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A SHUNT IN USE 

Although the needle on this 5- milliampere meter points to 1 

mil., by virtue of the fact that a shunt is included, it is really 
passing io mils. The shunt shown has a resistance of a very 
few ohms. The voltage source here is a "Mayolian," and a 

Clarostat is employed to regulate the amount of current 

4. Reduce the negative C bias in small steps 
and read the plate current. 

5. Continue until the grid is about 10 volts 
positive. 

Fig. 2 shows a simple method of reversing the 
C battery to get positive bias. The plate 
current will be zero at about 2.5 negative voltage 
on the grid if the plate voltage is about 22 5, 

and will be about 4 milliamperes with positive 
5 volts on the grid. Now: 

6. Increase the B voltage and repeat step 4. 

When we have 90 volts on the plate and get 
the C bias to about positive 2.5, the plate cur- 
rent will be about io mils. and, if we have a 

ten -mil. meter, we shall have to worry about 
the shunt already mentioned. If the meter 
only reads 5 milliamperes, we shall have been 
in trouble before this. 

The problem is to make our meter indicate a 

Flow of greater currents without damage to it. 
We proceed as follows: We set the C bias until the 
plate current is some value near 5 mils on a lo-mil. 
meter. Any value that we can read accurately 
will do. Now we connect an ordinary low re- 
sistance rheostat across the meter terminals 
and adjust it until the meter reads one fifth 

mil. if it reads 5 mils. without the 
shunt. The meter with the rheostat now in- 
dicates only one fifth of the current actually 
owing, so we must multiply what the meter 
says by five. 

The accompanying photographs on this page 
show how this shunt is made. 

What we want is a series of curves showing 
how the plate current varies as we change the 
C voltage while we maintain the B voltage 
constant. Such curves are known as Ip -Eg 
curves, 1p standing for plate current and Eg 
for grid voltage. Specimen curves are shown in 
Fig. 3. We may plot these curves as we take 
the data and record them in a book too. The 
curve should be a smooth one, otherwise an in- 
correct reading has been taken. 

EFFECT OF PLATE VOLTAGE 

THE next thing is to observe the effect of 
varying the plate voltage while we maintain 

the C bias at given values, say negative 9, 7.5, 

4.5, 3, o, and several positive 
values. The plate voltage may be 
varied in 22.5 -volt steps, or less. 

Now, from these two sets of 
data, all of the important tube 
factors may be found, vie., ampli- 
fication factor, plate impedance, 
mutual conductance, d.c. resis- 
tance, power amplification, and 
voltage amplification. 

We may see from an inspection 
of the curves obtained that in- 
creasing the plate voltage increases 
the plate current, and that changes 
in the grid voltage also produce 
variations in the plate current. 
In other words, there are two 
factors that control the plate cur- 
rent -the plate voltage and the 
grid voltage. For a number of 
reasons, the grid voltage is more 
effective, and it is by virtue of 
this fact that the tube performs its 
multitudinous functions. 

The amplification factor of a 
tube, usually designated as "Mu," 
is a measure of the relative effect 
of changing the grid voltage com- 
pared to changes in the plate 
voltage. It varies from about 3 
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THE SIMPLICITY OF THE SHUNT 
Is clearly shown in this illustration. It consists 
of a small resistance suitably mounted for 

connection to the meter terminals 

fora 171 tube to about 
3o for a Western Elec- 
tric V tube. Its actual 
numerical value depends 
upon the construction 
of the tube and is prac- 
tically constant over 
wide variations in plate 
or grid voltages. 

To calculate the am- 
plification factor from 
the curves showing how 
the plate and grid volt- 
ages control plate cur- 
rent, is not difficult. 
We note in Fig. 3 that, 
with 90 volts on the 
plate EP -9o, changing 
the grid from negative 
5 to positive 5 changes 
the plate current from 3 

to 13 mils. We put 
down our data thus: 

Grid voltage Plate current 
-5 3 5 13 

Io volts change io mils. 
change 

501 

We have varied the grid voltage about a mean 
or average value of zero, that is, five volts below 
and five volts above zero. Looking at the EP- 
IP curves in Fig. 4, pick out the one which was 
made at zero grid voltage, and put down the 
data as follows: 

Plate voltage Plate current 
t26 t3 
48 3 

78 volts change to mils. change 

Now we are able to arrive at the amplification 
factor (Mu) from the following formula: 

Mu z change in plate voltage 78 

change in grid voltage io 

From the data above we may calculate all 
of the other important factors. For example, 
the plate impedance is defined as follows: 

change in plate voltage 
Rp 

change in plate current 

Remembering that a milliampere is one 
thousandth of an ampere, and that we must use 
volts, amperes, and ohms when calculating, we 
get: 

Rp = 7800 ohms 

The d.c. resistance of the tube is altogether 
different from this value since, by Ohm's Law, 
it is simply the ratio of the voltage and the 
current reading at a particular point. Thus, 
from Fig. 5: 

126 
R. d.c. _ 10,150 ohms 

.0124 

The a.c. resistance is found out by the follow- 
ing formula: 

R. ¡c. - 126 - 0ohms - 7a3 

The d.c. resistance is not indicative of what 
the tube will prove to be, either as an amplifier, 
a detector, or an oscillator. It merely proves 
that the filament still has a supply of electrons, 
and that the elements are properly connected 
to their respective lead -in wires. 
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FIG. 3 

These curves are from a 201 -A tube and are what is known as "Eg -Ip" 
curves, that is, "grid- voltage plate- current" curves. They indicate 

how the plate current varies with changes in grid voltage 

www.americanradiohistory.com

www.americanradiohistory.com



