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GAS.DIODE ETECTRONIC

chairrs o{ sawtooth tonc generators using l0-cent neon lam|s are syrxrhronized to uraster

oscillators for lrequerrcy control' Undesitetl harmonics are removed with tone filters to

give five octaves o{ organ-like lntt"i" *ith two vibrato stops alxl six tone'color stops

irrsifLrnients is ihat thev are sener-

ally too Pefect, 'nd 
therefore un-

nlttufal. Vrriotion is the essencc

of musical oxpression and va a-

lions in Pitch, loudness, tone coror

and vibfato should be within etsy

conttol of tho musician On the

othef hrDd, too manY controLs con-

fuse or discourage the lerlormci'
lD genetal, new instlumenfs shouro

be casilY operated bY masLefs or

simitar existing instrLLncnG

It was rcquired to delelol an

orsanliko clectronic instlumeni

that Nould reiail for $800, {hereas

the clerPest :rll clectronlc orAan

rhen svr i labl t  sol i l  for  5bo r l  $:  001) '

since methanic.rl etonomjcs rll tle

desian and con3l,ruction ol tne

tFlLEcTRlc-Kl,YroARL' mu\ical ilr-

. l - r  st . , -"nt"  mxJ Le cl 'dsj f l td

into two main s ups acrcfdrns m

their means of l,one Ptoductton:
(1) elcctr .mrchar jcal  senrretol \ r
(2)  e let t . i ' ' t i rcui t  senerators 1{e_

chanical svslems ate either r'otarv

or vibratorY Boih mclrns h'lrlc

been used lo modrl&te electro'

static or mrsnctic fields or beams

of lisht. Electric circuit itles halc

employert both vacuum and gas'tube

oscillators as ton€ generators'

Designcrs of nev instruments

hove cirher imitated existing tn_

siruments of have devised com-

pletely ne\t llcasing tond quarrles

and controls Ho\'e!er, one or ine

greatest complaints agrinst etectric

7u

cotrsolc a d keyboard rvould class-

ity l.he equipniont as a toy ratner

than r mllsicrl instrument' 1t lvas

neccssrl)' lo retain the standard

form of the other low-priced orsan'

like iDstruments. The main sav-

inss were cftected in Parts aDd Pro-

ilrction costs, with nnnmun sac -

fice in Defformrnce' A slandtrd

orsan keyboard of live oct3les or

61 nole\  c" ler ins the ransP l rom

C 65 to C 2,U93 cYcles is use' i  r  ne

rontrol"  c^nsidt  ot  Picht  ofgan

\toDs; t1\o arc used to select  v ibrato

rxtes rnd the remrinins su ate ror

tone coLor '  A swel l  Pedal  is-Pro-

vided for oLrtput level ot volume

control.
The cheapcst double-triode vac'
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ing tho lito ocl@e''
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lns plqy.tu CENrER!

lea! tl.{ oI @n.ort,
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!art.! o*tllolo dd

iw.lv. ocldto .hdtri. lo-

ldl iu!. cmPl.ndl tr
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sl3CL o!. Vil(|S dnil al

t{E-, !.on dloit r
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ORGAN

Br ROBERI t { '  STBISSI{EB
Mont.taY Park, caul

uum tube, the 6SC7, lists for $2.00
The cheap€st sa! diode, the Nr-2,
lists lor 10d. For this reason, ga8-

iube methods of tone g€neration
were thorcughtY investigated. Ag
it happens, the sawtooth wav€form
of the sas-dischrrse relaxation os-
cillator has a high harmonic con-
tent, permittins v'ide va ation in
tore color bv removirg the unde_
sired htrmonics rvith suitable ffl-
ters. The main difrculty wa6, of
course, with fr€quencv stabilitv.

Actusl Design

The blo.k diagram of the com-
Dlete instNm€nt is showr in Fis. 1
rhe twelve separatelv-tun€d master
oscillators generate continuouslv

ELECTRONICS- Jdr@rY, Irst



ihe twclvc freqnencies for thc hish-
cst of the lile octa\,es prorid.d. For
orch master osci l latof  thefe is a
chaiD ot  sawtooih Lore ceneralors,
the frst of ilhi.h is s,ln.lronize.t
t .  ihe lundemenial  l requenr i - .  Oul !
1,1 'ese haf moni.r ' i (h sawioolh g.r-
efr lors fc.d lhe l  fcrntnincrs , r i r t
i .ont lo lof  l l l iosi  the mrstcf  osr i l -
I rLofs sfrvc onl l  for  I lc( tucrcr ' (or l
1d.nd rre nol  herrd.

Fla,h naster os. i l lat0f  s ln
chni izes i1s .ofresr)on( lnra su lJ
n)! l t i rk n,)n. !  iD crs{rnde 1r( l i ' )D.
Of c.r f$ ' ,  . f t r lc  s '  Lnnt l l i l i l$ , r r '
lh.  ruh i reqLrfr( i fs lhr l  nrr !  L i .
s1r! 'hrDiz.d i r '  : r  n '  rs icnl  l rs i iLr-
nr 'n i ,  s ih( .  i | . , ) l l , . rs rr i f  r ! ,1 r \ -
, , r i , l \  r 'h l f , l  l r  l l , f  . l t iLr l l f - l ,  Drt !

' lhr  6 l  sr$1lrr)1i i  t , ! i .  r r . r f f r  i l r f r
i r l  f , , ' i i r i  l )  rs l l  i r i  r ) t r , f l1 i , , r ! ,  t r i l l r
: r l l  l l i . i r  r r r l t r r t  l . r ! l :  l ,  fnr i r r rL l r r
r l  r l i ,  l , \ ' l r ' : , ,11 ssi{ f r res.  l r , , , t \
l r '  r r , r l  th, , r r f r r ' f r l r ) rs . r , l  i l r {  l ) lss
l ) f l r r r t , ,  iLrr l  l lLr ,  r , r r r i rL i i rs i i7 r , r1
lh|  i r , , l '1.  r i r f i rn i t r .  \ l l l , r  rh l ,
r r  rs i r i r r i  r l . t i r ,  rsrs
, t \s,  L l !  r ! r r1r t , , , r iL l i I i  l i , l
s \v l r f I ls  r , , i , l  ih.  1,rr i , l  c , ,h, i r i :L
1i1tr i  i . , )  t | .  l r t  ln.  rLr i , l  ! r  i l , f  l , , rss
j ' fcrLfr l , .  s l , , t , .  rL Lh, ( , r r r0 l  t , : !L l ,L
!c lcr i  Lhf  { l$ iNl  ( inrr) idar. i , ) .  t i
lor(  f , , l ! f .  I lL, ,  l ) rsr : ,1,1 rnl , l ,
Lor) .  i1)1, , f  l i l l r ' f : l  l l I l  \ (  r i : r f r l . ] r
mot l i l \ ' i l i f  Lr t , t ) . f  r r r l  l ,Nr ' f  t ! i
l i tDs , ) j  l l j ,  ln, \ l j , ,Lr l  : , , r1 i , j . j f f
i .1 ' ( i f  rotrr l , l r ( ,1 1) r l ) , r rs , , r  11, .
: ( r1!r l  t , f fnn t '  ! r  i r l .  l l i t .  i r t rLr l  l , \ r '
1, ,  l l , f  r ) l , r rs,  j , , \ f r l ,  r  i r  ,1 ' , r1L, , l l . , l
l ) \  : !  : l r ' r ) , ! ) i . r i1 i , 'nr .Lf f  o l , f r r l { ,1 L, \ '

the loot  ot  lhc !cr lormer.  Tle s ig-
nr l  ront i .ucs th,o!sh ihe po'er
amrtineL lo the (turl-sfcrkef (on-

The Drin t'rctors rlTcctirg Ur.
lrcilLter(r' stabilitl ot' srs-dis-
.hafsc osci l latofs 1rcr.  found to Lc
nt) l , l lcd rol t rge and i i rc i l ient  l ig}1.
\1lix,{c irrs rex.lill steLilizrd
\ l i ih jn 2l)er.eDr Ni th r  Vl t105 rcs-
nlator rrbe. I t  i r is  Decessxry to
intmdu.e rL snr l l  rmourt  , ) l  l isht
ior  prolx i r  i ) r reni io,r  [ t  the ]owef
h. i lu!nr i rs.  lh ls cfccL $as r(
(omr) l ishe, l  l , \  t rnf i r i !  o l1 l i r . ry s ix
!1,11 dial  l i !hts ! ( ,L i  lhc lo$! f t r '

' l rLf t ( r  
{ rs 

' l r ! l fs .' I  h,r  r f . rssrfr  : ! i ( l i t ionr l  stx l , i l i -
TiLioJr NNs ,) lnr i r . , l  t , r  sub. i f {  l i , tL l
r l , f  l rh,s 1, ,  r  snrr l l  f l .c i r ) r l : r i i .
l i . l , l  , ,1.  ihf  for i l fo l l i r iu 1ut , f , r f r .
i i |  rs i r r r  a ln)r l i l , f  ! l -  1[ .  . r  l t i i  I
l i  r ' r i r  r ) r ) r '  r : f i l  i r1, , r  $ l |os.  1r( t r ! ! r  \
\ r r r  r l r ,  r r l r  f ' r ' l f f  f , ) , i l fo l  lo s! , i
f r , rn i7.  r t '1 l , f f  : r l  r  !Lr l )nrr  l i tnt
l rdt , , . , , , r ' , , r '1,r ! ,  d i ! i (L. f  f l r { i r r
\1f .  ,1.v1 , , t ! ,1.  l l rnr .  o,  loLr l
r  f , i i , )  l , , r ,L,r l i  Nir . t ,hr i , l . ( l  s l

l l , r ' r l  ( , , r  , l l r r i  l , ) i  t r . l i rL l ' l r  f ( t r ' l r ,
I  j l I i f  t , lL i r  f  nr l r r  (  l1)  tn. f r . r l  , ,
ih(  l  r { r ,  f rDr i i r l  I  h, tLrrr t ' \ ' .

l  iur  f f  l ; lL,rr :  i '  l \ | id l  r ) f l : r1, '
, l i ! i i l f r '  r lL: , i , , .  11!  . lL:LfLi , ,A . i r

t ) i ! ' i l , , f (  Lr i f  I | , ,  l l fs l .  l I f r |  s i : r1r ' i
i r r (  . , ' r . r t i f r l  sr  l1| : r i  l l r l r  ! 'Lr l t ) r i i
\ ! ' l l r1r ,  l , )  i l i .  l i I l t f  t ) f . rnr i r l iJ i r ' l
iLt , t ) f ( ' : r r | l  s  I l ) i )  \ r , l l r  tu. , ) r l i rq l l r

( l r

' l l i I  r i t r ! .  lor  ( i i \ r lL i r rsr  i r  f \ l f f r ! ,1!

short conpared wilh the tine rc-
qui fed for tho rol lase i r  increrse
lrom the e: t j r ( t ion rol |ase Y. lo
l l ,e igni t ion lo l tase l ' , .  so thni  t le
frcerunniDs lrequencr'. ol oscillx-
t i ,D is mrir l | r  f rn. t ion 01 the di f -
fcrcDcc bct\!c!! lhese hvo vott
rscs' .  Subst i tu i i i rg l ' ,  and then i i ,
lof  l 'and takin!  lhr  tc i l ) foc. l  of
rh.  d i f lercn.e Dci \ fq)  i |e lNo ( ! r -
r 's t0rdiDc values ol  / .  ih.  l r ' ( -
( l r ier( \  l i i  os. i t l . i . i {m b(omcs

1,, , ,
'  , ,  l l r r r  - l , i

' "  \ r1rr-  l , /

' lh is . \ t ) r r 'ss i ,11 is : , r ) t ) f , , \ i f t ,n( ,  rn '
f ,drn l  N, i r l  I  rh thrms. l \ f r  rL l
I t ! i . r l  | r  l f , \ t r  | | ( ! ,  i r . i r l .n l  l iJ l l rL,
r f , , i t ! , r r i  Lr , .  r f , l  nrrrr i lu, l l  l )  1 l r ,
Lr i lh: l | j | | .u] f | l |1.

r \ r  Ih(  l ,o int  or ' j !n i i . i . r ) ,  n 1lr ,
l i rs l  l l i r .o s i rA.s,  thI  oLr l l i rL l  vr ' l l
i r r r , r  f  i : r ;  r ,  r ] ]  I  r  j r l . i \ '  l , )  l0r)
\ , , l is .  l l r r  Lr ' i  1\vo iLrus i r i  lh |
.hr in.  l .  x , , t l  1 , .  r ' r f  , , , ,L, , f r i ,1 l  *)
lL:Li  r !  l ! r . : j l i \ , r  i r l r l i r , , : ! l r i r iJ"  t rLN

lr  l l i  is  l r r l l i . ,  i .  l l  $r ' i  i , ' r  r r r l

l l r r l  l l .  r i i ! ' l r  l ln i , '  r i : .  i l  lhc

! , ln l  , ,1 ( l is ,  [ :Lr ! (  ] r r  L l i r '  r r r ' | , : r1, i !c

si ' \ i , r , i l i  is  r iLLr( i l |  n) , , r ,  r l l . ( l rv ' i
i r r  r , , i l r , ' l l i r l r  lh.  t ! ,s i l i ! r  i rL\ ' l , r i l l i

! i  r f  i ! l r ) fs 1,1r i r I  r ' l r r f f  r "nrr 'LrrN

i . i , , , , \ .  lnr i 'L in l r , .  L, i \ f i i  l f .
, tLr f r i .s  ar,  lh,  D!,n , l i l l i 'Lr l l  r .
, r i r i l11, l ,  l r i f  lasl .  i \vo ILL i1\  , rL th( '

fhr in r ' f .  hn. lL. , , r r i r , ) l ( l  l , \  1| l r

s l ( r ' I  r i . r r tL ivc srs l , r i l l r .  l [ .  l i  s i

rhr .  lLr l ls  i r  Lh . | rL in,  L ' ,  I '  i0 i l

I .  i , , , ,  c , ) , r1rol l . , l  , l i ( f i l !  l , r  i r , , '

FIG, 2 lxdnple oI ocrave divider choin, Ior 6.nolo C chdin,
syrc lisndls are injected in slishtly dillei.nt order 30 thdr ihe
rwo lawed noie6 (mosl diiliculr lo conlrol) dre tiqqered

J2

FIC. 3-Neonldnp l6rt dnd dq
inq cncuii 16r inproains 6ldbiliry

oI sdvioorh oscilldlors

FIC, 4 .Ttlicdl m.sr€r o3cilldlor
circun, wilh conponenl adlues

lor lhe t,700cps choin
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The .nafeiDg resistance Nas ad-

i!:ti'iL to about 3.3 mesohms ir all

! rscs.  This la lue represcnts a com_

lfonrir. bctwecu highcf ralLtes'

n i , i r l ,  would bc more DsLaDre

!grinri 1€mperatLlIe vrf iaiions an'l

nr f r ld Li In i t  ihe d;schrfse cnrrcnt ,

rDd loNcf lalLles that operaLe the

lule loo near lhe bordcr bctwee|

,)3cillrtjon and contjnuous gloi'. Iror

l l l  o i ler  lactofs rcmx rng co!

stant, Iq. 2 shos! thal if Ii is ni

cr .ascd, C nust n.ccssar i l }  bc r :e

, lnccd i f  f rcqneD(j"  Ls to remrrn .o|-

s l int .  - {  fcd dion in C mel | l rs less

lDergl siouge in the c:rpacltor and

t lereloic lest  d isclxrge cnrfent

lf ,t is loo lo\t, thc charsins cnf

i cnt ryill be so hish ih{t the ttbc is

nI l ib le n,  e\ t insuish l r t  thc comple-
tion of cnrrcitor discharJ{c, \'hi(lt

fcsol ls in conlntr loLls glo$"

SNi l .hcs .S,  lhrough S. . rc

neohrni(r l ly  l i lkcd io thc I ' l lJ jns
l .qs.  $rhor in th.  n l )  l )osi t ion
rh{rs, ,  swi lc lcs sro nd lh. '  ontr)r  ls
, i i  Nl l  r rnplrr ' (11 ( 'sc i lh lofs ar( l  i r lsr l

r ,arr lk, l  th( !  lStnca f( ,s i r i , ) f r  l f l l r

f r i ( l  t r )  Arotn, l  o l  l l r .  I ) r . raml)s,  l i rv-
l r r  0.025 m.!r  . rnd 0405 nnis r f -
st t r ! '1 i !c ly r l  l l .  l , rss an( l  L ' !b1( '
iJ , r )Lr ls.  As a kfr  is  d0t)rrssfd a.( l

th, ,  srorrDd r l r r r . ( l i '  mnovr{1,  r
isr l l )  loss of  r ! . ih l ) l ,  r )s. i  h lor
, )L, l  t ! r l  l , , r  b iss nol , is  u, l  3 l  t l l r l )s i
lof  l l ,o i r , t tc is momcnhri lv sfnl
r , )  lhc l ) rcrmPs. Whcn thc kcl  hrLs
,1, 'nt) l1t .d i  oI  i is  st .okc,  iho l t_
N,s r .s is ior  is  s lnnicd,  l ] rcr t l ) )
r l l ,^v ins r | ry i l rs ]ev. l .  ] r r  th is mnn-
D.f  thc lord l f r rs icnt  c i iek thxi
sor ld olhefwisc l )c l ) rcsert .  hts
l)eetr rlmost comDlel.ely .limi,rai({l

Drspiie tlese precautions :LsrinsL
ifarsierts, key switches with silld
riloy &ntrcts catrscd considerablc
. l i ik ins.  Evident lythese hi , lh- im_

lcdrnce cifcuits wcfe extremell
sensi t ivo io thc s l ightost  oxida coai-
irs rt the contncts. trjven the best
.ilrcr forms a slight coriing under'
nifmai conditions. The linal
i\ritdics werc forned froni Ni-
rhrome V ivire. Clickins was un-
noiiceahlo ,1nd thcse switches halc
nrintained their chatactefisLics Ior
r loni{ leriod of timc.

-{ficr thc lirst expertmenlal
odol had lo€n iD nsc for screral

nonths, 3 few osciLlntors drilied
lnt of their ranee of conhol lt
{ ! r  determined thr i  an rgins ! roc-

'ss 
\ r i lh in the tu les had takcn

ELECTRONICS-Jdnuo.Y, I95l

FIC. 5 Deuisn crd€s lor d iqllelT notwotLg

t)hc.. Ii. {rs olserrcd th:rt the

sio$' in l roulr l .somc hrbcs \ t rs rrrc-

r : rhr  !n, l  t r r f lcnl)  sDtul  or$ thc

. l f ( lJul .  i r . r .  lv i (n t |ose t [ l r€s

wore l .sr .1 l  13 fosi t i \ t  t r l  r test i iv '

r )er l i  ( l ipr){s i r r  lhe f i r .n i i  o1 f ic .
;J (s$i tch S .r , .n) ,  thr lY f r i led t r )

1)ro.hcc {qLrrr f  lud s!mmelt ictr l l r '
f l i r ) l )c, l  s i r ) ( ,  \L ives Whcr th( i

s\r i ich wrs c losc(L Iof  st{cfr l
s. t l r r ( l r .  r l l^ ! ins t r lur l  200 nr.  l r r

J lo$' ,  thc glow sir f l ( l  rLrr lcnr)  Dur

, t f rdur l lY s l ) r .^d o!(r  Ihc cnLrrc

r f r : r  o l  l ,o l .h . ldtnxlrs.  At  the com_

ri l , , i ion ol  ih is srreir l ,  th{r  switch
rvrs opcnr! l  l l ' f ! rLso conl in l l td aDl l i -

. r l ion , ) l  ih is hish curfcnl  ovof '

Io^i r  rhe . l .ct fodts l lh, l  destrovs
rhcir  photosensi t j !e .o iL i inA. Att ! f

lr0pel rgi g, the wtlc is xhvtiYs

symmeir icNl rnd Rlurrc l )  ( l ippcd

Uni lorm chrf  rctcf  is t i .s  thf  oushorr t
the rcmaiDder of  i lo i r  l i fe Nere

ihereby assured The expcr imental
model hrs r.mained in sYnchronisn
tur xell o\,er a Year'

Moslet Oscillotots

Ai- the lfequcncies .orrespondrng
to ttre twolve notes in ure hjghest

oct,rle, hvelvc siable oscillatofs
wcro used lo contfol  e lcven dt ins

ot live Dotfs and onc oi si\ lo

accou t tor the crtla C al the low

en.l. Becatrso of its high sl,abilitv
rnd low larts cost, the P|rallel T

cifcuit Nas chosen. Slabiliiies oI

0.1 pcrcent aie Possible \ t i thout
sullly-i/oltagc regulaiion. Sincc
only one triodc pef oscillator is re
quired, t\to mrster oscillators maY
be housed in onc double triode tobe.
Tv!ical circuit corstants of the

A chi in mr3l . r  r ) ( i lh ior  afe snown

in Fir .  :1.
'1,)  a ld in detcrninius the ! 'araF

lel  T ncl ivork l ) r ramet ' rs '  the

,rrrvts l .of  1 is : r  s.r f  l r l l )  r r l  I r  on)

c(tLrNl i t t r r  r l r t ) .d)  ( lc f i !s l ' '  This

r) f .Jcrt l r i ion sst lmcs zIr) , icn€f-

r1( ' r  inr lnrhr i (e r !n(1 i r l inLi '  l ' ) r id

inr l r r ( l in lcf  ' l 'h f tc l l t t "  Lhc rrcL-

\ forh ( , r ,en_cj(ui t  in!Lrt  jml({ laf te

Z shr 'L i l l  l l i  mLrfh {rc l | l {  r  thr 'n t |e

Jrf !cmior lmldlNrr |c l i ' '  a l ld rrs

shon ciur i t  ouiDrrL imPedanc')  z ' "

shoul(L l,c nrtr(h Lcss t|ln ihc lord

imt(nrtr ' .  l i  r r r  " ! l '  
r  t l r r t  l l r r . rLf t -

nofk L ' :Lh'rr '  i1 ' r  l l i i i r r :  Lr '  l '  ' 's [

( l is t .urbt( l .  Ai l f r  s i tgt , r r i r r  - '1 hrs

l)..r dcllrmjned L'I Lhr) l,Lrbc Iintr

lord rcsir lor  ( lcr lcd'  t r  rs I i  ruDc-

t ion ol  .1 lof  l t r f ious values ol  t '1

may bc rc'ad direclll irom urc

l 'or  r r rs i r inod os( lUr l ion,  nei '

work :ittenu.riion I( musi be lfss

than staqe gAin A. lf thera is no

loa.lins on the nehvork and con-
qianl,i nre to exacl tolerance' 

^
could be iaken equal to A 'l'his ls'

of cotrrse, inpossible and lor reli-

able ot)eration, ll should not bo

n.fe th|ln one-Ialf A. In most ot

thc litcrature on the subject, 
" 

rs

iaken cqual to one ! It shoulil be

notcd that indaased seleciivitv rs

\rell as decreased Il occurs as 
'/ 

is

The more common nethod of in-

crensis!. seleetilitv is to increrFe A

only. $riih high-mr triodes tiie

uDper l imi i i  on,{  i !  about 35, so

that if additional selectiritv is dt-

sifed, incfeasine m is a conlenrenl
nethod. With these limits in mrnd

1".=!14..  2. . !Et  4. '

F!! rqooo F!. oo,Doo Fq.2 M€6
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the follovins critei'ia for the de-

sign of a single-stage triode parallel-

T oscillator vera thefefore adopted :
(1) ,4 w:ls determjned Jron A, R,
and 

'.; 
(2) /l 

'vas 
set equnl to A/2;

(3) the hishe.si value of m that {ill
allow 2", to rernain much lels than
R, 

'as 
selected; (a) ,z", was made

much greater than R,'; (5) .rl the
chosen value of ?n. ?l wls found for
ff calcutated abovc; (6) onl]' points

welt abolc the ff,,,i, cune lnd bclow
xhere ll changes rapidlv $rith sm:rll
changes in ?,  nere usedi  (7)  C 

-
1/0iR.

Alihoush the desisn was time
consunins and ihe rcquired low-
tolerance components are exlensil'e'
the productjon cost pef oscillator is
lcss than for other tyres rnd slal,il-
i ty  is  comlr table wi th I  hbofatotv

V ib'oto Oscil,otor

Vibrrto in most musical i stru
ments is produccd bY conbinad fre
qnen.,y and ampl i tudc nodul i r l ion
Ilowevor, a rtrth.r plellins cflc(l|
may Lf obLaincd flom ff(!lr{,'(:v
modulution alon(,. l'i,.urc 6 sh'^!s

l }e v ibr l l l .o osci l la lor ,  which is a

shndxrd four 'sect ion l ] laseshi l l
variel\'.! Irrcquenty is rdjLrslcd lo
abott six cyclcs Per sccold rn(l is

co t ro lhbla.r t  the stof  ta l ,s bY
sim ltaDeoLlsly varyj ,{ hvo 0t the
1-mes fesistors in the phnse-shift

netwofk. Oscjllator output is in-
jected throush the 2-meg r€sistors
shown ir Fis. 4 to thc srids of al1
nastar oscilhtors. The extenl. of
the frequenc]. slvins or vibfaio
depth is determined bY the amPli-
tude of the injected voltase

Tore-Color Srops

The ra$, salvtooth \'8!cform
fron the tonc senerators tould
hadly pass for music becasse of its
improp€r hafmonic distribution.
Aftel ' th is sa$tooth has Passed
throush lilter cifcuits that alLer its

harmonic stfucture, many Pleasing
tonal eflecls are oltrined

Tho highest note on u)e keYboard
of this instrument is the :lznd har-
monic of th€ lo\qest. A low_Pass
61ter de3igned to remo{e certain
harmonics of th€ treble notes voutd
hale neelisible efiect on bass notes.
In ljke manner, anothef low-P:rss
filter itiLtr a much los'er cLrtofi point

would be verl efiective in colorins
bass notes and let complctelY 5t-

11

num consistent with Palts cost, but

best speaker performsnce (oddly

enoush) $'as realized with one of

the least expensive combinations
tested. Tle final choice $'as a Parr
of 8 inch p-m speakefs, one with a

hard cone resonxtins at 150 cycles
and the othet soft for a ?5-cYcle
resonance. lvhen thesc were oper-
ated in parall€t, their reciprocat
dampinri etrecls appearcd to rcduce

overall reson:rnce rnd distotion to

a lorv desree. An 8-rvatt test srg-

nAl thri produced objcciionable
distoftion in a 25-Nrtt hish-ffdelitv
sperkcr sufPl ied bY A. l rominent
mrnufrcturer $3s easr ly nanoieq
by tle ll)-watt conbination used
The durl sYslem wrs also chosen

because it lllowcd A more uniform

ilislcrsion than conld be reatized

|Iom c\ ,en: t  largc s insle sPeak€r '

Cot.rusions
Il iras foinii{ oul, thrt lhe PLrr'

rotse of this rroicct was h) deAisn

r lor<!st, {rrsily'operated or,{:u-

like ins|runrcnt. Lolv manut:rch'r_
lns cocl .  i r rs rc()nr l ished bv rs i rs

incxt .nsive ionc s.ncrahrs vhose

l inv s iz.  l fnd th.mselves t r )  snal l

i{lenli(rl sul)^ss,linblics. }l('asins

ion. colof  wrs th.  mrin standxrd ol

r icr forman(c.  To this erd '  
'onF

hents on thc t .sul ts of  l is tcninr

tcsts bY many musicians md cngi-

ncers have been most rratifyi!,{'
l'rovidad teasonable .are is exet-

cised in the seldction of capacitors
nnd resislors in the parallel-T ner-

works, the insirument should re-

m:iin in tune indeliniielY Eishl

orsan stops Provide 196 combina-

tions of tone color. Anv person :!ble

to ptay koybonrd instruments crn
play this instrument with little or
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5-Vibraro oscilldror citcuil Out_

tequercy t5 dpttortMlolt 5 cP.

FlC. 7-lqsi dtd teblc ro..color Ill

re*, oocb uul.g hull ol rh6 6sc7

te uato thc t rcL' le seci io!  I f  un!

form tonc color scrc requrrcd' a
scr)arale l i l i rer  lor . rdr  ton{:  color
of crlch nolc woul,l l)e nccded. Holt-

cvcr, fe\t insirrrrrns l'ave th€

srml, l.onc c01or l,hrcusl'out thetr
ru,rc."  A sr t t is l rc lof t  tond br l -

rncc !v,rs oblainc(l Lv sllil,tins l,he
koyborrd r t  middle C (z l i l  . rvcles).

Two filt.r stclions !v.rc |rovidcd.
The 24 noies below middle C rvere

routcd to bass sl.ops of lilters and

ihe 37 aldve to trelte sto}s. When
n bass noie is lliYcd atrd a brss
slot 

's 
(losed, x tonc is lroduced

thrt in pitch is determined bY the
nole lhycd, h color is designated
by thc stop close.l and is l|t a lev€l

dependins on the settins of th€

swell pedal. I'isure 7 snows circlrit
const^nts of the tone color unit
One ffltof in each section is a reso-
nant band-p$ss type dcsisDed to act

as a formant-lroducing elemont.
(Formants arc caused bY boostins
partint tones around a luticular
resonance frequencY.) The others
are ordinarn R-C neiwofks. These
conbinations pfoduce horn, strinri
and reed efiects. Larga amounls
of jnsertion loss rrere deliberatelv
ircofporated in each net$ork in
order that output lelel would be
noticeabl)' incrcased as more stops

Cfto;ce ot Speokers

The dislortion of the s-watt
amplifier used $as held to a mini

Joroa.r, l95t - ELECTRONICS


