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0 DETECTOR 
Rp (Detector)= 30,000 Ohms 

R 32 R =270,000 

® AMPLIFIER 
Rp (Amplifier) =15,000 Ohms 

Ri.42 x 15,000= 240.000 Ohms 

FIG. 4 
Methods of calculating Ri and Rp for three general amplifier cases 

direction there is an analogy -rouge blindness! 
The more rouge, the more . . . but per- 
haps we had better not go into that. 

So much for distortion owing to positive grids. 
Too much C battery, however, will force signals 
to use too much of the lower part of the charac- 
teristics and will cause distortion. A load in the 
plate circuit, however, has the tendency to 
straighten out the Ip-Eg (plate current -grid 
voltage) curve, so that the bottom of the curve 
is not so bad as it looks from the static character- 
istics. 

Consideration of the curves in Fig. 5 and those 
in Popular Radio already mentioned show that 
the greater the impedance in the plate circuit 
the straighter will be the characteristic. Some 
loud speakers have very little impedance at low 
frequencies so that the curve worked over is not 
straight but curved and a peculiar distortion re- 
sults when bass viols, or kettle drums are played. 
The remedy lies in a lower impedance tube, say 
one of 4000 ohms, and some tube manufacturers 
are making preparations to supply such tubes. 
They will necessarily have a low amplification 
factor and will draw considerable plate current 
but will be capable of delivering considerable 
power. Output transformers useful in overcom- 
ing this type of distortion are manufactured by 
the General Radio Company, and are designed 
to couple low impedance speakers of the cone 
type to 201 -A tubes and to low impedance 
power tubes. 

Among other things that are often discussed 
by those interested in tubes is the importance of 
producing and using tubes with a high value of 
mutual conductance. In preceding articles of 
this series, methods of measuring this impor- 
tant tube constant have been shown. Tables 
were given showing the value of mutual 
conductance of tubes recently tested in the 
Laboratory. 

Let us examine this term and see what it 
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means in relation to proper tube operation. 
Tubes are most frequently called upon to per- 
form one of two functions, voltage and power 
amplification. It is important then to know 
how useful a given tube will be when used as a 
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FIG. 5 

How a transformer may be used to couple two 
impedances. As a matter of fact, such trans- 
formers in the telephone industry are called 
"repeating coils" since they repeat into a 
second circuit what goes on in a first circuit 
which may be of widely differing impedance 

characteristics 

voltage or power multiplier. It is also impor- 
tant to know the power in watts that a given 
tube will deliver to a loud speaker. 

It can be shown by mathematics that voltage 
and power amplification, and power output are 
related to the mutual conductance, usually 
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©RESISTANCE AMPLIFIER 
Rp (Hi -mu) = 60,000 Ohms 

Ri= 
60.000+ 1001000+ 500,00035000 

Ohms 

abbreviated to read Gm and defined as the 
amplification constant divided by the plate 
impedance. 

The same mathematics, however, shows that 
these functions related in the following 
manner: 

are 

Voltage Amplification = A/R., X 1/ Rp 
I.22 

Power Amplification = z' X 
R P E.2 x 

Power Output = Eg 
X 

R P 

Mutual Conductance = 
Rp 

The mutual conductance, then, is a measure 
of a tube considered without regard to the circuit 
in which it works, while the other facts outlined 
above depend upon these external conditions. 

x 

For example, the values in Table I are for 
Rp 

and 
Rp 

and knowing the input impedance as 

figured in Fig. 4 and the voltage that is being 
placed on the grid of an amplifier, it is a simple 
matter to compute the power and voltage am- 
plification and the actual power output in watts 
delivered to a loud speaker. It has already been 
mentioned that a reasonable amount of power to 
require from an amplifier is .o6 watts which will 
give a good comfortable signal from an average 
loud speaker of the cone type without overload- 
ing distortion. 

When one is interested in oscillators and mod- 
ulators, for example, in a transmitting circuit, 
the mutual conductance of a tube is a valuable 
measure, but it is believed that in amplifier prac- 

tice some other factor such as 
RP 

is a better 

figure of merit by which to rate tubes. In 
England such a factor has been used for some 
time. 
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FIG. 6 
Methods of calculating the important factors of three commonly used amplifier connections. One point worth noting is the fact that the push -pull input 
coil divides the voltage so that the effective step -up to each grid is only one half the total turn ratio of the transformer. In the push -pull circuit, the 

two tube impedances are in series; in the parallel case they are cut in half 
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