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Fig. 2 shows a specimen which was etched for a 
few minutes in 80 per cent alcohol. Etch pits became 
visible. On the left the surface is crowded with pits, 
on the right the pits are better resolved. As the pits 
are pointed they may be dislocations•. The left side 
seems to be the result of a crack passing slowly 
through the crystal. Such cracks are known to 
create a large number of dislocations at their edge. 

If the crystals are heated to a high temperature 
(600° C.) and quenched, discontinuous lines become 
visible after etching. Fig. 3 shows a typical example 
on a dark field. It is suggested that the discontinuous 
lines consist of dislocations piled up against some 
obstacle. 

If the surfaces are dissolved in water the number of 
observable slip sources is considerably reduced. 
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Unpleasantness of Distorted Sounds : a 
Criterion derived from the Distortion 

Spectrum 
FoR lack of any proved method of objective 

assessment the degree of non-linear distortion per
missible in transmission systems which handle high
quality speech and music programmes has been 
decided, up to the present, entirely on the basis of 
long experience. While collecting data to support 
a more factual approach to this subject the following 
experiments have been made. 

Pulses of pure tone, rather like staccato piano 
notes, have been distorted in various ways and the 
'unpleasantness' of the resulting sounds have been 
compared, and an objective criterion, Ot, computed. 
This shows satisfactory correlation with the un
pleasantness and can be defined as follows : 

n 
Ot = I: n• (Pn -t); (Pn -t) positive 
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where n is harmonic number, Pn is percentage ampli
tude of nth harmonic and t that percentage of the 
signal (at its crest) which is just audible. 

When the level of the crest of the pulse is 70 phons, 
and the sounds are presented under good listening 
conditions (for example, ambient noise in the region 
of 30 phons) a value oft = 0·2 gives good correlation 
with subjective assessment. It is suggested that 
t = 0 ·5-1·0 may be more appropriate so far as 
domestic broadcasting is concerned. Since t is that 
harmonic percentage which is just audible, the value 
of t will fall below these figures if the signal/noise 
ratio is increased, or rise if the ratio is reduced. 

The validity of the criterion Ot has been tested 
by setting up pairs of distortion spectra, which differ 
radically both in their general character and in their 

II 
Fig. 1 

band-width, and adjusting one of the spectra until 
the two sounds are equally unpleasant. If the signal 
frequency lies in the range 250-1,500 c.fs., the value 
of the criterion Ot derived from each spectrum will 
then be substantially the same, provided the appro
priate value of t is adopted ; anomalies occur outside 
this frequency-range. 

A form of distortion which is easily adjusted and 
controlled is shown at I in Fig. 1 ; the proportion 
qi of the amplitude, A, of the sine-wave can be varied 
by adjusting the steady bias applied to a diode 
shunting the signal path. The criterion Ot increases 
roughly as vq, when tis made very small or zero. 
Distortion of the type shown at II in Fig. 1 is often 
found, although in a form very considerably atten
uated by negative feedback, in high-power (for ex
ample, 150 kW.) modulating-amplifiers for amplitude
modulated radio transmitters ; in this case both 
positive- and negative-going parts of the wave are 
limited. The correlation between the criterion 0 1 
and the unpleasantness of both types of distortion 
has been investigated, and a report will be published 
in due course elsewhere. 

The outcome of one set of experiments is as 
follows : it is found that when qr = qu, and q is in 
the range 0 ·5 > q > 0 the signal I in the figure is 
(within the limits of experimental error) as un
pleasant as the signal II (although there is a great 
difference in tone-colour). On comparing the spectra 
the two criteria are found to differ by less than 10 per 
cent when t is made zero and at least eight terms are 
summed. 

Now when qi = qrr the spectrum of the signal II 
is similar to the spectrum of I, except that all the odd 
terms are doubled in amplitude and the even terms 
are entirely absent. Thus on summing the terms to 
derive the criterion, the absence of half of them is 
made up for by the doubled amplitude of those 
remaining. 

It is important to notice that roughly the same 
effect would have been obtained if n or n• were 
substituted for n• in the equation ; that the signals 
I and II sound equally unpleasant, therefore, provides 
no direct test of the criterion. However, it does 
demonstrate that any criterion (such as the total 
harmonic percentage) which is based upon the 
summation of terms in (Pn)", must necessarily fail to 
correlate with the unpleasantness. 

There is some evidence that log( Ot) may be used 
to predict the 'rating' of the distortion ; thus, if the 
rating-scale is expressed by a series of numbers such 
as : 1, 'distortion not perceptible' ; 2, 'perceptible 
with effort'; 3, 'perceptible without effort' and so 
on, the rating number tends to vary with log(Ot). 
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