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Reasons for performance differences in audio power 

amplifiers having simiLar pubLished specifications. 

R ECENTL Y the opinion that the 
loudspeaker is the weakest link in 
the reproducing system and that 

amplifiers have progressed about as 
far toward perfection as it is possible 
to go has been widely expressed. As a 
basis for this conclusion, it is stated 
that the residual degree of various 
kinds of distortion present in modern 
amplifiers is so small as to be impos
sible to hear. However, many are not 
yet satisfied that this philosophy is 
true. 

To illustrate this view, the following 
experience is by no means impossible 
or uncommon: two different ampli
fiers are compared, using the same 
pickup or tuner as a program source 
and the same loudspeaker. Both am
plifiers, although of different design, 
use the same input and output im
pedances, provide the same damping 
factor for the loudspeaker, and give 
frequency responses and degrees of 
distortion which deviate by an 
acknowledged imperceptible amount
yet any discriminating listener can 
discern quite an appreciable difference 
between the sound of program played 
through the two amplifiers. 

Why should these amplifiers sound 
different? A recent article on "Meth
ods of Measuring and Specifying Audio 
Distortion" (August 1956 RADIO & TEL
EVISION NEWS) showed reasons why 
the same specified amount of distor
tion can sound different, according to 
the exact natufe of the distortion, and 
pointed up the need for more precise 
methods of specifying such. This most
ly related to the specification of dis
tortion when clipping is involved. 

But differences are noticed in the 
performance of amplifiers. even at 

levels well below the clipping point. 
For example, a trumpet recording is 
played through the two amplifiers and 
on one sounds quite clean while on the 
other there is a definite harshness 
about the reproduction. When the gain 
control is turned back the harshness 
becomes less noticeable, but only be
cause the level is that much lower
it does not disappear completely, as 
one would expect if it were due to 
clipping, or an overload effect. 

It became quite evident that some
thing happens inside some amplifiers 
that is not adequately covered by the 
specifications. Incidentally, the ampli
fiers were checked on the same meas
uring equipment and both found to 
conform to their published specifica
tions, which ruled out the possibility 
that one was not as good as it claimed. 

Experimentc11 Confirmation 
Some work the author has been do

ing recently has verified two possible 
contributing causes for this kind of 
difference. From the results ot these 
experiments it seems quite possible 
for an amplifier to perform to ex
tremely close limits under standard 
test measurements and yet, with pro
gram material, the same amplifier can 
produce temporary or transient distor
tion conditions that are loud enough 
to be perceptible. Both these transient 
conditions are related to the nature of 
the roll-off characteristic produced by 
the feedback. 

It is well known that, when you ap
ply more and more feedback to an 
amplifier, a condition is eventually 
reached where the amplifier becomes 
unstable. This is due to the fact that, 
at some frequency, usually below or 

above the audio spectrum, the· feed
back becomes positive and causes os
cillation. The frequency of this oscil
lation may be down in the region of 
1 or 2 cycles or up in the region of 100 
or 200 kilocycles, depending principal
lyon which happens first. 

Normally, of course, amplifiers are 
operated with considerably less than 
this amount of feedback, so they do 
not oscillate. Naturally, one would 
think tha t a margin of 2 to 1, or a 
little more, in this direction would be' 
satisfactory to insure that the ampli
fier could not get unstable under any 
conditions. Many amplifiers have been· 
designed with about this much margin. 

This, however, overlooks certain fun
damental facts that evolve from a 
mathematical consideration of feed
back design. As this article is not writ
ten primarily for engineers, we shall 
refrain from going into the mathemat
ics of such design. It is fairly easy to 
understand that, as we increase feed
back, before the amplifier starts to 
oscillate, it will show a peak in the 
response, in the region of the frequen
cy where it will eventually oscillate. 
The question is: how much must the 
feedback be reduced, below the amount 
which causes oscillation, before the 
peak is completely removed? 

This is where the mathematics help 
some: in average amplifier design, we 
learn that the margin between oscilla
tion and peaking, at the low-frequency 
end, is in the region of 18 db; while a r 
the high-frequency end, it will be in 
the region of 12 to 14 db. These fig
ures represent ratios of 8 to 1 and 4 
or 5 to 1 respectively, both of which 
are considerably larger than the pre
viously suggested margin of a little 
more than 2 to 1. These facts are 
illustrated in Fig. 1. 

What Do Square-Wave Tests Show 1 
In comparatively recent times, the 

importance of an adequate margin at 
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