
Contact Potential By H. P. MANLY 

OMETIME, when you are work- 
ing on a receiver, disconnect all 
but the heater leads from the 
socket of any tube. Set your vac- 

uum -tube voltmeter for measuring neg- 
ative d.c. volts, on the lowest range. As 
shown in Fig. 1, connect the positive 
lead of the v.t.v.m to the cathode lug 
on the tube socket and the negative 
lead to the grid lug. Turn on the power 
to heat the cathode of the tube. The 
voltage you read on the meter dial is 
contact potential. 

Negative electrons are boiling out of 
the hot cathode into the surrounding 
vacuum to form a space charge. Bil- 
lions of these electrons collect on the 
grid which is nearest the cathode and 
there they form a negative charge. 
These electrons can escape only slowly 
through many megohms of resistance in 
the v.t.v.m. and enough remain to hold 
the grid decidedly negative with respect 
to the cathode. In many minature tubes 
the difference of potential will read 
about 1.5 volts. 

You will find contact potentials also 
on plates of triodes and on plates and 
screens of pentodes, but the values are 
very small. This is because not many 
space- charge electrons get past the 
grid. If, however, you check from the 
plate to cathode of a diode such as the 
6AL5, contact potential will measure as 
high or higher than those on grids of 
triodes and pentodes. Electrons in the 
diode are intercepted by no other ele- 
ments between cathode and plate. 

Next connect a resistor of about 1/4 

megohm between cathode and grid of 
a triode or pentode (Fig. 2) or between 
cathode and plate of a diode. Measure 
contact potential across this resistor. 
It will be only 20 to 30% of the former 
value for now electrons are returning 
to the cathode more rapidly through 
the resistor than they did through only 
the v.t.v.m. and fewer remain on the 
grid (smaller negative charge) at any 
given moment. If you substitute a grid - 
return resistor of only 10,000 to 20,000 
ohms, the contact potential may not be 
measurable. Here we have one reason 
why so many tube data sheets warn 
against grid circuit resistance of more 
than 1/4 to 1/4 megohm-or even 100,000 
ohms. It is to reduce the biasing effect 
of contact potential. 

Contact potential negatively biases 

Fig. 1- Negative electrons collect on 
grid to produce a contact potential. 
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a grid without the help of any external 
voltage. In many radio receivers the 
grid resistor on the audio voltage am- 
plifier has a value of about 10 megohms. 
A familiar circuit is shown in Fig. 3. 
Contact potential across this high re- 
sistance supplies the entire negative 
bias needed by the amplifier. 

When a twin -diode tube is used in a 
vacuum -tube voltmeter or other service 
instrument as a rectifier or detector, 
one section may be employed solely for 
balancing the contact potential of the 
other section. A method of doing this is 
illustrated in Fig. 4. At a is a simple 
shunt rectifier consisting of a single 
diode which delivers pulsating positive 
direct current when a.c. voltage is ap- 
plied. With or without an applied a.c. 
voltage there is contact potential, and 
at very small a.c. inputs this contact 
potential may add materially to d.c. 
output voltage. 

At b a second diode is added with its 
connections reversed. If contact poten- 
tials of the two diodes are equal at the 
d.c. output, they will balance each 
other. In practice, the contact potentials 
of two diodes or of two sections of a 
twin -diode are likely to be different, so 
we resort to the connections at e of 
Fig. 4. 

With these connections, positive and 
negative contact potentials of the two 
diodes act at opposite ends of a bal- 
ancing potentiometer, with rectifed d.c. 
output taken from the slider. Moving 
the slider will allow picking up enough 
negative contact potential from the sec- 
ond diode to balance the positive con- 
tact potential from the first, and d.c. 
output will be unaffected. 

Contact potential may be balanced 
also with any available d.c. voltage of 
opposite polarity which may be ad- 
justed to suitable value. But without 
some form of balancing, low- voltage 
measurements may be erroneous. There 
is no measurable contact potential be- 
tween elements of a crystal diode, and 
no balancing is needed. This is an 
advantage of the crystal over the tube 
when used in detector probes for serv- 
ice instruments. 

Contact potential in a tube becomes 
less with lower heater voltage and 
cathode temperature since electrons boil 
less rapidly out of the cooler cathode 
and form a weaker space charge. At 
half normal heater voltage, contact po- 

Fig. 2- Measuring the contact poten- 
tial across a grid- return resistor. 
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tential may be two- thirds or less its 
maximum value. Contact potential 
tends to be greater in tubes of high 
transconductance than in those of less 
amplification. The reason is that grid 
wires are more closely spaced and may 
be closer to the cathode in a high -gain 
tube, and the grid collects more nega- 
tive electrons. 

You may wonder why we talk about 
contact potential when the tube ele- 
ments are not actually in contact. It is 
because this effect is similar to that ob- 
served when different metals are in 
close contact, even when surrounded by 
air. For instance, brass becomes nega- 
tive to aluminum by almost 0.2 volt. 
Again, when different metals are im- 
mersed in a liquid electrolyte, the 
metals acquire a difference of potential, 
called contact potential. In vacuum 
tubes the grid takes electrons from the 
cathode through a vacuum when no ex- 
ternal voltage is applied, but the effect 
still is called contact potential. END 
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Fig. 3- Conventional audio amplifier 
circuit biased by contact potential. 
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Fig. 4- Balancing contact potential. 
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