COVER STORY

BUILD THE

BY DON LANCASTER

PSLCH-TORE

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—and
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.

EETIIOVEX counldu’t synthesize musie
like a Moog, nor could lie be programmesl

to turn ont & melody of the listener's own
clhoosing. The “I’sveh-Tone™ doesn't do those
things either, but it ix a real composer of syn-
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thetic mnsie. Set up on its internal digital
computer arc 1728 differcnt 63-note scquences
thatl ¢an be seleeted and combined with any of
63 panse combinations to produce 108,864
different melodic lines. These melodies can be
played at almost any tempo, piteh, or volume
and fhey can be played forward or backward,
right side up {normal seale) or upside down
(inverted seale). Six ditferent voices are pro-
vided and the nser has full control of the at-
tack, sustain, and decay of the ontput.
Beeause of 1he wide flexibility of the con-
trols, the musie can hawve the sonnd of a violin,
a piane, or somelhing like nothing vou cver
heard Dbefore. Oun oceasion, the music may
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Fig. 1. The overall block diagram shows the signal flow for the system. Note
that voicing filters and tone shaper are not linked to the monitor speaker

PARTS LIST

CI—1000-pF . 6-volt electrolytic capucitor

(:2—0.1-pF. 10-volt disc ceramic cupacitor

L3—5300-pF. 50-volt electrolytic capacitor

C4—100-pF. 25-volt elecirolytic capacitor

C3.0.00—0.047-uf . 30-volt Mylur capacitor

CO.08—0.22.0F. 50-volt Mylur capacitor

Cr . 15.C16.—17-p.F, 6.0l clectralytic
capucitor

(9.C12-C14—0.47 - F . 50-v0lt Mylur cupucitor

C11—001-pF dise capucitor

DI-D3—I.ampere. 100-volt dlmle (IN1002 or
similar)

DI—24p0lt, 1-aratt zener diode (1X4749 or
similur)

D3.D7.D9—Silicon diede (IN9I14 or similar)

NB8—3.3-vult zener diode (1N#46 or similur})

1C1—Bual bulfer (MC799P)

162.1C3—Dual flip- ﬂnp (MCi9IP)

1C5.1C6—Qudd two-input gate (M C724P)

JI—Phono juck

01-03.07-Q9—Transistor ( National 2N5129)

O =T ransistor ( Nutivuud 2N5139)

Q3—T'runsistor { llummlu 2N 4871, do not
stuhstitute)

Q6T ransistor ( Motorola MP56523, do nnt
suhstitute)

=T runsistor ( Matorota 2N4351. do noz
stthstiate)

R 1—-330.whmn. %-watt resistor

RIRIR12.R3I.R33.R36-K38—1000-0hm, -

wall resistar
R3-R7--22.000-0hm. %-watt resistor
R8.R10—100,000-0hm potentiometer
RII—11.006-vhmn.? Aratt resistor
R13.R18—1500-0hm. ¥-twutt resistor
RI14—3000-ehim potentiometer

R15—70-0hm, Y%acatt reststor
R16—20-0hm. / wwall resistor
RIT.R30—1000.000).0hm, Y5-1catt resister
RI1G.R28—t700-0hm. Vi-wetl resistor
R21 R23-_27.000-vhm. %-wuatt resistar
R22 R24.R25—).megohm putentiometer
R26.830—23300.0hm, Y-t resister
R2:—1000.0hm poteatiometer
R29—2200.0hm, %.wett resister
R30—3300-0hm. %-1cart resistor
R34—8200-vhm. %-watt resistor
R33—10/M00.0hm potentiometer
R39.R40—3.3-megehm. %-icatt resistor
S1-812—Dpdr rocker sicitch
N13.S15—Single.pole. 12.position, non-short-
inx rotary switch (Maellory 32112])
L16-521—Intertocked six-station dpdt push-
button siciteh assembly (Southwest Techni-
cal SIW-9678.51f or similar)
T1—Power transformer: secondaries: 24 volts
wt 100 mcl, 6.3 volts CT ot 400 mA

Mise.—Printed circait terminals (47, option-

ull, 3.2.0hm speaker. suitable chassis. sub-
chassis. grommets (31, line cord with strain
relief. bottow plate with meunting hurd-
ware. rubber feet, (4). switch hurdu are.
ground lugs {3}, 56" hknobs (9), %" knobs
(3).

Note—The lollywing wre atailable from South-

west Technival Products. Box 16297. Sun
Antonio. TX 7826: ctched und drilled
printed circuit hourd at §6.50. postpaid:
complete kit aith chassis, dislblute, and
hardware at $47.65 plus postege and in.
surunce for 7 1b.
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sound fumilinr but it is more likely to have a
seience-fiction flavor with many wild tenal
sequenees.

The Psych-Temne ean be nsed with its inter-
nal menitor speaker; but, preferably, it shonld
be conneeted to an external power amplifier
to take advantage of thie varions voices and
the sustain, affack. and deeny provisions
which are not available when only the mouitor
speaker is used.

General Circuit Operation. The Psyeh-
Tone consists of seveu operational bloeks and
a power supply as shown in Fig. 1. The iempo
generator determines the referenre heat (or
clock) for the tuue computer, which eyveles
through 63 different states in step with the
clock pulse. The three tune seleetor switches
convert the initial 63-note sequence into any
one of 1728 different combinations. The tune
computer also drives a pausc sclector cirenit
that dectdes when pauses are to he produced
instead of tones. The selected sequenee of
notes and patses then goes to n tone genera-
ter where it is converted into audio tones.

In the voiee selector (filters) the tones are
shaped into one of six selected voices, in a
mamer similar to the operation of an cleetrie
orgran. The tones are forther shaped in a
variable-gain cirenit that provides for adjust-
ing the duration (snstain), attack (how fast

+3.6V
R37
13 TO TUNE
COMPUTER
Ic2,IC3,Ic4
FIG 3
+
cIS cl6
+ |aTpF ATUF
TO TONE
' Y o SHAPER
o8
FIG 8
ICl
MCT799P
+3.6V
A35
10K
TEMPO

Fig. 2. The tempo generator is a simple os-
ciliator made vp from a single quad-gate IC.

the tone reaches full votume), decay (how last
the tone dies away from full volnme), and
lowdness.

Tempo Generator. This cireiit, shown in
Fig. 2, contains a single integrated circuit
(1C1) operating as an astable mmltivibrator,
Two square wave outputs are produced—one
having a fast fa)l time and high drive capa-
bility for the tune computer, and the other for
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Fig. 3. The tune computer is a digital sequence generator that repeats every 63
counts and can be programmed for forward, backward. normal or inverted counting.
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Fig. 4. Three tune-selector switches
accept 12 outputs from the tune com-
puter, and after the desired selection,
deliver three signals to tone generator.

ALSO AVAILABLE

A recently introduced unit which is Quite
similar to the Psych.Tone is the Muse. made
by Triadex, Inc., Newton Upper Falls, Mass.
With 14 trillion note combinations, the Muse
has four switches for volume, tempo, pitch,
and fine pitch and eight slide switches. Four
of the latter vary the interval and thus deter-
mine the notes, while the other four control
the theme and variations of the melody.
Triadex warns that it is possible to set up
a composition that would take 30 years to
play—which may be a little too long if you're
only interested in the finale. The Muse is listed
at $300.

Circle No. 92 on Reader Service Page t5 or 95
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the tone shaper sustain eivenit. The tempo
{beat) is adjusted over a 5:1 range by po-
tenttometer 7233, If desired, the valnes of €135
and €'76 ean be inereased or deereased to slow
down ur specd up the tempo, respeetively.

Tune Computer. As shiown in Ilig. 3, the
comfaler is a “pseudo random sequence gen-
erator.” Like a randon noise sonree, the com-
puter sequences appear {o be totally unrelated.
Hawever, this cirenit can be programmed to
return to exactly the =ame random sequence
at any fime. The logie consists of a six-stage
shift register (/C2, /¢°3. and /C4) and an
EXCLUSIVE OR gate (70:5). The shitt reg-
ister is toggled by the tempo gencrator de-
scribed above.

At each toggle pulse. cacli stage of the
register shifts a 1 or a 0 to the next slage.
The last two stages (1C4) drive the EXCLU-
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SIVE OR gate. Switehies 83 and S4 connect
the logic so that the shitt register goes for-
ward, backward, with a nonnal scale, or with
an inverted seale, "I'he compsier repeats every
63 connts. While any short sequence appears
1o be a random 1rain of binary words. the
sune sequence repeats every time. Selector
switeh S6 hokls the computer in any inter-
rupted state until the user is ready to re-start
the seguenee.

Eaeh of the six stages has two possible out-
puts: a true or Q and the complement ov not
Q oulput, Tims there are twelve outputs which
are scleeted by 813, 14, and $13, shown in
Fig. 4 50 that three signals are snpplied to
the tene generator.

Tone Generator. Tlc circuit shown in
Fig. 5 is bhazically @ unijnction frausistor
oscillator (Q3) whose frequency is determined

Fig. 5. The tone generator consists of a UJT oscillator whose frequency is dependent on the current
flowing through Q4. This in turn is determined by the pitch control and operation of Q1 through Q3.

February, 1971
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Fig. 6. Pause gate is an arrangement
of two-input gates having a common out-
put. The presence of signals on six input
lines determines when there is an output.

hy the value of €5 il the collector current of
Q.

Transistors (7 lhrough Q3 canse the base
vollage of @/ to vary in accordanee with the
stgnals selected by 513, 814, :md §15. The
clfect of the signuls on Q4 is determined by
the collector loads on Q1 through @3. These
are potentiometers 8 (hrough 2210. Normally,
onc centrol is st near maximum. one at the
midpoint and the other near minimnm (o get
a weighted average and provide a wide spread
of tonal values. 1he thiree ratio polentiomelers
permit an infinite variety of tonal forms for
cach of the basic sequences.

Pitch is controlled by R14, which, when
combined with the tone-shifting base voltage
applicd te Qf, determines the {requeney of
oscillation. Resistor 117 and iramsistor Q6
form a bulfer mmplifier having a low.inped-

ance oulput for the voice seleetor without
leading the 17T oseillator.

Pauses ave provided by Q7, which shorts
oult €5 awl prevents a tone trom being gen-
erated when a pause is desired.

The monitor speaker is switeched in and
out by $2 while diode 23 insures the same
ptteh whether the speaker is used or not. The
speaker responds only to tone and pause se-
(uences and is not affected by the sustain,
attack, deeay, and volnme controls. However,
the volume on the monitor is suflicient for
practice sessions,

Pause Gate. Ax shown in Fig. 6, the panse
gate consisls ot three two-input gates (7€6)
arranged so that a logie 1 on any input allows
the tones to be preduced (through Q7). The
six inputs come throngh selector switches S7

PEAKEO SINE OVER-
TR SAWTOOTH SAWTOOTH  SPIKES CLIPPED WAVE ORIVEN
GENT\Y + 4
FIG 5 1 . E .
SI6A ® SITA si8A é si9a S20A S21A
[+
IHTO?
Fig. 7. Voice selection is sim-
ilar to that of an electronic R28 R29 R3O
organ. To change the '‘color” of 47K 2.2K 33K
any voice, vary component values. o9
IN9I4
c:oT cli~
O4TuF OIyF
slep I 8{7B ! %188 ! 5198 I

TO
TONE ("¢
SHAPER
FIG S-O
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57-S12
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-

sie-s21
(VOICES)

=

R8,R9,RIO
(RATIO)

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.

Icl

The tune.selector switch terminals fit through holes drilled in the PC board, and are soldered
to the foil side of board. The three switches then support the board away from the panel.

Februory, 1971
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D8 D9

R3I R32

R33

The six voice switches are mounted on their own bracket with other component attached directly.
The switch combination should be such that only one switch can be operationai at any time.

through 812, which provide eithcr a Q or not
Q signal, the latter being ground. If alt the
switehes were grounded, there would be no
tone generated sinee the common outpuit would
be high, saturating @7 and stopping the oscil-
lation of the UJT cirenit. If amy five switehes
are gronnded, the cirenit plays ahout hwlf the
tones, with blanks or pauses at random inter-
vals. With four switehes gronnded, 34 of the
tones are sounded; while grounding any three
switches drops one note in cight (on the aver-
age). The combination ot switches nsed deter-
mines the positions of the panses. Thus, there
are 15 diffcrent ways to climinate every
fourth unote on the average and 20 different
ways to play the computer with an average of
onenotein cight missed.

Voice Selector. Tle circnit shown in Ilig.
7 is controlled by a six-station inierlocked
pushbutton assembly (S16 through S21). The
switches determine the waveform of the tone
produced : sawtooth, peaked sawtooth, spiked,
clipped, rough sinusoid, or overdriven. The
filters suggested liere were chosen for econom-
ical purposes; filters such as those found in
clectronic organs may be used to obtain other
tonal qualities.

32

Tone Shaper. The tone shaper (gee Fig.
8) converts the filtered tenes into individuat
notes. Transistor Q10 is biased by J#3% and
R40 to net as a varviable resistor which con-
ducts hoth positive and negative portions of
a waveform equzlly. This transistor acts as a
shunt to ground from the output terminal.

The voltage across (’8 defermines the opera-
tional made of @Q10. 11 this voltage is 6 or more
volts positive (with respect to ground), @10
acts as a low resistance and shorts ount the sig-
nal. If €8 is grounded, Q10 passes ali the
signal. lutermediate values of the control
vollage result in a controlled output leve!.

The rate at which '8 gues from a positive
voltage to ground cetermines how fast the
output amplitude rises (the attack time); the
length of time that €8 stays near ground de-
termines the sustain; and the rate of dis-
charge on €8 determines the decay time. The
final onfput varies greatly for varions valnes
of aftaek, sustuin, and decay. With a mod-
crate mmount of all three, a violin elfect is ob-
tained. With sharp attnek, short sustain, and
long deeay, the percussive sound of a piano or
chime is generated. A long attack, long sus-
tain, and very short decay pravide a totally
nnreal sound similar to a recording heing

POPULAR ELECTRONICS
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Fig. 8. The tone shaper modifies the envelope of
the input signal in sustain (duration), attack,
and decay. Variation of these three controls pro-
duces some of the strange audio effects heard.
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plaved hackward, Tremolo cifects are ob-
tained when the decay is set to overlap into
the next fone, prodneing a “waa-waa™, With
S5 in the glide position, Q10 is disabled and
the seund is similar to that of a bagpipe.

Transistor Q8 is a monostable stage pro-
viding the sustain effect. Its ountput is con-
trolled by 7222 and ts inverted by Q9. The
oulput of Q9 is routed to €8 for the attack
effeet or 1124 for decay,

Power Supply. The circuit of the power
supply 15 shown in }ig. 9. It generutes 2:4
volts de for the tone gencrator cirenit aud 3.6
volfs de for the digital logiz cirenits,

Construction. An etehied and drilled PC
board is available commercially (see Parts
List of Fig. 1) or yon can make your own
from a foil pattera that can be obtained
by sending 25¢ to Editorial Department,
Porvuar Iuectuonics, 1 Park Ave, New
York, NY 10016,

fnstall the components on the board as
shown in Fig. 10, Insiall the five jumpers next
to the IC’s nsing insulated sleeving on the two
jnmpers toward the center of the board. Yon
may use PC ferminals for the external con-
neetions to the board.

To save a lot of individual wiring, switches
$13 tlwough $15 are mounted direetly on the

S|

117 VAC

Fig. 9. As shown in the schematic,
the power supply is Quite convention-
al. The 24-voit supply has a zener
diode regulator. The other side is
not regulated since only the voltage
level is of concern in the circuit.

+24v

+3.6V

ci cz
4000uF| |.|pF

GND

February, 1971
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Fig. 10. Component instatlation. Unfortunately, the

foil side of the board, with the switeh termi-
nals inserted througl the board. 1'he inserted
terminals may be erimped and fastened to the
component side of the board with epoxy ce-
ment; then solder them to the pads on the foil
side. A small wire jumper at the common

Alithor used a set of brackets and
subchassis to assemble prototype.
With some ingenuity, any other me-
chanical arrangement can be used.

SUBCHASSIS A

34

+

actual size foil pattern is too large for the page.

terminal of cach switeh simplifies the final
assembly.

Wilien installing the components, use a low-
wattage soldering iron and fine solder, and
observe the polarities ot all ecomponents. Sev-
cral different basing schemes are used on the

"U" BRACKET
POPULAR ELECTRONICS




GROMMET OR RESPONSE
THREADED BUSHING POTS

DIAL PLAT E\ I:

O<
=4

o2
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SELE SUBCHASSIS B

SUBCHASSIS "A"

~—"U"BRACKET

CIRCUIT BOARD

Fig. 11. if you want to use metal supports, this drawing
will give you a good idea of how they are used and placed.

{ransistors so he sure you get them installed  leads at fhe ease. remove the shorting ring,
properly. and turn the subsirate lead up (it is left wn-
Trausistor Q70 ¢an be damaged by earcless  councetedd). Install the transistor nsing a low-
handling. To install this compouent, wait nn-  power soldering iron {not a gnn). Onee it is
til all the other parts have been mounted on  in place, remnove the shorting wire.
{he hoard. Do not remove the shorting ring Two =nbchassis hrackets and a lager
that comes with the transistor nntil you are  U-shaped bracket are used in the final asscn-
ready to install it. Just hetore installation, hilv (see Fig. 11). The dialplate is seeured {o
wrap several tnrns of hare wirve around the  the bhrackets using the potentiomieter hard-
ware. The transtormer is mounted wherever
convenient. The batom panel supports the
speaker.

To aveid wiring confusion, it is best to nse
several colors of wire and group them into
harnesses by tieiny them or slipping them
through lengths ot sleeving.

Preliminary Checkout. Bauble clicck ail
wiring, install the varions knobs, identif’y the
detents on the ewitches. and wse sonte form of
letlering Lo wark all controls and switeh posi-
tions.

Plug the umit in. turn on switeh 7 and
measure bolh snpply volinges to make =nre
they ave corrcet, Place the monitor switel
{S2) inthe ON position and set S6 to PLAY.
Set any three pause seleet switches (57
through $2.2) up and the other three down.
The Psyehi-Tone shonld start to compose. (on-
neet an exiernal avdio amplifier and spenker
tv S and note the elfets of the voice selectors
(576 thvomeh 8275 and all other controls,

There are no operating mtes. Any and all
of the 28 operating comrols ean he used in

0ozt cases, components directly associated OWY sGymence fo produce any desived ecifeet.
with a switch are mounted on the switch terminals.

D5 s2 Sl
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