advancement of the testing
circuit to the next frame,

If a line link frame is plugged busy, the circuit of relay
28TMB will be completed from ground, through the
winding of that relay, conductor 28-—52, front contact
and right-hand armature of relay 13CI1, conductor
13—03, front contact and armature of make-busy relay
4MBO0 when that relay is operated, conductor 30—904,
front contact and lowermost armature of relay
30FTA0, conductor 30—36, armature 1 and front con-
tact of relay 25FU9, conductor 29—03, armature 3 and
front contact of relay 29LLC, conductor 16—22, back
contact and armature 5 of relay 16TA and resistance
lamp 16—18 to battery and relay 28TMB will operate.
It connects ground on conductor 28—27 through its front
contact and armature and conductors 28—48 and 19—26
to cause the operation of relay 19EG which will initiate
release of the frame and advancement to the next frame.

Temporary suspension of tests

Testing may be temporarily suspended during a test
cycle if interference with traffic is suspected, if certain
test calls which would interfere with line insulation test-
ing are to be made, or for other reasons, by momentary
operation of key 10-—19. This key completes the circuit
of relay 10TS from ground on conductor 1¢—66 through
conductor 10—21. This relay operates and locks to
ground through its front contact and inner lower ar-
mature and through the back contact and armature of
relay 10RST to conductor 10—21. 1t lights lamp 10—22
to indicate that the temporary stop feature is in operation
and interrupts at its upper armature and back contact
a holding circuit for relay 10MS traced from conductor
10—21 through the upper armature and back contact
of relay 10TS, the upper armature and back contact of
relay 10RMT, armature 4 and front contact of relay
10MS, lower armature and back contact of relay 10MKT
and the winding of relay 10MS to battery. Relay 10MS
remains held through an alternate locking circuit which
is under the control of relay 19RF.

When testing has been completed on the five lines of
the group that is at the time seized, or when a line trouble
is registered or an off-hook or plug-up condition has been
encountered relay 19RF interrupts the holding circuit for
relay 10MS, the circuit being traced from the winding of
relay 10MS to the armature 5 and front contact of that
relay, front contact and armature 2 of relay 16MC, con-
ductor 16—07, armature 1 and back contact of relay 19H
and back contact and armature 1 of relay 19RF to con-
ductor 10—06 which is grounded. The line link frame
and the no-test connector are released as previously de-
scribed. With relay 10MS released, the relays 10MC and
28MCK release as do the relays 11CI2 to 11CI5, 12CI6
to 12CI9, 11CO2 to 11CO5, 12C06 to 12C09, 13C0O10
to 13C013, 13CO1 and 13CI1, and with these relays re-
leased, the marker is restored to service. With relay
10MS released the circuit of relay 10SM is reestablished
and this relay operates to start the timing interval of 5.1
to 8 seconds for seizure of a marker. After the testing of
a line group has been completed, relay 19EG operates
as before to advance the frame count. Relay 19RF re-
leases in the sequence of operations initiated by relay
19EG. With relay 10MC released, conductor 10—14 is
isolated at the armature 7 of that relay, preventing re-
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seizure of the no-test .connector and.consequently of a
line link frame.

To restart the circuit, key 10-—23 is momentarily oper-
ated to complete the circuit of relay 10RST which oper-
ates. This relay interrupts the holding circuit for relay
10TS which releases and connects ground from conductor
10—21 to the front contact associated with the upper
armature of relay 10SMT. If this relay is operated or
when it operates under the comtrol of the timing circuit
comprising tube 10-—01 and condenser 10—02, the relay
10MS reoperates, causing the marker to be seized and
testing to be continued in the manner previously described
at the next line in the testing sequence. The circuit for
holding relay 16MS operated, traced above, includes the
armature 1 and back contact of relay 10RMT. - This
relay is operable to cause the suspension of testing during
the previously described circumstance that all markers
become busy and remain busy for an interval of 5 to 8
seconds. A ground connection that appears on the back
contact associated with armature 2 of relay 16TA when
all markers become busy is traced through that back con-
tact and armature, armature 6 and front contact of relay
160N and conductor 10--03 to the winding of relay
180AMB, which operates. Relay 10AMB extends ground,
previously traced, to its armature from armature 1 of re-
lay 16TA through the associated back contact, front con-
tact and armature 7 of relay 160N, conductor 10-—04,
through its front contact, front contact and armature 6
of relay 10MS, and winding of relay 10RM to battery,
and this relay operates. Relay 10RM activates a timing
circuit comprising tube 10—31 and condenser 10—32,
which has the same timing characteristic, namely, 5 to 8
seconds as the timing circuit comprising tube 10—01 and
condenser 10—02 controlled by relay 10SM as previously
described. If relay 10AMB remains operated long enough
for tube 16RMT ‘to fire, relay 10RMT, associated with
relay 10RM and tube 10-—31 in the same way that relay
10SMT is associated with relay 10SM and tube 1001,
operates, locks, and interrupts the same holding circuit
for relay 10MS that relay 107TS interrupts when operated
by key 10—19. Relay 10MS, released, suspends the test-
ing of lines and prepares an operating circuit for relay
16SM in the manner above described, and releases relay
10RM which unlocks and releases relay 10RMT.

When a marker becomes idle the circuit of relay
10AMB is interrupted and this relay releases, extending
the ground on conductor 10—04 through its back con-
tact and the back contact and armature 7 of relay 10MS
to relay 10SM. The latter relay operates and activates
the previously described timing circuit comprising tube
10—01 and condenser 10—02. If at least one marker re-
mains idle, leaving relay 10AMB released, until tube
10—061 fires, relay 10SMT will operate to cause the re-
operation of relay 10MS and the resumption of line test-
ing at the next line in the testing sequence.

Master test frame test call on associated marker

The line insulation test control circuit is arranged to
suspend testing if the associated marker is selected for a
direct test call, to allow the marker test call to proceed and
to resume testing after the test call is completed.

With the insulation test control circuit off-normal, se-
lection of the associated marker for a direct test call causes
relay 10MKT to operate in a circuit traced from battery,
through its winding, conductor 10—24, front contact and
armature 1 of relay 160N1, and conductor 16--34 to
the master test frame connector circuit where the con-
ductor receives a ground connection. At its upper arma-
ture relay 10MKT disconnects ground from a path includ-
ing conductors 10—26 and 10—27 which extends to the
master test frame connector circuit and the removal of
ground from this path delays the start of the marker test
¢all. Relay 10MKT also opens one of the holding circuits

75 for relay 10MS, the one that is interruptable by relay 10TS,
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as previously described, leaving relay 10MS locked under
the control of relay 19RF. When testing is completed on
the five lines of the group that is then seized, or when a
line trouble is registered or an off-hook or plug-up condi-
tion is encountered, relay 19RF operates and releases re-
lay 10MS as previously described. Relay 10MS releases
the marker and prevents the control circuit from seizing
the no-test connector and a line link frame in the same
manner as described in connection with the temporary stop
condition.

Maintenance features

Apparatus is provided in the line insulation test control
circuit for making manually-controlled simulated tests for
checking the operation of the line insulation test circuit
and the parts of the control circuit which are directly asso-
ciated with it on all combinations of range and type of
test for checking the off-hook and plug-up release features
of the control circuit, and for checking and adjusting the
calibration of the test circuit.

Resistances associated with the contacts of switches
21LR, 21LT and 21CAL are provided to simulate line con-
ditions for the test calls. These tests are initiated and re-
leased by keys on the line insulation test frame and the re-
sults are shown by associated lamps. The marker, line
link frames, and other portions of the cross bar switching
office are not used for these tests.

‘When any of the above tests are to be made, key 21—07
is momentarily operated to complete the circuit of relay
21IMTC which operates and locks in a path traced through
its front contact and armature 7 and the upper armature
and back centact of relay 21RN1 to ground. At its arma-
ture 1 the relay 21IMTC disconnects conductor 16—04
from conductor 21—04, thereby disconnecting a shunt
around condenser 16—03 associated with timing tube
16—08 and connects the condenser through conductor
16—04 and the armature 1 and front contact of relay
21MTC and conductor 21—08 and winding of relay 16ST
to ground to set the timing circuit in operation. At its
armature 2 the relay 21IMTC connects ground to con-
ductor 21—09 from which the ground connection is ex-
tended over conductor 16—901 to operate relay 31—01 in
the test circuit to activate that circuit. At its armature
5 and front contact relay 21TMC interconnects conductors
21-—11 and 21—12. Conductor 21—11 is traced to Fig.
23 where the path continues over conductor 23—66, back
contact and armature 3 of relay 24TR, conductor 24—46,
back contact and armature 1 of relay 230H2, armature 3
and back contact of relay 230H1, conductor 23—67,

back contact and armature 1 of relay 24SL1, conductor ;

24—47, chain circuit through the back contacts and arma-
ture 4 of relays 26T2, 26T1 and 26T0, back contact and
armature 7 of relay 26RT, conductor 26—21, back con-
tact and armature 3 of relay 27TBL1, conductor 27—21,

back contact and armature 2 of relay 26LK2, back contact ;

and armature 2 of relay 26L.K1, conductor 26—22, arma-
ture 1 and back contact of relay 27TBL2, conductor
27—22, back contact and armature 2 of relay 26LK0,
armature 1 and back contact of relay 26TT1, armature 1
and back contact of relay 26TT2, conductor 26—23, arma-
ture 1 and back contact of relay 23CT1, conductor 23—68,
left-hand contact and armature 1 of relay 24DLT to con-
ductor 24—04 which will receive ground when relays
160N3 and 16SKT have operated. Conductor 21—12 is
traced to Fig. 17 where the path is extended over con-
ductors 18—31 and 18—10 to the winding of relay
18AVK. This path bridges the operating circuit for relay
18AVK around the contacts of relays 17VF0 to 17VF4 be-
cause these relays are not operated on these tests.

At its armature 10 relay 2IMTC completes the circuit
of lamp 21—13 to indicate that the circuit is set up for
maintenance testing. At its armature 3 relay 21MTC dis-
connects conductor 21—01, which extends to the winding
of relay 160N, from conductor 21—05 and connects
conductor 21—05 over the front contact and armature 3 of
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relay 2IMTC and conductor 21—14 to the winding of
relay 160N2 thereby preventing the operation of relays
160N and 160N1 when ground is subsequently connected
to the path, but permitting relays 160N2 and 160N3 to
operate upon the grounding of conductor 21—05. Relays
160N and 160N1 in the unoperated condition prevent se-
lection of the associated frames and other operations
which are not required for maintenance tests. At its
armature 4 and front contact the relay 21MTC prepares
an operating path for relays 24ADV and 24ADV1 shunt-
ing armatures and front contacts of relays 180ST and
18DCK1, the shunt path being traced from the junction
of conductors 18—26 and 23-—62 over conductor 23—97,
armature 4 and front contact of relay 21IMTC, and con-
ductor 26—17 to the front contact of relay 26HD1 which
receives ground from conductor 26—01 when the relay
26HD1 operates. At its armature 6 the relay 2IMTC dis-
connects conductor 21—06 and the winding of relay
22TR1 from conductor 24—67 and substitutes a path to
the winding of relay 21TR2.

After the relay 2iMTC has operated, as indicated by
the lighting of lamp 21—13, one of the keys 15—01,
1523, 15—23, 15—26, 1527, 1528, 1531,
i5—32 and 35—33 is operated for the desired range
and type of test. This operates the corresponding one
of the relays 1581 to 1589 which operates in the manner
hereinbefore described to operate relays 27SRG and
27SRG1 in the case of the short and ring ground test,
or relays 23FP, 23FP1 and 23FP2 in the case of the
foreign potential test, and if the test is to be in ome
of the ranges B, C or D, the corresponding relay 23BR,
23CR or 23DR operates. Relay 27SRG1, or relay
23FP2, or one of the relays 1554, 1585 and 1556 grounds
conductor 21—05, and relay 160NZ operates, in turn
operating rclay 160N3. Gas-filled tube 16—88 times
out and operates relay 16ST. Gas tube 16—11 times out
under the control of relay 16SKT and operates relay
16SKT which provides the ground for operating relay
18AVK. The test circuit also is conditioned in the
manner previously described, causing relay 26HD to
operate and relay 26HD1 to release. This completes the
preparatory condition for maintenance tests. The next
step in the maintenance test is to incorporate either or
both of the switches 21LR and 21LT to positions which
correspond to the resistance values that are to be used
to simulate a subscriber line leak. Ten resistance values
are associated with each of the switches. These values
represent the bands of line leakage resistance into which
the ranges are divided, these values being set forth in
Table C.

The relays 1551 to 1589, in addition to their other
functions, connect the resistors associated with the
switches 21LR and 21LT in such manner as to simulate
the conditions for which the test is made on each type
of test. The resistors associated with the contacts of
switch 21LR are connected by conductor 21—16 to the
armature 2 of relay 1557, and with relays 1587, 1558
and 1559 normal the path is extended to ground. With
any of those relays operated, the path is extended to con-
ductor 15—37. The resistors associated with the con-
tacts of switch 21LT are connected by conductor 21—17
to armature 3 of relay 1584 and with none of the relays
15584 to 1559 operated, the path is extended over con-
ductor 15—38 to the contactor of switch 21LR. With
any one of the relays 1554, 1555 and 1556 operated, the
path is extended to ground and with any of the relays
1587, 1558 and 15589 operated, it is extended to com-
ductor 15—37.

For the short and ring ground test, relay 21IMTS is
operated, as will be described later, to connect the ring
conductor from relay 24ADV to the contactor of switch
21LR and through one of the resistors associated with
the contacts of that switch to ground through the back
contacts of relays 1557, 1588 and 1559. The tip lead is
connected in a similar manner through the contactor of
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switch 21LT, one of the resistors associated with its con-
tacts and through conductor 21—17 back contacts of
relays 1554 to 1589 and conductor 15—38 to the ring
lead. The switch 21LR may, therefore, be used to simu-
late a leak from ring to ground and the switch 21LT may
be used to simulate a leak between the tip and ring. Both
switches may be operated to set up a combination of
these conditions.

For the tip and ring ground test, the ring lead is con-
nected to the switch 21LR and through one of its resistors
to ground through the back contacts of relays 1587,
1588 and 1589 as in the case of the short and ring
ground test. The tip conductor is connected through
switch 21LT and one of its associated resistors to ground
through a front contact of one of the relays 1554, 1555
and 15S6. The switch 21LR may, therefore, be used to
simulate a leak from the ring to ground and the switch
21LT may be used to simulate a leak from the tip
to ground or both may be used, for a combination of
these conditions.

For the foregin potential test both the tip and ring are
connected through the switches and their associated
resistances and front contacts of relay 1587, 1558 or 1559
to conductor 15—37 which extends to battery as will
be described hereinafter. The switches may be used indi-
vidually to simulate leaks from the tip and ring to
battery or both may be used.

After the switches 21LR and 2ILT have been set to
the desired positions, key 21—18 is operated momentarily
to complete the circuit of relay 2IMTS through the
front contact and armature 8 of relay 2IMTC, and
relay 21MTS locks to the same ground through the
armature 1 and back contact of relay 2IMTR. At its
armature 6 the relay 2IMTS completes the circuit of
lamp 21—19 which lights. A path is extended from
the contactor of switch 21LT through the front con-
tact and armatuore 1 of relay 21MTS, conductor 21—21,
and conductor 24—31 to the back contact associated with
the armature 1 of relay 24ADV, the conductor 21—21
representing a simulated tip conductor of a subscriber
line corresponding to the conductor 24——12 over which
such a tip conductor is actually extended, as previously
described. Similarly, the contactor of switch 21LR is
connected through the front contact and armature 2 of
relay 2IMTS and conductor 21—22 and conductor
24—07 to the front contact associated with the armature
2 of relay 24ADV, conductor 21—22 corresponding to
conductor 24—08 over which an actnal connection to the
ring conductor of a subscriber’s line is made. At its
armature 3 and front contact relay 21MTS completes
the circuit of sleeve relay 24SL, the circuit being traced
from ‘battery through the winding of that relay, back
contact and ‘armature 3 of relay 24ADV, conductor
24—69, armature 3 and front contact of relay 21IMTS,
conductors 21—23 and 23—06, armature 5 and back
contact of relay 24ADV to ground. Relay 24SL oper-
ates and in turn operates relay 24SL1 and the sequence
of operations previously described by which the test cir-
cuit tests the resistance presented to it is repeated. If the
resistance set up on the switches is greater than the maxi-
mum limit of the selected range, the relays 24ADV
and 24ADV1 operate and relay 24ADV completes the
circuit of lamp 21—24 to indicate that the test circuit
interprets the resistive connections established by switches
21LR and 21LT as a trouble-free condition, the circuit
being traced from battery through lamp 21—24, front
contact and armature 9 of relay 21IMTC, back contact
and armature 3 of relay 2AMTR, and conductor 21--26,
front contact and armature 5 of relay 24ADV, front
contact and armature 1 of relay 24ADV1, conductors
18—03 and 18—02 to ground. If the resistance set up
on the switches is less than the maximum limit of the
selected range, a trouble is registered, a retest is made,
if required, and the off-hook and plug-up tests are made
in the manner previously described. Neither of _these
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conditions being found to exist, because thiey have rof
been set up, the circuit of relay 21TR2 is completed from
battery, through the winding of that relay, front contact
and armature 6 of relay 2ZiIMTC and over the circuit
previcusly traced for the operation of relay 22TRi and
relay 21TR2 operates. This relay disconnects ground
from conductor 22—02 to prevent the release of relays
24DLT and 230H2 on test calls in which a simulated
off-hook condition has been set up and the relay 21TR2
also completes the circuit of relay 24ADV in a path
from ground supplied from relay 160N3, through its
front contact and armature 5, armature 4 and front con-
tact of relay 16SKT, conductors 16—26 and 2201,
armature 4 and front contact of relay 21TR2, conductors
2i—27 and 22—07 to the winding of relay 24ADV.
Relay 21TR2 also extends ground through its armature 2
and front contact and conductor 21—28 for operating
any one of the lamps 26—53, 26—54 and 26—56 that
may have been conditioned for operation by the opera-
tion of its associated trouble registration lamps 26T0,
26T1 and 26T2. These lamps are not operated in the
case of an actual test but only on a simulated test to
indicate that the test circuit has properly identified a
simulated trouble condition. If a retest is made this
ground connection is extended over the front contact
and armature 4 of relay 26RT to control retest indicating
lamps associated with relays 26LK0, 26LK1 and 26LK2,
there being a lamp individual to each of those relays
and a fourth lamp which lights on retest when none of
the relays 26LK®, 26LK1 and 26LK2 is operated, to
indicate that a trouble did not appear on retest. Table
E shows the lamp indications for a simulated tip and
ring ground- test in the B range with the range cross
connected for the 640,000-chm limit. This test is ini-
tiated by momentary operation of key 15—27. 1t is
assumed that only one of -the switches 21LR and 2ILT
is operated for each test. Four different resistance values,
achieved by four different positions of the switches for
the tip and ring conductors, are shown. This gives a
total of eight tests.

TABLE E
[640,000 ohms max. limit]

LR 8w. Pos. (X1,000 ohms) Test Lamp| Retest

Lamp
953,000 ...._.._ e 2024 |
481,000, ... TS 26—53 26—59
240,000 ... T 26—54 26—58
120,000 ._ _— - 2656 26—57

LT Sw. Pos. (X1,000 chms) Test Lamp| Retest

Lamp
21—24 |
2653 26—61
26—64 26—61
26—56 26—61

As shown in the table, the 953,000-ohm setting is above
the limit of the range. The lamp 21-—24 operates to indi-
cate that no trouble was encountered. The 481,000-ohm
setting is between the range limit and one-half this value
causing lamp 26-—56 to operate. The 240,000-0hm value
is between one-half and one-quarter of the range limit
resulting in operation of lamp 26—54. The 120,000-
ohm value is less than one-quarter of the range limit
causing lamp 26—S53 to be lighted. When the ring con-
ductor is grounded corresponding lamps 26—59, 26—58
and 26--57 are lighted as this lead is tested on the
retest. When the tip conductor is grounded, however,
lamp 26—61 lights on retest as the tip conductor is not
involved at this time. The results of test cycles on other
ranges and other types of tests may be analyzed in a
manner similar to the above except that retest is not
inade on a foreign potential test. ’
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The-test call muy be released by momentiry operation’
of key 21—29 which’ operates relay 21IMTR in-a circuit
traced’ fromi’ battery, through the" windikig' of tHat relay;
condiictor 21==31, front contact and armature 7 of relay
24ADV, conductor 2471, key 21-—29 and armature §
and front contact of relay 2IMTC to ground: Relay
21MTR locks through its front contact and- armature’ 2
and' the front’ contact' and armatutre 2 of relay 21ITR2

to ground and' interrupts at its’ armature- 3° and" back’

contact the circuit of lamp 21-—24: It also interrupts the
lockitig circuit: of relay 21MTS which releases and extends
thie ground conrection’ which caused the operation of
relay 24ADV over conductor’ 21—32, its front contact
and armature 4 and conductors 21—03; 22—03' and

24— 31 to the winding of relay 24ADVY. Relay 24ADVY

releases the'relays operated for the line test. This causes
relay 18AVK to" operate’ which releases relays' 24ADV
and' 24ADV1. When ground is removed from' the ener-
gizing circuit of relay 21TR?2, this relay releases; in turn
releasing relay 21MTR.

Additional test calls may be initiated as above by oper-

ating' Key 21-—18 using different settings™ of switches

21LR and 21LT and they may be released by momentary
operation’ of key 21—29. The combination of range
and type of test may be changed by morhentary operation
of key 1539 whith operates relay 15RN to interrupt
the locking circuit of any one of the relays 1551 to
1559" that has been operated. This may be followed by
operation of another one of the keys’ associatéed with
relays 1581 to 1589 to' make a simulated test call in a
different type-and range of test.

Checking 6f off-hook anid plug-up reledse fentuiies

Keys 2133, 2134 and 2136 are effective when
momentarily operated while relay 2IMTC is- operated
and locked to cause: the operation of relays 210H3;
210H4 and 21PUZ2: respectively. These: relays: are pro-
vided. for making. test calls to check' the operation of
the off-hook release feature, non-operation- of this- fea-~
ture and the operation of- the- plug-up release feature,
respectively. Each of these relays, when operated, lights
an individual lamp 21—37, 21—38 and 21—39 respec-
tively, locks under the control of relay 21MTR, prepares
a locking circuit for relays 24ADV and 24ADVYT at the
armatures 5 and- front contacts-and' connects ground over

conductor 24—69 as did the relay 2IMTS. to operate”
In addition; relay-
210H3 connects a 1,200-ohm resistor 21—41 across: the®

the relay 24SL to start the test call.

tip and ring conductors, relay 210H4 connects a 1,718-
ohm resistor 21—42 across these resistors and relay
21PU?Z connects battery through resistor 21—A43, having
2 value of 98-ohms; to the rifig conductor at its' arinature
2. and front contact and- connects  ground- to the tip con-
ductor at its front contact and armature 1.

The type of test and range used for these tests should:
be such that the simulated conditions will in. each. case’

cause a trouble to be registered. The short and- ring
ground test, with one of. the relays 1581, 1552 or 1583
operated‘ should be used for the off-hook tests: The tip
and rmg ground test- in the C range, selected by relay
1356 in the operated condition, is suitable for the plug-up
test. This i§ the only type of test that detects ground
on the tip conductor. The A and B ranges-are not satis-
factory” for this test because of the shunting. effect: of
resistor 27—07 which reduces the current flow through
the comtrol’ windings of the magnetic modulator to a
value which might not register as a trouble. For the
ofi-licok operate’ tests, resistor 21—4% should: cause a
trouble to be registered by operation of relays 26T0 and
26L.K0. Relay 230H should operate, however, causing
release relay 24RL. to operate, this relay in tirn operating
relays: 24ADV and’ 24ADVY. This results in operation
of lamp 21-—24 if the off-hook reléase féature functions
properly. Failuré of thi§ featuie results in a trouble
indication on the lamps in Fig: 26.
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For the offihook non-operate tests; resistor 21--42
should® cause a trouble to- be registered by operation: of
relays 26T0'and 26LK0: Relay 230H should not oper-
ate, however, as the current through resistor 21—42 pre-
vents the flow of sufficient current to-operate relay’ 230H.:
A trouble should, therefore, be indicated.

For tHe plug-up: test the ground connected to the" tip
should cause a trouble to be registered, and’ to' be' can-
celed’ By the operation of relay 24PU from: battery on
the* ring” add ground: on the tip. The lighting’ of lamp’
21—24 should result.

Any one of the' test calls initiated by relays 210H3,
210H4 and 21PU2 may be released by moniertary op-
eration’ of key 21:—29 which causes the operations pre-

" viously described with the exception that the operated one

of relays 210H3; 210H4 and 21PU2 releases, instead of
relay 21MTS.

Calibration

Switch 21CAL is provided for checkmg thecalibration’
of the test set. Specifically, the first” six posmons of that
switch- check the calibration’ of the' test- circuit on' each
of the three  bands of failure. The tip and ring ground
test in' range B with a resistance limit of 640,000 ohms is
always'set up for the purpose of calibration regardless of
the range cross ‘connections. Since the test circuit func-
tions in the same manner for all range limits, it will prop-
erly operate for any limit if adjusted for one.

The checking of the calibration is’ done as a pdrt of
rotitine testing or when trouble in the test circuit is sus-
pected: I order” to make this test keys 21—07 and
1527 are operated: Either of the switches 21LR or
21LT is set in its tenth posmon and tHe other is set in its
off position. Switch 2ICAL is advanced through its first
six positions as successive test calls are made.

With switch 21CAL. off-normal, relay 23BR1 is oper-
ated ir a circuit traced from ground, through the front
contact and armature 8 of relay 21MTC, conductors
2144 and 21—46, ofi-normal contacts of switch-21CAL,.

conductor 21-—47, armature I and front contact of relay:
1555, conductor 15—41 and winding of relay 23BR1
to:battery and-that.relay. operates. Relay 23BRY changes
the range control leads to provide the 640, 000-chm limit
regardiess of cross connections and extends ground
through its front contact and armature 2, conductor
23.-98; to the common side of the resistors associated:
with the contacts of switch 21CAL.. This ground.is. ex-
tended through the selected resistor and the contactor of
the switch to the tenth contact of the switches 2ELR. and
21T and through the contactor of whichever one of those
switches is set in. its. tenth position to the front. contacts:
associated with armature 1 or 2 of relay 21IMTS.

The first. six. resistors of switch 21CAL insert-leaks ap-
proxunately fifteen per cent lower or higher than the upper
limits. of the three bands associated with the 640,000-
ohm range thereby providing for operate and non-operate
tests on the corresponding equipment.

With the circuit-prepared as above, test calls are made
by operation of relay 2AMTS and are released by opera-
tion of relay 21MTR, as previously described, the switch
21CAL being positioned successively on its first six ter-
minals for these calls. Ground through the-selected. re-
sistors- of switch: 21CAL is connected to-the test circuit.
The results of the test are indicated by the operation of
lamp 21—04 or by the lamps in Fig. 26 as.in the case of
the other tests. For example, with the switch 21CAL in
the first position an operate test is applied to the test cir-
cuit equipment associated with the lowest band of failure,
the resistance limit of this-band being 160,000 ohms for
the selected range limit. This should cause a failure to
be recorded in this band and lamp 26—>53 should light.
In the second position of this switch, a non-operate test
for this band'is made and.lamp 26—54 should light as the
cuirrent is sufficient to operate the equxpment to indicate

75 g failure for the middle band but not for the lowest band.
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Ir the third position of the switch an operate test is made
for' the middle band having a resistance limit of 320,000
ohms and this should result in the recording of a failure in
this band with lamp 26—54 operated. In the fourth posi-
tion of the switch, a non-operate test for the same band
is made and lamp 26—56 should operate. In the fifth
position of the switch an operate test in the upper band,
having a resistance limit 640,000 ohms, is made and the
recording of a failure in this band will be indicated by
the lighting of lamp 26—56. With the switch in the sixth
position, a non-operate test for the same band is made
and the correct response on this test is the lighting of lamp
26—61, none of the lamps 26—353, 26—54 or 26—56 be-
ing operated. The retest lamps 2657, 26—58 and
26—359 are disregarded in these tests.

If incorrect lamp indications are received on any of the
calibration tests and if there is no circuit trouble, an ad-
justment of potentials in the test circuit is required. The
resistors connected to the seventh, eighth and ninth con-
tacts of switch 21CAL are provided for this purpose. In
these positions, resistances equal or approximately equal
to the band limits are connected. Upon the occurrence
of a failure in the lowest band test cails are made as above
described, except that switch 21CAL is set in the seventh
position and the value of the resistance connected in the
circuit in that position is 160,000 ohms. Variable re-
sistor. 32—12 in the cathode circuit of amplifier tube
32V1 in the test circuit should then be adjusted between
successive test calls so that the lamp  indications will
change from lamp 26—53 to lamp 26—54 or the reverse
with the smallest possible movement of the variable re-
sistor. After this adjustment has been made it is advis-
able to recheck the medium and high bands.

For failures in the medium and high bands, the eighth
and ninth positions, respectively, of switch 21CAL are
used. The value of the resistor connected to the eighth
contact is 320,000 ohms, and the value of the resistor
connected to the ninth contact is 640,000 ochms. For the
medium band potential, divider 32—13 associated with
the grid return of detector tube 32V6 should be adjusted
between successive calls so that the lamp indications will
change from one to the other of the lamps 26—54 and
26—56 for the smallest possible movement of the poten-
tial divider. Similarly, for the high band potential di-
vider 32—14 which is connected in the grid return of
tube 32V7 should be adjusted for similar changes as be-
tween lamps 26—56 and 26—61.

When the required maintenance tests have been com-
pleted, key 21—48 is operated momentarily to cause relay
21RN1 to operate. Relay 21RN1 interrupts the locking
circuit of relay 2IMTC which releases. Relay 21RN1
completes a circuit from ground through its lower arma-
ture and front contact and conductors 21——49 and 36--21
to the winding of relay 15RN which operates.  This relay
releases whatever one of the relays 15S1 to 15589 has been
off-normal for a maintenance test, the last relay that was
described as off-normal being the relay 1585, and with
this relay released all relays controlled by it are released
and the test control circuit is thereby restored to normal.
Neither of the relays 21RN1 nor 15RN has a locking
circuit so that they remain operated only as long as key
21—-48 is operated.

Although a specific embodiment of the invention has
been shown in the drawings and described in the fore-
going specification, it will be understood that the inven-
tion is not limited to the specific embodiment disclosed
but is capable of modification, rearrangement and sub-
stitution of parts and elements without departing from
the spirit of the invention.

What is claimed is:

1. In a telephone system, line switches, lines and trunks
appearing in sets of contacts of said switches, means for
marking a contact in each of said sets to indicate whether
a line or a trunk is connected thereto and whether said
line is busy or idle, a line insulation testing arrangement,
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means for connecting said testing arrangement with 4
plurality of sets of contacts, means in said testing ar-
rangement normally effective to apply one testing circuit
to each of said sets of contacts in turn, means under
the control of said marking means to prevent the con-
nection of said one testing circuit with the marked set
of contacts, means effective if said one testing circuit
indicates a trouble condition in the line connmected to
one of said sets of contacts to apply a second testing
circuit to said one set of contacts, and means to record
the indication given by both of said testing circuits.

2. In a telephone system, line switches, lines and
trunks appearing in sets of contacts of said switches, a
line testing circuit, seizure means for connecting a plu-
rality of said sets of contacts with. said testing circuit,
contact controlling means for operating the said connected
contact sets in succession to connect the lines and trunks
appearing in said contact sets to said testing circuit indi-
vidually, and by-passing means responsive to a busy
condition of any of said plurality of lines or trunks for
precluding connection thereof through its set of contacts
to said testing circuit. - :

3. In a telephone system, line switches, lines and trunks
appearing in sets of contacts of said switches, a line
testing circuit, seizure means for connecting a plurality
of said sets of contacts with said testing circuit, contact
controlling means for operating said connected contact
sets in succession to connect the lines and trunks appear-
ing in said contacts to said testing circuit individually, and
by-passing means operable in accordance with service
characteristics of certain lines or trunks and .effective
upon the connection of the sets of contacts of said cer-
tain lines or trunks with said test circuit for precluding
connection thereof through their respective contact sets
to said testing circuit.

4. In a telephone system, line switches, lines and
trunks appearing in sets of contacts of said switches, a
line testing circuit, seizure means for connecting a plu-
rality of said sets of contacts with said testing circuit,
contact controlling means for operating said connected
contact sets in succession to connect the lines and trunks
appearing in said contacts to said testing circuit indi-
vidually, and by-passing means operable in accordance
with a temporary condition of any of said lines and
trunks or permanent service characteristics of certain of
them and effective upon the connection of the sets of
contacts thereof with said test circuit for precluding con-
nection of those lines or trunks through their respective
contact sets to said testing circuit.

5. In a telephone system, line switches arranged in
frames, lines and trunks appearing in sets of contacts of
said switches, each of said frames having the contact sets
allocated to a plurality of groups, a line testing circuit,
seizure means for connecting any one of the groups of
contact sets with said testing circuit, contact controlling
means for operating in succession the contact sets of the
group to connect the lines and trunks to said testing
circuit, and group selecting means for causing the seizure
of a group of contact sets of each of said frames before
the seizure of a second group in any frame.

6. In a telephone system, line switches arranged in
frames, lines and trunks appearing in sets of contacts of
said switches, each of said frames having the contact
sets allocated to a plurality of groups, a line testing cir-
cuit, seizure means effective when first activated for con-
necting a particular group of contact sets of a particular
frame with said testing circuit, contact controlling means
for operating in succession the contact sets of said con-
nected group to connect the lines and trunks to said
testing circuit, and group selecting means for causing said
seizure means to seize thereafter the corresponding group
of contact sets in each of the others of said frames before
the seizure of a second group in any frame.

.7. In a telephone system, line switches arranged in
' frames, lines and-trunks appearing in sets. of contacts of
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said’ switchies; each of said’ frames: having' the' contact
sets allocated: to a plurality’ of groups, a line testing
circuit, seizure means' effective’ when first activated’ for
connecting' a particular group of contact sets of 4 par~
ticular frame- with said’ testing: circuit, contact’ cortrolling’
means for operating’in succession the contact sets’ of said
connected group'to’ cotinect the lines and trunks to said
testing circuit, arid' group selecting means for causing said-
seizure means' to ‘seize: tHereafter the corresponding group'
of comntact sets it eachs of the- otliers of saidl frames- in
predetermined order among them before the seizure of
a second group in‘ any frame.

8. In a teléphone system; line sw1tches arranged in’
frames; lines and' trunks' appearing in* sets' of contacts of
said switches, edch’ of said framies having the contact
sets allocated to a-plurality of groups; a line testing circuit,
seizure’ means effective: when first activated for connect-
ing & particuldr group’ of comtact' sets of a particular
frame with said- testing circuit, contact controlling mcans

for operating in' succéssion” the' contact' sets’ of said con-

nected’ group to' conmect said’ lines’ and trunks to said’
testing circuit, and group selecting” means® for causing'
said seizure means to’ seize’ thereafter the corresponding
group of contact sets'in each’ of the others of said’ frames
in a particular order’ amotig’ them, and anothier and: yet’
ancther group from each frame'in turn inthe same order
until every group has been seized:

9. In a telephone syster; line switches® arrariged in’
frames, lines and trunks appearitig in’ sets’ of contacts' of
said- switches, each of said framies having' the' contact sets
allocated ta groups identifiable according to'location in the
frame, a line testing circuit, seizure means effective when'’
first activated for comnecting’ a particular group of con-

suct sets of a particular frame with' said- line testing: cir-
cnit, contact controlling means for operating ini siiccession’
“he contact sets of said’ connected grotip® to' corinect said
Ynes and trunks to- said- testing circuit, group. selecting’
“neans for causing said seizure’ means to* seize there-
’ter the correspondmg group-of contdct sets of the others

-7 said frames in a particular order of succession among’

*he frames, and other selecting means for causing said
'kup selectmg mieans to select in" & predetermined order
«§ sutcession all the groups of said particular frame.
*0. Tn a telephone system, a switching cénter having &
~turality of lines termintiting thereat, 4 testing circuit for
wsting the insulation' characteristics: of sajd- lines, and a

~untrol circuit for controlhng the tésting of said lines by’

~aid testing circuit, said contiol circuit including means’

+pditionable to cause the testing' 51mu1taneously of two
ingulation resistanice characteristics’ relative' to the con- &

“wetors’ comprising said lines, selectively operable mieans

31 conditioning said conditionable means, mears set’
71y operation by sdid selectively operable means for caus-
¥ng all of said lines to be tested in' succession for said two
tnsulation resistance conditions, and means effective’ upon’
the discovery by said testing' circuit of insulation resist-
ance below a predeterinined value for retesting for one
only of said insulation resistanice characteristics.

11. In a telephone systém, a switching center having a
plurality of lings terminating thereat, each of said lines
having two' conductors, a testing circuit for measuring re-
sistance, and a control' circuit for causing said testing cir-
cuit to test said line€s, said control circuit having meadns
conditionable to* cause said testing circuit to test the’ in-
sulation resistarice’ of said conductors in' a plurality of
ways including the concurrent testing: compositely of the
insulation resistanice between said conductors and between:
one of them and: ground; means: for successively connect-
ing- said lines with: said- control circuit, and means effec-
tive- upon the discovery by’ sdid testinig circuit: of: irstila-
tion resistance below' a’ predetermined value for retesting
only the: insulation: resistance’ between: said conductorsi

12. In a telephone: system;. a-switching center having &
plurality of lines terminating. thereat; each: of said lines
having. two conductors,. a: testiiig: clreuitt for rieasuring
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resistance, and’ & control circuit' for causing said testing
circuit to test said lines, said control circuit having means
conditionable to: cause said- testing circuit to test the insu-
lation resistance of said conductors in a plurality of ways:
including the concurrent testing compositely of the insu-
lation resistance between each of said conductors and:
ground, means: for successively connecting said lines with
said- control circuit; and means effective upon the dis-
covery by said testing circuit- of insulation resistance be-
low a predetermined value- for retesting only the insula-
tion resistance between: one of said conductors and
ground..

13. In & telephone system, a-switching center having a
plurality of lines terminating thereat, a testing circuit for

. testing the insulation characteristics of said lines, and a:

control: circuit: for controlling the testing of said lines by
said- testinig’ circuit; said control- circuit’ including means-
conditionable. to cause-the testing of the insulation resist-
ance of. the corductors comprising.said lines with refer-
ence to- a: plurality of fixed- resistance. limits, selectively
operable mearns for conditioning said conditionable means:
for: testing: relative’ to- any one: of said resistance limits,
means. set in-operation by said selectxvely operable means
for causing' said lines to be tested in succession according
to" the: condition- of- said. conditionable means, and indi-
cator means included in. said testing circuit for indicating
the detection. by said. testing: circiut of any one of a plu-
rality of fractional values: of. the selected resistance limit.

14. In.a telephone system, a switching center having a
plurality of: lines terminating thereat, a. testing circuit for
testing the insulation characteristics of said lines, and- 2
control. circuit for controlling the testing of. said lines by
said testing circuit, said: control circuit including means,
conditionable: to cause the testing of. the insulation resist-

- ance of the conductors comprising said lines in a plurality

of resistance rarges,.selectively operable means for condi-
tioning: said- conditionable means for testing in any one of
said resistance ranges, means set in operation by said se-
lectively operable means. for causing said lines to be tested
in succession, means in said testing circuit for indicating
subnormal: resistive: conditions of said conductors, and
means: for testing: to distinguish between subnormal insu-
lation resistance: and: certain operational conditions of lines
giving rise to subnormal. resistive conditions of the
conductors.

15. In- a teléphone system,.a switching center having a
plurality of lines terminating thereat, a testing circuit for
testing the insulation characteristics of said lines, and a

control circuit for controlling the testing of said lines by

said testing circuit, said control circuit including: means
conditionable to cause the testing of the insulation: resist-
ance of the conductors comprising said lines in a plurality
of resistance ranges, selectively operable means for con-
ditioning said conditionable means for testing in any one
of said resistance ranges, means sét in operation by said'
selectively operable means: for causing said- lines to be
tested in.succession, means'in said testing circuit for indi-
cating: subnormal resistive conditions of said conductors,
means. for testing. to' distinguish between subnormal insu-
lation resistance and- certain operational conditions of
lines giving rise to'subnormal resistive conditions of the
conductors, and record producing means seizable in the
absence of said certain’ operational conditions as deter-
mined by’ said last-mentioned testing means for recording
the identity and subrormal characteristic of any line
found to be subnormal by said testing circuits.-

16. In a telephone’ system; line switches arranged in
frames, lines-and trunks appearing in sets of contacts of
said switches, each of said frames having the contact sets:
allocated to a plurality of groups, a line testing circuit,
seizure- means: effective when first activated for connect-
ing a particular group of contact sets’ of a particular
frame with said testing circiiit, contact controlling means
for opérating in succession the cortact sets- of said con-
nected: group: to connect sdid lines and trunks to said
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testing circuif, group sélecting mearis for causing said
seizure means to seize thereafter the corresponding group
of contact sets in each of the others of said frames in a
particular order among them, and another and yet an-
other group from each frame in turn in the same order
until every group has been seized, means for suspending
the seizure of groups at any point in the seizure program,
and means for causing resumption of group seizure be-
ginning at the point of suspension.

17. The method of testing lines in a telephone switch-
ing center having line terminations arranged in frames
each made up of a plurality of groups of line termina-
tions, which comprises seizing and testing in succession
a corresponding line group from each of the frames, and
thereafter seizing and testing another and corresponding
line group from each of the frames in the same order,
until all of the lines have been tested.

18. In a telephone system, line switches, lines and
trunks appearing in sets of contacts of said switches, a
plurality of switch control devices seizable to control the
operation of said line switches, a line testing circuit in-
cluding means for seizing one of said switch control de-
vices to thereby gain access to the lines and trunks appear-
ing at the contacts of said switches, means for testing
said lines in succession, circuit elements responsive to
an all-busy condition of said switch control devices for
suspending operation of said line testing circuit and for
releasing the switch control device then under seizure
by said testing circuit to render it available for telephone
iraffic use, and other circuit elements responsive to sub-
sequent non-busy condition of at least one of said switch
conirol devices for causing resumption of operation of
said line testing circuit.

19. In a telephone system, line switches, lines and
trunks appearing in sets of contacts of said switches, a plu-
rality of switch control devices seizable to control the
operation of said line switches, a line testing circuit in-
cluding means for seizing one of said switch control de-
vices to thereby gain access to the lines and trunks ap-
pearing at the contacts of said switches, means for test-
ing said lines in succession, circuit elements responsive
to an all-busy condition of said switch control devices
continuing for a predetermined interval for suspending
operation of said line testing circuit and for releasing the
switch control device then under seizure by said test-
ing circuit to render it available for telephone traffic use,
and other circuit elements responsive to subsequent non-
busy condition of at least one of said switch control de-
vices for causing resumption of operation of said line test-
ing circuit.

20. In a telephone system, line switches, lines and
trunks appearing in sets of contacts of said switches, a
plurality of switch control devices seizable to control the
operation of said line switches, a line testing circuit in-
cluding means for seizing one of said switch control de-
vices to thereby gain access to the lines and trunks ap-
pearing at the contacts of said switches, means for test-
ing said lines in succession, circuit elements responsive
to an all-busy condition of said switch control devices
for suspending operation of said line testing circuit and
for releasing the switch control device then under seizure
by said testing circuit to render it available for telephone
traffic use, and other circuit elements responsive to sub-
sequent non-busy condition of at least one of said switch
control devices continuing for a predetermined interval
for causing resumption of operation of said line testing
circuit.
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21. In 4 felephorié system, liné switches, Iines and
trunks appearing in sets of contacts of said switches, a
plurality of switch control devices seizable to control the
operation of said line switches, a line testing circuit in-
cluding means for seizing one of said switch control de-
vices to thereby gain access to the lines and trunks ap-
pearing at the contacts of said switches, means for test-
ing said lines in succession, circuit elements responsive to
an all-busy condition of said switch control devices con-
tinuing for a predetermined interval for suspending op-
eration of said line testing circuit and for releasing the
switch control device then under seizure by said testing
circuit to render it available for telephone traffic use,
and other circuit elements responsive to subsequent non-
busy condition of at least one of said switch control de-
vices continuing for a predetermined interval for caus-
ing resumption of operation of said line testing circuit.

22. In a telephone system, line switches, lines and
trunks appearing in sets of contacts of said switches, a
plurality of switch control devices seizable to control the
operation of said line sw1tches, a line testing circuit in-
cludmg means for sexzmg one of said switch control de-
vices to thereby gain access to the lines and trunks ap-
pearmg at the contacts of said switches, means for test-
ing said lines in succession, a timing instrumentality ac-
tivated in response to an all-busy condition of said switch
control devices, means controlled by said timing instru-
mentality upon timing a predetermined interval of con-
tinuance of said all-busy condition for suspending opera-
tion of said line testing circuit and for releasing the
switch control device then under seizure by said testing

* circuit to render it available for telephone traffic use, and

circuit elements responsive to subsequent non-busy con-
dition of at least one of said switch control devices for
causing resumption of operation of said line testing cir-
cuit.

23. In a telephone system, line switches, lines and
trunks appearing in sets of contacts of said switches, a
plurality of switch control devices seizable to control the
operation of said line switches, a line testing circuit in-
cluding means for seizing one of said switch control de-
vices to thereby gain access to the lines and trunks ap-
peanng at the contacts of said switches, means for test-
ing said lines in succession, a timing circuit activated in
response to an all-busy condition of said switch control
devices, means controlled by said timing instrumentality
upon timing a predetermined interval of continuance of
said all-busy condition for suspending operation of said
line testing circuit and for releasing the switch control
device then under seizure by said testing circuit to render
it available for telephone traffic use, another timing in-
strumentality activated in response to subsequent non-
busy condition of at least one of said switch control de-
vices, and means controlled by said other timing instru-
mentahty upon timing a predetermined interval of con-
tinuance of said non-busy condition for causing resump-
tion of operation of said line testing circuit.
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