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Spoakar designers, testers. and users
have for many years argued about the
proper acoustic enviranment inwhich to
test loudspaaker systems. The central
problemn has atvays been the lack of
correlation between the wvarious
response curves oblained in an ane-
chalc test chambar, in a revarbarant 185
chamber, and in a “normal’ listening
room. Although the curves oblained in
the two oSt chambers arg repealable,
and although whan used Wogether they
o prodict, 10 $eme dogred, a systems
perormance in a normal room, the cor-
redation i far trom pertect. Thera i
nothing Enherantly “wrong” with the
chamber 125t technigues, but they can-
not lake ino account the random
acoustic factors that are infroduced
when a speaker is placed in a réal room
with unknown damping qualilies,
unspecified dimensions, and at unpre-

THE SPEAKER
AND THE LISTENER

Where to position them within
thetistening room-and why

By RoyAl

dictable distances from adjacent room
surlaces. Under such drcumslances,
speakers with smooth, flat measwed
response curves can develop quite
audible dips and peaks in their sound
oulput: olhers may lose danty or suffer
from sublle, distarting cokoration.

Most ¢f us ate aware of—and can
deal reascnably well with—1he damping
aftects of the room, Simply staled, the
“softer” the rugs, drapes, and furmiture,
thi greater the high-frequency absorp-
tion and thi less chancs 1hat the sound
will bo overdy brighl. Fodunately, most
room furnishings provide acouslic
absorplion (damping) within the proper
range. However, as many islenars have
discovered 1o Iheir esmay, improving
ro0m AcoUstics can invoiva a kol mora
than jus! proper damping.

Some sensitve and critical audio.
philes have spent months moving their

ison

spoaker syslems abowd, checking ihe
some olfect of one randomdy selected
reom lecation after another, They know
whal they are listening for, but they lack
quidelines that will help them achiave i,
Roy Alson, who has been particularly
concamad with roomispeaker interlace
problems, hags worked out, with Lha aid of
a computer, the specific affects of the
major cpesker- and listener position
variables encountered in a convantional
listening raom. It should be obvious that
al tha random room factors have nol
baen reduced to an easily appled for-
mula, but the article that foliows chould
enable you o eliminate at least one
important and disturbing unkngwn from
the complex speakerroom/ligtenar
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Technical Editor

NEWCOMER to high-Adelily sound
A reproduction  seon  discovers
that the =ound of a givenspeaks

er system is profoundly affected by the
acoustical charactenistics of the room
in which it is being used. Mot gquite 3¢
evident, however, 15 the fact that there
are also significant, audible changes in
frequency balince ax the position of

the speaker—or of the listener—
changes even dightly in the room.

The eflects of all these vanables
have often been touched upon in agens
eral way in articles dealing with room
size, construction matenals, and fur-
nishings, Only recently, however, has
it become potsible 1o develop quantita-
tive data on two important aspects of
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the complicated speaker/roomilistener
relateonship, First, of a speaker sys-
tem’s position with respect 10 the near-
est three room boundaries (lwo walls
plus the fleor or eeiling) 1s known, the
room’s effect on the speaker’s acoustic
power oulpul can be predicted quile ad-
curately. Second, at least a close
approximalion of the way room bound-



aries allfect the sound Beld at varous
listener locations can also be caleukated
if we know the distance of the hsen-
er's head Trom the nearest thiee room
surfaces,

When sound is fed into a room, i
reflects successively from ome room-
boundary  swrface o anether, This
eifect s known s reverberation, In
those arcas that are ondy a small frac.
thon of & wavelngth away from such a
bowndary, the diregt amd reflected
sound pressere are in phase, and there-
fore combine by simple addition, For
an area close 10 any one room surlace
bait Aol to adbers (such as the conter of
a large wall), the mexamum mercase in
souind pressure above that mcasured 10
the mmddle of the room (assamong that
sotnd encrgy s armving & the bownd-
ary equally Trom ofl darectionsd is YdB,
(Maste that in all our examples we ane
assueming  that the sound Beld s
diffuse—that is, o reaches the bound-
ary alter having been reflected from all
directions.}

If the hstoncr moves farther away
from the reflecting surface {or i the
wiawelength is decreased by making the
frequency hagher), the reflected sound
encrgy will evemually asrive back
the obiervation poant opposile in phase
1o the direct sound, causing the sound
pressure ot that point to be about 1 dB
lower than it w v the middle of the
room, This pressure minimum oocurs
al a distance of (L35 wavelength from
the bowndary. Beyond that distance the
cifects of the boundary are mind. A
speaker system's aCousie power oul-
put at low frequendcies is in direct pro-
portion 1o the resistive load presented
by the air sarrownsding 0, and that logcd
depends on the speaker's prozimity to
room houndaries. The meeasured effect
of thas loss on o speaker™s power outpul
is of preciscly the sime mugnitode ax
the audible vanation in sound pressure
for hslencrs near room  boundancs.
There is, however, no de pl_'mﬂtnctm a
diffuse Beld in the roswm, because the
speaker’s outpol w low frequencies is
ommidirectional.

Mear the ntersection of wo room
houndaries the additive reflections can
incrense e sound pressure by a factor

Figuarer 1. Pplative powese output v
troquancy bor a " shendard” speakor
sysiem wath 3 50-Hz bass rosonance.
Thiz 1% & normal Snachint pOormancs
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of four, o a maximum of 6 dB. And the
sound pressure at alocation that is only
a seall (raction of a wavelength distant
from a rthree-boundary intersection
(two walls and a ceiling or Aoor) i in-
ereased nearly cight times by the nal-
ple in-phase rellections, for a maximum
oost of @ dB. Thus the gain in sound
presswre al very low frequencees is in-
versely proporional to the sohd angle
represented by nearby histening-room
bowndiaries.

Thix proportionality does not, how-
ever, hold for the maximum reduction
in souwmsd pressore at the observation
posnt which occurs when reflections
are an phase opposition 1o the direct
sound. Al a single boundary (wall,
floor, or ceiling) the sound pressure is
teduced by | AR, as we have seen. B
W a poimd approsimately 0.3 wave-
leagth distant from 1w ntersecting
oo surfaces, the sound pressure re-
duction s 3 dB, and a1 about 003 wave-
length distant from a thred-boundary
intersection the reduction is 11 B!

This phenomenaen has severe audible
comsequences, 1T o microphone (or a
hstener™s head) is focated close 1o nad
equidistant Trom o three-surfsce foom
corser. the sound pressure will sary
ovgfa rang of 20AB 049 o <10 dBbas
the andso sipnal Trequency {and hence
the wavclength) changes, although the
sotiisd pressure an the anddle of the
FOOM femans constam.  Fomumcly,
Uhe warsatmn i bess For focatons ofl the
line of symectry from the corner, bt
it is stel of consnderable magniude.

These rebatonshaps were Rest spelled
outl i several papers by scientises al
the Mational Bureaw of Standards. The
mathematical operations  reguired o
plot o response curve”” for 4 particu-
bar speaker or lstener location are tedi-
ouis, bt o large compater. properly
programmed, can make shor work of
the dreary calculations, The curves
presented with thas articke were plotdied
from data supplicd by such a computer.
They are of two kisds: first. there are
speaker power owpul vs Treguency
curves  showing how  the caboukwed
power outpat of 2 standard “tideal”
speaker system changes as s posilior
in the rom is vaned. Second, there are
curyes showing the additional influence
of room bowndancs on the sound heard
By hsteners sittmg m (ypacal positions
g room, In addition, there are a few
curves shawing the resul of combaning
a speaker’s response for o particular
room focation with a specific listener
poselion,

The itheorctical basis for predicting a
Trtemwing room's imfluence on speaker
ACOUS IR power outpult has been ested
capenmentalty and found 1o be apph-
cable 1o real home histening rooms sl
speaker systems. Therefore, the load-
speakenroom curves shywn heren cian
be relicd on completely. Somewhat beas
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confidence shoukd be placed i the hs-
lencr-posilion curves, however, since
they assame a ooy diffuse  sound
fichd wch as might ecour in a concen
hotl, and the home hstening room suf-
fers from resonance modes {(standing
waves) which are diwectionsl and, i a

Frpre 2. Powid outped v Iredqudndy Survis
Tt s anelisrd spodiond Systeen of Fagure 1
as reaswed in 4 typscal ksbening room, The
riumors on T chards show detances (n
fesot) frorm cesntior of weooler 1o the flode, 10 the
bk wia®, e b L el Sachiy vl
Curvirs aré hypicil 1o B Syt om placod on
& tablo ox & bookshal X2 it hagh with s
i repae B rears wall and Al grackanily
InCreassng drslances fngm a skie wall,
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small room, wwally widely spaced in
the low-frequency range, Howewer,
with the uswal histener locations, the
resonance modes tend to coincide with
and reinforce the normal houndary
elfects at istener posibions.

Speaker Position

Toe show how speaker oupul s
afleqted by i real room, itis convenient
to start with o ““standard™ or reference

Figure 3. Tha standard gystem placsd on 3
bause of kow 1abio About T foot high with e
wookor end of tho cabinat down, tho back
s the near wil, and the destance i the
side wall incroamng in 1400 incroments,
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speaker. Fipure 1 is o power-ouipus v1,
frequency cuwrve {measured in an an-
echoic chamber: o near-ficld response
measurement would yigld the some
curved for a hypothetical **standard™
speaker. The performance and the
physical arrangement of the system are
quite close to those of many high-price
bookshell wnits now on the market.
This hypothetical system has a cabinct
with dimensions of about | x | x 2 fect,
ard 1= woofer is mounted 1awird one
end of the froat panel. The system™s
rormally damped bass resonance s at
50 Hz {Although this hypothetcal sys-
tem is an acouslic-suspension type, the
design pringiple i aciually not rele-
vanl. The room elfects 1o be shown
wold apply to any type of speiaker sys-
fem ¢xgepl those whing BEss corner
horns: only the distance from the driv-
er to the three neare st room boundares
15 important.)

Suppose  we  take  this standard
speaker system inte a home listening
room and pud it on a 32-inch-high 1able
o shell, with its back chose to the wall,
The center of the wooler will be 3,17
feel from one room boundary (the
flamrr ), amed i5 average path length along
the exterior surface of the ¢abinet 1o
the rear wall will be about 167 feed,
Figure 2 is a family of acoustic power-
outpwt curves ablomed as the system s
mawed gradually away from the side
wall, with s center a1 distances varys
ing from 1 to & feet. I is evident that ax
the distance 0 the sde wall s ane
ereased. the peak in oulput centered a
30t 6D He decreases, In fact, the 6-
foot side-wall spocing cavses an oulpul
viriation from nermal of ealy about =3
ar =4 JB. None of the curves koks ex-
welly like the system’s anechofc curve,
however, and in mos domesiie Fooms
i owould not of course be feasible 1o lo-
cale a stereo apeiker six feet or w0
from the nearest side wall.

If wie take the speaker off the shell
aned put 0 ona |-To base ar stand with
the wonfer end of the cabinet al the
bottom, the woofer's ¢enter will be
roughly 20 inches or 16T feel above the
floar, Its average path length ta o rear
wall remans 1,67 feet if the cabinet
back 1x placed close 1o the wall. Adjusi-
inp. the base Incation so s (o viry the
distance 1o the side wall, we ohlain the
family of curves shown in Figure 3. It
is obvipus that the bass peak here is
greater than for the corresponding
shell positions. Also, the fact that the
woaler remans al the same distance
from two of the boundares tends 1o
“pull™ the agoustic power dip toward a
common frequency (200 Hz) for all the
curves and to make s average scvenly
preater than would be the case for un-
equal distances. Iis rarely a poodidea,
therefore, to stand a speaker system an
ashon base.

The curves in Figure 4 are similar to

those in Figure 3. excepd that the woof.
er ¢nd of the cabinel now rests an the
floar, As a result, the L&T-{ool wonfer-
center distance of Figure 3 begomes
0.67 feet (8 inchesh, wilth a rexulting tms
provement i overall smoothness. The
suck-out at 200 Hz s now gone. A
siudy of the three sets of corves shown
so far docs, in fact, suggest o weefyl
rule of thumb for the installation of
convenlional speaker  systems; the
mure different the distances from the

Figuig 4. Roaponaa in A Al nocem (o tw
standard syatem wath the wodler and of tha
cabindt o the oo, back chose 10 the raar
weall, and a1 1-Tosl increments of
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woofer 1o the Three neares! rivim bowun.
daories, the smogthar the acouilic pow-
er-response curve will be. That rule 1
verified in general by the 2ot of curves
shown in Figure 5. We have left the
wonfer end of the cabinet siting on the
fAoor byl have moved the sydem [or-

ward 5o that the wooler is about three .

feet from the rear wall, Agiin, curves
are shown for six differert distances
up 1o & feer from a side wall, The most

Faguie 5. Roak-room response of the
standard systom. Haeo the woolor end of the
cabwrit i on th oo and e delancs lo
the reas wal i 3 laed, Responsa Changes

irregular curves (aside from the 50- 10
6k Hz bass peak) are those Tor which
two dimensions coincide or are quite
Slose,

Figure & shows the result of position-
ing the system on a pedestal somewhal
awny From the rear wall, The wooleris
assumed (o be 3 fect above the foor
and 7 feet from the bagk wall, and the
speaker 15 again moved varying dix
tances away from @ side wall. Some of
the power  curves  are  relatively

Figure €. The standard box's real-room
FEEpOneRe wien B wocker k5.3 feot abova
the Biaor, 2 feet from the roar wall (or vica

rachcally a5 the distancs b 3o wallis wersa), and ol 1-000d Increments
increasod incremantaly from 110 6 feat. of distandy from the side wal,
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smooth, particulsrly those ol greater
distances from the side wall. Wien two
dimensions coincide, howewver, as al
the 3foot didance. there are larger
soriptions, {0 should be made clear
that the same resuls would be oblained
il we kept the woofer's center 2 legl
above the Aoor—or 2 feet below the
ceiling—and 3 feet from the rear wall,
It ix the combinaoiion of distances that
malers.)

Mext. if we mstall this standard
speaker disgonally across a wall inter-
section, the distance {rom the conter of
the woofer to cach wall will be about
1% feel, Power response in this case is
very uncven no matter how far the sys-
tem is raised above the floor, as Figure
7 shows., A comner is therefore not a
good place to install any system mof
specifically desigred forir.

Listener Location

In most domestn [nlemng rooms
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there are fewer praglical choxes for lo-
cating the listener than for locating the
speaker. For example, few audio-
plales, bowewer dedicated, would be
comlanable sitting on o midwall shell,
Alsey, the height dimension is virtually
constant since a sealed listener’s ears
will hardly ever be less than 36 inches
and never more than 42 inches above
the floor, For our purposes, it is safe to
assume a standard beight of | meter
(3.3 feer). Sofas and chairs are usually
placed close to or agninst one wall, and
a scated listener’s ears will therefore
usually be 1.1 fect (13 ar 14 inches)
away from a wall, Figure 8 shows the
caboulated effect of the room boundar.
ies on the soumd pressure for histeners
on o chair or sofn against one wall and
at distanges from 2 to 7 fect from anin-
tersecting wall, The worst response is
displayed, a5 eapected. by the curve
for the 3-fodn side wall distance since i
is nearly the same as the height dimen-
ston. Also as expected, the shape of the
bass peak depends on the distance to
the side wall,

Anslher common sofa arrangement
15 L-shaped, with the hisener seated
severnl feed away from the reom wall
oppesile the spenkers, This in effect
mives The lislener toward the room
center, placing hum, say. 514 [eet of 40
from the rear wall, Figare @ shows the
rooamebaundiary  elfects for listencrs
sented a1 devances from 2 10 7 feet
froen the aearest side wall, It is appar-
entl that these curves are in gencral
rougher than those Tor positions ¢loser
19 o wall, The reason is that, with two
of the distance dimensions fined ol 5.3
feet (listener height) amd 5.5 feet
(approximate rear-wall distance), there
are not likely (o be large differences in
the (hree dimensions, Howewer, the
peneral shape of thewe Curves i ol
necessrly bad, as we shall seg,

The remaining Sommsem scating posi-
tien is an a roga corner. [ a chair is
placed well into the corner. aseated lis-
tener’s head will be about 1% fect from
each wall, with the result shosrn by the
upper <urve in Figure 10, B4 cnough,
Bt if a cormer chir iz used ax part of o
sealing arrangement with a ol along o
wiaall, sf will wiaally be situated well pan
rcam the comer. Then the unforunate
occupant of the chair may find that his
head is abot 3 Teet distant from each
witll, The distience Lo the foor is dmost
the same, and when all three dimen-
sees ngarly ¢oingide, the result is aw-
ful, as ¢an be seen from the middle
curweg in Figure 10, Minor adjustments
in the chail™s comer position ¢an be of
same belp, The lower carve in Figore
10 is for a listener located 4 fect Trom
ane wall ared 2% feet from the other, It
can nevertheless be said that comer po-
sittens are no more desirable for listen-
ers than they are for conventional box
spcakers.

Combining Positions

If the sound Beld were perfectly
diffuse at low lrequencics in your pars
ticular Listening room (it isn't), and if
the foom's seund-absorplion proper-
tics were the same at all frequencics,
wou could simply add the scoustic pow-
er-output curve of vour ideal speakerin

Figung 8. Roorm-Doundary eaflactions also
At S0 pEsaung At Ishonor poations.
Curves show boundary sugmantabion for a
lissarst saalod chixeg b0 e wall and
wassDUS destancas rom anciher, Cunos
weid Fepraserl Sound prossurs v
Iroquancy il a Sffuse, unilonm scund feld
eaetiod in b rmsdcie of The room.

a given room pasition (o whichever hs-
tening-posilion curve you select, and
you would have a precise overall
speakerfroomilistener response Curve.
Matwrally you would try to fnd comple-
mentary curves, $0 that the hills in the
speaker-output curve would be cane
celed by valleys in the listeningsposis
tion curve, and vice versa,

There are indeed a few combinations
for which this works quite well. Figure
Il. for example, shows a curve ob-
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Farar i 10. EHects ol room-boundary
refhortions on B sound Tioki for o kslord
SO ChoRE L 3 Coinet, Hosgh 5 Conslant
a1 3.3 leet; other Armenzons shown arg
cestances 16 the neartey walls. Moo huge
wanation when te hree datances

ang nexarky sdenieal,
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tained by simple arthmerical addition
ol the values from the 4font speaker
spacing curve, Frgure 2, and the T-loo
listener-spacing curve, Figure 9, Nole
that these polions mMay or may not be
practicable in your living reom, The
amount of Bass nse shown is no Chuse
for alirm; it may be about right to bal-
ance the bass that gets 105t theeugh nor-
ml flexing of the roem wills.

Another fairly smooth combanition,
though with <onsiderably more ex-
treme bass, ik that shown in Figure 12,
Thix combines the 5-food speaker-spag-
ing curve of Figure 3 with the &-foot lis
tener-spacing surve of Figure 8, Com-
binations as smoolh as Ihese are rare,
but they are worth looking for. A com-
bination that might be established by
room-decor consideratons could pro.

duce a curve as bad as that shown in
Figure 13, and there are many even
waorse combinations possible, as in.
spection of the other curves will prove.

As mentioned, much of the bass rize
shown in these curves is nol actually
heard in most rooms (which is all to the
good) because the room boundaries are
not sufficiently sUiff ot low frequencics
1o retain oL all, And, also as noted be-
fore, rooms of home-livening.room
size do not provide diffuse sound fields
al low frequencies. Since all Towd-
spakers are nod as inherently My as
our reference standard, does tlas mcan
that the curves are useless o unreh-
able? Mot all. It means that if you
use this anformation 1o ¢stablish the
spoaker and seating locations you will
be able to reduce the unknown varighles
sigrificanily and thereby improve your
odds. Even if you ignore the listeners
position curves and simply put your
speakers where the curves show the
room will ireat them kindly. you can
expect audibde improvement.

As s evident, the worst aberrations
occur well within the operating ranges
of mout woalers. Such penks and dips
ol be removed by o speaker's bal-
ance adjostments or level controls, but
only by changes in the speaker’s posi-
ton. True, some compensation by
nans of marrow-band equalizers s
possible once we know how much
boosl amd cut i needed and precisely
where in the frequency range to apply
. Bul equalizers can also ingreise
amplifier  power  requirements  anmd
speaker distortion. And, in any case, it
certninly makes sense 1o optimize the
acoustical situation physically before
resorting 1o electronic correction.

It should be noted thal each speaker
system’s performance in a sterco setup
15 determined indivedually by s poat-
tion with respect (o nearby room sur-
faces. To the cxtent that a parr of
stereo speakers are producing the same
material within the afected frequency
range {this is most likely to be trucin
the hass region), i1 may he passable 1o
achieve partial compensation of power-
response aberrations by chaosing ap-
propriate differences in position lor the
o speaker systems, [0 can ceramly
b said that the most oniform power
ouiput will aed be obtaned from a pair
of conventional stereo speaker systems
il they are placed symmetrically in a
room, for in such a situation each sys-
tem will have the same aberrations,

Figure 1. In some cases, a conmntpnal
Apediodr System can be 5o catod that s
Pl DA SO B COMEREITIGTILANY B
The DOy ALQIMGNLation af a green
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WIA.T all these investigalions make
clear, of course, is that we need speak-
er systems whose woofers will be uni-
formly loaded by a roem throughow
their assigned frequency range without
being unduly influenced by their pos-
tion in 1he room. 10 is perfectly feasible
10 design systems of that kind—some.
in fact, are now being made” But unli
there are more of them avalable, we
can help the standard spenker boxes
provide better sound simply by being
careful where we put them—and our
listening selves. o

*Spaecidically, the lovdspaaker systems manuactured by Allisen Acoustics, Inc, whose designs are based ¢n the research ened,



