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This invention relates to testing apparatus and 
Systems, and more particularly to apparatus and 
systems for determining whether the conductors 
of a telephone line are grounded, or are short 
circuited to each other. 

In Connection with Systems for testing the con 
ductors of telephone lines to determine whether 
or not they are grounded or are short circuited to 
other lines, it has heretofore been proposed to 
isolate each of the various conductors from the 
system and connect each isolated conductor to a 
loop of well-known type, such as a Varley loop, 
arranged in the form of a Wheatstone bridge cir 
cuit, to determine whether or not the resistance 
to ground of the isolated conductor is greater 
than a predetermined value. This prior arrange 
ment of separately studying each telephone con 
ductor is a slow and costly process and is of little 
value where insulation tests must be made rapid 
ly over hundreds of conductors during periods 
when wet weather conditions prevail. 
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Accordingly it is an object of the present in- . 
vention to provide a testing arrangement for 
rapidly determining which of the two conductors 
of a telephone or other line is grounded, and at 
the same time determine whether the two con 
ductors of the line are short-circuited to each 
other. . 
Another object of this invention is to provide a 

testing arrangement involving two detecting de 
vices so set up that one of the detecting devices 
will be operated only when the resistance to 
ground of one of the conductors of a line is less 
than a predetermined value and the other de 
tecting device operated only when the resistance 
to ground of the other conductor of the line is 
less than the same predetermined value. 

It is a further object of this invention to have 
both detecting devices operated when the two 
conductors of the line are short-circuited to each 
Other. 
And it is a still further object of this invention 

to so arrange the testing apparatus that in con 
necting the testing apparatus to a telephone line 
the presence of a “busy' condition on the line 
will be rapidly determined. 
In accordance with one embodiment of this 

invention two three-electrode gas tubes are con 
nected in parallel branches, each branch includ 
ing an individual battery. The gas tube and bat 
tery of each branch are then connected to one 
of the conductors of the line to be tested. When 
the insulation to ground of either of the con 
ductors of the line is below a predeterminrd valur. 
the voltage supplied to the battery in the Same 
branch will be sufficient to fire the associated gas 
tube. Each gas tube circuit also includes an in 
dicating device to indicate that the correspond 
ing gas tube has been fired. Thus each branch 
of the testing system separately detects the pres 
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179-15.3) 
ence of low insulation resistance to ground of 
but one of the line conductors. An additional 
circuit is superimposed on the testing arrange 
ment, this circuit including another indicating 
device, such as a lamp, which will become op 
erated only when the two conductors of the 
telephone line are "busy.' 
This invention will be better understood from , 

the more detailed description hereinafter foll 
lowing when read in connection with the accom 
panying drawing showing one embodiment of the 
invention merely for the purpose of illustration. 

Referring to the drawing, the reference char 
acters T1 and T2 designate two three-electrode 
gas tubes of the cold cathode type which are con 
nected in the two branches of the testing sys 
ten to be described. The input electrodes of the 
tube T are connected in a circuit including re 
sistors R, R2, R3 and R4, the resistor R4 being 
adjustable for calibrating purposes. Likewise the 
input electrodes of the tube T2 are connected to 
a similar circuit including resistors R5, R6, R7 and 
R2, the resistor R6 being likewise adjustable for calibrating purposes. The resistor R2 is, of 
course, common to the two circuits or branches 

The upper terminal of re 
sistor R4 is connected to the tip terminal of a 
jack J1 by means of a battery B1, and a similar 
battery B2 which is of opposite polarity but of 
like potential is connected between the lower ter. 
minal of resistor R6 and the ring terminal of 
jack J1. 

the primary Winding of transformer W is con 
nected between an alternating current generator 
G and ground. This primary winding is also con 
nected in circuit with the anode of tube T2 and 
its upper input electrode through the winding 
of a buzzer designated 22 which is of well known 
type. The secondary winding of transformer W 
which may have the same number of turns as 
the primary winding-is connected in circuit with 
the anode of tube Ti and its upper input elec 
trode through the winding of a buzzer designated 
21. It will be apparent that the buzzer Z1 will 
be operated only when the gas tube T1 is fired, 
and that the buzzer Z2 will be operated only when 
the gas tube T2 is fired. 
The drawing also shows a special patch cord 

including two plugs P1 and P2 of well known 
types. The tip and ring contacts of plug P1 may, 
of course, engage the tip and ring terminals of 
the jack J1 in the usual manner, the sleeve ter 
minals of the two plugs P1 and P2 being connect 
ed in a circuit which includes a lamp L for de 
termining the busy condition of each line to be 
tested as will be explained hereinafter. The 
plug P2 may engage the line C1-C2 to be tested, 
the connection being established for example, 
through a jack J2 which may be part of the test 
connector of a step-by-step central office sys 



conductor Cs of the central office equipment 
which includes a cut-off relay (not shown) of 
well known type. 
Assume that the plug Pi has engaged jack J, 

of one of the telephone lines of the system. If 
the insulation resistance to ground of the con 
ductor C1 is less than a predetermined value, 
current will flow from battery B1 over conductor 
C1 through its "insulation" resistance, the inter 
connected circuit including ground, resistors Ra, 
Rs and R, battery B1, the tip terminals of jack 
J1 and plug P1, the tip terminals of plug Pa and 
jack J. and the conductor C1 (including the path 
through the insulation of the latter conductor 
having a low resistance to ground). This cur 
rent will establish a potential across resistors Ra, 
Rs and R, which is sufficient to ionize the gas 
between the input electrodes of tube T1, the 
voltage being applied to input electrodes of tube 
T through resistor R1. As the gas within the 
tube T becomes ionized, the buzzer Z will be 
operated to indicate instantly to the operator 
that the insulation resistance of the conductor 
C is below the value for satisfactory operation. 
The voltage to operate the circuit of buzzer Z1 
is obtained from the secondary winding of trans 
former W. 
On the other hand, if the insulation resistance 

of the conductor C of the telephone line being 
tested is below the predetermined value previ 
ously established, current will then flow from 
battery Ba over a circuit which includes ground, 
resistors Ra, RI and Rs, battery Ba, the ring ter 
minals of jack J. and plug P, the ring terminals 
of plug P and jack Jr. and conductor C (includ 
ing the leakage path to ground from conductor 
C). The current flow through resistors Ra, R 
and Rs is such as to apply a voltage through re 
sistor Rs to the input electrodes of tube T to 
ionize the gas therein. Upon ionization of the 
gas of tube T, the buzzer 22 will be operated, the 
operated circuit including generator G, the wind 
ing of buzzer 2, the anode and upper cathode of 
tube T and ground. Thus the operator will be 
instantly informed that the conductor C of the 
line being tested has an insulation which does not 
meet the standard of good service. 

thus it will be observed that one of the two 
gas tubes will be fired and its connected burier 
will be operated when one of the two conductors 
of a telephone line has an insulation resistance 
to ground below a pedeteriained Value. The 
gas tube ionized and the associated buzzer oper 
ated will.indicate which of the two conductors is 
faulty. 
Suppose now that the conductors C and Ca 

are short-circuited to each other, or that the re 
sistance orimpedance there between is below some 

7 predetermined value. In that event the two bat 
teries B1 and B will be connected in series with 
each other to the conductors C and C, the inter 
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terminals of jack J. and plug P, the tip termi 
nails of plug Pa and jack Ja, conductors C1 and 
Ca, the ring terminals of jack Ja and plug Ps, the 
ring terminals of plug P1 and jack Jr., battery B2, 
resistors Res and RT and resistors Rs and R. The 

, flow of current through resistors Ra and R will 

10 

5 

20 

25 

O 

be sufficient to apply a voltage through resistors 
R1 and R to the input electrodes of tube T. to 
ionize the gas therein and thereby operate the 
buzzer Z. Likewise the flow of current through 
resistors Rs and RT will be sufficient to apply a 
voltage through resistors Ra and Rs to the input 
electrodes of tube Ta to ionize the gas therein and 
thereby operate the buzger Z. Thus it will be 
observed that the presence of a short-circuit 
across the telephone conductors C and C will 
result in both tubes T and T being fired and 
both buzzers Zi and 2a being operated. This con 
dition will, therefore, be readily distinguished 
from the previous conditions in which but one 
of the conductors had an insulation resistance to 
ground below some predetermined value in which 
case but one gas tube was fired and its corre 
sponding buzzer operated. 

It will be observed that the lamp L. is in the 
sleeve circuit of the testing system and that it is 
connected to the sleeve conductor C at the cen 
tral 'office. This lamp will be lighted when the 
Conductors C1 and C2 of the telephone line are 
not busy because in that case the conductor Cs 
will have a voltage applied thereto sufficient to 
operate the busy lamp I. The circuit for lamp 
I will include the conductor Cs and the battery 
(not shown) connected thereto, the sleeve termi 
nails of jack Ja and plug Pa, the lamp, the sleeve 
terminals of plug P and jack J. and ground 
In the event, however, that the telephone line 
which includes conductors C and C is busy, the 
battery voltage just considered will be removed 
from the conductor Cs due to the operation of 
the cut-off relay (not shown) at the central of 
fice, and then no current will flow through the 
lamp I. Thus the lamp I will be lighted only 
when the telephone line is not busy. The test 
operator will, therefore, be able to determine in 
stantly whether or not the line being tested is 
busy. Indicatoris obtained by the test apparatus 
from a busy line will, of course, be ignored be 
cause the impedance properties of the conduc 
tors of the line are at that time considerably 
changed from their nonal values. 

in one installation in which the circuit of this 
invention was used the batteries B1 and B2 were 
of the 90-volt type and the tubes T and T2 were 
of the 333-A type. Such voltages will not be suit 
able for use on lines connected to four-party gas 
tube sets. To satisfactorily test the lines of such 
sets batteries of lower voltages may be employed. 
f 45-volt batteries are used, then the tubes T. 
and Te may be, for example, of the thyratron 
type. In making tests with the apparatus of this in 
wention it may happen that either or both of the 
gas tubes will be fired and the corresponding 
buzzers operated only momentarily. This tran 
sient condition is usually brought about by the 
capacity between the conductors of the line, by 
the capacity of the condensers in the subset. etc. 
his capacity may be sufficient to allow a tran 

seat current to flow over the line conductors and 
through the testing circuit. Such a transient re 
action is not an indication of low insulaiing re 
sistance in either or both of the line condictors 
unless the indication fails to stop. The appa 

Connected circuit including battery B, the tip 75 ratus of this invention is intended to indicate a 
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faulty condition in the line conductors by operat 
ing the indicating devices Z1 and 22 for a suff 
cient interval of time which lasts longer than the 
momentary clicks that may be obtained from 
natural line capacities. 

It has been shown herein above that the two 
tubes Ti and T2 of the two branches of the test 
ing system control the operation of audible indi 
cating devices such as buzzers Z1 and Z2 respec 
tively. It will be understood that the buzzers Z1 
and Z2 may be omitted if desired and that tubes 
T1 and T. may be employed to act as visual indi 
Cators. In the latter situation. One of the tubes 
may be painted red, for example, and the other 
green. 

It will be understood that the testing circuit of 
this invention may be used with any form of sig 
naling or other circuit. It will also be under 
stood that any one or all of the plug, and jack 
arrangements shown herein may be omitted if so 
desired and other means may be provided for 
establishing connections to the circuit or circuits 
to be tested. 
While this invention has been shown and de 

Scribed in certain particular embodiments merely 
for the purpose of illustration, it will be under 
stood that the general principles of this invention 
may be applied to other and widely varied organ 
izations without departing from the spirit of the 
invention and the Scope of the appended claims. 
What is claimed is: - 
1. Apparatus for determining which of the two 

conductors of a telephone line has an insulation 
resistance to ground below a predetermined 
value, comprising two batteries, two circuits, each 
of which is conductively connected to one of the 
conductors of the line and one of the batteries, 
two gas tubes which are normally inert, each of 
which is associated with one of the batteries and 
One of Said conductors, means responsive to the 
grounding of one of said conductors to initiate 
the flow of current from the corresponding bat 
tery to ionize the associated gas tube, and two in 
dicating devices controlled respectively by said gas 
tubes. 

2. Testing apparatus for a two-wire line to de 
termine which of the two conductors of the two 
wire line has an insulation resistance to ground 
below a predetermined value, comprising two 
equal sources of voltage each of which may be 
connected conductively to one of the wires of the 
line, two gas tubes which are normally inert, two 
networks respectively interconnecting the two 
gas tubes to the two sources of voltage respec 
tively, means responsive to the grounding of one 
of said wires to initiate the flow of a substantial 
Current from the corresponding source of voltage 
to ionize the respective gas tube connected there 
to, and means to indicate which of the gas tubes 
has become ionized. 

3. Testing apparatus for a two-wire line to de 
termine which of the two conductors of the two 
wire line has an insulation resistance to ground 
below a predetermined value, comprising two 
equal sources of voltage each of which may be 
Connected conductively to one of the wires of the 
line, two gas tubes which are normally inert, two 
networks respectively interconnecting the two 
gas tubes to the two sources of voltage respec 
tively, means responsive to the drop in the insula 
tion resistance to ground-of one of the wires of 
said line to initiate flow of a substantial current 
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from the corresponding source of voltage to ionize 
the respective gas tube connected thereto, 

4. Testing apparatus for a two-wire line to de 
termine Which of the two conductors of the two 
wire line has an insulation resistance to ground 
below a predetermined value, comprising two gas 
tubes each of which is normally inert and is con 
ductively connected to One of the Wires of said 
line, means for firing either of said tubes when 
the wire connected thereto becomes grounded, 
and naeans for firing both tubes when the tWO 
wires are short-circuited to each other. 

5. Testing apparatus for a two-wire line to de 
termine which of the two conductors of the two 
wire line, has an insulation resistance to ground 
below a predetermined value, comprising two gas 
tubes which are normally inert, two netWorks 
each including a separate source of potential, said 
networks respectively conductively interconnect 
ing said two tubes with the two wires of said line, 
means responsive to a grounded condition on 
either of said wires to fire the respective gas tube, 
connected to the grounded wire, and means re 
sponsive to a short-circuit between said wires to 
simultaneously fire both gas tubes. 

6. Testing apparatus for a two-wire telephone 
line comprising two gas tubes which are normally 
inert, means responsive to a short-circuit between 
the wires of said line to ionize the gas within 
both tubes simultaneously, and further means for 
indicating whether the telephone line is busy dur 
ing the time when the gas within the two tubes is 
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ionized. 
7. Testing apparatus for telephone lines com 

prising two sources of potential, two resistors 
connected in series with each other and with said 
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sources, said series circuit including the near 
end terminals of a telephone line to be tested, two 
gas tubes which are normally inert and are con 
nected respectively across said resistors, and 
means for indicating whether either or both of 
said gas tubes have been fired. 

8. Testing apparatus for a two-wire line to de 
termine which of the two conductors of the two 
wire line has an insulation resistance to ground 
below a predetermined value, comprising two 
equal sources of potential, two resistors having a 
common grounded terminal, each resistor being 
conductively connected to one of the wires of said 
line through one of said sources of potential, and 
two gas tubes each of which is normally inert and 
is bridged across one of said resistors, said gas 
tubes being fired when the voltage across the 
respective resistors exceeds a predetermined 
potential. -- 

9. Testing apparatus for a two-wire line to de 
termine which of the two conductors of the two 
wire line has an insulation resistance to ground 
below a predetermined value, comprising two 
equal sources of potential, two resistors having 
a common grounded terminal, each resistor being 
conductively connected to one of the wires of said 
line through one of said sources of potential, and 
two gas tubes each of which is normally inert and . 
is bridged across one of said resistors, said gas 
tubes being fired when the voltage across the re 
spective resistors exceeds a EE two indicating devices controlled respectively by 
Said gas tubes, and a source of alternating poten- . 
tial for operating both of said indicating devices. 

ROBERT MASON EDMONDs. 


