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The present invention relates to telephone sys-
tems and is more p '550111av7y concerned with
what is known as routine testing apparatus, that
is t0 say apparatus arranged 0 "epmduce au-
nditicns of use for each
unit in turn of a large group of similar pieces
of apparatus. The invention while not definitely
limited thereto is more specially applicable to
the testing of so-called first code selectors which
may be broadly defined as first numerical
switches in a system employing register con-
trollers. In such a system a first code selector is
taken infto use over an individual line swiich or
via a line finder switch when a subscriber calls
and thereupon temporarily associates itself with
a register controller adapted to respond to the
impulses dialed by the calling party. In due
course the register controller sends out corre-
sponding trains of impulses, the first series serv-
ing to operate the first code selector, and when
the connection has bheen completely set up the
register controller is released. Such a first code
selector is therefore considerably more compli-

cated than a simple selector switch, and the
routine tests must include some arrangements
or testing also the apparatus for assoclating the
register controller with the connection. It is the
object of the invention to produce routine test-
ing eguipment which shall satisfactorily perform
all the functions outlined above, though it will
be understood that certain of the principles in-
volved can eguaily well be applied to the testing
of other kinds of apparatus.

The testing eguivment may conveniently be
divided into two parts, firstly the testing appara-
tus proper, and secondly the distributing switches
by means of which the testing apparatus is as-
sociated with the particular piece of apparatus it
is desired to test.

The present invention utilizes a distributor
switch scheme of a form well-known to those
skilled in the art, and it is therefore proposed
not to describe this part of the apparatus but
only to make such reference thereto as may be
found necessary in the more detailed description
of the routiner proper, or what may he termed the
testing equipment of the routiner. Accordingly
the scope of the accernpanying drawings is con-
fined to llustrations of the circuits employed in

the testing eguipment only.
In large teiephone arsas it is now usual to
charge subscribers for the calls they make ap-

proximately in n to the distances over
which the calls a .re made and in order to sccom-
plish this the telephone area iz divided info a
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number of sub-areas -or zones. The circuit ar-
rangements of the first code selectors in any
exchange are such that the number of meter
impulses applied to the meter lead when a call
is being metered, or in other words the number of
times the calling subscriber’s meter is operated
for any one call, will be determined by the zZone
to which the desired exchange belongs.. The
routiner must therefore be arranged to test this
“multiple” or “zone” metering function of the
first code selectors. :

According to the invention, therefore, means
are provided in the routiner for testing the mul-
tiple metering function of the apparatus under

60
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70
The invention will be better understood from
the following description of one method of car-
rying it into effect which should be taken in
conjunction with the accompanying drawings.
These show a routiner adapbad to test first code
selector switches of the type disclosed in the ap-
plication of C. Gillings and . T. Belas, filed 8th
June 19 1, Serial Wo. 512,? 4 and the general na-
ture of the tests applied is the same as described
in Patent INo. 1,745,037 granted 28th January 1930
to J. B. Ostline. '
Referring now to the drawings, Pigs. 1 to 6,
these should be arranged in numerical order in
two rows under one another. They form a com-
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plete circuit of the testing equipment of the rou-
tiner. - The operation of relay 8T in the access
egquipment during the movement of the switch
wipsrs to give access to the first of the first code
selectors (or a succeeding cne when a test has heen
made) will operate i el ay B, Fig. 3, of the routiner
over its left-hand winding via conductor 10 to
eariil ab almatule SE2 ct shown “When relay
ST of the access qama releases ab the end
of ths movement of t-*e wmer" the test start
earth will operate relay TH, Fig. 4, of the routiner
over its lefi-hand winding via the test start con-
ductor 11 (provided the test switch TS is normal)
over the following circuit: earth, test start con-
ductor 11, armature 78, left-hand windings of
relay TH, fivst haﬁl and wiper la of test switch 100
magnet intery *u v gprings tsdm, winding of
y vs J,nlcn dri magnet TSDM to battery
rinding of : 01 RA., Relay TH will lock
ve}" i3 ugmﬁmm win dmg "hp test start earth
crn:h stor 11 vin its own cperated armature thé 105
armaturs 713, ang at th fmme time armature
’E:co.aﬂecz relay P but the latter will
to ibs siug until relay TH operates and
connects the right-hand winding of relay P to the
private conducior 12 of the first code selector at 110
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armature tA9 so that if the latter selector is en-
gaged relay P will be held on the busying earth.
armature pl prevents the opsration of velay TJ,
Fig, §, without which (af armature £8) the switch
TS cannot step. If the lamp indicating key in
the access equinment is operated, relay LR, Fis.
6, is operated to earth via lamp indicating key
prings LXK and at armature Ir4 connects earth
0 the selector busying lamp 1LP, Fig. 1, which
i3 wired to contact 1 of that bank of switch TS
with which the winer 6¢ engages. The three
minute delay set is started by the operation of
armature Inll, TMig. 4. The operation of this
type of delay equipment is well-known and wiil
result in fivstly, an earth pulse being applied to
the S pulse conductor 13 and secondly an earth
pulse being applied after a definite interval of
time to the “Z” pulse conductor 14. When the
Z pulse is applied relay TB will lock up and oper-
ate relay AL, Fig. 6, at armature 1b3. The oper-
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ation of armature ¢l4 will ring the alarm bell AB,
i

218,

1, and light the rack pilot lamp RLP. Ar-
e @l3 will bring in the main alarm, assum-

{ the first code selector under test becomes free
ore the delayed alarm is actuated velay P will
release when the earth is removed from the pri-
conductor 12 and at armature pl relay TJ
il now be enabled fto operate via armatures
2f1 and a8 to earth, thereupon locking up via
armature 7. At armature 749 the resistance Y5,
Fig. 3, velay PAE and lower winding of relay BM
arg conmected in series to earth at vesting arma-
ture bir2. Relay PAE will operate in this circuit
and opecrate its relief relay PE at armature peel,
clay BM cannot operate. Atb armature e a

for stepping the switch TS is prepared.
ircuit is now in the condition. it would have

1 had the first code selector been found
Tes the first instance.

Relay TH in operating at armature th4 has
counected interrupted earth to relay IP, Fig. 4,
and full earth via armature ipl to relay IQ so that
relay. IP operates during the earth period, con-
veniently .75 second in duration, and relay IQ
operates during the disconnect period which may
be of the same duration, that is .75 of a second.
Relay IQ however, will remain ownerated for a
short period after the operation of relay IP due
to the fact that its core is fitted with a slug and

ot
o

from earth, armatures aml, «ll, igl,
ip2, pes, {48, first contact and wiper 4¢ of switch
TS, winding of magnet TSDM, conductor 15 to
battery via relay RA. When relay IQ releases
the circuit of the magnst is broken at armature
igl and the wipers of switech TS will therefore
be stepped to the second position. AL the second
contact of the 5th bank on switch TS, relay AT
will be operated from the earth at armature th2
and at the second contact of the second bank
(Fig. 3) of switch TS, the relay combination AN,
AP and retard R is applied to the negative and
positive conductors 16 and 17 respectively lead-
ing to the first code selector under test. These
relays and relay L, not shown, of the first code
selector, form a bridge in which if balance is
maintained relay L will operate but relays AN
and AP will not since they are so wired that their
windings oppose with the local currents vig arm-
atures ¢hl and e¢h3. A fault, such as a discon-
nection in the negative conductor 16 will causs
relay ‘AN to operate and a similar fault in the

1,923,662

positive conductor 17 will cause relay AP to oper-
ate. If the conductors are reversed both relays
will operate. A resistance earth or battery on the
negative cenductor 16 will operate relay AN and
on the positive conductor relay AP this there-
fore constituting a test for contact with other
lines. A short circuit on the conductors would
have caused a false busy condition to exist by
operating relay L in the first code selector and is
in any case tested later. Duc to the operation
of armatures apl and anl or en2 according to
the relay or relays operated, relay AM, Fig. 2,
will operate in series with the appropriate lamp
of the lamp 11LP, 12LP and 13LP and at arma-
ture am1 will disconnect the circuit of the mag-
net TSDM so that relay RA in series with it will
not be operated. Armeature rgl being opened,
relay CT' will not operate in order to open the
circuit of relay TA at armature ct2 which is being
connected to the S pulse conductor 13 by arma-
ture 211, Thus the three minute delay set will
come into operation resulfing in the operation of
relay T2 which at armature b3 will operate relay
AT, and the latter at armature ¢l5 will operate re-
lay LR, Fig. 5, at armature Ir3 the low resistance
upper winding of relay AM is connectad across its
lower winding so that the appropriate fault lamp
will light.

If the loop test is passed correctly, that is, if
neither relay AP nor AN operate, the test switch
TS will ke moved to the 3rd position when relay
IQ releases the next time. Relay AH will release
and the relay and retard combination previously
mentioned are now replaced by a resistance YG
of suitable valus connected across the conductors
18 and 17 by wiger 2¢ and bank contact of the
switch TS. No switch fest is made in this posi-
tion of TS and the latier will therefore step on
to the 4th set of contacts. The operation of the
YL and B relays, not shown, of the first code se-
lector will have caused the private conductor 12
to be earthed and relay PAE to be short-circuited,
via armatures {19 and p3 so that relay PAR re-
stores and releases relay PE. The circuit of the
magnet TSDM is completed in the 4th position
of the wipers via resting contact of armature pe3
thus proving the guarding of the private con-
ductor 12 by the first code selector, and if the
latter has not taken place relays PAE and PR
remain operated and the test switch TS is not
stepped. After the dslay period has expired the
private guard lamp 3LP is lit and the alarm given.
If the guarding on conductor 12 is satisfactory
the wipers of switch 'TS are stepped over contact
5 to0 contact 6 by relays IP and IQ. Meanwhile
the first code salector has besn functioning nor-~
mally and has causad its aszoclated register con-
treller finder switch to hunt for and seize 2 dis-
engaged register controller. When this occurs
relay ¥ in the first code selector will operate and
switch through the operating leads to the register
controller thereby releasing relay I in the first
code selector.

It should be mentioned that for facilitating the .

routining cperation the armature of reiay I in the
first code selector is provided with a hack con-
tact to which is connected a so-called I relay con-
ductor extending hack o the routiner over the
aceess switeh system.

It should be mentioned also that the registe

v
A digit selector, hut it will be evident to thos
skilled in the art that for the purposs of th
description of this invention rsference to on

digit switch may be omitted, since its presen
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will have no effect upon the functioning of th
routiner under discussion. '

" Returning now to the routiner it will be seen
that when relay I of the first code selector re-
leases, earth will be connected to the I relay
conductor 18 to operate relay DA via armature
tj4 which at armature dal steps the magnet
TSDM via interrupter springs tsdm, wiper 7a and
bank contact. If a register controller ‘is not
seized relay DA will not operate to step the switeh
TS so that after the expiration of .the delay
veriod the appropriate lamp 4LP will be lit. and
the alarm given.

No impulses are sent into the register con-
troller in this position of the routiner so that aft-
er a certain interval g so-called forced release
condition will obtain in this Istter switch and
will result, as is well-known, in the release of re-
lay X of the first code selector. Relay I of the
same switch will therefore re-operate and re-
lease relay DA of the routiner by disconnecting
earth from the I relay conductor 18. The test
switch TS is then driven to the 8th position via
resting contacts of armature dai and interrupter
springs tsdm, wiper 7 and bank contact. Fail-
ure of the register controller to originate the
forced release condition will maintain relay DA
operated, the “register controller forced release”
lamp 5LP will be Uit and the alarm given.  As-
suming that the fault condition does not exist the
wipers of the switch TS will now be stepped from,
the 8th to the 10th position by the interaction of
the pulsing relays IP and IQ in order to provide
a period for the release of the first code selector
which will take place when the loop completed
By wiper 2¢ and bank contact is broken in the
8th and 9th positions of the switch TS, With
the latter switch in position 10 a circuit for relay
L of the first code selector will be completed via
a resistance YH which is of the correct resistance
for testing the sensitivity of operation of the L
relay. This resistance is connected across the
conductors 18 and 17 via the wiper 2g and bank
contact and armature sel which is normally
short-cireniting the so-called loop pulse springs
LPS. The private conductor 12 will be again
zarthed and relays PAE and PE released. At
armature pe2 a circuit for the magnset TSDM is
completed via bank contact and wiper 4a of the
test switeh so that upon the fivst release of relay
IQ the test switch TS is stepped to the 11th po-
sition. The private guard lamp 3LP will again
light should a fault cccur. No test takes place
in the 11th position so that switch TS will even-
tually steo to the 12th position. When a dis-
engaged register controller has been seized the
switch TS will step to the 13th position in re-
spense to the operation of relay DA in a manner
similar to that already described. Relay S8 will
now operate via the i3th bank contact and wiper
S5a of switch TS, armature th2 Lo earth, and ab
armature s¢2 connects relay CC, g, 5, to the so-
called magnst pulse springs MPS which vibrate
at the same speed, conveniently 10 pulses per
second, but in phase opposition to the loop pulse
springs LPS. At the same time armature ss3
conneets earth to the side of the upper winding
of relay CC via armature szi. If this occeurs
when the magnet pulse springs MPS are closed
relay CC will be shert-circuited and will there-
ore only cperate at the conclusion of the earth
ulse, that is, when springs MPS open. Relay
C at armature ccl switches the magnet pulse
springs MPS to the so-called sender switch mag-
net SDM so that the wipers of the sender switch

fa)

Qg

3

35S will be rotated under the control of the mag-
net impulse springs MPS. i

" "At this time the wipsrs lc to 4¢ of the zone
select -switch ZS, Figs. 2 and 5, will be in their
6th position provided that none of the so-called
zone select keys ZSK2 to ZSK6 have been op-
erated. The movement of the wipers of ZS takes
place on the initial operation of relay TH via
armature th7 and wiper 2b and first bank con-
tact of the sender switch S8, conductor 29, first
five. bank contacts and wiper 2¢ of switch ZS,
interrupter springs.zsdm, to winding of magnet
ZSDM to battery over relay RA. A -contact of
that bank of the sender switch SS associated with
wiper 3b has therefore been earthed from earth
at'armature th2, armature sh1, wiper 4¢ of switch
ZS, 6th bank contact which is cross connected to
a particular digit lead and thus to the bank con-
tact of the switch SS. As the sender switch is
being pulsed relay SA is operated at the second
contact of the bank with which wiper 2b en-
gages and at armature sal removes the short-
circuit from the loop impulse springs LPS. The
L relay. of the first code selector is therefore im-
pulsed until the wiper 3b of the switch SS reaches
the contact marked by earth in a manner out-
lined above. Relay SZ will then operate and
lock at armature sz4 via armature s¢2, at arma-
fure s22 the loop pulse springs LPS will be again
short-circuited, at armature s23 a circuit is com-
pleted to enable the sender switch driving mag-
net SDM to drive its wipers to the 13th contact,
while armature szl allows relay CC to release.
When the switch SS reaches its 13th position the
earth from armature ¢r'7 is conneécted via wiper
2b and 13th bank contact, conductor 26, 13th
bank contact and wiper 7a of switch TS, inter-
rupter springs fsdm to the winding of the mag-
net TSDM so that the wipers will be driven to
the 14th position, whereupon relay SH operates
via the bank contact and wiper 5¢ of switch TS
and armature th2 and at armature si2 holds re-
lay SS. At armature sk3 a high resistance VF ig
connected across the negative and positive con-
ductors 16 and 17 to simulate the minimum leak
resistance allowed in practice on any line and to
test the impulsing of the L relay of the first
code selector under these conditions. At arma-

80

o)
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150

ture shl earth from armature th2 is switched .

over from wiper 4c¢ to 3¢ of switch ZS and sinee

the 6th bank contact upon which wiper 3¢ will -

now he resting is cross connected to a particular
digit lead connected to the bank of the switch
S8 with which wiper 3b engages it will be seen
that the rext digit will be sent into the register
controller in an exactly similar manner to that
just described. It should be noted that relay SA
releases when the wiper 2b reaches the 13th
contact and at armature sa2 allows relay SZ to
restore in order to re-make the operating cir-
cuit of relay CC at armature szl.. The transla-
tion of the digits received by the register con-

troller is such as to route the connection to a .

spare level reserved in a group or code selector for
the routiner test line. After the second digit
has been sent the sender switch S8 rotates to its

~ 25th contact and the test switch TS is steppped

as before to its 15th position.

If due to any fault, connection is not made to
the test line, relay TT, Fig. 2, ‘will be unable
to operate and the “test line seized” lamp 6LP
will remain alight and alarm will be given: TIf
the test line is found, however, and the first code
selector connections are in order, relay T will op-
erate over conductors 34 and 35 in series with

8¢



1¢

6

e
i

4

relays D and T of the first code selector, where-
upon the I relay will operate but not the D
relay. In operating, relay I will remove earth
from the “I relay conductor’” 18 and allow relay
DA of the routiner to restore. At armature {1
the pulsing circuit to the magnet TSDM is closed
via the bank contact and wiper 4q, resulting in
the wipers of the switeh TS being driven to the
16th position whereupon relay BR, Fig. 4, will
operate via the 16th bank contact and wiper 5a
of switch TS and at armature drl connect nega-
tive battery to the positive test line conductor 35
via, the lower winding of relay TT and armature
dd2. This is to simulate either (@) the battery
period of the well-known busy flash used for in-
forming a calling manual operator of a busy con-
dition or (b) the well-known operator hold con-
dition which is set up by an operator who wishes
to hold a connection after the calling subscriber
has restored. .

As a result of the negative battery being con-
nected in the manner described no current will
now flow in the circuit including relays D and I
of the first code selector and relay TT in the

5 routiner. In consequence relays TT and I restore

so that relay DA will operate, and at armature da3
prepare the pulsing circuit of the magnet TSDM
via bank contact and wiper 4 which will operate
upon the next operation of armabure ip2 and ro-
tate the wipers of the switch TS to the 17th
position when relay IQ restores.

It is apparent that in the event of the register
controller failing to reach the test line it would
be possikie for the test switch to be stepped
from the 15th to the 18th position by the action
of an ordinary subscriber erroneously seizing the
the test line. In this case ths test switch would
not pass the 16th contact (so keeping lamp 6LP
alizht) since the operator’s hold feature would
not be sgimulated on the line (other than the
test line) reached by the register controller. In
the event of the test switch successfully passing
contact 16 relay DD operates via the 17th con-
tact and wiper 52 of the switch TS and at ar-
matures ddl snd dd2 reverses battery and earth
which are connected via the windings of relay
TT to the test line thereby operating the po-
larized relay 1D of the first cede selector in order
to prepsre the metering circuit in the latter
switch. - The code which has been sent out
from the register controller in the norinal case
will have operated the first code selector to a
level which will result in one impulse being ap-
plied to the meter lead, that is to say, as for a
unit fee area. Relay BM, Fig. 3, will operate
over its lower winding in series with relay PAE
when booster battery is applied to the private
conductor 12 by the first code selector this con-
stituting the meter impulse, and will lock over
Loth its windings in series when the short-cir-
cuiting earth is removed from its upper wind-
inz by the operation of armature bm2. The
same armature bm2 serves to prepare the cir-
cuit of the magnet TSDM via conductor 25 and
bank contact and wiper T¢ in order to step the
wipers of the TS switch to the 18th position.
Armature bml completes a circuit for the mag-
net ZSDM of the Z8 switch from earth at ar-
mabure th2, armature bml, wiper 3¢ and bank
contact of switch TS, conductor 24, resting con-
tacts of armature del, winding of the driving
magnet ZSDM to battery via the winding of
the release alarm relay RA. At the cessation of
the metering period, relays BM and PAE will
be again short-circuited, so that the circuit of

1,923,662

the magnet ZSDM will be broken at armature
bm1l and the wipers of the switch ZS will there-
fore be stepped to the 7th position. Relay MT
will . now operate via the 7th bank contact and
wiper 4c of switch 7S, armature shl, armature
th2 to earth, and at armature mil prepares a
circuit for the magnet TSDM via bank con-
tact and wiper 7¢ and interrupter springs tsdm
in order to step the wipers of the switch TS
to the 19th position.

Any failure would result in the metering pulse
not being received or relay BM not operating.
This would leave the test switch in the 17th po-
sition, light the “meter fail” test lamp TLP and
after a delay period give the alarim. The test
switch is allowed to pass through its 19th and
20th positions under the control of the pulsing
relays IP and IQ.

Should further metering occur, the magnet
ZSDM will operaste from armature bml, and
step its wipers to the 8th position thersby re-
leasing relay MT. If this occurs . during the
pulsing of the test switch TS over the two pre-
ceding contacts, the test switch will remain in
the 21st position, light the “incorrect metering”
lamp SLP and give the alarm. If no cver-meter-
ing occurs, relay MT will remain operated in
order io step the test switch wipers from the
91st to 29nd position through the medium of
armature mil.

In this position of the test switch TS relay
RT, Fig. 4, will be operated via the 22nd bank
contact and wiper 52 of the itest switch, while
the conductors 16 and 17 are short-circuited via
wiper . 2¢ .and bhank contact of the switch TS
and wiper 2d and first bank contact of the
sn-called relesse timing switch RTS. Arma-
ture 744 ceonnects esrth from armabure pel
to pulse springs PPS, which may he arranged
to vibrate at conveniently 20 pulses per second,
and which shori-circuit relay RG, Fig. 6, dur-
ing their make period. Relay RG operates
on the short-circuit being removed and at ar-
mature rg2 switches ths pulse springs PPS to
the magnet RTDM of the pulse timing switch
RTS. On the irst step of the wipers of the
latter switch the loop across thes negative and
positive conductors 16 and 17 is kroken by the
movement of wiper 2d from the first bank
contact and the first code selector thereupon
cormmmences to release. This will result in earth
being removed from the private conductor 12
go that relay PAR will operate to be followed by
the relief relay PE which at armature pel breaks
the circuit of relay RG and the magnet RTDM
thus stopping rotation of the wipers of the
switch RTS. Relay BG in releasing connects
earth to wiper 4¢ of switch RTS and if the

time of release of the first code selector has been 1

within the correct limits the test switch is stepped
to the 23rd position by this earth via wiper 4d
and bank contact of switch RTS, conductor 28,
2ond bank coniact and wiper 7a of the switch
TS, interrupter springs fsdm and winding of
driving magnet TSDM to batiery via winding
of relay RA, Fig. 4. If, however, the time of
release had bean either too fast or too slow
the appropriate lamyp of the two lamps FRLP
and SRLP (fast release lamp and slow release
lamp) would have besn lit and relay AM op-
erated. Earth from armature th2 will now be
connected via the wiper 5g and 23rd bank con-
tact of switch TS to conductor 37 to operate
relay TF, not shown, in the access equipment so
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that the gecess switch will be eventually stepped
to find the next switch to be routined. Earth
will also be removed from the test start con-
ductor 11 by the operation of relay RF.

The routiner rotary switches refurn to their
normal position and all operated relays release.

It will be advisable occasionally to put a more
compicie test on the Avst coda selectors in order
to test the metering for calls to different zones.
This will not be inciuded in the ordinary routin-
ing but at various intervals metering to a particu-
lar zone may be tested as follows:

In order to make the test it is only necessary
to operate the appropriais zone select key 2zsk,
3zsk, 4zsk, bzsk or 6zsk. The correct routing of
the call will already have been ensured by the
¢ross connections from those banks of the zone
selecting switch ZS which are engaged by wipers
3c and 4c¢ to that bank of sender switch 58 which
is engaged by wiper 3b. The cross connections
cause tize sender switch SS to send such a num-
ber into the register controller as will be trans-
lated by the latier switch in such a manner as to

Tect the routing of the call to the required oiffice
in the chosen zone. I an automatic exchange
is available in the required zone the call will be
routed to special eguipment on a spare level or
associated: with a sparve number. If no- aufo-
matic exchange is available in the reguired zone
the call will be routed over the ordinary junc-
tions to & manual exchange and a spéecial tone
will be given to the manual operator when she
replies by inserting the answering plug of a cord
circuit into the answering jack. Having ascer-
tained by the reception of the tone, that the call
is from a routiner, the operator will insert the
calling plug of the cord circuit into a special
routiner jack having its tip and ring connected
together to simulate for the routiner what may be
termed a “called subscriber replies” condition.

In order to describe in greater detail tests ap-
plied by the routiner in cases of multiple or zone
metering, it will be advisable to take a particular
example, for instance, assume it is desired to
routine zone 3. ¥or this purpose the zone select
key 3zsk must be thrown. When the routiner
start wire is earthed relay TH will operate and
earth from armature th7 will be connected to the
contacts of that bank of switch ZS with which
wiper 2¢ engages, via springs of the non-operated
zone select keys 2zsk2, 4zsk2, Bzsk2 and 8§2sk2.
The fourth contact on the bank will be discon-
nected by the operation of springs 3ZSK2 and the
wiper of the switch ZS will therefore come to rest
in the fourth position.  Relay ZS will also be
operated via make contacts 3ZSK1 of the oper-
ated key and at armature 2sl appiies the special
tone already mentioned which may conveniently
take the form of number uncbtainable tone to

conductor 16 via condenser QB. Armatures 252

and 253 connect contacts 15 and 16 of the 4th
bank of the switch TS to the pulsing circuit
formed by armatures ip2 and igl so that the test
switch TS will pass over the test line seized con-
tacts. In addition armature zs4 earths the pri-
vate conductor 38 of the test line to busy the line
against subscribers or other false calls.

The test will now proceed as in ordinary rout-
ing. The test switch TS will be rotated through
the i5th and 16th positions without making any
tests. In the 17th position of the test switch TS,
relay D in the first code selector operates when
the “called subscriber replies” conditicn is sebt up
and the metering pulses are commenced. If the
operator does not reply or if metering is. not

5
started relay BM will not operate and the test
switch TS will not move from the 17th position.
If, however, the operator replies and metering is
commenced relay BM will operate and at arma-
ture bm2 the test switch magnet TSDM is oper-
ated via bank confact and wiper 74 of the test
switch TS, and interrupter springs #sdm the
wipers being, therefore, rotated tc ths 18th posi-
tion, Armsture bml completes a circuit for the
Z5 switch magnet ZSDM via the bank contact and
wiper 8a of the test switch and on the termina-
tion of the metering pulse relay BM restores so

80

85

that the magnet ZBDM steps the wipers of the -

switch 28 to thse 54l position.
sartil on the 5th contact of that bank of switch
ZS with which wiper 2¢ engages since the sender
switeh 88 is' in “ifs 25th position. Two more
metering pulses (that is, three in all) should be
received and relay BM will step the %S switch
wipers to the 7th position, whereupon relay MT
will operate via the bank contact and wiper 4¢
of switch ZS, armatures shl and #h2 to earth.
Relay MT will cause the test switch to step to the

-19th position after which the pulse relays IP

and IQ will step the test switch to the 21st posi-
tion. If excess metering has taken place during
this stepping, relay M'T will have released, but if

not the latter relay will still be operated and the

test switch TS will be stepped to contact 22.
When routining incoming first code selectors,

that is, those which ferminate two wire junctions,

relay DS, Fig. 6, will be opserated in a manner

similar to that described in relation to relay PE-

in my application Serial No. 534,829, filed 4th
May 1831. No metering pulses are sent out from
these switches but instead the current is reversed
in the calling line to operate metering equipment
on the other end of the junction. The routiner
must therefore be capable of utilizing this battery
reversal condition in order to test the metering
funetion of the first code selector and this is
eflected by relay D in the routiner which is con-
nected across the conductors 16 and 17 when the
test switch is in its 17th, 18th, 19th, 20th and 21st
positions.

- Irrespective of which zone is being routined or
which zone select key is off normal the first five
contacts in the second bank of the switch ZS will
be earthed via operated armafures dss, 4, 5, 6,

and 7, first contact and wiper 2b of the sender 1

switch SS, operated armature {a7 to earth so
that the ZS wipers will be rotated to the 6th
position when relay TH operates. When relay D
operates the switch ZS moves to the 7th position
due to the circuit of the magnet ZSDM being com-
pleted via interrupter springs zsdm, wiper 2¢ and
bank contact, armatures ds2 and dl to earth.
Relay MT now functions as previously described
thus testing that the battery reversal has taken
place. The speed of testing first code selectors
may be increased if desired by eliminating the
register controller forced release test. This is
accomplished by operating the forced release can-~
cel key RFRX, whereupon earth will be connected

to the contacts 7 to 12 inclusive of the 7th bank

of the switch TS so that the wipers of the latter
switch will ke quickly rotated over these contacts
after which testing will proceed normally.

It will have been seen that false metering such

as insufficient or over metering is tested during .
the metering testing period, but it should be

pointed out that if, due to a fault, a metering
pulse is given at any other time than that dur-
ing which metering should normally take place,

relay FM, Fig. 1, will operate via the operated

There is now no .
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armature tml and wipar 3¢ and hank contacts responds. to the zone represenied by the impulses
of the switch TS and will lock via armature fm3 transmitted to set said switch, an alarm relay in

to earth at armature h2.

|
3
;’
=
o ©

per-
atesrelay AL in ovder® iate slarm
and stop the test switcl wutme fm2
lights the “false meateri 1 The par-
ticular lamp in the group of s, 1LP to
10LP, connescted ’W Lhe th i s
which will light when v also

serve to give an indicat
which the false mebering

Should the earth cn o
be removed at any tim: =1 than when it is
removed by the routi 3 PAW and PR will
operate and : ccul* in the opseration of relay EP,
Big, 1, via armatures 12, oml and pe4, wiver 8g
and bank contact uf switch T3, winding of relay
EP which thersupon lecks via armatures ep2 aad
th2 to earth. Avinature epl operates relay /
in order to criginate alarm while ar '1atu1e
ep3 lights the “no carth-on P wire” lamp 1512,

Should s routiner switch magnet become ener-
gized for an excessive pzriod relay RA will re~
main operated in series with the magnet and at
armature ro2 initiate the so-called § seconds de-
lay set and an alarm will be given.

What I claim is:—

1. Testing apparatus for testurx0~ a selector
switch of the type used in automatic telephone
systems, which switch iz arranged to transmit
metering impulses in accordance with. the posi-
tion it is-set in, aid appar;-;tus including means
for transmitting im

vate conductor 12

wpulses to set said swilch in a
position to tran '_-_11'3 'nn*uenng impulses, and
means in said apparatus operated by said meter-
ing impulses to test for the correct transmission
of said metering impu 1 ges.

2. Testing apparatus for testing a selector

switch of the type us 4 in automatic telephone
systems, which switch is arranged to transmit
metering impulses in accordance with the posi-
tion it is set in, the different positions of said
switch corresponding to the different zones in
the telephone system, said apparatus including
means {or transmitting impulses to seb said switch
in different positiohs orrc—:sponding to the differ-
ent zones to transmit metering impulses the num-
ber of which varies dependent upon the posi-
tion the switch is set in, meang in said apparatus
modified in accordance with the number of im-
pulses transmitted to set said switch in a certain
position, and said modified means thereafter op-
erated in response to said metering impulges for
continuing the test of said switch only in case
the number of metering impulses sent back by
said switch corresponds to the zone representad
by the impulses transmitited to sat said switch.

3. Testing apparatus for testing a selector
switch of the type used in automatic telephone
systems, which switch is arranged to transmit
metering impulses in accordance with the po-
sition it is set in, the different positions of said
switch corresponding to the different zones in the
telephone system, said apparatus including means
for transmitting impulses 1o seb said switeh in
different pesitions corresponding to the different
zones to transmit metering impulses the number
of which varies dependent upon the position the
switch is set in, means in said apparatus moedified
in accordance with the number of impulses trans-
mitted to set said switsh in a certain position,
said modified means thereafter operated in re-
sponse to said metering impulses for continuing
the test of said switch only in case the number of
metering impulses sent back by said switeh cor-

“said impulses being set in a

said apparatus, and means for operating said
alarm relay in case the number of metering im-
pulses fail to correspond to the zone represented
by the impu transrmitted to set said selector
switch.

4. Testing apparatus for testing a selector
switch of the type used in automatic felephone
systems, means in said apparatus for transmitting
impulses to said selector swilch, o meter impulse
responding switch and a sender switch in said

ans
383

apparatus, means jointly controlled by said meter
responding switch and said sender switch for de-
+ e

termining the number of impulses transmitted
to said selector switch, sai

ated to a certain position m
number of irapulses § TAngn

selector switch oper-
accordance with the
nsmitied. thareto and ar-
renged o ftransmit mstering impulses back to
said apparatus in accordance with the position it
is set in, and means in said apparatus operated in
response to said metering 1mpu1 25 for operating
said meter responding switch in accordance with
the number of metering impulses transmitted to
check the metering cperation of said selector
switch.

5. Testing apparatus for testing a selector
switch -of the type used in aufomatic telephone
systems, which selector switch is arranged to
transmit metering impulses in accordance with
the position it is set in, the different positicns of
said selector switch corresponding to the different
zones in the elephone system, a meter impulse
responding switch, a sender switch having a wiper
zmd bank contacts accessible thereto, means In

aid apparatus for operating said meter respond-
1ng switch to mark one of the bank contacts of
the sender switch in accordance with a certain
zone, means in said apparatus for transmitting
impulses to said selector switch and for simul.
taneously operating the wiper of said sender
switch one step for each impulse transmitted,
means for stopping further transmission of said

l.-)

impulses in response to said wiper engaging said

marked bank contact, said selector in response to
certain zone position
to transmit back to said apparatus a certain num-
ber of metering impulses, and impulse responding
means in said apparatus operated in response to
said metering impulses for further operating said
meter responding switch in accordance with the
number - ¢f metering impuises transmitted to
check the metering operation of .said selector
switch.

6. Testing apparatus for testing a selector
switch of fhe type used in aubtomatic telephone
systems, which selector switch is arranged to
transmit metering impulses in accordance with
the position it is set in, the different positions of
said selector switch corresponding to the differen’
zones in the telephone system, a sender switch,
and meter switch in said apparatus, means for
transmitting impulses tc sald selector switch,
means for operating said meter switch to hunt
for and stop said meter switch in a position cor-
responding to the zone position the selector switch
is to be operated to, means jointly controlled by
said meter switch in the position it is stopped in
and said sender
ver of impulses transmit
switch, said selector switch operated to the zone
position corresponding to the said stopped posi-
tion of said meter switch in response to the num-
ber of impulses transmitied thereto to transmit
metering . impulses back to said apparatus, a

switch for determining the num-.
ted to said selector -
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mefer checking relay in said apparatus, means
in said apparatus operated in iespounse {o said
metering impulses for operating said meter switch
to a different position for each meter impulse
transmitted, and a circuit including a predeter-
mined position in said meter switch completed
for operating said relay in response to transmis-
sion of the correct number of metering impulses.

7. Testing apparatus for testing a selector
switch of the type used in automatic telephone
systems, which selector switch is arranged to
transmit metering impulses in accordance with
the position if is set in, the different positions of
said selector switch corresponding to the differ-
ent zones in the telephone system, a sender switch
and g meter switch in said apparastus, & plurality
of keys in said apparatus, each key corresponding
to a particular zone, means for operating said
meter switch to hunt for and stop in a position
corresponding to an operated one of said zone
keys, means jointly controlled by said meter
switch in the position it is stopped in and said
sender switch for determining the position to

-

which said selector switch is to be set in, said
selector switch being operated to the position
corresponding to the zene key operated to trans-
mit metering impulses back to said apparatus,
and impulse respending means in said apparatus
operated in response to said metering impulses
for further operating said meter switch to check
the metering operation of said selector switch.

8. Testing apparatus for testing a selector
switch of the type used in telephone systems,
which switch is arranged to be set in different
positions corresponding to different zones and to
transmit metering impulses in accordance with
the zone position it is set in, means in said ap-
paratus operated by said metering impulses to
test for the correct transmission of said metering
impulses, a tone source for generating a distine-
tive tone, and means in said apparatus for con-
necting said tone source to said selector in case
said selector is operated to a position extending
the connection to a manual exchange.

ARTHUR EDWARD CASWELL,
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