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Our invention relates to method and means for

testing inductors, and more particularly to meth~
od and means for testing an inductor which is
used for transferring impulses to an associated
receiver.

Intermittent inductive train control is a well-
known form of automatic confrol for railway
trains. In intermittent inductive frain control
an inductor at a fixed point along the track is
relied upon for transferring control impulses to
a receiver on a locomotive or vehicle as the train
passes the inductor. Both the trackway inductor
and the train carried receiver comprise a mag-
netic core having one or more windings thereon.
The two are disposed for the receiver fo pass in
induetive relation to the inductor and the inductor
is arrsnged to vary the reluctance of the mag-
netic eircuit of the receiver when the train passes
and thereby transmit a control influence from
the track to the train. There are a number of
gifferent arrangements for such intermittent
train control apparatus and it may be similar to
that disclosed in Letters Patent of the United
States No. 1,698,470, granted January 8, 1928, te
Paul N. Bossars, for Railway Traffic Controlling
Apparatus.

Generally speaking, the inductors of such train
control systems are conditioned to transmit a firsg
or a second contrel influence or impulse to the
receiver according as the inductor winding is
short circuited or is open circuited, the closing
and opening of the winding circuit being effected
through a control relay which is responsive to
traffic conditions of the railway. - It is obvious
that a short circuited condition of a portion of
the inductor winding due to defective insulation
or a ground on the winding leads may so assim~
ilate the short circuited condition relied upon for
the conveyance of a control impulse as to cause
the inductor to transmit a false impulse to the
receiver. ¥For example, a clear traffic indication
is usually refiected by short circuiting the in-
ductor winding at a front contact of the control
relay and a stop traffic indication is reflected
when the relay is released to open its front con-
tact. It is to be seen, therefore, that the short
circuiting of a portion of the inductor winding
or a low resistance ground on the winding leads
tends to refiect a clear traffic indication even
though the control relay is released in response
to a stop traffic condition.

In view of these circumstances, it is important
to provide tests on the inductors of these train
control systems.

Accordingly, a feature of our invention is the
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provision of an improved method and means for
testing an inductor.

Angther feature of our invention is the pro-
vision of novel and improved means for check-
ing short circuited turns and low ground resist-
ance of the winding of an inductor used to trans-
mit inductive influences.

Again, a feature of our invention is the pro-
vision of an improved means for checking the po-
larity connections of two or more coils used to
form the winding of an inductor.

A more specific feature of cur invention is the
provision of an improved portable test set for
checking an intermittent train control wayside
inductor for short circuited turns, terminal leak-
age and coil connections.

A further feature of our invention is the pro-
vision of a portable test set for inductors and
wherein there is incorporated novel means for
checking the operation of the test set.

Other features, objects and advantages of our
invention will appear as the specification pro-

resses.

It is to be understood that our invention is
not limited in its use to train control systems and
this example is cited to illustrate one of the many
places the invention may be used to an advan-
tage.

The foregoing features, objects and advantages
of our invention are attained by using the prin-
ciple that the successive half cycles of a wave
created by shock excitation of an oscillatory cir-
cuit are of opposite polarity and the magnitude
of the successive half cycles decreases at a rate
determined by the condition of the oseillatory cir-
cuit which sets up the wave. Also, that the peak
voltage of the second half cycle of the wave varies
to a greater degree than does the peak voltage of
the first half cycle of the wave for a given load
condition of the oscillatory circuit. To apply
these principles we provide a portable instru-
ment having two terminals across which three
parallel eircuit paths of the instrument are con-
nected. A first one of the paths comprises a
power source such as a battery, a variable resistor,
a shap switch and an ammeter in series. A sec-
ond circeuit path includes a variable capacitance
and a third path includes a resistor in series with
an electric discharge lamp, such as a neon lamp,
and a half wave rectifier in multiple. In addifion
to these three circuit paths, the instrument is
preferably provided with an inductance or react-
ance which is connected at times across the ter-
minals of the instrument through a suitable
switching means.
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The two outside terminals of the instrument
are adapted to be connected across the terminals
of the winging of an inductor that is being tested
by means of a suitable cord circuit. Conse-
quently, when the instrument terminals are con-
nected acress an inductor winding and the snap
switch of the first eircuit path of the instrument
is closed, the direct current power source of the
instrument energizes the inductor winding and a

corresponding magnetic field is stored in the

core of the inductor. For a given voltage of the
direct current source and a given inductor wind-
ing the magnitude of this field is determined hy
the amount of resistance interposed in the first
circuit path of the instrument. When the switeh
of the first circuit path is opened, the stored mag-
netic energy of the inductor dies away and in-
duces a voltage in the inductor winding, the value
of this voltage depending upon the magnitude of
the stored magnetic field. The inductor wind-
ing in connection with the capacitance of the
second path of the instrument forms an oscillator
circuit and thus the induced voltage in the in-
ductor winding sets up a wave having a frequency
and an amplitude that is determined by the pro-
pvortioning of the parts of this osciliatory circuit.
This wave is a demped wave and the damping
is determined according to the condition of the
circuit. This oscillatery wave is impressed on
the third circuit path of the instrument. The
resistance interposed in the third circult path
is made relatively high and it has little effect
onr the damvping action cf the oscillatory wave.
‘The rectifier of the third circuit path is poled
to pass in its forward direction the voltage of
the first half cycle of the wave and thus during
the first half cycle of this wave there is little or
1o voltage impressed across the nson lamp. The
second half cycle of the wave is of the cpnosite
or negative polarity and it is blocked by the rec~
tifier so that its voltage is impressed on the neon
lamp. The parts are proportioned so that for a
given setting of the test set, the veliage impraessed
across the neon lamp during the second nalf
cycle of the wave has a value sufficient to ionize
the lamp and cause the lamp to be illuminated
in the event the inductor winding across which
the instrument is connected is in its normal and
proper condition. - A short circuited condition of
a few of the turns of the inductor winding will
dct as a2 load and the oscillatory wave set up
due to the operation of the instrument is damped
to a degree that the amplitude of ths second
half eycle of the wava is decreased and its voit-
age is insufficient to illuminate the neon izmp.
By determining the level of the direct current
that must be supplied to the inductor winding
and interrupted to produce a voltage that causss
g flash on the neon lamp, the number of short
circuited turns that causes the lamp to remain
dark can be determined within five turns of
the actual number. This result is chtained be-
cause the instrument uses the second and nega-
tive half cycle of the wave for checking the in-
ductor winding and the amplitude of which half
cycle of the wave is varied greatly by chansges
in the circuit conditions of the oscillatory cir-
cuit.

Also, a relatively low resistance hetween the
two terminals of the induector winding due to
ground conditions of the winding act to damp the
wave and thereby cause the second half cyele of
the wave to have an amplitude insufficient to i1-
luminate the neon lamp. Thatis to say, a ground
on the inductor winding reduces the resistance
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between the terminals of the inductor and the
reduction in the terminal resistance below its
normal value will be detected by the neon lamp
of the instrument remaining dark.

When the inductor winding is made up of two
or more coils connected in multiple, & wrong con-
nection of one of the coils will cause a changs
in the magnetic field st up when the test set
is connected thereto and the fest set includes
means to check such wrong connection of the
coils.

Furthermore, we provide a circuit arrange-
ment which includes an induciance or reactance
as part of the test set and wherewith the fest
set is capable of checking its own contivuiiy
and proper functicning.

We shall describe one form of fest apparafus
effective to carry ocut the method of testing in-
ductors embodying our invention and shall then
point out the novel features fhereof in claims.

In the accompanying drawings, ¥ig. 1 is a di-
agrammatic view showing one form of apparatus
embodying the invention when used as a port-
able test set to check the inductors of an inter-
mittent train control system.  Fig. 2 is a plan
view showing the top panel ¢f a housing in which
the apparatus of Fig. 1 may be mounted to pro-
vide & poriable test set.  Figs, 3, 4. & and § are
graphs illustrating operating characteristics of
the apparatus of Figs. 1 and 2.

Referring to Fig. 1, a portable test set is indi-
cated as a whole by a dot and dash rectangle
T8. This test set is mounted in a housing of suit-
able gize and material and it is provided with
carrying means, not shown. The top of the hous-
ing forms a top panel for the test set, the ftop
panel being shown in Fig. 2 and on which panel
a portion of the apparatus is mounted, this an-
paratus being referred to from time to ftime as
the specification progresses.

The housing is provided with two terminals
i8 and {{ which are adaptable of making coniact
with corresponding parts of the plug of a cord
circuit 42, This cord circuit includes two clips
6 and 7 by which the cord circuit can be clipped
to the terminals of an inductor ID to be referred
to hereinafter.

The apparatus of the test set TS comprises
three circuit paths connected in parallel to the
terminals {§ and {¢. A first one of these circuit
paths is a charging circuit and includes a lead
wire {3 connected to terminal {8, a snap switch
or push button {4, a power source such as a
battery {5, an ammeter {8, a variable resistance
comprising resistors {7, {8, {8 and 28, 2 multiple
position switch mermber 23, and lead wire 21 con-
nected to the other termzinal 4. The switch {4
is mecunted in the top panel of the case where
the switch is accessible to the operstor making
the test. The battery {5 would preferably be
of the dry cell type of a suitable voltage, ifs
polarity being as indicated by the plus and minus
signs of the drawings. The ammeter 6 is of a
suitable range and is preferably mounted in the
top pansel where it can be read by the operator.
The resistor {7 is made adjustable by an adjust-
able contact 22 which is mechanically connecied
by means not shown to & handle CA mounted on
the top panel and thereby enables the operator
to readily adjust the value of this resistance.
The junction terminals of the resistors (T, {8, I3
and 28 are connected by individual lead wires to
individual contact buttons identified by the
reference characters P, P2, 8T, 5T, {0T and §57T.
A movable contact member 23 is mounted and
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"made adaptable to successively engage these con-
tact buttons by movement of the member 23 in
step by step fashion about the pivot 24 and to
which pivot the lead wire 21 is connected. The
function of the variable resisfors will appear
when the operation of the test set is described.
A second parallel path between terminals {9
and i{ is s discharge circuit and includes lead
wires i and £5 extending from terminal {0, a
capacitor 28, variable capacitance including
‘capacitors 27, 28 and 29, a multiple position
switch member 88 and lead wire 21 to terminal
t{. The capacitors 26, 27, 28 and 29 are con-
nected to a series of six contact buttons which
‘correspond to the six contact butions provided
for the varisble resistance of the first cireuit
path. A contact member 38 is made fo succes-
‘sively engage the different contact huttons of

the variable capacitance when moved in a step
“20

by step fashion about a pivot point as will be
apparent by an inspection of the drawing. 'The
two contact members 23 and 38 are mechanically
connected together as indicated by a dotted line

2t and this mechanical connection is brought .
25

out to & handle RH on the top panel of the test
set and which handle is provided with six differ-
enf positions P, P2, 8T, 5T, 10T and {57 which
corresponds with the contact buttons PI, P2, 07,
5T, {8T and (5T, respectively of Fig. 1.

the instrument can be set for different ranges
through the medium of the handle RH.

. The third circuit path of the test set comprises
the lead wires {2 and 32 extending from terminal

{8, resistor 3%, an eleciric discharge lamp, such’

as a neon tube 34, and lead wires 35 and 2§ to
the terminsl f{. A half wave rectifier 38 prefer-
ably of the dry surface contact type is connected

in shunt with the lamp 34. Thus the third cir-

cuit path of the instrument comprises the re-
"sistor 83 connected in series with the lamp 28
and rectifier 36 in multiple. The lamp or tube
24 is mounied in a suitable socket in the top
panel of the instrument where it can be observed
by the cperator.
high value for reasons to appear shortly.

The inductor ID of Fig. 1 is of the construction
generally provided for the trackway inductor of
an intermitient inductive irain control system.

As here shown, the inductor ID includes a mag-~:

netic core &% having upstanding pole pieces and
a winding. 'The winding comprises two coils 38
and 38 disposed side by side on the ecore and
connected in parallel to terminals 8 and 2 of
the inductor. The coils 38 and 39 are preferably
alike and are poled to add their inductive effects.
As explained in the sforementioned Bossart pat-
ent, - an associated rsceiver is mounted on a
vehicle for its pole pieces to pass over the pole

pieces of the trackway inductor with a given. ¢

clearance. It is apparent that when the receiver
registers with the inductor ID the magnetic cores
of the two coonerate to form a magnetic circuit
the reluctance of which can be controlled by
the winding 38—28.
one vslue when the winding 28—38% is short eiv-
cuited and ancther value when the winding
3829 is open circuited. As previously explained,
a clear traffic condition is reflected in systems

of the type here involved by short circuiting the-

inductor winding and a stop traffic condition is
reflected by open circuifing the inductor wind-
ing. 'This control is illustrated in Fig. 1 by the
terminals 8 and 9 being short circuited through a
connection including a front contact 48 of a

It fol~
lows that the first and second circuit paths of ¢

The resistor 23 is of a relatively .4

The reluctance will have.
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traffic controlled relay &1 and lead wires 42 and
43. This circuit connection is open circuited
when the relay 4i is deenergized and released
opening its front contact 49.

Thus in testing an inductor there are two.elec-
trical conditions for which fests should be made,
one of which is to check the polarity of the ceil
38 with respect to coil 39, and the other of which
is to check whether there are any short circuited
turns or high resistance short circuits on the
coils 38 and 39. As will appear shortly, the two
positions Pt and P2 of the selector handle RH of
the test set are used to make the polarity check
and the positions 87T, 5T, {6T and {57 are used to
test for short circuited turns.

In using the test set TS to check the inductor
ID the ferminals I8 and i{f of the test set are
clipped to the inductor terminals & and 8% and
the cord circuit 12 is then plugeed into the jack.
Also, the control relay 41 is released during the
testing of the associated inductor.

With the test set thus eonnected to the in-
ductor ID and the push button or switeh {4
closed, the battery {5 is connected across the in-
ductor winding 38—33 through the first eireuit
path comprising the meter 18, resistor 7, and
the resistors 18, {9 and 28 according to the posi-
tion of the contact member 23. With this con-
nection to the winding 328—33 completeqd, the fiow
of current will be indicated on the ammeter ig,
the value of the current being according to the
setting of the resistors {7 to 2. It is to be ob-
served that with the polarity of the battery 15 as
indicated hy the plus and minus signs, the di-
rect current is blocked from flowing in the third
circuit path of the test set by the rectifier 23, it
being understood that the voltage of the battaery
{5 is insufficient to ionize the tube 24.

With the test set thus conneeted to the induc-
tor, a magnetic field is built up in the core of the
inductor due to the direci current fowing in the
coils 38 and 39. The push button {4 is next re-
leased to interrupt the circuit. This permits the
magnetie flux in the inductor core to die away
and induce a voltage in the winding 38—38. This
voltage sets up an oscillatory wave in the circuit
made up of the inductor winding and the second
or discharge circuit path inciuding capacitor 23
and capacitors 27, 28 and 28 according to the
setting of the contact member 28. 'This oseil-
latory wave will be a damped wave and it will
have the general form of that illustrated in Fig, 3.
The first half cycle of this wave will cause the ter-
minal #8 to be positive with respect to the ter-
minal it and will be a positive half cvcle of the
wave, This polarity of the first half cycle of the
wave will be passed by the rectifier 36 in its for-
ward direction and thus by-passed around the
tube 34 with the result the tube 24 remsins dark.
The resistor 33 of the third circuit path of the
test set is a relatively large resistance having
little effect on the damping of the wave.

The second half cycle of the wave will be of
the opposite or negative polarity and it will be
blocked by the rectifier 88 and the voltaze will
be impressed across the tube 34 and the tube will
be illuminated when the voltage of this nezative
cycle of the wave is of an amplitude sufficient to
ionize the tube.

Thus, the electrical condition of the winding
of an inductor for which the test sei TS is de-
signed can be determined hy selecting the charg-
ing circuit and the oscillatory circuit so that for
a given condition of the winding the tube 24 ig
or is not flashed when the switch i4 is released.
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When a number of turns of the winding 38-—39
are short circuited, there will be some decrease
in the voltage induced in the inductor winding
and there will be additional damping of the oscil-
lations of the wave and if the damping is sui-
ficient the wave will have the general shape illus-
trated in Fig. 4. The first or positive hali cycle
will be relatively large and it wili be by-passed
arcund the tube 36 Ly the rectifier 35 the same
as before. This time the second or negative half
cycle of the wave will be so damped that it is of
insufficient voltage to ionize the tube 358 and it
remains dark.

Tt can pe demonstrated mathematically that
for a given change in the load condifion of any
oscillatory circuit the resulting change in the
second half cycle of the oseillatory wave is greater
than the resulting change in the first half cyecle
of the oscillatory wave. Hence, with the test set
TS constructed to utilize this principle of an
oscillatory circuit by including means responsive
to the magnitude of the second half cyele of the
wave, it is enabled to check a short ¢ircuited con-
dition of but a few turns of an inductor winding
having a relatively large number of turns. For
example, g short circuited condition of ag few as
5 turns in an inductor winding having as many as
1000 turns can readily be checked. The number
of short circuited turns which causes the lamp of
the test set tc remain dark is far less than the
number of short circuited turns that will cause the
inductor to transmit a false clear traffic condition
impulse to the associated train receiver., For ex-
ample, we have found that in a given train econtrol
system, approximately forty turns of the winding
of the inductors must be short circuited before the
inductor will transmit an improper clear impulse
when the control relay is released, whereas th2
test set TS constructed for that system will de-
tect a short circuited condition cf as few as 5
furns cr less.

As set forth hereinbefore, a partial ground on
the inductor winding or the leads of the winding
may set up such a low resistance between the
inductor terminals that the inductor will trans-
mit an improper clear traffic impulse. Such low
resistance paths will be detected by the test set
TS in much the same manner as short circuited
turns are detected, because the low resistance
ground paths afiect the amplitude of the osscil-
latory wave., For example, at the position 8T
of handle RI of the test set, we have found that
a, ground resistance of the order of 3000 ohms

etween the terminals 8 and § of an inductor will

he detected by ecausing the lamp 3% to remain
dark. Also, at the position §T of handle R a
ground resistance of the order of 50,000 chms will
be detected by the test set. Furthermore, we
have found that in these inducters a ground
resistance of a much lower value than stated
above can be tolerated before an inductor will
transmit an impreper clear traffic impulse.

Conseguently, along with using the test set
TS to check the relative polarity connection
of the coils of the inductor winding, and short
circuited turns, it can also be used to check the
relgtive ground resistance of the winding and
its leads.

In testing an inductor, the normal procedure
is to determine first the polarity check and then
to test for short circuited turns and grounds.

Qbviously, the flashing of the lamp 34 or the
lamp remaining dark under correctly end in-
correctly connected inductor coils for a given
charging current and a given discharge or oscil-
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latory circuit will depend also upon whether or
not there are short circuited turns or grounds on
the eoils. In Fig. 5 there are shown curves for
the test set of Figs. 1 and 2 when used with a
given standard inductor, the curves being plotted
between the value of charging current required
to flash the lamp 34 and short circuited turns
of the inductor winding under correctly and in-
correctly connected -coils of the inductor winding.
Curve A, for example, indicates that what the
coils are correctly poled and the oscillatory cir-
cuit includes the capacitors 2§ and 27 (range
position §T or PI), a charging circuit of about
600 milliamperes must be applied to the inductor
winding in order to light the lamp 24 by in-
terrupting the charging circuit when there are
only 5 short cireuited turns. Similarly, the curve
B indicates the relationship between charging
current reguired to light the lamp 34 and short
cirenited turns of the winding when. the oscil-
latory circuit includes capacitor 28 only (range
position 15T or P2) and the coils are of correct
polarity. We have found that this relationship
hetween charging current which causes the lamp
34 to light and short circuited turns is accord-
ing to the irregular shaped curve C when the
oscillatory circuit includes capacitors 25 and 27
(range position P or 8T) and the colls are of
incorrect polarity. Alse, that this relationship
is aceordingly to the irregular shaped curve D
when the oscillatory circuit includes capacitor
28 only (range positions {5T and P2) when the
colls are of incorrect polarity.

Consequently, by placing the selector handle
R of the test set at position P so as to include
capacitors 28 and 27 in the oscillatory. circuif
and adjusiing the resistor {7 so that a charging
current of 600 millisamperes flows in the inductor
winding when the switch 14 is closed, the flashing
of the lamp 34 when the switch {4 is released
indicates one of two conditions, namely, either
that the coils 28 and 38 are connected ab cor-
rect polarity and there are less than 5 short
circuited turns (curve A) or that the coils are
connected at incorrect polarity and there may
be some short eircuited turns (curve C). If the
lamp does not flash, we know that the polarity
of the coils is correct and also that there are more
than 5 short circuited turns. Agsin, with the
handle R set at positicn P2 so that capacitor
268 only is in the osciilatory circuit and the re-
sistor 17 adjusted to provide 2 charging current

{ the ordser of 370 milliamperes when the switch
{8 is closed, the lamp 24 is flashad when the
switch {4 is released if the coils 88 and 38 are
connected at correct polarity and there are noi
more then 10 short circuited turns (curve B)
and it is not fashed if the coils are connected at
incorrect polarity (curve D).

That is to say, at position P1, if the lamp 34
does not flash we know that the polarity of the
coils 28 and 39 is correct and incidentally that
there are more than 5 short circuited turns. If
the lamp 34 flashes we know that one of {wo
things may exist, namely, that the polarity of
the coils 38 and 38 is incorrect or that the
polarity is correct with less than § short civcuited
turns. To determine which of these two condi-
tions exists the position P2 is used, and at posi-
tion P2 if the lamp 3% is flashed then we know
that the polarity of the coils is correct and in-
cidentally that there are not more than 190 short
circuited turns. If the lamp 34 does not flash
we know that the polarity is incorrect.

In Fig. 6 there are shown curves plotted be-
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tween short circuited turns of the inductor coils
38 and 39 and the charging current required %o
flash the lamp 34 of the test set TS. Taking the
curve for position 8T (P1), for example, the arm
R is set at position 9T so that all of the resistors
tT to 20 are in the fArst or charging circuit path
and the capacitors 26 and 27 are in the second
or discharging circuit path. With the discharge
circuit maintained with capacitors 26 and 27, let
us assume that the resistors 17 to 28 are varied
to provide different values of charging currens.
Now for different numbers of short circuited turns
on the inductor winding the charging current as
read on the meter {6 is varied until the charging
circuit is just sufficient to cause the lamp to fiash
when the switch 14 is released. This curve for
position &L (Pi) shows that for different num-
bers of short circuited turns different values of
current are required to cause the lamp to flash.
The greater the number of short circuited turus,
the larger is the current required o cause the
lamp to flash. Similarly, the curves of Fig. § for
the positions BT, (8T and 15T are obtained. For
these curves of Fig. 8, the correct polarity of the
coils 38 and 39 exists.

Now in testing the inductor ID for short cir-
culted turns, if we sef the handle RH at range
position 5T and adjust resistor {7 so that there
is g charging current of approzimately 600 mil-
liamperes and the tube 24 flashes when the switeh
i4 is released we know there are not more than
16 short circuited turns (see curve {5T (P2)).
Again, if we set the handle RH at range position
16T and adjust resistor {7 to cause a charging
current of 500 milliamperes and the tube 34
flashes when the switch {4 is released, we know
from curve {87 of Fig. 6 that there are not more
than 10 short circuited turns. Similarly, when
the handle RH is set at range position 5T and
the resistor (¥ adjusted for a charging current
of 370 milliamperes and the tube 34 flashes when
the switeh {4 is released, we know that there are
not more than 7 short circuited turns (see curve
for position 5T). With the handle RH set at
position 8T and the recistor 17 adjusted to pro-
vide a charging current of 285 milliamperes and
the tube 14 flashes we know that there are not
more than 3 shori circuited turns.

It follows that by testing the inductor ID in
the manner explained above, as few as three
short circuited turns of the winding can be de-
tected.

The matter of testing for partial grounds on
the inductor winding or its lead wires is carried
out in much the same manner as the checking
for short circuited turms. For example, we have
found that with the correct polarity and less
than three short circuited turns, the position
I5T (P2) of the test set and the charging cur-
rent set at 600 milliamperes will detect o ground
resistance of the order of 3600 ohiis by the lamp
remaining dark. Algo, the position 87 (P1) will
detect a ground resistance of the order of 54,000
ohms by the lamp remaining dark. With the
inductors here involved a ground resistance of
a much lower order than 3008 ochms ecan be toler-
ated bhefore the inductor will transmit an im-
proper impulse. Consequently, an unsafe low
ground resistance can be checked by the lainp 84
remaining dark at the different range positions.

As stated hereinbefore, the test set TS is ar-
ranged to check its own operation. In check-
ing the operation of the test set the operator
would remove the cord circuit 42 from the in-
strument thereby disconnecting the inductor ID.
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Following this, the operator would close the
switch 68 and thereby connect the inductance
L{ across the terminals {8 and {i. The induc-
tance of the element Li{ is of such a value as
to develop o sufficient negative voitage of the
oscillatory wave created when the switch 14 is
opened to cause the lamp to be fashed when the
range switch is set at the position Pi and at
each of the other positions of the apparatus ex-
cept P2, Thus the operater would repeat the
operation of closing and then opening the push
button {4 for each of the different positions of
the handle RH except for the position P2. At
position P2 the negative half cycle of the wave
is insufficient to illuminate the necn lamp. This
operation will therefore check the continuity and
proper functioning of the component parts of
the test set. If the rectifier 36 is open circuited
then the lamp 234 will be illuminated by both
positive and negative half eycles of the oscilla-~
tory wave and the fact that the lamp is illumi-
nated in position P2 is an indication of a defec-
tive rectifier. The ammeter {§ indicates the flow
of current each time the switech 14 is closed and
if no current flow is registered on the ammeter
it is obvious that there is an open circuit. Also,
when the fest set is connected to the trackway
inductor and there is no curreni flow registered
by the ammeter, it is apparent that there is
an open circuit condition in the inductor. If
the current reading on the ammeter is only about
one-half of the normal reading for the particu-
lar position at which the handie RH is set, then
it is obvious that cne of the coils must be open
circuited.

Although we have herein shown and described
only certain forms of means for testing inductors
embodying ocur invention, it is understood that
various changes and modifications may be made
therein within the scope of the appended claims
without departing from the spirit and scope of
our invention.

. Having thus described our invention, what we
claim is:

1. In combination with a testing means com-
prising, a pair of terminals, a first circuit path
including a direct current power source, g switch
and a resistance in series connected across said
pair of terminals, and a second circuit path in-
cluding capacitance connected across said pair of
terminals; a third circuit path including an elec-
tric discharge lamp and a half wave rectifier in
multiple connected across said pair of terminals.

2. In a testing means including a pair of termi-
nals to which a circuit to be tested can be con-
nected, g first circuit path inciuding a direct cur-
rent source, a two position switech and a resist-
ance in series connected across said terminals;
said first circuit path being effective to energize
and deenergize a circuit to be tested when it is
connected to said terminals, and a second circuit
path including capacitance connecied across said
terminals, said second circuit path cooperating
with a tested circuit connected to the terminals
to form an osecillatory circuit; a third circuit path
including an electric discharge lamyp and a half
wave rectifier in multiple connected across said
terminals, said rectifier being poled to pass in its
forward direction the positive half cycles of an
oscillatory wave created in said oscillatory circuit
and said lamp being illuminated only by the peak
voltage of the negative half cycles of the oscilla-
tory wave,

3. In combination with means for testing an
inductor having a winding mounted on a mag-
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netic core, said means including a pair of termi-
nals adapted for the winding of an inductor to be
tested to be connected thereto, a first circuit in-
cluding a battery, a switch and a resistance in se-
ries connected to said terminals to energize an
inductor connected to said terminals when said
switch is closed; and a second circuit including
capacitance connected to said terminals, said ca-
pacitance and the inductor winding econnected to
the terminals forming an oscillatory circuit in
which an oscillatory wave is set up when said
switch is opened subsequent to its being closed;
a third circuit including a resistance in series
with an electric discharge lamp and a half wave
rectifier in multiple connected across said termi-
nals, said lamp being adaptable of being illumi-
nated by the peak voltages of said oscillatory
wave and said rectifier being poled to shunt the
positive half cycles of the wave around said lamp.

4. In means for checking short circuited turns
of an inductor having a winding mounted on a
magnetizable core, said mesns including a pair
of terminals across which an inductor winding
can be connected ; a first circuit having a battery,
a switch and an adjustable resistance in series
connected across said terminals; said first circuit
being effective to energize an inductor connected
to the terminals storing a direct magnetic flux
therein by the closing of said switch, the strength
of said fiux being determined by the adjustment
of said resistance; and a second cireuit including
an adjustable capacitance connected across said
terminals, seid second circuit forming with the
winding of an inductor connected to the termi-
nals an oscillatory circuit in which a damped
wave is seb up when said switch is opened; a
thirg cireuit including e resistance in series with
2 necn lamp and g half wave rectifier in multiple
connected across said terminals, said lamp being
adapted to ke illuminated by the peak voltages of
the first and second half cycles of said wave when
the inductor is free from short eircuit turns, and
said rectifier poled to pass in its forward direction
the first haif cycle of the wave, thereby restrict-
ing the illumination of said lamp to the second
half cycle of said wave.

5. In combination with means for checking the
connections of an inductor winding having two
coils connected in multiple, said means including
a pair of terminals to which an inductor winding
can be eonnected; a first circuit including a bat-
tery, a switch and a variable resistance in series
connected across said terminals; said first cireuit
effective to energize an inductor connected to
said terminals at a first or a second value of di-
rect current when said switch is closed according
as said variable resistance is set at first or a sec-
ond value; and a second circuit including a vari-
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able capacitance connected across said terminals,
said second circuit forming with the winding of
an inductor connected to the terminals an oscil-
latory circuit in which a damped wave is set up
when said switch is opened, said oscillatory cir-
cuit having o first or a second operating char-
acteristic according as said variable capacitance
ig set at a first or a second value; a third circuit
including a resistance in series with a neon lamp
and a half wave rectifier in multiple connected
across said terminals, said lamp being adaptable
of being illuminated by the peak voltages of said
wave, and said rectifier being poled to shunt the
positive half cycles of the wave around said lamp.

8. Means for indicating the relative peak volt-
age of selected half cycles of an oscillatory wave,
said selected half eycles having & chosen polarity,
the alternate half cycles of said wave having
the cpposite polarity; said means comprising a
pair of terminals to which the source of said os-
cillatory wave is connected, and a neon lamp
and half-wave rectifier in multiple connected
seross said terminals, said rectifier being poled
to block said selected half cycles and o pass
those of opposite polarity, thereby impressing on
seid lamp only the voltage of said selected half
eycles, said lamp becoming iliuminated only if
the peak voltage exceeds the lonization voltage
of said lamp.

7. In combination with an eleciric circuit test-
ing device, including a pair of terminals to which
the circuit to be tested is connescted; means for
indicating that the peak voltage of & second half
cycle of a damped oscillatory wave exceeds a
critical value, said means being connected across
said pair of terminals and comprising a resist-
ance in series with an electric discharge lamp,
having a critical ionization potential character-
istic, and a half-wave rectifier connected in
multiple: said half-wave rectifier being poled to
pass in its forward direction the first half cycle
of said damped wave and to block said second
half cycle, thereby causing the peak voltage of
said second half cycle to be impressed on said
electric discharge lamp, said lamp becoming
iHluminated if said peak voltage exceeds said
critical ionization potential of said lamp.
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