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about 30,000 ohms -and coupled to it by means 
of a 3:i ratio transformer, the tube looks back 
into approximately 30,000 x (3)2 or 30,000 x 9 = 
270,000 ohms. If the tube is the second of a 
two- or three -stage resistance amplifier employ- 
ing high -mu tubes, the tube looks back into three 
impedances in parallel as shown in Fig. 4. In 
the case of the last tube in a set which works into 
the loud speaker, its output impedance will be 
approximately matched by the impedance of the 
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plate voltage is less than the B 

battery voltage by the drop in 
the load impedance. The plate 
current will be less naturally. 
When the grid goes positive it 
begins to draw current so that 
variations in grid voltage are no 
longer as effective in changing 
plate current; then these varia- 
tions only produce more or less 

grid current. 
In a poten- 
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FIG. 3 

To obtain the curves shown in Fig. 2 it is necessary to add resist- 
ances in the input and output circuit of an amplifier tube. These 
resistances simulate the impedances of the preceding and following 

tubes together with accessory coupling apparatus 

speaker, but in intermediate stages, the primary 
impedance of the coupling transformer should be 
at least three times the output impedance of the 
tube at the lowest audio frequency which it is 
required to amplify. This means that the prim- 
ary of the transformer must have 5o henries in- 
ductance at loo cycles when working from a 
tot -A tube with an output impedance of io,000 
ohms. If the transformer has a "flat" charac- 
teristic at loo cycles, the higher frequencies will 
be taken care of by a complicated combination of 
capacity and core loss in the transformer. 

In other words in the first amplifier the factor 
RL will be about 30,000 ohms, while in the last 
amplifier this factor will be about to,000 for a 
201 -A and 5000 for a 112 tube. 

In Fig. 3 RL and Ri represent the combined 
impedance of the tube and the connecting ap- 
paratus looking away from the tube under test. 

Under these conditions, shown in Fig. 3, some- 
what different curves result when one plots plate 
current against change in grid volts. In this 
case the plate voltage is not the B battery voltage 
but is less by the drop in the load resistance, and 
the voltage actually applied to the grid is not 
the same as the C battery but is less by the drop 
in the input resistance -when the grid goes 
positive. 

As soon as the grid goes positive, current flows 
in the grid circuit, depressing the input voltage, 
and the plate current curve flattens out or act- 
ually drops. Distortion is inevitable because the 
plate current no longer is an exact replica of the 
applied voltage. The tops of the waves are com- 
pletely obliterated and the plate current jumps 
about when incoming signals force the grid posi- 
tive. What comes from the loud speaker differs 
widely from what leaves the transmitting station. 
Curves which show this flattening are in Fig. 2 

in which the load impedance is 12,000 ohms, 
and many excellent curves of this nature may be 
found in a recent article in Popular Radio by 
Hugh S. Knowles. 

What actually happens is the following: the 

tiometer -con- 
trolled radio 
frequency 
amplifier, 
very heavy 
plate currents 
are drawn 
when the grid 
is forced posi- 
tive by stabi- 
lizing adjust- 
ments. This is due to the 
fact that there is very little 
resistance in the plate circuit 
of these amplifier tubes which 
operate under "static" con- 
ditions. At the same time 
another effect begins to be 

noticed. When an amplifier 
grid is negative and drawing 
no current, the tube input 
impedance is extremely high. 
In other words, it puts no 
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u = amplification constant 
Rp = Plate impedance in ohms 
Gm = mutual conductance in micromhos 
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load on the input device, say 
a tuning inductance and condenser. When the 
grid takes current, however, power is required, 
the input impedance becomes very low, effec- 
tively shunting the tuning circuit and making 
tuning broad. 

As a matter of fact, the above experiment has 
not as yet measured 
what vacuum tube ex- 
perts know as "a. c. 
dynamic characteris- 
tics" which show the 
relation between alter- 
nating plate current 
values as related to 
alternating grid volts. 
Some excellent curves of 
this type may be found 
in the December, 1925, 
Proceedings of the Insti- 
tute of Radio Engineers. 
What we have meas- 
ured are known as "d.c. 
dynamic" characteris- 
tics. Since w e have 
used pure resistance 
loads, the curves for 
d.c. and a.c. will be the 
same. This would not 
be true had we used an 
inductance in the plate 
circuit. But the fact 
has been clearly demon- 
strated that amplifier 
grids should not be per- 
mitted to go positive - 
they should not be over- 
loaded. The remedy, 
naturally, is increased C 
battery and this in turn 
necessitates greater B 
battery. 

It seems to be a 

psychological fact that 
the average listener 
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wants louder and louder signals -he becomes 
radio deaf. For example the first stage in the 
average listener's radio life is that of a single 
tube which delivers its output to the listener 
through head phones. After a time he wants 
a loud speaker and he adds one or two stages 
of audio amplification to his one -tube set. 
He is satisfied with 90 volts on the plate and 
negative 4.5 on the grid. Then he finds that 
signals do not seem as loud as they did at first. 
So he uses 135 volts on the plate and negative 9 
on the grid and installs a semi -power tube. 
Then he finds after a time that signals might be 
louder. So he goes to i8o volts on the plate and 
negative 15 on the grid, or to two tubes in paral- 
lel or push -pull, or to the final stage where he 
uses a power tube with 35o volts on the plate 
and about negative 25 on the grid. The more 
the listener gets, the more he wants. In another 
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FIG. 2 

What one gets by measuring tube characteristics with and without a 
load in the plate circuit. Note how the curve of plate current flattens 
out when a load is included. This is due to the fact that the effective 
voltage on the plate has been reduced. It shows why people get into 
trouble when they use resistance amplifiers with low mu tubes and with 

low plate voltages 
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