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This invention relates to an arrangement 
for indicating electrical insulation leakages 
between the cathode and heater elements of 
indirectly heated audion vacuum tubes. 

It is the object of this invention to pro 
vide a testing circuit for the determination 
of the insulation leakage between the cath 
ode and heater elemenis of indirectly heated 
audion tubes which gives an accurate indica 

0 tion of that leakage free from any extraneous 
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effects. 
It is a further object of my invention to 

design a testing circuit for the purposes Set 
forth which is particularly adapted to meet 
the requirements for ruggedness as Well as 
accuracy demanded thereof for field service 
testing operations. 
The commonly-used indirect heater type 

audion tube utilizes an electron-emitting 
cathode element, electrically insulated from 
a heater element which heats the cathode 
element by conduction. In radio and elec 
trical circuits which utilize tubes of the nor 
mal type with an electrical potential differ 
ence maintained between the cathode and 
heater elements, it is generally desirable that 
the insulation resistance between the cathode 
and heater elements be maintained above 
90,000 ohms. Chemical impurities in the 
ceramic or other materials utilized as the 
electrical-insulating and heat-conducting 
medium between the cathode and heater ele 
ments may cause a permanent or intermittent 
lowering of the electrical resistance. In 
some circuits, a lowering of this resistance 
may change the characteristics of the tube 
circuit network, thereby detrimentally affect 
ing the performance of the apparatus em 
bodying the tube and circuit combination, 
or an intermittent lowering of this insulation 
resistance may cause undesirable fluctuations 
in the network potentials which may be am 
plified or relayed, or both, to the output cir 
cuits of the apparatus embodying the tube. 
In the case of radio receivers, these potential 
fluctuations are amplified and reproduced 
as undesirable noises in the loudspeakers. 

In factories where audion tubes are man 
ufactured and subjected to tests before being 
released to the commercial trade, it is cus 
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tomary to determine the cathode-heater in 
sulation resistance by applying a direct cur 
rent potential in series with a micro-ammeter 
between the cathode and heater elements. 
This commonly-used method is fairly sat 

isfactory for factory production require 
ments, but the sensitive instrument required 
has not been found sufficiently rugged for 
the practical service requirements of radio 
technicians in the field. Another objection 
to this method is applicable to factory as 
well as field testing, and relates to the rec 
tifying action between the cathode and heater 
elements. Practical tests have indicated 
that this rectifying action is not uniform as 
between tubes of different manufacture, or 
between tubes produced in the same factory. 
One method employed by factories for this 
test consists of applying a 16-volt potential 
in series with a micro-ammeter between the 
cathode and heater elements, so that the cath 
Ode element is maintained negative with rela 
tion to the heater element to which the posi 
tive side of the 16-volt potential is connected. 
Since the heater is also necessarily oper 

ated with a normal electric current load dur 
ing the test in order to determine the effect 
of thermal expansion on the leakage, it is ob 
vious that the heated cathode will emit elec 
trons, some of which will be attracted to the 
positive heater. The electric current corre 
sponding to this electron flow will be indi 
cated by the meter while the meter is also 
indicating the current which flows because 
of any appreciable insulation leakage which 
may exist. Thus in a tube in which the in 
sulation resistance may riot be affected by 
heating of the elements, a greater current will 
flow between the elements while they are 
heated than will flow while the elements have 
ambient temperature. w 
The above mentioned objections are over 

come by the applicant's invention which may 
be best understood by reference to the ac 
companying drawing in which 

Fig. 1 shows a testing circuit previously 
employed in the art, and 
Fig.2 shows the applicant's novel circuit, 

with the same parts common to the two fig 
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ures designated by the same reference nu 
merals. 
In Fig. 1, the electron emitting cathode 1 

is normally heated to incandescence by means 
of a heating current passed through the 
heater circuit 2 which is energized by a source 
of alternating current energy induced in 
the winding 3. The heat generated in heater 
element 2 is conducted through a suitable 
layer of ceramic or other material to trans 
mit the heat therefrom to the cathode ele 
ment, at the same time maintaining those 
two elements electrically insulated. In or 
der to test the condition of this electrical in 
sulating and heat conducting medium, a 16 
volt potential source, for instance a battery 
4, is inserted between the midpoint of the 
heater winding and the cathode element with 
a micro-ammeter inserted in series. The re 
sistance of the insulating layer could thus be 
determined by simple application of Ohm's 
law. With the parts connected as indicated 
in Fig. 1, the micro-ammeter not only indi 
cates the current resulting from the leakage 
between the cathode and heater elements but 
also the current resulting from the electron 
emission from the cathode element which is 
attracted to the relatively positive heater ele 
ment. As explained above, this discrepancy 
in the reading of the meter as well as the 
necessity for the delicate instrument 5 are 
obviated by the applicant's invention as is 
illustrated in Fig. 2. 
The cathode and heater elements as well as 

the heater winding in Fig.2 are correspond 
ingly the same as in Fig. 1. Although the 
heater winding 3 is shown as fixed in the 
drawing the same may consist of an adjust 
able winding which is variable by the pro 
vision of suitable taps in order to obtain a 
range of voltages from 1.5 volts to 7.5 volts 
to enable the testing of all types of tubes. 
Between a point in the heater circuit and 
the cathode element is arranged an electri 
cal circuit which includes a condenser or ca 
pacitor 9 and a rugged indicating ammeter 
10. This ammeter may be of the copper 
oxide rectifier type incorporating a D'Arson 
val movement, shunted for a sensitivity of 
0.001-ampere for full scale deflection. The 
meter may be of the type shown in the patent 
to Vivion Johnson, No. 1,811,319 of June 23, 
1931. This circuit is energized from a source 
of alternating current energy which is con 
nected to the primary winding 6 of a suit 
able transformer. The secondary winding 7 
of this transformer has induced therein the 
alternating current energy for the circuit 
connected between the heater and cathode ele 
ments. A suitable multiplier resistance 8 
may be connected in the circuit in order that 
the same may reach the proper impedance 
values which will effect a full scale deflection 
of the meter 10, corresponding to 1 milliam 
pere, upon a short circuit connection between 
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the cathode and heater elements. The meter 
will be capable of reading a range of resist 
ances between the cathode and heater ele 
ments as high as 90,000 ohms. Such a re 
sistance value causes a deflection upon the 
meter of approximately 1 degree which is 
still capable of observation. 
The function of the condenser 9 is to ex 

clude all unidirectional current components 
such as would ordinarily result from the rec 
tifying action or from the electron emission 
between the cathode and heater elements. 
In a practical embodiment of the inven 

tion the various elements have the following 
approximate values. The condenser 9 is of 
0.5 mi?d. capacity. The internal resistance of 
meter 10 is 2,000 ohms. The voltage in 
duced in the secondary winding 7 has an ef 
fective value of 10 volts with the calculated 
inductance of that coil being 4.63 henries. 
The multiplier resistor 8 has a value of 5167 
ohms. 
Having described my invention, I claim:- 
1. In an alternating current testing circuit 

for the determination of the leakage resist 
ance of the insulation between the cathode 
and heater elements of an indirectly heated 
audion tube, said circuit extending between 
the cathode and heater elements, a current 
meter in said circuit, and means for prevent 
ing the emission of electrons from the cathode 
element from affecting the reading of the cur 
rent meter comprising a condenser in said 
circuit. 

2. In an alternating current testing circuit 
for the determination of the leakage resist 
ance of the insulation between the cathode 
and heater elements of an indirectly heated 
audion tube, said circuit extending between 
the cathode and heater elements, an induc 
tance coil, a resistor and a current meter in 
Said circuit, and means for preventing the 
emission of electrons from the cathode ele 
ment from affecting the reading of the current 
meter comprising a condenser in said circuit, 
said coil, resistor, meter and condenser being 
SO proportioned that a short circuit between 
said cathode and heater elements effects a 
full scale deflection upon said meter. 

3. In an alternating current testing circuit 
for the determination of the leakage resist 
ance of the insulation between the cathode 
and heater elements of an indirectly heated 
audion tube, Said circuit extending between 
the cathode and heater elements, means for impressing a low alternating potential on 
said circuit acroSS said cathode and heater 
elements, a current meter in said circuit for 
indicating current values for varying resist 
ance conditions of said insulation, and means 
for excluding the effects of rectifying action 
between said cathode and heater element from 
said current indications comprising a con 
denser in said circuit. 

4. In a testing circuit for the determina 
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tion of the leakage resistance of the insula 
tion between the cathode and heater elements 
of an indirectly heated audion tube, a source 
of alternating current energy, a transformer 
having the primary winding thereof connect 
ed to said source of alternating current en 
ergy, a circuit including the secondary wind 
ing of said transformer connected between 
said cathode and heater elements, a current 

O 

5 

20 

45 

50 

5 5 

60 

65 

meter in said circuit, and means for prevent 
ing the emission of electrons from the cathode 
element from affecting the reading of the cur 
rent meter comprising a condenser in said 
circuit. 

5. The method of determining the leakage 

3 

resistance of the insulation between the cath 
ode and heater elements of an indirectly heat 
ed audion tube which comprises applying an 
alternating current potential between said 
cathode and heater elements, measuring the 
current flow through said insulation, and 
preventing the electronic emission from the 
cathode from affecting the measuring of the 
current flow by inserting a condenser in the 
measuring circuit. 
The foregoing specification signed at 

Greenwood, county of Leflore, Miss., this 5th 
day of May, 1932. 

FLOYD FAUSETT. 
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