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Fig. 9. Variation of image width with image 
position: (a) in listening room; (b) infree-field 
room. 

Fig. 10. Relation between image position and 
interchannel amplitude difference: comparison 
of present results, shown by curve (a), with pre
vious work. (b) Brittain and Leakey; (c) Clark, 
low frequencies; (d) Clark, hiagh frequencies; 
(e) Leakey, Iow frequencies; (j) Wendt, � 
octave band f' 316Hz. 
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beyond the corresponding loudspeaker axis; 
the image width could not therefore be 
obtained directly. However, an examination 
of the results for the other positions showed 
that the position assigned by the team to the 
centre of the image was in fact very closely 
halfway between the two edges and it was 
assumed that this would probably hold at 
tape 5 also; to obtain the point plotted for 
tape 5 the difference between centre and 
outer edge of the image was therefore dou
bled. 

It will be seen that up to 0.4 of a stage 
width the image is always narrower in the 
listening room than in the free-field room 
with a fairly constant ratio of 1 to 1.4; 
moreover, the standard errors are similar in 
the two rooms for the same image positions 
so this difference cannot be accounted for by 
the test being more difficult in one room than 
in the other, 

At tape 5 the values of image width, 
having been estimated, are somewhat less 
certain, but the value is the same in both 
rooms and, as a matter of interest, amounts 
to about two-thirds of the loudspeaker 
width. For this image position the sound is 
radiated almost entirely from one loud
speaker and so it might be expected that as 
faults due to imperfect matching of the two 
loudspeakers are at a minimum the image 
would be sharpest. What is surprising there
fore is that the image width at stage centre is 
only about one-third of that at tape 5; it is 
possible that if observers had always faced 
the image rather than the stage centre, this 
result would have been different for the 
off-centre positions. 

The median value of the minimum 
perceptible shift for a central image in the 
listening room is 0.03 of a stage width, with a 
standard error of 0.007; the corresponding 
figures for the free-field room are 0.02 and 
0.003 of a stage width. It will be seen 
therefore that the limit determined by the 
powers of discrimination of the ear has not 
been reached and it 'would seem that given 
suitable conditions the image width even for 
a central image could still be appreciably 
reduced. 

The results were further analysed to see if 
there was any correlaiion between the width 
of image determined by a particular subject 
and the interchannel level difference neces
sary to displace the image position by a given 
amount. It is clear that for image positions 
near the stage centre such a connection 
must exist; for example, it is almost certain 
that a person who hears an image extending 
almost to tape 1 will require less interchan
nel level difference to displace the image to 
that tape than will someone for whom the 
image is narrower. The analysis showed this 
expected correlation for tape 2; for tapes 3 
and 4, however, the correlation coefficients 
were too low to be significant. These low 
values are in part due to the smallness of the 
team, 12 persons, but it seems probable that 
even if a larger sample were taken the correl
ation would not be very marked. 

Effect of Shuffle Circuit on Image Width. 
In the second set of experiments the median 
value for the image width at tape 3 in the 
free-field room when the shuffle circuit was 
used was 0.16 stage width, with a standard 

error of 0.025; the value obtained without 
this circuit and shown in Fig. 9(b) was 0.11 
stage width, the standard error again being 
0.025. It is seen that the effect of the circuit, 
far from reducing the image width, has been 
to cause an increase in width which is just 
significant. At this particular tape position 
L IR = 9dB and the 3dB step (Fig. 5) in the 
ratio of sum signal to difference signal 
((L + R)I(L - R)) introduced by thecircuit 
at high frequencies changes the ratio of the 
signals in the left and right channels by 3 dB 
also; from Fig. 7 it can be seen that an 
inter- channel difference of this amount will 
displace the image by 0.09 stage width. As, 
however, the image width has been increased 
by only 0.05 (from 0.11 to 0.16) stage width 
it appears that the frequency components 
causing the increased width could previous
ly have been well inside the image area . 

Comparison with Pre'Vious Work 

The results given in the full-line curve of 
Fig. 7 for the measurements in the listening 
room of the relation between image position 
and interchannel level difference have been 
replotted as curve (a) in Fig. 10, together wiih 
some of those from Fig. 1. it will be seen that 
they agree extremely well with those of de 
Boer (shown by crosses) and with those ob
tained at high frequencies by Leakey (shown 
by circles). On the other hand, the values 
obtained by both Clark et al and Leakey at 
low frequencies are well removed from our 
results. 

The difference between their high fre
quency and low frequency curves implies 
that in the absence of a shuffle circuit the 
width of image should vary in a correspond
ing manner and it is of interest to calculate 
this variation. The difference between the 
curves is plotted for both authors in Fig. 
l1(a) and (c) and the corresponding 
displacements of the edge of the image ob
tained with the aid of Fig. 10 is shown in Figs 
l1(b) and (d). If it is assumed that the image 
area originally contained all frequencies uni
formly distributed, then the width should be 
increased by an amount corresponding to 
these displacements. Fig. 12 shows the result 
obtained when the width for a central image, 
which the shuffle circuit cannot affect, is 
superimposed on Figs. 11 (b) and 11 (d). It 
will be seen that the resulting curves do not 
bear a very close resemblance to that of the 
actual image width obtained and shown in 
Fig. 9(a) and in Fig. 12 and thus throw 
futher doubt on the validity of a shuffle 
circuit with these constants. The theories of 
Clark et al and Leakey both assume that the 
observer always faces stage centre, but it is 
not explicitly stated whether this condition 
did apply in their supporting experiments. 
They show that a change of head angle does 
affect the image position to some extent but 
no information is given as to the effect on 
image width. 

It was shown earlier that the image width 
was less in the listening room than in the 
free-field room for a spectrum containing 
little energy below 100Hz. This is in contrast 
to the results of other tests lOin which most of 
the energy was below 100Hz. In the latter 
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Fig. 12. Measured and calculated van'ation of 
image width with image position. 
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case the programme consisted of plucked 
double bass, drum and organ and the image 
at stage centre was wider in the listening 
room, although least so for the organ which 
in turn had more sound energy above 
100Hz than did the other two programmes. 
It appears therefore as though at the bass 
end of the spectrum the effect of the acous
tics of the listening conditions on' the image 
width at stage centre varies somewhat with 
frequency. 

Future Work 

It has been shown that there is some 
agreement in the literature on the need for a 
form of shuffle circuit but the transition 
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frequency and amount of the step appear to 
be based on rather scanty data. It should 
therefore be profitable to repeat Leakey's 
work with octave bands of noise over a wider 
frequency range in order to determine the 
optimum frequency characteristic and 
height of the step, and then to check whether 
in fact this relationship does appear to hold 
for a wide-band signal. It should be noted, in 
this connection, that neither of the theories 
proposed by Leakey and Clark and given 
earlier in this article takes account of the 
precedence effect whereby one sound re
duces the apparent level of other sounds 
immediately following it. Leakey also ad
mits that signals covering only a narrow 
frequency band give results differing from 
those having a wider band, and it is not clear 
whether signals extending over an octave will 
give the same results as programme. 

In these tests it has always been assumed 
that the observer should be in a central 
position facing straight ahead. An examina
tion of the data on the variation of 
diffraction around the head 2 and of the 
interaural time differencel with the angle of 
the incident sound wave indicates that the 
directional data supplied to the ears does not 
vary appreciably for angles of incidence up 
to ± 400 in the horizontal plane. The natural 
reaction, however, when attention is focused 
on a particular sound is to face the direc
tion from which it appears to come, and th!! 
possibility should be examined that if such a 
movement is prevented this may have an 
effect on the image width, and thus afford 
some explanation of the results given in Fig. 
9. Such an effect would in some ways be 
similar to the corresponding optical case in 
which visual acuity is higher for an image in 
the centre of the retina than for one at the 
periphery. For the tests described, image 
width is already smaller in the listening room 
than in the free-field room and this fact 
suggests that no improvement over the range 
covering speech frequencies would be 01>:
tained by increasing the ratio of direct to 
indirect sound. The use of directional 
loud-speakers might help, however, to re
duce image width for listeners in off-centre 
listening positions, and possibly at the lowest 
frequencies for those in a central position. In 
this connection the effect of the width of the 
loudspeaker cabinet on image widths should 
also be examined. 

Conclusions 

The relation between stereophonic image 
displacement and the interchannel level 
difference has been obtained both in a typical 
listening room and in a large free-field room 
for observers facing stage centre. The results 
in the two rooms are very similar and show a 
substantially linear-relationship over most of 
the stage width; the bias for the team and the 
average bias for individuals in these experi
ments have also been determined for the 
differing image positions chosen. 

The image width shows an unexpected 
variation with position across the stage and is 
much smaller at the stage centre than at the 
edges. The variations between individuals 
were similar in the listening and free-field 

rooms, but the absolute widths were greater 
in the latter; measurements of the minimum 
perceptible shift at the centre position show 
that even for this position where the image is 
narrowest a reduction in width would still 
be observable. 

The circuit claimed by Clark et al to 
reduce image width has been tested subjec
tively for one image position which it was 
thought would show such an effect most 
clearly. The measurement gave the un
expected result that the effect of the circuit 
has been to increase the image width by an 
amount which is statistically just significant. 
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Circuit Ideas 
As announced in last month's issue, a 
regular feature on original ideas in circuitry 
which have been found practical is to be 
started in Wireless World. Presented in the 
form of short notes, the items will be essen
tially functional "bricks" which somebody 
has found useful at some time. Performance, 
originality of realization and economy of 
components will be the most important 
criteria. Readers are invited to contribute to 
this series: the more ideas we get the better 
will be our selection. 
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