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- This invention relates in genela,l to apparatus
for testing the operation of an impulsing contact
of a telephone dial and it more particularly per-
tains to apparatus for remotely testing the dial
speed and the impulse ratio of dials used in an
automatic telephone system.

The operation of the switching equipment of
an automatic telephone exchange depends upon
‘both the speed and the impulse ratio of the im-

bulses received from the transmitter at the sub- 3

scriber’s substation. Heretofore, automatic test-
ing apparatus has been provided to test the speed
of operation of the dial without the intervention of
an operator, but the herein disclosed arrangement
is believed to be new. Such arrangement provides
means for testing the impulse ratio of the dial
and, if within properly set predetermined limits,
dial tone is sent back to the calling station, while
if the impulse ratio is not correct between said
limits, the test man in the central office is Sig-
naled and no dial tone is sent back to the calling
station, thus providing an indication that the
impulse ratio is not correct and that the trouble
man at the remote station should await an sn-
-swer from the test man. After such a call is
answered by the test man, connections may he
made to a proper mdlca,tmg device at the test
desk for indicating the variation of the impulse
ratio from normal, so that the test man can

transmit this mform&tlon over the calling line |

clrcult to the calling station.

One object of this invention is to pmwde newy
and improved remote testing appal atus for tele-
phone dials.

Another object of this mventmn is to provide .

e

testing means which may be seized from g sub-

scriber’s station responsive to an initial dial op-
eration and used to test the dial responswe to 1ts
subsequent operations.

Still another object of this invention is to
provide means for remotely testing a telephone
dial for the ratio of make- to-break portion of
digit pulses.

A further ob;:ect of tms invention is to provide

means for testing a telephone dial from g sub~ |

scriber’s station and to transmit signals back to
the subscriber’s station indicating the condition
of the dial and, further, to call an operator if
the dial tests are outside of predetermined limits.

-Yet another object of this invention is to Pro-~
vide means for testing a subseriber’s dial from
that subscriber’s station and for transmitting
signals to that subscriber’s station indicating the
speed of the dial and, further, for preventing the
transmission of these speed sighals when the ratio
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of the dial signals is outside of predetermmed
Lmits,

When the testing apparatus of the present in-
vention is selected from a calling subscriber’s
station and the digit 0 is dialed, the dial speed is
checked by the apparatus in the test cireuit and
an indication sent to the calling station indicative
of the dial speed, for example, three spurts of tone
Indicate that the speed is correct within prede-
termined limits, two spurts of tone indicate that
the dial is slow and one spurt of tone indicates
that the dial is fast.

It is believed that a complete understanding of
the invention may be had by referring to the
following description taken in conjunction with
the accompanying drawings comprising Figs. 1,
2, 3 and 4, which taken together form a complete
schematic diagram of the testing apparatus.

For the purpose of simplifying the illustrations
and facilitating the explanation, varioug parts

and circuits constituting the embodiment of the

present invention have been shown diagrammati-
cally and certain conventional illustrations have
been employed, the drawings having been made
more with the purpose of making it easy to un-
derstand the operation of the cn:'cmts than with
the idea of illustrating the specific construction
or the arrangement of parts that would be em-
ployed in practice. For example, the various re -
lays and their contacts are illustrated in a con-
ventvional manner and symbols are used to indi-
cate the connections to the terminals of g bat-
tery or other source of current instead of show-
ing all the wiring connections to these terminals.
(+) and (—) symbols are employed to indicate
the positive and negative terminals respectively
of the usual central office common battery in-
stead of using the ground and battery symbols
frequently found in telephone circuits, it being
understood that the (4) terminal is connected
to ground. The various contacts of the relays
are located at various distances from the block
representing the winding of the relay and the
contacts controlled by a relay are indicated as
being associated therew1th by means of a dashed
line.

A minor switch comprising three wipers UW,
MW and LW, an operating magnet MX and s re-

lease magnet MZ is provided, this minor switch.

functioning to record the digit (for example 0)
dialed into the test apparatus when the calling
party selects the test apparatus by dialing a par-
ticular level from a selector in the dial office.
Affer recording the dialed digit, the minor switeh
iIs released to normal and then begins to step
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| around automatically. During the dialing of the
digit into the test apparatus, a standard pulser

functions to step a series of stepping or counting

relays to provide a series of standard pulses with
which the pulses dialed into the minor switch
are compared, in a manner which will be pointed
out in detail. The standard pulses a
dial pulsing speed, for example twenty pulses
per second where the dial speed is ten pulses per
second. The set of counting relays runs through
o cycle twice, the circuits teing 80O connected
through contacts of these relays that an indica-

tion will be provided for a dial with a normasal

speed, one with a fast speed and one Wlth a slow
speed.

With this general descrlptmn of the object of
- the invention and the apparatus involved In

mind, a detailed description of the operation un-

der various conditions will now be given. It will
be convenient to point out several examples ol

the circuit operation, such ag checking a dial with

5 normal speed, one with a speed faster than
normal and one with a speed siower tnan nor mal,
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re twice the
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._ 4 __
energized. Relay CA repeats the operations of -
relay CB since the above described circult to the
winding of relay CA is intermittently opened ab
o make contact of relay CB. Relay CB inter-

mittently opens the circuit to the winding of

relay RD, but this relay does not release during

the impulses transmitted because of its slow act-

ing characteristics. Relay XD is operated at

the beginning of the first impulse over a circuit -
which may be traced from (--) on conductor
MG, break contact of relay SIG conductor 22,

make contact of relay RD, break contact of relay

- CA, conductor 24, break contact of relay H and |
winding of relay XD o (—).

Although this
circuit is intermittently opened each time relay
CA energizes, relay XD remains operated, due to

. its slow acting characteristics, until relay CA

20

together with checking a dial with a proper im-

pulse ratio and ohe With an 1mnr0pe1 1mpu1.._~,»?'

1&!.:10
 Dialing test digit

In this example it will be assumed that the

trouble man at a remote station (for example the
‘dial station indicated in the left hand portion of

Fig. 1) operates the line circuit, line finder and
selector (not shown) in the well known manner
to select the test circuilt 111ustrated in the re-
mainder of Figs. 1-4.

It wiil then be assuined that the trouble man
dials 0 to obtain a check and indication of the

a0

- stays operatecl at the end of the impulse trans-.

mission, at which time relay XD is released.

Minor switch stepping magnet MX is intermit-

tently energized by the impulses applied to the
winding of relay XD, the circuit extending from
the winding of the XD relay, break contact of

relay BS, conductor 25, make contact of relay

RD, conductor 28 and winding of magnet MX
to (-——) As will be later pointed out, relay BS

is operated at the second impulse, consequently

the above described circuit MX is opened but a-
substitute circuit extends by way of a make con-
tact of relay XD and a make confact of relay

- RD to the MX magnet, this substitute circuit
- remaining effective all during the series of im-
- pulses because relay XD remains operated. In

response to the ten impulses of the series, mag-

dial speed. When the test circuit is seized, relay

CEB is Op‘:‘l ated over g circuit which may be traced
ir om (—
DT, bieﬂk contacts in series of relays RG, MR,
BS and X, conductor 26, vpper winding of relay
OB, break contact of relay GS, tip conductor T,
throuch the line, finder and selector circuits and
‘through the substation circuit hack over con-
ductor R, break contact of relay GS and lower
winding of relay CB to (—).

~) on the common dial tone conductor

_ The calling party
receives dial tone over this circuit as an indica-

e

net MX steps the minor sw:ttch around 10 posi-
tion 10. -

At the first step off nor m.;,..l of the minor switch
a circuit is closed for opel ating relay MR which
may be traced from (4), on master ground con- l
ductor MG, minor switch off normal contact

1MON, conductor 27, break contact of relay BS,
winding of relay MR, conductor 28 and break

contact of relay DG to (—). Relay MR closes

g locking circuit for itself at its lower inner make

45

contact which is independent cf the break con-
tact of relay BS, thus maintaining relay NR-

- operated after relay BS is opelated

_tion that the test digit may be dialed. Relay CA
is operated at this time over a circuit extending

from (-+), break contact of relay H, conductor
21, make contact of relay CB and winding of
- relay CA to (—). Relay RD is also oper ated at
" thig time over a circuit extending from (5,
make contact of relay CB and winding of 1‘61&}7
RD to (—). Sleeve conductor S is connected

to (L) at a make contact of relay RD by way ot
o, - hreak contact of the busy and pulse key, thus

providing holding and make busy potential in
the well known manner. Conductor HS is also

connected to () by way of a make contact of

relay RD and resistor iRS, this circuit being used
N connecrion
nent 1o the present invention. ()

to master eground conductor MG over g circull

extending from (), break contact of re alay H,

conductor 2{ and make contact of relay RD to
conductor MG. Reiay SS is also operated at this
time over a circuit extending from (--) on con-

ductor MG, break contact of relay Si&, con-

duector 22, make contact of relay RD, make con-
tact of relay CA, COﬂdU_CEGI 23, break contact ot
relay AS and iower winding of relay SS to (—).

When the dial transmits the ten impulses of
the test digit,
vepeat these impulses, after which it remains

with Lblt&lﬂ operations not perti-
is connected

iy
-

- of relay SS to (—).

g |
i

- Relay AS is now operated over a mrcult
tending from (-4-) on conductor MG, break con--
tact of relay DG, conductor 25, make contact of

relay MR, upper winding of relw AS, break con-

tact of relay AS, make contact and lower winding
Relay AS closes a locking
circuit for itself including the above described

55 circuit and its upper winding, make countact and

GO

6O

70

relay CB releases ten times t0 7' 5

winding of relay SSl to (—).

lower winding of relay AS to (—). When relay
CA is released to mark the beginning of the iirst
impulse, the above deseribed operating circuit
to the lower winding of relay S8 is opened but this
relay does not release (because of 1S slow act-
ine characteristics) until relay MR closes the

above described operating circuit for relay AS

which includes the lower winding of relay S5,
thus energizing this lower winding until relay
AS is operated. The operation of relay AL opens
up the circuit to the lower winding of relay SS

1or effecting the release of this relay. A circuit
is closed for operating reilay SSi, following the

operation of relay CA at the end of the first Im-
pulse, this cncult extending from () on con-

ductor MG, break contact of relay SIG, conductor

29 make contact of relay RD, make contact of
relay CA, conductor 23, make contact of relay
AS, break contact of relay BS, conductor 30 and.
When relay CaA
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releases to mark the beginning of the second
impulse, relay BS is operated and relay SS{ is

locked over a circuit which may be traced from

(-+) on conductor MG, break contact of relay
DG, conductor 28, make contaect of relay MR,
upber winding of relay BS, break contact of
relay BS, conductor 2, make contaet and wind-

ing of relay SS{ to (—), this circuit being effec- |

tive because relay CA opens, at its make con-
tact, the previously described operating circuit
for relay SSi. When relay BS is operated it

opens up the ecircuit to the winding of relay SSH
melay BS

for efiecting the release of this relay.
i1s now locked operated over the above described
circuit including its upper winding, make con-
tact anad lower winding of relay BS to (—). {(-})
potential is now applied to common start con-
ductor 8T for starting up the common inter-
rupter mechanism if this mechanisima is not
already in operation, this circuit extending from
(-}), break contact of relay H and make con-
tact of relay BS to start conductor ST. |
It has already been pointed out that the minor
switch is stepped to position 10 and relay XD
s released, following the transmission of the ten
impulses of the test digit. At this time the
minor switch is automatically restored o normal
and then automatically stepped around over the
contacts of its kank by the pulses on common
inverrupter conductor FL.INT. BEefore explain-
ing this part of the circuit operation, it will be
convenient to point out how the pulser and
counting relay operations shown in the right
hand portion of ¥ig. 3 and in Fig. 4 are effected.

Standard pulser operation

With relay AS operated, (4) potential on con--

ductor MG is applied to conductor 1 leading to
the pulser and counting relay portion of the cir-

‘cuit, this ecircuit being traced from conductor .

MG, break contact of relay DG, conductor 29 and
rmake contact of relay AS to conductor (1. Con-
sequently as long as relay DG remains in its
normal position and as long as relay AS remains
in its operated position, (4-) potential is applied
to conductor 1. Relay PS is now operated over
a cireuit extending from (<) on conductor f1i,
break contact of relay STP and break contact
of relay PS to the left hand terminals of both
windings of relay PS. The upper winding is ener-

10

15

20

45

50

gized and the lower winding is energized in opposi-

tion to the upper winding through rheostat RHI
and condenser C3 to (—). Since both windings of
relay PS are energized in opposition and since
it takes a predetermined time interval to charge
condgenser 3 over this circuit, relay PS will be

D5

winding of relay TP to (—).

6

in the previously described manner, It will thus

be seen that relays PS and PM comprise a pulse
generating device, the speed of which can be
regulated by rheostats RHI and RH2 and the
value of condenser C3. It will be understood that
relays PS and PM provide a source of pulses for
operating the counting relays associated with
these pulse generating relays, this source of pulses
continuing until stopped in a manner later to bs
described. As previously mentioned, relays PS
and PM operate at a speed to provide twenty im-
pulses per second for operating the ten counting
relays SA to SK inclusive through two cycles.
'The pulses to the counting relays are provided
by the make contacts of relay PM. The first op~
eravion of relay PM closes a circuit for operating
relay SA which may be traced from (<) on con-
ductor i, make contact of relay PM, conductor

32, break contacts in series of relays SA—SK and

winding of relay SA to (—). Relay SA closes a
locking circuit for itself extending from (4-) on
conductor i1, make contact of relay PM, break
contact of relay TF, conductor 33, break contact
of relay SB, make contact and winding of relay
SA to (—). When relay PM releases o0 mark the
ennd of the first impulse, transfer relay TF is op-
erated over a circuit extending from () on con-
ductor {{, upper winding of relay TF, conductor
33, break contact of relay $B, make contact angd
winding of relay SA 10 (—). This circuit, in addi-
tion to operating relay TF, locks relay SA, since
the release of relay PM disconnects conductor {1
from the right hand terminal of the upper wind-
ing of relay TF., Now when relay PM operates te
marx the beginning of the second impulse, relay
=B is operated over a circuit extending from ()
onl conductor (1, make contact of relay PM, make
contact of relay TP, conductor 34, make contact
of relay SA and winding of relay SB to (—).
Relay TR is locked operated at this time over z
circuit extending from () on conductor (1, make
contact of relay PM, make contact and lower
The operation of
relay SB opens up the circuit to relay SA for ef-
fecting the release of this relay and at the same
time cloges a locking circuit for itself extending
from () on conductor i, break contact of relay
SC, make confact and winding of relay SB to
(—). When relay PM releases to mark the end
of the second impulse, the above described locking
circuit for the lower winding of relay TF is opened
and since the upper winding of this relay was

- opened by the operation of relay SB and the re-

lease of relay SA, relay TF is now released.
When relay PM operates to mark the beginning

- of the third impulse, relay SC is operated over a

~ delayed slightly in operating until the charging
current for condenser C3 ceases to flow through

- the lower winding of the relay, thus making relay
P3 slightly slow to operate. At this same time
relay PM is operated over a circuit extending from
conductor (i, break contact of relay STP, break
contact of relay PS and winding of relay PM to
(—). When relay PS operates, the circuits to
the windings of relays PS and PM are opened.

Relay PM is slightly slow to release because of

the shunt circuit across its winding including

rheostat RH2. Relay PS is slightly slow to re-.

lease because of the discharge current flow from
condenser C3 through both windings of relay PS
in series aiding relation. When relay PS is re-
leased, the previously described circuits to its
windings and to the winding of relay PM are re-
established, thus repeating the operating cycle of
these two relays, after which they are released

60

circuit which may be traced from (--) on con-
ductor {1, make contact of relay PM, break con-
tact of relay TH, conductor 35, make contact of
relay SB and winding of relay SC to (—). Relay
SC opens up the above described locking circuit
for relay SB, thus effecting the release of this re-

- lay. Relay SC is now locked operated over o

65

70

75

circuit extending from () on conductor (i, make
contact of relay PM, break contact of relay TH,
conductor 33, break contact of relay SD, make
contact and winding of relay SC to (—).
When relay PM releases to mark the end of the
third impulse, relay TR is operated over a circuit
which may be traced from (4) on conductor {1,
upper winding of relay TF, conductor 33, break

contact of relay SD, make contact and winding

of relay SC to (—). When relay PM operates to

mark the beginning of the fourth impulse, relay

TF is locked and relay SD is operated, the oper-
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ating circuit for relay SD extending from (<) on
conductor {{, make contact of relay PM, make
contact of relay TF, conductor 34, make contact
of relay SC and winding of relay SD to (—).
locking circuit for relay TF at this time may be

traced from (4) on conductor ii, make contact.

of relay PM, make contact and lower winding of
‘relay TR to (—). Relay SD is locked operated
over a circuit extending from (4) on conductor

{{, break contact of relay SE, make contact and-

- winding of relay SD to (—). Relay_SD opens up

and releases relay SC.

It is not believed necessary to pomt out in de-

tail all of the circuits for operating the remainder
of the counting relays SE—SK, since these cir-
~ cuits will be obvious from the above description.

Considering the operated condition of relay PM as

~ being “on” periods of the impulse cycle and con-
- sidering the released condition of relay PM dur-

ing the cycle as being “off” periods, it will be ob-
vious that relay TF shifts at the “off” periods,
Leing operated on each “off”’ period following an
odd impulse and being released at each “off”
period following an even impulse.
each of the relays SA—SK are operated (and
locked) at each “on” period of the cycle, each

~ being released when the succeeding relay is oper-
ated at the succeeding “on” period of the cycle, |

all in a manner obvmus from the plevmus ex-
-pla.natlon
- With relay SK operated .w.fzd locked at the tenth

imoulse of the series and with all other relays

SA—8J released, relay FT is operated when reiay

SJ veleases at the tenth impulse. The circuit
for operating relay T may be traced from (+)
on conductor i1, break contact of relay 3J, make
contact of relay SK, break contact and winding
of relay FT to (—). The X contact of relay FT

closes before the break contact is opened and
provides a locking cireuit for relay FT extending
from (4) on conductor {{, break contact ¢f the

speed calibration key, conductor 37, make con-
tact and winding of relay FT to (—). Now when

relay PM operates to mark the beginning of the

eleventh impulse of the sei'ies, relay SA is op-

crated over a circuit extending from (4-) on

conductor ii, make contact of relay PM, break

- eontact of relay TR, conductor 35, make contact |

of relay SK and winding of relay SA to ().

Relay SA closes a locking circuit for itself ex-

tending from (+) on conductor i, make con-
tact of relay PM, break contact of relay TF, con-

 ductor 38, break contact of relay SB, make con-
- tact and winding of relay SA to (—).

obens, ac 1S IOWGImGSb break contact, the cir-

cuit to relay SIK for effecting the release of this

relay. Relays SA to SK are cperated. dur? ing the

next ten impulses (1 {-29) and relay TF is shifted,

all in the previcusly described manner. When
relay SE operates at the iifth impulse of the
second series (Impulse {8) g circuit is closed for

The

Furtnermore, -

2. 684,409

e

2

relay operations may or may not be stopped at
this time, the stopping circuit being pointed out
If these operations are not stopped at this
- tim the twenty-first impulse provided by relay.

later

.‘_k:'" oper&tes angd locks relay SA for again open-

inz up and releasing reiay SXK and the operations
of the other stepping 1ela3fs are by. way oi circulits

by EHO‘LISI y described.

10

15
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40

Relay SA&

4
et

time) is operated.
regches positicn 10 the nexi operation of relay
JA, in response to the termination of the impulse
1 from the dial, closes a circuit for
cperating stop relay STP, this circuit being traced
110111 (4+) on conductor MG, break contact of
relay SIG, conductor 22, make centact of relay -
7D, make contact of relay CA, conductor 23,

connects () on conductor

No:* mal didl speed

t will be assumed that the ten impulses trans-
mltted from the calling dial are at & rate within
the predetermined speed limits, conseguently a
51gna.a comprising three spurts of dial tone is
transmitted back to the calling station in a

- ‘manner which will now bz described. With a
normal dial speed, the minor switech will reach
“position 10 at about the same time that relay

S (or poasibly relay SH or relay SA the third
When the minor switch

transmission

inake contact of relay AS, conductor 37, minor
switch wiper U-W in position 10, conductor 33,
make contact of 1 |
MR, conductor 3%, break contact and winding of
velay STP to (—). Relay STP closes a locking
circuit for itseif extending from (<) on con~
ductor
STP {0 (—). The cperation ¢f relay STP dis-
i§ from the operating
cireuits of the F
the pulse Mn o tmg operation.
seany vhiat, in vhi

% will thus be

possibly relay SH or relay SA) Opetabf‘d
Raste and auiomatic stenping of_mmor smtch

- The minor switch is now released and auto-
matmally stepped over its pank cr&ntacts for
DI ansmlbtuw three spurts of dial tone to the call-

ing staticn. When relay XD releasss to mark
the end of uhe impulse transmission from the '_
dial, a circuit is closed for operating mmor switch

release magnet MZ, this circuit being traced
from (-3, break contact of relay X1, break
contact of relay E, make contact of relay MR,

‘conductor 48, make contact of relay RD, con-

ductor €1, off normal contact 2MON and winding
of magnet MZ 1o (—).

ductor is disconnected from the winding of ralay

MR at off normal contact {MON, thus releasing

. _r_alay MR. The opening of off normal contact

G0

cperating relay TA which may be traced from

(4+) on conducter i, make contacy of relay SE,

make contact of relay ¥T and winding of relay .

TA to (—). Relay TA closes a locking circuit
for itself extending irom (4) on conductor ii,
make contact and winding of relay TA to (—).
Wow when relay 8J is released, following the op-
eration of relay SK at the twentieth impulse, a

cireuit is closed for operating relay ST which

¥ and TA in series and mr-dmg of relay ST to

(—). . Relay ST locks itself Gpemtecl to (+) on
conductor I1i.

’T‘he pulse genel ator and countmg

65

70
may be traced from (4) on conductor {i, break
contbact of relay 5J, make contacts of 1'elays SK,

MX to ().
5

ZMON opens up the circuil to magunet MZ. Since

relay 1BS is operated and relay MR Is released at
this time, g circuls is clesed from interrupler
FLINT,, break contact of relay X0, make COILtACY

of relay BS break contact of relay MR and upper
winding of relay SS to (—).

Consequently reiay
99 is intermittently opearated by the pulses on
this common interrupter conductor. Each cp-
sration of relay S8 closes a circuit for stepping
magnet MX which may be traced from (+) on
conductor MG, make contact of relay SS, make

contact of relay BS, conductor 25, make contact

of relay R, conductor 28 and winding of magnet
Lonsequenily, the minor switcn is

automatmally stepped sround for a second cycle.
Since the indication to be transmitted to the

alay BS, make contacy of yelsy

{1, make contact and winding of reiay

PS and PM relays, thus stopping

exarple, the puising of the
stepoing 1'-+151'*f" is swopped with relay Sk (or

When the minor switch
reaches normal position, the master ground CON-~
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calling station is in response to a normal dial
speed registration the minor switch will be
stepped past the fourth and sixth bank contacts
to which the “fast” and “slow” conductors are

connected. The minor switch will be released,
however, when it reaches position 8 by means

of a circuit for operating relay DG, this circuit
being traced from (-4) on conductor MG, off
normal contact {MON, conductor 42, uppermost
break contact of relay MR, conductor 43, ter-
minal and wiper UW in its eighth position, con-
ductor 38, make contact of relay BS, hreak con-
tact of relay MR, conductor 44, winding of relay
DG, conductor 4% and winding of relay RG to
(—). Relay DG operates and locks over a circuit
extending from (-4) on conductor MG, off nor-
mal contact [MON, make contact of relay DG
and windings of relays DG and RG to (—). A
circuit is now closed for magnet MZ extending
from (4-) on conductor MG, make contact of
relay DG, conductor 40, make contact of relay
RD, conductor 4{, off normal contact 2MON and
winding of magnet MZ to (—). This releases the
minor switch and when this switch reaches nor-
mal, magnet MZ is de-energized by the opening
of contact 2V ON. |

Referring back to the automatic stepping op-

eration oi the minor switch, when this switch
reaches position 3 a circuit is closed to the
windings of relays DG and RG extending from
(+) on conductor MG, off normal contact IMON,
conductor 27, make contact of relay BS, break
contact of relay MR, conductor 46, resistor 4RS,
terminal 3 and wiper UW, conductor 38, make
contact of relay BS, break contact of relay MR,

“conductor 44 and windings of relays DG and RG

to (—). Resistor 4ARS is of such a value that
relay RG will be operated but marginal relay DG
will not be operated over the above described
circuit. When the minor switch steps to posi-
tion 4, the above described circuit to the RG and
DG relays is opened for effecting the release
of relay RG. This same circuit is again closed
in position 5 and opened in position 6 of the
minor switch and again closed in position 7 and
opened when the minor switch is restored to
normal, as previously explained, by the opening
of off normal contact IMON, Consequently, re-
lay RG is operated three times during the auto-
matic stepping of the minor swtich to position 8
and at each operation of relay RG dial tone is
connected to the calling line over a circuit which
may be traced from conductor DT, break contact

of relay SIG, make contact of relay RG, make

contact of relay BS, break contact of relay H,
conductor 20 and upper winding of relay CB to
the calling line. When relay DG is operated in
position 8, as previously deseribed, conductor MG
is disconnected from the windings of the AS and
BS relays for effecting the release of these re-
lays. The relase of relay BS at this time dis-
connects the calling line from the circuit through
contacts of relay SIG to conductor DT and con-
nects this line through a break contact of relay
MR to (4) at the uppermost make contact of
relay RG. Since relay RG is slow o release, a
short time interval between the transmission of
the three spurts of dial tone will be introduced
and then when relay RG releases, dial tone is
again connected to the calling line. Therefore,
three spurts of dial tone are transmitted to the
calling line, followed by a slight pause, after
which continuous dial tone is applied to the line
as an indication that the dialing operation may

be repeated if desired, the three spurts of tone
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indicating that the dial speed is within the pre-
determined limits.

When relay DG is operated as previously de-
scribed, (4) on conductor MG is disconnected
from conductor |1 thus releasing relays FT, TA,
ST, THF, SK (or SJ or SA) and when the minor
switch is restored to normal, relays DG and RG
are released because of the opening up of con-
tacy § MON. |

The circuits are now in the same condition as
when seized from the selector switch, that is re-
lays CB, CA, R} and S8 are operated and the
dial tone is connected to the calling line, all in
the previously described manner. If the calling
party now hangs up the receiver, these operated
relays are released, the dial tone is disconnected
from the calling line and conductors S and HS
leading back to the preceding circuits are de-
ennerglized by the release of relay RD, thus plac-
ing the test circuit in normal condition ready
for another seizure.

Fast dial

It will now be assumed that the circuits are
operated in the previously described manner but
the calling dial transmits the ten impulses a2t a
higher rate than normal. This means that the
minor switch will be stepped to its tenth posi-
tion from the dial impulses before the pulser
advances the stepping relays to the point where
relay SJ is operated. For example, the pulser
will be stopped by the operation of relay STP
(which marks the end of the dial impulse trans-

. mission) with relay SH, or some preceding step-

ping relay operated. Now when the minor switch
is released and automatically stepped around by
the common interrupted pulses, relay RG is op-
erated when the minor switch reaches position 3
over the previously described circuit which does
not operate relay DG. This transmits one spurt
of dial tone and now when the minor switch
reaches position 4, relays DG and RG are both
operated, the circuit being traced from () on

~conductor MG, off normal contact IMCN, con-

ductor 21, break contact of relay MR, conductor
47, make contact of relay SH (or make contact
of any one of the relays SB-SQ), break contact
of relay ST, conductor “fast,” terminal and

- wiper UW 1In its 4th position, conductor 38, make
contact of relay BS, break contact of relay MR,

conductor 44 and windings of relays DG and RG
to (—). The operation of relay DG stops the
tone transmission and clears out the circuits in

~ the previously described manner, consequently
one spurt of tone is transmitted to the calling

station, followed by continuous tone as an indi-.
cation that the dialing coperation may be repeat-
ed. The circuits are now in the previously de-
scribed condition ready for another dialing op-
eration or for g release operation from the call-
ing station.

Slow dial

In this example the ten impulses are trans-

‘mitted at a slower rate than normal, conse-

quently the stepping relays will go through their
two cycles and start through a third cycle be-

- fore the end of the tenth impulse from the call-

70'. ing dial. This means that the minor switch will

reach its tenth position and operate relay STP
for stopping the stepping relay operation after
relay ST is operated and after some one of the
relays SB—SH are operated during the third
cycle. Now when the minor switeh runs through
the second time, that is from the common in-
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terruptm relay RG opelatés in pomtmns 3 and
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5 of wiper UW for transmitting two spurts of

dial tone. In position 6 of this wiper, the cir-
~cuit is closed for operating relays RG and DG,
this circuit being traced from (+4-) on conductor

G, off normal contact IMON, conductor 27,
_ make
contact of some one of the relays SB—SH, make

break contact of relay MR, conductor 47,

?

12

RH3 is in series with the operating winding-

OPR during this test and is set at the proper

~ value to allow the “sensitrol” relay contact to

close when the pulse period is of a predetermined.

normal length. This means that the “sensitrol”

relay contact will also close when measuring a

- pulse period that is too long. To distinguish be-

contact of relay ST, conductor ‘slow,” terminal

#6 and wiper UW, conductor 38, make contact
of relay BS, break contact of relay MR, conduc-
tor 44 and windings of relays DG and RG to (—).
The operation of relay DG clears out the circuifs
in the previously described manner, following
the transmission of the two spurts of dial tone,

after which continuous dial tone is applied to the
calling line as an indication that the dialing op~
While the ciearing out

eration may be repeated.
and the dial tone disconnecting circuits have
been shown as applied to certain relays of the
stepping relay group, it will be obvious that these
circuits may be shifted to other contacts of the
stepping relays to provide other limits, all in-a

manner which will be obvious from the previous

| descrlptmn
Pulse ratio test and mdzca:tmn

~ The test cncult is alranged to test the im-
pulse ratio during the stepping of the minor

switch in response to the ten impulses trans-

mitted from the dial at the same time that the

speed tests are made as above described. It will

be understood that the pulse ratio (ratio be-
tween the break period and the make period at
~ the dial) is proper when the break period at the
dial (relay CB released) is of a proper length
compared with the make period at the dial. The
‘break period at the dial may be too long or it

10

-~ tween a normal length pulse and a pulse that is

too long, certain circuit operations are effective
during the time that wiper MW is in positions
7-10 in a manner which will be clearly described.
- Referring back to the start of the cycle when

~ the dial impulses are transmitted, it will be re-

15 first impulse of the series.

20
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MG, o

called that relay MR operates in response t0 the
Relay MR closes the
restoring circuit of the “sensitrol” relay to re-
store the pointer in the event that it is in its
locked position at the start of the cycle. This
circuit may be traced from (+) on conductor
T normal contact IMON, conductor 27,

make contact of rela,y MR, break contact of re-

lay LS, break contact of relay HS, conductor 48 -
“and winding RES to (—).

| At thls same time 2
circuit is closed for operating relay LS extend-

‘ing from (+4), break contact of relay H, make

contact of relay MR, conductor 59, wiper MW in

its first position, conductor 51 and winding of

relay LS to (—). Relay LS is slow to operate and
when it operates its contacts, the above deseribed
circuit to coil RES is opened for de-energizing
this coil, thus a short pulse is applied to cml
RES for restormg the pointer to normal. |

At some one of the steps of this first cycle

'-::WIDBT_ MW in positions 14, the operating winding

35

may be too short, resulting in relay CB remain-

ing down too long or too short{ respectively. In
order to test the length of the impulse (relay

CB released) a “sensitrol” relay is provided for.

“indicating the pulse length. This is a frade
name for a very sensitive relay operating:on
currents from 0 to 300 microamperes for ex-
ample.
ing OPR to which the impulses are applied to

determine if they are long enough to close the

contacts illustrated in connection with this relay.
When the movable contact of the relay, which is

40

- ductor 54, break contact of relay HS and rheostat =
- RH3 to (—).

 relay LM extending from (4) on conductor MG,

45

This relay comprises an operating wind-

50

the pointer of the meter, advances far enough

to close its make contact, the pointer makes
mechanical connection with a small high ef-
ficiency permanent magnet PM, thus locking the
pointer contact in its fully actuated position.
order to restore the contact from its magnetically

n

.~ relay LM to (——)

bd

locked position, a restoring solenoid RES is pro-

vided. - This solenoid, when energized, pushes
the movable pointer away from the permanent
magnet and its make contact, thus restoring the

pointer to nhormal ready for another actuation

by coil OPR.
| Normal pulse Zength

~ In this example it will be assumed that the-
pulse length of the dial being tested is within.

- the set limits. This means that the back con-

65

tact of relay CB will be closed long enough at

some one of the first four pulses of the series,
during which time wiper MW of the minor
switch will be in contact with a circuit leading

- to relay LS, to operate the pointer of the ““sensi-

position, this being effected while the minor
switch is in any one of positions 1-4. Rheostat

tact and winding of relay LM to (—).

of the ‘“sensitrcl” relay will be energized long

‘enough to cause the eontact to reach its locking

position. This circuit may be traced from (+),

break contact of relay CB, make contact of relay

RD, conductor 52, make contact of relay LS,
conductor 53, winding OPR, resistor 6RS, con-

A circuit is now closed for operating

oif normal contact IMON, conductor 27, make
contact of relay MR, make contact of relay LS,
conductor 59, pointer of the “sensitrol” relay and
its -associated contact, conductor 56, break con-
Relay
LM closes a locking circuit for itself exiending |

from (+) on conductor MG, make contact of

relay XD (energized until the end of the digit
transmission), make contact and winding of

When the minor switch leaves
position 4,

L.M remains locked up until the end of the second
cycle of operation of the minor switch by means

of circuits that will be explained. When relay

80

LS releases, with the minor switch in position
0, a circuit is closed for energizing coil RES, this
circuit being the same as previously descnbed

| thus restoring the pomter 10 normal.

When the minor switch reaches position 7, re-
lay HS is operated over the previously descr 1bed

clrcult including wiper MW, now in connection

with contact 7, conductor 51 and winding of -
relay HS to (—). Relay HS switches the wind-

‘ing OPR from rheostat RH3 to rheostat RHA,

- this Iatter rheostat calibrating the circiut in such

70

a manner that a normal impulse will not swing
the pointer far enough to make contact, while an

~ impulse that is too long will swing the pointer
trol” relay over to its locking and. contacting

to its contacting position. 'This means that the

~ impulses transmitted by way of the break con-

75

tact of relay CB to coil OPR, by way of a make

the above described circuit to relay
LS IS "opened_and this relay releases, but relay
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contact of relay HS after relay LS releases, are
not sufficiently long to close the contact of the
“sensitrol” relay. Consequently, when the minor
switch is released at the end of the first eycle it
proceeds through the second cycle in the previ-
ously described manner. Relay HS is released
when the minor switch wiper MW is restored.
Neither relay LS nor relay HS is operated during
the second cyecle of the minor switech because
relay MR is released during this cycle for open-
ing up the circuit to wiper MW. With relays
LS and HS released, there is no circuit to wind-
ing OPR of the ‘“sensitrol” relay, consequently
this relay is not affected during the second cycle
of the minor switch. ‘The above described oper-
ating circuit to coil RES is opened when relay
HS operates, thus de-energizing the restoring
solenoid of the “sensitrol” relay during the re-
mainder of the circuit operations of the system.
Resistors 2RS and 3RS, across the windings of
relays HS and LS, render these relays slow to
release so they will remain operated during the
advance of wiper MW from one contact to an-
other. - |

From the ahove explanation it will be ob-
served that relay LM is operated and Telay HM
iIs not operated when the minor switch com-
pletes its first cycle. Consequently there is no
circuit for energizing signal relay SIG when stop

relay STP is operated at the end of the first ©

cycle, this because the uppermost contacts of the
HM and LM relays are out of correspondence
while relay STP is operated and before relay MR
1s released. The circuits proceed in the previ-

ously described manner to transmit dial tone ©

back to the calling station in accordance with
the dial speed, followed by a continuous dial tone
and the restoration of the circuits to their con-
dition ready for another dialing operation. Since
relay SIG is not operated, there is no cireuit for
energizing answering lamp ANS.

Pulse length foo long

The circuits run through their cycle of opera-
tions in the previously described manner, with
relays LS and HS being operated and released
and relay LM being operated and locked as be-
fore. This time, however, after relay HS is op-
erated some one or more of the pulses is going

to be sufficiently long to cause the needle of the

“sgensitrol” relay to close its contact and lock.
When this happens in the second half of the
first cycle, a circuit is closed for operating relay
HM which may be traced from (4) on conductor

- MG, off normal contact {MON, conductor 217.

make contact of relay MR, break contact of relay
LS, make contact of relay HS, conductor 55,

“sensitrol” relay contact, conductor 58, make

contact of relay HS and winding of relay HM
to (—). Relay HM closes a locking circuit for
itself, extending from (--) on conductor MG,
make contact of relay XD, mazke contact and
winding of relay HM to (—). As previously men-
tioned, it will now be explained how relays HM
and LM are locked until the end of the second
cycle. They are locked over the previously de-
scribed circuit including a make contact of relay
XD until this relay releases, also including a
make contact of relay STP (overated before re-
lay XD releases) and also a make contact of

relay rR(G which is the last relay to release at

the end of the second cycle. When relay RG is
released at the end of the second cyecle, relays
LM and HM are released because there is no
circuit from conductor MG to the windings of

T
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these relays. When relay DG is operated at the
end of the second cycle (minor switch in posi-
tion 8) the above described locking eircuit to
relay STP is opened and this relay is released.

It will thus be seen that, in this example, relays
LM and HM are both operated at the time relay
STP 1s operated at the start of the second ecycle
of the minor switch. Consequently, a circuit is
closed for operating relay SIG which may be
traced from (-}), break contact of relay H, make
contact of relay STP, make contact of relay MR,
make contacts in series of relays LM and HM
and winding of relay SIG to (—). Relay SIG
closes a locking circuit for itself extending from
(4), break contact of relay H, make contact
and winding of relay SIG to (—). The minor
switch now advances through to its eighth po-
sition for operating relay DG and for clearing
out the circuit as previously described. When
relay STP is released, a circuit is closed for light-
ing lamp ANS extending from (4), break con-
tact of relay H, conductor 58, break contact of
relay STP, conductor 99, make contact of relay
SIG, conductor 60 and lamp ANS to (—). This
signals the operator and the circuits are now
set up so that a further operation of the dial
under this condition will be ineffective to change
the circuit conditions. This is because relay SIG,
In its operated position, disconnects conductor
MG from the econtact of relay CA which starts

‘the cycle by the operation of relay SS. Since

the circuit to the break contact of relay CB is
open at contacts of the HS and LS relays, any
further operation of the dial is ineffective to ener-
gize coill OPR of the “sensitrol” relay. Since
there is no (4-) potential on the contact of relay
CA, relay XD and magnet MX will not be op-
erated if the dial is turned at this time.

In response to this test, the dial tone is not
transmitted back to the calling station, thus in-
dicating to the trouble man that the pulse ratio
1s not within proper limits and that the opera-
tor is being signaled. Since the dial tone pulses
to the calling line extend through make contacts
of relay RG, by way of a break contact of relay
SIG, during the second cycle of the minor switch
and since relay SIG is operated, (<) is substi-
tuted for the dial tone conductor DT, thus keep-
ing the dial tone off the calling line.

Pulse length too short

The circuits operate through the cyecles in the
previously described manner and, since the pulses
are too short while wiper MW is in positions 1-4,
the “sensitrol” relay contact does not close and
relay LM is not operated. Of course, the “sensi-
trol” relay contact will not operate when wiper
MW is in positions 7-10 if the pulses are short
because it takes a longer pulse to operate the
“sensitrol” relay in these latter positions than in
positions 1-4. Consequently, the circuits will run
through their tests with relays LM and HM re-
ieased, thus completing the circuit through break
contacts of these relays to the winding of relay
oI, This means that the operation will be
in the previously deseribed manner for signaling
the operator and for keeping dial tone off the
calling line. |

When the operator answers by actuating the
pulse check key, relay H is operated over a cir-
cuit extending from (--), make contact of this
key, conductor 61 and winding of relay H to
(—). Relay H disconnects (4) from the locking
circuit of relay SIG for effecting the release of

- this relay, which in turn opens up and extin-



~ speed of relay PS is pmper

. , . 15 -
guishes lamp ANS. Relay H also disconnects
(4-) from master ground conductor MG, thus

o restoring the test circuit to normal and providing
"~ a holding and make busy circuit for the pre-

ceding switches and circuits at the lower inner

make contact of relay H until the operator re-

leases. The operator talks to the calling party
by way of a test position circuit (not shown),

2,684,409

_ ator answers, and connects the winding of relay

s |

- XD by way of a make contact of relay RD to

the break contact of relay CB. Consequently,
the pulses from the break contact of relay CB are.
applied to relay XD and magnet MX so that the

~ _minor switch steps in response to the dialed

~ pulses.

conductors PT and PR, make contacts of the '

‘pulse check key and condensers Ci and C2Z to

the calling line. -In the event that the operator
desires to connect the calling line directly through

conductor PT and PR fo a test circuit at tine
operator’s position for further check, a circuif

at the position (not shown) may connect () to -

conducter PS for operating relay GS.
 Miscellaneous calibration and test circuils

10

Means have been provided for calibrating re- .

lay PS. In order to check the operation of relay
3, the speed calibration key is actuated. 'This
makes the test circuit busy by applying (+)

through the right hand make contact of the key

20

- leases and shortly thereafter relay RG

to the sleeve conductor S. The left hand make

contact of this key applies (+) to conductor |,

it being recalled that (4) on conductor {i causes

the pulse generating relays and the stepping re-
lays to run through their cycles of operaticn.
This means that the stepping relays will go

through two cycles of operations per second, with

511,

relays SJ and SK being operated twice during

thhe one-second 11‘1terval that the twenty pulses

are transmitted to the stepping relays by relay

PM. Since relay SJ operates and relay SK then
operates just before relay SJ releases, a circuit

ie closed for energizing the speed calibration

lamp extending from (4}, break contact of relay

¥ conductor 21, break contact of relay RD, con-

ductor 62 and make contact of either relay SJ
or SK to the lamp. Consequently, this lamp will
flash at a rate of two flashes per second if the

stat RH!. the proper pulsing speed of relay PS
may be obtained.

With the speed calzbra’cmn Ley operated and -

the pulsing and stepping coperations being effect-

ed as above, the busy and pulse key may be.

aperated for checking the per cent make of re-
lay PM. This latter key connects the br eak con
tact of relay PM to the upper sleeve of the moni—
tor and test jack. Consequently, a monitor and

test plug (not shown) connected to this jack

may extend the circuit, to which the pulses from

relay PM are applied, 10 a measuring device at
the test position for measuring the operation of

relay PM. Minor variations in the per cent make

ot the contact of relay PM may be obtained by |

adjusting rheostat RH2. |

- With the busy and pulse key nor*nal and a plug
in the monitor and test jack, the calling party
may dial into the test circuit and the pulses at

By adjusting rheo-

40
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" the break contact of relay CB may be check ed '

in this test circuit over a circuit including the

upper tip of the jack and plug. Furthermore, :

the pulses at the make contact of relay CA may
be checked in the test circuit over a circuit in-
cluding the upper sleeve of the tESb jack during
the dialing by the calling party. |
~ The ten lamps shown in Fig. 4
purpose of giving the test clerk a check of the
operation of the minor switch from the calling
dial. For example, the calling party may ask

the test clerk to check the number of steps the
minor switch takes when a particular digit is
 dialed. Relay H is operated, when the oper-

in response to the dialed digit. During

paratus,

o
Y |

With relays XD and H operated, (4) is
extended by way of wiper LW to the lamps, thus
these lamps are flashed as the minor switch
steps. - When - the dial stops, relay XH remains

~ operated for a short interval, then when 1t re-
. leases it opens up the circuit to wiper LW, con-
sequently the lamp corresponding to the posi-

tion at which the minor switch stops will remain |
lighted for a short{ interval (longer than at each
preceding step) as a visual indication of the po-
sition at which the minor switch actually stops
this dial-
ing operation, relay G is operated over a circuit

“including make contacts of relays X and I.

At the termination of the impulses, relay XD re-
releases.
During the interval between the release of relay
XD and the release of relay RG, a circuit is closed

for releasing the minor switch, thus placing it in
condition for repeating this operation. This cir-

cuit may be traced from (--), break contact of

relay XD, make contact of re1ay H make con-
tact of 1elay RG, conductor 4f, off normal con-
tact 2MON and wmdmg of magnet MZ to (—).

It should be understood that numerous modi-
ﬁcatmns in the details of the circuif arrange-
ments may be efiected without departing from.
the scope of the invention as deﬁned in the ap-

5 pended claims.

Wha‘t I claim 15

1. In a telephone system, an operator’s posi-

'tlon, o, subscriber’s substation including 2 trans-
mitter operative to transmit impulses, ftesting

apparatus operative to test the impulse ratio of
said transmitter, means controlied by an initial
operation of said transmitter for operatively -as-
sociating said transmitter with said testing ap-
means in said testing apparatus con-
trolled by further operation of said tr ansmitter

for operating said testing apparabtus, and means

controlled by said operation of said testing ap-
paratus for selectively signaling said operator’s
position or said substation in accordance with
the tested impulse ratio of said transmitter.

2. In a telephone system, an operator’s posi-

~ tion, a signal at said operator’s position, a sub-

seriber’s substation including a transmitter oper- -
ative to transmit impulses, testing apparatus
operative to test the impulse ratio of said trans-
mitter, means controlled by an initial operation
of said transmitter for operatively associating
said transm1tt61 with said testing apparatus,

-means in said testing apparatus controlled by
further operation of said transmitier for oper-

ating said testing apparatus, means controlled
by said operation of said testing apparatus by

said further operation of sald transmitter Ior
transmitting a signal to said substation indicat-

ing that the impulse ratio of said transmitter

- is within predetermined limits, and means con-

trolled by the operation of said testing appa-

- ratus by said further operation of said trans- -

are for the

70

75

mitter for transmitting a signal to said operator’s |
position indicating that the impulse ratio of said

 transmitter is outside said predetermined limits.

- 3. In a telephone system, an operator’s posi-

‘tion, a visual signal at said operator’s position,

a subscriber’s substation including a transmitter |

operative to transmit impulses, testing apparatus -




-

sald testing apparatus,
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operative to test the impulse ratio of said trans-

mitter, means controlled by an initial operation

of said transmitter for operatively associating
sald transmitter with said testing apparatus,
means In said testing apparatus controlled by
further operation of said transmitter for oper-
ating said testing appsratus, means controlled
by sald operation of said testing apparatus by
sald further operation of said transmitter for
transmitting a signal to said substation indicat-
ing that the impulse ratio of said transmitter is
within predetermined limits, and means con-
trolled by the operation of said testing apparatus
by said further operation of said transmitter for
operating said visual signal indicating that the
impulse ratio of said tlansmlttar is outs1dﬁ said
predetermined limits.

4, In a telephone system, a subscriber’s syb-
station including a transmitter operative to
transmit impulses, testing apparatus operatwe
to test both the impulse ratio and the impulse
speed of said transmitter, means controlled by
an initizl operation of said transmitter for oper-

atively associating said transmitter with said

testing apparatus, means in said testing. appa-
ratus controlled by further operastion of said
transmitter for operating said testing apparatus,
means controlied by said operation of said test-
ing apparatus for transmitting a signal to said
substation indicative of the speed of said trans-
mitter, means controlled by said operation of
sald testing apparatus for testing the impuise

ratio of said transmitter, and means including
- sald last named means for preventing the trans-

mission of -said signal to said substation when
sald impulse ratio is outside predetermined limits.

9. In a telephone system, an operator’s posi-
tion, a signal at said operator’s position, a sub-
scriber’s substation including a transmitter op-
erative to transmit impulses, testing apparatus
operative to test hoth the impulse ratio and the
impulse speed of said transmitter, means con-
trolled by an initial operation of said transmitter
for operatively associating said transmitter with
means in said testing
apparatus controlled by further operation of said
transmitter for operating said testing apparatus,
means controlied by said operstion of said test~
ing apparatus for transmitting a signal to said
substation indicative of the speed of said trans-
mitter, means controlled by said operation of

said lesiing apparatus for testing the impulse

ratio of said transmitter, and means including
said last named means :Eor preventing the trans.-

- mission of said signal to said substation and for

cperating said signal at said operator’s poesition
when said impulse ratio is outside predetermined
limits.

6. In a televhone gystem, a subseriber’s substa-
tion including a transmitter operative to transmit
impulses, testing apparatus operative to test the
Impulse ratio of said transmitter, means con-

trolled by an initial operation of SEle transmitter

for connecting said transmitter with said testing
apparatus, means responsive to the connection of
sald transmitter with said testing apparatus for
transmitting a signal to said substation, means
in said testing apparatus controlled by further op-
eraticn of sald transmitter for operating said

testing apparatus, means controlled by said op-

eration of said testing apparatus for testing the
impulse ratio of said transmitter, and means for

continuing or discontinuing the transmission of

sald signal to said substation in accordance with
whether the tested impulse ratio of said trans-
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mitter is within or without predetermined hmlts
respectively.

7. In a telephone system, an operator’s pomtmn
a signal at said operator’s position, a subscriber’s
substation including a transmitter operative to
transmit impulses, testing apparatus operative to
test the impulse ratio of said transmitter, means

- controlled by an initial operation of said trans-

mitter for connecting said transmitter with said
besting apparatus, means responsive to the con-
nection of said transmitter with said testing ap-
paratus for transmitting g signal to said substa-
vion, means in szaid testing apparatus controlled
by {urther operation of said transmitter for oper-
ating said testing apparatus, means controlled by
sald operation of said testing apparatus for tesg-
ing the impuise ratio of said transmitter, means
for continuing or discontinuing the transmission
oI said signal to said substation in accordance
with. whether the tested impulse ratio of said
transmitter is within or without said predeter-
mined limits respectively, and means responsive
to sald testing apparatus testing the impulse ratio
of a transmitter outside predetermined limits for
operating the signal at said operator’s position.

8. In an automatic telephone system, a central
otiice, a subscriber’s substation having an impulse
transmitier, a plurality of testing means in said

- cenvral office each having a set of limits indi-
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vidual thereto, means controlled by an initial op-
eravion of said impulse transmitter for selecting
said plurality of testing means, means responsive
to further operation of said impulse transmitter
for causing said plurality of testing means to de-
termine whether the impulse speed and the im-

- pulse length of the impulses transmitted by said

40

impulse transmitter are within said set of limits

of said piurality of testing means, and means con-
trolled by sald plurality of testing means only
when the impulse speed and the impulse length of

- the impulses transmitted by sa2id impulse trans-

it
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mititer are within said set of limits for transmit-
ting an audible signal to said substation.
9. In an automatic telephone system: a central

i

‘office; a subscriber’s substation having ar impulse

transmitter; a testing unit in said central office
comprising a first means for testing the speed of
said transmitter and a second means for testing
the ratio of the make to break portions of im-
pulses produced by said transmitter, each having
a predetermined set of limits: means controlled
by an initial operation of said impulse transmitter
for selecting said testing unit: means responsive
to fTurther operation of said 1mpulse fransmitter
for transmitting a plurality of impulses to said
first and said second testing means; means re-
sponsive to the speed of said plurality of impulses

being within the predetermined limits of said

first testing meang for transmitting a signal to
sald substation indicative of the speed of said
Impulse transmitter; and means responsive to the
ratio of said plurality of impulses being without
the predetermined limits of said second testing
means for preventing the transmlssmn of said
signal to said substation.

10. In an automatic telephone system: s central
office; a subscriber’s substation having an impulse
transmitter; a testing unit in said central office
comprising o first and a second testing means,
each having a predetermined set of limits: means
controlled by an initial operation of said impulse
transmitter for operatively associating said im-

- bulse transmitter with said testing unit: means
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responsive to further operation of said impulse
transmitter for transmitting a plurality of im-
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pulses to said first and said second 'i,estmg means;
means in said second testing means for testing
the ratio of said impuises ftransmitted by said
further operation, means in said first tesiing

means for testing the speed of said impulses

transmitted by said further operation, means for
selectively transimit
ance with said speed test, and means for disahling
said last named means when sald eeeena._uest‘iﬂg
means indicates an unstandard ratic.
11. In an sutomatic telephone system; a cen-
tral office; a subscriber’s substation having an im-
- pulse br ansmwter s testing unit in said central
office comprising a ﬁ...st ineans for testing the
speed of said transmitier and a second means for

testing the ratio of the make to break portions

of impulses produced bv said transmitter, each
having a predetermined set cf limits; means con-
trolled by an initial operation of said impulse
transmitter for operatively assceciating said im-
pulse transmitter with said testing unit; means
responsive to further operation of said impulse
transmitter for transmitving o plurality of imi-
pulses to said first and said second testing means;
- means respensive to the speed of said pluraiity of
impulses for transmitting a first coded signal to

said substation if the speed of said impulses lies

ting coded signals in accord-

v} |
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within the predetermined limits of 2aid first test- -

ing means, a second coded signal to said substa-
tion if the speed of said impulses lies on one side

of said predstermined limits and a thirda coded
signal to said substatvion if the speed of said im-

pulses lies on the other side of said predetermined

limits, and mieans for disabiing said last named
means if the ratio of said impulses lies without
the limit of said second testing means. |

12. In a telephone system, a transmititer op-
erative to transmit impulses, an impulse contact
means for repeating said impulses, and means for
measuring the percentage of make and break pe-

riods of said impulse contaci comprising a test

“relay having an operating winding, a self-locking
contact and a restoring winding; means for ap-
plying impulses corresponding to the mage pe-

riods of said impulse contact to the operating.

winding of said test relay, means whereby said
- self-locking contact is operated to its self-locking
position in response to a predetermined length of

the make period of said impulse contact; and
‘means automatically controlled by a predeter- °
- mined number of closures of said impulse contact

for energizing said restoring winding, whereby

20

. tive to transmit impulses, means including an

impulse relay for repeating said impulses, and

means for measuring the percentage of released
- and operated periods of said impulse relay com-

prising a test relay having an operating wind-

ing, a self-locking contact and a restoring wind-

ing; means for applying impulses corresponding

- to the released periods of said impulse relay to

the operating winding of said test relay, means
whereby said self-locking contact is operated to
its self-locking position in response to a pre-

determined length of the released period of said
- Impulse relay; means automatically controlled hy

a, predetermined number of operations of said
impulse relay for energizing said restoring wind-

ing. whereby said self-locking contact is released
from its locked position; a signal; and means for
operating said signal in response to said impulses
Deing eubetant1ally different from said p1 edeter- |
mined length. |

14. In a telephone s ystem, & tra;nsmltter opera-~

tive to transmit impulses, means including an

Impulse relay for repeating said impulses, and

means for measuring the speed and the percen-
tage of released and operated periods of said im-
pulse relay comprising a test relay having an op-

erating winding, a self-~locking contact and a re-
-storing winding; means for applying impulses
corresponding to the released periods of said im-

Pulse relay to the operating winding of said test

- relay, means whereby said self-locking contact

said self-locking contact is restored from its

- locked position. |
13. In a telephone system a transmltter opera—

is operated to its seli-locking position in response
to a predetermined length of the released period

of said impulse relay; means automatically con-
trelled by a predetermined number of operations

of said impulse relay for energizing said restoring
winding, whereby said self-locking contact is re-
leased frem its locked position; a signal; means
for operating said signal in response to seld im-
pulses being substantially different from said pre-
determined length; and additional signaling
means selectively operated in eccordance with
the speed of sa:ld impulse relay.
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