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14 Claims:

The present invention relates to telephohe sys-
tems; anhd more particulafly to testing arrange-
ments in ot for such systems.:

The ‘testing arrangements envisaged fid an
éspecially useful application in exchanges sueh a5

the 50~ called trunk exchanges where lmes are :

der it important that they should not be treated
as engaged for substantial pefiods with 1o spe"ec::h
currents passing over them.

" In a telephone systein, owing fo & Tault in
apparatus or to faulty circuit operatmn a line
may test engaged to apparatis such as a search-
ing selecting switeh although theé line is hot actu-
ally béing uSed to provide a conversational cir-
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the relay during a period having a different re-
sult from a steady operation for this period.
The feature is an important one, as the presence
of speech currents on a line which tests engaged
is a sign that the lihe is being usefully employed,
while the presence of a continuous tone current
for an undue permd indicates a faulty or unneces-=
sary holdmg of the line out of service,

According to yeét another feature of the in=
vention the testing arrangements comprise

- means for transmitting a clearing signal to a line
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cyit betiwéen the calling and ealled parties of a -

conneéction or for the setting up of such a circuit.
Thus, fof example, in the ¢ase of a tfunk line in
Whmh the supervisory signals are transmitted as
pulses of speech-fréduency current, the line may
test engaged st one of its ends because of the
fact that a clearing pulse previously sent towards
this end has been blocKed at the time of its
transmission by the uhtoward présehce of other
currents on the line, or becaiise such a clearing
pulse has not been correctly trahsmitted.
According to one feature of the Present inven=
tion, testing arrangements in or for a teléphone
system comprise testing means adapted to de-
termine whether a line tést§ free or tests en=
gaged and further tésting means adapted to de-
termine “whether ‘or not a lihe which tests en=
gaged is carryifig $péech-frequency currents.
In cartrying out this feature it would normally
be arranged that the second-mentioned testing

means only effects the giving: of a signal or alarm -

indicating that a line which tests engaged is not
carrying speech currents or- other speech-fre-
quency currents, and/or only performs some oth~
er action appropriate to-the finding that such a
condition exists on the line, if it has encountered
this guiescent condition on the partxcula.r line
for a sufficient period.

Accordlng to another feature of the mventlon
the testing means adapted to determine whether
a line which tests engaged is or is not carrying
speech-frequency currents is also adapted to dis-
tinguish between speech currents and continueus
tone ¢urrents of speech frequency. This feature
may be conveniently carried into effect by ar-
ranging. that a relay is intermittently operatéd
by speech- currents; owing to the fact that such
currents fluctuate and lack continuity, ahd is
steadily operated by a continiious.tohe current
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which tests engaged but is not carrying spéech-
frequency cuirents. This feature finds an espe-
cially useful apphcatmn in a system in which
clearmg signals are transmitted as pulses and.in
which a line may test engaged at one of its ends
because of faulty or blocked transmission of a
clearmg pulse.

in the testmg arrangements according to the
invention which are specially contemplated, a

- wave détecting dévice is associated with an ac-

cess switch which is adapted to connect the
device to any one of the lines to be tested. The
access switch is arranged to test the several lines
in turn in the manner which is well known in

" connection with automatlc routme testing, but

in this case the access switch is arranged. to halt
oh each line which tests engaged, and to connect
the wave detecting device thereto. The said de-
vice is one capable of determining what the con-
dition of g line to which it is connected is in so
far as the bresehce or absence of speech-fre-
quenty currents on the line is toncerned, and is
dadapted to cause the cond1t1on of such line to be
s1gna11ed to 1nd1cat1ng ‘or alarm apparatus or to

. eause the access switch to &step on, dependmg

Upon which action is approprlate Actually, an
appropriate indication or alarm is given if a line
connected to the wave-detecting device is found
ot to be carrying conversational speech currents
while the access switch is caused to step on 0
test a further liné if the presence of speech cur-
rents is detected. - In order that false indications
or alarms shall not be given due to temporary
conditions, it may be arranged that a period of
delay elapses betweer the connection of the wave
detecting device to a liné and the g1v1ng of an
indication or alarm.

The said wave detecting device may comprise
or have associated with it auxiliary equibment
such as a relay set, a time deélay device adapted
to measure off a delay period pricr to the giving
of an indication or alarm, and suitable circuits
for interconnecting these items. It may con-

of speech frequéncy, intérmittent operation of 88 veniently be arranged that the presence of speech
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currents on a line to which the device is con-
nected causes fuctuating operation of a relay
forming part of the device, the presence of a
continuous tone current of speech-frequency
causes steady operation of this relay, and the
complete absence of any speech-frequency cur-
rents leaves the relay unaffected, the arrange-
ments as a whole being such that in each of these
three cases the response or lack of response of the
relay brings about appropriate circuit changes
in the relay set whereby either the access switch
is caused to step on, or is held and the trans-
mission of a signal to the time delay device ef-
fected. The holding of the access switch and the
transmission of a signal to the time delay device
occur in the second and third of the cases men-
tioned, and the signal may depend on which case
is concerned, different signals bringing about
the measurement of different delay periods and
the giving of different indications or alarms. The
relay set may provide for the transmission of a
clearing pulse to a line.

An embodiment of the invention is shown by
way of example in the accompanying drawing
comprising Figs. 1 and 2. In the drawing WD
is a wave detecting device comprising a limiting
valve VI, a detector V2, both being pentodes, and
coupling arrangements. RS is a relay set com-
prising control relays ST, TA, TB, FT, signal
relays W, X, Y, Z, release control relays P, Q, R
and alarm relay AR. Associated with the relay
set is an access switch (not shown) which may be
of the type commonly used in automatic routin-
ers and which has access to a trunk multiple, and
a delay device of which contacts ¢ and e only are
shown.

In making a test on trunk lines, the access
switch is started and the control relays are
operated in a manner depending on whether a
line on which the access switch has come to rest
tests free or engaged. If this line tests free,
the access switch moves on and tests the next
line in the multiple. If the line tests engaged,
the control relays connect the wave detecting
device to the trunk to determine whether speech
frequency current is present in the line or not
and if it is, whether it is intermittent e. g. speech,
or continuous, e. g. tone. If it is determined
that speech frequency current is present, the
signal relays, by their operation. bring about
either the release and advancement of the access
switch or the transmission of a signal to the
delay device. - If no speech frequency current is
present on the line, a signal will be transmitted
by the signal relays to the delay device and this
signal may differ from that transmitted if the
speech frequency current found is uninterrupted.
The operation of the delay device effects the giv-
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ing of an indication to that effect and the access -

switch remains held so long as the engaged con-
dition exists. If the release control relays are
connected up by means of key RCE, uninter-
rupted speech frequency current is applied to
the line for a period to simulate a release signal
in a speech frequency signalling system with the
object of effecting release of the line which may
have become faulty. :
The wave detecting devicer WD will now be
referred to in more detail.
conhected to a trunk line by the operation of
one of the control relays, viz. relay TA, the line
being connected to the line transformer T1 over
pads LP. The primary winding of the trans-
former has a centre tapping which is earthed.
The secondary winding is connected in the grid
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- tact to allow a test to be made.
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circuit of the pentode Vi, the circuit including
a condenser shunted by a resistance. In the
anode circuit of the pentode is connected the
primary winding of a transformer T2 with a
resistance in shunt therewith, the secondary
winding of the transformer being connected to a
circuit of the voltage doubler comprising rec-
tifiers MR and condensers K which are shunted
by a resistance YD, the circuit being connected
in the grid circuit of pentode V2. The grid bias
is provided by resistances YB and YA. In the
anode circuit of the pentode V2 is connected a
relay S of low inertia and inductance shunfed
by a condenser. The connection to the cathode
of pentode Vi includes an inductance L shunted
by two condensers in series with their junction
point earthed. This is to prevent interference
which may be present in the battery supply leads
from reaching the device and causing faulty op-
eration. At each pentode the suppressor grid
and the cathode are connected together and the
screen grid is connected to the positive terminal
of the battery (earth) in the usual manner. The
pentode VI, and transformers Tl and T2 are
each screened and a further screen surrounds
the transformer Tl and pentode VI, each screen
being earthed. The pentode VI operates as a
limiter valve and the pentode V2 as a direct
current rectifier. The anodes of the two pentodes
are connected to the positive pole of the battery
by throwing key DSK.

‘When the device is connected to a line in which
speech frequency current is present, the grid of
pentode Vi which normally has no positive bias-
sing potential, is biassed by the additional grid
current due to the flow of speech frequency cur-
rent through transformer T and anode current
flows during the positive portions of the grid
swing. The anode current thus follows the en-
velope of the grid signal irrespective of its am-
plitude. A potential is developed across resist-
ance YC in the cathode circuit and is injected
into the grid circuit out of phase with the input
signal voltage and therefore the greater the value
of resistance YC the lower is the sensitivity of
the circuit. 'The anode current flows through
the primary winding of transformer T2 which is
shunted by a resistance to flatten the frequency
response curve and the induced current in the
secondary winding is converted to direct current
in the voltage doubler circuit and is then applied
to the grid circuit of pentode V2. The D. C.
potential overcomes the negative grid bias and
anode current flows operating relay S and the
only contact of this relay moves from its back
to its front position. Any alternating current
in the anode circuit flows past relay S through
the shunting condenser. The grid circuit of
pentode V2 is normally biassed so that anode
current is just not flowing and the amount of
bias is readily altered by a variation in the
amount of resistance of ¥YB included in the grid
circuit. The resistances YB and YC enable the
receiver to be adjusted so that it will not op-
erate on extraneous noise which may be present
on a line.

Circuit arrangements provide for the connec-
tion, by contacts of one of the control relays,
TA, of the wave detecting device to the wipers of
the access switch which is a sftepping switch
adapted to be stepped round bank contacts con-
nected to trunk lines and to stop on each con-
The access
switch is started in any convenient manner in
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ah access -control circuit and a circuit is closed
at the same time over wire TCI and contact
ft3 for relay ST. Relay ST operates, locks itself
to wire T'CI over contact sti, connects relay TA
to the test wiper of the access switch at con-
tact st2 and closes an operating circuit for the
slow operating relay PT at contact sf3. If the
trunk line to which the access switch is now
connected is free, no earth will be present on the
test bank contact and relay TA will not operate.
After an interval relay FT operates and at con-
tact fil extends earth over contacts st3, ta2,
tb2 to wire TC2. This gives a signal to the
access control circuit to cause the access switch
to be advanced to the next contacts during which
advance relay ST is released and when the con-
tacts are reached, relay ST is re-operated.

If the trunk line to which the access switch
is stepped is in an engaged condition, earth
will be present on the test bank contact and
after the operation of relay ST relay TA will
be operated in a circuit including contacts w3
and 23 of two of the signal relays, contacts f{2
and st2 and the test wiper of .the access switch
to earth on the test bank contact. Relay TA
locks itself to this earth over contact fal and
after the operation of relay FT extends earth
over contacts st3, fti. and ta2 to slow operating
relay TB. Relay TB operates, connects earth
at contact bl to contact sl of relay S in the
wave detecting device, disconnects wire TC2 at
contact th2 and connects an operating ‘earth to
the delay device at contact tb3. Contacts ta8
and tad connect the wave detecting device to the
access switch trunk line wires and contacts fa%
and tab connect a termination YE consisting of a
resistance and condenser to other wipers of the
access switch which may be connected to bank
contacts associated with wires connected to a
balancing network.

Any one of the following three condltmns may
now be found on the trunk line wires; (i) no cur-
rent present, (i) intermittent current of speech
frequency such as speech itself, (iii) persistent
current of speech frequency such as that com-
monly known as tone. When the wave detecting
device is connected to the access switch it de-
termines by the non-operation or operation of
relay S which of these conditions exists.- .

If the first condition exists, i. e, no current on
the line, relay S will not be operated and conse-
quent on the closure of contact tbl, earth over
that contact, contacts sl and 22 operates relay
W. Relay W locks up over contacts wl and £bi
and opens a point in one circuit for relay TA at
contact w3 but as contact 23 is still closed, relay
TA is not released. Contact w4 connects a. vari-
able resistance YH of 500,000 ohms maximum
across a pair of wires leading to the delay device
to cause that device to measure off a delay period
say of 1 to 3 minutes’ duration depending on the
value of resistance of YH included in the circuit
to the delay device and contact wb closes a point
in the circuit of the lamp signal Li. At the end
of the delay period, earth is connected over con-
tacts ¢ and e in the delay device, contact =25,
back contacts of key RCK to relay AR. Relay AR
operates and locks to the earth in the delay de-
vice over contact arl, completes the circuit for
the lamp signal LI at contact ar2 and earths wire
TC3 at contact ar3 to give an audible alarm.

If the second condition, i. e. intermittent
speech currents which may be assumed to be
speech on the trunk line, is found to exist, relay
S will be intermittently operated. Depending on
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3
whether relay S is operated or not at the moment
contact tbl closes, relay Z or relay W will be
operated. If it be assumed that relay S is un-
operated at that moment, relay W will operate
and lock up and at contact w2 prepare a circuit
for relay X. When relay S operates, relay X will
be operated from earth over contacts st and w2
and will lock up over contacts xf and fbl and at
contact 2 will prepare an operating circuit for
relay Y. When relay S releases the operating
circuit for relay Y is «closed over contacts tbl,
sl, 22 and 22 and relay Y locks up and prepares
at contact ¥2 a similar operating circuit for relay
Z ‘which is closed over contact w2 when relay S
re-operates. Relay Z thereupon locks up over
contacts 21 and tbl. If, at the moment of closure
of contact tbl relay :S is operated, relay Z will
operate and a similar cycle of operations will be
performed, relays Y, X and W operating in turn.
Contacts w3 and 23 both being open, relay TA is
released and contact £a2 initiates the release of
relay TB. The wave detecting device is discon-
nected from the access switch at contacts ta3
and fa4 and the termination YE is disconnected
at contacts tab and tab. After a slight interval,
relay TB releases and relays W, X, Y and Z are
released at contact ibl -and earth over contact
st3 is extended to wire TC2 to bring about the
stepping of the -access switch to the next con-
tacts. As the release of relay TB takes. place
before the expiry of the shorter delay-period pro-
vided for and to be mentioned shortly hereinafter,
relay AR is not operated a.nd no alarm or lamp
signal is given.

If the third condition, i.. e. continuous tone on
the line such as the release signal in a system
employing speech frequency  signals is found to
exist, then at the moment of closure of contact
tbl relay S will be operated and relay Z will ac-
cordingly be operated. Relay S remains operated
so that the closure of the circuit prepared for
relay Y by the closure of contact 22 will not take
place. Relay W will not be operated and relay
TA will consequently not be released. Contact
28 connects a variable resistance YK of 100,000
ohms maximum value to the wires leading to the
delay device to cause this device to measure oif a
shorter delay period than that measured off con-
sequent on the connection of resistance YH, say,
a period of 15 to 60 seconds. At the end of this
period, relay AR is operated as before described
and on the closure of contact ¢r2 lamp 1.2 is lif,
contact wh being in its unoperated position, and
the alarm circuit is closed-at contact ar3. It will
be appreciated that if the tone should go off the
line during the delay period due to the release of
the trunk line, relay TA will be released conse-
quent on the removal of the busy earth from: the
test wire.

The release control relays P, Q, R are brought
into operation when the key RCK is thrown.
This is a key of the locking type and when thrown
it connects relay P in a time pulse circuit. Con-
tact tp is a. contact which is closed for a short
time at intervals of .6 seconds and on its first
closure after the contacts a and e of the delay
device have been closed under condition (i),
earth over those contacts, contact 25, the front
contacts of key RCK and contacts g2 and r2
operates relay P. Relay P holds over contacts r2,
pl, left-hand winding of relay @, the key con-
tacts to earth in the delay device after contact ip

has opened and relay Q operates and locks up

over its right~-hand winding andcontactgl. Con-
tacts p2 and g2 prepare an operating circuitforre-
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lay R to be completed onthenextclosureof contact
tp, contacts 18, p4, g3 and g4 disconnect the wave
detecting device and connect up a source of tone
current over wires RT to the line wipers of the
access switch, a suitable impedance represented
by resistance YG and condensers in the leads to
the source of tone current being included in the
connection, and contacts p5 and ¢5 connect ter-
mination ¥F in place of termination YE to the
balance network wires. Tone current is thus ap-
plied to the line for a period of not more than 6
seconds and in the case of a trunk line controlled
by signals of speech frequency currents this tone
simulates a release signal and should result in
the trunk becoming released. On the next
closure of contact ip relay R operates, holds over
contacts 1 and ¢2 during the period of closure
of contact £p and rsleases relay P at contact r2.
The tone from the tone source over contacts p3
and pé is disconnected from the line. When
contact tp opens, relay R releases but relay @
remains held. The next closure of relay tp ex-
tends earth over contacts ¢2, r{ and p2 to relay
AR which operates, locks up and closes the alarm
and lamp signal circuits. If the trunk has been
released meanwhile, relay TA will have been re-
leased and the transmission of the tone current
terminated consequent on the opening of the
cireuit to the release confrol relays following
release of relay TB at contact fa2. .

We claim:

1. In a telephone or like system, lines over
which voice frequency current is transmitied at
times, a test conductor for each line adapted to
be marked variably according to whether that
line is engaged or free, means for testing said
test conductors of the lines to determine whether
they are engaged or free, and means controlled
by said last means whenever a tested line fests
engaged to also test for the presence of voice fre-
quency current on said line.

2. In a system as claimed in claim 1, means
controlled by said first two means in the event a
line tests engaged but has no voice frequency cur-
rent present thereon to give an alarm after an
interval.

3. In a system as claimed in claim 1, means
controlled by said first two means in the event a
line tests engaged and has voice frequency cur-
rent present thereon to give an alarm after an
interval.

4. Tn a telephone or like system, lines over
which voice frequency current is transmitted at
times, a test conductor for each line adapted te
be marked variably according to whether that
line is engaged or free, means for testing said
test conductors of the lines to determine whether
they are engaged or free, a device controlled by
said last means whenever a tested line tests en-
gaged to also test for the presence of voice fre-
quency current on said line, and means in said
device for delermining whether voice frequency
current on said line is continuous or intermitient.

5. In a telephone or like system, lines over
which voice frequency current is transmitted at
times, a test conductor for each line adapted to
be marked variably according to whether that
line is engaged or free, means for testing said
test conductors of the lines to determine whether
they are engaged or free, a device controlled by
said last means whenever a tested line tests en-
gaged to also test for the presence of voice fre-
quency current on said line, means in said de-
vice for determining whether the voice frequency
current on said line, if any is present, is inter-
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mittent or continuous, means controlled by said

- first means and by said device to give an alarm
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after an interval in the event said line fests en-
gaged if it either has no voice frequency current
thereon or has continuous voice frequency cur-
rent thereon, said last means effective to give no
alarm in the event said line tests engaged if it
has intermittent voice frequency current thereon.

6. In a telephone or like system, lines over
which voice frequency current is transmitted at
times, a test conductor for each line adapted fo
be marked variably according to whether that
line is engaged or free, means for testing said
test conductors of the lines to determine whether
they are engaged or free, a device controlled by
said last means whenever a tested line tests en-
gaged to also test for the presence of voice fre-
guency current on said line, means in said de-
vice for determining whether the voice frequency
current on said line, if any is present, is inter-
mittent or continuous, means controlled by said
first means and by said device to give an alarm
after a certain interval in the event said line
tests engaged if it has no voice frequency cur-
rent thereon and to give an alarm after a differ-
ent interval in the event said line tests engaged
if it has continuous voice frequency current there-
on, said last means effective to give no alarm in
the event said line tests engaged if it has inter-
mittent voice frequency current thereon.

7. In a telephone or like system, lines over
which voice frequency current is transmitted at
times, a test conductor for each line adapted to
be marked variably according to whether that
line is engaged or free, means for testing said
test conductors of the lines to determine whether
they are engaged or free, a device controlled by
said last means whenever a tested line tests en-
gaged to also test for the presence of voice fre-
quency current on said line, means in said de-
vice for determining whether the voice frequency
current on said line, if any is present, is inter-
mittent or continuous, means controlled con-
jointly by said first means and by said device to
give a certain alarm in the event said line tests
engaged if it has no voice frequency current
thereon and to give a different alarm in the event
said line tests engaged if it has continuous voice
frequency current thereon, said last means effec-
tive to give no alarm in the event said line tests
engaged if it has intermittent voice frequency
current thereon.

8. In a telephone or like system, lines over
which voice frequency current is transmitted at
times, a test conductor for each line adapted to
be marked variably according to whether that
line is engaged or free, means for testing said
test conductors of the lines to determine whether
they are engaged or free, a device controlled by
said last means whenever a tested line tests en-
gaged to also test for the presence of voice fre-
quency current on said line, a source of voice
frequency current associated with said device,
and means in said device operated if said last
test indicates that no voice frequency current
is present upon said line to connect said source to
said line.

9. In a telephone or like system, lines over
which voice frequency current is transmitted at
times, a test conductor for each line adapted to
be marked variably according to whether that
line is engaged or free, means for testing said
test conductors of the lines to determine whether
they are engaged or free, a device controlled
by said last means whenever a tested line tests
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engaged to also test for the presence of voice
frequency current on said line, a source of voice
frequency current associated with said device,
means in said device operated if said last test
indicates that no voice frequency current is pres-
ent upon said line to connect said scurce fto
said line for an interval, and means operated at
the end of said interval if said line still tests
engaged to give an alarm,

10. In a tfelephone system or the like, lines,
testing equipment, means for associating said
equipment with each of said lines in. turn to
test for a certain condition thereon, a wave de-
tecting device in said equipment, and means in
said equipment operated whenever one of said
lines is found to have said certain condition
thereon then to connect said device to that line
to determine whether or not current of speech
frequency is present on said line.

11. In g system as claimed in claim 10, wherein
said wave detecting device includes thermionic

valves, means for controlling the sensitivity of-

said valves to said current of speech frequency.
12. In a telephone system or the like, a line,
testing  equipment, a wave detecting device in
said equipment, means for connecting said equip-
ment to said line to test same, and means in
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said equipment effective if said test indicates that
a particular condition is present on said line
then to connect said device to said line to deter-
mine whether or not current of speech frequency
is present on said line.

13. In a system as claimed in claim 12, means
in said device for distinguishing between differ-
ent kinds of current of speech frequency on said
line if such current is present thereon.

14, In a telephone or like system, a line upon
which different kinds of audio frequency current
are impressed at times, testing equipment, a wave
detecting device in said equipment, means for
connecting: said equipment to said line to test
same, means in said equipment operated if it is
determined by said test that a particular condi-
tion is present on said line then to connect said
device to said line to test for the presence of
audio frequency current on said line, and means
controlled by said device fer producing a cer-
tain action if one kind of audio frequency cur-
rent is found to be present on said line and for
producing a different action if another kind of
audio frequency current is found to be present on
said line.

DOUGLAS PERCY LONG.
HORACE EDGAR HUMPHRIES.




