Fage 2

Generation of Fhantom Images:

In the frequency range below about 700 Hz, phase
relationships at the ears are used toc localize sound sources
in the horizontal plane. Above about Z kHz, the predominant
cues are the amplitude relationships at the ears caused by
shadowing of sound as it passes around the head.

Figure 1 shows these relationships. Here, we have
combined both phase and amplitude cues in generating a set
of phasors at the ears. The phasors are shown as Arrows;
their length indicates relative amplitude, and their angular
orientation indicates a leading or lagging relationship
between them. (Counterclockwise rotation indicates a leading
relationship.)

For a sound source (S1) placed directly ahead of the
listener, sounds arrive at the ears simultaneously with the
same amplitude. Thus, the phasors are of equal length, and
the phase angle between them is zero. For a source (S2) to
the right, the phasor at the right ear is longer (indicating
greater amplitude), and it leads the phasor at the left ear
by some amount (indicating that sound reaches the right ear
first).

For a listener seated along the median plane between a
pair of sterec loudspeakers, as shown at Figure 2, we can
create precise phasor relationships at the listener’s ears
for a center phantom image. In this case, the informatiocn
fed- to each loudspeaker is the same, simulating an image
panned to the center position. While the individual phasors
at each ear are different for the two loudspeakers, the
summations of them, LT and RT, at each ear are identical.
Thus, the listener will localize the sound as originating
directly in front of him.

We can alter the amplitude relation between the
loudspeakers, panning the signal slightly to the right.
Again, when we reconstruct the phasors at the ears, we find
a leading phasor at the right ear, indicating a phantom
source displaced to the right of center. This is shown in
Figure 3.

As long as the listener is exactly midway between the
loudspeakers, the analysis is simple enough, and the phantom
images are gquite precise.

0ff-Center Phantom Images:

For listeners displaced from the center, the phasor
analysis becomes rather complicated. As shown in Figure 4,
there will be different path lengths to each ear, and those
differences will result in peaks and dips in frequency
response (often referred to as'"comb filter" response).




