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Loudspeaker Stereo Tec}iniques

How to combine left and right signals and get the message from the

medinm

by E. I, Jordan

| think 1o start wich it is pertinent o gk
‘why steren?. A3 la often 1he ease in Lthe
design af kasdapeakor ayslemes Lhe primary
almt may apprer somewhat clowdy, Ome
advantage of srearea it thar rwn
londapenkers are ol insead of ope,
whick ix very much io the interests of
many pepple. Bot what are rthe
perlarmance  asd varlages of  slereo
reprigluction? TL may be sogzested that
[ateral location of the varions inscrumencs
of voises in masie becoirds pocahble, Bl
on Phes o] i s worth roling thal ome ol
thi @lluliics associated with concert hall
design 15 10 provide a saund stoge which
marimizes larernl sprend, and auch apacang
Az here g omly cienes aboul doe oo dhe
proslem of asing i aceommodaic passisEy
I or mooe instouments End omany of
them: largs) om the seund skage. Obvioushy
thiey shomld nat be fom deeply ranfiosd, mher

wise b sounds Trom e Trem will mask
thesme from the mear and there may alsoBea
time delay prohlem. On the other hord it
worald be l:d]uﬁ||_|.'ll:l'ﬁﬁ.|:i.ﬂ'ﬂ.l:-|l:l.l'!|' [ReE N L=t [T
orchestra ol in g hereoolal lime 5o Lhat
wunds came b1 us from widely differen:
direstions. Ckchestral lavour mmer am 10
beung wul the ol quality of each individual
insiruwment whils: Maintaining a holanced
harmipmiras whole,

Having sl thug il 05 a doilale pArslog
that =0 ol o sleren represduclivom
altermnps are made Lo spread the sound ot
aver rhe grearsst poasible widith, whila
uzing comvendional loudspeaker arrange-
ments thor ore iniAnsically incopable of
drang tis, 1P bas beeome apparont 1o me
lhal in = many  aspects of  spund
renraductan, considernnle rime, maney
znd o nre direcrad rewearda ends whach
are el possible sor sven Gezirable,

Certnin Iypes of pregromme, such ns
apers, ann henefil from a o owide apand
Alage, parlicularly where mevement on Lhe
stage is o he portroved; and this provides
ue with one advailage ol stemen, Howeves,
the effecrive stage width must he
approqriate ia ke propramme and e the
lsteming area, | opasaenally do el hke o
hear a vielin sole spreodd over the same
arza ns the full cherus in Aida - or vice
VErsi.

Wihich lesiads os W0 e secommd and coore
imporrart performance advantnge of
Aeren, whech s e providk: saoappropnats
sond wage: pat Lo syoird saund rom the
lelt and righl, B oo provide o sownd nren

commensarate with the programme. A
single loudspenker can do this adequately
for mn unncemmprRnied  soice of small
ingiruiment provided Lhat there is lide
reverberativa. This sitanben narmally only
applies to news balletine. For all riher
programme marsrial good sweieo provides
1 vomsiderable enhoncement of renlism
which cannat ke secured merely by using
1an apaced londapeakers i como,

The reacler will have appreciated hy
now  thal 1he advanteges of  sheren
reprodection . are porely  subgective;
mecedingly  thia arvcle e primarily a
descriplion ©f some of the many
experiments that 1 and my colleaguwes have
ocanducied mver the peer fewr years, and the
abservanioms made erelrem,

A Lthird impociant sdvantage of sberen
reprodusction is  dhet it seporates  the

skl of metruments ploying togetiner.
Miow I am oot referring hers 10 apparent
physical separatian im0 the  semee  of
spreading apart bul Lo the discrers ideoticg
of Inatruments, even when closely
grouped. allowing the individusl moue
lines b be heard morg cleady. This s due
te 1he 4l that hinawra! hesring is dnr
mire  selective thanm  mansurel  when
dealing w=ith & mulbipfcdy ol wound
sources, The dransie demonsiragon of
this ig 10 Heten to someans speaking in o
cigy environment first wsing both oears
cormally and them with ane sar covered.
The immedinee improssion with e eaf
coversd 1 that the wanted sound is being
musked by the noise whereas 1the use of
bath zars results in a far higher degree of
meparnticn of the speakiog vimoe and the
ety poiitds, ackl higher defimtion.
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.owere conmecied

T sum up Lhen, steren reproduction
can npifer the Following  performnnose
acdvaniapes:

(11 the provigion ol gt approprale
wound stage width:

(2) enhorcad separation of saund deeail:
A

{31 the eflect ol sound source
MCFEmnent.

These are in what | ¢onsuder o be their
onder of Impartanes.

Theoughour this article 1 skl only
comsider twa-chaneesl stereo, Tirst, we ars
rarrmally equipped with aaly rwio enrs and
car Lhdelore Jdesl waih enle Twd Bty al
gudiv  informaban al any ome instanl
Secomdly, any adveriage of multi-chanrel
smeren can he secured with 9o chonnels &t
less cost by improved loudspeaker
rechmiques which will be discussed Laber.
[The wse af four chasnels to gies
revereraien ellects g anciher maller
entirelv  wnd widl be deall with in a
subsegquent article. - the aditar permitring.s

s arrangerment

The wimplest and &lmesl  wniversally
adepted  lomdspaaker  arrangsment  dor
werer = Lhe use ol o kudepeaker Top
ench chommel positioned 1o tbe left and
right of the reguired soundd stnge. Such n
silaabivn 13 shivws o Fugs, 1o 3,

To study how these apmd other
confipuranions:  work, twe  londspeskers
oy the lell and right
autpues of o stemea amplifier which  was
awitelwd 1o the mene pasition, Fach
konpdspraker thus reaived e samie gl
which could be vared in relalive indensily
hetwesn the leodspeakers by varying the
balarce contral Trem centre o Ball epln
ard  half lefl. Tar  these  deste e
lmndepe kers were ploced foce upwards b
chimitate polar eTads,
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Fige. & gad ¥ Imopes produced By the crrarpement of Fig, 7 for g ofceniee stener.

Tacing Farward. there is a sharply defined
image straight in From alf the Heener, IF
e lisgtener, hﬂl“‘!_:llth gwivils hig head, the
sound image #i0 tend 16 move @ the
dicesdion he is facng. {By shoking his
head vigarously., he cun shake ihe ensiee
erchestra—rather  like  1he  elTect  with
headphoris, Returning now b the “=ves
Mrunt’ condition and swinging the balonee
cratred, the imape will recpin s sharpitess
arsl muove lell ce rightl accordmghy. Sa far
s ogned, we have s oworking  stereo
evelem—just s long as your bead is held
in o clamp.

Serfing ik helance contied back 1o
cenlpe and mesing the listener just off
uxis, has the effect showm in Fig. 1, where
we see the centre image reploced by an
extended  sourdd &Ry of  inslclermminale
pam it belwein the oearest odspesker
and the centre.

Wloing the listener furker off &ais with
the Balarss contral sull cenlrsl gives 1he
siluation in Fig. 3 where moest of the seand
image is centred nround the nearss
laudspenker with just o hing of poll 10 The
cenirg, Thia 15 known as the Haas clTecl
and  alse  explaing why  two  spaced
kudspeakers in mono will ned give on
ingrease imothe size of the sound sape.

this casel nol surprismgly coneenranes the
image solidly arpund Bis  nearest
leadspenker a3 in Fig, 4.

Mavlig the cortral hall righr, howeser
{Fig. 51, produces &  completely
indetermingte Imfpe extending from one
lnudspeaker 1o the ather.

I i wobvious From these experimonts
that for ory fisrener positivn other than

. ferward-facing on cerre, the rercsdipcrion

Tn Fig. 1 with the balamce conlrol Eeeping he listerer m this posttion and
genrral and ke listener on che centre line maving the halance cantrol holf left din
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al’ & sterea signal by this svanem mogquile
ansafisfnceery, W s appreciated that by
gimenick recording technigues come
sunds may emenate from the rernole
loudspesker bt the irage in betwesn the
unics will remadn distorted.

lmproved results can be secured by L
sk ol loudspeakers hnving Torward polar
lobes. The leodspeakers shoald not be
bighly directicnnl and & very suitahle
characteristic  would he bt have &
dilTerenee of abouat 4B a1 15kH? Belwoen
the response an avie pied 307 o1 axs A
Frequency respanae cirve of the preferned
type s shawn in Fig. & The aptimam
gered resulls are secured when the pxis al’
Lhe pudar lobes crosses @ froni of the main
listenang orea {Fig. 7 7 we now place our
lifle mar back in the cenire of the
listening aren he will experiencs cxactly
the snme sitmaten as depicted in Fig 1. In
fact, this will be true Far any symmetrical
arrangement  of  wenrical  Modepeaker
spstems, Mo la when our man moves aff
caire (11 Lhe troutle stars, 2nd whar we
Ai¢ Iryiog 1o do is exablish o tea-channsl
sbomen wvstem which will work Tor all
liseening pnsitans.

Wilh the knmlspeakers arronged me in
Fig. 7 ond rhe balance a2 centrally, our
aff-centre man will observe o somewhat
entended imoge kot e lensr iowill s
sitbated more or less conlraiiy (Fip. 81
(Compare with Fig 3.]

I the: Balanee contral is swuang half el
a2 maore sharply  defined  imape will
appreach the left-land loudspeaker, IF iz is
gwung hall’ right var listener, still 1o che
lefl. will “rhserve’ n bread image betwesn
centee gl Lhe right-hand spenker (Fig. 9,
This is =1l Far froen ddeal Bul nevertheless
it is possiderably beller than the effects in
Figs. 4 and 5.

An additiennl prohlem arnses i Lhe
erovssed polar syatem when broad imoges
mCC G Liere s apparent sound mavemssni
within  the image which c frequencs
comscions, hut this g vaually the Least
dualuribnig problem.

A programeme sedaree i whoth there s
considernble rovenien] exposes o further
drawlack of the kasic two losdspenke
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mrrasgemenl and. this can be Mlustrated by
Ibe e of one of the ‘possing express rain'
typea of recording. One assames thad lbe
rrgine oid in foct go erealpd pRer Lhe
microphones in rthe fAra place bul all
arranpenssnls siomilar o those described s
far  pive the impressian  thar the Irain
pusses on oA curvgd esck as indicated in
Fig, 7.

It iz thus thecregically  possble o
pravele perfiecly  adeguate sterea from
rwd chammels. Mowever, the nrrangements
normoliy ased con provicde considerable
imape distartion, This vao ke minimized
b apimizing Lhe palar charncteristics o
the leudspenkers. IF the laudspenkers e
o be sithey ompi-disestional or e the
ather hand extremely directionnl, then rhe
image diszortan may be so bad as o
mergder (b mdditional cost of =eren over
muno guite unfustifinhle.

[mnge distrertion is alse worseoed by
g i fchicee Lo wide o sound stape,
L, baving the loudspeakers con far s
“elative 1o the Herening position,

Ceatre bowd speaker sysiem

1 first cncountered the ome of o cenire
spzaker many vears aga demonsiraleal by
Elugh Brirtzin. He had a large G.EC.
Peri phenic systom sach side of o stnge nnd
4 amall forward focing sysrem on the
middle. The middie apeaker wad Ted with a
sum aignal o each chanoel attenuwated
by 200 ard could be switchad in ar el
'L'iltzni:ng in the cemre position #1 was
barely poasible oo (el whether the middle
apiker was un or afl. Maving 1a the sids
with the certre speaker off prodoesd 1he
uwsual shift af the sadire mage W0 1the
nearest  loudigiaker. Swilching o the
cenlry loudspeaker expanded the image
right across the Full width af the stage with
puad image Incation,
Fi 10 illusirates our experiments on
Mme limes. [n this case the rwe gide
leadspeakers were jorna] inwards by an
aple ol abouwd 30°, The centre wnit faced
lipwards and was fad frem bodh chansels
at Tull bewel, Thic fesulted in an efloctive
gentle top roll-off above abeul 3EHE:. With
the listener in Bis usuoal off centre position
find the bolance &t c=ntre, am almoss
perfect centenl image was secured. With
1he control sel hall left or haYf righe. fairly
well defined images were sscured in Lhe
appropriale pasitions. [t was very
elrecking to he ahle to walk across (e
Ml soumd stepe and Bad shal all (e
images remain sationary and well Frrmed
It was inberesting bo note that the passing
cupress on chis system wenl raipky.

A gnme that two can play

Aowery entertpliang evening can he spent if
¥ou et wvear ki friend o bring  hic
loudspeakers to yaar howse, (Madurally bis

V[0

Figr, 10 Ackding o cenire spraker,

eyuipment iS00 queie up o your
standards 50 he will only hove backshst
unite) Eagh of these is then ennnssted, via
very lemg leads, in poraliel and in phose
with yaur own sysleme. You can now play
far hewirg wilth warious juria-posdiong of
all Four loudspeskers amd the  varnows
sffects chinined can be quile siarting. Yea
can g0 vour thing' ond ged Chigh” on &
plusma of saund; ard Al the culmination
yoaa can ghake vour heads vigoemasly gnd
aplalier dhe =ound all awver the walls
(Marijuann hng naching cn this.) Taving
seltld  down, however, the effects of
plaviog the twa 'visiting' lnodapeakers. in
the cencre hack.-rndack will bring sbout
remarkalde improvement in dhe seren
clfecls, Quite seriously, these sxperiments
are well worth trying.

An arrangement mometimes wsed on
erounds of sconamy s 8 lafps Gtiilne
speaker hardling the bass of boLh chanmels
with the moddie and  high frequencics
handled by small k=ft and righl “cilrgger
uriits. b if the sroseover freguency is oo
high o (b gfossover oo sharp, che
imagery will be distorted ag i Uhe case of
the bwsic veo-loudspeaker system and the
bass will be dEsem hodied.

Reflecied stereo sysicm

A variation of the centrs leudapraker
techmnigue which possesses cerdain
acdditional  advantages is the reflected
evetem. The arrangement is ghiswen i Fig.
1l where w0 loudepeaker sysems are
pleced hack-to-kack Tacing twoe reflesczore.
I k5 necossary for the polar characrerisrics
of the loudspeakers 1o ke simelar (o ihoss
described for Fig. 7 amd il must be
sreesed  that the arrungement is nnt
slizl®c1ory with poler responses markedly
difTerent fram these, The refleciors shoukl
ke imclined inwards ad an angle of obaus
U, The surlac: of the refectors should be
as hard as possible, glass or Formica
cuvered omber is &leal, &nd they must be
suhstantiolly flal, Aoy attempe Lo brooden
I covecrage by curving the reflectors will
destroy the scersn effecs. The arfaitgement
s deserthed  can provide D&l oroom
CONErAES 0 any vase. The spocimg af the
refleciors and their nren is nal engleal Io
can he eeen from ihe diaggram Lhat due 1o
ke prsileans of Lhe reflected |loudspeaker
mmages. he effective spond stage widih iz
mearly dankle the actual dislance betwesn
reflegiars, A lvpical spacimp  betwesn
relleclor and loudspeaker might be 3 oo 4
in which case the “widih of the Eskening
arga will ke 6 1o Ef and the sfecive
slage width 12 te 166, Ax a guide oo
reflecens ares, IF the spacing is 2R then the
aren should nog be lesg Lhas about 36 with
the smallest dimensien ol less than M.
These figires are laken pro rota for ather
apeRcinLa,
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Fig. {1 A reffevior syntem providing @
el roung stage wider than ke spaced
reffeciorT.

The steren performance o this
arrangsment 15 very good. being olmost
leriiszal wath that shown in Fig. 10, 10 has
the addftional advantape that only two

eadspeakers are reguired. The cost of ths

reflectors is kow and may be offset by e
lact thot ene double cnelosure may be
uazd for the loudspeakers imse=ed of bwe
separale anes. In spite of the (el (hal all
very low frequenciss will be coming From
the genirg, Lhis is nol opporent when
hstening. The reflectars i any case will
stert e become  operatve omly  above
ahour JMH:z, A ceasiderable incresse m
extreme hass efficiency is provided by the
mutunl eaupling belaesn e urils.

Al n sl iz ischoigoe provides o nea:,
pracucal and ecopomic sclubion o rhe
problems of stereo reproduction. From U
puint of view of reom dieor e relleclors
may he mEde appropriately decorabive,
fired oo gimple stoods and put awny when
ot in use, The spece betwszn the reflsctors
ond rhe loudspeakers may  be oused,
providal no large object is placed i line
af wight on the koodspeaker awis. A
stendard Inmp, plams, colfes lable or @
small chair may be acxommodsied or
et 2 bovkease. pravided 7t does mot
pruoject inte the 'beam’ of the spsrem.

An iniegrated radiogrom

Mol lesg age 1 condocted &n interesting
exercise toosse il @ fully integrated soeren
hi-fi radicgram cowkl be suceessDally mads
using the reflectar techmigue. The carcnss
of the sysiem was provided by fwo
back-to-back double oudepeaker cvstems
spaced wsbowt  four feet opore. The
enclesures were of the hyhrid cype and the
tumned  erresctures  eniended  sckoss L
fear-livet gpace and formed ‘girders’ upon
which the egoipmert was maunted, One of
the ochyious problems was o prevent
feedback from the spenkers e the pickup
withou! cegrboading the eucellel bass
response,. This was  achieved by a
mechanical flter upen which the enbire
record player was mousied,

Full delay-line gystein

A dalny lime system e emarly  bol
nesgrheless reprisents, in my opimion, the
marsl advanced londspeaker system gl
present  possihle  Bolh o dn
repraduction and i steren performance.
[n view ol rhe degree af che design

quahiy ol

iy
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Nexibility available, il is very desrable 1o
design these systems individunlly to match
{he: room dn which they are oo b2 uged
hulh aesthetically and acoustacally.
Haosicnlly .the =ystern comprises a
canitlanuaua lne of londspeakers sxiending
ihe Full widlh ol the reguired soumd slage
and the left nnd right channeds are fied in o
cach end (Fug, 121, The londspeakere are
mterconnectsd o Torm a Jdelay line. The
simplest arrangement is choamn in Fig. 1.
In prastiee, ol sauree, provigan hag o he
mads fur impedance matchme. To make
the cordinuny of the soumd source ns
annpkae &5 poas bl the londspeaker nivta
should Tace wpwards or desneards
that their axes are o %F o the Bsbener
with 1he excephion af the extreme end urdts
which should Fage inwards, The effective
rolar response of these can be controfled
v eheice of d@say comporents to pptimioe
shoree perlormance, We dalorally wish
aviid the hysteredic distorion pormally
ararcinied  with indaghve  crossover
compesienls and thessfore only alr eored
inductors should be used and resistors if
necesapry. Desvelopment work on purely
aeoustic delay componeiis s oal proesesd
under wav. Actunl componert walues and
the  dimengions  gnd  layoal of  rhess
sysiems ane determioed by Lhe pamticelac
envi remmiental requiremerds.

The seren performanes of the syseem is
virtually perlecl: well-delined imagsa are
procduced which are precisely locabed and
Incaticn remains quike independent of the
pusitivn of Lhe tistemer even iF he alands af
the end locking aleme the svetom. {To
stand in this position with an express raio
rushing 1ownards  you  is  frighzeningly
reatictic ] Cha thie seore of caer this wonld
e in the regivo of £4H) for a 101 Stage
whiczh dires nod make i dhe meost copensive
kowsdspeaker i the world by omy means,
especially when il is piidled oot chal thee ¢
ainly ¥ per chamnel. Tt is interesting,
therelore, Le see Bosw (his svsrem coapnres
with prhers in this prioce brackel. 1 have
alecady miads my stand clear im che first of
these articles regarding e advanrapes of
the full frequency ranpe single-cone
maving-enil  appreach  over  crossover
svalems, 50 we will acd cover Thar gromred
ngain. We have jusl yualified the seres
perlonpances as heing vnstly superior o
basic bwi-speaker systom wehoigues, Sl
wir are poing o pay EXI for a
comreentional loudspeaker, sach gs a Inrge
barn aded syslem. wiad in TRGL &g we
paying for? The answer and remaining
comshderarion ia pawer handwidth. On this
woare il is worlh cating thar a4 1N
delay lime syszem would hawe a very kEigh

efficiency at ow Frequencie {:u-p,rm:;hi,ul
20 times that of & simgle coge anit) and
wohl haerdle ap ta 300 watts input power,
The nvailshle sound power wauld
iherefore e extiemely high; of the arder
al’ one acoustic wact. This is nkaour 500
times higher than the power reguoired 1o
reproduce & full eymphooy orébestra in a
2000 ¥ lounge.

A delay-line system need not take up
very  much spage. A cooveniont
confipuration mieght toke the form of a
'shell’ spproximotely 15in. wide and Rin
dezpy rutniog aleog one wall The p
surface ol the shelf would ke free for use
with mest of the boedspesker anms
mounted on e onderzide (Fig, 14), As we
have already, pointed ouwt. the delay-line
systern allows grent flexibility of design.

Reflecior delay -line pystem

As owe have seen, the use of releccors crn
prodisce A very wede seend glage—wider
than U room f required—and for this
reasom
confunction with a full delay svsvem, OF
mone alenssl, perliaps, is tbe facd the with
the use of reflectors che delay line may be
ahoregned with enly a small deterioralion
in steredo performance and 8 considerable
reduction in cost An orrengement which
has heen catlsfactorily uaed is shown
dingramnsaically in Fig 15 A syslem like
this  wauld cast  bosically abowt
E1R0, or £% per channel, The total power
hacding capscily woukd be 120W arwl the
lew-Frequency  efficiency woeald be well
shove overage. The awveilehle law
requency pewer wouwld he 64 rimes that of
A single unit ar abwal 0,13 pecuerle warla,
Usicig & swstem like 1kos ig the Bbrary of &
large country house, an effective sound
sage of A0t wes readily ackieved with
poad keation Uroughoul this area, [L was
wonderful far Hstening te grond opera.

Conclusions

I feel that rhe Ieudspeaker industry os a
whele hag shown meulficienr regand fos
the reguiremenl of sieree, whedst on the
ather kiend some of the record compenies
haee messed things up with mizli-channe
compulerized pimickry. The resull i a
snirt to the left of ue and o squirt 1o the
richl, with a muddled bubble bubble in the
middle. [Tangne twisters please noie)
Griven &n oglmmieed polar cBaracLessiic
and correct placement, the hazsic
two loudspeaker system will work
sifficiently well o josrify the sdditional
cast, Witk very Llitde sddigonal e0orl these
may he ploced hock te back m canjunctian
with refleacters 1o nchisve o very marksd
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Fig L3 Prerodacieg deiers o Sfead podar cheracienistics,

reflectors may ke mted  ine
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Fig. 4. Fmprevsion of how a_fiedl deloy
srwer mlphr he fred on a wall,

il ecicr Meliecton

U
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Fig. 15, A shortened delay line sytiene
Adsn empaEine relacroes.

mmprovemend, I cost is nod n primary
conalderation. tben ome of 1he delay line
techoigaes moy he nged with or withouws
reflecioes o prowide an ulbimate in soursd
repredluction by 1oday’s siandards,

A few limes I have used the sxpression
‘available soand-slage widoh®, acd 10 avoid
confusicn 1 shauld poing out that there is
na disadvariage in making chis o5 wide as
poealble, prondded the image iocaiion is
pood. In chis caee i the programme
requires omly & resricled stege, then this
sheuld he evidens i the signal information
amd 1l programme mioterial will restrict
itsell cear o the centre of the available
sound stage. Some programome materinl
does benefit from & wide stage, in which
chEE 0l 8 mice to have it ovaslable ard 1o el
the progromme by the grace of the
recorchng  cogineer] determing itg  own
willh

Printed-circuit Boards

Wirdtta Werld Calour TV Becelver. We are
informed by D-B-§5 Blecironles, The Parsade,
Cptram. Hadia, thal they can supply prnced-
oreo boards For thie recsiver. D fof parl o
the colour Growiry measares only 2 in by
Ug in. The layoi s difTeren from the arginal,
but the board is drillsd end the & aed & numsters
are marksd om L

Capacitor-discharge Ipoities System. 0. E
Boolbom, of 61 Cockesere Rosd, Seafurd, Sussex,
hag qrudum:] printed-circuit Boards For e
cepachor dscharge anilcet  ppelem designed
by R, M, Mamlon and published in Jaosary
YT Beand: sre mvailable for both megecive
am powinve earth varsions sl 4 cosl of 25
(L1.2%) Tho price @cludes poslage, Greoi
Eagiiaan, a lish ol componenls and suppliers,
and praciical coreruccion tips.



