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sight of the fact that the ear is a de- 
ceptive measuring instrument. It hears 
according to a logarithmic scale, that is, a 
signal with one hundred times the power 
of another signal will sound only twice 
as loud. For that reason, the difference 
between a 3:1 and a 4:1 transformer in 
an audio amplifier is scarcely noticeable. 
For example, the parallel tube amplifier 
compared to a single tube has 1.4 times 
the voltage amplification and twice the 
power output. This difference in logarithmic 
"transmission" units is only three units, and 
it takes a trained ear to detect such small 
differences. 

For the same reason the fact that it is not 
possible to "match" a loud speaker to a 
tube at every frequency in the useful audio 
range should not worry a listener too much. 
Any one can tell the difference between a 
terrible loud speaker of ante -quality days 
and a fine one, or with the latter the differ- 
ence between running it from a 199 tube 
and a i 12, but in general any one should be 
satisfied with an amplifier that uses two of 
the modern high grade transformers, or a 
resistance or impedance amplifier properly 
constructed and operated, with a semi -power 
tube in the last stage andj proper B and C 
batteries, especially if this amplifier delivers its 
output to a cone type speaker that is properly 
made. 

At this point it seems fair to point out that a 
speaker that merely uses a paper cone is not 
necessarily better than a speaker of the horn 
type. Much depends upon the element that 
drives the cone and upon the methods of con- 
struction and mounting. The only test is to 
listen to it compared with other speakers in 
which the listener is interested. Comparisons 
should be made both as regards fidelity (quality) 
and efficiency (volume with a given input). 
Some cones are remarkably inefficient. 

RADIO BROADCAST APRIL, 1926 

Y ICIIiMNINN,1,1101N11111III 11.111Ip1YYp11Y111111IN, MIAMI, IIRIMMIIIMPHIMMI,YIYO,In101711W . I N ININI 

TABLE 3 

REJUVENATED TUBES 

HOW NOT TO CONTROL VOLUME 

IT IS well too, to point out the fallacy of con- 
trolling volume by regulating the filament 

voltage of audio frequency amplifiers. As soon 
as the voltage is reduced to the point where 
volume is reduced, the impedance of the tube 
is increased, resulting in the dropping out of the 
low notes. If the low notes seem to have been 
lost, or the amplifier has a tendency to howl, 
charge the battery. Much distortion can be 
laid to a detector or amplifier filament that is run 
at too low a voltage. Reduced emission due to 
too low filament voltage results in distortion due 
to the inability of the plate current to follow the 
peak input voltages. Low B battery voltages 
also result in poor quality due to increased plate 
impedances. 

IN THE PLATE CIRCUIT 

RP= ZL 

ZL 

201 -A 199 

PLATE PLATE _ 

CURRENT CURRENT 5. 

C 90 Ep, 0 El Cal 90 Ep, 0 Eg 

Before After Before After 
t 

3.0 3.0 
.5 5.0 

1.0 9.0 
0.0 6.5 
0.0 2.0 
0.0 1.0 
3.5 2.0 
4.0 1.3 
2.0 5.8 
0.5 5.0 
0.4 4.8 
3 9 4.8 
1.8 5.0 
3.2 5.6 
4.9 4.7 
3.6 4.8 
2.0 5.5 
2.6 5.0 
1.0 4.4 
2.8 dead 
1.2 6.0 
0.2 dead 
1.5 5.0 
1.6 7.0 

0.0 4.0 
0.0 3.0 
0.3 4.0 
0.2 3.4 
0.4 4.0 
2.0 3.8 
0.2 0.9 
0.1 3.2 
1.0 4.2 
0.5 3.0 
2.4 4.0 
2.4 dead 
2.2 4.2 

Number of 201 -A tubes 24 
" 199 13 

Average increase in 201 -A Ip 2.4 mils. 
" " 199 Ip 2.2 " 

Average Ip of new 201 -A 6.5 " ' 4o " " 199 3.5 " 
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Some question has been raised regarding the 
proper method of coupling a good loud speaker 
to a high quality amplifier. In Fig. 7 are shown 
three common systems. In any case there are 
two primary considerations; will the d.c. plate 
current of the power tube harm the loud speaker, 
and will the impedance of the speaker match the 
tube? If one uses a power amplifier as was de- 
scribed by James Millen in the November RADIO 
BROADCAST in which the plate current is of the 
order of 3o milliamperes, the speaker should cer- 
tainly be protected. 

When the loud speaker is directly in the plate 
circuit it looks directly into the tube impedance. 
This is also the case with the condenser -choke 

© CONDENSER CHOKE 

Rp= ZL 

FIG. 7 
Methods of coupling a loud speaker to a power 
tube. When the impedances of speaker and 
tube are approximately the same, either "a," 
or "b" may be used. When they differ, an 
adjusting coil should be used -commonly called 
an output transformer. Its turn ratio as 
controlled by the impedances is given by the 

above formula 

system since the choke and condenser are so 
large that they have no effect upon the audio 
frequency output, and in both of these cases the 
loud speaker and tube impedances should be of 
the same order. In case of the output trans- 
former, the impedances can be anything, pro- 

vided the primary of the transformer 
matches the tube and the secondary matches 
the speaker. Either the condenser -choke or 
the output transformer will keep the direct 
plate current out of the speaker. 

THE MEANING OF THE "SQUARE LAW" 
DETECTOR 

IT HAS been stated that distortion in radio 
reception arises from the use of detectors 

which function according to a "square law." 
In other words the output current varies 
as the square of the input voltage. This 
statement may be discussed in the follow- 
ing manner. If the detector acted accord- 
ing to a linear law, i. e., output current 
directly proportional to input voltage, there 
would be no detection -only amplification. 
In other words our detector, which is in- 
herently a distortion device, would amplify. 

At the transmitting station a modulator 
is used which functions according to a com- 
plicated law, approximating a square law. 
This is distortion at the very start of the 
whole radio circuit. At the receiving sta- 
tion a detector is employed as a "demodu- 
lator" which brings the distorted signals 
back to their original form. The detector is 

Np Ns 

© OUTPUT TRANSFORMER 

N p \P 
N s vv ZZLL 

R p. Plate Impedance 
ZL= Loud Speaker Impedance 

Rp not equal to ZL 

the reverse of the modulator and may be said to 
introduce approximately complementary dis- 
tortion. Neither would work at all unless there 
were a bend in the characteristic curve. As a 
matter of fact a crystal detector does not follow a 
linear law but approximates a square law. Fig. 
8 shows the curve of a crystal detector and its 
similarity to a three -element tube curve is ap- 
parent at once. Detection takes place on the 
bend of the curve. If an amplifier is operated 
on the bend of its characteristic it acts as a de- 
tector (distorts). Recent research on detectors 
by F. M. Colebrook in England, shows that tube 
detectors are more efficient at low frequencies 
than at high, say loo cycles compared with 
5000, and some distortion results. The extent 
of this distortion may be considerable. 

USE OF "HIGH -MU" TUBES 

QUESTICNS are frequently asked regarding - the use of tubes with a high amplification 
constant. These tubes are primarily designed 
for use in resistance and impedance amplifiers. 
As a matter of fact a low mu tube will not "load 
up" a power amplifier unless coupled to it by 
means of a transformer. For example, the aver- 
age amplifier to deliver .o6 watts power requires 
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