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STEREO FOR 
BEGINNERS 

I N T R O D UCT I O N  

Of the  innumerable sc i en t i fi c  and tech nologica l advances made in  t h i s  
century, t he perfection of  the gramophone ha s  been entire ly to the 
advantage of m ankind. with pract ica l ly  no attendant .  ma lignant 

appl icat ions .  Many mi l l ions of people have been acquainted wi th  the art of 
music through its medi um, and the concert ha l ls  and opera houses of the 
world have become-as i t  were by proxy-the common property of all who 
cari afford record playing apparatus. But the gramophone has. through 
technical l imitat ions ,  remained a second bes t .  Anyone who has been for
t unate enough to l ive near a conctrrt ha l l ,  and wil l ing to accept someone 
e l se ' s  choice of programme. has known that  the  "atmosphere

. , 
associated 

with the real th ing cannot be found in the  home .  
Advances there have certain ly been and.  in  the years s ince the second 

world war, the techniq ues of recordi ng and reproduction have improved 
almost beyond measure.  Yet there remained a seemingly unbridgable gap-
that " atmosphere " would sti l l  not come in to the home, no matter how 
loud or near the reprod uced sound was made. But now a bridge is  being 
built ,  in the form of stereophon ic sound . At last  it  is possible to reprod uce 
something of the breadth . warm th .  spaciousness and c lar i ty of real m usic . 
together with that indefinable · · feel  

. .  
of the concert ha l l  or operatic stage. 

Stereo is sti l l  widely m i sunderstood and freq uen t l y  misused . large ly hecause 
it i s  often presented as a Pimmick rather than an aid to musical eni0vment .  
I n  many respects the gap between real ity and i l l usion is st i l l  wide. hut it.is 
nevertheless narrower than ever before, and as techniques further improve 
the superiority of the concert hal l  wil l  become social rather than musical . 

The best stereo reproduction is already a revelation to music lovers who 
h ave previously been intolerant of "canned " music,  and in t ime it wi l l  
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become essent ia l  for a l l  to whom the sound of m usic is more i mportant than 
a mere success ion of  notes in  a score . This  book i s  written for the many who 
w i l l  come to want stereo in  thei r h omes,  with the object of guiding them in a 
reasonably non-technical manner towards the best q ual i ty of stereo sound 
obtainable for the  out lay they can afford . 

I f  we merely wish to reproduce in our homes a wide range of sounds with 
that  . .  flat response from DC to infini ty " ,  towards wh ich some l i steners 
stretch out l ike chi ldren seeking to touch a rainbow ; if  we wish merely to 
p luck the chords of memory ; i f  we happen to belong to that fortunate com
pany of musicians who can l i sten at any time to an ideal performance by 
reading a score , then stereo has l i t t le  to offer us which a s ingle channel wi l l  
not  provide ju st as wel l .  I f  we wish ,  i n  the words of eq uipment advert i sements 
to "Bring the orchestra into the !il'ing room " the same is t rue . But for those 
who seek beyond these l imi ted though perhaps unattainable ends-for 
something more and something different ;  and for those who may not even 
have a very clear idea of what i s  being  sought ,  but  who find any and every 
piece of mono (single channel) reproduction in some strange way inadeq uate, 
un sati sfying and incomplete, stereo may wel l  be the ta l i sman open ing the 
way to an adventure with remarkable  possi b i l i t ies , to an experience dist inct 
from any previous ly offered by reproduced sound ,  leading to reva luat ions 
and new assessments  of qua l i ty .  

Mono versus stereo 

To see why this should be so,  let us look briefly at the two systems .  It has 
long been establ i shed that a good mono recording,  made in  a rather " dead " 
studio and well reproduced, can effectively p lace an artist in  the posi tion of the 
l oudspeaker in  a room.  Thi s  techniq ue, applied to sol o  singers and instru
mentalists,  produces a lmost com pletel y  convincing and satisfactory results
so much so that there has been a tendency to th ink that we needed o n ly to 
refine our methods and equipment a l itt le further for  real i ty to l ie  within the 
ho l low of our l oudspeaker cones . But  in fact the  success of the procedure 
depended on a careful selection of sound sources of comparable size to the 
speaker. the avoidance of m ult ip l icat ion of these sources, and the recording of 
a minimum of " ambience " or  reverberation involving c lose microphones and 

Mono is like coins in a pile-s/ereo spreads 1hem oul. 
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acoust ica l l y  dead studios. I t  was necessary for recording condit i ons to be 
art i fic ial in order that reproduct ion  m ight be na tura l !  

The  very success of  mono i n  th i s  restr icted fie ld  served to em phas ize i ts 
l i m i tat ions in the ears of snnit: forward looki ng people .  Because we were 
working in one channel  on ly. as soon as the sound sources were m u l t i p l ied. 
however many m icrophones m ight be in  use, the effect was rather l i ke bui lding 
a p i le  of coins .  one on top of the other: the faces are h idden ; only the  edges 
are v is ib le ; and the smal ler ones are submerged by the larger, unless they are 
del i berately brough t forward.  The on ly  di mension i t  i s  poss ib le  to transm i t  by 
mono i s  backward and fonrard. s ince any movement o ther than forward is  
away from the microphone .  If  th i s  is  counterba lanced by the use of other 
microphones, there is  no apparent movement ,  and a performer needs on ly  
to p lay  more loud ly  to appear to move forward . 

I t  fo l lows that  max imum c lari ty in the record ing of large sound sources, 
such as orchestras. was to be obtai ned by the use of several microphones, 
spaced across the laterally spread sound source ; and.  provided that the 
l i stener would accept an apparent posi t ion on the conductor 's  rostrum when 
the recording was reproduced. the method worked q uite wel l .  H owever. we 
were not a l l  prepared to do th i s. our ,ibjection being that we d id  not normal ly 
occupy this posi t ion at concerts. and any attempt to use the vol u me contro l  
as i t  shou ld  be used, as a d i stance contro l ,  produced infal l ib ly  the  impossib le  
effect of l i sten ing c lose to  an orchestra from a d i stance away ! 

The Second Channel 

The use of a second channe l ,  however. spreads out the coins before us, 
each in i ts proper p lace, al l  the faces eq ual l y  v is ib le ,  the smal ler in due pro
port ion to the larger-noth i ng obscured or pushed fo rward .  Correct re
la t ionships are now preserved ; the physical separation of the performers i s  
conveyed w i th  i ts  conseq uent c lar i ty ,  and  no . longer i s  i t  necessary to  suppress 

- ambience, which now seems to be recorded separatel y  from the m usic, much as 
a frame i s  separate from a picture .  yet forms with it a single ent ity .  

A sound generated at the left or r igh t  of centre emerges, apparently ,  from 
that posit ion in reproduct ion. as if  one wal l  of the room h ad d isappeared, 
making an opening in to the auditorium where the performance is tak ing 
place . In point of fact d i rect ional  properties do not matter much,  except in 
operatic works: what does mat ter i s  that the sound should not seem to 
come from a l oudspeaker ,  and that  we should receive something more than 
j ust sounds.  

H igh fide l i ty  in  mono form puts  impu l ses of excel lent q ua l i ty  ( i f often in
complete) in to loudspeakers . We now seek to take sound out of loudspeakers 
and put i t  into space 1rith its a111hience. Stereo with i ts  two channels gives us 
the means to do th is .  Some of our  apparatus may be approaching fina l i ty in 
i t s  development, and wh i l e  research m ust and w i l l  continue ,  we a lready have 
equ ipment enab ling us  to enj oy a completely new standard of reproduced 
music .  We have onl y  to use this eq uipment in the right way, and to ins i st on 
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the sort  of records, tapes and ( later) radio transmissions which wi l l  g ive us 
the results we desire .  In thi s fie ld ,  we are a l l  begi nners .  

When we attend a concert, we are conscious of the atmosphere-of the 
environment of which we are a part-even if we c lose our eyes. With stereo i t  
is  possible to record and reproduce not only sounds,  but an " environment " ,  
so that· we become a part of it  in the  same way ,  and th i s  is  what we should 
seek to do .  Anything less i s  a fai lure, to a greater or  l esser exten't, in using the 
ful l  possibi l it i�s of the medium.  This amounts,  in effect, to our transportation 
to the scene of the origina l  performance: the very reverse of the o ld  theme of 
" bringing the orchestra into the l iving room " .  We do not wish the mountain 
to come to M ohamet; M ohamet must go to the mountain . This invo lves 
recording the whole  complexity. of the waveforms in  their correct relation
ships, and regenerating those waveforms apparent ly  in the space between the 
l oudspeakers-something w hich can be accomplished only by the use of 
two separate channels-by stereo. 

I t. is an accepted fact that sound makes physica l ,  nervous, mental and 
spiritual impacts on all of us. The nature and extent of these i mpacts has 
been ,  and continues to be, a subject of study in some hospitals and medical 
research centres. w

·
i thout doubt,  the form of sound most stimulating to the 

imagination is musical sound .  It is no exaggeration to say that people can 
l eave a concert feel ing better for having attended it. " Every performance " said 
Artur Schnabel " is an occasion "; and it  is  the sim u lation of that experience 
which is the criterion of stereo q uality-n ot i t s  freq uency range or the 
posit ioning of individual sound sources .  I t  w i l l  at once be obvious,  however, 
that a simulation of this order, which amounts to a rep l ica or  facsimi le  of the 
origina l ,  and therefore the creation of simi lar sound pressures at the ears of 
the l i steners, req u i res (1) very l ow di stortion levels ,  (2) adeq uate power· in the 
amplifiers, and (3) proper arrangement of the speakers ; and these essentials 
cannot yet be provided by one-piece reproducers . 

I have fel t  it necessary to wri te thi s somewhat lengthy introduction because 
i t  has been brought home to me that with the same q uantity of bricks of equal 
q ua l i ty  one can bui ld a man sion or a mausoleum: a place for the l iv ing or  one 
for the dead ; and the greater part of this  book i s  concerned wi th the assembly 
of the right sort of bricks .  I believe that sound reproduction i s  not on ly  a 
l iving, growing art and science, but a lso a l iv ing, growing force with po
tential it ies as yet unrealised, remarkable as its present actualities are. Stereo 
represents the art's h ighest manifestation  so far, and to write about the 
means of producing thi s wi thout first giving an indication of what we should 
be trying to do, would be an evasion . Stereo is not simply an extension of high 
fidelity. I t  is someth ing essent ia l ly  different aestheticall y  and psycho logical ly ,  
an experience of a differen t order, and i t  should be approached with that 
knowledge. 

I record my very sincere than ks  to a l l  those who have helped and en
couraged me to write th is  approach to stereo, especia l ly  to M r  F. H. Bri ttain 
and Mr C. E. Watts who have spent m uch time in the attempt to enl ighten 
an obtuse and argumentative mind. 
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CHAPTF.K. ONE 

WHA T I S  

S T E R E O ? 

T he word " stereo"' i s  an abbrev iat ion of stereoscopic .  stereophon ic . or 
the mongrel word · ·  stereosonic 

. .
. I t  comes d i rect ly  from the Greek 

word stereos, mean ing so l id or st i ff. and i n  the world of sound reprod uc
tion stereo can be llsed to -descri be any system wh ich employs two or more 
i ndependant .  separate and d i st i nct chan nels  between the  sound source and 
the listener'. whether these chan nels are carried by radio. tape. disc. fil m or any 
other med ium .  A s ing le 'channel  sy,stem is common ly k n own as mono. an 
abbrevia t ion of monophon ic .  

Paris-1 881 

The first public demonstrat ion of stereo took place at the Pari s Opera 
Ho use in 1 88 1 .  by means of a te lephone system , and i t  was apparent ly  success
fu l ; but the time was not yet ripe for it, and the experi ment was of no practica l  
va lue .  Towards the end of the first world war.  some government work on 
stereo was  undertaken for sound location purposes. but the fundamenta l  
research which has made stereo record ing and reprod uct ion  a practical 
proposi t ion was done in  England by one gen i us ,  the late A .  D. Bl umlei n ,  
work i ng i n  the laboratories of t h e  Bri t ish Co l umbia Graphophone Company, 
between 1929 and 193 1 . ( Br i t .i sh Pat�nt No.  394,325. Appl ied for 1931. 
Completed 1933)-and in Americ.a , some t ime later,  by a group of engi neers 
at the Bel l  Telephone Laboratories .  

A l though the first stereo record ings avai lable to the public were made 
on tape ( EM I i ssued " Stereosonic" tapes in  th i s  country in Apri l 1955) ,  
B l umle i n's work was done many years before the d i scovery of th is  materia l .  
The  first stereo records were made on wax  under h i s  d i rection around 1 933/34, 
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WHAT IS S I  HU-Cl., 

and from these recorJ1ngs shellac press111gs \\ere produceJ. But. as Dr 
Dutton telb LIS . . . nw l('/!/'lldllcli1111 l/lllllifl' in !hi'.\{' ('(///1 du1.1 \\(/.\ limi!l'd h1 1/w 
1111'/ucc 1111i.1c of !he .1hcllllc ;1n'.1.1i11�.1. und In 1/w lrncing di.1111r1i1m due 111 rhc 
/urge repmd11ci11g .11r/u.1. 7Jw /i-e1;11cnn· rnnge 1rn.1 /in1ired h11//i hr rhc currcr 
und re;1rnd11cN he(/(l.1. and ii 1.-w 1·er1 .1n11n /iiund rhar rl'pr11rl11c1i1111 l//((t!irr 
n111/rl 11111 he .1acri/icerl in n11i.1l'. di.1111r1i11n or /rcc;ucncr rang<' in order 111 11h111in 
11 s!Nen .11.1/l'l!I. In nlhN 1rord.1. s1creo rcproduuion c1111 on!r he /ul!r i:'ffcc1i1·e 
if each channel i.1 opern1i11g under Pe11 high quu!i1r c11ndi1iun.1. The .11ere11 disc 

11·11.1 1hcre/i1rc .1he/1·<'rl pending the rlerclopme111 and imprn1·eme111 11fgra111oph1111e 
1ech11iquc. · ·  

The American experi ments tended to show that. part1rnlarly in  larger 
spaces. there was somethi ng to be gamed from the use of more than two 
independent channels for stereo recording and reproducti on. At this stage 
film was the only medi um avai lable for such a system although. as we shall 
sec. it has subseLJuently been applied to tape. The possibiliti es of such a 
system for publi c  entertainment in c inemas (where cost and complexity were 
not matters of prime importance) were soon reali sed. and led directly to the 
sort of sound reproduction which we hear today in .. Cinl:'ra111u" and other 
film presentations. 

Seventeen years after the first demonstration of stereo in 1881. a Dane by 
name of Poulsen patented a device li.ir recordi ng magnetically on steel tape 
or wire: and duri ng the Second World War German scientists developed this 
device along new l ines by producing a tape coated with iron oxide. Thi s. 
together with improvements whi ch had been made previ ously to Poulsen\ 
device by other scienti sts (Blattner and Stille). made tape recording a useful 
and practical system. 

Wax Out-Tape In 

After the war. the victors took this invention from the Germans, and it  
was rapidly developed and improved still further. From about 1 950, tape 
recording replaced wax blanks as the material and method by which the record 
companies made their originals. With the arri val of the half-track tape record
i ng system. which doubled the playing time. and with the i ntroduction of a 
new method of copying tapes-bv means of a master machine controlling 
a large number of .. slaves

.. 
- the marketing of musical performances on tape 

i nstead of on discs became practicable. So the door was wide open for stereo 
recording and reproducti on. No new apparatus was required: it was merely 
a matter of" doubli ng up 

..
. for the twin tracks were recorded or reproduced 

at the same t ime via separate amplifiers and loudspeakers. 

At one time it looked as i f  the future of stereo lay with tape. Impressive 
demonstrations of the high quality and vastly increased realism obtainable 
were given in London by James Moir (then of BTH )  and F .  H .  Brittain of 
GEC. using their own tapes and recording methods. EMI dug out Blumlein's 
work and made recordings by his methods. They duplicated these tapes at a 
slower speed (7� i n. per sec) for sale to the public and gave a number of 
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demonstrations .  the best of a l l  tak ing place in the Abbey Road Studios 
before an inv i ted audience. prior to the first release of their " Stereosonic" 
tapes.  

However. there were those who bel i eved that general acceptance and use 
of domestic stereo reproduct ion depended on the. d i sc-and perhaps u l t i 
mate ly on rad io .  The pioneers of stereo disc records had not been id le .  
Emory Cook in  America had i ssued stereo discs in 1 952-twin groove records. 
need ing  dual pickups for replay .  and giving only half  the normal playing 
t ime per side. More promisi ng were the efforts of Arnold S ugden ( of Connois
seur motor fame) in England d uring 1 956158. when he successfu l l y  
demonstrated single groove d i sc stereo recordi ngs at  exhibi t ions of the  
Bri t i sh Sound Recording Association i n  London .  These were recordings that 
he  had made h imself, and he replayed them with a pick up  of h is  own design 
and man ufacture .  Others.  too, were working q uiet ly on s imi lar l i nes .  

The " development and im provement of gramophone techniq ue " which 
Dr Dutton mentions as an essent ia l  for the prod uct ion of stereo d i scs had 
now taken place. We had better cutters and pickups. which had given us 
· ·jf;-,.:· ( fu l l  frequency range record ing)  and much i m proved reproduction . 
The LP  disc had cpme s uccessfu l ly  th rough i ts  inevitable teething troubles .  
Pressed from an unfil led v i nyl p lastic materiq). which reduced surface noise 
to vanish ing point, these d i scs were played with a 0 · 00 1 -i nch rad ius  sty lus 
tip--about one th ird of the size of that used for 78 's .  These developments, 
and the i n t roduction of the feedback cutter head . now made it possib le to 
cons ider going on from where B l u m le in had left off some twenty years earl ier. 

Decca Developments 

M r  Arthur Haddy. Chief Engineer of the Decca Record Co . .  and one of 
the most d is t inguished members of his profession .  set h imse lf  the task of 
developing a pract ica l  stereo d i sc system of eq u iva lent  q ua l i ty to Decca' s  
ffrr long  players .  M r  Haddy is among the  more reticent of a reticent  
profession, but he was persuaded to g ive some account of h is  activi ties for 
the benefit of the com pany assembled at the M arch LP Conference at B lack
pool in 1 960. He told us that  C. J .  Francis ( then with the Parlophone C o . )  
was working on the  proble·m s  o f  stereo sound in  1 938, a n d  h o w  h is  contacts 
with  Francis had sti m ulated the stereo project within the Decca Company. 
Three workable systems were evolved-one by Decca; one by Decca 's  German 
associates. Te/dee, with whom c l9se contact was maintained ; and one in 
America by Westrex, about which we shal l  have more to say in the chapter 
on " Stereo from Discs " .  

I nternational agreement was reached fo r  the adoption o f  the "Westrex 
45-45 " system as standard, and in 1 957 the road was clear, though much 
work remained to be done. Decca had been preparing for stereo discs since 
1 954. by making origina l  tapes in  stereo as wel l  as mono, so that when a 
decision was made to proceed with the issue of stereo discs, a repertoire was 
available. Much more than this was req u i red, however, for suitable apparatus 
had to be designed and man ufactured for the reproduct ion of the new records. 

12 
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H owever, whi le  a l l  th i s  preparatory work was s t i l l  going on ,  someone e l se 
l et off the rocket ! I n  Apr i l  1 9 58, im mediately before the London A udio 
Fa ir, Pye Records Ltd . .  gave a demonstration to an invited audience in 
London, and announced their fi rst release of stereo d i scs .  

Many people have s ince expressed the opin ion that  i t  would have been far 
better for stereo if all manufacturers had 'agreed to, and adhered to. a �fate 
for the fi rst re lease of stereo d i scs .  so that a reasonable term of notice could 
have been given to both the publ ic and the equipment manufacturers .  As it 
turned out. d i sc stereo got off to a bad start, amid general confusion . Appara
tus of good qua l i ty to play the new records was not avai lable in  useful q uan
t i ty .  M akers of records and eq u ipment fel t  themsel ves pushed . and during 
the next  few months  many people wasted m uch nioney on gear that  was 
inadeq uate for i t s  purpose. This si tuat ion did much harm to the cause of 
high q ual i ty  sound reprod uction in general, and to stereo sound in  part icular .  

Twin-Channel Stereo 

So m uch for a brief h i storical survey : now let us take a closer look at the 
general nature of the stereo reproduction which al l  of us can enjoy in  pur 
homes today. This  should properly be designated .. tirin-channPI stereo", 
because we know that stereo is not t ied to the employment of two chan nels 
only. We can add further channels  and improve resul ts .  but each additional 
channel  gives a smal ler improvement in  return for the added complexity 
and cost . Domestic stereo i s  l i ke ly to remain twin channel  for a long time, 
and a l l  future references to stereo in th i s  book wi l l  mean twin-channel stereo 
un less a specific q ual ification is used . Twin channel  stereo. l ike every other 
form of sound reproduct ion .  i s  a compromi se, but  it does provide the essential 
basic min imum req u i rements-something which no system employi ng on ly  
one chan nel  can accom pli sh .  

In  attempts to explain why this  i s  so, an analogy has been drawn with 
stereoscopic v is ion .  This is  useful i f  it is  not carried too far or applied too 
l i tera l ly .  We are a l l  aware of the fact that complete stereoscopic v is ion is  
achieved by the use of our  two eyes, and cannot be achieved with one on ly; 

s 

/,p "' / I / 
I 

\ "' / / / I \ /,;� I 
/ I -./ I � ,,,-::, I 

rt e31 
(a) (b) (c) 

Fig. l: l. At (a) there are identical signals at eaclr ear. If' the listener turns a.11'ay (i-om the source S 
as at (b), the signal to one ear is delayed and attenuated. At (c) the delays and atlenuations at bo th 

ears from f\rn speakers create an illusion of' sounds in-between. 
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Earlr stereo experiments h r  B.i .H. emplored a tailor·s dummr 11·ith 111icmp/J()11es 111ou11ted 111 irs 
l'ars (lefi). C.E.C. used nm rihbon micropho.nes mounted side h.r side 1rith their axes at righr-a11gle.1. 

and that perfect ly  effect ive stereoscopic reproduction is possible from a 
"stereo pair " of pictures taken with a camera having i t s  lenses set the same 
distance apart as h uman eyes. When t hese pictures are set up in a suitable 
viewer which causes them to m erge into one pictnre; they apparent ly  possess 
three-dimensiona l ,  sol id characteristics . Because each eye sees the picture 
from a s l ight ly different angle, the brain is  able to assess relat ive size and 
distance by using the difference between the two sets  of informatinn presented 
to it, and by registeri ng the extent to wh ich the eyes have to be converged 
to produce one central image. 

Our ears don't work in  the same way, of course ; they are not directional  
organs ,  and we can't  move them independen t ly  of each other or of the head 
which keeps them apart, but we can turn that th ick head unt i l  a ba lance is  
reached; when this  has been done,  we are facing the d i rect ion of the sound 
source .  When a sound originates to the r ight or left of the di rect ion in  which 
we are facing,  it arrives at one ear a l i t t le  sooner than at the other, and is 
heard by that other ear at a lower intensity ( above 1 kcts ) and wi th s l ight 
differences due to the obstruction presented by the head and the longer path 
length which the sound has to take. The bra in  compares four images, two at 
each ear, and by this means locates the posi t ion of the source. more or less 
accurately according to the circumstances ( fig. I :I, page 13). 

Recent  work by Dr D .  M .  Leakey of the G EC Research Laboratories at 
Wembley seems to establ i sh that the d ifferences in sound level and arrival 
t ime at  the ears are the govern ing factors in sound location, and that they are 
in terdependent in their effect on the brai n .  Nevertheless,  a great deal of 
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argument. which is outs ide the scope l)f this hook . persish ah,,ul the exact 
mechani..,m. the factor" involved. and the ir relative i mportance. 

Our facult\ of aural locat1on is less preci se than our power of vi sual loca
tion. as a few honest e.xpenmcllls 111 concert halh. with eyes closed. will 
clearl;. shovv. Sound originating in enclosed "pace .... such as these. does 
not all reach the ears di rectly: much of it arrives hy retlection from walls. 
ceil ing and other surfaces. and so tends to confuse rather than clarify. The 
same thing happens when the sound is reproduced. which is why a rather 
.. dead .

. 
room is best for stereo re prod uct1on: but in spite of these facts we 

still retain the abil i ty to .. place·· sounds. and stereo g i ves us the opportunity 
to exerci se this  ahil ity (whi ch we emrloy unconsciously and continuously in 
our dai ly aural e,xperiences) when l istening to reproduced sound . It is  possible 
to do thi s  only by recordi ng a minimum of two d itferent s ignals. such as 
might be received hy a person present at the performance. and hr keepinx 
these 1110 .11g11i1/1 en1irelr sl!purate until they a.re reproduced si multaneously 
to be reconstituted by the brain (fig. I :2). 

Synthetic Stereo 

If s ignals are m ixed into a single channel. the d i fferences between them 
whi ch make stereo possible are lost. and can never be restored. It is possible to 
provide two different channels i n  reproduction of a s ingle channel source-for 
example. by means of a frequency dividing network whi ch puts the treble on 
the left and the bass on the right with a generous overlap. A time delay can be 
introduced between the two speakers. Although such devices as these will give 
results different from. and in some cases perhaps better than. ordinary mono or 
"double 1110110·· reproduction (i.e. a single channel reproduced through two 
separated loudspeakers). the results will not be stereo because the differences 
between the signals will not simulate those which would have been presented to 
the ears at the performance. In true stereo these signals are merely i nterrupted 
on their way to the ears. Once they have been mixed in a s ingle channel they 
cannot be sorted out again in reproduction. and it must be emphasi sed that no 
i nstrument purporti ng to give stereo effects from a mono source can. in fact. 
give stereo reproduction. 

If you have a tape recorder. you can prove this for yourself by means 

L H 

mw HEAD REPLAY I 
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�� /� ----
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Fig. I :2. This reprnellls ll complete stereo .1Tste111 from per/ormN.1 to listener 
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of a s imple experiment .  Get two people to stand c lose together and reci te 
d ifferent nursery rhymes: you wi l l  find it very d ifficul t  to fol low either to 
the exclus ion of the other .  I f  now you get your subjects to stand 1 0  feet or 
so apart and say their  pieces together aga in ,  you wi l l  find that  you can fol low 
eithef' at wi l l .  Now record the sound on your tape i n  each case by means of a 
s ingle m icrophone, and on playing back your recordings you wi l l  find i t  j ust 
as d ifficult to separate the speakers iri the second case as in  the first .  whether 
you use one loudspeaker or two, and h owever you " doctor

, .  
the output .  

The resu l t  w i l l  be  exact ly  t he same if you use two separate m icrophones. 
however posi t ioned. and comb ine their outputs on the tape.  

To carry the experiment to i ts  logical conc lus ion .  a stereo recorder and 
a l i t t le experience in  i t s  use would be requ i red : but then i t  would be found 
that .  on playback th rough sim i lar ly placed· external loudspeakers.  your 
ab i l i ty  to fol low either person at wi l l  when they are separated by I 0 feet or 
so would be restored . We shal l  have occasion to refer to this experiment  
aga in  i n  a subseq uent chapter .  At th i s  stage we w i l l  observe only that i t  
serves admi rably to i l l ustrate : (q) that  microphones and other e lectronic 
record i ng  and reprod ucing eq u i pment do not possess the faculty of the 
human hear ing system to analyse the sounds they recei ve. and (h) that two 
cum pkte ly separate channels  are essential for stereo record i ng and 
repn ld uct ion . 

S tereo work�. A l th ough our  understand ing of exactly how and why i t  
works may he i n com plete or inexact, and the explanat ion offered here even 
more so .  one proper ly arranged demon�trat ion will convince anyone. The 
author has on many  occas ions  found i t  both i n terest ing  and enterta in ing  to 
watch the facia l  express ions of scept ica l  and prejud iced people change during 
the course of ha lf  an hour's l i s ten irig. and has been de l ighted to see them 
depart " converted". Qui te recent ly. after a n  hour of stereo. a v i s i tor got up  
and  sa id  sad ly: " Wel l. I m ust go  home now te l l  my w ife I 'm going over to  
stereo- and then  take  evas ive ac� ion a s  quick ly  as possi ble !

,. 

Genera l ly  spea k i ng. th i s  should not be necessary. as we sha l l  see when 
we come to consider su i table apparatus: but tir s t .  though we may be.convinced 
that stereo works. we m ust look at what it can offer us in  comparison with 
mono reproduct ion ,  and then decide whether i t  i s  worthwhi le .  
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CHAPTER TWO 

I S  S T E R E O  

WO RTHWHI L E ? 

A M r  Peter Walker has pointed out, there are two classes of people 
who l i sten to reproduced sound : those who put up with the loud
speakers i n  order to l i sten to the m usic, and those who put up with 

the m usic i n  order to l i sten to the loudspeakers. Whereas a few years ago 
H igh Fidel i ty was giving some people h igh blood pressure. for the good 
reason that i t  had become a th ing of penetrat ing.menace in the hands of Mr 
Walker's second category of l i steners, a couple of years ago t hese same sound 
addicts had succumbed to a new d i sease which may be described as·· hystereo
sis " . Tra ins  and racing cars roared their  way t hrough these people · s  homes 
with shattering freq uency, i nterspersed by the arrival  and recession of hordes 
of pipers .  One wal l  of their  rooms melted away to give access at wi l l  to a 
swimming bath or the Tower of London, and when the t u mul t  and the shout
ing died, l i fe, which m ight be j ust one big bowl of cherries. became instead 
one in terminable game of p ing-pong. 

All  the above, wh i l st proving indubitably that stereo works (as we said in 
the last chapter) ,  d id l i t t le good to us and none at al l  to the ca use of sound 
reproduction .  I have come across people active!) engaged in d isposing of 
perfectly good mono equipment of h igh q ual i ty. and exce l lent records of 
various  kinds for a mere song-recorded in stereo, of course. So.  lest we 
be carried away i n  the boat of ignorance by the wind of enthus iasm. or de lay 
too long and be left s tranded by the r is ing t ide, let us  look soberly at what 
stereo has to offer to those of us  whose i nterest in the means of sound repro
d uction is governed ent irely by our desire for the  end : the abi l i ty  to transport 
ourselves and our guests at wi l l  to the scene of a m usical or dramat ic 
performance. 

Until the advent of stereo . sound reproducing systems ( even of the h ighest 
attainable q ual i ty) employed one channel  only between performers and 
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audience. Several microphones might be used in the recording, but the ir  
outputs were invariably mixed and appl ied u l t imately to one pair of term ina ls  
at the input  to the recording ampl ifier .  Over  the years a l l  the l inks  i n  the chain ,  
from microphone to loudspeaker.  have been stead i ly  i m proved un t i l .  today, 
a si ngle channel reproducer can have an a lmost perfect measured performance. 
I ndeed, five or six years ago some of us  were pretty pleased with our  mono 
reproducers ; we were thri l l ed with the increased fai thfu l ness of the sounds 
they made when we p layed a good record and hand led the controls proper ly .  
Frequency range h ad been extended a lmost to the l imits  of our  ears ; d i stort ion 
had been reduced to the  point  at which i t  was no  longer  a serious  d i stract ion . 
and i mproved transient response gave crispness to the sound.  but a few 
awkward people right ly  refused to be sat isfied . 

Electronics-plus ' 'something ' '  

A n  a lmost perfect e lectrical performance does not ensure a lmost perfect 
reproduction . The picture is somehow i ncomplete .  We d id  not k now. and sti l l  
do not ,  a l l  the things we ought  to be  measuring, or we have not found out  
how to measure them ; so in  the end we are  forced to depend on our  ears .  
If t hose ears are trained and practised in  the appreciat ion of l ive sounds, 
they wil l  m iss very l itt le when assessing reproduction , even though their 
assessments may,  l ike their owners, d iffer ; and i t  may be difficult or im possib le  
to express these j udgements in  measurable terms .  

One  fact is  beyond dispute : at the  t ime we  are  wri t ing about .  i t  was  per
fect ly possible ,  under carefu l l y  control led condi t ions ,  to deceive experienced 
l i steners by a direct comparison between certain k i nds of l ive and recorded 
sound.  Many readers may h ave experienced th i s .  M r  Ceci l  Watts 's  amazi ng 
private recordings of the h arpsichord, made around 1 950, were not considered 
satisfactory unt i l  a trained and experienced m u sician, s i t t ing three or four 
yards away in  the  room where the record ings were m ade, was  as often wrong 
as right when trying to decide whether the sound was " l ive .

. 
or recorded . 

Nevertheless, with many kinds of m usical sound,  reproduction could not 
(and st i l l  cannot) bear comparison in  q uality with the real thing, and if  o ur 
measuring  i nstruments te l l u s  something different ,  or lead us to expect some
thing differen t  from this fact, then either they are l ying or . .  the fault, dear 
Brutus, l ies not in  our i n struments but i n  o ursel ves that we are underl ings " ,  
because we do not  know how to measure a l l  the th ings which are  important .  

Single Speaker Limitations 

We suffer from a shortage of words, or a shortage of knowledge of how 
to  use them to describe accurately the differences i n  q ual i ty between a live 
performance and a first class reproduction of i t ; but, l istening to a s ingle 
loudspeaker, one thing stands out  a mile : a sort of compression ,  a sq ueezing 
together of the sound once we go beyond solo instruments and voices ; a l ack 
of spread , of size, i n  the source ; a concentration of the  h igher frequencies so 
that they " sq uirt " at  a l istener facing the speaker. Under these condit ions,  
i f  we stopped to think, i t  was obvious that  we were l i stening to sound comi ng 
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from a hole in a box : from a very smal l hole in a very large box .  if we. thought 
a l itt le more : just as if we were shut up in a sound-proof room in a concert 
ha ll. facing a c i rcular aperture ten or twelve i nches in d i ameter cut in one wal l .  

It was thi s  realisat ion vvhich had led that great engi neer Paul Voigf to 
design his  famous ell / / IN H11rn,  twenty years ahead or i ts t ime. and whi ch 
later produced the Wlwrfedali! C11n1l!r Reflex. the A cousrirnl Conll!r Rihhon. 
the Wa11.1· · ·  Follr ·· and subsequentl y  that masterp i ece the J I  ·i/ / rs  · ·  Sphai
sonic ·· which among other virtues gave omnidirectional rad iation at a l l  
frequencies .  but which never reached the commerc i a l  mark et because. l i ke 
a fine piano. it h ad to be hand made through out by craftsmen. 

Experiments with Speakers 

L istening to these loudspeakers led the present author. who co u 1 J  l l Lll 
afford to buy them. and a number of people in the same boat. to experiment 
with loudspeakers laid on their backs. facing i nto corners (like Mr Ral ph 
West' s  admirable Dl!Cca Cornl!r Horn. sti l l  the best design of its type). or 
placed on one side of room dividers with the listeners on the other. and to 
advocate publ ic ly the trial or these i deas. We \1 ere all trying to dodge the 
. .  point source 

..
. to disguise the too obv i ous ,1 r i g i n .  hy d i ffusion·--and, better 

sti l l ,  by hiding or disguising the speaker as \\ ell. · 

The result i n  a lmo.st every case was somL' l t1ss i n  measured qual ity.  but 
a consi derable gain i n  real i sm, due to a more nat ural listeni ng angle  a n d  the 
avoidance of l oudspeaker consci ousness. The nnt logical step was to use 
two loudspeakers.  spaced apart and fed i n  parallel. whi ch often broke up 
the room resonances quite nicely (another or the nuisances with which we 
have to contend) .  and apparently transferred the source of sound to a point 
between the speakers . thus tending to take our attent ion from them. Thi s 
was the l imit of progress along these l i nes from a single channel source. and 

� 
S P E A K E R  

T A P E  
A 

M A C H I N E  O R  

� 
R E C O R D  

M I C . 
R ECOR O I N G  P L A Y E R  8�4 <s;J A GE A R 

Ss 

IB � 
"' 

J :z: a:: 0 w 
;;; ..., [}) z 
"' :r ..... ::> u ..... u a:: </) a: 0 

/ 
� � "-

�'-> M I C . 
r::;� B + 

1 ST. & 2 N D. 
V I O L I N S  

S P E A K E R 

B 

Fig. 2 : 1 .  Steffo enah/es one to hear the o rches rrn in propff pnspectit •e.  trithour  1 1 rni11 

1 9  



STEREO F O R  BEG I N NERS 

it is from th i s  point  that  s tereo takes over. I s  it wort hwhi le ? What  has it to 
offer which we cannot get  from t he appl icat ion of i n te l l igence and art  i n  the  
use  of the improved appa ratus  avai lab le for the reprod uction of a s ingle 
channel ? 

For our appl icat ion ,  which I am tak ing to be chiefly the  reproduct ion and 
appreciat ion of m usic ,  the d ifferences between mono and s tereo reprod uction 
of eq uiva lent  s tandards are not of the staggering or shat ter ing k ind .  They 
have noth ing in common with the d ifferences in  the vi sual field between 
b lack-and-whi te  c inema and . .  g lor ious tech nicolour " :  rather are they of 
the order of the d ifferences between first c lass colour films and Cinemascope 
or wide-screen project ion . 

The fi rst and greatest advantage of stereo sound is that  it gives an indica
t i on of the  s ize of the origi na l  source. A loudspeaker cannot change i t s  size 
in accordance w i th  changes in the s ize o f  the source of the record i ng  which 
it is cal led upon to reproduce. but  spea kers reprod uci ng a stereo signal appear 
to do th i s ,  beca use the sound seems to be taken out of the loudspeakers and 
to occupy a greater or lesser ex tent  of the space between them . Hence we get 
not merely the possib i l i ty of lateral locat ion . but  someth ing  much more 
important  - -a more nat ural  l i sten ing angle for the various t ypes of pro
gramme materia l  ( fig. 2 : 1  ) .  

H ome versus Concert H all 

To a l i stener in a good seat .  an orches tra of normal size in a concert ha l l  
subtends an  angle of a bout  50 t o  70 degrees .  A loudspeaker a t  home provides 
a l i sten ing angle of about 5 or 6 degrees to  a l i stener facing i t  from a d i stance 
of 8 to  1 0  ft-the eq u i va l en t  of a seat so far from the  orchestra tha t  b i noculars 
and a publ ic add ress system would he req ui red to see and hear it as any th ing  
more than a d i s tan t  h lu r  1 

But  the  advan tages of stereo are not  confi ned to orchestras .  A s  we a l l  
know from experience.  t he  perfo rmers i n  a theatre are not  s ta t i c .  They come 
and go and move about the stage w i t h  ( i n the  case of an opera ) an orchest ra 
remain ing  spread out  in fron t  of t hem . A l l  t he sound does not  emanate  from 
the same spot or the sa me area of space from start to  fi n i sh . 1\; ow .  if  1 11 a 
si ngle channel recordi ng made w i th  a s ingle m ic ro p h o n e  a perfo rmer moves 
away from that microphone in an r d i rect i on ,  the resu l t  i s  always the same when 
the recording is  reproduced : t h e  performer seems to  have moved hack 1rurds .  
I n  order to avoid th i s  undesi rable effect ,  severa l m icrophones are used . the i r  
outputs  are m ixed and,  in  reprod uct ion .  a l l  the sound seems t o  come from 
one poin t ,  wh ich does not coinc ide wi th our experience of the rea l t h i ng .  
S tereo gives us a m uch m o re natural resu l t .  

One  of the  m ajor advantages of l i sten ing  to a rea l orchest ra in a decen t 
ha l l  is the  clar i ty and separat ion of the gro ups and i ndiv id ual i n st ruments .  
The degree of separat ion d iffers, of cou rse . depending on the hal l  and .  in 
most  cases, on the  seat occupied b; the l i stener : one has on ly to at tend a 
" Prom " at the Albert Hal l  one ev en i ng and a concert at t he Fes t i val Ha l l  
the nex t  to real i se th i s .  Nevertheless th i s  sepa rat ion 1 s  a lways there .  large l y  
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as  �1 r·esu l t  or the physical separat ion of the p layers. and the sounds wh ich 
thn produce reach our ears  from d ifferent  d i rect ions .  These effect s  are neces
sa ri l y lost in a mono recordi ng.  as we saw from the experiment  wi th the tape 
recorder suggested i n  Clwptl.'r 0111.' .  even if the s ignal  is the combined outputs 
of severa l microphones.  o·r is reproduced thro ugh mu l t ip le  loudspeakers .  

Some improvement  can be secured by the employment  of c lose microphone 
techn ique and record ing in  acoust ica l l y  · · dead 

. . 
surroundings.  but as the 

effect in reprod uct ion is to bring the performers i n to the l i sten ing room.  the 
appl icat ions for natura l  resu l ts are l imi ted to soloists  and smal l  grou ps of 
r laycrs such as q uartets .  The performers suffer some inconven ience from 
s i t t ing as close together as is phys ica l l y  possi ble i n  order to produce the  
effect of sound proceed ing from one in tegrated source. and not from four 
separate players . 

When c lose m icrophone techn iq ue is appl ied to larger groups such as 
orchestras. the resu l t  i s  not p leasi rig : fi rs t .  beca use no one i n  his sen ses wishes 
to s imu late the effect of an orchestra in his l iv ing room ; second.  because if 
he seeks to take the orchestra fu rther away by decreasi ng  the vo lume.  the 
resu l t  is one q ui te im possib le in nature of l i s ten ing to " ' c lose up " sounds 
from a long way off; and th i rd .  because the aco ust ica l l y  " dry "  effect . with 
l i tt l e  recorded am bience ( which a friend of mine  once descri bed as " l i ke 
l i sten ing  on the fron t  row of the Fest iva l  Ha l l  with the rest of the bui ld ing 
stuffed w i th cotton wool " )  is q ui te  unrea l .  and to most ears rather unp leasant 
under domest ic cond i t ions .  

Recorded ' 'Ambience' '  

The problem o f  the amount  o f  ambience which shou ld  be recorded -that 
is. the acoustic atmosphere or colorat ion of the original  performance-is not 
an easy one to so l ve .  Too l i t t le leaves us very thi rsty. and too m uch drowns 
us .  and al l  the fine details of the m usic as we l l .  We want just  enough to gi ve 
us the i l l us ion of presence-not the presence of the art i st s  in our rooms.  
because genera l l y  speak ing our rooms are not large enough to accept them 
comfortably.  or the sounds which they prod uce--but  of our presence in  
whatever surround ings the performance . took place. Here. stereo scores 
heav i ly .  An increased amount  of ambience can be recorded wi thout loss of 
c lar i ty and separat ion because the ambience i tse lf seems  to be separated from 
the d i rect sound .  As J ames Moir  so clearly puts it . . .  A stereo reproducer 
t ransmits  the acoustic characteristics of the origi na l  scene. A si ngle-channe l  
system degrades them 

. . 

The fina l  characteristic of stereo reproduct ion wh ich we shal l  consider 
here i s .  for most ordinary l i s teners to m usic.  the least important and the 
most variable : the ab i l i ty  which i t  confers ( to a greater or lesser exten t )  
on  the l i stener to · · p in-point · ·  the posi t ion of a given sound source. re lat ive 
to h imse lf  and other sound sources in the space between the loudspeakers .  
This characterist ic depends .  more than any of the others.  on  the record i ng 
methods employed. the  reproducer used, and the posi t ion of the l i steners 
relat ive to the loudspeakers; and it is  the l east i mportant because i t  is  a l so 
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the  most variab le  of the characterist ics of a l i ve performance. and i t  con tr i 
butes  less  than the  others to our  enj oyment  of i t .  To q uote Dr Leakey : 
. . . . .  i t  m ust never be forgotten that i t  i s  the subject ive i mpress ion  tha t  fina l l y  
coun t s  i n  the  assessment  of  a pract ical sound system . 

U nfortunate ly , the subjective i mprovement  resu l t ing  from the use of m u l t i 
channel sound systems does  not  appear to  be based on the abi l i t y  to  loca l i se 
spat ia l ly the various  sound i m ages. I ndeed, with many systems the  reverse 
appears to be the case . F u rther .  systems i n  which defin i te location is v i rtua l ly  
im possible often appear to be preferred" .  M y  on ly  personal  doubt  about 
that  statement  concerns the use of the  word . .  u nfortunate ly  

. .
. 

We ought to be q u i te clear i n  our m inds  about what stereo can do in  th i s  
respect . In  some q uarters, stereo has acq uired the  tag ' ·  3 . D. "  or ' " three 
dimensional sound 

.
. . which is unfortunate because it is i n accurate and m i s

lead ing .  Worse sti l l .  on one ampl ifier which was widely so ld .  the  switch 
posi t ion giv ing  mono reproduct ion through two loudspeakers was marked 
" 3 . D . " .  so tha t  stereo presumably was by inference 4 or 5 D ! Now. if we are 
l i sten ing i n  a concert ha l l . and i f  the horns or any· other group of i n struments 
p lay loudly ,  they appear to be nearer to us than  when they play soft ly : th i s  
i s  a state of affa i rs perfect l y  we l l  appreciated by composers. and perfect ly  
wel l conveyed by a mono reproducer. wh ich wi l l  a l so convey accurately the  
d ifference i n  quality of sound caused by an actual movemen t  of the  i ns trument  
to another environment---e .g .  p lay ing off stage. or the difference between 
an  in strument p layed soft ly  close to a m icrophone .  and loud!r further away 
from it .  So we can say t h at a mono system i s  " one-di men sional · · .  

A � tereo system adds one more d imens ion -the lateral d imension . Move
men t t ,) the sides, away from the  centre. i s  combined wi th  the apparen t  sh ift 
backwa rds or forwards that i s  conveyed by mono .  The fundamen tal i mport
ance or this (as was pointed out on page 7 )  i s  that a performer can move or 
be p laced to the side without  seeming to have moved backwards , and he  wi l l  
keep th is  relative posi t ion i n  reproduction .  i n stead of bei n g  brought back 
to the cen t re by the use of another m i crophone - or a l l owed to seem as if 
he had m oved backwards, as would be the case with mono recording  and 
reproduction . Stereo does not , and cannot .  convey any i nformation about the 
t h i rd or vertical d imens ion ,  and whi le  i t  would be theoretically possib le  to 
extend the system to  do th i s .  there would be l i t t l e  poin t  in i t .  

On the  basis of  what ha s  been said. we  may  j u st ifiably conclude : ( d) that  
a stereo reproducing system i s  one which transmits from a stereo recording 
some i ndications of the size and spatial d i stribu tion of the origi nal  sound 
source. and (h) that  such a system of record ing and reproduction i s  very 
defi n ite ly worthwhi le  because, by i ncreasing  the na turalness of the sound 
reproduced in the ways which have been ind icated. i t  br ings an immediate ly 
appreciable i ncrease in the pleasure of l i s ten ing .  

Stereo i s  here to stay . Therefore anyone who i s  now consideri ng t he  purchase 
or i mprovement of sound reproducing  equ ipment would be most  unwise to 
leave stereo out  of account .  for sooner or later- and probably sooner - -he  wi l l  
want i t .  
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S T E R E O 

R EC O R D I N G  

A present ( 1 963 ) the on ly  way to enjoy stereo sound regular ly at home 
i s  by means of record ings .  A l l  stereo records are m ade on tape in  the 
first place. and subseq uently transferred to d iscs or other tapes for 

domestic use . The record ings from Br i t i sh stud ios  are made to in ternat ionally 
agreed record i ng characterist ics. known as R I AA for d i scs and CCI R  for 
tapes. with a view to securing the best possible compromise between di stor
t ion.  freq uency response and s ignal-to-noise ratio when the records are 
replayed through ampl ifiers fitted with standard compensation devices. 

Al though i t  owes so m uch to modern scient ific advances. recording ( in 
mono or stereo)  remains .  and i s  l i ke ly to remain . an art as wel l as a science ; 
th i s  i s  the first th ing we learn i f  we try our hand at it by means of a tape 
recorder. or if we are fortunate enough to be able to attend a recording 
session .  There are few. if any .  fixed ru les .  and assuming  the h igh standards 
of equipment and processing wh ich are today a lmost un iversa l .  perhaps the 
most important s i ngle factor wh ich affects the qual i ty of the resu l ts  that 
we get from a record is  the placing of the m icrophones .  

Microphone Types 

Microphones may be c lassified accord ing to the shape of their sound 
pick-up pattern . There are th ree types : omni-directional ( picking up sound 
from al l  round ) .  figure-ofeigh t ( pick ing up front and back .  but not at  the 
s ides )  and cardioid ( pick ing up at front and sides. but  not at the back ) .  These 
different types are often used together. and it w i l l  be clear from a glance at 
the patterns of the pick-up fields ( Fig. 3: I) that even if only the min imum 
two microphones are used in mak ing a stereo record ing. which nowadays 
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STE R E O  R E C OR D I N G  

i s  unusual ,  b y  choice o f  types and arrangement t h e  p ick-up pattern i s  a lmost 
infin i tely variable .  

B lum le in  used two fi�ure-ofn/!,hl pattern m i crophones. mounted one 
above :he other wi th  their axes at r ight angles .  EM I " Stereosonic " tapes 
are st i l l  recorded by us ing th i s  method, and they provide some of the best 
stereo avai lable .  F. H .  Br i t ta in  of GEC used a s im i lar method,  but wi th  the 
microphones s ide by s ide on the same leve l .  thei r rear p ick-up being  supressed 
by sound absorbing materia l .  Results are excel lent .  

Other methods us i ng the m icrophones c lose together have been tr ied . 
omnidirectional m icrophones bei ng mounted at e i ther side of an artificial 
head i n  the posi t ion of h uman ears, on either s ide of a separat ing or " shadow
ing " d i sc (fa i l i ng to take account of the fact that horh ears recei ve s ignals 
from borh channel s ) .  and s im i lar i nstruments placed hor izontal ly from one 
to two feet apart facing the performers. Techn iq ues using microphones close 
together are popular in th i s  coun try. but they m ust not be described as .  or 
confused with close microphone techniq ues. because th i s  expression refers to 
the prox imi ty of the m icrophones to the performers. not to each other .  
Rather.  the express ion coincident microphones should be used . 

Wide Microphone Spacing 

I n  A merica. methods of stereo record ing with the m icrophones spaced 
m uch further apart have been more extens i vely used. based on what has been 
called .. Class ica l " stereo record ing-i n which early pract ice the d istance 
between the m icrophones in record i ng was i n tended to correspond to the 
d i stance apart of the loudspeakers to be used in reproduct ion .  The d istances 
varied from about 6 ft to as m uch as 30 ft . Record ings made with widely 
spaced m i crophones tend to produce an exaggerated " left and righ t " effect .  
wi thout  a sol id central image. somet i mes cal led " t i nk  and ton k " stereo , but  
nowadays record ings made in  th i s  way a lmost i n variably i nclude a th i rd .  
central channe l  wh ich i s  m i xed i n to the other two for twi n channel 
reproduct ion .  with i m proved resul ts  ( fig. 3 :2 ) .  

M ent ion m ust be  made of  the  German M IS ( M i tte-Seite.  M i ddle-S ide)  
system . which has been m uch used i n  Europe.  i nc lud ing England . I t  em ploys 
a specia l  Neumann m icrophone, Type SM 2 .  which is rea l ly  a pai r of condenser 
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Fig .  -3 : 1 .  Microphone responses ma r he omni-direclional . .fif?ure-o(eif?/11 or cardioid rnch has ifs 
uses . 
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m icrophones i n  o n e  case . The i r  p i ck -up  pat terns  can b e  vari ed .  One i s  gi ven 
a jlgure-of�eighr character i s t i c .  but s ideways on  to the performers .  and t he  
o ther  a cardioid character i s t i c  l�tc i ng d i rect l y  towards them . The  s i gna l s  
from t hese i n st rumen t s  a re m i xed i n  spec ia l  ou tpu t  t ran sformers .  conta ined 
wi t h i n  the microphone .  in such a \V ay that one chan ne l  carr ies i n format ion  
from le ft p l u s  cent re. and  the  o ther  from r igh t  p l us cen t re .  as  i n  the  t h ree 
channe l  system men t i oned above .  

Some record i ng compan ies occas iona l l y  g i ve a genera l  i nd ica t ion  of the 
met hod which was used for m a k i ng a record . The  i n format ion  i s  o r  i n terest .  
hu t  i t  i s  u n l i ke ly  that the pract ice w i l l  hecome genera l .  Ways of record i ng 
a re bei ng comb i ned .  changed . and var ied from day to day.  accord i n g  to  
c i rcumstances .  Record i ng does no t  take p lace under  cons tan t  cond i t i on s ; the  
t ype and  s i ze of t he sound  sou rce 1.:hanges over  a very  wide range : the  n u m ber 
of var iab les i s  a l m ost i n ti n i te .  and t he eng i neer has  const a n t l y  to exerci se 
h i s  ar t . s i nce

. 
an arra ngement  wh ich  works  wel l in one case may very we l l  no t  

prod uce t he  best resu l ts i n  ano t her .  
The  a ppa ra t us and e n v i ron men t  mos t  l i ke ly  to  he found i n  reprod uct ion  

or  t h e  record i ngs has  a l so to be  cons idered . Br i t ta i n and  Leakey s ta te tha t  
" The a i m  or a perfect stereophon ic  sound reprod uci ng system i s  to  crea te  
for t h e  l i s teners a s im i l a r  sound p ict u re i n  correct a u ra l  pe rspec t i ve to  t ha t  
wh ich t h ey wou ld  h ave i f  t ranspor ted to  an  i dea l  posi t i on  from wh i ch to hear 
t he  or ig i na l  sounds" . If  we accept t h i s  s tatemen t .  a s  I t h i n k  we m us t .  and 
1 f  we h a ve had e x per ience nf records of  s i m i l a r  sounds  made hy d i fferen t  
met h ods - - then .  i n  genera l .  we may  \V e i l  agree wi t h  Dr Lea k e y  t h a t  " Perhaps 
t he  most  successfu l  system i �  one  em p loy ing  pressure-grad ien t  m icrophones 
d i rected o utwards a t  90 degrees and  spaced at a short d i s tance a par t  

. .  

Bu t  th i s  does  not mean t ha t  sat i sfactory.  fu l l y  acceptab le .  and p leas i ng 
resu l t s  can not  be obta i n ed by o ther  methods .  We k n ow from exper ience that  
th i s  can be so.  and t ha t  1 t  i s  ach ieved regu la r l y .  

Record i n g  i s  ou t s ide o u r  cont ro l .  u n less we h ave a stereo tape recorder 
and  can do our  own : and t h i s  w i l l  q u i ck l y  teach respect for record i n g  eng i n 
eers .  The refore.  w h i le i t  i s  i n terest i ng a n d  usefu l  to  k n ow somet h i n g  about  
record i n g  methods .  t he  m ost i m por tan t  t h i ng for us .  as l i steners.  i s  so to  
choose and  use  o u r  s tereo reprod ucers t hat  we can get  t he bes t  resu l t s  from 
the  w ide  range of records ava i l ab l e  on  d i sc and tape .  
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THE B A S I C  

R E Q U I R E M E N T S  

T he posi t ive and i mmediate ga i n  i n  l i s ten ing p leasure from stereo repro duc
t 1 o n .  as com pared w i t h  mono or eq u iva len t  sta ndard .  has or  course to 
be pa i d  for in both cash and space : but fortunate ly  those who l i ve in 

smal l  rooms.  and who thus have to make the greatest sacrifices to i n stal l  
stereo equ i pment .  need not fear  that  they wi l l  not reap the fu l l  benefit .  Fi rst 
class stereo in a smal l  room is d i fficu l t .  but fi rst c lass mono is a lmost i m pos
s ib le .  It would be absurd to suggest that going over to stereo solves all the 
problems, but if the eq u ipment i s  carefu l ly  chosen ( wh ich idea l ly  i nvolves 
l i sten ing  to i t  in  the  room in  wh ich i t  wi l l  be used- see Chapter Ei�ht )  the 
i mprovement i s  a lmost spectacu lar .  

There i s  a popular  heresy. concei ved by salesmen and born at  demonstra
t ions . that h igh q ua l i ty  reproduct ion m ust be of shattering volume in  order 
to make i ts  fu ll i m pact , so that  the im pact i s  a lm ost physical ' The idea i s  
now dy ing .  but too  s l owly .  There are st i l l  people who bel ieve. h onest ly  and 
s i ncere ly  but q u i te  wrongly .  that  the d ua l  ampl ifiers and speakers req ui red 
for stereo wi l l  necessari l y  make more no ise than one of each .  j ust as there 
are people who would not cons ider  a 20 watt ampl ifier  becauS'e they t h i nk  i t  
would make twice as m uch noise as a I 0 watt m odel . whereas in fact an 
ampl ifier  of about 1 00 watts ra t i ng  would be req ui red to do th i s .  In stereo. 
because the apparent sound so urce is spread . and beca use the use or  a second 
speaker  tends to break up room resonances. a g i ven sound output seems less 
loud . It i s  the ordi nary person who wi shes to l i sten to music in a room of 
ord inary s ize  who wi l l  benefi t most of a l l  from insta l l ing  stereo . 

Before going fu rt her .  an emphat ic  word of warning must be given.  lest 
anyone may t h i nk  t hat there is some magic about stereo. and is tem pted 
to sell good mono apparat us cheaply beca use he q ua i l s  at the thought . and 
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Lou·rher LLI5S amplifier R ogers R D  Cader II control unit 

Leak Varislope control unit 
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the cost. of dupl icat ing i t .  I n  Chapter Nine we sha l l  consider the problems of  
convert ing exist ing eq uipment for stereo reproduction . but here and  now i t  
must be m ade c lear that the advantages and i ncreased l i stening p leasures 
which stereo brings w i l l  not be better than mono from one channel  of h igh 
qual i ty un less the second channel  is of equal  excel lence. If you are buying 
new eq u ipment for stereo, i t  m ust be at least as good as, and preferably 
better than ,  the mono equipment which i t  rep laces ; 1r  you insta l l  a second 
channel for stereo, it must measure up in qua l i ty to the exist ing one.  

The basic essent ia ls  for stereo reproduction are two ampl ifiers and two 
loudspeakers ( preferably,  but not essent ia l ly ,  ident ical ) ,  to which wi l l  be 
added a stereo d i sc p layer, a tape m achine  wi th  stereo playback faci l i t ies ,  
or a complete stereo recorder, or both, according to i ndiv idual  req ui rements .  
These i tems wi l l  be d iscussed i n  the chapters on Stereo from Disc and Stereo 
from Tape respectively .  Eventual ly ,  we shal l  be able to add a stereo radio  
uni t  i nstead of, or i n  addit ion to,  stereo d isc and tape  p lay ing equ ipment ,  
but in  th i s  chapter we are concerned on ly  wi th  the i nd ispensable i tems in  
any stereo set -up-the ampl ifiers and the loudspeakers. 

Stereo Amplifiers 

The amplifier l ies in the cen tre of the reproducing chain ,  and during the 
past twenty years i t  has atta ined a greater degree of perfect ion than any other 
component,  so that today there are probably about th i rty  models of these 
instruments avai lable ,  made i n  this  country, which w i l l  handle uniformly  
a range of sounds, i n  the form of electrical  impulses, and  which i ntroduce 
no more than a few parts in a thousand of d istortion in the process of bu i ld ing 
up the t iny signa l s  from pickup, tape or radio to a level at which they wi l l  
drive loudspeakers. 

In every ampl ifier usefu l  for stereo there are two sections : the pre-amp lifier 
or control uni t  and the main, or power amplifier. Sometimes these are put 
together on one chassi s ; ·  more usually the two sections  are separate .  There 
are t hree possib le stereo ampl ifier arrangements :-
(a )  Two completely separate amplifiers and control units .  This  is incon

venient ,  and not usually recommended, though i t  may save money in 
some instances.  See Chapter Nine, . .  Con verting to Stereo " .  

( b )  A stereo control un i t  and two separate main ampl ifiers--3 chassis .  
( c) A stereo control uni t  and stereo main ampl ifier .  This usual ly  shows 

some saving in cost over (b), as only one power supply section is 
requ i red . 1 or 2 chassis .  

A stereo control un i t  or pre-amplifier i s  actua l ly  two units mounted together 
in each case. Sometimes separate controls for each channel are employed in 
the pre-amplifier ; more often the controls are ganged . Whatever the arrange
ment,  it does not affect the q ual i ty  obtainable,  given good design, and the 
choice is purely one of persona l  preference . 

For a normal l iv ing room of about 1,800 to 2 ,000 cu ft, and with speakers 
of average efficiency, a stereo amplifier in any of the above forms, providing 
an outpu t  of 5 watts per channel w i l l  prove adequate. Less, i n  a room of th is  
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size. i s  sa i l i ng ra ther near the w ind .  espec ia l ly  i f  the owner i s  fond o f  rea l i st ic 
organ reprod uct ion .  or such works as Walton ' s  Balsha::::ar's Feast.  Verd i ' s  
Requiem. Wagner's Ring. or o ther  music on an heroic sca l e .  I n  larger rooms,  
10  watts  per channe l  shou ld  be regarded as the m i n i m u m .  and 1 5  watts per 
channel  may he desi rab l e .  

A l l  re l i able manufacturers pub l i sh  performance specificat ions of  thei r 
ampl ifiers .  The fo l low ing  sho uld be regarded as essen t ia l  m in imum req u i re
ments : Freq uency response.  40 c s to 15 Kc s .  plus or minus  2 d B .  Total 
d i stort ion.  not exceed i ng 0 · 2  "0 at 1 Kc s .  H u m  and noise. at least 60 dB down 
on fu l l  output .  The uni versal a ppl icat ion of negat ive feedback has made the 
attainment of such standards a s im ple matter .  

I t  should look good, too 

See whether the maker has anyth i ng to say in h i s  specificat ion about 
d istort ion below 1 00 c s. Have  a good organ recording played at fu l l  vol ume. 
and l i sten carefu l ly  for any nasty noises .  Satisfy yourself that the am plifier 
i s  more than j ust sufficient ly sensi t i ve to give ful l  output from a tape pre
am pl ifier or the low level output from a recorder ;  see that these, as well as 
the p ick up. wil l  match the am plifier inputs in level and im pedance . Don't 
be afra id to ask q uest ions. unless you know exact ly  what you are look ing 
for. and don' t  a l low yourself to be put off by evasive answers.  See that the 
layout inside and out is neat and clean . especia l ly  the wir ing. and that  the 
finish i s  good . Look part icu larly at the output t ransformers ; they should not 
be much smal ler  than large oranges. 

Versat i l i ty i s  i m portant .  The control unit should have stereo i nputs for 
gramophone pickup ,  tape . and radio .  and a lso tape output sockets for future 
stereo record ing from rad io .  The fol lowing controls are desirab le : Selector 
s�ritch ( o r  push buttons )  for d ifferent in puts : 1·olume and halance controls . 
mono t stereo switch . separate and independent hass and trehle controls 
giv ing both l i ft and cut ,  rumhle filter. either permanent ly operative_ or  switch
able . and a low-pass filter operati ng at two or  three d ifferent freq uencies . 

Filters 

The q uest ion of fi l ters is i m portant .  Because a stereo pickup is sens 1 t 1ve 
to vertical as wel l  as latera l  vi brat ions ,  motor rumble i s  a more ser ious menace 
to stereo than to mono reprod uction . especia l ly  if the speakers to be used 
have a good bass response .  A very steep cutt ing h igh-pass fi l ter ,  known as a 
rumble fi l ter, should be regarded as essential i n  a stereo ampl ifier, for no 
loµdspeaker can reproduce good, c lean,  hard bass and rumble at the same 
t ime ,  even though the rumble may be over la id by the  m usic .  

The funct ion of the var iable lo w-pass fi lter i s  to a l low the hass and trehle 
controls to be used for the ir  proper purpose : to compensate for d ifferences 
in  loudspeakers and l i stening  rooms,  and to permi t  a fairly permanent setting 
of these contro l s  for correct m usical balance . D i stort ion i n  any of the sound 
sources which the ampl ifier wi l l  be cal led upon to deal with is l i ke ly to be 
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Fig. 4 : 1  ( /e/i )  sho 1n 1he Hea1hki1  Co 1s1 1 0/d speak er. On rhe rir.;!11 (fig. 4 : 2) is a cross-sec/ ion o(a 
reflex enclosure. 

most prevalent and most u npleasant at h igh freq uencies ; and when it i s  
present i t  i s  l i k e l y  to i ncrease rapid ly  w i t h  an u pward extens ion of 'the range . 

The variable l ow-pass fi l ter enables the extreme treble response to be 
reduced. or " ro l led off", thus  reducing or e l im inat ing i rritat ing d istort ion 
with m in imum effect on the actua l  m usical range . I f  the treble  control has to  
be used for th i s  purpose, not on ly  i s  i t s  prop�r funct ion d is turbed ,  but  the  
cut  starts too l ow i n  the scale. i s  not sharp enough,  and before i t  can be reason
ably effective in removing any d i stort ion wh ich may be present; all the l i fe 
has been taken from the m usic .  The same rem ark appl ies ,  with even greater 
emphasis ,  to the use of the bass control for the curtai lment  of m otor rumble .  
The balance control  should provide a maxim um of not less than 6 d B  d ifference 
i n  level  between the channels .  

The fact that versat i l i ty and flexib i l i ty  are essent ia l  i n  a good stereo control 
unit does not mean that i t  need be large, or possess a front  panel resembl ing 
the cockpit  of an aeroplane .  Don' t  fal l  too easi l y  for the un i t  with the largest 
array of knobs .  The less you play with the contro l s  when l i stening ,  the more 
pleasure you are l i ke ly to get ; the greater the number of knobs the greater 
wi l l  be the temptat ion to twiddle them . In part icu lar. once bass and treble 
controls have been adju sted to suit your  room and loudspeakers, i t  shou ld 
seldom be necessary to touch them except to provide add i t ional  compensation 
for occasional  over-bri l l i ant or bass-less record ings .  

Final ly .  choose an ampl ifier produced by a maker of establ i shed reputat ion .  
I f  you are  uncerta i n .  seek unb iased and respons i ble adv ice from an experi 
enced friend or the technica l  advice service of one of the j o urnals devoted to 
sound reproduct ion . 

Loudspeakers are very personal  th ings .  I t  is possible to state. scientifica l ly ,  
a specificat ion for a tape mach ine .  ampl ifier, p ickup or motor with certainty 
that any i nstrument which fulfi l s  that specificat ion wi l l  produce resul ts  
sati sfactory to anyone.  No such th ing i s  yet  poss ib le with a loudspeaker. 
We can d i scover and even measure the faults i n  a speaker ; we can specify the 
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desirable q ual i t ies .  O u r  difficul ty l ies  in  est imating-for w e  cannot measure
their  relative im portance : l i ke a ch i ld  who can recogni se numbers but  not 
evaluate them . Al l  loudspeakers add to ,  and subtract from the signal s  which 
they receive.  not merely in q uant i tat ive terms,  but  so that the character of the 
resu l t ing sound i s  changed ; further,  the extent to which they do this i s  depen
dent not only on the un i t s  themse lves ,  but a l so on  the way they are mounted, 
the room i n  which they are used and their posit ion i n  that roo m .  No two pairs 
of h uman ears are a l ike ,  and no two different loudspeakers sound a l ike  to the 
same person .  The matter i s  complex,  and the necess i ty to use two loudspeakers 
for stereo does noth i ng to s impl i fy the problems,  even though it i mproves the 
final resu l t . 

You choose a loudspeaker for yourself, and often one man 's  meat is another 
man's poison in  th is  respect .  I t  m ight  be supposed that ,  s ince a l l  loudspeakers 
add some colourat ion of their  own to the sounds which they reproduce, the 
loudspeaker which adds the least-which is i t self nearly colourless-would be 
the best ; and some of us th ink  that th i s  is in fact true, other th ings being 
equal . But  if, for example. an electrostatic speaker has been chosen as the 
idea l ,  and some people compla in  that the resu l t  i s  " cold " ,  who shal l  say that 
they are wrong ? The most anyone can say is that he does not  agree, or perhaps 
that he does not l ike hot m usic ! I n  the final analys is .  every l istener i s  left with 
the verdict of h i s  own ears • .  but  comparing one loudspeaker with another i s  
q r isky practice which should not be carried too far .  Every loudspeaker should 
be compared , as far as memory permits ,  with l ive sound i n  the concert hal l  or 
the home ; and memory shou ld be kept as fresh as possib le by regular 
experience . 

At th i s  point it i s  perhaps as we l l  to make clear that the word " loudspeaker " 
1 s  loosely used to cover everyth ing from an apple-sized " tweeter " for the 

.Ail;; 

Fig. 4 :3 (lefi) shmrs 1.vpical column speaken. Fig. 4 :4 ( riKht) is cutmrn r version of Lowther Acous/a. 
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higher freq uencies on ly  to a large cabinet con ta in ing a " woofer " or  bass uni t  
the s ize of a d i nner p late .  one or more . .  tweeters" and a uni t  for the middle 
range as we l l .  S i nce no loudspeaker can funct ion properly without some form 
of mount ing ( box.  baffle or horn ) .  the word should properly be used on ly  for 
the com plete art ic le .  and i t  w i l l  therefore be so used in th i s  book, and the 
actual generators wil l  be referred to as speaker or loudspeaker . .  un i ts " .  

One last po int  before w e  begin t o  d i scuss the various types and arrangements 
of loudspeakers avai lable for stereo reprnduction .  Where tape m ach ines, 
motors.  p ickups or ampl ifiers are concerned, i ncreased price nearly a lways 
ind icates a genera l ly  accepted i m provement in  q ua l i ty .  This i s  by no means 
true of loudspeakers,  once the realm of the obviously · · cheap and nasty " has 
been left beh ind .  Nevertheless .  i t  would be stupid to suppose that the range 
and general level of q ua l i ty  of speakers cost ing £20 each i s  as h igh as that of 
speakers costing, say, £50 each .  

Speaker Space 

Stereo has solved some problems in domestic sound reproduct ion,  but i t  
has a l so created some ; and ,  leav ing financial  considerat ions as ide for the 
moment .  the chief of these problems created by the i ntroduct ion of stereo i n to 
our homes i s  the problem of space for loudspeakers. A stereo tape mach ine or 
playing desk takes up no more room than a mono one ; a stereo amp l ifier 
req u i res very l i tt le  more ; but two l oudspeakers take up a good deal more room 
than one ! 

I n  stereo recordi ng. cons iderable ca re is taken to keep the two channe ls  
as nearly ident ical as poss ib le .  i n  a l l  respects other than the  actua l  information 
wh ich they carry . and i t  i s  therefore c lear ly des irable .  ( though we do not 
pretend that i t  i s  essen t i a l )  that the  reproduci ng channels  should a lso be as 
nearly a l i ke as possib le .  so that .  idea/Iv, our stereo loudspeakers shou ld be a 
pa i r . thus tak i ng up j ust twice as much of our  valuable room space as a s ingle 
one .  This has led to a perfect ly  understandable demand for sma l l  speakers, and 
a lso to another demand.  equal ly understandable but  less easy to meet, that 
these small  speakers shal l  prod uce the same effects  as much larger ones .  

Speaker Boxes 

Al l  readers w i l l ,  I hope, apprec iate that speaker un i ts  have to be mounted 
in some way-not j ust to make them more presentable to the eye, but a l so to 
the ear. to avoid cance l lat ion of the sound waves in  the bass. At  t he treble end, 
the physical s ize of the speaker un i t  i tself would be sufficient to accompl i sh 
th i s .  but at the low end of the sca le he lp is u nfortunately needed-unfortunate 
because the baffles, boxes and horns wh ich we have to employ for this purpose 
cost money, anq they v i tiate rather than improve the i nherent q ual i ty of the 
resu l t ing sound.  H owever, necess i ty be ing the mother of i nvent ion ,  some 
extremel y  i ngen ious  methods of mount ing have been devised, and recent 
improvements i n  speaker unit  des ign have made i t  poss ib le to produce resul ts  
from sma l l  cabinets which would have been impossible a few years ago . 
However, i t  i s  s t i l l  as true i n  the world of loudspeakers as i t  i s  i n  the box ing 
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ring ( and l ike ly t o  remain s o )  that  " a  good big 'un  wi l l  a lways beat a good 
l i t t le ' un " ,  so, if" you have the space in your room, you wi l l  a lmost i nvariably 
improve your resu l ts  by using larger l oudspeakers . Notice that I say " loud
speakers " not loudspeaker units. 

One thing to avoid is the attempt to get a heavy deep bass response in a 
smal l  room,  even in stereo, though the effect is worse i n  mono reproduct ion .  
The lowest note which can be properly reproduced in  any enclosed space is  
one which has a wavelength not  exceeding  twice the longest d imension of the 
room.  and i f  the response of the eq u ipment i s  mainta ined at a h igh level  below 
this point ,  a l l  that wi l l  resul t  is an u npleasant m uddled booming noise, as a 
resu lt of the resonances of the space itself being strongly exci ted : so i n  smal l  
rooms i t  i s  best  to a l low the bass to fade away gent ly  below 50-70 c/s .  
Fortunately th i s  means that ,  i n  genera l ,  smal l  loudspeakers are the best  for 
smal l rooms .  

Classifications 

Loudspeakers are often described or classified according to the methods 
of loading or mount ing employed : horn loaded, reflex or vented cabinet ,  
labyrinth, baffle or doublet, and infinite baffle are the usua l  type names 
employed . T

.he drive uni t s  are either cone type or e lectro
.
static ; of the latter 

only three models are on the British market at present ( 1 962) : the Quad ful l  
range model and the A udistatic and Woo/let tweeters ; a l l  o f  these are doublets 
and each is exce l lent wi th in  i ts  respective field,  with certain provisos which 
wi l l  be mentioned later .  

Detai l ed discussion of the d ifferences in  design and construction  of the 
various types of mount ing is outside the scope of this  book. I nterested 
readers are referred to our forthcoming book, . .  Speakers for Beginners " , and 
to Mr G. A .  Briggs's books . .  Loudspeakers " and " Cabinet Construction ' ' ,  
where ful l  i nformation wi l l  be found,  together wi th  a select ion of suitable 
designs for those who wish to construct their  own cabinets at a considerable 
saving  in cost . Most of the leading  speaker un i t  makers, inc luding Goodmans 
Industries Ltd. , Axiom Works, Wembley,  Middlesex, and Wharf"edale Wireless 
Works, Bradford Road, Id le ,  B radford, Yorkshire, w i l l  supply constructiona l  
drawings free of charge for various types of cabinets suitable for the ir  un i ts, 
and readers who have the sk i l l  and the urge to " do it themselves " are advised, 
if they h ave decided on  speaker units, to stick to the cabinet designs given 
by the makers of those un i ts .  If they have decided on a cabinet design they 
should also use o n ly the speaker un i ts  specified foi i t ,  otherwise results 
can easil y  be d i sappoint ing .  

Decreasing Cabinet Size 

A couple of years ago, reflex cabinets  were eas i ly the most popular form 
of speaker hous ing ; they are st i l l  probably the most  popular but not  by nearly 
so great a margin ,  because cabinets of small size are in  ever-i ncreasing 
demand, and with the development of spec ia l  dr ive units ,  the " infinite 
baff"le " (which  is s imply a tota l ly  enclosed box wi thout  a vent, wi th  the 
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i n terior suitably damped with sound absorbing materia l ) i s  being i ncreasingly 
used . Speakers of th is  type.  properly des igned. g ive very sati sfactory resu l t s ; 
better resu l ts ,  i n  fact. when restricted to cabinets of 2 cu ft or under. than 
can be obtained by any other form of load ing .  One of the best examples of 
th i s  type , i n  a rather larger box. at a very reasonable price .  i s  the Heathk it 
" Cotswold " ( Fig. 4 :1 ) .  

Reflex cabinets are i nexpensive.  s imple t o  con struct and efficient .  provided 
that in the smal ler s izes up  to about  5 cu ft with  wh ich we are main ly  concerned 
they match the speaker un i ts to be used in  them . U nder these condit ions .  
g iven the necessary room d imens ions .  they provide rather better and more 
extended bass per £ 1 cost of speaker un i t  p lus  cabinet than any other type 
( Fig. 4 :2 ) . 

A special  form of vented cabinet . becoming i ncreas ingly popular because 
it occupies only about  I sq ft of floor space is the co lumn ( Fig. 4 :3 ) .  These 
speakers need carefu l  design . with special atten t ion paid to dampi ng. in 
order to avoid unpleasant resonances in  reprod uct ion : and s i nce the speaker 
unit i s  moun ted hor izonta l l y .  fac ing upwards. a d iffuser is  necessary to 
prevent the high freq uencies be ing  sq u i rted up at the  cei l ing .  The best  resu l ts  
from these enc losures are secured from 8 in .  or 10  in .  dr ive uni ts ,  especia l ly  
those designed to be used in  a h orizontal posi t ion , such as the Wharfeda/e 
" Column 8 " . They are part icu lar ly good i n  smal ler  rooms, where the volume 
level does not need to be very h igh , provid ing a general  sense of spac iousness 
at the cost of some loss of accuracy of locat ion in  stereo .  

H orn l oaded speakers are very efficient .  but  nei ther easy nor cheap to 
make .  Loudspeakers of this type work best with dr ive un i ts designed specia l ly 

F i g .  4 :5  ( /eti) slums r h e  M urdaunt A rundel 
1prnk l'r A h o l'e (fig. 4 :6) is th<' Wharfedale 

SFBJ haflle speaker s rstem . 
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fo r  them, and when t h e  horn loading is  appl ied t o  t h e  front o f  t h e  cone, 
genera l ly  need the addi t ion of some other method of loading. such as a vented 
chamber at the rear. to provide good bass response .  This  i s  because the length 
of horn req u ired cannot poss ib ly  be accommodated in  a cabinet of reasonable 
size. however it  is  folded-and the fold ing of horns  itself in trod uces problems 
if  the q ual i ty of reproduction i s  not to be impaired . Speakers of this type 
are usua l ly  designed to occupy a corner posi t ion ,  ut i l i s ing the wal ls  to extend 
the horn, and taking advantage of the fact that such a posi t ion improves 
bass response .  The first example ( and some people st i l l  th ink  the best ) was 
the famous Voigt Domestic Corner Horn . Voigt ' s  work has been cont inued 
by Mr D. M .  Chavt;/of the Lowther Manufacturing Company. at Bromley. 
who has introduced units of remarkable efficiency housed in  smal ler cabinets 
of modern design ( Fig. 4 :4 ) .  

The "Spherisonic ' :  

Some des igners have appl ied horn load ing t o  the rear o f  the cone instead 
of t he  front . The Watts · ·  Spherisonic " was of th i s  type ; so was the Decca 
Corner Horn .  The ·· Spherisonic 

. .  
radiated in a l l  d i rections ,  as the name 

suggests. the units being ·mounted horizonta l ly .  The Decca faced into, not out 
of. a corner. sound being reflected from the walls into the room .  Unfortunately,  
neither of these speakers i s  now in  product ion ,  but drawi ngs and instruct ions 
for bu i ld ing the corner horn have appeared in  . .  Hi-Fi News " ( March 1 959 
p .  724. January 1 96 1  p .  5 70) .  

I n  other famous loudspeakers such as the G . R .  Founta in  " A utovaph " 
and the Lowther " T. P .  /". horn loading is appl ied to both front  and rear 
of the cone ; in yet others. the Westrex, the A ccoustical Corner Rihhon ( no 
longer avai lab le )  and the M o rdaunt .. A runde/"-a most elegant modern 
example--( Fig. 4 :5 )  separate un i ts have been com bined in  one enclosure, 
using horn load ing for treble and reflex loading for bass .  The Klipshom uses 
separate un i ts with a folded double channel  horn for bass and a separate horn 
for the treble un i t .  H orn load ing for the higher freq uencies has much to 
commend i t ; a better · · tweeter ' "  than the Kelly Rihbon would indeed be hard 
to find,  and when horn loaded treble is combined wi th  carefu l ly  designed 
reflex loading for bass. one is gett ing near to having the best of both worlds .  

The labyrinth  i s  a type of enclosure in  which the speaker un i t  i s  loaded 
by a long p ipe (a q uarter of the wavelength of the resonant frequency of the 
speaker) l ined with sound abso(bing materia l . Cabinets of th i s  t ype gi ve good 
performance-to-size rat io ,  but are not as economical in material and cost as 
the reflex. nor so easy to make. The labyrinth needs carefu l  calcu lat ion and 

· construct ion .  or response wi l l  not be even through the range . For these 
reasons.  comparat ive ly few labrin th  loudspeakers are avai lable .  

Fundamental Resonance 

Al l  loudspeaker un i ts have a fundamental resonance in free a ir .  Enclosing 
them, tota l ly  or part ia l ly ,  i n  any way, a l ters this resonance ( which i s  often 
an exce l lent th ing )  and a lso i ntroduces other resonances-of the enclosed air 

39 



S T E R E O  F O R  B E G I N N E R S  

and sometimes _of the box itself. This  i s  not s o  good, but i t  i s  the price which 
we have to pay for good bass response . 

The only way to avoid these resonances is to have no box to contain 
resonating air ,  or to resonate itself; th is  can be accompl i shed by mount ing 
the speaker uni ts  on a flat  board known as a baffle . We have a lready noted 
that ,  under such conditions,  there wi ll be a rapid fall in bass response below a 
frequency determi ned by the s ize of the baffle board . For ful l  radiation down 
to 50 c/s,  baffles approximately 1 1  ft sq uare would be requ i red ; rather larger 
than most people can h ouse with comfort ! 

The Infinite Baffle 

It should be noted in passi ng that the best form of baffle mount ing is 
the true infinite baffle, obtained by fix ing the speaker un its in holes  cut 
in the walls of a room . Apart from those special ly designed for horn loading, 
any speaker unit wi l l  give its best when treated in  th i s  way, at the cost of 
about ha lf  its power,  s ince a l l  the radiat ion from the rear of the cone i s  lost .  
Even if  we are prepared to accept this  loss ,  the method h as certain  other 
obvious disadvantages, especially for stereo when we may wish to a l ter the 
spacing and angle of the speakers ; a lso .  the rear radiation wi l l  m ake its 
presence fully felt  in the adjoin ing rooms, which can be a nu i sance in  mono,  
and positively d isconcerting in  stereo when such radiation wi l l  consist of one 
channel only i n  each room ! 

Practical finite baffle speakers have been designed, and are obtainable,  
us ing two or three units  on one baffle. The Wharfeda/e SFB 3 i s  the lead ing 
example (Fig. 4 :6) .  Speakers of th is  type are  very sensit ive to posit ion in 
the l istening room, and should not be placed close to walls ,  a l though a 
corner posit ion will excite maxim u m  room resonances with apparent i ncrease 
in bass response .  If they are kept away from walls-taking up  more room 
space-these speakers, w hich operate as " doublets " ( that is  radiating  back
wards and forwards equally, but n ot radiating edgeways) excite a m in imum of 
room resonance . The electrostatic speakers at present avai lable are special 
examples of this type. In general they are not at their best in stereo in o

'
rdinary 

rooms since i t  i s  very difficult to keep them far enough away from reflecting 
surfaces (3-4 ft) to avoid confusion from the reflected sound or, as an  alter
native i f  th is  cannot be done,  to arrange heavy sound absorbing drapery over 
these reflectors .  

E lectrostatic speakers have desirable q ualities not possessed in  the same 
degree by cone driven m odels,  and we may look with the greatest possible 
in terest towards the day when we shal l  h ave available a ful l -range electrostatic 
speaker su i tably loaded at the rear of the diaphragm, and so shaped as to 
occupy less floor space and present a more su itable pola r characteristic for 
stereo reproduction .  so that the fullest advantage may be taken of its i nherent 
q ualit ies of low distortion and superb transient response . 

A few general observations on  the characteristics of amplifiers and loud
speakers h ave been offered i n  th is  chapter with a view to provid ing some 
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guidance in  t h e  whole fie ld o f  choice thro ugh which i ntendi ng purchasers are 
now inv i ted to wal k .  I t  rema ins  to add that q uest ions  of posi t ion ing and 
arrangement wil l  be dealt wi th in  Chapter Ei;;h t � . . Bu.vin;; and lnsta!lin;; 
Stereo Equipment ' "-and to make it abundant ly clear that the .. snags " in  a l l  
types of loudspeakers are fu l ly  appreciated by the ir  designers .  These experts 
have bent the ir  best efforts towards overcoming them,  so that no purchaser 
need fear that he w i l l  not get sati sfactory results from any of the types detai led 
above, provided that he understands i t s  ind iv idua l  qua l i t ies, and that he has 
sat i sfied h imse lf  that the k ind of reproduct ion wh ich it provides i s  the k i nd 
which he wants .  

Pont ificial pronouncements are occasional ly made about loudspeakers for 
stereo : they m ust be d i rect iona l ,  or they must not : they m ust be arranged in 
certa in  specified posi t ions  relat ive to the l i steners and each other, etc . I t  i s  
respectfu l ly  suggested tha t  any such  statements be  d i sregarded . Experience has 
convinced the wri ter that there are no defin i te rules of this k ind ,  and that 
a l l  which may safely be said by way of guidance i s  that ,  under normal domest ic 
condi t ions .  speakers should be from 6 to 1 2  ft apart,  that the max i m um stereo 
information w i l l  be received by a l i stener at a s im i lar d istance from each 
speaker, and that d i rect iona l  speakers provide more preci se sound source 
iocat ion .  Readers w i l l  find some d iscussion of possible speaker arrangements 
i n  Chapter Ten ,  " listening to Stereo " . 

" There a in ' t  no sich an imal " (as  the o ld lady said on being shown a 
rh in •Jceros for the first t ime )  as the ' · best ' '  speaker for stereo, or for mono 
ei ther .  The choice of a loudspeaker to l i ve with for a number of years has 
never been an easy matter,  and i s  i nextricably bound up with the tastes ,  ears, 
environment and pocket of the l istener .  The best loudspeakers for you are 
those which make the easiest compromi se with these conflict ing demands.  

Three-Speaker Systems 

So far, we have been th ink ing in terms of pairs of loudspeakers, but as 
we shal l  see in Chapter Eight, " Converting to Stereo " ,  it is not essential to use 
identical speakers, a l though i t  i s  desirable to do so ; and s ince most of the 
d irect ional  i nformation i n  stereo comes from the h igher freq uencies, a three
speaker system employing a common bass un i t  and two separate treble 
speakers, one on either side, handl ing the separate channels  above about 
400 c /s  is sometimes used . 

Perhaps the most important decis ion to be m ade about loudspeakers for 
stereo i s  whether they sha l l  be d irect radiators,  or reflectors of the sound,  
l i ke columns .  The only sat isfactory way to make th i s  deci s ion i s  to  l i sten, 
prefera bly in your own room, to a pai r of each type reproducing a variety of 
sounds .  Many good dealers are prepared to arrange th i s  sort of tr ia l ,  or you 
may be able to borrow speakers fro m  friends-or, as a second best ,  l i sten to 
pairs of each type i n  their homes .  If all e l se fails, you will h ave to rely on a 
showroom demonstrat ion ,  to which we shal l  refer i n  Chapter Eight. 

The reflect ing type of speaker provides very easy, unt i ring  l i stening,  
together with a sort of open air, ethereal qua l i ty ,  a sense of spaciousness, 
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which many people find very attract ive .  Stereo coverage i s  good . but location 
is less preci se than with di rect rad iators .  I n  many cases. d i rect rad iators can 
be posit i oned to work as reflectors i f  the user prefers the effect .  but one of 
the advan tages of col umns i s  that the h igher freq uencies are projected into the 
room from the wal ls  at a height wel l  above the level  of absorbing furniture. 
which is  not a lways the case with other des igns .  

Di rect ional  speakers give an effect of grellter im mediacy. better location 
over a ra ther more restricted fie ld . and a more forward effect .  as from a seat 
rather nearer to the performers.  at the same vo lume level . 

Lise Speech for Guidance 

When choosing speakers.  l i sten to speec h .  us ing a di rect microphone 
t r�1 n s m 1 -.. s i o n  I l l° t he  \ \ l i ce of sornenne vou know.  or the B BC V H F  service.  
or such a record as  Col .  .1 3SX 1 04.I ( Gerald M oore )  or Caedmon TC E 1 0.1 
( Beat nee L i l l ey .  Cyr i l  R 1 tchard and Stan ley Hol loway ) .  Speech .  espec ia l ly  
ma le  speech .  q u ick ly  shows up  co lorat ion of the lower m iddle regi ster. and 
it a l so reveals any tendency for the  speaker  to boom.  together wi th excessi ve 
s ib i lence ; but it m ust a lways be remem bered that th i s  latter defect i s  to some 
extent control led by the posi t ion of the person who is ta lk ing. i n  relat ion to 
the m icrophone .  I f  he is  too c lose. any speaker worth having wi l l  produce 
excessive s ib i lence. especia l ly  wi th  am pl ifier controls set for flat response. as 
they should be when making loudspeaker tests . 

Live with them if possible 

W hen m usic is  reproduced. let it be m usic ; and if  possib le  let it be from 
records on tape or d i sc .  wh ich you know wel l .  and don't  be carried away by 
excessive ' " br i l l iance " ,  or what may be descri bed as ' " i m pressive " sound ; i t  
soon becomes t i r ing,  even i n  stereo. which ca uses less l i sten i ng fat igue than 
mono. Hence the i mportance of having speakers in  your home for an extended 
period of l i sten ing .  L isten for balance throughout the ra nge. Deep bass. 
m iddle and h igh top should al l  be t here in  proper proport ion .  but  don ' t  
b lame the loudspeaker for not  reproducing bass  or  t reble properly i f  there i s  
l i t t le or none of o n e  or  t h e  other i n  t h e  score a t  t h a t  part icu lar  p o i n t .  That i s  
o n e  reason w h y  i t  i s  i m portant to l i sten t o  m usic which y o u  know.  I f  you 
not ice bass or treble w i thout  conscious ly  l i sten ing for i t .  there i s  a lmost 
certai n l y  too much of it .  L i sten for c lar i ty and cr ispness. for separat ion of 
groups and ind iv idua l  instruments ; above a l l  l i sten for what seems to you to 
be a natural q ual i ty  of sound. Try the effect of standi n g  up,  s i t t i ng down and 
moving around w h i le the speakers are in operat ion ,  and bear in m i nd that,  
whi le your friends may want to l i s ten to your new loudspeakers. you w i l l  
not  want  to do so, at least after the first week or  two . You  w i l l  want  to l i sten 
only to the m u sic . 
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G ra mophone records a re the s im plest and least expens i ve sou rce of a 
wide  range of stereo so u nd or h igh q ua l i t y .  a n d  t h i s  posi t i on i s  un l i ke ly 
to  change unt i l  the advent of a fu l l  service of stereophon ic  rad io  

transm iss ions .  I n  th i s  cha pter .  we  sha l l  cons ider how a stereo d i sc · · work s · · .  
and  the part icu lar  p ieces of eq u i pment t ha t  a re needed to reprod uce sound 
from it .  i n  addi t ion to the basic apparatus  fo r  the reproduct ion of any stereo 
sound source which was d i scussed in  the last chapter. We sha l l  a l so have 
someth ing to say about the care of d i scs. wh ich a ppl ies eq ua l l y  to mono 
records .  

Rather more than eighty years ago Thomas Edison made h i s  ear l iest 
recordi ngs on wax cylinders using · · h i l l  and dale " cut which .  as the name 
i mpl ies .  req u i red the reprod ucing poin t  to respond in  a vert ica l  p lane .  A few 
years later, Berl iner made disc records using a lateral cut . wh ich req u i red a 
s ideways movement from the reproducing sty lus .  The evo l ut ion of the stereo 
d i sc was made possible by the combinat ion of these two d ifferent cuts i n  one 
instrument ( k nown as the cutter head ) and thei r trac ing by a s ing le  repro
d ucing sty lus  in a su i table pick up,  an idea which seems fi rst to have occurred 
to Y. H .  Emerson in  America in 1 92 1 , and to have. been first appl ied by 
another American .  W.  Bartlett J ones, to recording fo r  b ina ura l  l i sten ing  by 
means of headphones .  Peter Ford,  perhaps our foremost authority on the 
hi story of sound reprod uct ion .  tel l s  us that · · J ones was the first to propose 
complex cut d i scs i n  which the vertical and lateral mod u lat ion of the groove 
i s  carried out by a s ing le  cutter and reprod uced by a single pickup  ( U S  
Patents Nos .  1 . 855. 1 49 and 1 . 8 55. 1 50 ) " .  Th is  work was brought t o  fru i t i on 
by the creat ion of a complete and pract ica l  system of stereo record ing and 
reprod uct ion ,  us ing d i scs and loudspeakers w i th  a cut ter  head and  pick up of 
h i s  own design . by A .  D .  B li.im le in . as noted i n  our first chapter .  

For an account  of the more recent  h i story of stereo d i scs we are i ndebted 
to Arthur Haddy of The Decca Record Co . •  Ltd . •  who tel l s  us that .  after" the 
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1 939 4 5  war. Decca prod uced a system o f  stereo record i ng us ing fo r  the 
second channe l  a . .  carrier " of very h igh freq uency ( beyond the range of our  
heari ng) . superimposed on the ord inary recorded signal .  The  apparatus 
req u ired was complex . but  the system worked very wel l .  So far as we are 
concerned . perhaps its greatest va lue in  practice was that  i t  requ i red a cutter 
head ( designed by M r  Haddy)  wh ich would record up to 30 kc l s , and a 
pic kup  of si m i lar  range . H e  further expla ins that Decca's  associate company 
in  Germany.  Te/dee. had . wi th the a id of feed-back appl ied to the cutter head . 
prod uced a workable system com bi n i ng hi/I-and-dale and lateral cuts in  one 
groove . S i r  Edward Lewis .  Chairman of Decca.  decided that i n  the pub l ic 
in terest fu ture deve lopments m ust be a long these l i nes rather than a long those 
of the carrier system ; so Decca 's subseq uent experiments were carried out in  
th i s  way . 

Forty-five/forty-five 

At about th i s  t ime Arthur H addy became aware that the Westrex Company 
i n  America were working on a system known by the awkward name of 
. .  forty-five /forty-five 

. .  
( written 45 145 ) .  In hi/1-and-da/e l /areral cutt ing. each 

signal i s  at an angle of n inety degrees to the other, one in  the plane of the 
record surface. the other at n inety degrees to it . In the 45 /45 system . each 
s ignal remains  at  ni nety degrees to the other. but at forty-five degrees to the 
record surface . so that each s ignal  i s  cut  on one wall of the groove.  

Mr H addy and h i s  co l l eagues feared chaos in  the record industry. with 
Br i t i sh stereo d i scs unplayable in  America. and vice versa ; so Sir  Edward 
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Fig. 5 : 1 .  The relationships he111·een the f \rn signals and modula tions 011 tlw groo i ·e 1rnlls is depicted 
here. 
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Fig. 5 :2 .  This sho1rs hmr l'arious si:e si r/us lips sil in !he record xro o 1 •e.  Tht' \ - lhou 1'adius i.1· hesl 

fiJr .1·1aeo. hu1 ii mm· · ·hol/Om · ·  in som<' hadlr shaped xrool'e.1 . 

Lewis decided that  they should vis i t  America and discuss matters with 
Westrex . This was done. Decca explained their fears. and each side demon
strated i ts  system to the other with success . though the Decca pick up  proved 
to be m uch better than American m odels .  Subseq uent ly ,  meetings of the 
leading gramophone companies were cal l ed in Europe and America, and to 
the surprise of many people i t  was learned that Decca were q uite prepared 
to go over to the 45 /45 system . Whatever the reasons . the resu l t s  must  speak 
for themselves, and today " 45 /45 " i s  the in ternational standard to which al l  
stereo discs are made . So the th ing which sti l l  looks to many people  l ike a 
miracle ( and,  what is more i mportant, sounds l ike  one)  was accompl i shed, 
and the leading q uest ion : " Hair can you get two separate sif?nals from one 
groove H "ith one st_vlus ?" was answered practica l ly .  A study of fig. 5 : 1  wi l l  
explain graphica l l y  how this  i s  done. 

Al l  that  i s  requ i red to reproduce sound from a stereo d i sc,  in addit ion to 
the amplifiers and loudspeakers, i s  a stereo record playing desk . which 
consists of a m otor,  turntable and stereo pick up .  A " record p layer " i s  not 
needed . This term is  used for a complete, portable piece of eq uipment ,  stereo 
or mono,  consist ing of m otor.  pickup, amplifier, control unit and speaker 
uni ts  a l l  h oused in  one box. This is  u sefu l  for certain l i m i ted appl icat ions,  
particular ly for m o no records, but cannot in the nature of th ings provide 
rea l ly  h igh q ual i ty reproduct ion .  In stereo such instruments often prod uce 
resul ts  which are a mere t ravesty of the effect which stereo d i scs should yie ld . 

Cutters and Pickups 

The m akers of stereo discs fo und that  the cutter head was the most trouble
some i tem to perfect .  When replaying discs the counterpart of the cutter 
head i s  the pickup,  and so there is obvious ly a very defin i te l i nk  between the 
manufacturer's cutter problems and the problems that the di sc buyer may 
di scover . N ormal mono L P. d iscs were designed to be p layed by a sty lus  of 
0 ·00 1 in .  t ip  rad ius ,  shown resting in a groove in the diagram fig. 5 :2 .  The 
complexity of a stereo groove makes it necessary to use a smal ler sty lus ,  the 
correct size being 0 · 0005 in .  t ip  rad ius .  The t ip  area i s  therefore a q uarter 
of that of the mono stylus ,  and the equivalent pressure on the disc i s  th us 
four t imes as great .  

From this i t  can be seen i mmediately that a reduct ion i n  playing weight is 
called for, as well as the provision of vertical compliance and an addit ional 
e lement for the reproduction of the second channel . But unfortunately,  
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ST Y L U S  

The /our hasic / \pi'.\ o f  pick up are ( /r!/i lo righl )  m o l 'ing coil. mo1 · ing magnf!/ .  mo l'ing iron and 
nTslal ceramic. The firs/ is rnre. rhe middlr! '""' . fairlr common and fill' fas/ l'<'IT common.  

because of d ifferi ng cutter heads. not all stereo grooves have been of the 
correct size and shape. and d ifficulties have been encoun tered in  the use of the 
0 ·0005 in .  sty lus .  This  fact . and the des ire for a compatihle sty lu s-one which 
would enable both mono and stereo discs to be p layed with the same pickup--
led to the adoption by some pickup m akers ( i n  the U SA by a lmost a l l  of them ) 
of a compromi se sty lus-one of a size between the correct sizes for  mono 
and stereo-namely .  0 ·0007 i n .  rad ius .  S uch a point  g ives improved resu l t s  
from d i scs in  wh ich the groove shape i s  i ncorrect. and gives exce l lent  repro
d uction of new mono records. but when using good stereo records on wide 
range eq uipment the loss of top response and the i ncreased d i stort ion d ue to 
the larger styl us are im mediate ly not iceable .  and the 0 ·0005 in. sty lus  is c lear ly 
superior .  Fortunate ly .  a lmost a l l  Br i t i sh records now have grooves of the 
proper s ize and shape. which y ie ld the ir  best  when reproduced with a · · ha lf 
thou · ·  ( 0 · 0005 in . )  po i n t .  I t  is mandatory that the stereo sty lus .  whatever i ts  
s ize .  should be a diamond of h igh q ua l i ty  if  records are to be preserved in 
good playing condit ion i ndefin i te l y .  

The Factors of  Perfection 

A perfect pick up.  mono or stereo. has yet to be produced ; probab ly  such 
an in strument wil l  never be made. To q ua l i fy for considerat ion in such a 
category, a stereo pick up would need to possess the fol lowing q ua l i t ies : 
I. Response 20 to 20.000 c / s ,  p lus  or  minus 1 d B .  Tip mass � mg maximum . 
2. N o  resonances with in  the above range. and no undam ped resonances wi th in  
the range IO to 25 ,000 c ls  i n  head or arm . 3. Harmonic and i n termodulat ion 
d i stort ion less  than I % .  4.  Channel  balance within 1 dB throughout the 
freq uency range. 5. Channel separation ( " " crosstalk " )  not less than 20 d B  
over t h e  range .  6 .  N o  deteriorat ion i n  performance with cont inued use, apart 
from stylus wear. 7. M inimum output l ·5 m v /cm/sec per channe l .  8. Sufficient 
stabi l i ty  and mechanical strength to permit use by unski l led hands without 
risk of damage . 9. Complete shie lding against hum induction .  10.  Immunity 
to temperature change and c l imatic condit ions .  1 1 . Track al l  d iscs perfectly 
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at under 2 grams  pressure. on i t s  own arm . 1 2. I ncorporate mechanism t o  
drive the head across the disc (a s  d is t i nct from being dragged across b y  the 
record groove ) exactly at a tangent to the groove at a l l  po in t s .  ( Paral le l  
tracking) .  13.  Be immune to external v ibrations .  14. I ncorporate i ts  own 
rai s ing and lowering device . 

Realistic factors 

The person who designed such an i n strument to sel l at £25 to £30 would 
make a fortune.  and would rich ly  deserve to do so ! H owever. we m ust return 
from the ideal to the rea l .  and before considering the characteri st ics of the 
avai lable types of pick ups , three poi nts must be emphasised : (a)  The achieve
ments of pickup designers and man ufacturers during the past two or three 
years are remarkable, and there are a number of stereo p ickups of very 
h igh q ual i ty  avai lable .  ( b )  The modern stereo pick up  is a m in iaturi sed pre
cis ion in strument .  and for this reason h igh q ua l i ty  and low price do not. and 
cannot be expected to go hand i n  hand . (c)  Where economy i s  necessary in  the 
planning and purchase of eq u ipment for reproduction of stereo d i scs.  the 
u·orst possible place to economise is on the pickup .  Around £20 is a reasonable 
price for a head and arm of good. but not the h ighest possible .  q ua l i ty .  The 
pick up i s  the A lpha and i f  i t  i s  bad . the Omega. the begi nn ing and the ending. 
of d isc stereo. It i s  the only part of the eq u ipment in  d i rect contact with the 
disc-the sound source-and un less i t  i s  right nothing e l se wi l l  be righ t .  
I t  w i l l  mean  good stereo or bad  stereo.  or even no stereo : records perfect after 
1 00 playings or  rui ned long before doub le  fi gures have been reached . Econo
mise i f  you must-we shall have someth ing to say on this subject later but 
buy a rather better pick up than you can afford ! 

Stereo pi c k u ps can be d iv ided bro ad l y  in to two types : ( I )  crysta l  ( inc lud ing 
cera m i cs ) ; (2) m agnet ic  ( i n c l u d i n g  vari a b l e  re l uc t a n ce.  m o v i ng magnet .  a n d  
moving coi l ) . I n  genera l .  i t  may he sa id  t h a t  the magnetics c o s t  ra ther  more 
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than  the crysta l s  and give less output ,  and that the best magnetic types are 
superior to the best crysta l s ; but  a p ickup m ust a lways be thought of i n  
associat ion wi th  t h e  ampl ifier i n to which i t  w i l l  work . As ment ioned i n  a n  
earl ier chapter, a l l  stereo d i scs are made t o  the R I AA characterist ic. w i t h  a 
de l iberate fa l l  away i n  the bass and a r ise i n  the  treble ( see fig. 5 :3) and th i s  
characterist ic has  to be corrected when  p laying back i n  order to provide as  
near ly as possible an even response over the  aud ib l e  range. Th i s  correction  can 
he done ei ther i n  the ampl ifier or  i n  the pickup i t se lf. 

M ost crysta l  picku ps are se lf-compensat ing when worki ng i n to a h igh 
impedance-stated by the p ickup  maker, and usua l ly  of the order of 1 to 2 
megohms .  Magnetic pick ups a lways requ i re the compensat ion to be arranged 
in the ampl ifier.  M ost of the better stereo amp lifiers provide a l ternat ive 
i nputs for crystal and magnetic pickups,  often designated High I mpedance 
and Low I mpedance, or ' " H igh Z and Low Z " .  The i nstructi on  book w i l l  
a lways i ndicate t he  actua l  i mpedance i m posed o n  the  pick up i n  each case. 
M ost magnetic models are happy when work ing  i n to about 50,000 ohms .  

M akers a lways state a n  output  figure for the ir  p ickups-usua l ly  the  level 
to be expected from an  average record ing .  It i s  important that the pick up  i nput 
sen s i t ivi ty  vol tage q uoted by the  manufacturer of the amp l ifier should not  be 
h igher than th i s  figure, but i t  does not matter if  i t  i s  l ower.  For example ,  the 
output of the Tanno r Vari-Twin Mk II picku p  cartridge i s  q uoted by the 
makers as 7 mV per channe l .  It i s  useless to connect th i s  p ickup to an ampl ifier 
with a pickup i nput sensi t i vi ty  of 50 mV, s ince there would be i nsufficient 
volume of reprod uct ion ; but i t  i s  perfect ly  i n  order to connect i t  to a n  ampl i 
fier with a p ickup sens i t iv i ty of, say ,  4 m V .  

�-----------Pickup matching-----------� 

The Formula : 
R 

+ + , etc. 
R I  R 2  R3 

For example ,  a p ickup req uir ing a load of 50 K work ing  i n to a pre-set 
control  of va lue 1 00 K shou ld have an  add i t iona l  resi stor of 1 00 K p laced 
across the leads ( i f  possib le  i nside the pre-ampl ifier case ) ,  si nce : 

I I I 1 00 

+ . · . R = 

R 1 00 1 00 2 
= 50 K .  and the Example 

This  business of su i t ing pick up and ampl ifier to each other,  i n  vo l tage and 
impedance. is known as match ing ,  and i t  i s  of the greatest i mportance i f  the 
best  resu l ts are to be obtained.  Some ampl ifiers provide matching  un i ts or p lugs 
wh ich adapt the i nput c ircui ts to any pick u p ; others. especia l l y  in the medium 
pr ice range. provide a fair ly  h igh sensit iv i ty  and a pre-set control  ( usual l y  a 
potent iometer of about I 00 K )  to enable the output  of a pick u p  to be reduced 
to �void overload ing  and enable normal  sett ings of the vo lume control  to be 
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used . Where the  value of the pre-set control is too  high to suit the  chosen 
pickup, an additional resistor should be placed across the pickup leads to give 
the correct impedance . This, of course, is  an example of using resistances 
in parallel, and for those who have forgotten the formula for working out the 
required value, it is  given, with an example, on page 48 . 

Correction Circuits 

Where it is desired to use a crystal pickup with an amplifier whose input 
circuitry is designed for magnetic types-i .e .  one which provides only a low 
impedance input of from 50- 1 00 K-this can be done by the use of<:i correction 
circuit (usually shown in the instructions accompanying the pickup, brn 
otherwise obtainable from the makers on request) wh ich converts the crysrn 
pickup to a " velocity characteristic " .  That is  to say, i t  neutralises the built- : 
compensation for the recording characteristic, and causes the pickup 
behave like one of a magnetic type ; at the same time it  reduces the output to . 

suitable level if necessary . 
Comparisons of one make of pickup with another, and detailed observations 

of the performance of different makes are outside the scope of this boo k ; 
they will be found in the review columns of "Hi-Fi News" and other similar 
j ournals. But we can usefully indicate the general characteristics of the 
different types, with the addition of a few basic essentials which should be 
common, and the reader can then decide for himself which particular model 
will suit him best, taking into consideration the amplifier he will u se and the 
money he has to spend.  If possible, make no final decision without careful 
listening tests using known records .  

Crystal and Ceramic Types : General Characteristics 

High output : usually between 1 00 and 200 m V per channel at average 
modulation . M oving mass and compliance moderate. Playing weight required, 
4 to 8 grams.  Response range, average, 30 to 1 5 ,000 c/s .  Not generally "flat" . 
Channel balance: Generally good. Crosstalk (channel separation) variable, 
but generally adequate. Stylus size : Usually 0 ·0007 in. Where tracking 
pressures exceeding 5 grammes are required, some record wear is likely. Self 
compensating for the recording characteristic when p laying into the correct 
impedance. Minimum generally I megohm. Lower input impedance than that 
specified reduces bass response.  Amplifier sensitivity required, from 1 00 to 
250 m V. Separate stereo cartridges or heads generally give better results than 
mono/stereo turnover types. 

Crystal cartridges are comparatively inexpensive and robust, and are 
available either with or without their own arms. They have standard t in . 
fixing centres as a rule, enabling them to be used in almost any pickup arm. 
Nevertheless, a pickup should ideally be designed, produced and used with its 
own arm, as one integral unit .  

The design of crystal pickups has by no means reached finality, and mention 
must be made of two special, high quality examples which have recently 
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A S E L E CT I O N  
O F  P I C K U PS A N D 

C ART R I DG E S  
Pick aing JllOA . 

Empire 1011.  Shure /1.133-5 canridge.  

Decca Professional arm llllli head. EM I EP L° 1011 ur111 llnd helld 

A DC Pro/essionul car/ridge .  Orro/im SMC }/2 ar111 . 
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appeared . th e  ·!cos · ·  H i -L igh t · ·  a n d  t h e  D<'crn · ·  Deram · · . The A co s  i s  avai lable 
on ly  as a complete un i t .  com pr i s ing  a spec ia l  arm of very h igh q ua l i ty  and 
separate mono and stereo heads ( 0 ·0005 i n .  s ty l u s ) .  The heads have very h igh 
comp l iances .  and the arm has except iona l l y  low i nert i a  and side thrust ,  among 
other fea tures .  This com binat ion  of q ua l i t ies enables stereo d i scs to be 
t racked at  around  2 gms pressure . Output i s  low for a crysta l .  Th i rty mY per 
channe l  for the stereo head i s  q uoted by the  makers .  An  ampl ifier sens i t ivi ty 
of 50 mY i s .  however. q ui te adeq uate given the correct i nput i mpedance of 
2 meg. Th i s  p ickup was the first rea l ly h i gh q ua l i ty  crystal to appear on the 
Bri t i sh market .  and i s  a poi nter to the  fu tu re poss i bi l i t ies  of crysta ls .  

The Decca Deram can be used i n  any standard pickup  arm. whereas the A cos 
heads are su i table on l y  for the . .  H i -L ight " "  arm.  A specia l  arm for the " Deram" 
is now avai lab le .  The . .  Deram" has very s im i lar q ual i t ies to t hose of the " H i
L ight"  stereo head . Output aga in  i s  low. in com parison wi th  ordinary crystals 
( 50 mY per channel ) and.  as with the A cos. an i nput im pedance of 2 megohms 
i s  req u i red in  the associated ampl ifier .  

A point must be made here regarding  the  connect ion of these two pickups 
to ampl ifiers i n  the popu lar  pr ice range . Many of these have an i n pu t  im
pedance of � megohm .  and an  input sensi t iv i ty  of from 1 00 to 250 mY. They 
are. i n  fact, des igned to accept the  normal crystal cartridge output .  If such a 
cartridge demands  a h igher input impedance. th i s  i s  easi l y  arranged by the 
i n sert ion  of a series res i stor.  and a l though th i s  wi l l  red uce the output of the 
cartr idge. t here wil l usua l ly be more than enough left to provide adeq uate 
vo lume .  If the same procedure i s  adopted w i th  the . .  H i - Light " and the 
· ·  Deram · · .  w i th  a l ·5 mego h m  res is tor put i n  series the output will not be 
sufficient  to load these amp l ifiers .  I n tending users should bear this in mind . 
and shou ld  seek an ampl ifier of h igher sensi t iv i ty or h igher input  im pedance. 

Magnetic Types 

Response range 2 5  1 8 .000 c s average. Wider and smoother than crystals .  
Outpu t : low. from 5 to 10 mY per channe l .  T ip  mass : low. around I mil l i 
gra m .  Compl iance. h igh . Trac k i ng pressures 2 !  to 4 grams .  Sty lus size : 
0 ·0005 i n  . .  0 · 0006 i n .  or 0 · 0007 i n .  Channel  balance. sa t i sfactory i n  general . 
Crossta lk variable .  but  adeq uately low as a ru le .  Correct ion for recording 
character ist ic req ui red in the ampl ifier .  Ampl ifier sens i t iv i ty : 5 to 7 mV. 
mi n i m um .  Ampl ifier impedance at  pick up  input .  50 K approx . : J OO K maxi
m u m .  Lower i nput i mpedance cuts top response.  I m pedance higher than 
specified wil l emphasise any treble pea k .  

M agnetic p ick ups are re lat ive ly  expens ive .  b u t  worth t h e  extra cost to those 
who can afford on·e . M oving coi l  types haye very low i mpedance and output, 
and req u i re i nput transformers ( which can be bu i l t  into the head as i n  the 
Orto/on Type SPU !GT)  or a transistor head amplifier such as the Heathk it or 
Stereo Wal-Gain .  

Some magnetic cartridges are su i table for u se on ly  with the i r  own arms, 
but an  i ncreasing n um ber of heads now avai lable have standard + i n .  fixing 
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centres, enabling them to be used in a wide range of arms. Unless the user can 
afford one of the specialised high precision arms, such as the SME (which 
will be discussed in the following paragraphs) the maker's  own arm should 
always be used where possible. 

Due to the combination of low tip mass and high compliance which, with a 
good arm, enables low tracking pressures to be employed, record wear with a 
good magnetic pickup will be less than with crystals, apart from those special 
types already mentioned . Magnetic pickups are more prone to the induction 
of hum (as distinct from motor rumble, to which we shall refer later) than 
crystals .  

Pickup Arms 

A gramophone record consists of a continuous spiral groove from outside 
to inside. When a record is played, the pickup stylus must follow this groove, 
and it has to be moved across the disc by the groove itself. This latter fact is 
unfortunate, and it is not impossible that something may be done about it 
before very long. The function of all existing pickup arms is to permit the 
pickup head to be moved across the disc by the groove with as little effort as 
possible . It therefore follows that the movements of the arm itself must be as 
free as po'ssible , and that i t  i s  highly desirable to use an arm specially designed 
and balanced to perform with minimum side pressure and at the lowest 
attainable tracking weight for the cartridge in use. 

Tracking error exists because a pivoted arm tracks in an arc, and the 
records \\ . ,1ch i t  has to track were originally cut by a head which moved 
across the disc surface in a straight line, and always at ninety degrees to the 
groove. This error m ust be kept at a minimum, especially over the last inch 
of the disc, or there will be avoidable distortion. Comparatively few arms fulfil 
these requirements.  Some of the better ones (like the A cos " Hi-Light" , the 
EM! " EPU. 1 00 " , and the Shure " M. 2 1 2 ") are designed to wo_,rk only with 
the makers' special heads supplied with them ; in other words, the head and 
arm have been designed as one unit-the complete pickup-which is  as it 
should be. At the same time, if a maker is prepared to go far enough, it is  
possible to produce a pickup arm so good that any head or cartridge used with 

This pickup arm by SME has every refinement demanded by the most delicate cartridges. 
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it will give the  finest performance it is capable of giving. This fact has  been 
clearly demonstrated by SME Ltd . ,  with the Types 3009 and 30 1 2  pickup arms. 

The essential requirements in an arm may be summarised as follows : 
(1)  Minimum bearing friction, horizontal and vertical . (2) Resonances outside 
the recorded range, of small amplitude, and damped . (3) Accurate lateral and 
vertical balance, adjustable to conditions and pickup head in use. (4) Length, 
offset and flexibility such that, with any cartridge, maximum tracking error 
can be made less than two degrees, with zero error over the last 1 in. of playing 
surface. (5) Compensation for the tendency of a pickup to move towards the 
centre of a revolving disc,  due to the offset angle of the head incorporated to 
reduce tracking error. 

The SME arms, with bias adjuster, fulfil all these requirements ; and 
while £25 is a great deal of money for an arm, for those who can afford it the 
investment is eminently sound . Other arms of similar calibre are in course of 
development-at lower price levels, and consequently rather less refined. 
There are also the "All-Balance" and the Shure M .232 and M .236 arms.  
However, the safe alternative to such special products is the selection of a good 
pickup head, and the decision to use it in the maker' s  own arm at his recom
mended tracking pressure . 

Optimum Playing Pressure 

The question of optimum playing pressure is a somewhat vexed one. The 
plastic material from which records are made is soft ,  and because of the 
pressure of the stylus and the heat generated by friction as the groove passes 
under it, the material is deformed. If the pressure is excessive, this deformation 
is permanent : but it has been found that if discs can be tracked at pressures 
not exceeding l t grms (which calls for a perfectly balanced arm, a head of 
high compliance, and stylus of low tip mass), the groove merely flexes under 
the stylus like elastic, and returns to its original form. This is what i s  meant 
by " tracking within the elastic limit of the material " .  

Pickup manufacturers give fairly precise information about the tracking 
pressures at which their heads should be used. The stated pressures are 
usually, and properly, on the safe side ; that is to say under favourable con-

All-balance pickup arm and Shure M232 arm 
(left) ' Worden articulated arm above. 
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dit ions,  wi th  the best avai lable  arms .  some reduct ion may be possib le .  H ow
ever, i t  must be remem bered that it  i s  vital for good resu l ts  and for m in imum 
record wear tha t  t he  sty lus  sha l l  mainta in  continuous contact w i th  the  record 
groove .  Further. with some pick ups of the . .  sum-and-difference · ·  type-the 
Decca ffss i s  an example-a certain min imum weigh t .  wh ich  may vary sl ight ly  
from head to head . is  req u i red to mainta in  the armature in  a central posi t ion .  
and  any reduction below th i s  po in t  wi l l  serious ly  degrade the performance.  

When a maker prod uces a pickup. complete with i t s  own arm .  and states a 
defin i te tracking weight wi thout providing faci l i t ies or instruct ions  for 
adj ustment .  the user wi l l  be m ost unwise to attempt any a l terat ion-even 
where an adj ustment is  provided � un less he has some techn ical k n owledge and 
is an experienced l i stener . A decrease of from ! to 1 grm in  track ing pressure 
from the recom mended weight is as fa r as one should go . Though it i s  most 
desirable to track wi th in  the e last ic l im i t s  of the 10Ccord materia l ,  because there 
i s  absol u te ly  no wear on discs under these condi t ions provided that they are 
kept c lean.  there are very few com bi nat ions of head and arm which wi l l  
accomplish i t .  Against th i s .  however. q u ite a number of the better magnetic 
heads w i l l  perform beauti fu l ly  at about 2� grams when properly set up  in a 
good arm ; and when discs are wel l  ca red for. the addi t iona l  1 gram or so i s  
bare ly  sign ificant from the poi nt  of v i ew of performance. Furt her. i t  i s  very 
l ike ly  that wi th  such a pickup  and arm.  record wear wi l l  be at the lowest 
attainable l evel at 2!  grams pressure .  

Summary 

Consider the p ickup and ampl ifier together .  and choose a pair which wi l l  
work together ; or.  if  you al ready have the ampl ifier .  choose a pick up to su i t  i t .  
And do not  expect the cheapest pick up to g ive you the best  resu l ts .  I f  you 
in tend to p lay only stereo d i scs. choose i f  poss ib le a pick up fitted with a 
" half thou " poi n t .  I t  is perfect ly  pract ical  to play both mono and stereo 
records. with good results. with one s tereo pick up : i f  you m ust do th is  on 
grounds of economy.  the 0 · 0007 in .  sty lus is probably the best for you. Do not .  
please do not ever  attempt to p lay a stereo d i sc with a mono p ick  up .  You wi l l  
j ust ruin  the d i sc if you do .  For  preference. use  a mono head for mono d i scs 
(0 ·00 1  i n .  sty lu s )  and a stereo head for stereo d i scs. espec ia l ly  i f  you a lready 
have a col l ect ion of mono records p layed with a standard mono stylus .  
I ncidental ly ,  i f  you have not  yet tried i t .  you w i l l  be  surprised and del ighted .  
with the resu l ts  from these records when they are p layed through a stereo 
set -up,  using both loudspeakers .  

If your chosen stereo pick up has a 0 · 0007 in .  s ty lus  your maxi m u m  track ing  
pressure shou ld  nor  exceed 5 grams .  I f  i t  has 0 :0005 in .  sty l us 3 !  grams should 
be the maximu m .  U n less you can afford a specia l  " transcript ion " a rm ,  u se 
the maker's arm . Fo l low h i s  guidance regard ing  track ing weight ,  but  if he 
suggests anyth ing in  excess of 5 grams .  look for another pickup .  

The min imum freq uency range shou ld  be from 40 to 1 4,000 c / s , p lus  or  
m inus 3 d B .  Crossta lk  not  worse than m i n us 20  d B  at 1 Kc ' s ( C rossta lk  
i s  the inverse of channe l  separat ion ) .  C h a n ne l  balance is  not usua l l y  specified 
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a n d  shou ld  n o t  b e  a seri ous  probleni . Amp l i fiers a n d  speakers a l so affect the 
fina l  ba lance. and your  amp l i fier wi l l  have a bal ance con tro l .  

Gramophone Turntables 

The last  bu t  not  the  least i m portant of t he essen t ia l  pieces of eq uipment  
which m ust be cons idered for the reprod uct ion of a stereo d i sc i s  the  t urn table 
u n i t .  Gramophone records are st i l l  avai lab le  for four differen t  p lay ing speeds
unfortunate ly ! Two would be qu i te sufficient .  and i t  seems l i ke ly  that  stereo 
di scs wi l l  con t i n ue. as at presen t .  to be issued in two speeds on ly  c n t and 
45 rpm ) .  The four avai lab le  speed? are 1 6 L .:B t, 45 and 78 rpm. but  the first  
and last of these have not  been used for stereo.  The 45 rpm speed i s  used only 
for 7- inch d iscs. t hough fu l l  s i zed d i scs for playin g  at th is  speed h ave recent ly 
( 1 962 ) been i n t roduced in the U SA .  

Noth ing has shown u p  t h e  defects o f  gramophone t u rn tables s o  c learly as 
the advent of stereo records .  On ly  the transcript ion types. wi th rea l l y  sol id 
base p lates and heavy turn tables of fu l l  1 2  i n .  d iameter are usefu l  i n  a stereo 
i n sta l l a t ion .  ar.d around £20 is the l ower l im i t  of cost of a good un i t .  Even at 
t h i s  cost ( and h i gher ) .  t here i s  often room for im provement .  and with some 
pick ups .  if  the  speakers have good bass respon se and if  t here is no "rumh/c 

fi/rcr" i n  the  amp l i fier .  hum and rumble can complete ly spoi l resu l t s .  Even i f  
t hey  are no t  obtrus ive .  i t  i s  wel l  to remember that  no  loudspeaker can  reproduce 
both t hese no ises and good c lean bass at t he  same t ime .  

The chief faul ts  to be  found in  gramophone motor-turn table un i t s  are : 
( I )  Wo\\ ' .  A s low variat ion i n  speed. causing a ri se and fal l  i n  pi tch of the 
reproduced sound,  especi a l l y  not iceable on sustai ned n otes .  (2 )  Flurter. A 

rapid speed varia t ion .  caus ing rapid pi tch v;u iat ion i n  reproduct ion .  (3 )  Vi
hrarion.  Transmi t ted to the pick up th rough the motor board and arm . or 
t h rough the  t urntable .  and reproduced as a rumble of very l ow pi tch by the 
loudspeakers .  ( 4 )  Stray fields,  i nducing hum i n to some magnet ic  pickups 
which i s  reproduced by the l oudspeakers .  

(iol " l "ard 31 1 /  ( /ef l ) a n d  c ·o 1 1 1 1ois.\ e1 1r Cru/1sn1u1 1  lfl ! l 1r 1 1 1uh/ 1 '  1 , 1  , ,' \  ur(' wnung 1 / w  he.\ f ll l 'Ui!ahle . 
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The first two of the above faults are no longer prevalent in " transcription " 
type units ; the last two remain a problem in many cases. In Chapter Nine, 
under the heading of " Installation " ,  we shall suggest mounting methods 
which minimise the induction of hum and the transmission of vibrations to 
the pickup, but intending buyers of a motor unit will be wise to seek the 
advice of a specialist dealer or consult the technical department of one of the 
leading journals concerning its suitability for use with a partic�lar pick up ; or, 
better still, to arrange to listen to the pair working together. If trouble does 
arise, the matter should first be investigated by a careful check of the instal
fation. It is not possible to " shield " some pickups from hum. 

Certain transcription units are sold complete with a pickup arm mounted on 
the base plate . They are generally of quite good, quality, and their use can 
simplify installation ; but they may raise problems later, if it is  decided to 
change to another pickup, and therefore a unit as a separate item is to be 
preferred . In this case, too, some care should be taken, or advice sought, 
before deciding on a particular combination of motor and pickup arm, 
especially if the motor is mounted on a large oblong metal base plate . For 
example, it is not possible to use the SME 3009 arm with the Connoisseur 
Type B 3-speed motor without some little trouble, because the mounting plate 
of the arm lies partly on and partly off the thick metal motor plate. 

Planning before Mounting 

Available space must al so be thought of, taking into account the amount of 
" overhang " at the back of the chosen arm . It is usually possible to get round 
these difficulties, but tine and temper can be saved by a knowledge of their 
existence and a thought ·11 approach . Such motors as the Connoisseur " Crafts
man " 2-speed, mounted on a banjo plate, or the Garrard 30 1 with its cut-away 
corners raise few problems when mounting any arm, and no doubt we shall 
see others of similar outline in the future . 

The object of a heavy turntable is to reduce vibration and contribute to 
even rotation by flywheel action ; but beware of motors with ferrous turn
tables, sometimes used to provide both weight and a screening effect from the 
motor field . It is  possible to use crystal or moving magnet pickups satis
factorily with such turntables, because in the first of these there is no magnet 
in the head, and in the second the magnet is very tiny. But with other kinds of 
pickup the magnet may be quite large, comparatively, and quite close to the 
record, and it may radiate a considerable magnetic field of its own which can 
be distorted by a ferrous turntable ; also, the magnetic pull between the two 
will add considerably to the tracking weight, which will not be easy to adjust 
accurately under these conditions, assuming that an adjustment is provided . 

Turntable rumble may be negligible or extremely annoying. Every unit 
· produces some rumble, but people who like their reproduction rather light 
in the bass, or who listen at low levels, or who use small loudspeakers in 
small rooms, are often untroubled by it .  In some units the amount of rumble 
produced is quite small, and it  would be a mistake to blame the turntable 
bearings automatically for any rumble which we hear. The records may be 
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Fig. 5 :4. Using a special optical technique evolved by Cecil Watts, this shows the reflection from a 
perfectly flat disc of Perspex. 

respC 'n sible. There is such a thing as recorded rumble, and a record which is 
- not flat-and there are many, as we shall see later-can produce rumble in 

reproduction . If rumble only troubles you on some discs, and is absent on the 
silent grooves between one band and the next, don't blame your motor ; but if 
you get it all the time, .the motor should go back to the maker. 

It i"> necessary to distinguish between hum and rumble . Hum is a steady 
sound; around 50 c/s (main frequency) or double it ( J OO c/s) . Rumble is much 
lower in pitch and less steady-below 40 c/s as a rule. Some amplifiers are 
fitted with a rumble filter. This device varies in usefulness according to the 
frequency at which it operates and the sharpness of the cut it imposes .  
Generally speaking, the use of the rumble filter removes some of the audible 
bass from the reproduction, which is undesirable, but may sometimes be 
forced upon us. The most satisfactory rumble filters are those which cannot 
be switched out, and which give a very sharp cut starting below 30 c/s, as for 
instance in the Quad amplifier . 

When testing or choosing a motor unit, if it makes a noise which is audible 
when your head is a couple of feet away, or if you can feel vibration when the 
tips of your fingers are placed anywhere on the motor board, the instrument is 
unsatisfactory and should be rejected . If you are blessed-or cursed_:_with 
the sense of absolute pitch, you should choose a model which allows some 
variation from the switched speeds.  The speed of gramophone motors is 
usually checked by means of a stroboscope. This is a circle of some suitable 
material with a centre hole to fit over the turntable spindle, marked in bands 
with numbers of lines for the different speeds .  These are so arranged that 
when viewed by AC lighting of a specific frequency, and with the turntable 
revolving, the band relating to the speed in use appears to be stationary if the 
speed is correct . 

Some turntables have stroboscopic markings engraved on their edges ; 
others have a stroboscope fixed to the underside, viewed by means of an 
inbuilt mirror and a small bulb which lights up when the motor is switched on. 
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Fil(. 5 :5 .  � rcco rdi1 1g h/1111A ph1 1 1 1 1grnplwd 11 1 1dN !hi '  ·""'"' m11di1 io1 1.1 as in Fil(. 5 :4 . . 'Voll'  ihl' s/ig/11 
irrn:ularif it'.\ . 

The dev ice i s  a very conven i e n t  one .  bu t  i t  depends upon ma in s  frequency 
for i ts accu racy . One meth od ( i ndependen t  of a r t i fi c i a l  l i g h t i ng  or i ts fre
q uency ) is to  buy a t u n i ng fork and to  have it ground  t i l l  i ts v i b ra t i n g  fre
q uency matches  one of the ba nds  on a freq uency test  record say 500 c s .  
The motor  speed can t hen  be checked by  ear a t  a n y  t i m e : but s i nce freq uency 
test  d i scs a re o n l y  made a t  t he  :n � rpm speed . t h i s  me thod i s  rest r icted i n  i t s  
a ppl ica t i o n .  and  i t  i s  a l so expens i ve .  

Stereo Discs and their Care 

A st udy of t h e  photo m icrographs  w h ich i l l u st ra te  t h i s  cha pter  w i l l  make  i t  
c lear  t h a t  t h e  m odern stereo d i sc i s  a m i racle o f  prec i s ion  p las t i c  mou ld i ng .  
I nev i tab ly .  i n  sp i t e  o f  carefu l  con t ro l  and  i n spect i on .  fa u l t y  copies  do some
t i mes  reach the  c ustomer .  b u t  t h e  day has  pa ssed when d i s tor t ion  was a lways 
a t t r i buted to  a bad d i sc ' For exam ple .  t ha t  awfu l  d i s tor t ion which often used 
to  harass o u r  ears d u ri n g  the l a s t  h a l f  i nch of  a d i sc is now very u n l i ke l y  to  be 
the fa u l t  of the rec1» d .  I n  n i n e  cases o u t  of ten it resu l t s  from a p ick  up wh ich  
has  n o t  been  se t  u p  p ro per l y .  Some observa t i on s  on  th i s  subject w i l l  be found  
i n  Chaptl:'r Tn1. Agai n .  t han k s  to  p rec i s i on  mach i nes i n s ta l l ed by t he  record i ng 
compan ies .  · · swi n ge rs "-- i . e .  records i n  wh i ch  t he  ho le  i s  no t  t ru l y  cen t ra l  i n  
re l a t i on  t o  the  sp i ra l  groove-- -a re m uch  less common t h a n  they  used t o  be .  
I f  such a record i s  purchased. i t  shou ld be ret u rned to the  dea ler  or maker. 
when it w i l l  be rep laced free of  charge .  The same  remark  app l i es  to  a n y  d i sc 
found to be warped or . .  d i shed .

. 
when  rece ived .  T h i s  aga i n  i s  a m uch less 

freq uent  occurrence n ow than a year or two ago. d ue to research i n to  and 
carefu l  contro l  of the . .  m i x  "-- t h e  mater ia l  fro m  w h i ch the record i s  pressed . 

The lead i ng m a n u fact u rers a re q u i te s i n cere i n  t he i r des i re t ha t  every record 
t h ey make  s h a l l  g i ve fu l l  sat i s fact i o n  to the user. and are q u i t e  ex t raord i na r i l y  
co-opera t i ve whenever a d i sc i s  retu rned to t hem w i t h  a gen u i ne compla i n t .  
Th ose readers w h o  have been m terested i n  d i scs fo r  a n u m ber o f  years w i l l  
remember how.  i n  t h e  ear ly  days o f  L P  records.  w e  were often plagued b y  
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Fig. 5 :6. This 1ho 1 L1 rhe considPrnh!e surface 1mdulario111 o/1<'11 found o n  rn111ml'rcial pressi11g.1 . 

noisy surfaces and by c l icks. pops and bangs in the grooves ; they wi l l  not  need 
to be reminded of the i m provement wh ich has taken p lace i n  t h i s  d i rec t i o n .  
N owadays. i f  a record i s  properly cared for. o n e  of t h e  most enj oyable t h i ngs 
about i t .  paradox ica l l y .  i s  i ts  s i lence 1 

The m ost common fa u l t  i n  m odern gramophone records i s  one ol '  a more 
subt le  na ture - a dev i a t i on from flatness wh ich i s  no t  percept i b le on normal  
i n spec t i on .  Us ing an opt ica l  sys tem devi sed by M r  Ceci l Watts  to magn ify 
su rface i rregu lar i t ies .  t hese dev ia t ions  from a p lane surface can read i l y  be 
perce i ved . Fig. 5 :4 shows the  reftec t ion  from a d i sc of Perspex 1 16 inch th i ck . 
which is v ir tua l l y  opt ical ly nat .  Fig. 5 :5 shows a good d i sc .  and figs. 5 :6 and 
5 :7 are examples of fa u l ty  prnss i ngs .  

M r  Watts wri tes : " The fa u l t s .  ( i f  we can ca l l  them such ) are i n t rod uced 
d u r i n g  d i ffe re n t  s tages of m a n ufact u re.  a n d  t a ke forms w h i c h  can easi ly  
be ident ified separate l y .  In com b ina t ion .  h owever. they can be very confusi ng 
to the user or the fina l  press i ng .  when an endeavour  i s  made to ascerta in  the  
ca use of a rumble .  hum or t h u m p - as to whether  i t  or ig i nates i n  the  repro-

Fig. 5 : 7  . .  � /unlwr e rnmp le 11fpoor 1J1T 1si1 1� .  rhis r ime 1 1 · i 1h a S/ !'adr ripple 1 1 h ich 1 1 011/d prohahh he 
hcord as " m111h/e " 
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ducer, or from the record , or as is most often the case from a combination of 
both.  It will be seen from these photographs that there can be, (and often is)  a 
vast difference in quality between any two outwardly well-produced discs. We 
have come a long way since the days of the individually embossed hill-and
dale cylinders of Edison, but we have still a long way to go before the quantity
produced L.P.  reaches the standard of perfection that will satisfy both users 
and manufacturers alike" .  

Fig. 5 :8. In the 
absence of proper 
attention to record 
cleanliness, dust can 
gather on and around 
the stylus and tend to 
lift it away from the 
groove. On the left 
is the stylus of a 
Decca pickup after 

playing an unc/eaned 
record, while on the 
right is the same 
stylus afier playing 

a cleaned disc. 

I am greatly indebted to Mr Watts for these photographs and observations. 
The manufacturers are conscious of the existence of these defects, and they are 
doing everything possible to eliminate them. Whether they arise from faults in 
the original blank, from internal stresses in the pressing, or from manipulation 
at some stage of the processing, they are outside the control of the user . He 
is concerned only with their effects, which range from audible rumble in the 
30 to 50 cycle region to intermodulation of the recorded waveforms by sub
audible frequencies and difficulties in tracking, all of which inhibit good 
stereo. 

It was easier with mono 

In mono, when every effort was made to avoid any generation of output by 
vertical movements of the pickup stylus, deviations from flatness in the 
record surface had much less significance, and this is  one of the reasons why 
we continue to prefer a mono pickup head for playing mono records .  It  must 
always be remembered that stereo pickups generate a signal from any vertical 
excursion of the stylus, and this means that undulations of the record surface 
which are not components of the recorded signal, whether at audio .frequencies 
or not, will produce noise and distortion. However, when the two outputs of a 
stereo pickup are paralleled for playing a mono disc the output due to any 
purely vertical motion of the stylus i s  cancelled . 

The average set-up of good quality stereo disc playing equipment costs 
about the same amount of money as 60 or 70 stereo discs, so most of us 
should soon be able to say that our discs are worth more than our apparatus. 
But this statement will be true only if our records are still as good, after we 
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have had them and played them for two or  three years or  more, a s  they were 
when we bought them. Whether this is the case or not will depend partly on 
our equipment and partly on our observation of a number of points of detail 
in handling and storing our discs . 

I have already written about the necessity for a lightweight, highly com
pliant pickup, with a diamond stylus, for stereo reproduction ; but, whatever 
pickup is used, if it is  habitually raised a11d lowered by hand, and at places 
other than the run-in and run-out grooves, sooner or later, (and probably 
sooner) clicks and bangs will appear because of groove damage. So, unless the 
pickup arm is equipped with its own integral raising and lowering device, 
such an accessory as the Microl(ft, the Hi-Jack or the Auriol pickup control 
will be a wise investment .  When ordering, specify the pickup arm in use . 

The Enemies of Discs 
Records are subject to attack from five main enemies : bad pickups, worn 

styli , dust, poor storage, and careless human fingers . We have said what is 
necessary about the first of these, and stated that a diamond stylus is man
datory for stereo.  Most of the irritating and distracting faults which arise in 
record reproduction are traceable to defective pickups or worn styli . A 
diamond should be inspected by an expert, using a proper microscope, after 
about 2,000 sides have been played, and subsequently at I ,OOO side intervals. 
Most of the better dealers now have special microscopes for this purpose. 
It is  no use inspecting the point with a magnifying glass. Do not wait until 
distortion is heard before having the stylus checked ; by that time your records 
will have been irretrievably damaged . 

Dust is always with us ; brand new records come from the factory into our 
hands laden with it, and unless they are thoroughly cleaned before they 
are first played, and during each playing afterwards, this fine dust will collect 
round the stylus, impeding its movements and making accurate groove 
tracing impossible (Fig. 5 :8). The finer particles between the stylus and the 
groove walls will form a most efficient abrasive, so that in effect, however 
highly polished the stylus and however perfect the finish of the grooves them
selves, we might j ust as well trace them with a piece of glasspaper. The 

Fig. 5 :9. The Dust Bug, invention of Cecil Watts, "plays " the record to remove dust continuously. 
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Pick up /i/r i11g a11d /0 1reri11g dnice.1 are 1 · , · 1 . . - use/id. 7 Jw A urinl Cnn r ro l  111 1d Deem M icro/i/r <11'<' 
,·'101 1 " 1 1  here .  

difficulty i s  two-fold . I n  the fi rst place. w ip ing  the record surface i s  no use.  
apart from remov ing obvious  debris .  because i t  can n ot remove anything from 
the actua l  groove . Second ly ,  the record mater ia l  i s  h igh ly  e lectrostatic-even 
the act of pu l l i ng  a d i sc from its polythene bag is sufficient to charge i t-and 
so d ust i s  very d ifficul t  to remove : and even i f  t h i s  i s  accompl i shed.  more dust 
is  immediately attracted to the surface from the atmosphere.  

Experiments  have been going  on for some t i me with a view to add ing  
someth ing to the . .  m ix " wh ich  wi l l  render the record more or less static-free, 
but it  i s  not yet wi th  us. and so i t  is  c lear ly necessary : ( a )  to remove the d ust 
from the grooves themsel ves before the d isc is p layed . and ( b )  to make the 
record ant istatic i n  order to ensure maximum record l i fe .  m in imum surface 
no i se and the best possible reproductio n .  Fortunate ly .  i t  is possible for these 
th i ngs to be done q uick ly  a nd easi l y .  thanks  to Mr Watts .  who first proved 
conclus ive ly the necessi ty for these th i ngs to be done .  and then devi sed the 
means in the shape of the Dust Bug. Parastat and then the Domestic Parastat. 
and more recent ly  the Preener ( See figs. 5 :9 to 5 : 1  I ) .  

The Parastat 

A Para.1· 1a1 shou ld be i n  every record dealer's shop .  Many of the better 
dealers now have them.  and w i l l  treat all records free of charge when pur
chased . if req uested to do so by the customer .  The specia l ly  shaped ny lon 
brist les of the brushes penetrate to the bot tom of the grooves. c lea n i ng them 
thorough ly .  The dust  i s  col lected on the pads. and ,  at the  same 

'
t ime a mole 

cu lar  fi l m  i s  deposi ted i n  the groove edges. so that  the record rema in s  ant i 
static for an  i ndefin i te period afterwards.  s ince th i s  l ubrican t  fi lm wi l l  not  
evaporate and can n ot be rubbed off. The pads and brushes of the  mach ine  
shou ld  be kep t  c l ean ,  bu t  not a l l  users ma in ta in  the i r  m ach i nes i n  th i s  condi t ion . 

I f  your dealer 's  Parastat looks  as if it had recei ved a coat of b lack shoe 
pol i sh on  the pads and brist les .  don't let him put  your record through i t ,  
because i t  w i l l  mere ly  deposit  o n  your d i sc the  d i rt removed from others .  
A Domestic Parastat, wh ich i s  a un iversal d i sc c leaner and appl icator.  i s  a 
wise i nvestment for anyone who rea l l y  values h i s  d i scs .  I t  enables the user to 
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clean and t reat a l l  h i s  records. new or not  so new . on h i �  uwn t u rn table . 
tak i ng

-
about a m i nute for each one .  The pri nc ip le  i s  exact ly  the  same as that  

of the or ig ina l  Parasrar .  and i t  i s  perfect ly easy for the  owner  to keep h i s  
brush  and pad clean . After Parasrar t reat ment .  domest ic  or  regu lar . the  
Dusr Bug can do i t s  work of remov ing the  dust which wi l l  i nev i tab ly  reach the  
record between one p lay ing and the next .  far more easi ly and effic ien t ly . 
and s i nce th i s  opera t ion  i s  performed a fract ion  of a second before the styl us 
t races the  groove.  i t s  track i s a lways clean . and the  i mprovement  i n  q ua l i ty of 
sound. background noise and record l i fe i s  remarkable .  lead ing  to an  experience 
of m usic on a different p lane .  

There are .  of course. record c lean ing  c lo ths .  sponges. sprays and l i q u ids 
avai lable i n  var iety .  Some of them a re q u i te usefu l  and others posi t i ve ly  
dangerous .  Decca . E . M . I .  and Ph i l i ps of the record makers offer i mpregnated 
ant i -s tat ic c lo ths  which are effect i ve w i t h i n  the ir  l im i ts .  The  same com pan ies. 
i n  com mon with a lm ost al l  the others . i n form users that d i scs may be c leaned 
w i th  a damp c lo th . Water . of cou rse. i s  an exce l l en t  an t i - s tat ic  wh i l e  i t  lasts .  
and enables su rface dus t  to be removed . 

Damp Cloths and Background Noise 

The great l im i tat ion of any c lo th  is tha t  it cannot penetrate i n to the grooves. 
and ideas of dam pness vary very cons iderab ly .  In the course of a lecture 
del i vered at the  I n st i tute of Recorded Sound on J a n uary I 8 th  1 96 1 .  M r  Watts 
observed : " I  often rece i ve spec imens of records which a re c la i med to have 
heen cleaned on ly  w i th  a bare ly  damp c loth� on which there a re large areas 
of dried mud .  Of course the background no i se w i l l  be h igh ! The free moisture 
has spread in to  the  groove . especia l l y  where i t  has  been wi ped straight across. 
and has left a gr i t ty  residue in the pa th of the st y lu s .  A nr fi·ee ffuid applied ro a 

record is usuallr harmful' " .  

Fig. 5 : 10  ( /efi ) slw 1cs rlre Do11 1 nric Paras11 1 1 .  u.w>fid fi1r 1/roro11gh disc 11wi11 1e11a1 1C<'.  1 clrilc 01 1  1/w 

rig/1 1 (fig. 5 : 1 1 )  i.1 1/re Wm 1s Preener /i1r rem o F ing s111wrficial din . 
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However clean your hands, do not touch the playing surfaces of records 
with your fingers. If you do, you will leave behind finger marks, and these 
are in fact slightly greasy, acid deposits which it is almost impossible to 
remove without damage to the grooves .  So handle discs by their edges, and 
if you find the technique of withdrawing a record from its bag with your 
thumb on the edge and middle finger on the label difficult to master, keep a 
piece of soft cloth, preferably silk, for use in this process. These suggestions 
may sound like somewhat fussy counsels of perfection, but in fact they very 
quickly become automatic, and as already suggested, the pleasure we get from 
records is in direct proportion to the care we are prepared to take in using 
them. 

Store Discs Vertically 

The storage of discs can be covered in comparatively few words .  Store 
them vertically, on edge, 7 in . ,  1 0  in.  and 1 2  in.  separately, filling in any spaces 
in the cabinet with books, or squares of cardboard used in record packing, so 
that the records are not only kept from leaning or falling sideways, but are 
closely, though not tightly, packed together. Do not store them in piles one 
on top of the other. Keep them in as even a temperature as possible, and away 
from damp. Different types of storage boxes are available, many of them made 
on the " add-on " principle, which has much to commend it. Discs should be 
placed in the cabinet with the open ends of the covers to the back. Open 
record racks, made of plastic coated metal or similar material are not to be 
recommended . 

Perhaps the greatest attraction of discs as a source of stereo sound is the 
enormous repertoire available, and the ease with which it can be stored and 
located . It is also true that, given a careful choice and intelligent arrangement 
of apparatus, the quality of experience provided by disc reproduction is at 
least as high as that provided by any other medium at present available 
under domestic conditions, when the records themselves are of the best quality 
and properly cared for. A careless, or merely casual approach to music, 
whether live or reproduced, seldom yields any results worthwhile, and the 
introduction of the stereo disc has done nothing to alter this position ; nor 
could it be expected to do so, because we are now asking, and getting, more 
from gramophone records than ever before. 
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ommerc ia l ly  recorded tapes are for some st range reason often referred to 
as · · pre-recorded tapes " .  I have never been able to understand the 
term . S urely a tape is  e i ther recorded or not : i t  cannot be pre-recorded . 

H owever, the term wi l l  probably st ick . and these tapes are the· on ly  other 
source of a repertoire of stereo sound of h igh qua l i ty avai lable at present,  
apart from d i sc records .  Recorded tapes have certain advantages and d i s
advantages compared with d i scs, which may be summari sed as fol lows : 

Advantages : Less l iab le to wear. Less l iable to mechanical damage . Less 
crosstal k .  Even quality and frequency response from beginn ing to end . 
Negligible d istort ion inherent i n  the reproducing process. Reproducing 
eq u ipment can usual l y  be used a l so for record ing .  

Disadvantages : Less  convenient to handle .  More expensive because of the  
t ime taken to dupl icate them and the h igher cost  of materia l s .  Reproducing 
equipment of equivalent qual i ty  costs more. Freq uency range less wide and 
more wow and ft.utter i s  usual ly present ,  except at very h igh tape speeds ; but 
such  speeds are not used for commercia l l y  recorded tapes. Greater losses and 
more d i stort ion i nt roduced in dupl icat ion .  A smaller choice of record ings-at 
present .  L iab i l i ty  to accidental erasure .  

In  respect of background noise ,  dynamic range and  l iabi l i ty  to  suffer from 
careless storage, the two media are about equal . In order to reproduce stereo 
tapes you wi l l  need, in  addi t ion to the basic ampl ifiers and loudspeakers, one 
of the fo l lowing units-according to the way you decide to set about your 
i nstal lat ion,  the standard of qual i ty  at which you are a im ing, and the faci l i t ies 
you desire : ( 1 )  A complete tape recorder, twin or four t rack stereo model ,  
wi th  faci l i ty  for twin track stereo replay. (2) A tape . .  deck " as above,  with 
pre-amplifier only,  for connection to external ampl ifiers and speakers. 
(3) A tape deck as  above only .  

A tape deck cons is ts  of a plate on which are mounted the tape transport 
mechanism and heads, without correct ion circuits ,  pre-ampl ifiers, or  electronics 
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of any kind . You cannot record with a tape deck only, in mono or  stereo. 
Under certain conditions, you may be able to replay directly from a deck . In 
order to do this, you require a pre-amplifier having a very high sensitivity at 
the tape input socket, with built-in correction for the characteristic of the 
tapes you wish to replay . All British commercially recorded tapes are made to 
the C .C .l .R .  characteristic. American tapes are recorded to the N.A.R.T .B .  
characteristic, needing an  additional top cut of  about 5dB at  10  Kc/s (Fig. 6 : 1) .  
If you intend to  work this way, it is advisable to  check with the  makers (or 
with a reliable dealer who specialises in tape) that the output of the head on 
the deck you propose to use is suitable for your amplifier, or vice versa . This 
is the cheapest way of reproducing stereo tapes, but it is not the best, and in 
fact it cannot be seriously recommended to those in search of first class 
quality. 

Undoubtedly the best way to get a really high standard of tape reproduction 
is to buy a good deck and pre-amplifier, and to feed the output from this into 
the uncorrected tape input sockets of a good stereo amplifier. Unless you are an 
expert in these matters, you will be wise to use a tape pre-amplifier made by 
the makers of the tape deck, unless you are prepared to restrict your field of 
choice and use a tape unit such as the Shirley, Cape, Tele-Radio Master/ink, 
or Heathkit . These units give excellent results with a specified range of tape 
heads, but they are not cheap to buy. Enquire about their suitability for a 
particular tape head before purchase . The makers are always willing to help . 

-
30 'r-

"-. "" 
............. '-..., 

............... 'r-.. 20 

......... r-.. "r-- N.A.R.T B. 
"r-�� � 10 

c.Ci:ft- � -- ---0 

100 IPOO 10,000 20,000 
FREQUENCY C. P. S .  

Fig. 6 :1 .  Standard playback curves used for tape. CCIR (European) has a time constant o{ /00 µ Sec, 
and the N ARTE ( USA) uses 50 µ Sec. Recently a compromise 70 µ Sec has been suggested. 

Almost all the manufacturers of tape decks who market their product 
separately, also produce a pre-amplifier as well as selling complete recorders. 
Such pre-amplifiers are specially designed for the heads fitted to their decks 
and, when necessary, it is  not a difficult matter to " doctor " the output from 
them slightly in order to match the amplifier input. The makers will either 
do this themselves, or give the necessary instructions on request. Such pre
amplifiers always provide recording facilities, and they should almost 
invariably be used with their own power pack . It follows that if the deck, 
pre-amplifier and power pack, with suitable microphones, are housed in a 
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Fig. 6 :2. Viewed from the coated side, the tape moves from right to left (left to right from the front 
of most recorders) .  The left track is at the top and right at  the bottom. 

separate case (which can be constructed or bought ready made) portable 
recording facilities are available to the user, but he will not be able to play 
back his results "on the spot" .  To do this, a complete recorder is required. 

It is unfortunately true that it costs quite a lot of money to realise the 
full potentialities of stereo tapes .  About 25 % to 50 % more needs to be spent 
on equipment . In spite of recent advances in tape quality and improvements in 
the design and manufacture of heads, it is  still true to say that connecting an 
average stereo tape recorder of " domestic " quality to high-grade stereo 
reproducing gear is exactly the equivalent of using a portable stereo disc 
player with the same equipment. In either case, if the record is good, the result 
will be better than if the portable instrument is used alone-and it will have 
some entertainment value ; but it will not provide the sort ')f result outlined 
and aimed for in the introduction to this book. 

Good Tape Electronics are Essential 

Those who wish their reproduction from stereo tapes to be of the same 
high standards as those from other stereo sound sources, available now or in 
the future, must use good tape electronics, and these electronics are not cheap . 
The makers of tape machines are well aware of these facts, and many of the 
better recorders are designed to be used with external electronic apparatus. 
For this purpose they are provided with a take-off point at suitable impedance 
and level , so that the output stage of the portable instrument can be by-passed . 
Thus a signal of good quality is available to be fed directly into high fidelity 
amplifiers.  

Complete recorders may be divided into two classes : "professional" and 
" general purpose " .  The first category is outside the scope of this book, and 
also outside the scope of the pockets of most of its readers, so we shall not 
consider it .  The second category may again be divided into two : the purely 
domestic portable, and the semi-professional, or general-purpose machine-
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properly  so ca l led . There are few stereo machines i n  the domest ic c lass as yet,  
but once stereo radio  transmissions  become a regu lar  feature they wi l l  appear 
i n  great n umbers .  

The genera l -purpose mach ine  i s  the  kind most suitable i n  the  home. with 
faci l i t ies for mak ing  stereo record ings of reasonab le  q ua l i ty .  Do not expect to 
be able to buy a new mach ine  i n  this c lass for appreciably less than £ 1 00 .  Some 
models provide for stereo playback . but  on ly  mono record ing .  The poi n t  to 
remember h ere i s  that  if in the  future yo u wish to make stereo recordi ngs--from 
rad io or any other source-convers ion w i l l  cost more money.  and un less the 
mach ine  is  spec ia l ly  designed wi th  th i s  possib i l i ty in view. the process may be 
expensive and not complete l y  sati sfactory . 

Tape l\1achine Specifications 

Some people find · · specificat ions · ·  puzzli ng .  Th i s  is not surpnsmg for i t  
i s  easi l y  possib le  to find domestic portable m ach ines which cost  less  than 
£ 1 00 wi th  " ' specifications  .

. 
that  read better than t hose of professiona l  equ i p

ment at two or three t imes the price ; and th i s  i s  part icu lar ly common with 
freq uency response c la ims .  If  th is  were rea l l y  true,  t here would .  of course, be 
no professiona l  mach ines.  for the makers would h ave gone out  of bus iness i n  
th i s  field long ago ! 

The m ystery is not difficult  to expla in . The specificat ion of a professiona l  
mach ine  i s  a minimum standard. to which every mach ine  wi l l  conform . 
Buyers have the faci l i t ies to check i t .  and any m achine not  up to standard w i l l  
be  rejected ; fu rther. t ha t  specificat ion m ust be  mai n ta ined,  day  i n  and  day  out ,  
wi th  cont in uous use.  And.  of course. t here are more im portant considerat ions 
i n  recorder des ign t han the widest  possible freq uency range. which may wel l  
worsen the  s ignal - to-noise rat io .  

Some "Specifications" are meaningless 

For example .  what is the  poi n t  of seek ing a machine wi th  a fiat response to,  
say 1 6  or  1 8  Kc s ?  Again .  the  mere statement-( and I q uote from an  actual  
specificat ion )-"'  Frequency Response 3 i:  i l s .  50-- 1 5 .000 c i s "  means v i rtua l ly  
noth ing .  I t  m ight  be  I 0 to 1 5  d B  down at e i ther .  or  both extremes. What  then 
shou ld we look for i n  a specification ? The fol lowing would i ndicate a machine  
of good standard i f  stated by a rel iab le  and wel l establ i shed maker : 

Frequenci ·  Response ( F . R . )  7 1- i i s .  50- 1 2 .000 c / s .  p lus  or minus  3 d B .  
3 i  i s , 60-8 .000 c ' s .  p lus  or m i n us 3 d B .  Hum and Noise ( H  & N ) ,  M inus  
45 d B .  Wmr and Flutter (W & F )  Less than  0 · 2 5  �� at 7 1- i / s .  Replay to  C.C .l. R 
characteristic. ( Th i s  is essent ia l  i f  you wish to use commercia l l y  recorded tape' 
or replay tapes recorded on  mach ines other than your own . )  

These figures shou ld  on ly  b e  regarded a s  an  i ndicat ion that you may expc-.:: 
a reasonable standard from the m achine .  As wi th  other audio apparatus ,  the 
performance of tape equ ipment  cannot be conveyed merely by figu res : th l  
way i t  behaves and sounds  i s  someth ing  to be j udged by hands  and ears .  

There i s  an  apparent simp l ic i ty about the  process of stereo reco rJ 1 1 1 < 
and reprod uct ion  from tape : two t racks .  one above the  other ; two he:Hi ·  
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arranged in  the same way, serving, usually, both for recording and reproduc
tion .  None of the complications of transfer from one medium to another, or of 
tracing two tracks with a single inst rument, as with discs . 

Reduced to its essentials, a tape head is a magnet carrying coils of wire. 
It  behaves in accordance with the well known law which states that, under such 
conditions, if an electric current is generated in the coils, the magnetic flux 
in the gap of the head will vary according to variations in the current.  
Conversely, if the magnetic flux is made to vary, a similarity varying current 
will flow in the coils . 

How it works 

Tape is a plastic material coated with finely divided magnetic material, 
(iron oxide-a refined form of ordinary rust) . In the recording process a 
varying current from the sound source is fed to the coils as the tape is pulled 
past the magnet, and a magnetic pattern is impressed on the tape in accordance 
with another scientific fact-namely, that magnetic materials are magnetised 
when they are stroked with a magnet.  

In replay, the above process is reversed. The magnetised tape is drawn 
past the head and so induces a current in the coils. To go into the details (and 
snags) of this delightfully simple arrangement would involve another book, 
larger than this one . So for simplicity we can accept what is everyday fact
that it is possible to record one, two, three or four separate tracks on standard 
tape, which is t in. wide. For stereo, these tracks must be recorded in pairs ; 
so stereo recorders are either " twin track " or "four track " . So far, British 
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Fig. 6 :3. The arrangement of tracks o n  a four-track machine can b e  quite confusing at first sight .  
This diagram gives al/ the essential information . 
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Fig. 6 :4. Practical tape heads have a finite gap width, and this determines the upper cut-off.frequency. 
The higher the tape speed, the more extended the range. 

commercially recorded tapes are twin track only, and it is therefore essential, 
if you wish to use these tapes, that your machine, whether it is  two or four 
track, shall have facilities for replaying twin track stereo tapes, at a speed of 
.7� i / s .  

Four track recording is one of the recent developments mentioned earlier 
in this chapter . At one time, all tape records occupied the full width of the 
tape (known as "full track" recording) . Then came twin-track recording, with 
a doubling of playing time at the same speed, and now we have the process 
repeated (and the playing time again doubled) with the coming of four tracks 
means that we can get as much playing time in stereo as we could formerly get 
in mono from a given length of tape at the same speed . Alas ! All is  not pure 
gain-everything has to be paid for. 

The position at the moment is that we pay for this increased playing time 
by some loss of quality, but this may not always be the case . For a time we 
suffered loss of quality through the introduction of twin track recording, 
but improvements in tape and tape machines redressed the balance . 

Twin track tapes are made to agreed standards of track width, track spacing, 
and direction of recording (Fig. 6 :2). There are as yet no agreed standards 
for four track recording, but in this country the system shown in fig. 6 :3 is 
used. 

Tape Speeds 

A similar state of affairs exists with tape speeds and compensation for 
replay. Six or seven years ago a tape speed of 1 5  inches per second was regarded 
as the lowest practicable speed for high quality results, and indeed disc 
recording companies were then still making their original tapes at a speed of 
30 i /s .  Today, a recorder with a really good head and well designed electronics 
can produce at least as good quality from tape running at only 3-i i /s ,  as was 
then possible at twice that tape speed,

" 
which again rµeans economy in ' tape. 

Because tape speed affects frequency response, a standard has been agreed for 
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compensation . or  correction ,  a t  1 5  and 7 J_  i f s speeds .  There i s  n o t  yet any 
agreed correct ion for the slower tape  speeds, but  tape ampl ifiers provide 
compensation in accordance with head performance at these speeds ( Fig. 6 :4 ) .  

I n  order to s implify the load ing  and  handl ing of tapes, cassenes have  been 
i n troduced . These enable a tape to be dropped on to a machine .  or removed 
from it, as easi l y  as handl ing a disc on a turntable .  This in turn has l ed to 
the introduction of s implified tape decks .  work ing  at  one speed only ( 3 i  i I s ,  i n  
Britai n )  wh i ch wi l l  accommodate t hese cassettes, but n o t  ord inary ree l s  o f  tape.  
So far no  stereo deck or machi ne of this kind has  been produced here, but in 
America two or three different types of cassett� carrying stereo record ings on 
two or four tracks at speeds as l ow as I �  i l s have been tr ied .  A far greater 
variety of recorded m aterial i s  avai lable on tape in the U SA than in  th i s  
country .  a l though at l eas t  t h ree concerns ( EM/, World Record Cluh and Saga) 
are tryi ng to make up some of the deficiency . 

The Present day Tape Position 

The world of tape at present i s  far from being clean and t idy,  and future 
developments (which may be just round the corner) are i ncl ined to be proble
matical . H owever, it may be useful  to t ry to summarise the posit ion as i t  
appears from the user' s standpoint ,  add ing a word or  two more of advice to 
people who may be hesitat ing : 

1 .  Tape i s  a very good medium fo r  stereo reproduction ,  but i t  i s  l ikely to 
be a long t ime before i t  can offer anything l ike the  same choice of recorded 
mater ia l  that i s  avai lable on disc .  I ts greatest advantage applies only to those 
who wish to be doers, and not  hearers only-to use the  faci l i ty for mak ing 
stereo recordings ; but i t  m ust be remembered that h i s  fac i l i ty  costs extra 
money,  req uires m uch patient experiment ( one cannot become  a good 
recording engineer overnight ,  and one m ust learn by trial and error-mainly 
by error ! ) .  Also the recordings so produced will not normally be of the  same 
calibre, either in  performance or technical  q uality,  as those made 
professional ly . 

Twin track at 7 ± i/s 

2. If you wish to be able to take ful l  advantage of the l imi ted repertoire of 
stereo tapes at present available here, i t  is  essent ia l  that your equipment can 
reproduce twin- track tapes at  7J_ i / s .  This apart,  the choice between two and 
four t rack at present  boi ls  down to a choice between q uality and economy.  
If  you want  the best possible qual i ty ,  s t ick to two tracks .  If you are  prepared 
to sacrifice a l i t t le  q ua l i ty for  the sake of economy, choose four track equip
ment .  Unfortunately, t here are at  presen t  no i n ternational standards for  four 
t rack recording, but i f  your main i n terest i n  stereo tapes i s  l ike ly to be the 
recording  of future stereo radio transmissions ,  the  best four track machines 
w i l l  meet your needs .  

3. Of the tape  speeds at  presen t  i n  use ,  3 i  and 7± i / s  are  the  two useful 
ones. American experiments by Dr Peter Goldmark and his  col l eagues of 
1 ·n l umbia and M i nnesota Mining and Manufacturing Co . ,  (who,  two years 
ct,?•1.  demonstrated a new type of cassette containing specia l  tape) seem to 
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indicate that there i s  a future possibi l i ty o f  good q ual i ty a t  I i  i f s, but  in 
Britai n ,  using best q ual i ty tape on ree ls  with the latest small  gap heads, 
3 �  i /s is  the s lowest speed which wi l l  provide an adeq uate frequency range 
with sufficient ly low wow and flutter levels .  The 7 1  i f s speed is better, but 
for our purposes there i s  no further need to consider recording and repr'oduc
tion at 1 5  i f s .  

The  on ly  defence for four tracks and  slow speeds i s  economy, wh ich  is  
eminent ly reasonable ,  but it  must be remembered that good qual i ty under these 
circumstances demands greater accuracy in  tape transport,  because the 
s ignal  now occupies on ly  ha lf  the area ; i t  a lso worsens the  signal-to-noise 
ratio since the output  is correspondingly reduced . Freedom from minor speed 
variations ,  better heads wi th narrower gaps, ( which must be kep t  really clean ) 
better tape and more int imate contact between tape and head are also essential . 
I n  other words . greater prec i s ion i s  ca l l ed for, and th is  means a h igher cost 
of equipment . 

There is a para l lel here with d i sc reproducing eq uipment , where the intro
duction of long p laying records. operating at s lower speeds, demanded 
better material for the di scs themselves, and a greater preci sion in reproducing 
equipment .  These were chal lenges which were tri umphant ly overcome once 
standards were agreed . Given a simi lar  agreement , there seems to be no 
fundamental reasons why tape should not meet the chal lenge wi th equal 
success ; i ndeed a few Bri t i sh and foreign machines a lready point the way. 

Recording on Tape 

This book is pr imari l y  concerned with h igh q uality reproduction of stereo 
sound sources . Recording on tape, especially stereo recording, demands a 
volume to itself. There are several in existence, and I understand that another 
book in th is  family ,  " Tape for Beginners",  is now being written by my fel low 
author,  Alec Tutchings .  So I wi l l  not  discuss the subject here, except to remark 
in passing that , i f  you are seriously considering  stereo recording as a h obby, i t  
would be well to bear the  fol lowing points in  mind : 

1 .  Live Recording : Good microphones are absolutely necessary . H owever 
high the standard of the rest of your equipment may be, the " mi ke " stal)ds in 
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the  same relationship to it as the  pickup does in the  reproduction of a gramo
phone record . The most generally useful type for stereo recording is the 
ribbon, which is fairly expensive, rather delicate (do not blow into it ! )  and of 
low impedance, requiring a matching transformer, which may be built in .  
You will need a pair, and the best  way to get them (unless you are technically 
skilled and wish to experiment) is  to buy a stereo ribbon, which consists of 
two matched ribbons mounted one above the other with their axes at right 
angles .  (See Chapter Three, Stereo Recording) . 

Recording from Radio and Disc 

2. Recording from Radio : At the moment ( 1 962) this is virtually hypo
thetical, as there are only experimental stereo transmissions. However, we 
hope that more may come soon . If and when they do, you will probably 
require an FM tuner unit with provision for the attachment of another small 
" box of tricks " to enable you to receive the second channel. You can use an 
FM Tuner now, and enjoy incomparable quality from single channel broad
casts . Connecting the additional unit when it becomes necessary may merely 
be a matter of plugging in .  . 

3. Recording from Discs : There is little justification for this operation, 
save in exceptional circumstances, since with any modern disc there will be an 
easily perceptible loss of quality, and the process is a flagrant breach of the 
Copyright Act 1 956 .  (See Section 1 2 . )  However, you may temporarily have 
access to a record not issued in this country, or no longer obtainable anywhere, 
in which case you need only to play it with a suitable pickup head and feed the 
signal through your pre-amplifier into your recorder. Some experiment is 
indicated before recording, in order to find the best control settings of pre
amplifier and recorder . 

Dubbing 

4. Recording from other tapes: There is little difference between this 
procedure and recording a disc. The output from the recorder playing the 
tape should be taken from the high impedance take-off point and fed to the 
recording machine, via the pre-amplifier. The two machines need not operate 
at the same speed, but you are unlikely to wish to record at a higher speed than 
that of the original, since to do so would bring no benefit and would use more 
tape. As when recording a disc, experiments can be done before the final 
recording is made, and the results checked by playing back . 

5. Choice and care of tape: There are innumerable brands of tape to 
choose from, in three thicknesses : Standard, Long Play, and Double Play. 
Unless you are technically informed and wish to experiment, wisdom dictates 
that you should use the brand or type of tape specified or recommended by 
the makers of your tape machine when making your own recordings, because 
the machine will have been designed and constructed to give consistent 
results of the highest quality within its capabilities with this particular type of 
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material . In the case of commercially recorded tapes, you have no choice, but 
this is of no significance, as you are only replaying the tape, not recording on 
it .  

All tapes are liable to suffer from "print through ",  which is akin to the 
almost conquered trouble of "pre-echo" on discs . It  is  the transfer, or 
superimposition, of a very weak and distorted signal from one piece of tape to 
the piece adjacent to it on the spool .  There are several factors involved, but 
liability to the trouble is in inverse proportion to the thickness of the tape used. 
Tape thickness also affects mechanical strength, playing time and price : the 
thinner the tape, the greater the cost per foot, and the greater the playing 
time from a reel of given size . See table, fig. 6 :5 .  The standard and long play 
tapes are suggested for normal use ; double play tape where it is necessary to 
get maximum playing time from a spool of given size . 

Tape storage is not a difficult matter . A bookshelf is excellent for the purpose. 
Tape should be evenly spooled for storage, and kept in dry conditions away 
from heat : that is, at normal room temperatures, as even as may be, not in 
immediate proximity to fires or radiators, and, if kept in stock for long periods 
without replaying, should be re-spooled occasionally .  The tape spools can 
conveniently be kept in the boxes in which they are purchased, or in the neat 
plastic cases now available.  

Playing times .for Twin Track Stereo Tape 
Note.  The length of tape on a spool of given size vari es. The playi ng times q uoted are 

therefore approximate, but are those usually obtained. 

Spool size. 3 " 3 " 5"  5" 5..l" 4 5 1-" 4 7" 7" 
Speed . ips.  3i 7-t" 3i 71 3i 71 3 i  71 
Standard . 9± mts .  4i mts.  32 1 6  45± 22i 1 h 4 32 
Long Play. 1 3± 6i 45± 22i 1 h 4 32 1 h 36 48 
Double Play. 1 6  8 l h 4 32 l h 36 48 2 h  8 l h 4  
Fig. 6 :5 For four track recording, m ultiply all  playing times by 2 .  

Tape Recording and the Copyright Law 

The new copyright Act of 1 956 was intended to remove some of the 
anomalies of the 1 9 1 1 Act, but the law of Copyright still remains somewhat 
confused and confusing. The purpose of both Acts was to protect authors and 
composers from exploitation by people using their works without payment ; 
in other words, to enable them to earn some sort of living from their creative 
efforts . 

One or two points in the 1 956 act may usefully be summarised for the 
guidance of tape recorder owners . It is not only the originators of a work 
who are protected, but also those to whom they have sold the right to make use 
of their productions .  If at any time you make a recording of a broadcast, you 
infringe the broadcasting company's  Copyright ; and in certain cases other 
people's Copyright as well .  For instance, the Copyright of the recording 
company in the case of a gramophone record . If you use the record you have 
made by playing it in public, that is another infringement of the law ; and if 
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you had made such a record with the intention o f  using i t  t o  make a profit, that 
would be a third offence : An action for damages could be brought against you, 
and you could be fined. H owever, up to now, while everyone knows that these 
things are done, so long as you confine yourself to the first offence, the actual 
making of the record , in the sense that you do not sell it ,  or sell a copy of it 
to anyone, and do not play it in public, using i t  only in your own home, for 
your own entertainment and that of your family and friends, no one wi l l  
proceed against you .  

Watch the Copyright Act 

The dubbing of gramophone records on to tape is a much less easi ly 
justifiable business. It should be shunned on purely ethical grounds, except 
under special circumstances ,  such as those suggested in a previous paragraph . 
Since the transfer of a disc to tape cannot possibly improve the q uality, the 
only possible reason for doing i t  with an available record i s  to make a profit, 
either by selling the original or the copy, or to profit indirectly by making 
a copy of a borrowed disc,  thus o.btaining the performance for no more than 
the cost of the tape used . In ei ther case, the bread is being taken from some
one's mouth . 

In the case of l ive performances in theatres or concert halls, the permission 
of the management must be obtained, and also the permission of the appro
priate Union if  professional performers are involved, and of the author or 
composer or his agent (unless the Copyright has expired ) before any attempt 
is made to record .  M uch will depend upon whether you wish to record the 
whole performance or just an excerpt or two . 

Finally, it should be noted that gramophone records or commercially 
recorded tapes must not be played in public without permission from the 
Performing Rights Society, who will charge a small fee, according to the 
records to be played and the duration of the program me.  
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T his m ust of necessity be a tentative chapter � 1 1H.:e apart from the B BC �  
experimental transmissions people in t h i s  country have no experience 
of the subject ,  which i s  a p i ty .  Stereo reproduction has not .. caught 

on " with the general publ ic as q u ickly or as widely as was hoped. There are 
various reasons for this .  some of wh ich have a lready been ment ioned i n  
passing-the h i gh cost of stereo tapes and  reproducing eq uipment-the release 
of stereo discs without proper preparation--the absence of modestly priced 
stereo pick ups with reasonably high output and min imum record wear--but 
the ch ief reason i s  without doubt the fact that there i s  ( 1 963)  no regular 
stereo radio serv ice .  

The B BC has long been wel l  aware of interest in stereo transmissions .  and 
the response to the experimental Saturday morning broadcasts, which ended 
in the Summer of 1 962.  to be replaced by the first series of experimental 
FM mult iplex transmissions, was keen and critica l .  Upwards of I 00 letters and 
reports were recei ved by the engineering divis ion after each one.  Though 
some of us may th ink  i t  a somewhat tardy body. we are fortunate that the 
future of stereo by radio l ies in  the hands of the BBC,  for its standards are 
h igh , its in tegri ty is a byword throughout the world,  and i t  is uninfluenced by 
commercial considerat ions .  Of necessity the BBC must tend towards con
servatism in  the inauguration of a new system.  Even though its earliest 
experiments in the stereo field date back to 1 933 ,  considerable sums of 
money will be involved when a regu lar service is  started, based upon that 
experience. This must be publ ic money, and the Corporation would not readi ly  
be forgiven i f  these sums were i l l  spent. Nevertheless, the experimental 
mu l tiplex transmissions have shown that th ings are at last moving i n  this 
field . Europe, as a whole ,  has virtua l ly  decided to adopt the Genera l  Electric 
Zenith system of multiplex stereo , and it is most probable that B ritain wi l l  
a lso decide to use i t .  

The system used for the recently terminated series of experiments ( which 
continued. with some short breaks,  si nce October 1 958)  provided m uch 
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valuable information .  But that system could not be used for the provision of a 
regular, more extended experiment-from which much more, and more 
valuable information might be expected-because it employed two trans
mitters, one of which was the television transmitter, which was required for 
its proper purpose during the afternoons and evenings . It  is astonishing that 
the system yielded such satisfactory results when we remember the widely 
different characteristics of the amplifiers and loudspeakers generally used for 
the right hand (Television) and left hand (Network Three) stereo channels. 

A comparatively small number of people possessed a TV sound receiver 
(apart from the TV set itself) with the facility to feed the right and left hand 
signals through identical amplifiers to matching external speakers, and many 
listeners whose apparatus was not movable had to suffer their stereo in reverse. 
The solution (which keen listeners were able to hear in the Summer and 
Autumn of 1 962) is to broadcast both channels on one frequency, just as the 
solution to disc stereo was to record and reproduce both channels from one 
groove . This is known as multiplexing, and the system was pioneered by G. H .  
Armstrong and his colleagues i n  the United States .  

AM and FM 

Readers wil l  know that radio programmes are transmitted by means of a 
carrier-continuous waves of a certain length-which is modulated by the 
signals  according to Amplitude or Frequency, so that we get AM and FM 
transmissions which require different types of receivers. In multiplexing, a 
supersonic sub-carrier is used, itself modulated by one part of the stereo 
signal, and this modulated sub-carrier is then imposed on the main carrier 
which bears the other part . 

There are obviously many possible variations of this basic system for 
stereo transmissions, according to the way in which the signal is divided 
between the main and sub carriers, the frequency and method of modulation 
employed . In North America, some systems have used two AM carriers, 
others two FM carriers . The system finally selected by the Federal Communica
tions Commission for use in stereo broadcasting in the USA (as from June l st 

r--:-----, L +R t (S U M) -z- ,....----. 

- M U LT IPLEX 
..,....-----, L- R TRAN SM ITTER 
t (pl F F ER E NCE) -2- .._ ___ _, 

Fig. 7 :1 .  Representation of a stereo multiplex 
transmitter and both stereo and mono receivers. 
The mono information (sum) is transmitted in the 
normal manner, but the stereo signal (difference) 

is put on to a sub-carrier. 
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1 96 1 )  employs FM main carrier and AM sub-carrier. In some systems each 
carrier bears one channel ; in others the main carrier transmits the sum of the 
two channels and the sub-carrier the difference ; the sub-carrier may be used 
for a " steering signal " and so on. The object in every case is to produce a 
stereo sound source from one transmitter which will also be " compatible "
that is, receivable as a mono signal of good quality without the need to modify 
existing mono tuners or receivers . 

Any stereo sound source consists of two signals, one from each microphone, 
which are usually denoted as L and R (for left and right) or A and B. It is 
generally accepted that the sum of these two signals forms a satisfactory 
representation in mono of a stereo source. Therefore, this L + R  signal in a 
stereo broadcast must be available for mono receivers ; and these of course 
will not detect whatever information is transmitted by means of the sub-carrier. 
If this information is the difference signal, L - R, a stereo receiver can recover 
the original signals by a process of addition and subtraction : (L + R) + 
(L  - R) = 2L.  (L + R) - (L - R) = 2R. (See fig. 7 : 1 ) .  

The Mullard and Percival Systems 

Two British systems were submitted and demonstrated to the BBC, prior 
to the 1 962 decision to try out the American Zenith system . They were the 
EMI or Percival system, due to W. S. Percival ,  and the Mullard system due 
to G. D. Browne. The Percival system transmits one compatible audio signal, 
(L + R) and a directional or steering signal on a sub-carrier. Experiments 
by Mr Percival indicated that it is the onset, the initial transients of sounds 
which are most important in determination of their direction, and that once 
this impression of direction has been established, it will persist for a short 
time, irrespective of the ratio of the outputs of the speakers .  The sub-carrier is 
therefore used to indicate the ratio between the strength of the L and R 
signals . 

At the receiver end, the sum signal goes to both speakers, but their relative 
. volume is controlled by the guiding signal, and stereo information depends 

on the " precedence eff�ct " mentioned above. It will be seen that not very 
much directional information is transmitted, and the system can operate 
successfully on a narrower bandwidth than many others. 

Time Multiplexing 

The Mullard system, on the other hand, transmits a maximum of directional 
information, L and R signals being handled quite separately and combined in 
a mono receiver to produce the sum, (L + R) for compatibility. To quote 
G. D .  Browne " The process is known as time multiplexing. The technique is 
based on the fact that if a sc;rnnd is interrupted regularly and sufficiently 
rapidly, a receiver will disregard the interruptions and translate it as an 
unbroken output" .  This is similar to the effect of a cinema film, in which 
the eye interprets a regularly and rapidly interrupted series of separate 
pictures as one continuous moving scene ignoring the interruptions. To quote 
Mr Browne again " The transmitter sends alternate pulses of L and R informa-
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t ion . I n  the stereo receiver, a synch ron i sed electron ic  switch routes a l ternate 
sample pu lses to their re levant channe ls  and loudspeakers. t hus re-creat ing 
the origi na l  L and R s igna l s" .  

Readers who w i sh  to ob ta in  detai l ed technical  descrip t i ons of these system s  
are referred to t h e  B BC Engineering Div i s ion M onograph N o  2 9 .  · · A Summan· 
o( the Present Position of Stereophonic Broadcasting · ·  by D. E. L. Shorter 
and G. J .  Phi l l i ps .  

As men t ioned above. t h e  1-edera l  Comm un icat ions Comm ission has 
recent ly  given permi ss ion for stereo broadcast i ng to begin in  A merica us ing 
the  GEC Zenith system .  wh ich em ploys F M  main carr ier bearing (l + R) 
signal and AM sub-carrier beari ng ( L  - Rl s ignal .  I t  i s  c la imed that t h i s  
system provides a nearly perfect mono s ign a l .  wi th a worsen ing of s igna l -to
noise rat io  of only I d B .  a separat ion between stereo channels  of  :10 dB from 
50 to  1 5 .000 c ' s. and that  i n  the s im plest form a one va lve adaptor can  handle 
the conversion of ex is t ing tuners for stereo recept ion .  The B BC kept i tse lf 
fu l l y  i nformed about th is  Zenith system and . as ment ioned earl i er. made the 
first tests and experimenta l  t ransm i ss ions with i t  i n  1 962 i n  order to find out 
whether i t  was su i table for use in th is  country .  

The Ideal System 

An ideal  system of stereo broadcast ing would provide : ( 1 ) Transmission  
on one freq uency channe l  w i thout i ncrease in  bandwidth or reduction  i n  
service area ( 2 )  Recept ion of stereo programmes on m o n o  rece ivers with the 
addi t ion  of a s imple and inexpensive adaptor .  ( 3 )  Reproduction comparable 
wi th  good d i sc or tape .  (4 )  Compat ib i l i ty i . e .  capab i l i ty of recept ion as a 
mono signal on mono recei vers such that  the on ly  l i m i tat ion i s  that  imposed by 
the nature of the programme .  (5)  Ab i l i t y  to operate wi th  any pair of stereo 
signal s .  however derived . 

" I t wi l l  no doubt be i m possib l e " .  say Shorter and Ph i l l i ps · · i n  practice, to 
fil l  a l l  t hese req ui rements s imu l taneous ly" . Nevertheless ,  a stage has been 
reached when i t  is  c lear ly poss ib le , fro m  an engineering point of view, to 
provide a stereo service very nearly approaching this idea l ,  and the BBC 
provides what i s  genera l l y  cons idered to be  the  best broadcasting  service i n  t he  
world . I t  was  early i n  t he  stereo field . some  l i m i ted experiments being carried 
out before the last war .  Its standards are extremely h igh ,  and whatever system 
i t  evenJual ly decides to adopt w i l l ,  we may be sure, bring us  the very best that  
current  techn iques perm i t .  
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M any of the readers of this book who are interested in stereo reproduc
tion will already possess mono equipment of some kind, and will 

_ naturally wish to consider the possibility of converting this gear for 
stereo . Whether or not this will be worthwhile from the conjoined points of 
view of quality, economy and convenience, will depend largely on the type of 
apparatus in use. It is possible to convert almost any mono equipment, from a 
portable record player or tape recorder, to the most ambitious high fidelity 
set-up ; whether it is wise to do so is another matter, and there is usually 
more than one way of doing it. Every proposition of this kind really requires 
individual consideration, and in this chapter only general indications can be 
provided for that reason. If, after reading this section, you consider that in 
your case conversion may well " pay off", seek out a reliable dealer specialising 
in high quality sound equipment and discuss the matter fully with him. 

Not all Conversion is Worthwhile 

The conversion of a record player or ordinary one-piece radiogram to 
stereo is just not worthwhile . If you have an instrument of this kind in good 
condition, and you wish to go over to stereo, by far the best thing you can do 
is to sell it, give it to someone for a wedding present or, if it is quite modern 
and has been well kept externally as well as being electronically sound, trade 
it in when getting new equipment. Assuming that there is already a good 
quality mono set-up in use, consisting of a playing desk, amplifier and 
separate speaker, with a tape machine in addition to-or instead of-the 
playing desk, there are several different procedures which may be adopted . 
Let us consider discs first. 

The simplest, though not the best nor the least expensive method is to 
select a suitable stereo pickup, and then duplicate the speaker, amplifier 
and pre-amplifier. Assuming that the motor is a transcription model, and as 
nearly as possible rumble-free, this will give good results. But greater con
venience in use and a saving in space will come from the installation of a 
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stereo pre-ampl ifier .  the mono pre-amp being  . .  scrapped 
. . ' or traded- in  

accord ing  to age and c i rcum stances. and the ma in  am pl ifier and speaker 
dupl i cated . 

Identical Pairs Not Essential 

Th i s  is a good t i me to make it c lear that . wh i l e  ident ica l  eq u ipment in each 
channe l  of a stereo "reproducer i s  the most desirable arrangement lead ing to 
the best  resul ts  wi th  the least  trouble i n  operation and i nsta l lation ,  it i s  
not essential for sat i sfactory stereo . Pro vided that i t  is of' similar sensitivity 
and input impedance. a second ampl ifier ( e i ther complete or a power amplifier 
on ly )  of not less than half the output power of the one a l ready in operat ion 
may be used for the second channel ,  w i th  some sav i ng  i n  cost . I f  two different 
ma in  ampl ifiers are fed from a stereo pre-am p and h ave d ifferent sensi t iv i t ies : 
( e .g .  i f  one produces 1 5  watts out  for I · 5  V i n ,  and the  other 1 0  watts out  for 
1 - 4 V i n put )  a pai r  of pre-set con t ro l s  can be placed across the i n puts  to 
eq ua l i ze t h i ngs.  A pair of I megohm poten t iometers are genera l l y  usefu l for 
th i s  purpose. but the  i nput sens i t i vi t ies of the ampl ifiers shou ld be rough ly  
s imi lar .  and power suppl ies for the pre-amp need to be  checked ; voltage 
dropp ing  and addi t iona l  smoot h i ng may be required . M y  earl iest stereo 
eq uipment ut i l i sed 1 2  and 2 5  watt main  ampl ifiers in t h i s  way q ui te  satis
factor i ly .  the pre-set contro ls  being adj usted , wi t h  the pre-amp balance 
control cen tra l i sed . un t i l  mono speech--from the BBC-appeared to emanate 
from mid-way between the speakers (fig. 8 : 1 ) .  

I t  i s  obviously desirable that  there should not be wide d ifferences i n  fre
q uency respon se and distort ion levels .  but w i th  modern ampl ifiers t h i s  is not  
usual ly a serious problem . I t  has a lready been poin ted out ( in  the  chapter on  
Stereo . from Disc) t hat the p i ck  up m ust be  carefu l l y  chosen to match the pre
ampl ifier .  I f  a stereo pickup is to be used wi th a d i ssi m i lar couple of 
pre-ampl ifiers. a double  check  is necessary. 

Speaker Variations 

There are n umerous possib i l i t ies wi th  loudspeakers .  I f  you a l ready have 
one 9 cu ft br ick reflex enclosure .  you may not have room for another .  even i f  
y o u  do not  q ua i l  at t h e  t hough t of bui ld ing i t ,  and i f  your  w i fe does n o t  m ind .  
I f  you l i ke  your  exi s t ing speaker, match i t  i f  you can .  but  j f  you  cannot .  goop 
stereo i s  not out of reach . I n  the earl ier part of th i s  book i t  was expla i ned t hat 
most of what may be cal led . .  the stereo effect " comes f�om the h i gher fre
q uencies .  and where it i s  necessary we can make use of t h i s  fact by em p lov ing 
on ly  one bass  speaker  v. 1 th a treble un i t  d isposed on e i t her s ide .  See  fig. 8 :2 .  

Crossover Units 

Connect ion  of the two channe ls  is made via a t ransformer, such as the 
Wharfedale Type SM I .  or a spec ia l  crossover un i t  such a� Goodmans  Type 
S23 .  I t  i s  a l so possib le .  t hough less sat i sfactory, to use the  arrangement shown 
i n  fig. 8 :2 .  with the  ful l  range speaker at one side and a treble unit  at  the 
other-a smaller ful l  range speaker may be used on  one s ide w i th  an ex is t ing 
l arger one at the other .  They should be rough ly  equa l  i n  range and power 
hand ling capacity, and of comparable efficiency. This usua l ly  i mp lies that t hey 
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should be similar in type, though it is perfectly reasonable and practicable to 
use a column or an " infinite baffle " type, with a reflex mounted speaker in the 
other channel ; but it is not a good idea to try to " pair up " a horn-loaded 
speaker or a full range electrostatic with a speaker of a different kind . 

The conversion of a single channel tape deck to play stereo tapes is, in 
most cases, a practical proposition, and the cost is not prohibitive. An extra 
head (stacked stereo replay) is needed, and the governing factor in the con
version is finding room for it. Many decks provide for this possibility in the 
design. If  you have a stereo pre-amp which will accept signals direct from a 
tape head and provide C .C . l .R .  equalisation-and if you are prepared to use 
this method-nothing else will be required except a switch (or shorted plug) 
to cut out the single channel replay head when you are using stereo tapes ; 
but if you replay via a tape pre-amp-the better method-it will be necessary 
to substitute a stereo model. 

Stereo Recording 

The same procedure can be adopted with a complete mono recorder, 
playing back directly from the stereo head ; but the conversion of a deck or a 
complete machine to record stereo tapes as well as to play them back is not 
worthwhile in any case, and is often impossible . If this is what you want, 
dispose of the machine and start again with a properly designed stereo 
recorder. 

Before starting, or giving any instructions for the conversion of tape 
equipment for stereo playback, it is a good idea to address an enquiry to the 
makers. They are always ready to help where it is  possible, and can often save 
you time, trouble and money. 
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P U R C H A S E ,  

I N S T A L L A T I O N ,  

M A I N T E N A N C E  

You may possibly have hoped to find in this book clear, precise and 
specific advice on what to buy and how to buy it . If so, I am sorry to 
disappoint you. There are so many possible combinations of equipment 

at different price levels, and so many variables in the purch;isers themselves 
(their pockets and their environment) about which no author can know 
anything at all, that such a task is obviously impossible . Some guidance has 
been given in the sections dealing with Basic Requirements, Stereo from Discs 
and Stereo from Tape on the things to look for when making a choice, but in 
the end this is something which you have to do for yourself, which is as it 
should be, for the specification of an ideal set of equipment should begin 
with a specification of the listener-his mind, his ears, his musical tastes, his 
home and its furnishings. 

Consult a Good Dealer 

In the matter of buying equipment, people are in widely different situations. 
The best way, undoubtedly, is to visit a specialist dealer, having made an 
appointment beforehand, giving him some indication of the things which 
interest you. Such a dealer will almost certainly be equipped with some form 
of " comparator ",  which will enable quick switches to be made from one 
set-up to another. A session in such a demonstration room should narrow the 
field of choice considerably, and it should then be possible to arrange for a 
further session to take place at home before final decisions are made .  

This is all very well if one lives within striking distance of a town or city 
where such a dealer is to be found. If not, it is worthwhile to make a pilgrimage. 
If this is impossible, perhaps you know someone whose equipment satisfies 
you completely, in which case you can duplicate it. Failing this, study the 
reviews in the technical press ; do not rely on one man's  tests and opinions. 
Consider only apparatus made by firms of established reputation, and buy 
it from a specialist dealer who is accustomed to long distance trading and 
who will guarantee safe delivery and satisfaction. Having made a provisional 
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cho ice .  write t o  the  techn ical advice department  o f  one o f  the  journals .  
sta t ing  your  i n ten t ions  and ask i n g  for an opi n i o n .  t oge ther w i t h  advice about  
any  i tems on wh ich you feel doubtfu l .  These people are q u i te  unprej ud iced . 
and w i l l  do the ir  best to he lp .  

I nstal lation 

Th i s  sect ion  should be read i n  conj unct ion w i th  the fol lowing one.  
· ·  Lisrening ro Srereo · · ,  because some of the problems of ins ta l la t ion are 
prob lems of arrangement--for conven ience and for best resu l ts  acoust ica l l y .  
Together .  these create the  l i sten i ng env i ronment  wh ich  ( i f  the  poten t ial i t i es of  
stereo are to be rea l i sed i n  the  way  i nd icated i n  the  ln rroducrion ) m ust no t  
obtrude upon .  c l a sh  w i th ,  or  obstruct the  env i ronment  of the performance. 
I t  t herefore seemed best to  deal with t h i s  part of the subject .  part icu lar ly with 
respect to the  actual l oudspeakers.  under the head ing  of · ·  Lisrening to Stereo " .  
The present  chapter w i l l  conseq uen t ly  b e  large ly .  t hough n o t  en t i re ly .  devoted 
to connect i ng  up and keepi ng  t h i ngs work ing smooth l y .  

The  i n sta l la t ion  of eq u ipment  w i l l  often he  carried ou t  by  the dealer 
from whom it  i s  purchased . Do not let his engi neer run away too q u ick ly ; 
make sure that  the  apparatus real ly  i.1 work i n g  to your sati sfact ion on a l l  
i n puts before he goes. or you may have to fetch h im back aga i n  next day.  to 
your annoyance and h i s .  When everyth i ng is  goi n g  properly .  there w i l l  st i l l  be 
somet h i ng left for you to do.  as wi l l  be seen later ; but  let us begi n at the 
begin n i ng .  

Assuming that  you have chosen the equipment you w i sh  to use,  the  next . 
step i s  to plan the i n sta l la t ion  before i t  arrives-indeed, before you even 
order i t .  This means considering its pos i t ion in your room, and ways of housing 
i t .  In  the last analys is  t hese are personal  mat ters,  but there are a few general 
pri nciples w hich should be observed . In the first p lace, the l ess not iceable 
the equ i pment i s  the better, no matter how proud you may be of it .  . .  Lose " 
i t  i n  the room as far as you can ; you w i l l  not  be able to do so completely,  of 
course. The commonsense p lace for the p lay ing desk , tape mach i ne and 
controls  i s  adj acent to your favouri te  chair .  and at  such a height that  you can 
operate it  w i thout  get t ing up. The loudspeakers should be as far from the 
l i steners as the room wi l l  a l low, but  leave the ir  actua l  posi t ions as flexib le  as 
possible ;  we sha l l  return to  th i s  subject  later .  

Place the Items Securely 

Whether the gear is housed i n  one or more cabinets ,  or p laced on shelves 
or tables,  these th ings need to  be solid, heavy and supported on a good firm 
floor where there is as l i t t l e  " spr ing " in it as possib le .  Thi s  is in order to 
avoid acoustic feedback, or  the transmiss ion of vibrat ions to  the play ing desk 
from the movements  of people in the roo m .  One exce l lent  scheme, capable of 
extended appli cation ,  was ou t l ined by the editor of Hi-Fi News in the October 
1 96 1  i ssue, i l lus trated by  a photograph of his own equ ipment, w hich i s  
reproduced i n  fig. 9 : 1 a n d  which ,  to q uote M r  Hens low,  " " shows t h e  system i n  
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Fig.  9 : 1 .  One 1 1 11 1 '  o f  a \ ' f l iding 1n11 1 1111 i.1 1 io11  1 1/ rih rario11 .1 11 1 rhe rumra h /e is r o  111011 11 1  i r  011 1he 1 rnl/. 
"1 main 11n1 c 1 1 1 ru l  1 1 11// .1/wu!d he usl'd r{f{hl'r rhan a parririon . 

i t s  most prim i t i ve form " .  There i s  no doubt that  wal l  mount ing i s  ideal for 
a play ing desk . To quote M r  Hen slow again . .  You could . . .  wa l k  an elephant 
across the floor without caus ing the stylus to jump a groove " .  

I t  i s  equal ly true that there i s  no reason why the lower part o f  the motor 
cannot be enclosed in a sui table box, and a l id fitted to open in whichever 
direction i s  most conven ient ,  if  the user feels (as r do) that the thing would be 
both better looking and less obtrusive if this were done . There need be l i t t le 
or no restrict ion of the freedom of movement for handling discs .  The tape 
mach ine is admirably placed , and pull s  out for use. The whole idea of wall 
mount ing is capable of an infinity of variations according to condi t ions ,  and 
merits very serious considerat ion.  

Plinths versus Legs 

Where a single cabinet or a .. Build up " of units is used to. contain all the 
equipment other than the loudspeakers. avoid  elegant slender legs ; in handling 
dozens of cabi nets fitted with them. I have so far not come across one which 
had the sol idity and stab i l i ty needed. and I think it unlikely that l shall do so 
in the future. If you musr have l egs on the cabinet,  the shorter and thicker 
the better ; but I prefer t he  type wh ich goes down to the floor or stands on a 
shal low pl in th .  I ncidenta l ly .  i f  t h e  cab inet has to be moved sometimes, Shep
herd Minicastors fit ted to the bottom. or to the pl inth, will be found very 
suitable. 

Horizontal  extens ion-i .e .  a long, low cabinet-is preferable to vertical 
extension,  in spite of the addi t i onal floor space occupied. both on grounds of 
convenience and sound " engineering " .  This  i s  because the worst possible 
pl(lce for the pickup is  immediately above the main amplifiers. from the point 
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of view of hum induction.  Also,  unless the cabinet is quite inconveniently tall 
and the back is left completely open, a pre-amplifier and radio unit mounted 
between the main amplifiers and the playing desk or tape recorder, stands an 
excellent chance of being " fried " ,  and this shortens the life of components. 
A horizontal cabinet allows a much better distribution of units, if it is well 
designed, with the playing desk to the side of the lower amplifiers .  Whatever 
the method adopted, there must be good ventilation and free circulation of 
air round the main amplifiers. 

Under difficult conditions, special methods , may have to be adopted. 
Fig. 9 :2 shows a system devised and proved in practice by Mr R. E .  Cooke 
(lately of Wharfedale, now of K.E.F. Electronics) for isolating the pickup from 
floor vibrations. It can easily be adapted to suit a horizontal cabinet by the 
use of an extra slab and pair of damping blocks .  I do not suggest that you 
should start like this, but domestic conditions do exist in which this has 
proved the only cure for trouble, and even concrete slabs and damping blocks 
can be disguised ! Arrange, if you can, for the motor board or tape deck to be 
flush with the top edges of the cabinet ; digging about in a shallow pit is 
inconvenient, especially from an armchair position.  

So much, then, for cabinets and playing desks.  What about putting the 

MOTOR B OA R D  

.-:1:======:i�-- SPR I N GS 

211 T H I C K CONC R ETE SLA B 

2''- 3''TH I C K  BLO C K S  OF SPONGE R U B B E R  

R I G I D  TA BLE 

Fig. 9 :2. In extreme cases, where vibrations are being transmitted through the house structure, the 
turntable may be "decoupled" by means of the inertia of a concrete slab . 
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Fig. 9 :3. This cardboard template makes pickup alignment easy. With the turntable spindle at A 
and the stylus tip at B, the pickup shell or cartridge should line-up with the parallel lines. 

components into them, if, as may well happen for a variety of reasons, you 
do it yourself? A good thick (minimum ! in . preferably i in . or i in . )  motor 
board is essential . It is worthwhile checking this point when buying a ready
made cabinet. If you are saddled with a thinner one, and cannot match the 
timber finish with a thicker one, get a piece of plywood properly glued and 
screwed to the underside before getting the cut-out done. 

Springs not Recommended 

Spring mounting of motor plates tends to increase rather than decrease the 
incidence of motor rumble ; so if springs are provided for mounting the motor 
on to the board, do not use them. Instead, use rubber grommets on the mount
ing bolts above and below the board, so that the motor plate is just clear of the 
board, not touching it anywhere, and so that the nuts below are screwed up on 
to a rubber grommet or washer from below. 

When drilling the bolt holes, make them larger than necessary so that the 
bolts will go through easily, clear of the holes, and bush the holes with felt or 
valve rubber. Make the motor board slightly smaller-about nr in. all round
than the aperture, so that there is no contact between board and cabinet sides. 
Strips of foam rubber-not the soft plastic foam used for draught exclusion
or felt should be placed on the bearers before the board is put in position .  
Do n o t  screw it down. I t s  weight and the grip of the rubber will keep it in 
position nicely, and there will be no direct contact between motor plate and 
board or between board and cabinet . Do not mount the pickup on the motor 
plate itself if you can help it ; it is better on the board, screwed down evenly
not viciously-with small rubber washers between base and board . 

In general, the templates supplied by manufacturers for mounting their 
pickups are accurate, and they should be carefully used according to instruc
tions.  Accuracy in mounting a pickup is of the greatest importance for avoiding 
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� ..... 
SCREE N E D  LEAD TO AMPLI F I E R  FROM OTH E R  
S I D E  O f  T H E  BOARD 

Fig .  9 :4. Thi' hole i n  r h e  mororhoard should he 11longa111d fi1r elf.I T adjusrmenr r drilling nrn holl!s 

and filing. Pie/.:. up li!ads should he looped ro a 1·oid drag. 

d i stort ion d ue to track ing  error .  I f  i n accu racy creeps i n . it is m uch more 
l i k e l y  to be the  user than the tem plate which is at fau l t .  A fter posi t i on ing. 
a s imp le  check can be made wi th  a l i t t l e  device made with a piece of card .  as 
�hown in  fig. 9 :3 .  I t  i s  a good idea to make the cen t re hole for the pick up  
hasc 1 11 the  form of a s lo t  h y  dri l l i n g  two ho l es as c lose as poss ib le  together, 
one beh i n d  t he  o t her .  rem ov ing  the surp l us  wood between them w i t h  a 
ch i se l . S uch a s lot  a l l ows any s m a l l  movement forward or backward to be 
made easi l y ; and i f  at any fu t u re t ime  a d ifferent  pick up head i s  used, mak i ng  it 
necessary to  reposi t ion  the arm base, i t  can be q u ick ly  done with a m in imum 
of  troub le .  ( See fig. 9 :4 ) .  

Se t  the motor board level . A sma l l  c ircular spir it  level is  an exce l l en t  
i n vestmen t .  T i l t ing  the motor board to secu re dynamic leve l l i ng has now,  
fortunate ly. been abandoned.  Th i s  t i l t i ng  i n  order  to counteract the forces 
which tend to pu l l  the pick up i nwards towards the cen tre of the d i sc and which 
give uneq ua l  pressure o n  the  groove wal l s ,  i s  bad practice .  S im ple dev ices are 
avai lab le  for atta i n i ng th i s  desirable end which ,  for stereo,  i s  most necessary. 
These accessories are obta inab le  for use with the S. M. E. and some other 
p ick ups.  and a method which has appeared in various  s l ight ly d ifferen t  forms 
was out l i ned in the Apri l 1 96 1  i s sue of Hi-Fi Nell's by Mr D. A .  W ratten . and 
i s  reproduced in  fig. 9 :5 .  

When  decid ing  where to put a pickup  i n  re la t ion to  the  motor-where 
the  makers have left you a cho ice i n  the matter-good guid ing pri nciples are to 
arrange for the pick up to l ie easi ly u nder the hand .  and for both base and the 
head in  i ts  passage across the d i sc to be as far fro m  the actua l  motor as possib le .  
Aga in  as  an  examp le ,  us ing the Garrard 30 1 motor ,  the arrangement  shown in  
fig.  9 :6 gives good resu l ts ,  part icu lar ly  with magnetic pickups sensitive to 
hum inducti on . The " 30 1 " with i t s  " cut-away shou lders " a l l ows freedom of 
choice i n  pick up m ount ing posi t ion ,  as does the Connoisseur Craftsman 2-speed 
on its banj o  p late and the new Connoisseur Craftsman 3 -speed . 

Even when us ing a th ick  motor board such as described, i t  i s  a good idea to 
screw a couple of l u m ps of meta l ,  lead, brass or  iron to the u nderside of the 
motor board to m a ke i t  as  heavy as  possib l e-th e  heavier piece on  the side 
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Fig. 9 :::: . Sidl'- rlm1sr 1 1 1m he rn 1 1 11w11.1 i 1/ l 'd h 1  
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opposi te to t he  motor  u n i t  i t se l f  to coun ter-ba la nce i t s  wei ght . The heav ie r  t h t'  
hoard . t h e  l e s s  ea s i ly i t  w i l l  v i b ra te .  Poss i b l e  ros i t i o n s  for t hese we i gh t s  a rt' 
shown by do t ted l i nes i n  fig. 9 :6. I f  necessary. check and ad j ust  t he  a ng le of 
t he  s tyl us rel a t i vt' t o  t h e  groove.  see fig. 9 :7 .  and the play i ng  weigh t wi th  a 
Garrard or A rns pi c k u p  gauge .  

U n less your ampl ifier 1 s  of the i n tegra ted type ( i n wh i ch case 1 1  wi l l  pre
sumab l y  stand on a she lf  or  tab le )  the  ma in  or powe r u n i t s are best ou t  of the 
way,  down near the floor,  whether i n  the bottom of a cab i ne t o r  o n  a she lf. 
Pre-ampl ifiers can be placed wherever you l i ke ; they are fu l l y  screened as a 
rule and do not carry tran sformers or chokes l i ke ly  to cause hum troubles .  
Do not alter the l ength of the cables connect ing them to the main ampl ifiers.  
because these cables act as capacitors of a known value, and a l tering them can 
affect the freq uency response of the eq uipment ; t hey are usual l y  l onger than 
you w i l l  find necessary. so take care not to let the surp l us rest on top of the 
main ampl ifier's power va lves ! 

The insta l lat ion of a tape deck offers few problems ; none i f  it i s  a complete 
recorder or  " H i - Fi Un i t " in  i ts  own case. If the deck and tape pre-ampl ifier 
are separate units ,  the same remarks apply as i n  the case of motor units  and 
pre-amplifiers, but the deck needs only to be screwed down firmly to a good 
solid board in an approx imately level posi tion . 

Connecting Up 

Connect ing up i s  an important operation ,  which can-(though not if 
reasonable care i s  exerci sed )-culminate in  a bl inding b l ue flash ,  the cessation 
of the electricity supply ,  a no ise l i ke  a gargant uan beehi ve,  or a fizz and a 
wisp of smoke from the l oudspeaker cabinet, indicat ing that the uni t  has been 
connected to the mains ! Connecting  up i s  largely a matter of putt i ng· the 
correct p lugs i n to the proper sockets, according to the i n structions suppl ied 
with the uni ts ,  but there are usua l ly  some p lugs to be wired before connections 
can be m ade. and also some earth i ng to be attended to.  

Fig. 9 :8 shows the proper way to connect wires to mains p lugs, fig. 9 :9 to 
phonoplugs, and fig. 9 : 10  to standard co-axial p lugs .  The only tools you w i l l  

9 1  



STEREO FOR BEGINNERS 

need are a soldering iron, a small screwdriver, a pair of wire-cutting pliers and 
a wire stripper, together with a small supply of fluxcored solder. You can 
probably borrow a soldering iron if you haven't one ; in extremity you can 
cut the wire with scissors, though preferably not those used for dressmaking ; 
you can strip the wire with your pocket knife, but the result will probably be a 
cut thumb or a reduced number of conductors in the flex, or both ! 

Earthing 

Earthing is very important. Your amplifier will be provided with an earth 
point, or will, be fed by a standard 3-wire lead. If the former is the case, then 
all the rest of the gear must be earthed once to the amplifier and nowhere else, 
and the amplifier earth point itself must be connected to your main " earth " 
point-the third pin on the mains plug, if the house wiring is modern and 
satisfactory, providing a proper earth . If the latter is the case, then all other 
units plugged into it by co-axial cables will automatically be " earthed " as 
well-except perhaps the pick-up arm and the base-plate of the turntable 
and motor, and a single wire may be used to connect tb_ese to the mains 
" earth " via the large, " earth " pin on the plug. 

We are now in a position to look at the interconnection of the various 
units, beginning with the pickup. More pickups are now being made with 
plug-and-socket connections at the base of the arm, which is an excellent 
thing. If your pickup is made like this, there is really nothing more to be said 
about connecting it. The wiring will have been done correctly by the maker. 
Simply follow his instructions. In this case it will be best to earth the motor 
separately, as mentioned above, either by means on a wire from the tag 
provided on the underside of the motor plate directly to the amplifier earth 
point, or to the 3 -pin plug. Unless the instruction leaflet tells you something 
different, the arm will be earthed automatically, through the plug and socket 
connections . 

Screened Pickup Leads 

If your pickup is supplied simply with screened leads protruding from the 
arm base, cut them off about 6 in. below the base. Get a small 4-tag board and 
screw it to the underside of the motor board, immediately adjacent to the 
central hole for the pickup base. Leaving a loop as shown in fig. 9 :4, connect 

· the leads to the tags . From the other ends of the tags, continue the wiring to 
the control unit, using screened leads, and connecting screens to screens and 
live to live, as on the pickup side of the board . Connect the earth tag on the 
motor plate to the pickup arm by means of a tag on one of the bolts, and 
continue the wire to one of the " screen " tags on the board . Motor and arm are 
then earthed when the pickup leads are connected to the control unit . 

Alternatively, and perhaps better, join earth tags on motor and pickup arm 
together as described, and take this separate lead directly to the amplifier 
earthing point. If your pickup has a common earth connection-i .e .  three wires, 
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2 live and 1 screen, instead of four- proceed in the same way, using only 
three tags instead of four, but in this case use twin screened lead (2 insulated 
wires within one screen) on the amplifier side. Shure Electronics, 84 B lack
friars Road, London SE l ,  produce a most useful set of leads, No. A30C for 
3-wire stereo installation which can be used with advantage in practically 
every case, and includes a separate wire for motor and pickup arm earthing. 

By this procedure we are trying to avoid earth " loops " which cause hum 
and so spoil the reproduction. We haJe therefore to be careful that everything 
is earthed once only. There are other causes of hum, of course, but installation 
along the lines suggested will take care of them. Earth loops are the most 
common cause of hum trouble .  

Interconnections and loops 

If your amplifier is of the integrated type, or if your control unit and 
amplifier come from the same maker, connecting them together will present no 
problems ; but if they are by different makers, it is possible that the leads 
between them may form a loop. The control unit is usually earthed via the H.T .  
negative lead, and if  there is a separate, screened " audio " lead from it  as  well ,  
the screen will have to be disconnected at one end in order to eliminate a loop . 
The same remarks apply to radio tuners. If a self-powered tuner is used, do 
not wire it to the mains by means of a three-pin connection. Cut back and tape 
up the green lead, and connect the red and black only to the plug. Do not earth 
the tuner ; this will be done automatically by the screen of the audio lead . 

A separate tape machine should be treated as such-earthed separately 
only when, and if, it is used independently. Use a 2-pin connection to the 
mains and, when you are recording in the church hall or elsewhere, take along 
a length of five or six yards of wire with a crocodile clip at one end, so that 
you can earth to a radiator or other suitable point, and join the other end 
to the green wire on the recorder lead by means of a phono plug and socket .  
When the machine i s  used i n  conjunction with the equipment a t  home, and 
when the tape in and tape out sockets are both connected semi-permanently 

Fig. 9 :6. In troublesome 
cases it may be necessary 
to fix pieces of brass to 
the baseboard underside 
to minimise transmission 
of vibrations to the pick
up arm via its base . 
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t o  t h e  pre-ampl ifier. a 2-p in connect i on  shou ld b e  made t o  the mains .  and the 
screen of o n e  of the  leads to the  control un i t  shou ld  be d i sconnected at one end .  

W hen in sta l l i ng your eq u i pment .  the  best  way i s  to make the external  earth 
connection to the amplifier first ,  and then add the other i tems of eq u ipment ,  
one at a t ime,  check ing  that  each one i s  earthed to the ampl ifier, hut  earthed 
only once . Keep the leads from the  pick up to the control uni t  as short as you 
convenient ly  can,  and as far away as possible from mains carry ing components .  
I f  h u m  i s  present  on tes t ,  t ry  moving the pickup leads ( wi thout switching off) 
unt i l  a posi t ion of min i mum h um i s  found, and then anchor them . In some 
cases, a movement of th ree inches wil l c lear hum completely .  The insta l lat ion 
of loudspeakers w i l l  be d i scussed in  the fol lowing chapter ; there i s ,  of course. 
no need to u�e screened leads for connecting them to the amplifiers .  I n  
domestic condit ions, ord inary twin flex i s  perfect ly satisfactory, though in 
hal ls ,  where the speakers are a long way from the ampl ifying equipment.  
heavier flex should be used . 

Two fina l  words on the subject of insta l lat ion,  a do and a do not .  Do s i t  
down with each piece of  eq u i pment in  front of  you,  and read the maker's 
instruction book s lowly and carefu l l y  hefore you go to wor k .  Do not switch on 
the mains  before you have checked that  the vol tage selector on each item 
connected to the electricity supply is correct1y set to the vol tage stated on 
your meter or distr i but ion board, and not before you have re-checked every 
connection which you have made . 

Maintenance 

It m ust be made clear at once that  h i s  sect ion of the book wi l l  not ( and 
i s  not i n tended to) turn you into a serv ice engineer in  one easy lesson ,  or  
enable  you to d ispense with the instruments,  sk i l l ,  and experience of these 
busy and inval uable people : exact ly  the reverse i n  fact .  Some people treat their 
sound reproducing equipment as they do  their  watches : take them for granted 
until they give trouble .  " Th i s  has been a marve l lous  set, you know,  old man . 
I 've had it for five years now and never spent a penny on i t .  Never even 
changed a valve " !  

Such a remark is ,  of course, a test imonia l  to the re l iabi l i ty of the particular 
maker's products, but the operative words are " has been " .  I t  certai n ly 
i s  not a marvel lous set now, though the owner may sti l l  be content with the 
noise i t  makes .  Deterioration takes p lace so s lowly that  i t  i s  often impercept ib le 
unless we hear another set of equipment  and notice the d ifference. Th i s  does 
not mean that we must be forever t in kering with our gear so anxious about 

P. U.  
H E A D  

F R O N T  

Fig. 9 :7. The pick-up should h e  set-up s o  that its underside is parallel t o  the record surface. especialh 

11·hen vinred from the .fi-ont .  
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GREEN �--• 

BLACK --J'-:;:::::\ 

NEUTRAL 

RED 
@ J6 

LIVE 
3-WAY M A I N S  CABLE. 

G R I PPED UNDER RETAIN ER .  

CUT GREEN WIRE H.ERE I F  
U S I N G  THREE-WAY CABLE, 
AND SEAL CUT END OF 
COVER W ITH ADHESIVE TAPE 
BE FORE SCREWING DOWN 
COVER . 

Fig. 9 :8. This s/11rn s rhe rnrrecr 1m r ro 1\'ire-up 2-pin and 3-pin mains p/ug1·. 

it that we become obsessed with the means at the expense of the end ; we need 
to steer a middle course. 

In general, it i s  a sound principle to leave apparatus alone so long as it 
gives sati sfaction but, with average use. a year is about as long as it can be 
expected to go without some falling off in quality. An annual overhaul is  not 
an expensive luxury, and it will pay good dividends in the maintenance of 
quality and the avoidance of both l istening fatigue and breakdown at incon
venient moments. A good time for this annual service is while you are away on 
holiday. Service engineers are busy people, and their attention cannot always 
be secured within an hour or two ; if you give them time to breathe by letting 
them have your equipment for a week or so while you are away rather than 
rushing them to get the work done quickly, they will appreciate it and will be 
able to give more detailed attention to your apparatus .  

�� REMOVE 1 ·· 
OUTER COVER . 

Fig. 9 :9. This sho •l'S rhe correcr procedure fi1r connecring small meral phono plugs ro rn-axia/ rnhle. 

The things which you can do for yourself to keep gear running sweetly are 
three in number : reasonable care in handling, cleaning, and oi l ing.  Keep 
all instruction books together in a safe place for easy reference. They will 
give you invaluable information on the little jobs of maintenance we are 
discussing : how to remove the turntable from your motor. where and how 
often to oil it ,  etc . When carrying out this essential operation,  do not bath the 
motor in  oil, and be very careful to see that none gets on the driv ing pulley, 
rubber idler wheel or the inside edge of the turntable, which should all be 
cleaned with a dry, l int-free cloth . 

After each playing session, dust the pickup stylus carefully with a camel 
hair brush�the type sold in a small case for cleaning camera lenses is excellent 
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for this purpose-using it in a backward and forward, not sideways, direction. 
When playing a new record which has not received Parastat treatment, this 
needs to be done after each side. If your pickup arm is of the transcription 
type, with adjustable balance, re-check it from time to time. After a couple of 
years of average use, return the pickup head to the makers for examination 
and stylus check : this, of course, assumes a diamond stylus, fortunately 
now almost universal . 

Dirt and oil in the wrong places are the chief enemies of tape recorders-as 
harmful as they are to discs and their playing equipment. On tape machines, 
t iny particles of the oxide tape coating and dust from the atmosphere build 
up on the heads. Every month or so, the cover should be removed and the faces 
of the heads dusted with the camel hair brush, or a soft cloth. The capstan 
and pinch wheel should be carefully cleaned with a lintless rag, such as a well
worn old handkerchief moistened with carbon tetrachloride . 

Do not use oil on the machines at all, except in accordance with the instruc
t ion manual . After a time, the heads will become magnetised, and if they are 
allowed ro remain in this state they will cause an increase in background 
noise. If you take the machine to your dealer, he will de-magnetise them on the 
spot at a very small charge, but the best procedure is to buy a " de-ftuxer " for 
about 50s. and do the job yourself about once a month-every time you have 
the cover off for cleaning. A void bent or warped tape spools : they can cause 
wow. 

This is no place to go into the business of fault finding and correction. 
Unless you are well informed and practised technically, you will be well 
advised to leave this to the professionals, who have the proper instruments for 
the j ob .  One point needs making here : amplifiers and recorders are usually 
fitted with fuses, so be sure that you always have one or two spares of the right 
type and rating in the house. If the equipment suddenly goes dead, or if 
there is no sign of life when you switch on, one of these fuses has probably 
blown. Switch off, unplug, check with another piece of apparatus (such as a 
fi re or iron or lamp) to see whether there is current at the mains plug, replace 
the  fuse, plug in and switch on. If the fuse immediately blows again, there is 
something amiss. You should switch off, and send for the service engineer. 

t 

REMOVE l
""
OUTER PUSH 

COVER. BACK 
BRA I D .  

>'S°OLDER. 

REMOVE THREAD ON PLUG F I T  � INNER TOP AND CABLE INNER 

IN SULATION.  
GRIP. PLUG BODY. 

ADD OUTER 
COVER AND 
SCREW UP. 

Fig. 9 : 10. Co-axial plugs are a little more difficult to.fit than phono plugs, but they make a thoroughly 
screened connection . 
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L I S T E N I N G 

TO S T E R E O 

R eaders who have fol lowed me so far wi l l  have gathered that I do not 
be l ieve it possible to get worthwhi le stereo reproduction by a " slap
happy " approach .  This  may be considered a nuisa nce, but stereo 

reprod uct ion is an art and is therefore i tself dependent on the proper use of 
wel l  made and designed tools .  so we cannot  dodge the elements of thought 
and care. even if we would.  Stereo equipment is an investment wh ich we 
choose l i ke any other .  I n  previous chapters some of the factors which may 
influence our choice have been d iscussed ; our records, on d isc or tape, are 
the subjects of regular advice from experts- but how we handle these th ings 
when we have them. and consequent ly  the degree of pleasure and permanence 
which our investments provide is. to a very large extent, under our personal 
contro l .  And in  this connection .  Shakespeare's famous · words. Neither a 
horroll'er nor a lrnder he . . . are very appl icable to precious d iscs and 
eq uipment .  

Listen to the music-not the Equipment ! 

Next ,  having spent a not inconsiderable sum on stereo eq uipment,  it wi l l  
pay to take  the l i tt le extra t rouble needed to create an environment for i t-and 
for those who are to l isten to i t-in wh ich sound reproduction can, and does 
regu larly. become sound re-creat ion .  Few people want to l i sten to a repro
ducer of any k i nd ; they want to l i sten to a performance, and in  this chapter 
it  is proposed · to d iscuss the factors other than the actual choice of the 
equipment which help to make this experience possib le .  

Listen ing is a concentrated activity of the mind,  not merely a function 
of the ear. In the case of l isten ing to music, i t  can be an exhausting activi ty ,  
especia l ly for those relat ive ly unpractised . I ndeed some people seem to find 
i t  impossib le .  We a l l  k now the sort of vis i tor who suggests some music, and 
then breaks into an imated speech immediately i t  begins, pausing now and 
again to sing, hum or whistle an inaccurate version of the main tune, a bar 
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or so  behind the performers, thus showing how m uch he  is enjoying what 
he would cal l  l istening ! 

Why do we l isten to music at all ? Surely because it gives us pleasure, 
which on analysis we find to be partly intellectual but mainly emotional . 
All art, ultimately, affects our feelings ; if it does not we find no pleasure in 
it ,  and commonly express the fact in the phrase "It leaves me cold" .  But, 
as we gain experience, our feel ings are controlled to a greater degree by our 
judgment, which is an intel l ectual quality, a function of the mind.  We seldom 
begin by liking the best things . Taste develops slowly .  This taste may well 
differ from our neighbour's ,  but in any subject of which we have more than 
superficial knowledge we are well aware of the increase in enj oyment which 
comes with the exercise of discrimination.  In the sphere of music this is as 
true of the actual quality of the sound itself as of the musical ideas which it 
expresses , although these ideas are m ore important ; and this is eq ually true 
of reproduced as of live sound . 

Check the live and the reproduction 
H owever great the work that is being performed,  our pleasure is marred if 

the strings of the orchestra play with faulty intonation, or if the oboes are 
sour, or if the singer is obviously suffering from a cold. Equally, our pleasure 
is marred if our reproducer makes a distorted noise, or if  the music sounds 
"cann ed" .  With these things in mind, it is  a good thing to check our repro
duction again st experience of the real thing as often as possible, if we 
are not to be the victims of more subtle irritations.  We have said that listening 
can be exhausting, but listening fatigue i s  much more common with repro
duced sound, and more so with mono than with stereo .  

The development of listening fatigue is subconscious, and is the result of 
our ears and mind being overworked in the effort to supply deficiencies, or to 

- - -- W I N D OW ......_ 
B 

fig. 10 : 1 .  Free-sranding speakers may be placed ar any position shown on rhe right,  but corner 
enclosures are co11fi"i1ed ro A ,  B, C and D. Wirh speakers at  AB or CD there should be good stereo 

behind X and Y respectively, but \\"hen using AC or BD good listening may be confined to space 
between and hehind X Y. 
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Fig. 10 :2. In an L-shaped room positions AB or CD would be suitable for speakers, while a "satellite" 
system could be as on the right .  

eliminate additions in the sounds they receive . They strive constantly for 
clarity and balance, and good stereo makes a notable contribution to the 
elimination of listening fatigue. This is due to its increased clarity, separation 
and ambience-and, consequently, its more natural perspective-and it 
can be aided by the proper use of our equipment . 

If you can, choose the largest room in your house for your stereo, unless 
it happens to be noisy-for example by reason of close proximity to a main 
road . If the choice must lie between size and quietness, choose quietness.  If 
the room is an "odd" shape, so much the better, acoustically, as a rule. If 
you have a piano, put it in another room if possible .  The strings are easily 
set vibrating by the loudspeakers, producing an unpleasant humming effect. 
Make the listening room rather "dead" if you can, by the use of a thick 
carpet , heavy curtains and well upholstered furniture . Avoid ticking clocks, 
squeaking chairs and lights which glare into the eyes.  Do not place table 
lamps, vases, or other small objects on or near the loudspeakers unless you 
stand them on rubber mats, because the volume level at which such things 
wil l  buzz is surprisingly low. 

Speaker Positions 

Of the many points which need to be thought about in the setting up and 
arrangement of stereo equipment for optimum results-by which we mean the 
attainment of the greatest and most lasting pleasure for the owner and his 
family and friends-perhaps the most crucial is the positioning of the loud
speakers. If stereo is to take its proper place, naturally, as it should in our 
homes, it must be accepted and arranged in a natural manner, without con
tinuous disturbance or regimentation of the listeners as a result of striving for 
maxim um " effect " .  

The listening room and its furnishings constitute the frame within which 
stereo must be fitted, and some compromise is almost inevitable .  The posi-
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tioning o f  loudspeakers i s  a matter fo r  patient experiment.  Results cannot 
be assessed in ten minutes, nor can we expect to be able to put the speakers 
down in what seem the obvious places and assume that all will be well .  The 
best positions cannot be found immediately. or by guess-work , but only by 
careful l i stening to a variety of reproduced sounds. As a starting point for 
your own adventures in stereo it may be useful to  remember the following 
points : 

(a) That a corner position will strengthen bass response. If your chosen 
loudspeakers have been specially designed for use in corner positions they 
must be used in  that way . 

(b)  That within the confines of an ordinary living room the further the 
listeners are from the speakers. the better the results are likely to be. For 
the greatest possible enjoyment of stereo. the apparatus should be self
effacing. It should not obtrude i tself between you and the music. If you 
notice bass or treble particularly in reproduction,  you almost certainly 
have too much, and it needs controll ing. One cannot easily hide a couple of 
9 cu ft brick reflex cabinets under chairs, but even if your speakers are large 
they can be merged into the room by suitable finishing, and there is usually 
no need to sit a couple of yards away, looking at one or other of them. It is 
almost impossible to get good reproduction if you do--even with stereo .  

A Basic Guide 

Figures 1 0 : 1  to 1 0 :3 show basic speaker arrangements for stereo which 
have been found satisfactory . " You pays your money, and you takes your 
choice ! "  If you are using corner speakers, the di stance apart wi ll be decided 
for you by the length or width of your room ; otherwise this di stance is vari
able, according to conditions, from about 8 to 1 2  ft-the further the better, 
so long as there i s  no " hole in  the middle " .  This effect i s  more often due to the 
use of widely spaced microphones in  recording than to excessive distance 
between the speakers i n  reproduction, and causes them to sound l ike two 
separate units instead of the creators of a homogeneous sound pattern 
between them. 

Whenever possible, l i steners should be at least as far from the speakers 
as the speakers are from each other .  Maximum stereo effect will always be 
received by a listener on the centre line between the speakers, but with proper 
orientation good stereo should be obtainable across the whole space between 
them. The most precise location of sound sources will be obtained from 
directional speakers properly positioned and angled , but columns and other 
omnidirectional types wi ll provide a good " spread ' ' ,  with less trouble in  
positioning. Where a room has two wal ls longer than the others, best results 
are usually produced by spaci ng the speakers across one of the shorter walls .  
Too many highly reflecting surfaces can m uddle and spoi l  stereo, and d irect 
obstructions in the sound paths from the speakers should be avoided ; for 
this reason ,  units radiating the higher frequencies should preferably be at a 
minimum height of 3 ft from the floor. When buying speakers, the room in 
which they will be used and the furnishings with which they will have to " live " 
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Fig. 1 0 :3. L.rcel/11 1 1 t  rnults are ofien ohwined wilh speak ers facing hack lmrnrds 1he 1rnlls. as on rhe 
righr .  With /imrnrd-facing unils he1 1er srereo is somelimes ohlllined i( rhe speak ers are faced in 

lmrnrds each o lher al a quile steep. angle . 

must not be forgotten .  A home trial when buying one loudspeaker is highly 
desirable ; when buying a pair for stereo it is almost essential .  

Before any attempt can be made to position the speakers, their phasing 
must be checked . The easiest way to do this is to place the speakers close 
together and play a test disc or tape, or one containing well sustained deep 
bass notes. Having done this, reverse the connections to one of the speakers, 
and repeat. You will notice a marked difference ; in one case the bass will 
be louder, firmer and more solid than in the other. When this is the case, the 
speakers are correctly phased . If your amplifier has a phase reverse switch, 
use this instead of changing the connections round, but do not confuse this 
switch with stereo reverse, which merely changes over right and left channels, 
and which has nothing to do with speaker phasing. 

Your object in positioning the speakers will be to produce the best sound 
quality and balance obtainable in the room, combined with the widest stereo 
spread and a normal arrangement of furniture. Do not be in a hurry to finalise 
the positions .  When using speakers which radiate directly forward, some 
soft furnishings or curtai ns  on the opposite wa lls can be helpful in reducing 
reflections.  

Balancing 

Having phased the speakers and positioned them tentatively, they must be 
balanced by the use of a test disc or tape which includes a centralizing signal 
-such as a si ngle person speaking or a metronome ticking. Standing or sitting 
on the centre line between the speakers, and as far or further from them than 
they are from each other, listen to this s ignal  whi le  someone else adj usts the 
balance control on the amplifier until the sound is exactly centralised between 
the two loudspeakers. This done, you can move around and note the extent  
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of the apparent deviation of  the signal from the centre position between the 
speakers while someone else makes small adjustments to their angle. Testing 
can then continue with music, the crucial test being the effect which you 
receive when you are sitting in your normal position in the room. 

If one or both of the speakers are moved, in order to try the effect of another 
position, the centralizing process will have to be repeated ; and once the 
speakers have been correctly phased, see to it that the wires and connectors 
are clearly marked, so that if they need to be disconnected there will be no 
need to repeat the phase check. All this may sound very laborious, but in 
in the end we are likely to get out of our stereo just about as much as we put 
into it at the beginning-that is, during the first few weeks. When comparing 
results after moving speakers, it is essential to use not only the same records,  
but the same volume and control settings. Varying more than one thing at a 
time will completely confuse the issue . 

Once your speakers have been posit ioned to your sati sfaction, and 
civilized arrangement of the furnishings of the room have been made in rela
tion to them, do not disturb it on theoretical grounds by arranging chairs 
in the shape of a triangle, or in rows facing the speakers. Such a procedure 
is not merely unnecessary, it is positively idiotic, despite any illustrations 
you may see in books, magazines or leaflets. You will have established the 
framework within which your sound will manifest itself, and a satisfactory 
position for yourself within it .  Let people sit where they like within that frame
work. If your stereo is worth having, they will find satisfaction wherever they 
choose to position themselves .  Given a good source, you will find that where
ever you or your friends sit, enjoyment of the music is more natural, less 
fatiguing, more complete than before. After all, one does not usually refuse 
to attend a concert because one cannot have the centre seat in the front row 
of the balcony. 

Do not use the "Gimmick" discs 

May I suggest that you avoid buying stereo " sampler " or demonstration 
records, apart from the one necessary for setting up your equipment ? They 
are full of " gimmicks " which will encourage you to listen to stereo in the 
wrong way, concentrating first on one channel and then on the other, listening 
to left and right instead of to the whole . 

The purpose of the various controls provided on the pre-amplifier is to 
make the equipment versatile and flexible, to enable it to be adjusted to suit 
the record, the loudspeakers, the environment and the listeners. The one 
which will perhaps affect your enjoyment more than any other is the " volume " ,  
or  as  i t  should properly be  thought of, the " distance " control. As  was men
tioned in the introduction, much used to be made of the ability of " Hi-Fi " 
to " bring the players right into the room " and one can still come across 
equipment used in this way, rather than as a means of transporting the 
listeners to the place where the recording was made. The kind of reproduction 
you like is closely related to the seat you choose in a concert hall, assuming 
that you frequent these places . If you do not, it is difficult to know by what 
standards you judge the realism of reproduced sounrl 
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Q U E S T I O N S  

A N D 

A N S W E R S  

Q.1 .  Can I use a stereo pickup to play mono records ? 
A.I.  Yes, certainly, but if the mono records have already been well played 

with a mono pickup you may have trouble because of the 0 ·0005" stylus 
" bottoming " the groove, causing distortion. If you intend to use the same 
pickup for both mono and stereo discs you will probably be wise to choose 
one fitted with 0 ·0007" or " -i  thou " stylus. Stereo pickups respond to vertical 
as well as lateral vibrations, which will make motor rumble more trouble
some, if you have any. It is a good idea to have a switch fitted to connect the 
pickup channels in parallel, unless there is already a switch on your pre-ampli
fier for this purpose. 

* * * 

Q.2. I have to buy my stereo equipment gradually, hecm1se I cannot afford 
the outlay to get it all at once. I have bought a stereo pickup which matches 
my mono pre-amp and I intend to get a stereo pre-amp and another main ampli
fier by the same maker in due course, and then another speaker. How should I 
connect the stereo pickup to my mono pre-ampl(fier ? Shall I be able to use 
the stereo pre-amp for mono until I complete the set-up ? and can I buy stereo 
records now and play them with my stereo pickup through my mono gear ? 

A.2. The answer to all your questions is " Yes " .  You should connect the 
two channels of your stereo pickup in parallel, and then feed into your 
mono pre-amplifier. If you use your stereo pre-amplifier temporarily with one 
main amplifier, have a " dummy load "-a resistor of correct value and 
rating-fitted across the output of one channel. This can be removed in a 
matter of seconds when you get the second main amplifier. If you are going 
over to stereo fairly soon, it is quite a sound idea to buy stereo discs now, 
and play them through your mono gear ; but, if it is likely to be a year or 
two before you complete the installation, I would stick to mono discs for the 
present, unless your stereo pickup is one of the very best types, tracking at 
3 grammes or under, so that you may be certain that your stereo discs are in 
perfect condition when you are ready to take full advantage of them . 
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Q.3. I would like to use a third speaker in heti,reen my stereo pair. as advocated 
hr the designer of the Klipshorn.  Paul Klipsch , in the United States. Do .i·ou 
think this is a good idea. and hott· ought I to go ahour it ? 

A.3. People vary considerably in their  react ions to the use of a th i rd speaker .  
I h ave been present at demonstrat ions where more than half  the audience 
considered that reproduction  showed an im provement when a th i rd speaker .  
centra l ly  placed , was introduced : a l though.  unk nown to them. it was de l iber
ately l eft unconnected ! U nder domestic condit ions .  I have never found any 
necessity to use a th i rd speaker for two channel stereo. nor any improvement 
from its use. sometimes the reverse : wh i le those who have thought that an 
i mprovement was made have not considered it sufficient to j ust ify the extra 
expense. I n  such cases. it has usua l ly  been possible to effect a s imi lar  improve
ment by adj usting the existing apparatus .  giving carefu l  attention to the plac
ing and angling of the speakers. However. if  you in tend to pursue the idea. 
the th i rd speaker ( if you in tend to connect i t ! )  should have s imi lar  characteri s
t ics and efficiency to the ex ist ing  pai r .  be posi t ioned mid-way between .  and fed 
wi th reduced power via a mix ing t ransformer such as the Wharfdale SMT I .  

* * * 

Q.4. I have a good mono moving coil pickup. Do you adl'ise rrie to continue 
to use this for mono discs, or use my stereo pickup for hoth. with or 1,1·ithout 
a separate mono head ? 

A.4. I f  you have enough room on your motor board for another pick up .  
and your mono pickup is giving you sati sfact ion wi thout record wear, keep 
it and fit the stereo pickup in  addi t ion .  By and large. I prefer a mono picku p
or head for mono discs. and there is l i t t le  to choose between the best of 
the mono pickups, and the mono heads now avai lable for the better stereo 
pickups. Any marginal advantage lies with the latter, wh ich· tend to l ighter 
t racking pressures, h igher vertical compliance and i n  some cases rather better 
response .  

* * * 

Q.5. I can afford to 5pend./ust ahout £ 1 00  on equipment, having got rid of my 
old radiogram. Can I get a good qualit r stereo set-up for this sum. or do .vou ad
vise me to stick to mono for the time heing. and to change over to stereo in a 
year or two when I can spend some more moner .� 

A.5. I f  you can (and are prepa�ed to )  " do it yourself" ,  you can assem ble a 
good q ua l i ty d i sc stereo reproducer for rather less than £ I OO, and for very l i tt le  
over you can have rad io  as wel l ,  which you wi l l  presumably want .  s ince you 
have d i sposed of your radiogram. I f  you have not the time or the incl inat ion 
to bui ld your own equipment ,  you w i l l  probably be wiser to keep to mono 
for the moment, unt i l  you can spend another £30 or ·£40 on a good stereo 
pickup and second speaker or power ampl ifier.  but in  any case l would get a 
stereo pre-ampl ifier now. 

* * * 
Q.6. I do not understand the specifications which makers give of the goods 

they offer. These specifications nearlr all sar something like this : 
Pickup. Output 5 m V. Range 20- 15.000 cps .  S.P. 5 grams. Rec. load 4 7  K ohms . 
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Amplifier. Ou 1pur 1 0  1 1  ans pl'r cha11nd Rl'sponsl' 30-30.(100 c ' s. plus o r  m inus 
ldB. Disror1io11 I "  0 •  Filler fJ Kc .1 a11d 9 Kc s. H. & N .  Minus 55dB. Ou1pu1 
impnlancc 4 .  H a11d l fJ  ohms. Sensir i l ' i l L P. L ' . 5 m V  a11d MI m V  Radio 100 m V  
Tape 100 m V. M ic.  3 m � .  Will rou please nplain . '  

A.6. It is not possi ble here to go fu l l y  i n to all the factors affect i ng  a spec i 
ficat ion and i ts  statemen t ;  an e lementary k nowledge of e lectron ics and 
met hods of measurement is req u i red in order to appreciate them fu l ly. 
However. here are some poin ters of si m ple guidance which shou ld be sufficient 
for your purpose. Take the pickup  first . 

The output of the p ickup and the sen si t iv i ty of the amp l ifier are sta ted 
in the same terms. so that  you may k now whether the one wi l l  provide enough 
drive for the other .  Genera l ly  speak ing. these figures shou ld agree. or match . 
w i th i n  a few mV ( m i l l ivo l t s )  but if the output of the pickup  is xrrnrer than 
t he sen s i t iv i ty  of the ampl ifier. that  does  not mat ter .  because it i s  easy t o  
red uce i t ; b u t  o n e  cannot feed a pick up wi th  an output of 5 mV d i rect l y  i n to 
an ampl i fier with a sensi t iv i ty of 20 mV with sati sfactory resu l t s .  The recom
mended load on the pickup (47 .000 ohms i n  this case ) should correspond 
as nearly as possi ble to the input i mpedance of the amp l ifier i f  the sta ted 
performance of the p ickup is  to be maintained.  I n  th is  case. ampl ifier input  
impedance i s  n ot stated, and i t  would be necessary to ask the dealer or maker  
about  i t .  

The figures for freq uency range stated i n  th i s  i nstance do not mean very 
m uch ( except that the pickup will respond to some extent to all freq uencies 
within those l im i t s )  because the degree of variat ion of response is  not stated . 
I t  ought to be wi th in  p lus  or m i n us 3 d B  (deci be l ) .  in which case the range 
would be sati sfactory . 

S . P. stands for sty lus  pressu re. or playing weight .  The figure q uoted by 
the makers is  usua l ly  ' " safe · · .  usi ng the i r  own arm i f  they prod uce one. I t  
should seldom b e  necessary t o  i ncrease th is  p laying weight .  b u t  i t  may be 
possi ble.  under good condi t ions  ( such as the use of a better pickup a rm )  to 
red uce it by a gramme or so. �l i w ays beari ng in mind that too l i t t le can be as 
bad as too much . 

With regard to the am pl ifier. some guidance wi l l  be found in the chapter 
on  A mplifler.1 and /,oud1peak ers . The q uoted output power of 10 watts per 
channel wi l l  be adeq uate for al l  but very large rooms. and the response is  
perfect ly  adeq uate. 2 dB is about  the smal lest variat ion in i n ten sity which 
the h uman ear can detect and .  with th is  am pl ifier .  the maximum possi ble 
varia t ion .  if  the specificat ion is ma in tai ned .  is 4 d B  over a lmost the whole

· 

audi ble range.  The fact that the response fa l l s  away below 30 c ' s is no bad 
th ing ; very few rooms wi l l  a l low lower freq uencies to be generated si nce. 
for this to be possible . the  maxi mum dimens ion of the room m ust be not less 
than half the wavelength of the freq uency req u i red . Further .  motor rum ble 
can be a n uisance below 30 c/ s .  This  amp l ifier may i ncorporate a bui l t - in 
rumble fi l ter which can not be switched out ; we are not told . 

The i n format ion about dis tort ion is adeq uate so far as it goes. but it does 
not go fa r '  1t has a lmost certa in ly  been measured at I .OOO c / s. probably at 
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ful l  rated output of 1 0  watts, and under such conditions it is as low as one 
could wish . What we would like to know, however, is the distortion level at 
the same power at 40 and 4,000 c/s, and this we are not told . Unfortunately, 
few amplifier makers give us this information, or even tell us whether their 
amplifier will provide their rated output at these frequencies .  

With any sound source, distortion tends to  increase and to  become more 
irritating as the treble range is extended . This  amplifier is equipped with 
a variable filter allowing the treble to be " rolled off" above 6 or 9 Kc/s, so 
that any distortion in the sound source can be reduced with a minimum of 
effect on the actual music, and a l lowing the bass and treble controls to be 
used for their proper purpose--compensation for the room and loudspeakers . 
The hum and noise level is sati sfactory ; anythi ng below minus 60 dB is very 
good . 

The output impedances refer to l oudspeaker matching. Most speakers 
are 1 5  ohms, and would be connected to the 16 ohm tapp ing, but if two 1 5  
ohm speakers were used in parallel , the impedance would be .7t ohms, and 
loudspeakers with 3 or 4 ohms impedance are occasionally met . 

Pickup sensitivity has already been dealt with . The 1 00 m V radio sensitivity 
is perfectly adequate for all radio tuners .  The tape input will accept the output 
from a tape pre-amplifier, the monitor or even the external speaker output 
from a recorder, and the Mic sensitivity of 3 m V is high enough for most 
microphones. The same remarks about matching of output and input, and 
impedances, apply here as in the case of pickups. The second pickup input 
of 60 m V is intended to cater for crystal types, which have a higher output 
and require a higher input impedance . 

* * * 

Q.7. I have a disturbing hum which I cannot cure. All my leads are screened. 
1 have tried changing them round with no effect. There is no hum when I switch 
to Radio, Tape, or Aux. If I disconnect the p .u .  leads, the hum disappears . 

A.7. Unfortunately, it is impossible to pin-point the cause of hum in a 
given case without personal investigation, as there are so many possibilities .  
Here are one or two pointers towards some likely causes. First, read carefully 
the remarks about earthing in the chapter on Installation and Maintenance. 
Second, it is possible that your pickup may be collecting hum from the 
motor. A good test is to move the pickup across the record surface, with the 
motor running, as close as possible without touching the disc, and see if the 
hum " comes up " or varies when this is done. If so, see whether it is possible 
to re-position the pickup relative to the motor, or it may be necessary to 
return the motor to the makers with a full statement of your complaint. The 

· pickup head should be as far as possible from power amplifier transformers 
and chokes. Moving pickup leads a mere two or three inches will sometimes 
clear hum completely. Turning the amplifiers through 90 or 1 80 degrees can 
make a great difference . So can reversing one or more of the mains plugs . 
Remember that if you have two mains plugs, they can be connected four 
different ways round . It  i s  possible to confuse hum with rumble, to which all 
stereo pickups are more prone than mono types .  Similarly, crystals are more 
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so  than magnetics. Rumble will be transmitted only when the pickup i s  i n  
contact with the d isc .  If this proves t o  b e  your trouble, the motor needs 
servicing. 

* * * 
Q.8. I would like to feed the sound from my TV set in to my stereo pre-amp 

as the set is positioned midway between my stereo speakers .  Jn this way I think 
I should be able to get the illusion of high quality sound issuing .from the TV set. 
However, I understand that this can be dangerous . Will you please advise me ? 

A.8. The idea i s  excellent, and the i llusion  which you seek can readily be 
obtained, but the procedure is indeed dangerous-in fact possibly lethal 
-unless proper precautions are taken. Any connection from the TV set must 
be completely isolated from the mains before removing the back of the set . 
You will require a I : I isolating transformer which any dealer can supply 
to order, and it should be connected by a qualified engineer. The dealer 
can do this for you at a very small charge . 

* * * 
Q.9. Will you please tell me the maximum length of lead which I can use 

between the pickup and pre-amplifier without effect on quality or .frequency 
response, and also the maximum length of ordinary lighting flex which I can 
use for leads to the speakers from the amplifier ?  

A.9. The maximum length of lead from pickup to pre-amplifier depends on 
a number of factors : the impedance of the pickup-iff general , the lower 
the longer ; the type of cable used for connection-light-weight co-ax or 
microphone cable terminated by proper plugs and sockets is recommended ; 
and the position of the connecting leads relative to other components, especi
ally mains transformers and chokes. There are three good general rules : 
( I )  Do not alter the length of connecting leads supplied with the pickup 
unless you are forced to do so. (2) Keep leads as short as possible. (3) If the 
pickup requires an input transformer or head amplifier, and if you are obliged 
to extend the leads, do so on the pickup side only, keeping the transformer 
or head amplifier as close as possible to the pre-amplifier. The restricting 
factor on the length of lead from amplifier to speakers is the resi stance of 
the wire . Ordinary lighting flex is quite all right for leads up to 30 ft . in length . 
Over this distance, use heavier flex, 23/0 ·0076. 

fig.  1 1 : l.  The problem here is 

to obtain satisfactory stereo 
without mo l'ing a1rny fi"om 1he 
fire. Speakers in the corners 
eilher side of 1he 1l'i11do1 \ '  1 1 · ith 
the listener at A 1rould be one 

ansa'er .  

F R E N CH 
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Q. 10. M r  amplifia has inputs f(1r radio mark ed /_ O .Z and Hl.Z. What does 
this mean :1 J he manual re/ls me that the sensiririr v of the inputs is L O .Z. 
100 m .V in to 1 00 K a1 1d H l.Z. 250 m V in to 250 K. Mr tuner has a maximum 
output of I V and impedance nf I 2JJ()() ohms. Ho w should I connect it. and hmr 
should the 1 •olume con t rols he set :' 

A. 10. H l .Z and LO .Z stand for h i gh i m peda nce and low i mpedance. You  
should connect your tuner i n to t he  LO.Z  -.nch; t ,  set the vo l ume  control of  
t he ampl ifier at .  or  s l ight ly  below. the ha l f  way pos i t i o n . and  t u rn up  the 
volume control on the tuner unt i l  you get  sufficient  ou tpu t .  After th i �  i t  shou ld 
not be necessary to touch the tuner vol u me con t ro l  aga i n  

* * * 
Q. 1 1 .  I !i l 'e in a house r vp irnl of man r .  A sketch of m r  room is given here 

( Fig. 1 1  : I ) . In the 1 1 -i1 1 1er I lik e to sir opposite the fire . look at rel('l'ision and enjo r 
stereo. How do I place m r  speakers so that I can be 1rnrm. ha ve the music fn 

fron t of me. and no · ' hole in the middle " .  
A. I I . The  best place for the  speakers would probably be  i n  the  corners 

on e i ther s ide of the French window. If you then occupy chair A. your re
q ui rements would be met, though you would not face the fire. The settee 
could be moved round to accom modate other l i steners and viewers. A l ter
nat ively .  the TV set could be moved in to the corner, and the speakers p laced 
on either side of the fireplace. They m ight have to be brought out from the 
rea r wal l s  leve l  wi th the l i ne of the fireplace . 

* * * 
Q:12. My listening room is 24! fi long hy 14 ft wide. decreasing a.fier 14 fi 

to 9! ft wide. I would like to wall mount my two Axiom speakers in alcoves 
on either side of" the fireplace. which is situated in the centre of" the wider end of" 
the room. Can _vou please suggest height from the floor and hest spacing between 
the speakers ? 

A.12. Permanent stereo i nstallations are always d ifficul t ,  and persona l ly  
I am against them because one  never knows exactly what  the  effect will be 
unt i l  i t  i s  too late to a l ter i t ,  and qui te smal l  differences in  speaker placing 
and angling can make very big differences to results .  However, i f  there is  
some reason why you must adopt th is  method,  I would instal l  the speakers 
not less than 3 ft 6 in. from the floor. angled towards the diagonal ly  oppos i te 
corners of the room , and about 1 2  ft apart . 

* * * 
Q.13. Occasionally I like to listen to stereo when the rest of the household 

has gone to bed. A re there any headphones suitahle for this purpose. and how 
should I connec t them to my amplifier � 

A.13. Good q uality headphones for stereo l i sten ing are made by Messrs .  
S .  G. Brown Ltd . and A . K . G .  Ltd . . cost ing about £7 to £8 per pair .  Y ou w i l l  
need t h e  l o w  i mpedance type. s o  that y o u  c a n  connect them i n to t h e  speaker 
sockets of your stereo ampl ifier or  recorder. They are so wired that you can 
get them i n  phase ,  and a lso connect both earpieces in series for mono listening .  
The left earpiece is connected to the left stereo channel ,  and the r ight  earpiece 
to the right stereo channel .  A 1 5  ohm resistor of 3 to 5 watts rat ing shou ld  be 
connected across the leads of each channel to absorb the extra power. 
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H I - F I  AN D STE R EO TE R M S  
A-B. These are let ters used to designate two stereo chan nels ,  or eq u i pment 

for their transmiss ion .  A usual ly denotes the left ,  and B the right hand. 
A +  B and A- B therefore represent the sum and difference signal s  of the two 
channe ls .  The letters L and R are sometimes used instead of A and B .  I wish 
th is  were un iversa l .  

A . M .  Ampl i tude modulat ion .  Type of  transmission used for broadcast ing 
on med ium and long wave bands.  Refers to modu lat ion of the carrier wave 
by the signal .  

Ambience. Acoustic atmosphere o f  auditori um in  which performance takes 
place . 

Arrival time. When a l i stener is faci ng in  any d i rection .  a sound origina t i ng to 
h is  left reaches h i s  left ear before h i s  right .  The d ifference in  arr iva l  t ime i s  
of the order of fract ions of a mi l l i second,  and is  used by the bra in  i n  he lp ing 
to determine the d i rect ion from which the sound comes.  

Audio. Connected with the ear. A udio freq uencies ( often a bbrev i ated A . F . ) 
are those freq uencies of v ibrat ion detectable as sound by human ears.  

Balance Control. Device permitt ing adj ustment of chan nel levels re lat ive 
to each other, total vol ume bei ng unaltered . 

Bias. A steady AC or DC vol tage applied to any part of a ci rcuit to ensure 
proper operat ion . 

Binaural.  " ' Two-eared " .  Stereo headphone system.  

B.S.R.A. Br i t i sh  Sound Recording Associat ion ( H o n .  Sec .  Greenways, 
40 Fai rfield Way, Ewel l ,  Surrey ) .  A rranges lectures and meet ings i n  London 
and provinces. Quarterly journal available to non-members. 

Cardioid. Heart shaped . Refers to directional properties of a m icrophone .  
See chapter " Stereo Recording " .  

Cartridge. Term often used t o  denote a pickup head . 

Cassette. See Magazine .  

C.C.I.R. Comite Consul tat if I n ternational des Radiocommunications. 
I nternational body which recom mends standards for all aspects of radio  
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and allied subjects . I t s  specification for tape recording characteristics is at  
present used for most non-American commercially recorded tapes for re-sale 
to the public, often known as " pre-recorded tapes " .  Tape machines con
forming to C .C . l .R .  standards will give satisfactory reproduction of tapes 
recorded on any other machine constructed to the same standards .  

Channel Balance. Degree of identity of response and output between two 
channels in any piece of stereo reproducing equipment, or the overall system. 
Reverse is often called " imbalance " .  

Compliance. Degree o f  freedom o f  movement. Particular reference to 
pickup armatures and loudspeaker suspensions, indicating ease of movement 
of stylus or cone . 

Crossover unit. Network of coils (chokes) and capacitors (condensers) 
dividing signal according to frequency into two or three bands, enabling 
separate speaker units, specially adapted to reproduce these frequency 
bands, to be used and combined in a single loudspeaker. 

Crosstalk. Unwanted overlap of signal from one channel to the other. 
Occurs in disc cutters, pickups, record grooves and stereo tapes .  

Crystal. Slice of Rochelle salt or barium titanate (ceramic) generating a 
difference of potential between its faces when bent or twisted. Used, on 
account of  this property, in  pickups and microphones .  

c/s. Cycles per second. Frequency of vibration of sound generator. The 
more rapid the vibrations, the higher the pitch . Vibrations are transmitted 
by wave motion, and each complete wave is called a cycle. The lowest note 
on a piano has a frequency of 27  · 5 cycles per second, middle " C "  is 26 1 ·6  c/s .  
"A" (to which an orchestra tunes) is 440 c/s, and the top note of the piano 
is 4 1 86 c/s .  

Decibel (dB). Unit used to express the logarithmic ratio between sound 
levels. Human ears cannot detect a change in level less than one decibel, and 
only experienced ears will notice a change less than 3dB, which requires a 
doubling of power. 

Decay Time. See Reverberation.  

Difference Signal. Combination of lefr and right channels out of phase, 
often denoted by (L-R) or (A-B) .  

Directionality. Of stereo system. Ability conferred on listener to  pinpoint 
origin of sound-source in space between speakers . Ability of listener to do 
this depends on differences in arrival time (q .v . )  intensity, phase, waveform 
and ratio of direct to reflected sound at each ear . 
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Distortion. Any difference between the original sound and i t s  reproduction 
is distortion.  It is obvious that this can exist in many different forms, but the 
most irritating are harmonic distortion-the imposition of spurious har
monics on the signal-and i ntermodulation distortion-the disturbance of 
one part of the signal by another. The distortion figures quoted for amplifiers 
usually refer to the harmonic distortion at I ,OOO c/s, expressed as a percentage 
difference between the input and output at this frequency at a certain power 
level . 

Electromagnet. Usually a piece of metal which acts as a magnet when an 
electric current is passed through a coil of wire wrapped round it .  Tape 
heads are electromagnets . 

Feedback. Acoustic feedback takes place when the vibrations from a loud
speaker are transmitted either directly or through floor and furnishings to 
a microphone or pickup, and thence back again via the amplifier to the 
speaker, building up into an appalling noise. Negative feedback is a circuit 
arrangement for reducing distortion . Part of the output is fed back into an 
earlier part of the circuit 1 80 degrees out of phase . 

FFSS. Trademark of the Decca Recording Company, standing for Full 
Frequency Stereophonic Sound . 

F.M. Radio transmission in  which carrier is frequency modulated instead 
of amplitude modulated . Our VHF ( very high freq uency) radio transmissions 
are FM. Medium and long wave transmissions are AM. 

45 /45. International standard method of stereo disc recording.  Each signal 
is recorded at 45 degrees to the disc surface, and at right angles to the other 
signal .  

Four Track. Refers t o  tape machines o r  tapes recording o r  reproducing 
four tracks on standard f' tape . See " Stereo from Tape " .  Also used for 
mono. Advantages are tape economy and reduced crosstalk, at the expense 
of some loss of quality overall .  Sometimes described as Quarter Track. 

Gain. Ratio between input and output of an amplifier or one of its steps 
or stages .  

Gap. Separation of pole-pieces of ring electromagnet in tape head. " Narrow 
gap " heads are coming into general use, and have advantages for recording. 

Head. Portion of pickup containing transducing elements, often inter
changeable to allow optimum results from stereo or mono records.  In tape 
machines, the electro-magnet which erases, records or plays back as tape is 
pulled across it .  A separate head is always used for erasure, but recording and 
playback functions are commonly combined in one head in domestic machines. 

Hi-Fi. Short for High Fidelity, a term for sound equipment of the highest 
quality, capable of a faithful reproduction of the original sound . 
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Hole-in-the-middle. Apparent gap in sound spread between spea kers in  
stereo reprod uct ion . caus ing  them to  sound as  two separate rad iators .  M ay he  
d ue to  microphones too wide ly  spaced i n  record ing.  speakers too widely 
separated . or speakers connected out of phase .  

H .T. H igh tension . Power supply to anodes of val ves i n  am pl ifier c i rcu i ts. 
usua l ly between 300 and 450 volts i n  domestic audio amp l ifiers .  

Imbalance. See Chan nel Bala nce . 

Impedance. Opposi t ion to flow of a l ternat ing electric  current .  Measured in  
ohms .  is  a combinat ion of res i stance. capaci tance and inductance. Varies wi th 
freq uency. Two pieces of eq ui pment connected together shou ld have s imi lar  
impedance if both are to operate proper ly .  I n  part icular .  a higher i m pedance 
should not work i nto a lower one,  where a m i s-match is i nev i table .  

Integrated Amplifier. One in  wh ich control un i t  or pre-ampl ifier i s  combi ned 
with power amplifiers on one chass is .  

Jack plug. Large p lug used for temporary con nect ion of eq u ipment ( for  
example ,  tape mach ines )  on wh ich  there are spri ng loaded j ack sockets .  The 
normal pattern for th i s  purpose i s  known as the standard telephone jack ,  from 
i ts  use  i n  te lephone exchanges . 

Lateral. Sideways, i .e .  para l le l  to d i sc surface. Mono L P  d i scs have la tera l l y  
cu t  grooves. Stereo d iscs have grooves wh ich req u i re lateral and vert ica l  
movement of sty lus i n  reproduct ion . 

Loudness Control. Deprecated control wh ich boosts low frequencies as 
vo lume is reduced . Considered by most am pl ifier designers in th is  country to 
be unnecessary and techn ica l l y  un sound . 

LP Record Library ( LPRL).  Provides spec ia l  stereo service, a lso spec ia l  
serv ice to G ramophone Societ ies .  I ssues annual  Stereo Record Gu ide, valuable 
in  choosing d i scs .  Enq u i ries to : I van M arch , Sq uires Gate Stat ion Approach ,  
Blackpool ,  Lanes.  

LT. Low tension .  Heater supply to va lves in  amplifiers .  N ormal ly  6·  3 vol ts .  

Magazine. (Tape)  Conta i ner ho ld ing tape and spool s  for insert ion in special  
tape mach i ne without th read ing .  

Magic Eye. V isual signal level ind icator, used i n  many domestic tape 
machines rather than the preferred m icro-ammeter ( meter) level i ndicator, to 
save cost . The object of these i ndicators is to enable the volume control 
to be so adjusted that maximum recorded level wil l  not cause di stortion .  
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Mixer. Tape recorder accessory, enabling varying number of different 
signals from radio, microphones and pickups to be controlled and combined 
into one signal at the level required . 

Monaural. " One-eared " .  Mono is not an abbreviation of this word . 
Unless the listener is deaf in one ear, there is no such thing as monaural 
repro�uction or listening. · 

Monitor. Check on signal as it is transmitted or recorded. Some tape 
machines provide this facility ; others do not. Signal may be monitored by 
headphones or loudspeaker either immediately before or after recording. 

Monophonic. Audio equipment using one channel only. Several inputs may 
be mixed into this one channel. See Mixer . 

NFGS. Natiqnal Federation of Gramophone Societies (Hon Sec W. L .  
Dixon, 4 Beulah Hill, London SE 1 9) .  Issues quarterly " Bulletin " containing 
occasional critical reviews of equipment, provides reduced performing right 
fees to member societies and use of a free library of mono and stereo discs . , 

Phase. When sound waves rise and fall in step with each other, they are said 
to be in phase. When one leads the other, they are said to be so many degrees 
out of phase, and this difference between them is the phase angle. When 
exactly in phase, sound waves add together, and cancel each other out when 
completely out of phase or " in opposite phase " .  Loudspeakers are said to be 
in phase when a signal fed to them at the same time causes their cones to move 
inwards and outwards together. If one cone moves inwards as the other moves 
outwards, the speakers are out of phase, there will be loss of bass response, 
and stereo effect will be spoilt .  

Polyester Base. Tape base used for long playing tape, because it is stronger 
and stretches less than cellulose acetate . 

Pre-recorded Tape. The tape equivalent of the disc record . Commercially 
recorded tapes marketed by some record manufacturing companies. 

Print Through. Transfer of part of recorded signal to next layer of tape . 

Pseudo Stereo (Quasi-Stereo).  Terms applied to attempts. using various 
methods and devices, to obtain stereo effect from a single ch annel source. 
The best known and most popular in Britain is perhaps Ur Hermann 
Scherchen's " Stereophoner ' ; . It must be emphasised that, while these devices 
produce results which some people find more pleasing than ordinary mono 
reproduction, they do not provide stereo , for which two separate channels are 
essential. 

PVC. Polyvinyl Chloride. Base for tape . 

Resistance. Opposition to flow of current, causing energy to be dissipated as 
heat . 
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Reverberation . Persistance of  sound after generation in  room or  hall . 
Depends ur .n acoustic properties of building. In recording studios, rever
beration is controlled . Optimum reverberation time varies according to the 
music being performed. Decay time is the time taken for sound to die away to 
inaudibility . 

RF. Radio Frequency. High frequency currents in radio receivers. 

RIAA. Radio Industries Association of America. Standard recording 
characteristic, internationally accepted, for mono and stereo discs . 

Screened lead. Connecting wire in which insulated conductor is enclosed 
in metal braid which is connected to earth, screening conductor from inter
ference. Co axial cable is one kind of screened lead . 

Signal-to-Noise Ratio. Unwanted noise is always present to some degree in 
recording and reproduction. Recording characteristics are chosen so as to 
minimise the proportion of this noise present in reproduction. The ratio 
between this noise and the wanted signal is the signal-to-noise ratio . In 
amplifiers and tape machines it is usually quoted in dB down on full output 
power as rated . 

Stacked heads. Magnetic tape recording/reproducing heads arranged one 
above the other, in line . Standard system for stereo.  

Static. Electrical charge induced by friction on surface of certain materials, 
especially vinyl plastic of which gramophone discs are made, causing them to 
attract dust. Can be countered by deposit of molecular film, providing a 
leakage path, in the edges of the grooves by means of the Parastat machine . 

Stereosonic. Name given to tapes commercially recorded and issued by 
EMI Ltd . These tapes are made usin_g Blumlein's method . 

Stylus. The reproducing point mounteo in a gramophone pickup. Jewel, 
occasionally sapphire, now more usually diamond . 

Sum Signal. Combination of the signals from two microphones in phase, 
denoted by (A + B) or (L + R).  

Test Disc. Fulfils the same function as a test tape, but for use on disc repro
ducing equipment. There is no fully satisfactory stereo test disc at present, but 
DGG 220497 (7 in.) is useful for setting up apparatus. 

Test Tape. Tape bearing test signals to enable a recorder to be checked . 

Vertical Signal. In stereo disc, sound arriving simultaneously at each 
microphone 1 80 degrees out of phase, causing vertical movement of recording 
stylus, and of pickup stylus in reproduction . 
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NEW, FASCINATING READING 

An important magazine 
for the new age. 

e When Sputnik I appeared in the night sky on 4th October 1957 a new age of exploration 
began. The Russians launched 2 craft that year. The Americans put 5 into orbit in the next 
12 months. By the end of 1959 the USSR and the USA had between them launched more than 
40 satellites and probes. In the next 3 years there were 160 more. The total passed the I ,500 
mark in 1965. The pace is quickening. The planets are within range of television cameras. 
Men are training for Moon landings. 

e SPACE, a compact 48-page magazine was launched in April 1965 to document and keep 
abreast with all this fascinating progress. A complete record of the early years exists in its 
first few numbers. There, also, are illustrated stories of the Mariner flights to Venus and 
Mars. There are regular articles on space age astronomy, and each number carries many 
photos and drawings. 

e SPACE, please note, is only available by subscription, and only from the address below. 
The price is £2 for 12 numbers (USA $6.00). All back numbers are available. An illustrated 
brochure will be sent, free, on request. 
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