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An analysis of the fundamental nature of amplification, and a 

description of the working principles of pneumatic, mechanical, car
bon, vacuum-tube, transistor, magnetic, and dielectric amplifiers. 

A 
COM MOS-SE:-<SE DEFI:-<ITION of the 
word "amplifierHis "a device that 
makes things bigger." But in tech

nical language the term has a much 
more restricted meaning ; the device re
ferred to becomes an amplifier only 
when the things that are made bigger 
consist of energy-patterns. The nature 
of amplification can probably be better 
understood by considering first the oper
ation of another energy transmission 
device that is not an amplifier-an in
strument that is. called, in mechanics, a 

machine. 
The machine receives input power, 

shapes' it for the required task, and re
leases it, less the inevitable losses from 
friction, in its new form. \Vere it not 
for these losses the amount of energy 
released would be e..xactly equal to that 
recei\·ed. Although the Indian hunter 
was able to bring down buffalo with bow 
and arrow, his arrow was driven by less 
energy than had been put into flexing 
the bow. His machine was able to store 
and concentrate the power that it re
ceived when the string was drawn back, 
so that the shaft sped with lethal veIoc
itv. Without the machine the hunter's 
strength would have been totallv in-
effective. 

. 

The mechanical lever. the acoustical 
horn. and the electrical transformer 
are other eKamples of transmission de
vices whose useful output energy, while 
re-formed in such a wav as to be most 
suitable for the appli�ation at hand, 
must always be somewhat less than the 
input energy. The word "machine" ap
plies to mechanical devices only; the 
term whi-ch includes all instruments of 
this nature. whatever type of energy 
is transmitted, is passi�'e transducer 
(from traalfCere, to lead across). 

An amplifier is also an energy tnns
mission ckvi�e, and hence a transducer, 
but it is an active one. It does that which 
would be- impossible without a sort of 
engineering sleight-of-hand-it provides 
a transmission channel whose output, 
seemingly the same in identity to the 
received stimulus, contains more energy 
than its input. The difference is that 
between a pulley and a powered capstan. 
It is ohvious that the useful output 
energy of an amplifier cannot be greater 
than the total energy supplied, any more 
than it is possible for such a condition 
to e..xist in the case of a passive trans
ducer, or energy will have been created. 
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out of nothing. The trick is that the in
put stimulus borrows and directs power 
from an independent second source 
(such as the electric company's gen
erators), and shapes this independent 
power to its own form_ 

The need for amplifiers arises when 
we are dealing with impulses which 
must remain, in a very definite time 
pattern if they are to be useful. One of 
the earliest amplifying devices was the 
pipe organ, whose player was able to 
control, with relative1)C. light pressures 
of his fingers, the steady flow of air 
produced by sweating bellows-oper
ators . Amplifiers in the more generally 
accepted sense, however, were invented 
when nineteenth century technology be
came concerned with the transmission 
and reproduction of vibratory power : 

first sound, and then radio waves. 
. Sound consists of successive and al

ternating cOTQpressions and rarefac
tions radiated by an oscillating source. 
The telephone and the phonograph 
therefore depended for their operation 
on acoustical, mechnical, or electrical 
forces whicn continually reversed their 
directions, and which carried the trans
mitted intelligence in the time sequence 
and pattern of these oscillations. The 
problem that faced engineers was to 
extend telephonic communication over 
longer distances, to make phonograph 
reproduction louder than was possible 
with the original, limited power. The 
first approach, successful up to a point, 

was to increase the efficiency of the 
passive transducer elements. But the 
best acoustical arid electrical passive 
transducers that could be designed to 
harness effectiYely the sources ot this 
ciicillatory energy proved inadequate. 

Fig. 1. Edison's aero
phone, or pneumatic 
amplifier, provided a 
sound transmission 
channel into which 
additional e n erg y 
was injected in the 
form of compressed 
air. Inset shows how 
the sound·aehlated 
.al.e throttled a 
steady flow of air, 
to create an instan
taneous variation in 
tlow that imitated 
the original sound 

.,ibrations. 

Sound generators like the human voi<;e 
mechanism, or the phonograph pick-up 
diaphragm following the record groove, 
simply didn't have enough driving 
power for the work they were called 
upon to perform, even with the care
fully designed horns that increased 
their radiating efficiency. The solution 
was to injfct outside energy into the 
systems and to use the original stimuli 
as controlling rather than driving 
forces, which is to say, to amplify. 

Early Amplifiers 

In 1876 Edison patented a device 
which he called an aerophone. It was a 
pneumatic public-address amplifier. il
lustrated in Fig. 1. in which the 
speaker's voice controlled the instan
taneous flow of compressed air by means 
of a sound-actuated valve. The air was 
thus released in vibratory bursts and 
puffs similiar to those that came from 
the speaker's mouth, except that they 
were more powerful. and the speech, 
still intelligible, was louder. Edison en
visioned broadcasting in stentorian 
tones over distances of several miles . 
Such a system has actually been used 
in ports , but it found its main appli
cation in the designs of two British in
ventors who applied it to the phono
graph. Short developed. and Parsons 
iurther improved the auxefophone, 
whose pneumatic valve was attached 
directly to a phonograph reproducing 
stylus. Although pneumatic phonographs 
produced a constant background his
sing noise due to escaping air, they were 
fairly popular in Europe, and in the 
early nineteen hundreds the French 
Pathe company experimented with them 
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