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Fig. 2—The effect of locating a loudspeaker near a reflecting
surface. Curve A is for a hard surface; curve B for an ab-
sorbent surface. For any fixed distance, the curves represent
the amplitude-frequency characteristic of the radiation. The
sensitivity-frequency characteristic of a microphone follows
similar curves.

Loudspeakers and Microphones

The characteristics most commonly specified for micro-
phones and loudspeakers for sound reinforcement systems
are frequency response and directivity. These- should be the
characteristics which would most affect the susceptibility of
the system to howlback. The freer of peaks the response is,
the less the chance of howlback at one of those peaks. The
more directive the transducers can be, then the more direct
sound from the talker and to the listener will be produced at
a given gain setting of the system. Thus it would seem that
a microphone specified with a flat response and with good
directivity would be the best microphone to choose for the
system. Unfortunately, the frequency response given with the
microphone is usually the zero incidence response in a free
field, that is, a non-reflective environment. If it is a directional
microphone, the response at one or two other angles may be
plotted. Loudspeakers are specified with the on-axis response
supplemented by a polar plot of the loudspeaker at 4 or 5§
frequencies. The polar plots are usually shown in two planes
around the loudspeaker. This would be adequate to tell the
performance if actual rooms had only the two planes mea-
sured in these response plots. Actual rooms, however, must
be analyzed in three dimensions, so no single incidence or
plot in a few discrete planes reveals the full performance of
the transducer.

Incident and Reflected Sound

The problem can be better appreciated through an exami-
nation of the different sound fields that exist in an actual
room. The fields are defined by time and direction: 1. The
sound that goes directly from the sound source to the re-
ceiver; 2. The sound that goes from the sound source to
the receiver with one or two reflections, and 3. The sound
that goes from the sound source to the receiver with an al-
most infinite number of reflections. These are called. respec-
tively, the direct field. the early reflections. and the rever-
berant tield (Fig. 3). In most of the literature the early re-
flections and the reverberant field are differentiated on the
basis of the sensitivity ot human hearing to the relative time
of arrival of sounds. 1t the reflected sound is heard less than
65 milliseconds after the direct sound. the human hearing
process fuses it with the direct sound. After 65 milliseconds the
human hearing process hears it as an echo or a discrete sound.

Speech intelligibility is usually found in the direct sound
and the early reflections. Recent studies have shown that a
low ratio of direct-early to reverberant sound acts similarly
to a low signal-to-noise ratio in reducing intelligibility. Con-
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trariwise, musical quality is found in all fields. Thus a non-
reverberant room, which sounds very good for speech, would
sound dead for music.

One of the reasons for this lies in the transient character-
istics ot a room. The direct sound flows from the sound
source to the receiver at the propagation velocity of sound
in air, while dropping in amplitude 6 dB for each doubling
of distance. The early reflections travel similarly, although
the distance, naturally, is greater. However, the reverberant
field acts like a capacitor being charged. In fact, its rate of
build up is very similar to the exponential charging rate of
a capacitor.

Thus the rapid transient sounds of speech will not excite
the reverberant field as much as the continuous sounds of
music. A room. which in combination with a loudspeaker. is
found to have a direct-early to reverberant energy ratio at
the center seats of 0 dB, when measured by steady state
methods, may actually have a 10 dB direct-early to rever-
berant energy ratio for speech.
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Fig. 3—The sound fields excited in a room by a loudspeaker.
A is the direct sound; B, the early reflections, and C, the
reverberant field.

Therefore, for speech intelligibility, one would be most
concerned with the response of a loudspeaker and micro-
phone in the direction that would be normally between the
sound source and the receiver. This would seem in con-
currence with the specification of the microphones and loud-
speakers in terms of frequency response at zero incidence.

The Acoustic Feedback Loop

However, good response in the direct field is meaningless
if one cannot turn the gain up without getting howlback.
Howlback occurs because, in the feedback loop shown in
Fig. 4, the gain between the output of the loudspeaker and
the input of the microphone becomes greater than one and
in-phase at a particular frequency. If the phase and ampli-
tude characteristics show some non-linearities, which they
usually do, the system can ring without howling. It is obvious
that this howlback causing path is not in the on-axis direc-
tion, since a microphone is usually not placed directly in
front of and facing the loudspeaker.

Direct-To-Reverberant Ratio

As shown in Fig. 3, the amplitude in the direct field drops
in half with every doubling of distance. In contrast, when
the sound source is continuous, that is steady state, the ampli-
tude of the reverberant field is almost the same throughout
the room (although peculiar shapes and unusual reflecting















