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nyone who is familiar with my

Y20

work knows that I've spent a lot of

time on the problem of the ways

speakers interact with room

boundaries (walls, ceiling, floor)

and how this affects sound. This
work has led my current company, RDL
Acoustics, to develop a simple, inexpensive
($5!) program, Bestplace, for Windows or
Macintosh computers; it can tell you a great deal about how your
speakers will interact with your listening room.

Bestplace can tell you just where to place your speakers in your
room to achieve the optimal interaction with room boundaries.
You only need to enter three simple measurements; the rest is
pretty much a matter of clicking on an on-screen “button” or
pressing your computer’s “Enter” key.

Let’s look briefly at why and how the interaction between
speakers and room boundaries occurs. The movement of the
cone in a direct-radiator loudspeaker is determined almost com-
pletely by its own internal construction and its enclosure, not by

COMPUTER
KNOWS!

U R any external forces. However, the sound
power the cone motion produces is very
much dependent on the cone’s acoustic
load—the radiation resistance, specifically.
Throughout the lower half of the audible
frequency range, nearly five octaves, a loud-
speaker’s ability to radiate sound power is
sensitive to its nearby environment. There-
fore, its power response is affected by its lo-
cation in a'room. The changes in response with location can be
large, both additions to and subtractions from the loudspeaker’s
free-space power output. The variations with location are not in-
tuitively obvious; they are calculable, but the math is quite te-
dious to perform without the aid of a computer. That is why we

Roy Allison, founder of Allison Acoustics, joined with Edgar
Villchur and others to form RDL Acoustics, in Bellingham, Mass.,
in 1992,
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Suspended centrally, equidistant
from opposite pairs of boundaries in

a room, a loudspeaker system’s pow-
er response is, for practical purposes,

the same as it would be in an ane-
choic chamber. If it is moved down
so that the woofer is very close to the
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BOUNDARY DISTANCE — WAVELENGTHS

FIG. 1— AUGMENTATION OF THREE ROOM
BOUNDARIES WHEN THE SPEAKER 1S
EQUIDISTANT FROM ALL THREE NEARBY IN-
TERSECTING BOUNDARIES.
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0  center of the floor, low-frequency
power output increases 3 dB because
the reflected pressure, in phase with
the direct output from the cone,
doubles the radiation resistance.
Moving the speaker again, so that the
woofer is brought very close to the
intersection of the floor and one
wall, doubles the radiation resistance
again, with another 3-dB increase in

power output. If we next move the
woofer very close to a three-bound-
ary intersection—i.e., the floor and
two walls—we would once again in-
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crease the output by 3 dB. Not bad:
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IS R b An eightfold increase in efficiency

ELENGES just by changing the location of the

FIG, 2~ AUGMENTATION OF TWO EQUIDIS speaker!

TANT INTERSECTING BOUNDARIES, WITH Bt weit. You Sey there had

THIRD BOUNDARY REMOVED. be &'cetch, wnd there is. “Very closs
in this case means at a very small
fraction of a wavelength. This is easy

P to manage at low frequencies but
T tioe 3  rapidly gets more difficult as the fre-
fu; E 3  quency rises and the wavelength be-
W = e = comes shorter. The formula for
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g = 3  wavelength (in inches) is 13,560 di-
g " = 3  vided by the frequency; a 10th of a
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BOUNDARY DISTANCE — WAVELENGTHS

FIG, 53— AUGMENTATION OF A SINGLE NEAR-
BY ROOM BOUNDARY; OTHER BOUNDARIES
ARE FAR AWAY.

have developed Bestplace, a computer pro-
gram to calculate and plot a room’s aug-
mentation to a speaker’s anechoic power
response. The only data you must enter in
the program are the distances from the
center of the woofer cone to the three
nearest room boundaries. These numbers
determine how the speaker’s output will
be changed by its environment.
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10th of a 300-Hz wavelength is only
44 inches. It wouldn’t be easy to de-
sign an enclosure that would put the
center of a 10-inch woofer just 412
inches from each of three intersect-
ing room boundaries. !

It is interesting to see the changing
effects of boundary reflections on speaker
output as the reproduced frequency rises.
Waterhouse [1, 2] and Waterhouse and
Cook [3] investigated the matter quantita-
tively, developing the formula described in
the sidebar “The Waterhouse Equation.” 1
confirmed their findings experimentally
[4, 5] as they apply to loudspeakers in lis-
tening room environments, and pointed

aterhouse developed
an expression for the
ratio of power radiat-
ed by a small sound
source, located near three mutually
perpendicular room surfaces, relative
to the power that would be radiated
by that same source in free space—
that is, with no boundaries nearby.
(“Small” in this context means small
in comparison with the wavelength of
the frequency radiated. The usual di-
rect-radiator woofer becomes progres-
sively “smaller” as the frequency de-
creases below about 500 Hz.)

This ratio may be either a positive
or negative number and is the sum of

out the design consequences. Ballagh [6]
and Adams [7] have also made significant
contributions.

Figure 1 shows what happens when the
woofer is at the same distance from all
three boundaries. At 0.1 wavelength, the
power response has fallen nearly 2 dB
from its maximum of 9 dB; at 0.2 wave-
length, it reaches 0 dB, the free-space val-
ue, and at 0.28 wavelength, it has plum-
meted to 11.3 dB below its anechoic value!
The power response then rises and ripples
a dB or so above and below 0-dB augmen-
tation. For perspective: If the woofer is 24
inches from each boundary, this distance
is 0.1 wavelength of 56.5 Hz, 0.2 wave-
length of 113 Hz, and 0.28 wavelength of
the notch frequency, 160 Hz. The notch is
created because the strong reflections
combine at the woofer cone’s surface in
phase opposition to the direct output, re-
ducing the radiation resistance at that fre-
quency far below its free-space value.
Above 0.5 wavelength (282 Hz in our ex-
ample), the perturbations are minor.

Figure 1 shows the worst-case condi-
tion—fortunately, Suppose we have a large
distance from one boundary, effectively
putting the woofer equidistant to only two
intersecting boundaries. The resulting

THE WATERHO




EQUATION

eight parts. The first part is the original
free-space power, which is augmented
(or diminished) by the sum of seven
reflected impedances: Three from the
individual boundary surfaces, another
three from the two-boundary intersec-
tions, and a seventh one from the
three-boundary intersection. The max-
imum possible output occurs when
‘the source is at zero distance from the
corner, in which case Waterhouse’s
formula has a value of 1 for each term.
The total is then 8, for a gain of 9 dB.
Of course, zero distance is not possible
in the real world, and the gain drops
rapidly as the distance between the
source and the corner increases.

augmentation curve then looks like that in
Fig. 2, where the maximum gain is 6 dB
but the notch depth is reduced to 3 dB.
Carrying the process one step further, by
having only one nearby boundary, pro-
duces the curve in Fig. 3, which shows 3-
dB maximum gain and only a 1-dB notch.
There is a linear increase of 3 dB each time
we bring the woofer close to another
boundary but a decidedly nonlinear in-
crease in the notch depth.

SMOOTHING THE AUGMENTATION CURVE

The problem of uneven augmentation
would obviously be minimized if we could
neutralize one room boundary. There are a
few ways this can be done. One way is to
mount the speakers in the wall, flush with
its surface. Another way, feasible with true
bookshelf-size speakers, is to place them in
bookshelves surrounded by books. A third
way, possible only in very large rooms, is to
place them far from a third boundary. This
would have to be at least 12 feet from one
wall in order to limit the boundary’s effect
to below 50 Hz.

For one reason or another, none of these
options is available to most of us. We must
deal with three room surfaces close enough
to our speakers to influence their behavior.

We can make that influence a good
one, or at least a fairly neutral one, by
taking advantage of the fact that the
notch from a single boundary is mild.
This can be done by making the
woofer’s distances to the three nearest
boundaries as different as is practical,
so that—rather than suffering the sin-
gle crevasse in power output when all
the distances are nearly the same—
there are several much smaller dips
and a smoother curve overall.

In most loudspeaker systems of
medium to large size, the woofer is lo-
cated not far from the center of the
front panel, which limits the maxi-
mum value attainable for the distance
ratio. If the woofer is on the top panel
(or, in a floor-standing system, close to
the bottom of the front or side panel),
the minimum distance between the
center of the woofer and one room
surface can be as little as 6 or 7 inches.
(Three of the four mid-size. speakers
I've recently designed are like this; the
other is a bookshelf model.) Even with
this advantage, however, performance
should be optimized by evaluating the
impact of the other room boundaries.

The Bestplace program (based on
the Waterhouse formula) was devel-
oped to aid in this process, by allowing
you to see in advance the effect of pos-
sible changes in speaker location. The
program plots, in addition to the
room augmentation curve for the dis-
tances entered, a power output curve
for my company’s speakers in that lo-
cation. However, it is made more gen-
erally useful by a “Not an RDL speak-
er” option in the curve menu; only the
augmentation curve is plotted with
this selection. Figure 4 is a Bestplace
augmentation curve corresponding to
the curve in Fig. 1, obtained when 24
inches is entered for each of the three
boundary distances. In Fig. 5, the dis-
tances are 10, 36, and 60 inches, yield-
ing a much smoother curve.

If you know the anechoic power
output of your speaker (not the on-axis
anechoic frequency response), you
can add it to the augmentation curve
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FIG. 4— AUGMENTATION, IN THIRD-OCTAVES,
FOR A WOOFER 24 INCHES AWAY FROM
EACH OF THREE MUTUALLY INTERSECTING
BOUNDARIES; PLOT HAS BEEN REDRAWN
FROM BESTPLACE OUTPUT.
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FIG. 5— AUGMENTATION, IN THIRD-OCTAVES,
FOR A WOOFER SPACED 10, 36, AND 60
INCHES FROM NEAREST ROOM BOUNDARIES:
PLOT HAS BEEN REDRAWN FROM BESTPLACE
OUTPUT.
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FIG. 6— BESTPLACE PRINTOUT, MACINTOSH
VERSION, FOR RDL ACOUSTICS BOOKSHELF
SPEAKER SURROUNDED BY BOOKS.
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(1) In the PC version of Bestplace, callout
numbers for the frequency division (verti
cal) lines are not centered under the lines
but begin just to the right of them. The
program just couldn’t seem to understand
what was really wanted.

(2) All models of physical processes rely

on assumptions which may not be fully

valid; the model is not the process. One as-

sumption made here is that the room walls
are rigid and perfectly reflecting. Unless
vou live in a brick enclosure, this assump-
tion doesn’t completely hold true at very
low frequencies. Therefore, the rise you'll
often see in a speaker’s augmented power
response at the low end of its range is no
reason for alarm unless it is more than sev-
eral dB; more than likely, this rise will help
compensate for the bass that leaks through
the walls.

as described, runs

for PC

(3) The IBM version,
under Windows. On the same disk,
users who don’t have or can't tolerate Win-
dows, is an alternative version that runs un-
der Lotus 1-2-3. Its file name is Bound
ary.WKI1.

(4) As stated, the smoothest augmenta
tion occurs when the distances to room
boundaries are distinctly different. To
achieve this, make the longest distance (call it
A) as large a multiple of the shortest (C) as is
practical. Then a good starting number for
the intermediate distance (B) is the square
root of the product of A multiplied by C.

(5) The Editor of Audio had the program
lock up on his PC because it did not have
enough memory; this was cured with an

kh].‘-dll.‘\lnn.

Bestplace gives you to obtain your speaker’s
power output in that location. Note that a
near-field woofer measurement is not the
same as a full-space (or anechoic) total
power measurement, on which the Water-
house formula is based. To convert a near-
field measurement to a rough equivalent of
full-space power, you must subtract 3 dB
below the frequency at which the cabinet’s

front panel becomes a half-space baftle.
The region of the transition frequency de-
pends on the size of the baffle, but if you
gradually phase in the change in level from
300 to 600 Hz, you probably won’t be
grossly off. As a corollary, if you are mak-
ing calculations based on flush-mounting
your speaker, you can use a near-field
woofer measurement directly and not have
to make the conversion. Flush mounting
(or bookshelf mounting with surrounding
books) is essentially a half-space environ-
ment to start with, which is what a near-
field measurement simulates.

USING THE PROGRAM

When Bestplace is loaded in Windows,
the welcome screen offers two choices. One
button generates a help menu; the other,
labelled “OK.” clears the screen except for a
three-choice menu bar at the top. These
choices are “File,” “Run Program,” and
“Help.” “Help” brings down the same
menu as can be accessed from the welcome
screen.

“Run Program” drops a single-item
menu labelled “Create graph.” Pressing that
button brings up a screen headed “Input
Graph Parameters.” The first selection, “Se-
lect a speaker type,” scrolls a list of RDL
Acoustics models and then the choice of
“Not an RDL speaker,” the general-use se-
lection. Following the window for speaker
choice is one with boxes for entering dis-
tances from the center of the woofer to the
three closest room boundaries. Once these
are entered, you are offered a choice of
“Cancel” or “Graph” buttons to press. If
you choose “Graph,” a graph of boundary
augmentation versus frequency will be dis-
played, based on the distances you have en-
tered. If you selected an RDL model to in-
vestigate, its power output in that location
will also be shown. (Figure 6 shows such a
graph, from the Macintosh version of the
program.)

When the graph has been plotted, you
can plot a new one for a different combina-
tion of distances by clicking on the “Run
Program” menu again. The menu bar re-
mains on screen with the graph. You may
also press “Help.” Or, if you press “File,” a
drop-down menu offers three choices:

“Copy to Clipboard,” “Print,” or “Exit.”

Bestplace is available on diskette in both
IBM and Macintosh versions; in the case of
IBM, on either 3%- or 5%-inch diskette.
The cost is a nominal $5, postage included.
You may place an order by writing to RDL
Acoustics (26 Pearl St., No. 15, Bellingham,
Mass. 02019) or, if you want to use a credit
card, by phone (800-227-0390). Be sure to
specify which version you want. Both ver-
sions of the program can be downloaded
free of charge from the RDL Bulletin Board
(800-227-0391). If you'd like technical pa-
pers on room boundary effects, including
the Waterhouse formulas and verification
measurements, they are available free of
charge from the same source, A

1. Waterhouse, R. V., “Interference
Patterns in Reverberant Sound Fields,”
Journal of the Acoustical Society of
America, Vol. 27, No. 2 (March 1955).

2. Waterhouse, R. V., “Output of a
Sound Source in a Reverberation
Chamber and Other Reflecting Envi-
ronments,” JASA, Vol. 30, No. 1 (Janu-
ary 1958).

3. Waterhouse, R. V. and R. K.
Cook, “Interference Patterns in Rever-
berant Sound Fields, II,” JASA, Vol. 37,
No. 3 (March 1965).

4. Allison, R. F,, “The Influence of
Room Boundaries on Loudspeaker
Power Output,” Journal of the Audio
Engineering Society, Vol. 22, No. 5
(June 1974).

5. Allison, R. E, “The Sound Field
in Home Listening Rooms, I1I,” JAES,
Vol. 24, No. 1 (January/February
1976).

6. Ballagh, K. O,, “Optimum Loud-
speaker Placement Near Reflecting
Planes,” JAES, Vol. 31, No. 12 (Decem-
ber 1983).

7. Adams, G., “Time Dependence of
Loudspeaker Power Output in Small

Rooms,” JAES, Vol. 37, No. 4 (April
1989).

VAVAVAVAVAVAVAVAVAVAVAYAYAVAVAVAVAVAYAYAV

AUDIO/AUGUST 1994
40



