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ideas of inferior ver.sions of the geliuiDe
:r,tticle. Pqyllxp5 jt is onlv rr:rtrrr..til rlrerr.
tlrlt- mrlry people do noi consitlel nru.ic
s\ ntlresizers and their electronicallt nro_
duccd snunds a legitirnate p"ri ;f l="1nlrlsli. lllar lr,,nic orusic hns. lrdrnittedlv.
urrdergorre Iilth-r girrntick\ st.rges nl de_\rlrJpment. l,ul tl-rit is all o|er. rrorv.
-r ourl s- sopt slicaled tnu\ic s\arlhesizel.5
leave their gimmicky predecessors lrhindilnd l:lko an irnpoftollt p)ace in the evnlu_
o,)n of legitintate Dtusic.

, Music ir.nthesizers are esJrecialh rr,ledrot ulo-'.':lrrnll ol :orrrrds thev crn assernbleor synthesize. A skilled performer caD mixr(Jgcthcr ir hnndlrrl of l)asic tones to mlketrie,tnsltunrenl rrrirrri, hrtrrili:rr .,,rxr,1.. lr -
cluding-those of orlter mrrsicel instr urtrrrr.
sorne of tl)e sounds rtrir.r. not l)e \.en nju.ir-.rl
Irr the 

'trrr<rl scn.e. Bul iust horr -unnru<irrl-
urf,\-.:,,ul,I ,t. 1-r ,1. ,r:r : ::... pr<:t"r:r,rr.r
alrslrc ialent ald the li.:ener.s Ixrsonallrstes

A go,o.$ performer can make a s\artlresizer
::T,:] l": a c;thedlal orgen one momerrt;

ll,lll- orr cha girrg some plugs and dials,ne (an make it sound Lke some-one walLinolcross a.gvmnasium floor in wet sneakerslrnen. ot (nurse. tlterc are tlte unlimitednuntDer.ol rrnl.tmiliar {o lrLls_loo strangelo describe_that are porsr[.,1e 
" 

jth il,;;,;:.
st-rlthestzet.

,An .Awesome Experience. The rreophvte\vho"sils down at a s\rnthesizer mn,,oie io.tlre hrsl tinle. js in for an a\!.esome e\Fn-crrce. seeing ail tlrose dials. .";t"t"r. *ii,"*
l-lo lr,ug,* can make hinr feel in,deq,r,re.the tendency rvlren approaching a srrrthe_srzcr rs ro equale it with famili]ar musicalInstrur nents. 

. 
And it is this attitude that canuereat a Deginner at the outsef

^. 
With a piano.- the musician has a chojceor ore out ol gg noles to plav. He cansta,rt tnv\vhere and. with one hn(er, fumbJeuur_ a rune. But it is different i,hen he issrrnng at a tnusic s',nlhesizer console where

the choices of things to do ffrst are virtuall\.
infinite in number.-What is more. while the
prano ts ready to pluy immediatelv, tlre sr,+.
lhFslzer must tirst be prep.rIrJ to'pl.rr Trrs
I)ropel combination of .rvitches niusr ire
thrown, dials have-to be turned. and patchrorls lr.tre io be plugged in. Only rheir rvill
Ine 5\rfhe\rzet cul|ClesL,eDd to ttcr

rt J-'- g,. 
",,, 

i','.n ir.",T.."i n"iii"f, 
'f 

""ifi i
not al\\'avc be as difli<.ult as it is now. This

ne\r ari technologv rvedding is stili new.Henre. it. i\ (onstrlth.beingimproved. 
Bute\en t the nrethanical and eleitrical lrrrssare jroncd-out tomoro\!.. Ih"." *ili,"_nina maior obstacle: Hotr does one wrile a

musrcat. score- tlor an inslrument that doesnot fit^tlle.mold oJ traditional musical instru_menrs: the little black notes that haveserved musicians fairly well for centuriescannot begin to manage the task o{ com_
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-:rcilting an electronic sound no one has
.,:r heard before.

. From a performer'\ \jervpoint. present-
irr' nttrsic synlhesizers Irare lrro ter'hnicll
lr,rrrbacls. hirst. nrost cirrr pr.odrrce only
r,e pdrli(.ulur ole ilt il tinre. Alrd, secoltl.

:her r.lrr prodrrte only one parlir.ular tonal
'lu:rlilv al a timc. Unlile ir lirrno phyer \vl,L,
(irr l)lav up lo len nOles sinrultirneouslv, irrr,l

rrr tlrrouglr trn etllirc (1)mpr)sitiorr rriitl'o'rr

sizer, then recolds the ne\t segtuent. After
completing the recording session, plaving
lhe lLrpe :tr:righl through givc., the imples-
sion that the sequences of sounds flo\\,
smoothlv fiom one to the Derit. .{t this
point. tirough, tlre rnusic still souncls like a

shtllos one-ffngel melodv.
Just as the tnpe lecolder can take care

of Pauses for rcprogr.r)lming the sourd. so.
too. can it make oDe synthesizer sound like
four instnrments. Bv usirg l four--chlrnrt'l
tape recorder'. the perforrrel records his
basic one-ffnger- melodv on tlre ffrst track.
After that. he fflls in the otler tlrree ttacks.
one at a time, rvith the desired backglound.
hiurnonr'- nnd rhvthn. It is the same olcl
trick thrrt cLrn Drlke one sirrgel sorrnd like
a quartet.

So, the serious cotrposer ancl solo per-
former' ffnds thrt .r fourrlranncl tape re-
corder is just as irnforlnut .rr tlre 'r rllie'ize|
itself. Several groups of accomplished per-
formels, horvever, havc been tou ng the
corrutr'\, with live svnthesizer concelts. I\'
rrrirr,-l llrr'cc or [oru lcrformers ,rnrl svrrthe-
sizers on stige. one or t\\.o of thenr can be
pla|ing uhile the others reprogram and tune
their sr-nthesizers to pick up the music \\4ren
the otlrers conre to the end of r certirirl
sound segment.

. Fro,r' :rrr economic point of vic\\'. nrusic
srnthesizers arc very expensive. Professional
instrurnents bear price tags startirg rt rbout
32000. Dy adding desirable e\tras and a
good tape recorder'. the cost of setting ulr
a decent studio qrricklv runs over the $8000
mark. This, combinecl rvith the fnct th.rt ferv
people hnve the expertise to handle the svn-
thesizer properly, keeps the svstems out of
the hands of the general public.

In spite of tlre dranlncks inherent in
present-clav svnthesizers, thev are exerting a
porr'erful infrrence on the evolution of
moclen rnusic. As the art and technologv of
\\'nthpli( mrlsic progresscs. mrrsic svDthe-
sizels promise to becorr'e as pop lar lrs lhe
piano.

How Synthesizers Work. It is the har-
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Portable synthesizer made by ARP
lnstruments (Div. ol Tonus lnc.)
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rlliges for the trudio tone oscillators run
bcts'een 2 and 30-000 FIz.

. Tlrese ,..r'iJJrrtor', htvc sep,rrite ,,rrlful
I r' k. ,'r \ele, h'r su ilclres f(rr. :lllr\oiLlrl
n.r r'rTrrlr,.. s:rrto,rtlr. rrrrJ trianqul.tr rvl,.e-
lorr '.. Trr. di'1, rcrt ,,,rtlrrts qir.- llre ,,per.rr
l')f ir choice ,,1 lorrr.Lirsi, i,,r.rl ,lrJ.rlities
flont each oscillrtor.. Thc sinrrsoicl.rj r.rrc
r,.rr l,r''rlrr, es - l)r1,. \urlrLl rr,ur lr lile rl,..L
I'n r ., I lrir,X lorL. Rectitrrgrrlrrr' \v.r\elonr.
I ,' 

",(i' 
|n,,, . r,,;i ll,rt it .o, ,ds

f.:] .tr rrp risirrg .rrrrt
[.,llr : .: ,.-e rruinL.r' ,,1 ],i"lr
ft.1' , .: . fr, ,,\\t,,^tl, \\.,i.
lolr'. 1.,r, .. l, .,t r.,.; - rr ,{irrs lr.rllr,,rr.
i,r ,, ,'. ,.r , r',. eJqe- tiir,..l r r).-ili.,r,qrrl.,r
\ril|cfor-nl l)roduces btlsic Iotes that ltrivc l
qudlitv somewhere behveen that of a siie
rvJve.rrrd I reutrtrgulir pulse.

{ 1r'r'1,'11116r ,,';' , l',,r,g" llo,lrrerrcv flor,
.rrr .rrlli,. '.,rre ,'., illrrl.r rr.irlr,,irt rtrrrrrrirrorrr rl, ,, , .. \\ t,,.. ., ,,,,11.. t:
. . . P: I

- _ . :t : : .:.: l,a .: rl_rDe(l iong enouglr_ ::,r. t: ., l:::cre|t \t.i\efolnl ot.to tur_D
., -.1..: : 

'..,. 
iiclr.

'l I e 'r,,i.e gerrcr.rtor t)l.lrluce: ri\eLl_uD
llerlrrercie\ tlrilt (ovcr tlri cr,lile arrdio,oe,i_
lrrrrn. This rr.Lile rroisc'hrrs u his,irrg qrr:r'lity.
Ity mearrs o[ fflter circuits, cll but crrrc rrlrr.,rrv
sectior of tlre rpr.ctlum crrrr lrc rvipcd r,ut.
l)1,)du(ing a 'pirrl rrrrise.' pirrk rroise sorrr,Jslile strrtir.. torr: brrt it lras u donrirrrLllt Ir.e-rlIl.llcv llrrl sli('er tlrr.orrglr. lt sr,urrds surrre_
llrirrg, Iiko.wirrd rrlrist'iirrg tlrrouglr tree
Drarr( lrF\. I lr.. ol).rirlnr lrir\ cnmplete ,r,ntr.ol

lonic lndustries',,putney', model has
a ioy stick to let the performer con-trol two different kinds ot functionsat once. Keyboard is also available.

)

Basic synthesizer scheme shows audio
inputs combined into complex output.
Performer controls the final outcome.

r,jrri, \rrr( trjr, o[ tlrp .,,r.rtl lr.,,rrr a r irr]irr'tr.J rrrrl. . i' ,1r., I , {irn'. ,1 ,, :r i,,li, ,. ..
rl', ..',rr,l 1.. l.,rr .'1,,..
llr-si/, r' ,jjl ,,,,r',,1. rl..r ,...r, r,. r., .

Irrrrrrl"r,,1 l,.,ri, r,.,". t.r rrrr : .:,..
'r.r cs ,l r,,.r:rr ..1.,', .,,, ,,..:.. : l
'.rrrl\lil', r'. | , ...-: ,. ..-
r r()Dic \tnlcture ,,i .,rr c!er irie.il \\.t!ef{)nnr, r rJlc ir, lrn,lrrr - lrr.l .,l,orrt :rrrr kirrtl ot
\r'rI ct I e (ltr)L)se\

\l r.i, ,rrrrll rizer. q, rr, r ts tlrrec ditler_
, rrl k,rrJ. ,,1 -1", tli,.rl sigrrals: arrdiu sigrrrrls.
, ,'rlrol sien.rls. .,rrd lr.igg.r sign:rls. Tlte ;ruJio
\rqr,rJr ererrtlirll\ *rnelg,. li rrrr tlre rvrtcrrr.,\ \,, r,,,1\. (-,,r,tr,,1 .igri,li r.:rrv the ,rutlio
signrls to rrrake therr cllrrrrge louihress, pitch,'r ,trrrrlitr. Tl,e p,.rf,.r.,.. ,,,, .1,, il,,*e
llrrr,..t. tr..,rrrr,rllr r, tr rt r. ..,. _. r,r,l rrror.c,r,rr\nrricrt ro let ,orrrlol \,,1t.,:, . .. I _ i.,h.ll,- lri{gcr .igrr.rls b-girr .rr d , .. I .r,,1
\1 'lrp,ri c\ .r,r''r.dirru tr, ,r grlerg. , , ...
{g,,irr rlre t1-rt,,r,,, , .,,,i,t r.. f,_ 

- 
..

trigger operatiorls nrrrnualh liri .i,: .l_,-
lr,,Iic t)igg.r t.irt.uit d,,pr t1,,, ,.,1, I , :, r\l"sr ,vrrtl,csi,,eh g-t tl,eir L.r.i, .,,r,lirorrc\ ,f,,rn ir \.t i,f tore osrillat,,n.,.,J -rrojsc g('D('rltk)r. Each of the tone osc,illatrtr_s
Procluces oue note at a time, ,,r4rile the noise
{' trerr,r ,r' Drrrdrrr cr rr rvirle Irrrrg,,,rl fr._,1u.r,
, i-\.rl ,rrr(1 tl,* rerrrlt s,,rrrrJs lilr. nure \tatic.

L,rr1, r' rrrrr.i, svrtlre\i,/i,rr 1,.,i. l,,ru ,,,
Irlorc identicill krne oscillator rrodules in
rlr, rrr. Err, lr ,rrillrriol lrls ir rri.rr.rl (.nrtrol
rlr:r' ,.,rr l,e u.Fd tn lJillst tlre outf,rt fre_
'lrrerr \. Tlrcs{- r,scillrttori irlsn lr.r\p'\r,lj rse(r,rrtr,l ir,j)ut\.t,' irt.c,,rrrmoJrrle,,rrtprrt tti_(l en(v c\)ntt-ol bv means of l r,oltage fi.orD
sonle e\tenlal sollrce. Typical fi.equency

42
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The Model lllc synthesizer, made by R. A. Moo8, is perhaps lhe most ver'
satile, sophisticated, and well-known system that is on the markey ioday.

tree
)Dtrol

as

"cr the loudness and dominant frequencv
'f the pink noise.

\\'hilc it is possible to vary the freqrrenct
-,nd output level of the nudio tone sign:i)
.,)urces manually, it is far more convenielt
: ) let contrcl signals do most of the uork.
The various kind,i,,f conlrol signal sorr(e\

roduce voltages that can clrange tbe operit-
..1 lrequencies of l lone ostillator. And.
r feeding the control voltages to specixl
. lta.qe-contr olled ampliffers, it is nlso pos-
,:lrle to vary the loudness of the rudio
-:3r,rls.

J.\ices lhflt genelate lhc corrtrol .igrr:rls
I rJ.:r 4-ocl.rve keyboard. rihlron tonhol-
. r\elole geror.rto[ circuit. lool ped l.
iov stick. trlost svnthesizcts currre

::.ped rvith at lerst on; built-in envelope
- -rrtor-nodule, .urd performers genelallf

. ..t le:rst one kevboald and a dblnn

Dxtclre(l irto uv o[ tlre volt.rge-cor r lrolled
lin'ritr irr tlrl ivrterrr. Allel ilrrggir'g llrc
"ril)rl irl" ,,r'n of the \'-C :rrrlio lorrr'
uscill,,torr, for ex:rmple, playing up the scale
nrr lh. k"rl'nrrnl rnakes lhe surtllcsizcr Pro-
clu,.c.c.,l"-lik" t,,r,es. Depressing Ihe midi)"
C keu on the kevboard, horvever', does lot
neceisirrih make-the sgrthesizer Produce t
f.rmiliirr middle-C note.

tsv rdiusting ir mlnutl (onlrul on llre
,,sciilntor module. an; key on tlre keylurld
cirn be made 1o ploduce irrsl irbollt rn\ Irol,
desired, If desired, the perfoLn,eL cln even
prtrlr lhe svstcm so that playing 'rp tlre
scirle orr llrc kevboard makes lhe svrrlheiizel
lrrodrrce,r do.uir** ard-goinq sc.rle. 

'

' What is more. llre"lreqrrer'cv differerrce
betweeD two Ndjacent \\iite kevs need noi
be tlre fanriliiu ole-note diflcrence. A con-
tlol ,rrr llrc kcvl'orrrrl lets tlre ferfornrer
.r'lir.t tl,. ireqrrerrl diffcr"ncer belrveerr
kels.

Thc output of the keybard can l)e con-
Dected to ailcuits otber thnn the audio tone
osr.illators. By palrhirrg lhe kevlroald lo rr

lrirer ',r' fflter nrodrtle. il is possilrle lo use
the ke1'borud to cliange the harmonic struc-
ture of lvaveforms generated bv othel cir_
cuits. Or, the keyboard can be used as ir

steplvise volume coDtrol by patching it to
one of the voltnge-controlled amplifiers.

Thus. the kevljoard for r music synthe-

13
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riz.r r;1n pp1f1n6 mrnv (liflFrent fllltcliors.
I { r-n.rl\ rt rs it , x\ts,,1 senlimcrl:rlj:m rrn the
l).!r, ot || r\i,.rll\ ,riir,.,l crrgiDeels tlrat rr
{)rrlrcsJzcr s k, \ h,, r,l l,,oks lilie rLn orrlirr.,rr
nrusical keyboard. Thcr.e is,rctu,rlh. no re,ili,,..',,r )lrl it slrorrl,l rrot lo,,k lilc Lr t\pe_
rvritel kevlxl.r-d- iurcl, jn fact, it mighi'be
ntorc useful if it dirl.
. \rr','l'nr'(o.rrl,l c,,ltlol derirp, rl e rrlr_
Iurrr , ,r'rrr'll"r.. Jues 111,1,1 tlr" slme kirr,l.,I
r',,11. ,,: .r lnvl,,,rrll. lrr,rc.r,l ,,1 ph,drrcir,g
L-, l'\\,., \,'ll c, clr.rrrq.s l,6rr,.re1 ir 1,rn_,lrr,.s , 1 , I | | i I I I | , , I | \ I.lr.rt rg,.. ir ,rr1s1,,1, 1 ,i1l,s-
.\ ril'l"rrr t',rrtr,rller rr,",rks .n,,,ni',ir,q lile,,
lIicrlior.ctcr. .rrll 1,1 l),rtLlrrr,q its-n tl)utl', l tonc ,rscilhtnr.. it c,rn ile rrs.,l (o
l,rn'lrr'...\\,,-t,i:,q'lr,,rerr irr.lil. t,,rrt..

C)pti(rlitl contr-ol der-ices such as foot
Pedals arlcl jov sticks rlrrrk lbout tjre sinnc,

)):,].rs,,,,,:1,1,^., .,,rrrr,,lter. .\ lor ,rruk Lrstrr. Noncd ,rd\.irIll qF oi I,ellrg.r trro_rlimrrr_
,,r"r, rl ,,rrrrr,,ll|r'. \l,,virrq tlr.-lrrrll), i,r ,, e
rltrpr iiotr ,. \.ltr ,1r,, .,rl,r.LrL lle,: ,.
.r l, 're rr.(.ill..tr:r. rrlrilc rrr,,r..r g r :., i . .:
{rlrr'(lr',tt 

' lr,r,r,Jr. ,,,."t,r11 r^rr.,l ,r,r,'::..
\1,'\ irq rt nl,li,t,rpl\. ,t ,...r r,. I : ' , . .,'l r,.,tl , , .. r_. .::. .. .: , l

,t1,.'' ,,f rlir ..,.,iJ. I l(..:.(..,1.. :prrer.rre
'I r,r'r, I 'ri(qer 'igrr.ri r',her,c,,-r ch.urges irt.crrir,l, rn !lr. r.,rrtrnl roltrrge ollIl)llt. E\eryIttrr, ir le'. ;. <J-1rre,.e,l. rlr* k-r:bo.rnl rii_

ln 
,aud,o .tone oscillator, frequencyot the output is adiusted by control

finob or by use of an external signal.

r rrils gcller..lF lrrtlr ,, 
",r,,,,.,,, 

r,,ltrrqe .rrrd ir
Ir iel trigger !, 'lttr(c.Tlic.F Iriggcr r,,lrLrge:, ,,rrr ir,iti;rt,. ,jll,er
|,DI r,il (!l)eririio \. srr('1, :L.i t lrr,,p l)tsr.l,,r redr)v tttt errvelttpe A*rrerirtol rnorlrrle. Tlre
envctol)t- genir.irl,,r is rrrprrlrle ul plxlrreirrg
\,llr,)rts c,rttlol \\ \cli,nIs llr:rt r.:rrr lrc rr,cJto lrdjust the nttack, clecay, irDd sustairr

level nf a nde. In-st-ead of hrrrjng every rre,.v
nolc,orr F lrr rrl lrll volumo, foiexarnrrl"..r
lrrlch ,",r'd. rrrrr bclwoerr tlre c velijp gcll-
, r'.,1,'r rrrrd orie of thr \-C arnplifier:s. c.,rr
r,.,kF rrr' r,,,t(' \\\ecp ul) irr volrrme. Like_
\vlse. a rrole ,irrr l,e rr,.rdc I,r Je,.r ,,rvrrr

'l"rrlv irrsleacl ol Llccrrvir,g r.r1,i,ll'. lrr li-
ir.slrrrq lhe corrtirrrr seljrIq ,,r trr, ,..\.
3e.r(t,rlrn. ir D('le , rL|| bc rn.rde to s sr.rrrr
-t1 | :r[lFr tlrr p):rvcl t,rles lris ]rrrrr,ls,rff tle
l.rl, Lrrl

t, '.:,....'r,li , ..rrrg,liffels, :rr,,l
I'iglr- 1,r..1'.r l.-,,r1'1,. r., . ..r,,1 lor rdsl'errker..
rl\o 1,t.,\ r l).,rl. I r..jp\ il| .r ll t:ic :vtl
llt..i,,.rrg.r.tn r. { Pell.,r'rrr*r'crr., rrr.tk. Li.
ir,.trrIr'rFrl :llr,rrl irs corrI e\ rrs lris fi,r.L,r e<
rrjll .,llorr. lrr gererrrl, the more,tcl,l-or,s lrc
lruys. tlre nr"r'i rersliile lri, irrstrurncrr{ lre-
(1i)res. lr tlre l,,rrg lrrrr, tlrorrglr. it is rrt trr,rllv
llr. lcrlrrrirrrl rrrrd rtriistil ror'rIcterrce,,j Ilrc
l), r1,,r. ,, L r,'r rl. ,,,rrr1,1, \iri ,,1 rlr, r\j_
', r -'r,.rL l, ', r', : . rl ; ., . , ,1,,.': . .;...t r ', 

I.pr,L,r, -

Synthesizers Vs. Composers. A perfor.m_(r.rr tlrc corisole ol i professiollrrl tn sic
rrrrilresizer has comltlete c,rnllol r,ver (.vcr)
sourd tlrat comes from the st.stcm. lir
lrincil)le:'t least. lre "ptrryr" tlre syitenr rrrrr,lr
llrc silne \rty ore pllys llr orqlrn r)r l)iirrr,.Tlrele is rr grorrirg irunr[rer.i,t ,,t,.ctr."r,i.
nru\ic "composcrs" irppoirri g as c,jtrstruc_linr pr{,i((ts rrnd ffrrislrcd itirns irr ,L lerr
slorcs. Tllc\c der.ices. coslinq irl,oul s50 lor
l,irrl: il,,l itl,orrt S300 jor. tlr-e firrjslred itcr,,
irrc (lo\. relirtive. ,,f tl e.r rrtlr-.ize,.

El.rtLnrrjl r"rr.ic ,,,r,ri',,., r.*. lrorrerql, ,1,,
rrnt :\ rrtlrrsize,lifler.r,t l,.rIr.r,rrrit. si r.I(.trl.es.
hrsterd, thev rssernLle clifler.ent tonirl p.rt-lFrr,\ io lroJrrc{. .tr.,,rgn rorrrrrlirrg ind..r,, rrrF, l)lc.r\ilg rrern,lie,. lrr rrdjrr:tirg
l'..1. " .rrit,irps .1,-r rr,r, l,- rr,,rJe t,, pr.n_

chrct- .l .rhrost Iinitliss numlicr.of cliffei-ent
Ir:el,,clie. llt.tt (.1lt l. n 1or !ears without
l1-Pr.iii!tE. Ir, .i .err.r,. an electr.onic nrusic,..'I lr .r- \\..r1, .,. , rl,irrg Iikc :r phvcr
1,irlro. Or.e rl.e.r."r .-r. rl,o pr.,rg.rrrir. ilr,,
rrr\trurjrent t.rlc. n\pr ..11 th" rvorl ,,f plo
ducing tlre meloclies.

(iorrlro'er. 
^L, ll)\ .1r irrrpo'tarrt plrr.c irr

rrrorlelr elerr er.t.r' i .,rusit. , iosses. und tl,ev
tre fun to build ancl use. But an electr.{)ni;,
nrusi, e)rtlru\i.!jt slrnrrld bc rruirlc,,l tlre f,r..t
lll.rt tlre \elsirlilit\ ,,1 irrr electlorrrc mrnic
(omposer.( dr rot erorr bcgirr lo .rlrproa|lr
llrrl.ol it\ Lig lrrother. tlre piofe"sioniimrrsic
svnllrcriTel O
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REPRODUCE

THE SOUND OF

BREAKERS

AGAINST THE SHORE

BY JOHN S. SIMONTON' JR.

f\\l- rrl tlre rrost Ieltt\irg rorrrr,lr irrrirgirr-
\,, l,lo is thc ro:rr' ,,f tlre 'rrll. Flom Presi-

'' ',r 'l'r.,.,n. lrlr)1rre \!lt,) is cl,tte etr',rrglr.
' 

', llre limo l'",r,ls for tlrc :ieirrlr,'re
. he llants kr unq'ind. Ilut \!'ll1tt is

rri(e is to lrtve tlre sound of tht
.,!l irvs tvtilable lt the fli(k of l
' 
-",r,1 tt,t.u vou can. \\'itlr rl 'Srrr'f

_ : t:izer." vou clrl trnrl \'ollr honlc illto
, irrcnt at Nlalibrr lleach.'-' :urf SyDthesizel is rrctulllv t sPecilrl-
.. clecir'onic music svnthcsis svstelll

,, r'rtqr tlrr.rrglr y,'rri lri-fi .rrnplificr'.
r'e is gcrrcrrrled l,v trrr itrc\|crr\i\r'
.,.',i.toi Lrrrrl urir".l lr_r'ir tolttrgc-

:cl. lo\\-p.rss fflter :rnci rttenuiltor
-:rrr contiol of l rrnclorn voltlge

Design Analysis' A cornPlete schenritic
oi tlr.. : rr! qrrrtlrnsiz, r ir rh,rsrr ir' Fig. I

but it i\ ((nr\;ni('nt to lrlerrk thc unit do\\rr
irrkr blrcks irs sho\\'It in Fig. 1. T)rerc iilc
a n()i\e r()Lrrce; voltoge_contl olled. low P:tss
filter i\-CF); \'oltrge-controlled irtterruirto!.

{ \'C-{.); urcl random toltagc gencrnkn.
The rroise srmrce (Q7) is built llourrd

ll revc'rse bilsed pn iuncti{nl oPerxtiDg
,Lllrvc its brerrkd,,ri' p,'t'rrli.rl TIrn slrol
rr()isc rrsulritr{ lr,,r,, tlie ,rvLrllrrrclr" Lrerrl
d,,rvrr rr'eclrlrrisnr ir rrnrplifie,l bt QB

( i)r,tn'l \ollrg, \ li,r tlr, \ CIi ,rrrJ VC{
,'rigirrrt, in llr, r':r'r,l"rrr tr,ll.rg, qerrelalor
rrlirlr .,,r'.i.r. ,,r llr11 ,. ir\irl'l, r"rrlti-Li-
bratols lQl-Q6 rLrr)r)ilg nt diflerent irtes
.Lncl uitlr -cii{lircnt dtltv lirctorr The tlrlee

'rurt\'ri\ .rlc . rrrrrr,ctl rtrr,l irl)ln\rr it.11':\\

A/i. \\l,il' tl'c r,,lr.rle.rqrr,ss Rl,t i. t,r.r
(ertirir c\ter,l r,,rr'l'"". it ir rri'iglrl''l bv llrl
(liflererrt t)eri.'d\:trr,l drrlr [.rclor' oI tlrc

',st.rl,les rir,.l tl'n ,lifferer't r.rlrres "f tl"
sulrrmirrg rcsist()r- to lPPro\imltc the'ioll"
of the ocean.

If thele is a secret to the Surf Svnthe
.lr"'. li it in thc \:CF (Dl ). Whin the
YCA is tlisabletl ancl ollv the VCF is operrrt-

irg. the soun<l is close'to thlt of the srtrf
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lig. f. The three astable multivibrators develop a composite volt-tage that controts both the vottage-contro ed iitter tircFi-"ia'ii"vortase-controtted atrenu?tor (vCA) ro form tt" i.i"i .i ti"".,]il
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