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BUILD THE 

MELODY SYNTHESIZER WITH 28 CONTROLS & 63-NOTE MEMORY 

This is a new and unusual approach to 

music synthesis, The sounds it produces 

are modern-to say the very least-.nO 

the operation is extraordinarily simple, 

Technically, this is a "psuedo random 
sequence generator" operating as a 

tune computer with tempo, voicing se

lection, tone shaping, and pause gates. 

BEETlIOYEN cou](1Il't s\'ntlll):5ize musie 
like a ""oog, nor <::olll,I],e be prognullllle<1 

to turn out 1\ lllelOtl,\' of the lislcncr'lj own 

dloosing, The "P"p:h-Tonc" doe;;u't (\0 thosc 
things dllu:'r, bnl it is ;\ 1'(':1\ eollll)().�cr of SYII-

Feb'vary. 1971 

I h{'1 i., mn"i,'. Sci up 011 its illtl'.rnnl digital 
camptlll'r nrc 1728 tlifTcl'Cnt G3-note SCfjUenCCi! 
tlmt ,'Uti be sc!cctc.l HIl(1 cumhinc.l with 11\l�' of 
Ii:i pnusc coml)inntions to produce lOS,SG,1 
tliffcrt:-llL melodic lillcs, These mclodiCii can llc 
pln�'c,1 nt almo;;t any tCIlIIM), pilch, or volume 
lind they cnl) bc plnyetl fonvnr<l or backward, 
rig-lit l<itle np (normnl scale) or upside down 
(iu\·crte.:\ si-ale), Six ditTercnt voice;; nrc pro· 
\'i,led Mltl the IIscr has fnll control of the al· 
tack, sll,daill, alit! det-a,\' of the outPIlt. 

Bet-lllIs£: of tllC wi.lc riexibililY of the (''011-
troIs, the mllsic CUll 11ll\'e tI,e �onnd of:t violin, 
1\ pill110, or somdl,illg likc l lotlling you c\"cr 
l,ellrd before. On vC:O:Ill!!iOIl, the IImsic IIllly 



" 

POWER 
SUPPLY 

TUr.[ 
ULECTOR$ 1------, 
SII,S'·,SIS 

1---, FIG 9 

T E M PO 
IiU,£RilTOR 

ICI,Rn 
ftG 2 

TON[ 
GENU"TOR 

01-07 
FIG S 

VO'CE 
$[LtCTORS 
I FILTERS 

,"-121 

FIG 7 

'AUU 
S£L£CTO*S 1------' 
ICI,S7-SI2 

TONt 
SIIAPER 
01-010 

FIG I FIG. 

FiS. L The overall block dlasram shows the sisnal flow lor the system. Note 
that voiclns IiIters and tone shaper are not .inked to the monitor speaker 
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(11-0.01·,,1-' 11i5C cU/H,dlor 
1)1./)3-I,,,,lIl'ere. I(}()·ro/I dio;!e (I \'./002 or 

iimil(lf) 
I).J-U·t:olt, I-Irall :encr dimlc (J \".Ii.J9 or 

1;,.,i/tIT) 
J).�./J;.IJ9-Silict)n ,Iim/" (I \911 ,IT simi/lit) 
f)R---,l,J·!:u/1 ;ener diooe (/ \'i 160' simi/"r) 
IU-I)1I01 ("'61" (MC7fJ9I') 
U.2·/C./-/Jllal flill-f/oJl ("'C;91I') 
iU.I{."6-Qlllid III·o·;nlllll gille (MC72./P) 
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'1I1,slilllle) 
(I1f1-Tr,,,,.�i$l<1r (Mul"r"'" 2 \·1351. do nOI 

.• nllS/iIllIC) 
UI--..lJO·"hm. '�·.m" ,e5ist<J, 

{u·n I.R 12.R.l/.1:33.1/3 6./l.l8-I(JOO.ohm. �. 
"tilt rl'sislll' 

115.R,":";n/JOO ·"hm. '�'''fI'' ,esistor 
R8·UJO-/OOj)OO·oh", IlOlenliomell'r 
1I/1-II.O(J()."hm. ) •. II-fl" resislO' 
/11.l.R/8-I5IXJ.o/ml. ' •. /fll" resislor 
R 1I--5O(){)'(}/'1II IlUltnliQlue/l'r 

RI5-.J�O·"hm, 1�"l"fIfi ruiS/Qr 
JrI6-20·ohm, "'Irall rtlil/o, 
fi/i .R�O-/f/(Ij)()(}.Qhm. l"lt'llll resist<Jr 
RIO.R28_1700·fI"m, 'i·It/l1l rtsis/Or 
R21 .R 23-2i j)()(}·u/tm, H'lwll rcsiMllf 
W!2.UU.N25_I.mc/:,)hm pO/eRtiomtrer 
Jr26.1CJb-,1J(}()·ohm. Jl.".all resi510r 
R2i-I(j{)()."hm 11O/I'II/iOlllClcr 
R20-22QO.ohm. JI"I"IIII ruisior 
Jr.30�l.1(}()·"hlll. H'I!"I'" resil/or 
R .U-8200·/,hm. !I'IIIIII resist<J, 
R35-/OJKJ(J·ohm ImICIII;n"'eler 
R39.R./0-3��·IIlI'JCOhm. �i·u· .. 11 fl!li510r 
S I·"" 12-Dlk/I'mckl'f slriu:h 
�1.l.S/5--"'in/{/e.,.olt, 12'/Jl>sililln, nOR·shor/. 

inll rOr"fY switch (Ma/Iory.121/21) 
." 6 ·S21-lnll'rlm:kc./ six·slalion ,Ipdt flltsh· 

billiOn 5ltilr/r IJssemMy (Soll/hll'est T('chni· 
('al S "'·9678·JlJ IIf �i",if(.u) 

Tl-/'(//, C' ITI/ns/"r",er: serOlld"rics; 2·' !;O/Is 
III 1(1(1 "It I . 6 .. 1 rl'/I.' (.7 III 4QO iliA 

Misr,-I',i,lIed circ,,;, IC'III;/IIII.$ (47. o/I/;<1n· 
III) .. 1.2."hm S/'ClI�·cr • .  mitl,Me rh1J55i5. 511b. 
.. hllSs;s. /(ro,IWICIJ (3). /il/C cdrd "jilt slmi,l 
relic/. /,.,//0111 "hl/e lIirh tlwlJfIliliK h"rr/· 
Imrl'. ",/till'( Itel_ (.J), &l4itrh h"rl/KIITI'. 
puund lUlU (3). '.� kll()bs (9), *� knobl 
(3). 

A.tlc-The loll"" ;tl/: lite Ill:fliillble lrom Smtih· 
nUl Tcchnirn/ 1'r(xJuru. Box 16297 . .'01111 
Anlol/iQ. T.Y ,8216: tl(ht:d fllld drilled 
",illted circuil boo,d III $6..50. po&iJlflid: 
c"mlxcU kil "ilh ch<l�i5, ,lialllL,u, alld 
hardl/are IIl li.65 IU'U 11O$llIl;e ,md itl. 
5II",nu Jor 7 lb. 
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solllld flimiJinr but it is 1II0rc likel�' to hnn� n 
seiel1tc·fidion fln\'or with mnny wil;1 tOIl:I) 
SCfI"e"ccs. 

The Ps�·ch.Tollo eftn be n5Cd willi ib inter· 
nnl mOllitor spenker; but. prcfcnlhly, it "hon!t) 
be ("Ormceie;) 10 nn externnl power nmplifil'r 
to tnke nd,'unlngo of Ihe \'IIriOIl!'l \'oi�'cs nnd 
thc !l1I;;I:I;n, :ltt:\('k, I1I1d (k�n�' pw\"isions 
whil'll nrc nol n\"nilnble wIlen ollly tllo mOllil,)!' 
spenkol" is IIse,l. 

General Circuit Operation. The P"YI'l!. 
1'0110 cOII"i,�I" of scW'u 0»CI"llionI11 hlock.� :\lId 
1\ power supply n.� shown in Fig . 1. Tho tempI! 
gencrntor delenniliCii the rcfcM'II('c hent (or 
doc'k) fur tile tUlie eompuler, which '·.\'I!IC'i 
throngll 63 (liffcrcnt sl:'ltcs ill step wilh the 
ch)('k PIIJ.'iC, The tllfCC tUlle selector switc'llcs 
conl'ert tile initial Ga-note s('(llIellco inlo :'Iny 
one of ]728 differellt oombinnlions. TIle hwe 
cOlllputer n),;o driv{'S It plIlise selectol' ('il"'lIit 
tlint (lceidc.� whcn Jl:\lI.�es 111'0 to bo pl'Oduced 
in"lcnd ot' toncs. The selode;) se;tllcrll'c or 
notc;! :'In(\ pnu';{!s thcn goes to n tOIiO gellcrn
tor whero it is con\"crted into uudio tonC>!. 

In the \'oice scle;·tor (t1l1e�) 11m ton� nrc 
Silnl)ed ililo olle of six sclCi":tC(l "oices, in n 
mnlmer similnr to the opernlion of nil c1Ci":trie 
o'l,rnn. The tones nrc fnrtllcr slul]}C() in n 
"nrinlJlo'gnin (·ircuit thnl providl'S for n,1jn.�t. 
ing- tIle dlll'lltion (sll�tnill), nUiltk (how fa.it 

Fig. 2. The tempo lIeneralor is a simple as· 
cillator made up from a sinille quad'gate IC. 

the tono l"Cll<·lres full 1"011111\0), IloclI.'· (holl' fnst 
1110 tOltlC di('S 1111'11.\' from full \'olnll\e), null 
loudne.i<!. 

Tempo Generator. This eircllit, sholl'lI in 
fo·ig-. 2, (·ontnins n single integratcd circuit 
(lC1) o l>craling ns nn n.�table mlllti\'ibnrtor. 
Two ·'>(I"nre wnre outputs nre prodllee;!-one 
ha\'ing n fnst fnll time nnd high dril'c cnpll· 
bility ror the Lllne "omputer, nnd the oilier for 

fROM TEMPO 
GENERIlTOR 
.lCI,FIG Z 

TO TUNE SELECTOR SWITCttES 
511,51·,5" 

To"T' 
INPUTS ON 

lC2,IC1,rc. I 

FIG • 
" • 

• 

R SIT PLAY 

,,( 
+1.6V 

Fill. 3. The tune computer is a dillital sequence generator that repeals every 63 
counts and can be prollramme<! lor forward. backward. normal or Inverted counting. 
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FROM TUNE COMPuT(R 

flO 3 

ALSO AVAILABLE 

A recently introduced unit which is Quite 

similar to the Psyl:h·Tone is Ihe Muse, made 
by Triadex, Inc., Newton Upper FailS. Mass. 
With 14 trillion note combinations, Ihe Muse 
has four Switches lor volume, tempo. pitch. 

and fine pitCh and eight slide switches. Four 
of Ihe latter vary the interval and thus deter· 
mine the notl!'$, while the other four control 
the Iheme and variations 01 Ihe melody. 
Triadex warns thai it is possible to set up 
II composition that would take 30 yeaf'1o to 
play_which may be II little too long II �ou're 

onl� interested in the finale. The Muse is listed 
at $300. 
Cirel. No. 92 on R.od.r Serv;ce Pog. 15 or 95 

" 

1 1 

II 

� 

I 

-

-
Fill. 4. Three tune·selector switches 
accept 12 outputs from Ihe tune com· 
puter. and after the desired selection, 
deliver three signals to tone generator. 

POPULAR elECTRONICS 



til(, \')111' silnpe.r :<11"\aill I·in·uit. Tile \(,I11PO 
(bent) i>l adju.slc.1 o\"er a 5:1 !":HI)!!' by po
tentiollicler U3!). If dcsi�1. the l·nll1('.� of C15 
tllld elf; cnn be ill(·rca."-C(I "r ,\('(·I·c:l-c.IIO �Iow 
down 01' '�I)(,(!'\ IIP tile lempo, 1'C"IM't;lin'lr. 

Tune Computer. As :<110111"11 in Fig. 3, the 
("OII1Jlllter is a "pselll\o I"nnliom .�l'llll('Il'·C g"l'n
l'rntOI·." Like n l"lIl1dom l1"i.�(' �"I\J"�I', Illc "011\
pillcr .�(.'Ill1clH;es nppem·to bc totnll.\" IIm·dllled. 
Utl\I'C\'er, tllis eircuit ('all hi' p.·"IP·nmnlClI to 
return to cxtlc:tly the :<nn1l' ("11111 10m !iC(IIH'lIce 
Ht HI1 .\· time. Tile. logic e."I1�i�t" ot' n ,;ix-slnge 
,!tift n>gi.�Ie.r (IC2, /('3. ;md 1('4) 11Il.1 nn 
EX('I.l'SI \IE Oil gate (/('S). Tile "hift reg
i�le.r i:\ 100",",;::lcd by the tcmpu gene.rnlur de.· 
�ribe.t1 UooI·e. . 

. \t c:I,·h logg·le. pulse. ench "luge o[ tllC 
r<,,;istci' "llifts n 1 or a 0 10 thl.' next "i:1b"c. 
TIle IH.�t Iwo stnges (lei) drive Ille EXCLU· 

UTIO � 

SIYE on gull'. Swildlcs S3 :Ul,1 S/l�omlcet 
thc 100�ic;<o tltHl IIIC "lIift rl'g"iiSler goc.� for
wanl. b;wkwlll't1. w;lh a nomml �nle, or with 
rill ill\"('11t't1 "'·111C'. The ("Ornp"tcr rcl)(,:lt.� C\'CI'Y 
G3 '"011111". ""ilile 1111.1' Sh0l1 st'fIIH'IIl."C :I))J)(,lIni 
10 be a r:imlum I!"nill of binnr)' word". tile 
,.HIllC -('(jlH'IWC .·t'lX'nl'; C\'l'Q' lime. Sl'lec;tor 
swiJ('h 86 hul,1.� tlte �ompllter ill nil.\" illler
ruph'd Slall) IIn1il tile 1ls(!1" is rcn.ly to I"C-"tlll"l 
the �('(lm�lIec. 

£;I<'h of the six �11I;;cs Im:< two pos.�ihll' Ullt· 
pllls::I I.·IIC UI' Q Hlill thc ("()mplcme nt 0.' not 
Q oillput. 'I'Jlll" IIII'n' HI ... Il\'l'l\'C o\llpul� wili,·11 
;Ire ,.clCt"!tCti b.l· S13, :'ill, nlld 815, sllu\\"\1 in 
}�i;;. 4 ,;0 tlUiI 111"-,<, sigllnls nrc sllpplic.1 10 
tile tOlll' gClll'l":llOr. 

Tone Generator. Tile ein·uit shown in 
Fig. ;) is hn,.ic·;,I1.\· " Illlijlllll'lioli t("nll�i,;tor 
oSt·illnlor (Q:j) 11"110-.(' I"n .... tllel .. . J is det.cnnillCtI 
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FiS. 5. The lone senerator consists 01 a UJT oscillator whose frequency Is dependent on the current 
ftowinS UHouSh Q4. This in turn ts determined by the pitch conlrot and operation of Ql through Q3. 
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fllJ. 6. Pause gale 1$ an arrangement 
01 two·lnput gate10 having . common out· 
put. The presence of sign.ls on six input 
Ilne5 determines when there is In output. 
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*114 �t72"P 

". 

hy 1111' I"nl\l!! of r.j lIn.Jlhe collector Cllrrent of 
Ql. 

Trnnsi.�tol's Ql lll1'OHlgh Q3 ('all.'ll) the Imsc 
\'ollllgC of QJ t" VII!"," in uC{'ordHlwc willi 111e 
sigl1ll1;; sclcdcd by $13, SU, lind 815. TIle 
cITed of the ,.i�nllls Oil Q4 is tlctcnninc.l by 
the collector londs on Ql lliroll<!,h Q3. ,'heo!! 
nrc potentiometers US through IUO. :'\unnnlly, 
one eOlltrol is sct nenr nmximl1ln. olle III the 
mi(\point IUI,1 tile ullicr lIenr minimnm to ;;1'1 
II weighted :\I'crngc [lIlll provide n wide .�pr('nll 
of 1011111 \'nll1l'8. The thrcc ratio potcntiomcll!N 
pcnnit 1II1 infinite "nriety of tounl fonns for 
c\1I'1i of the blL"ic scquelwes. 

�itch iiS controlled by flU, which, when 
combined with the 10ne-iShifting bn.o;c VOltllf,"C 
npplied 10 Q I, t!etennincs the fl"C(ll1en��' of 
o';(·illalioll. BI'Si.�I(jr 1:17 nlHI Irnn.;;islor Q6 
fonn n buffer nmplifler having a luw_imped_ 

flIl(-e oulp111 for Ille "oi�c selector without 
101i1ling t11� t 1,IT oS(>illnlor. 

Plm_es nrc provillCtl b�' Q7, which short." 
out ('f; nlltl lHc"ents a tonc from being gen
ernleti wll('n n p"u"e is deoircd. 

Thc monitor "1'M'nkcr is l;wilehed in nnt! 
out by 82 while diode Df; ill.'illres thc samc 
pitl:h wllelher the "penkcr is Il.;c(\ or not. The 
lIpeukcr rc"POll{tS olily 10 tone nllil pause se
qnen�c." and is 110t nlTected by the sustain. 
nltnek, .1(,('11.", nntl "olnmc controb. Howevcr, 
IlIC \'OhIllIC un thc monitor is sunitienl toJ' 
prudil'c sc ....... ions. 

Pause Gate . .  \;;; shown in Fig. 6, the panse 
gnte (·Cln�i"t.� of thrctl two-input gntcs (106) 
nrfllllgc<i ...0 tlml a logic 1 on uny input n!lows 
the tonCli to be pl'()duced (1llrollgll Q7). The 
six inputs (:ollle thrvllgll selector switches 87 

�[AMEO SINE oyu-
UWTOOTK SAWTOOTH S�I"U et.1��[O Wlllll ORllllN 

S� sti= S� S� 1;: sh-

INTi. '" 
.47p!" 

'" 
" 

Fig. 7. Voice selection ;, sim· 
ilar to that of '" electronic '" " . ... "" ". 
organ. To change the "color" of ", 2.2M '.� " '.2M 
any voice, lIary component lIalues. � 

IN'� 
0' m 

� � 
.4T)of '" 

.047�' .00�f 

" .. % SiTe % 51" % 1118 % ,�. 1211 '0 % T TONf� 
SHAI'£II 

& fiG I 
'" 
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Although any mechanIcal arrangement can be used, the prototype was assem· 
bled to the front panel with a set of brackets and the potentiometer mounting 
hardware. The PC board is supported by the three tune·selector switches. 

The tllne·selector switch terminals fit thrOllgh hOles drilled in the PC board. and are soldered 
to the foil side of board. The three switches then Sllpport the board away from the panel. 

Feb,uory, 1971 " 



The si� \lolce switches are mounted on their own bracket with other components attached directly, 
The swit<:h combination should De such that only one switch CM be operational ilt any time. 

through 812, which proville eitll('r II Q or not 
Q signnl, tilO Inllcr \)eing grollutl. J { 1111 1I1c 
�\\'itdl(!.;l wcre groundcd, tllcre would be 1i0 
tOIlC gonel'lltcd �in{'c I he 00111111011 0111 pl1t would 
be Iligll, !!1ltuTllting Q7 nnd stopping tIle oscil
lation or tllc UJT cirl'nit, rr lmy fh'c swill·h(!.;l 
IIrc gronmlc.:l, tllO e:irel1it plnys 11hollt hlilf tllo 
tone:>, with blnnks or pau"cs nt rillldorn illicr
nlls. With rour switthC>l gronu{ic.:l, % or the 
tOIlCS nro soundc.:l; while grou1ltling filly tlln'e 
swilcllcs {Imps one note in eight (on tile nn'r
nge). The cOlilbillflliol1 of switches IIsed deter
mines thc l)()Sition.;; of tile PUIli>CS. TIIU,<;, tJlere 
nrc ]5 different \\'11)'5 to eliminate cnry 
fourtll 11010 on the lIH'rn:;c un\! 20 diffC'renl 
WHyS 1.0 pln,I' tllC computcl' wiUI fin Iworllgc of 
ono note in eigllt mi".-;Cil. 

Voice Selector. Thc (·in·nit SIIOWII in Fig. 
7 is tontrollc.:1 by 1\ six-stilt ion illlcrlt){·kcJ 
plI�hbullon n:..--..cmbly (816 lilmllgh 821), The 
switdll'S (lclel1ninc thc w!\vefonn o[ the t.one 
pro(hwed: sawtooth, IH'nkc(\ slIwtooth, spikc.:l, 
clipped, rough sinliiSOid, or ovcrdrivCII. The 
filtcN SU1:;gl'Sled herc were chosen for econom
i('nl purposes; fillcN Imeh 1\8 those found in 
eicetronil" orgAns 11111)" be used to obtnin other 
tOllal Qlllllitics. 

J2 

Tone Shapero Thc tOILC sillll>cr (see fo'ig, 
8) (:Oll\'('rt,;; the filtcr('d tOIlC>i into intiividllll.l 
nolcs. Trllnsistor Ql0 is bill,;cd b.I' lf39 lIml 
1:40 1.0 « ... t flS !l vHrillblc l'csi"tol' which COII
dUI:L� hoth positi\'c nnd 1Ic<.:-nti\·c portiolls of 
n wnvefonn cqll1llly, This trallsi�tor nets ns Ii 
shullt to ::rol1ntl from tile output tenninnl. 

The \'ollo:;c nero,,-'! ('8 dctenuincs the opera
tionnl mode of Ql0.lf this voUnge is (j or more 
volls positivc (witll l'C�ped to ground), Ql0 
lids n" n low 1'CSi�tnllte nnd shorb Ollt tIle 8i:;
nn!. If C8 is grolllldcd, Ql0 paSSC8 all the 
;:ignn1. lutcnll(.·dinte l'lilncs of tlle control 
\'Oltllg-C result in n (·ontrollc.:1 OlltPlit Icvel. 

TIle rnte nt wllidl ('8 goes from It positive 
\'oltnge to ground (lctCI1l1inc.� IIOw [list tIle 
outPllt mnplitwJc ril"oCs (the nltntk timc); tile 
length of limc that C8 stays nenr gronnd de
tcnnincs the ';lIstnill: Hml tile nlte of dis-
1:1I11 ... .:-C 011 C8 detel1nincs the dOCH)' timc. Thc 
finlll 0l11Pllt vllric.'! g .. rlltly for vm;OIlS "nlllcs 
of IIthwk, SIlSI11i1l. And tlc"ny. \Vith :I mo<l
ernie IImount or nil 11l1'ce, II \'Iolill cffect is ob
tained. With slmr!, nUlIck, short );1I9t11ill, nnd 
long dceny, the pCTCu...s.ive sound of n pi11110 or 
chime is g(,lIemtcd. A 10llg 'ltlnck, 10llg sus
tnin, lind very short. detny pro\'ide 11 totnlly 
nnrenl sollll\l similllr to n recording- hein; 
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Fig. 8, The tone shaper modifies the envelope of 
the input signal in sustain (duration), attack, 
and de<:ay, Variation of these three controls pro, 
duces some of the strange audio etle<:ts heard. 

plrtycil bM'kll'anl. Tremolo dl"eds nre ob
lained II'heu the de,;ny is !let to 0\,erI;1I) int.o 
the next lone, prodncing a "w!la,waa", 'Villi 
Sfj in thc ;;Ii,lc posilion, Q10 is disnb!ed nnd 
Ihe . ..;()und is s.imi!ar 10 that of l\ llllgpipe, 

'l'ransistor Q8 is a rnolloslnble stage pro
"illing tIle .�\I"taiJl cITed. Its output is con
trolled b," i?22 ana is iln-ertcIl b,v Q9. The 
OUI]lUt or Q9 is l"Uuteil to 08 for tile nU:lck 
cITed or /(21 for de('n.". 

Power Supply. Tile circuit of Ihe power 
supply is shown in Fig, 9. It gcnernte� 2,l 
'"olt.� de for ti,e tour. gcncrntor cin;uit nud 3,v 
'"liltS ,Ie [or the digitnl logit: circuits, 

Fig. 9. As shown in the schematic, 
the power supply is Quite convention, 
ill. The 24·volt supply has a zener 
diode regulator. The other side is 
not regulated since only the voltage 
level is of concern in the circuit. 
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Construction. An delicil :Iud dl'illc,l PC 
bO:ln\ is l\vailablc cOllll1lcl'eiall.,' (!ieI' Parts 
List of Fig, ]) or yOIl I.:al\ makc yOlll' oll"n 
from n foil pattcrn Ilm1. can be ob1.ninclJ 
b." sending- 25¢ to Editorial Deparl.ment, 
POI'UL,IR .El,�;C'l'!(O�ICS, ] P;u·k Axc" XCII' 
YOl"k,NYJ001G, 

I·nslall the componcnts on the board M 
showlI ill Fig, 10. 111,.lall tile fil"c jumpcrs IlCxt 
IQ tlle IC's Ilsing insulatcd s!ccl"ing 011 tI,C two 
jnmpcl'i; I.()wanl t.he centcr of Ihe bonn!. YOII 
may lise PC Icnllinals for tile external COII
nections to the bonn!. 

'1'0 savc n lot of individunl wiring, switcllc-� 
813 Ull"Ough 815 nl'C mountcd directl,\' 011 tim 
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Flg. 10. Component installation. Unfortunately, the actual size foil pattern is too large fOl'" the page. 

foil lIido of the bonnl. willi tllC !Switch lcnn i
nnls inserted tllrougll the board. TIle in;;ertCtI 
Icnninnhi mn.\" be ('rilllpc<i IIl1d fuslcned to the 
component llidc of Ihe !.Ionrd with CIlC);O;:Y cc
ment; tilen !!older them to the puds on the foil 
sille. A ;;mnll wire jumper Ill. the comrnoll 

Author used a set 01 brackets and 
subchassis to assemble prototype. 
With some ingenuity. any other me· 
chanlcal arrangement can be uSed. 

" 

ICl1l1innl of endl switch simplifies the finnl 
t\S.;;cmbly. 

Wllcn in.�tnlling the components, usc' n 1011'
wnLtngc !\Olderilll; iron 111111 fille wIlier, nna 
obscn'c the polnr itics of nil cOlilponcnt.'>. Se\'
eral dilTerent bu.sing scilcmcs nre llsetl on tile 
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FiS. 11. If you want to use metal supports. tllis drawing 
will sive you a SDod idea of how they are used and placed. 

tl":ln�i!;II'r$!'!O he ;;mc .\"011 gct them ill�If11!ed 
prolX'rt.,·. 

'I'r'HI�itilor QJO Crill be d:IIIHlgc,\ by c:ll"c1c,;,; 
handling. Til ill�t:i11 this ('''llllllJlll!llt, wait 1111-
til nil Ihe otllCr IU1I"t:-; hm'(! becn muuntcd Oil 
tile hO;)rt\. Do nol rcnH"'C IIIC �horling ring 
Ihnt cOllle� lI"illl the II'nll"islol' nntil .'·,m :ll"C 
rend," 10 illslHIl it.. .111�t hcf,)re i11.�IHllntioll, 
wrn)) scvcral tl\rn.� of' hare lI"irc :IrU11I1,\ the 

In most cases. compOnents directly associated 
with a switch are mounted on tile switch terminals. 

Feb,vory, 1971 

Icnd� :It Ih(' ":l;j(', 1'{']ll,WC the "llor/ing" rill;;", 
:l1ld Inrn til(' !;lIl!.�1l"nt" !{'IHlliP (il is Icfl 1111-
r-oune,.j(,,j). lrl.�1 nil 111(' t l'm\"i�t01' IIsing" :I 1,,1\"
powel' solderin� iron IIWI a gnn). Ow'(' it i� 
ill ]11:"'e, rl'lUV"C l11c .�I,,)rlill!!" wire. 

'1\1'0 �1l1x·II:H;.�i.� hnll"ket_� nnd n l:lrgcl" 
L-slmpcd \ll":ll"kct >ll"l' ll""lI ill the finnl "",'('Ill
hi." (.�ce Fi:;. 11). '1'11(' di:llplalc is SCi!1l1"1!,1 to 
Ihe bnwkets 1l.�il1g tllc potcnliulllelcr Ilnnl
wal"C. TIIC 11"1111,,1""111\('1" i.� r1lolltl1.e{\ wliel'cn�1" 
COll'·cllicnl. Tile bvltOI11 p;l1lcl supports tllc 
spcaker. 

To al""i,\ lI"irillg: ,·otdll,..ioll_ it is bcst to IISC 
sel'cml toJOl".� of \\"ir(' ,lllt\ group tll('m int<) 
Ilm·l1c ..... �e.� h.l· Iieill:!" 1111.'111 01" ,;Iipping thCI11 
t 111"<,u;;11 ICII:':'III" of �Ice\'i IIg. 

Preliminary Checkout. DOl1blc elle!:k :111 
lI"il'il1g, ill.�lnll l11C \'nl"i"ll� knob", i,lenlify Ihe 
detcllH Oil the .-1\"11"'1('''. :l1I,1 1l.-;C �01l1e f01"1I1 of 
le\lel"in:; 1" 111'1I"k :111 "uI11rols and swil.i:h posi
tion". 

Plllg the IIlIit ill. tum 011 switch S1 :Iud 
IllC""IU'C bul l, �uJlJlI.\· ,·ul1a:;c.<; to I1lnkc �lII"C 
tlley nrc ("'1'1'('('1. J>I;1('(' tile monitor .�wil,·I, 
(82) ill tile OX p,,�ilivil :llld set $6 to PL.\ Y. 

Sct all.," tlll'C,' p;lU�e ·clecl ';I\"itches (S7 
Ihl"lI\1;;h 812) lip mltl the othcl' thl"ce down. 
Thc P.�ydl-T()lIc "hl)lll,I.�1rI1"1 Iu ,·ompo"e. Cull
nc,·t nn e:xI('l"lInl :llllJi" mnplificl" nnd ,�p(,llkcr 
10 .j 1 ;111,1 n.,te the rth','''' or tile "oi"c .�clcdon; 
(SJ(; tlll"l!n'.!ll . ...:21' al1d ,,\I vllIel" <:ontl"uk 

Tla'rc ;1I"C IIU "1""'''lill'; I"lIh!s. _\n.'· and all 
or lhc 28 "I'N'nli1l:!" "'u1Ill"uI8 e,1ll be n-('d in 
allY ....... tll('!lI"e to) \Jmdllt·C 'Ill." ,lc�i1"cll elrcd. 
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