
The Tube and Its Is est Uses 
Explanations of Some General instructions on How Best to Use Tubes 
-How Characteristics are Measured and Their importance-Relative 
Merits of Amplifier Connections-The Facts About Tube Rejuvenation 

RADIO receivers arrive in American 
homes at the present time in one of 
two ways, either the home buys a 

completed receiver or someone in the 
home builds it, assembling material that some 
manufacturer has designed and constructed. 

In either case, the receiver is a static thing 
until the listener buys the tubes and turns on 
the A battery. From the moment that this 
final act is completed, the receiver ceases to be 

a mere assembly of electrical apparatus and 
becomes, for the time being at least, a stage upon 
which many interesting things happen. 

Few builders, or purchasers, of radio receivers 
seem to realize that the tube is about the only 
part of the complete installation over which they 
have any control. The purchased set comes 
"without tubes" and the final contribution to 
the home made receiver must be tubes. These 
tubes must be chosen with considerable discre- 
tion and operated with care. 

It is sufficient for the average listener if his 
set works, and under this happy condition a 

tube is a tube, an ingenius device that fits into a 

socket. Yet let something happen, a mix -up 
in A and B battery leads, a broken connection, a 

dropped tube, and the user realizes without de- 
lay that the tube is the vital thing. and that 
upon its proper functioning depends the success 

of the receiver. 
For this reason this article, with those pub- 

lished in the December and February RADIO 

BROADCAST, endeavors to explain some tube in- 
formation and some tube idiosyncrasies. Such 
information, in the words of a certain college 
professor "is in all the books" but many that 
should have noted it, have not. To judge from 
the enthusiastic reception given the first two 
tube articles, this field is a profitable one for 
study. 

Among other things about tubes that are fre- 
quently mentioned in radio magazines and news- 
paper radio sections is the fact that an amplifier 
grid should never be allowed to go positive, and 
this seems a logical point of attack for the present 
article. 

l t is also stated that the characteristics of tubes 
as ordinarily measured are "static" and have 
little to do with the tube under actual operating 
conditions. At least one manufacturer of tube 
testers claims that his device measures the 
"dynamic" characteristics of tubes giving the 
lie to others whose products measure tubes 
statically. This particularly efficient instru- 
ment, so the manufacturer says, measures tubes 
dynamically because it uses a source of alternat- 
ing current for the measurements, and everyone 
knows that tubes are alternating current ampli- 
fiers. And there you are! 

Naturally, what the average listener wants is 

information that will aid him in operating his 
tubes intelligently; it matters little to him by 
what name you call tube characteristics, or how 
they are measured. I -le wants the "cold dope." 
And the experimenter -how many there are who 
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have requested tube data from RADIO BROAD- 
CAST Laboratory-wants to know how to meas- 
ure tubes in the most approved fashion. The 
present article may be of interest to both of 
these types of readers. 

With regard to static and dynamic character- 
istics, there is this to be said -a difference does 
exist between them; both are important; neither 
is difficult to measure. And it is doubtful if the 
dynamic tube tester mentioned before has any- 
thing to do with the so- called dynamic character- 
istics of vacuum tubes. 

WHAT IS NEEDED TO TELL TUBE CHARACTERISTICS 

ASIDE from the tube and its accessory bat- 
teries, all that is necessary to measure static 

characteristics of tubes, which show in the form 
of curves the relations between grid, plate, and 
filament voltages and the corresponding cur- 
rents, is a good voltmeter of double range, o -to 
and o -too volts, and a good milliammeter, and 
any one in his home laboratory can have many 
hours of enjoyment studying tubes by means of 
these instruments. With such apparatus dia- 
grammatically represented in Fig. I, let us carry 
out the following procedure: 

a. Measure the B battery voltage. 
b. Set the filament at proper voltage. 
c. Vary C voltage in convenient steps, meas- 

uring with voltmeter. 
d. Note plate current at each different C 

voltage. 
e. Plot the results similar to Fig. 2. 

For t99 and 20I -A tubes, the normal plate 
voltages are 45, 9o, and 135. The C voltage may 
be varied in steps of 2 volts from minus to to 
plus to. Semi -power tubes normally use 135 

volts on the plate but as many as 18o may be 

safely used. On some tubes of this type -not of 
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Apparatus required for measuring static charac- 
teristics of tubes. A double -range voltmeter 
can be used to measure A, B, and C battery 

voltages 

the oxide coated filament type -plate voltages 
up to 40o have been used in the Laboratory with 
complete success. The C voltage on these tubes 
of the 112 type may be varied in steps of 5 volts 
from minus 35 to plus 5. 

Now it is a common statement in published 
tube information that only the straight -com- 
paratively speaking -part of this grid- voltage- 
plate -current -curve should be used for distor- 
tionless amplification. kny one can see that the 
curve is not straight at the bottom, and on page 
458 of the February RADIO BROADCAST, the effect 
of using this part of the curve is shown. But 
any one can see that the curve continues to be 

straight beyond the zero grid line. In other 
words, there seems to be no reason why the 
grid should not be allowed to go positive. There 
must be a catch somewhere. 

The catch lies in the fact that the method of 
discovering the relation between I p and Eg 
(plate current and grid voltage) illustrated above 
does not tell us exactly what the tube will do 
under actual amplifying conditions. For in- 
stance, an amplifier tube always works into a 

load of some kind; as the telephone engineers 
say, the tube "looks" into a transformer, a re- 
sistance, or'a pair of telephones, and the grid 
circuit, in the same language "looks back into" 
a transformer secondary, a resistance, or some 

combination of resistance, inductance and ca- 
pacity. 

Therefore, if we insert into the grid and plate 
circuits of the tube under test, a resistance ap- 
proximating the impedance into which the tube 
normally looks we shall have the conditions of 
test more nearly like those occurring in practice. 
Fig. 3 contrasted with Fig. I shows these addi- 
tions, and Fig. 4 the method of calculating the 

input and output resistance. The tube normally 
looks back into the output impedance of a similar 
tube which is "stepped up" by the square of the 
turn ratio of the connecting transformer. Fig. 5 

shows how two differing impedances may be 

coupled together by means of a transformer. In 
this case Z1 may be the output impedance of a 

semi -power tube and Z2 the impedance of a loud 
speaker. If the turn ratio of the transformer 
obeys the formula 
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the maximum amount``of power will be trans- 
ferred; in other words, quality reproduction will 
result. 

In connection with this formula it is well to 
remember that the voltages appearing on prim- 
ary and secondary of transformers vary di- 
rectly as the turn ratio, while the impedances 
which the transformer connects vary as thu 

square of the turn ratio. 
In the case of a first stage amplifier working 

from a detector tube -whose impedance will h. 
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