MASTER SYNCHRONIZER 6770

INTRODUCTION

Thank you for buying the PATA 6770 Master Synchronizer kit. We realize
that you are anxious to get on with the assembly, but before you
start, please take the time to read the hiats and suggestions that
follow.

First of all, this is not a typical PATA assembly instruction manual.
It is assumed that anyone assembling this particular kit is Ffamiliar
with assembly and soldering techuniques. You'll notice that there are
none of the usual step-by-step instructions for installing components
on the circuit board or doing point to point wiring, so if you are
unsure about your ability to complete the assembly successfully, DO
NOT BEGIN ASSEMBLY. Instead, see about getting an experienced friend
or paying a pro to assemble the kit for vyou. Meanwhile keep the
packaged kit together and intact in case you wish to return it.

The first few pages of this manual comprise a reprint of Craig
Anderton's article om SYNTHESIS & SYNCHRONIZATION from Keyboard
magazine, January/February 1983, If vou have not read this atricle, 1t
will be ahbsolutely necessary to do so. If you are already familiar
with the article it can't hurt to go over it again.

HOA Electronics, Inc.

1020West Wilshire Blvd., Oklahoma City, OK 73116 {405 843-9626 Technical Service 1405| 843-6435



Turning Craig's Master Synchronizer into a PAIA kit has generated a
couple of small technical discrepancies between the unit described in
the accompanying article and the PATA kit.These are as follows}

1,The INITial TEMPO control, R38, has been changed from the 100K
reverse audio tapered pot to a 250K audio tapered pot. The 250K
pot supplied in the kit is not wired the same as the 100K pot.
The correct wiring connections are shown in the drawings
comprising figure B in the back of the manual.

2,.Three of the light emitting diodes, D19, D20, and D21, have been
replaced by ome 5.6 volt Zener diode, designated as D19 in the
PAIA schematic and on the 6770 circuit board.

The above changes, as well as differences in IC pin numbers and
schematic locations of wire connection points are shown in the PAJA
6770 schematic drawing, {figure C in the back of the manual).

The PC board does not mount on the front panel in the usual bolt-on
manner. It 1is mounted by soldering the HOT lugs of the BOTTOM row of
jacks (From Tape, Metronome Qut, etc.), to respective solder pads on
the circuit beoard. Be sure to tin all 11 solder pads and jack lugs
before mounting the board, and leave the jacks slightly loose in thier
holes until all the solder connections are made. Then tighten them
carefully so that they don't twist and rip the conducting foil from
the circuit board.

Use the bare wire supplied with the kit to make the 23 wire jumpers on
the circuit board (designated by solid lines broken by the letter "J"
printed on the top of the circuit board), and to make the ground
connections on the front pannel. The supplied insulated wire should be
used for all other connections between the front panel and the circuit
board.

It is far easier to iastall the panel mounted LED's and make their
connections to the circuit board BEFORE making the board to panel
wiring connections. Dress the insulated wires in a neat bundle along
the length of the panel and in the center between the two rows of
jacks.

BEFORE BEGINNING ASSEMBLY, carefully check the supplied parts against
the PAIA 6770 parts list in the back of the manual, Check to be sure
that all the IG's are in the IC pack BEFORE you open the pack. If any
of the parts appear to be missing or damaged, STOP! Contact PAIA
Electronics Inc. 1020 W. Wilshire Blvd. QOkla, City, OK. 73116. Phone
(405) 843-9626.

Finally, if you experience any techmnical difficulty with your kit,
write to PAIA Technical Service (address as above), or phone
1-405-843-6435 9AM to 5PM CST Monday, Wednesday, or Friday.
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50 whlle VYOU rmay be-able to mgger keyboard A wnh drum unit B-
without any problems, trying to get thar same drum unit to sync up

with keyboard C might be much more difficult.

{
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In Part 1 of this article, we'll discuss the basic principles of synchron-" "7
ization, and how various manufacturers approach synchronization.-s..i.

* ¥ i B T
NEOF THE MAJOR DIFFERENCES between acoustic and elec-

L <4}
g-"éf fé 1 i
L8 |
ronic instruments is that the latter may be linked together and

Osynchronized electronically. For example, a programmabla

drum unit may send out timing pulses to a sequencer set to generate |,

bass lines, thus insuring that the bass and drums are precisely in sync.

This nation bothers some purists, and understandably so — there
are already many instances where people have ceded their humanity - -

ta machines. However, the human brain can only handle so many

things at once, and if rhythm is taken care of electronitally, that frees”™

the player to concentrate on other aspects of playing, such as timbre.

in Europe and to a certain extent in the United States, such as Human

League, Devo, Soft Cell, Depeche Mode, et al (see the June "B2 issue of

Keyboard for an extensive article on the new wave of electronic..
bands). Many of these bands indlude members who freely admit that

they don't have great “'chops” and have only been playingsynthesizers”

for a few years. Yet they are capable of making music which they and-
. _the public enjoy; and after all, isn’t that what music is all abouiz — the

... Then we'll discuss ways to achieve synchronization effects using com-_

0N YOUYr equipment.

“for both studic and live performance. In the studio, this module can

-+-novel synchro-sonic contral voltage generators which are inexpensive

Constder the various “electronic” bands currently enjoying popularity i and very useful musically. Features of the Master Synchronizer include |

-.metronome, and individual cutputs with frequency dividers which let.;

" about some useful accessories you can build to enhance the unit’s
- effectiveness, Because of its low cost, there are some limitations; but-

mon synthesizer modules — evenif you don't have specific syncinputs
In Part 2, which will appear next month, we'll present canstruction . __
plans for the “Master Synchronizer,” a synchro-sonic device intended

dump timing information on tape and retrieve it — sort of like a-
_gloritied click track. It not only allows you to syncup many sequencers

and drum machines when doing overdubs, it can also drive some

a vohage-controlled master clock, suitability for use with virtually any
kind of 1ape deck fram cassetre to mult-track, audible and visual

you select various sub-multiples of the master clock, We'll also talk

I've used this system in my own studio for about four years with |

i npportunity for like-minded people to get together and make, or}  excellent results, and | think you'll enjoy it 100. a
listen to, some pleasing sounds. Of course, you can’t help but respect — Basics Of Synchronization, There are two basic types of synchroni--+--
and admire someone who studies an instrument intensively for years, ;. zation, which we'll call “direct sync” and “divided sync.” With direct |__{_
developing flawless technique; yet unfortunately, the technique sync, sending a pulse to a unit directly triggers an event; for example, |
sometimes becomes an end in itself, and in that case the human quality ™ most simple sequencers can be triggered by some kind of pulse which +—~
of the music suifers just as surely as if the player had turned his or her... . advances the sequencer one step per pulse. Another example would
soul over to a machine. be 2 synthesizer which has the capability to trigger an envelope when

Several years ago | coined the term "synchra-sonic” for music™ ™ fed with a trigger pulse of some kind. T
which relies heavily on efectronic synchronization. interestingly,--+—  With divided sync, the master clock operates at a much higher{-—--
synchro-sonic music produces a couple of effects that [ don’t think _; _frequency — typically 24, 48, or even 96 pulses per beat in commercial || _
most people would anticipate, One of these is that it seems 1o take equipment, The reason for using this high frequency is that it gives you
fewer instruments to make a big sound when they are all synchron-—+—much greater resolution. For instance, in the example given ahove of -
ized. With some of my own music, people have commented about the _}__direct sync, what if you wanted to advance a sequencer at the rate of ...
density of sound, without really noticing that there may have oniy one beat per sync pulse, but then wanted to play a triplet? With direct
been three of four instruments playing at one time. [ feel the reason for " syne, you couldn’t. However, if you multiply the clock pulse feeding™ "~

— this is that if you are processing an instrument such as keyboard, bass, . the sequencer by 3, then you're in business; You simply select every
or guitar in a percussive manner, then that instrument performs dou- third pulse when you want to advance the sequencer on each beat, |
TTTT7Tble duty, being percussive (rthythmic) as well as melodic. Another™ | "and when you want to do the triplet, feed each pulse in ta the
arrmepmrteffect is that drum parts need not be as complex, since the other--+-—sequencer (see Fig. 1), i
instruments are helping hold down the percussive endof things, Thisis_ | L1 1 @ ¢ | i | AN RN S W S S S S S
all for the better, considering that electronic drum units lack much of Fig. 1 -
- the dynamics and complexity that a hurnan drummer using traps can—— | ‘ | | ‘ I | | ‘ j ! ped
_create. i ‘ :

Behind all synchro-sonic music is electronic music technigue and J J J J J J J ) J . J J J P L

technalogy, which brings us to the purpose of this two-part article. "y ane pulse per beat — can't d trplels ¥

oo -Many existing devices already have synchronization inputs and out-—r- | || | | LLLELLLLL LR L L LT L L e
puts which allow different instruments to “taik” to each other, yet :

f— """”5;"" musicians are often unclear as to how to use these connections. Worse” || J J J J J mJ J J J J J E

P yet, there is no real industry standardization with regard to sync inputs,—+—- three pulses per et mplm now possible T

Craig Anderton wears many hats: He is a highly respected expertin T T D S e A A A Y o O
musical electronics, the author of two books, Electronic Projects For™7 Clearly, the higher the frequency, the greater the resolition. For
Musicians and Home Recording For Musicians, the editor of Poly-.+—example, with a 48-pulses-per-beat clock (as used with the Linn drum--—+
phony magazine, a longtime columnist for Guitar Player,andaformer | machine), you could divide a beat up into 48 discrete segments — |

: “rolumnist for Keyboard as well. His most recent articles for Keyboard ™ “plenty of resoiution for even the fastest runs, or for creating tlmlng
n.-.ém.m ~were “Delay Lines” (Aug. '82), and “Signal Processing Chains” (Oct.—«%» -patterns which slightly lead or lag the beat. e
‘82 o ke Synchrqmzahon In Commercially Available Equipment, Some.J..-i
H i HE i ! | P :
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_ manufacturers make families of equipment which are specifically—...which may be accessed synchro-sonically for automatic retriggering -+
designed to sync up with each other; in fact, the availability of thiskind @ and sequencing, while their Hyperflange Plus Chorus delay unit mé,
-+ of equipment seems to be on the rise. One of the most encouraging ™7 which | designed} includes a sync pulse input for synching the LEGto
_isigns that I've heard about is an attempl by some manufacturers to-—-the tempo of a given composition. Also, the voltage-controlled ADSR 1=~
create a standard Musical Instrument Digital Interface (MIDI). Amajor | explained how to build in the May "82 issue of Keyhoard has an input. 4"
“taspect of this effort isto create astandard number of pulses perbeat,so | which accepts retriggering pulses. |
that any equipment adhering to this standard can mate with other~—--  Interesting enough, even signal processors are getting into the act. ™
__equipment adhering to the standard. L Lexicon's new PCM-42 delay unit lers you program a pulse output -
Let's look at some representative equipment designed for syn- which is a multiple of the clack frequency, thereby giving pulses which
chronization. Note that scme of these are more or less self-cantained ™1 are directly related to delay time. Why is this useful? Well, supposeyou ™|
-1 “systems” and use divided sync (zlthough they can usually drive direct...want the PCM-42 to deliver a two-second delay. Unfortunately, it's -
sync units as well), while others are only capable of direct sync. | quite hard to get a feeling of tempo from a rhythmic pericd which is
One of the most ambitious self-contained sync setups is “The ™, "this long; however, you can program a pulse from the PCM-42which is
—iSystern” from Oberheim Electronics, which comprises the OB-Xa or éa multiple of this rather long time period. You could easily program
1OB-SX synthesizer, the DMX programmable drum unit, and the DSX__ | these pulses to appear every two seconds, every second, every half-
sequencer. All of these are intended to work together as a system Z secand, every quarter-second, and so on. (There’s even provision for
based on divided sync; however, the DSX also outputs eight external ~~|* programminy some non-standard time intervals as well.) These pulses ™

_..Lcontrol voltage and gate outputs, which may drive other synthesis. ¢ _can then either serve as a metronome or drive devices such as rhythm ...
{gear. The DSX accepts 96 pulses per beat, while the DMX internally ¢ units. Thus, the echo time can serve as a time base in a composition ,5,,
~=divides a 96-pulses-per-beat signal by two to work on a 48-pulses-per- """ “where you want rhythm and echo time synchronized. o
.+beat standard. (By the way, the Olivia Newton-John song “Hearl g Technical Considerations. Unforunately, not all of these systems -+
Attack” makes exfensive use of the Oberheim Systern.) . use compatible triggers. The Korg keyboards require a switch dosure
| Roland has been quite active in the synchronized instument field " "to ground for triggering -— in.other words, the input narmally sees a
-—tlately — in fact, the TR-606 Drumatix and TB-303 Bass Line sequencer -~ high impedarice, which must go to ground to give a trigger pulse
"_m__g{reviewed by Dominic Milan in the Sept. ‘82 issue of Keyboard) are _ ; (Moo equipment generally works in the same way). The Obernein . :
{specifically designed to sync up with each other, Like ail recent Roland syslem works similarly to the Korg system; however, it has quite a low
“~equiprment, they work off a 24 pulses per beat standard. Sincethisis an " impedance (zhout 1k} input and therefore cannet be driven directly -
sexact sub-multiple of the Linn and Oberheim drum machines, the. from something like a CMOS logic cutput. P
“TR-606 and TB-303 may be triggered from pulses given by these The Pro-1 synthesizer requires a positive-going puise, but that
“inon-Roland drum units. T puise must be arcund 10 milliseconds wide since the internal compu-
-t The Roland MC-4 Micracomposer is perhaps the most universal of - ter is often tied up doirg other things, and 10ms seems about right to
;all the equipment I've seen with respect tatiming. Via its keypad, you | _guarantee that the computer catches a pulse. The Roland TR-606 and |
[can erter any number of pulses per beat, from 0 to 2000. Thus, to © TB-303 require a positive-going pulse, but in this instance the pulse can
sinterface it with an Oberheim or Linn drum unit, you wouldsimply tell ~~+-be very thin (1ms or even less) and the units will stili “grab” this pulse. -+
it to work with 48 pulses per beat. . The PAIA Proteus synthesizer requires a circuit which resembles the
Roland also makes some products which have direct sync capabili- Korg or Oberheim interface if you're going through the computer
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“~ties. For example, the JP-8 polyphonic synthesizer has an automatic™ "} “port. in Part 2, we'll discuss some interfaces which allow us toadapt the ™"
-.iretriggering input which accepts an input pulse. By deriving a pulse.....i..Master Synchronizer to a vaniety of wiggering standards. .
from a drum unit or other source, you may trigger the JP-8's envelope ¢ Getting A Click Track On Tape. 5o far, everything we have dis-

automatically for a dugga-dugga-dugga-dugga effect. If that pulse™ 77 cussed is great for live performance. But what if youwork in thestudio, ™ §
~-+accurs on the beat, the retriggering wili also occur on the beat. If the- and want to synchronize overdubs? i
_____ pulse is a series of sixteentn-notes, then the retriggering will occur four You might think this is not a problem ~— after all, if a piece of
times for each beat. Remember that when using direct sync in this equipment is chugging along at 120 beats per minute, then it will still |
- manner, the envelope senerator parameters must be carefully set—it,~ - *be chuyging along at the same spred when you're doirg an overdub, —
for example, the decay time is longer than the pulse peried, the right? Well, yes and no. While the tempo will be very close, evensubtte_ |
envelope generator will appear to never shut off. ' variations caused by AC line voitage fiucwuations or drift in the synthe- |
b Korg makes several syncable praducts. Their latest drum unir, the' ™ 1 sizer or drum unit’s dhock generator will probably be sufficient to put™7"
KPR-77, is compatible with the Roland TR-606 Drurnatix and TB-303--}-you out of sync at some point during the composition. So what we ...
Bass Line sequencer. The KR-55 drum unit is well suited to direct sync__ | need 1o do is create some kind of timing standard on one rack of the_{
applications, since it has a trigger output which optionally sccurs every | tape recorder. During overdubs, if we feed thistiming information into
~-4sixteenth-note, eighth-note, or quarter-note, or may instead follow -~ ~the sequencer, drum unit, or synthesizer we wish to overdub, every-—+
__the bass drum. If you had a JP-8synthesizer interfaced to the KR-55, for__!_thing stays locked in sync to the timing information stored on tape. _;
‘ example, you could retrigger the JP-8 at regufar intervals or in tandem There are many ways to put timing info on tape. The system we'll be iw
~with the bass drum, The KR-33, a low-priced rhythm unit, allows the -~ describing next month takes a “brute force” approach, which simply -
~.ioption of putting out a wrigger simuitanecusly with the bass drum.....;.. puts a pulse on tape at a muhiple of the basic tempo. We then recover ...
ssignal. | this signal, condition it, and put it into our synchro-sonic ciscuitry. This _L
With respect to Korg kevboards, both the Mono/Poly and the ™" works fine if the timing track isn’t too high with respect to frequency. ™
—sPalysix include sync inputs for their arpeggiators. The Trident {madels| The Oberheim DMX drum unit and DSX sequencer use a more -
__tand 11} includes a sync¢ input which allows you to retrigger the brass | complex approach by dumping a 2.4kHz sine wave onto iape, which |
Tsection filter and VCA. The Delta and Sigma have trigger inputs for the jumps up an octave to 4.8kHz to indicate each timing pulse. The reason” i
“fenveiope generators, while the Lambda cannot accept trigger inputs, —+~for putting a frequency-shifted sine wave on tape is that Oberheim “f
_but does give a trigger output. feels this produces more reliable results than the brute force method.

. The Pro-1 monophonic synthesizer, from Sequential Circuits, has a These frequency-shift pulses occur at a rate between 44 and 400Hz.
*jack which accepts an input pulse for the arpeggiator or sequencer Since the DMX standardizes on 48 pulses per quarter note, this means =+
-} (this overrides the timing pulses coming from the LFQ which normally ... that the DMX covers atotal range from 25 beats per minute to 230 beats
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 drive the arpeggiator or sequencer). This is a direct sync type of jack, © per minute.
“Twhere one pulse equals one beat. [Also note that the Pra-Ts envelope " 717 One problem with systems which put a tone an tape is that should ™
--v}detemor can generate trigger pulses from an externally applied audio —-+-you use variable speed, the frequency of that tore changes. Foriu- ...
_input.) The Sequential Circuits Polysequencer, when runin thesingle- _ | nately, the Oberheim will accept tape speed changes up to L20%, but mi

i step maode, also accepts a direct sync pulse for synchronizationeffects. | unlike the system we'll be talking about next manth, it will not work
=4 Of course, other manufacturers make equipment which may be - ~+-with double speed/half speed techniques. b
—tsynchronized, PAIA’s Proteus lead synthesizer has a computer port ., . Experiments To Get You Started. There are many sync effects you
0 O T e B B B D
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can create using common syrithesizer modules and signal processors.
To get yout started, here are some examples which are intended for a
home <tudio context, but will work live as well.

® Yocoding. Hook up a vocoder o vour keyboard in the normal
way, butinstead of feeding in a microphone and talking inte it. sample
some rhythmic instrument such as rhythm guitar. bass, or drums,
When hooked up in parallel to a direct signal (sec Fig. 2} and mixed in
subtly. the vocoder will cause the timbre of vour kevhoard sound to
vary in relation to the other instrument.

vocoder

|

Incidertally, if you baven't heard these kinds of offects befare, you
might presume that processing one instrument with another would
produce a gimmicky sound. As it huppens, if the modifying action is set
for subtle changes, the synchro-sonic efiect becomes almaost sublimi-
nal. | think the reason for this is that if twe or more events happen at
exactly the saine time, the car can't really differcntiate between the
two, and instead hears an overall texture rather than a single “gim-
micky” sound.

® tnvelope follower following other instruments. Try enveloping-
following drum and bass tracks (see Fig. 3), and use this control veltage
to subtfy alter the center frequency or resanance of your synthesizer’s
fiker {inverted envelopes are also extremcly usefull. As the drummer
plays or the bass player plucks, you will have an associated filter change
which locks you into the grouve set by the other player,

{Fig.1 o

dramybass
tape track

rvelupe CV out to il
——a e,
follower VOA, etc,

* Invelope-following special purpose tracks. There’s ne reason why
vou can't envelope-follow a track put temporarily an tape strictly for
the purpnse af being envelope-followed butwhich gets crased before
the final mix, For exampie, on one cut | recorded a drum rrack first, |
then added several averdubs, with each vverdub having some
parameter {iilter, VCA, modulation. etc.] controlled by envelope-
following the drurm track. The last track was a melody line which was
not synchronized, and was recorded over the drum track. Despite the
fact that the drum track was erased before the final mix, the piece had
an exceptionally rhythmic feel.

® Envelope-foliowing the dick rrack. Many musicians will put down
a dlick track using an acoustic or efectronic metronome as a timing
reference. By patching as showrin Fig. 4, you can usesthis elick track in

Fga
envelope -l ig i
follawer of ADSK
T necessary) ‘\
[;, - — e — S —

conjunction with an envelope generator such as the VC-ADSR pre-
sented in the May '82 issue of Kevhoard fnote additional information
on this project in the July '82 Letters colurnm to create a decay gate.
Simply turn the gate delay. attack, sustain, and release controls to 0,
while halding the gate high by patching |5 (the gate inputi 10 a source
of +5 10 +15V DC. Then patch the envelupe follower output to 17 ithe
trigger input) of the ADSR {you may need to amplify the click track if it
lacks enough level to trigger the ADSR). The ADSR “A™ and "D eycles
will trigger with each pulse; adjust the Initial Decay contro! for the
desired amount of decay. Il vou want to gel fancy, envelope-follow
another intrument, and use that voliage 10 contro! the ADSR's initial
decay contral voltage input.

By the way, il you turn up the sustain contral, you'il have a constant
“reference” voltage coming out of the ADSR, with each trigger adding
decaying peaks {sce Fig. 5),

sustain

NN N S

sustain sel to 0 suslain set to higher level

& Double-time click track. You say your metronome click track is
quarter notes, and you want eighrh-note modulations? No problem.
Feed the click track into a delay line set for equal amotnss of straight
and delayed sound (Fig, 6a) with no regeneration, and then patch into
the envelope follower {again, you may necd an amplifier after the
delay line to bring the dlick uptothe suitable level). Adjust the amount
of delay for exactly one-half the period between dlicks. [f you get it set

s
.

Fig, 64
envelope dlick
@ @ b tollower [~ aut
Hg. 6R
f'iﬁ"a!’ pukses synthesized by delay line
me /\‘ .
i i[/ H‘"‘\l
I | ' | I ’ |
f -
|

onginal pulses

[
_— .

® Bass drum recovery systen. This s not something you'd need to
do cvery day, but it does demonstrate an unusual syne application.
Iwas warking on asong using a drum machinewhich soundedfine

— except that the bass drum sound wasweak and just didn't “cut.” $o 1
whipped up a better bass drurmn sound on a synthesizer, and rigged up
the patch shown in Fig. 7. A highly resonant lowpass filter was tuned

Hg 7
resonant
lowpass
dilter
: basg
: envelope (]
-A obower [T A e
drum
tape highpass one stage of

track fileer pasametris FQ
| m to
A I/V W mixer

right in on the bass drum irequency, thus filtering out the rest of the
drum sounds (| used the Multiple ldentity Filter that | explained how to
build in my Electronic Projects celumn in the Nov, '79, Dec. 79, and
Jan. 80 issues ot Kevhoard, but you could also use a sharp bandpass
filter). | followed the envelope foliower with a pulte conditioner, both
of which are part of PAIAY “The Drum” (slightly maodified for this
application so that it could drive my bass drum module). The pubse
conditioner cleans up the rough outpur of the envelope fullower and
turns it inte a sharp trigger signal suitable for triggering a synthesizer,
The output of the bass drum synthesizer went into one channel of the
mixing board.

The next step was 1o fead the rest of the drum track through a
highpass filter 10 remove the majerity of the original bass drum<ound,
and then through some parametric equalization {1 used one stage of
the parametric | explained how to build in my article in the Apr. 81
issue of Keyboard — now being offered by PAIA as their 6760 equal-
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SYNCHRONIZATION

Continued from page 17

izer) to get rid of any remaining hass drum
component. | fed this into the console, and
surprise — the new bass drum hit just a little
later than the rest of the drums, which was
very distracting. After a littdle head-
scratching, | realized that the filier and en-
velope follower were adding about 10
milliseconds of response time. So | patched
in a good digital delay and delayed the origi-
nal drum track {minus the bass drum) by
10ms so that it synched up with the new bass
drum. The result? A drum track with the
ariginal weak bass drurn surgically removed
and seamiessly replaced with the stronger-
sounding kick.

& Using the Master Synchronizer module
to create rhythmically timed control volt-
ages. First, you take the Master Synchronizer
module . . . oops, I'm getting ahead of
myself. We're sifll in Part 1 of this article!
Well, 1 guess we'll just have to wait untif next
month before geiing to this particular

application. See vou then,

NOTES




; ; e
AST MONTH, WE discussed the basics ofé
synthesis and synchronization, along wnth‘

some practical examples. This month,’

—we'll cover how to build the Master Syr

chronizer, plus some inexpensive and pract

cal accossories 10 go alony with this module
| do feel | should give a warning, though,®

Thisis rot too compicex a project to build, buts

learning to use it is another matter. You'

need to devate a certain amount of effor

-trial-and-error, and experimentation to gef it

workmg properly, let alone working at

maximum potential (luckily, though, onc
you become familiar with the device it
quite trouble-free). While | hesitate to sa
this is a project for advanced experimenter:

+ ""oniy — | don't want 1o turn off the patient:

begmners — it must be emphasized that} .

unless you've worked with click track retricv-

al systems before, you're entering a whole!
+-new waorld, If you're patient, logical, ands

£

S S

you very nicely. Just don't expect to master it

careful, the Master Synchronizer will treat;

which n‘ay he'either generatad inter naily by
the Master Synchronizer, or stored on tape® -
and recovered hy the Master Synchronizer.
How It Works: Clock Section. The follow
“ing is a bit techrucal, but don't let that scar
-you off. | think you'll find that the first tim
through, the whole concept will make little
{if any) sense unless you are well versed ir
electronics. However, after you've reached+
the end and realized how the Master Syn- |
“chronizer is supposed ta be applied, the
“material presented in the beginning should -
_fall into place when you re-read it. :

“pulse ou[pulsf choice of 45V orHUV‘{!ul'pulé, P
_metronome, and — well, there’s so much....
tuff that after some introductory material
bout logic circuits, we'll just start describing ™
+the circuit. By the end of the article you--t
hould have a good idea of what the Master_
ynchronizer can do for you.

Logic Basics. This particular module uses 4
jigital circuitry, Digital logic IC outputs only __ .
have two states: on {output equal to supply Reterring to the biock diagram {Fig. 2).
Tvollage, also called the high state), and off 77" “there is a master clock, When recording, the
~{output at ground potential, also called the- 2. clock can send pulses to a tape recorder. ;
Iow state). The IC inputs recognize only high R - - - e
Yor low agnals as weil.

¢ Most music devices (sequencers, arpeg-
| giafors, etc.) require a low-to-high transition |
n order to be triggered; others require a
ith-to-low transition. So, suppose we have
igital circuits generating a square wave, as...j...
hownr in Figure 1A If this feeds the input of &
Tsequencer which requires a low-to-high ~
Aransmun io advance one step, the sequen-...
ccer will advance at each rising edge of the
‘square wave. If these rising edges occur at a

—¢ thythmically interesting interval — such as- <~
every quarter note — the sequencer will

s advance with each quarter note.

-

Frg. 2

. These pulses may then be rcmvored hy the -
tempo recovery circuitry. A logicsection pro-
cesses this stream of pulses to create a variety |

of musically useful rhythmic outputs. This -
logic saction may cither receive pulses frem ..
the tempo recovery circuitry {switch in EXT |

in a few minutes, You may need several days
._of experimentation before you figure out

how to make best use of this module in your
- patticular setup.

What It Does. Ir the studio, the Master:
Synchronizer module dumps timing infor
mation on tape and retrieves it {iike a glori-7
-+---fied click track). Once retrieved, this timing:
information is separated out into a number
of rhythmically useful outputs, which may

machines, sequencers, envelope generators,
etc.) when deing overdubs, thus letting you
~-sync these devices together. You may EL

— o drive s0me novel synchro-sonic controf vo[t-s“ -+-Close together, they are for all practical pur---

1
H

R

age generators, described later, which are;
inexpensive and very useful musically. There?

—etenpdre @ NumMber of convenience features asi----whether a device tri

_.well, such as simultaneous square wave md

Craig Anderton is a highly respected ex-}
“pert in musical electronics, the author of two|
-books, Electronic Projects Tor Musicians andt

ke "Polyphony magazine. a lungtime columnist]

Keyboard as well. His most recent articles for H
“Keyboard were “Delay Lines” (Aug. '82)

- “Signal Processing Chains” (Oct. “82), and the+
first half of his project on synchronizing key-:

.(}an 83)
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then drive devices with sync inputs {drumii—

Hame Recording For Musicians, the editor of L

or Guitar Player, and a former columnist forr -

“boards, sequencers, and drum J’ﬂd(‘h”!{‘iz-

“pasition), or, for live use, receive pulses™
directly from the clock (switch in INT.
posmon)

The heart of Figure 3 is 1C17, the master
clock, which covers the range of 20 to 200Hz.+
. 19D is a control voltage mixer whichsets the |
frequency of 1C11. R38 determines the initial
tempo; this can be sped up by feeding a7

positive voltaga inro [2, or slowed down by R
feedmg 2 negative m\tage into ]2, Note thal
IC11 s vonfigured in 2 non-standard way, ¥
where ground is referenced to the negative ..
supply. This technique was first described by
Iehn Simontan in FPolyphony magazine, and”
-it allows for much easier voltage control than
the standard circuit.

With $1a in the STOP pesition, Q1 keeps
“timing capacitor €15 dlsrharge'd so that IC11 E
-stops running, With $1a in the GO position, ] .
the transistor is turned off, thereby enablmg
“the VCO. €17 adds a short delay so that 1C11 H
-always starts up in a consistent manner. 5

IC1T's square wave output al pin 3 feeds |
IC9B. This stage turns the squarc wave into a :
“2ms wide pulse. This pulse goes to twai

The Masler Symhron izer generates pulso W.pldccs the CLOCK OUT pot, which feeds i
1 and sguare waves simultaneously at the most the pulses to a tape recorded via |3, and the
useful rhythmic intervals — sixteenth-notes, " INT/EXT clock switch {55). With S5in the INT™
; eighth-notes, quarter notes, half notes,... .. position, the logic section receives its clock ..

‘whale notes, and some triplets as well. | pulses directly from IC9B’s output.
“TThere's also a thirty-second note output. ¥ 1C10 and IC9A form the tempo recovery ™
- These are all synchronized to a master clock -1 circuitry, which retrieves the dlock pulses put -+

Nalinlininil

Unfortunately, ieeding this waveform ;
into another sequencer which requires a :
—=-high-1G-low transition will result in the two-+-
2_sequencers being out of sync, since one will _
- trigger on the rising edge of the square wave,
‘and the other on the {alling edge. We can get
around this problem by generating a narrow.
pulse wave instead of a square wave {see Fig.
“1B). Now the rising and falling edges cccur so

i

-

| poses simultaneous. Thus, we can have !
"Yevents occur at virtually the same time,

E ggers off of the rising”

L E‘dge or thc falling edge

é
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phasc- aof recorded signals and some do nat,
1C10 lets you match the Master Synchronizer

~io either ype of signal (there’s more on this
oo later) via $4, 1C9A then shapes up these clack -
pulses into a form which can drive the logic
“section. ) prevents any negative voltages
-from either IC9A or iC9R’s autput from get--
_ting into the logic section, since Lhe logic
section only wanrs fo accept pulses which

¢ alternate between ground and the positive

-supply.

The circuitry built around HC12 and l(“}C
“will be discussed later. :
L. How B Works: Logic Section. First, note -+
that Paint A on Figure 3 connects 1o Point A
“on Figure 4, the logic section.
e As disoussed last month, several commer--
dially available units operate on a standlard.
where 24 pulses cocur between quarrer
‘notes. iNote thatsome units require 16 pulses
oer quarter nole, and the Master Synchro- ...
. nizer provides for this, However, for simiplic- °
" ity wa'll just look at the 24 puises per quarter
—aote operation for now). If 24 pulses equal-
Dne quarter note, then 12 pulses would occur}

-

T herwesn eignth-nates, 6 pulses hetween

- msinipenth- i\OTE‘J,ui"d 3 pulses between thirty-— -+
L. sevond notes. Therelore il we use a divider

MITETH ul:rdt incoming pulse stream
by 24, the output of this divider would consist ™

T
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of pulses ceourring avery fuarter note. But of.;
course, there’s more 1o Life than guarter
" notes, so the logic section inchudes a number
-of dividers. 1€ in Tig. 4 divides the incoming -
pulse strearm by 3, which means an output
T puise ocrurs al its ouiput {pin 2, ar B} for
~every three incoming lock puises. As a-—
_rosult, this sitput consisis of pulses whose
rising edges occur at thiny-second-nate
“intervals. 1CT's ouiput also feeds 1C2A, which™ 77
.. now divides this series of thirty-second-notes
by two. Therefore, IC2As output (J9) consists
" of square waves whose rising edges oceur at”
sixteenth-note intervals; this oulput also+
feeds IC2B’s input. IC28 again divides by two,
i producing eighth-note outputs. In a similar
- manner, [C3A produces square waves ocour-
ring every quarter note (incidentally, by now .
we've divided the tncoming pukse stream by
‘”"24) IC3B produces haif-note outputs, and

-1C4A produces whale-note outputs. il
wirh 52 set w0 16, 1C1 divides by 2 |nstead
i 7of 3. This lets the Master Synchronizer
t- - accommodate 16-pulses-per-ruarfer-note -

devices, as well as the far more common_
. 24-pulses-per-quarter-note devices.

Since we often want thin pulse outputs™
for triggering applications, consider 1CBA.. i
This stage takes the sguare wave output from :
2 1C2A and differentiaies it, thereby creating a™
i 2ms wide pulse af its output (J16). Similarly,
1C6B, 1C6C, 1C6D, and IC7A create pulses
““from square waves produced ar the cuiputs
-of 1C2B, 1IC3A, 1C3B, and 1C4A, respectively
 What aboul {C82 This divides the clock _ :
frequency by four, and in conjunctions with
-IC4B and IC5A, produces eighth-note triplel
Or quarter-note triplet square waves at 14.....
and |15 respectively {pulse versions of these
“rappear at ]21 and ]22). However, in some”
oeeapplications you might not need triplets, but-
_you might need intervals longer than whaole
‘notes, With 3 in the “triplet” position, 14

S

1

H wand 115 producs_ f)utpum as described above, -+




in the “chain” po:ilif}n 4B and WCEA feed
off the output of IC4A, and produce outputs:
‘every two meastires (1147121 and every four?
~measures {115/§22) respectweiy

IC7D resets the entire jogic section.:

" Reselting restores all logic stage cutputs to}

-4

Ali that s iut G dlscua now is rhe metre

make the quarter nate click louder by Iower-

-~their low state, which means thar when yout~+ing the value of R32.

_start up the system, all pulses will occur with.
the corredt synchronization (providing lhe

switched to STOP.

; IC5B produces a2 logic high signal at J?
--+-when the system is receiving clock pulses
_.Some devices need this run signal before;
“they will accept externat clock pulses.

There are also three monitor lights which}
i...help us understand what is happening with:

the system (thank heaven for small favors).

i

RN

T D5 flashes every quarter note; D16 flashesT ™

- every whole note; and D18 flashes every..

tion, and once every four measures with $3in:
-1~ the chain position. 17 indicates that the sys-+
_tem is in the reset mode, while D14 indicates;.
ing clock pulses).
As a relerence which should make thea
i above dlearer, Figure 5 shows the timing rela-:
~tionships between all outputs.

:
:
x
;
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o Complication: Some systems are de-
“signed to accept logic signals which alternate

accept logic signals which alternate between

T ground and +10V. Qur solution is to bring aliT™~
S---power supply terminals for the 1Cs in thes -

_ logic section 1o a separate power line buss,:

“called “v.” This is fed from regulatar 1C12 (seet
Fig. 31 IC12 takes the +15V supply voltage:- -
.and, with 56 in the 5V position, produces+5v;

JRANP

across capacitor C21 for feeding the logic:
section. With 56 in the 10V position, IC12“’
..produces +10V across C21. Note that D19-.
D21 light up with $6 set to 10V; however, that
“is only coincidence, since we are not using’
these LEDs for illumination, but rather as volt-3

| age references to draw a specific amount of
current through 1C12’s ground terminal. D127

-~ —and D13 are protection diodes, which let yout
.. do dumb things (like short the power supply!

to greund) without causing damage. D8
raises the output voltage a bit to compensate:
...for the voltage drop OL(urrlng through D‘|3

“system has been reset first). Resetting occurs
automaticaily when Lhe STOP/GO pasition is-.-

_ quarter-note triplet with 53 in the triplet posi-_

that the system is running (i.e., that it is receiv-

-

“Uchronizer,
Construction Tips. This is notan easy proj--

9

="Tn|~, samples the sngnals from I and, 13, and
+produces a loud click an the downbeat and a
" softer click every quarter note. You may

Whew! So much for theory. Here are.....
some hotes on building the Master Syn-

{ ect, but it's not oo critical either. For those

i who den't wish te build from scratch, a parts

_ major things to remember:

® Use sockets for all 1Cs. For best results,

Tuse a printed circuit board.

“wired. Handle these ICs with care, as they can

. Keep them in their protective foam until
i needed, and touch the cireuit board ground
ine befare removing the ICs from their foam
Land inserting them in their sockets.
® Use a well-regulated, +15 volt power
Tsupply capable of delivering at least 50mA.~
.+ Connect the +15V line to the point near C12
 marked "+15¥D}C,” the 15V line to the point_
Unear 1012 marked “-15VDC,”" and the
+ground line to the point near 1C12 marked-
- “ground.” All points marked with a cirded
: "+ connect to each other, Al paints marked

~with a circled " also connect to each other. -

w0

...+ All points marked with a circled
ogether, and so do the two points marked
e

ows: Looking at the back of the pot (i.e., with
“Tthe shaft pointing away from you and the”
“terminals pointing down), the left hand ter.
-.minal is 3, the middle terminal Z,and the right

+kit is available (see parts list). Here are the

® Do not plug in any of the CMOS ICs in.
‘ the logic section until the unit is completely

ot

e

4
i

e
i
ok

V" connect.....should hear an curput from the metronome, &

# The pot terminals are numbered as fol--- 5

" “the Master Synchronizer, or purchase the
- be destroyed by static electricity discharge.--+--parts kitand fallow instructions very carefully.
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Thc results are wonh it ;
. ® Pay attention to the polarity of all elec-
‘trolytic raparltors LEDs. diodes, 1Cs, etc.
® |f you're not familiar with soldermg'
.technigues, or have never constructed an.
electronic device before, this is not the plare
to start! Try tackling something simpler (such”
--as one of the projects in my book Flectronic.
Projects For Musicians) before attempting ;_

Testing. Assuming that the Master Syn-; i
chronizer has been correctly huilt, you're
ready to check it out. Plug the metronome
~OUIpUL into an amp, set 52 to 24, 53 10 TRIP-........

LET, 81 to STOP, S5 to EXT, and $4 to (). 36
“doesn’t matter for now. The RESET light™
-should be on. If not, re-check your wiring,

Now switch $1 to GO. The RESEY light
should go out, but the RUN LED will not
come on since 55 is set to EXT, and at the
moment, there i no external c[ock signal.
Next, switch 55 1o INT. After a very brief
“pause, the RUN LED will light up and you

-

4

H
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H
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Vary the tempo control for the desnredi
tempo. LEDs D15, D16, and Y18 should blink
—-with the tempo. If all is in order, the Master
Synchranizer is now ready for live use. Now |
let's move on 10 tape interfacing techniques.

Tape Interfacing. It will take you a bit of 4+
effort to set levels properly, so dan'’t get dis-

: hand terminal is 1. R38 i an audio taper pot couraged if you encounter problems at first.
Thooked up in reverse, so that turning clock-"""This is a fairly critical aspect of the Master
L wise produces a slower tempo. Granted, this....Synchronizer’s operation, but once you'ves...i.
is non-standard, but the resulting taper i established optimum operating levels, thr'z B

between ground and +5V, while athers]

‘makes it much easier to set tempos.

sible, run a single ground wire from the Mas-
ter Synchronizer circuit board 10 the metal”

-+ frant panel {or enclosure), which should con-—+— manitor off both the playback head and the
. nect to a large metal rack frame which con-__, . record head (sync mode). Recorders which b

H

: nects to the power supply ground. If the rack
“frame is not metal, connect a wire from the
frant panel or enclosure to the power supply..
ground. These ground wires should be fairly
" heavy gauge.
: # Figure b shows a suggested front panel
layout far a 19" % 1.75” rack paniel. Note that
¢ the six switches towards the right hand side
“are templated for slide switches; if you use-
toggle switches, then only drill the holes .
directly about the designations $1-S6. ! would
“also suggest using small LEDs for maximum™
..+ brightness and ease of construction.
‘& The pin numbers of the 4013s and 40075
“are shown as wired in my prototype. How-
sever, a | lpnﬂop is a flip-flop and a gate is a-
gate, so if i's more convenient, you may use
any flip-flop for any other flip-flop. Figure 7
~*shows the complete pinout for these two--
..chips.
i @ You're going to be running a lot of
"wires between the Master Synchronizer cir-
il board and the front panel. Be patient..

s i

® Be careful with your groundzng If pos---

S .
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_.aclick track ontape. it assumes that your tape |

thing is pretty much trouble-free.
Here's the sequence of events for loading+ e

“deck has three heads, and that vou may

do not have three heads will require some :
“slightly different procedures, as described™
-later. E
. 1. Patch J3 to atape track input, and 1o
the same tape track output. The track cutput”
should be set for tape {not source). The:-
recorder’s input and output level contrals;
should be initially adjusted so that a 0 VU ¢
signal in produces a0 VU signal out. Listen ta7 5%
the metronome output through an amp.

2, Set S1 to STOP, S5 to EXT, the SENS'
“control fully clackwise, and the CLOCK OUT?
s--control fully counter-cluckwise. Load some-. ..
tape, run the recorder, and press record.

3. Set 51 10 GO. The metronome will still :
~be silent. Now turn up R11 until the V1=
meter reads about -10 to -7. The metronome ;|
__may or may not be dicking by this point.  :

4, Adjust the tape channel's output con-~

"lrol so that the metronome just starts dl(_kmg
with the SENS control up full. In other words, :
if after step 3 the metronome is not clicking, *
-turn up the output control. If after step 3 the -~

o o
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Twhich 15 most sens :
which 05 "iw‘ i'w tarsount of
|'7n.1! o keick ¥
. Turn the

‘I/j m 5 rotation,
I theory, vou Rave now adivsted the
,ewlt. for aptirnum aperation. The imporant
Fpoint to remember i that you want w keep
B _lhe cleck <ignal pomg o the tape at a
stanit -0 10 -7 YU, and make any sdiust
Vo march the Master Synchronizer sensitivity
—with the izpe channel sutput control H your
dl‘f ke does not hisve an cutput control, add &
Vet as shown in Figure 8 batwean the han-
el oulput and 71,

ik track

5.
o alsan

antrod dow

TONQMC ovt[u.y ccor. o on taps T
shootd b pocarring § e synchron
ton. if 8o, congratulution i ihrough

.ihe end of the <lick rack ard make sure inf othere, ther yot w

- Anything driven by the syn- - ow, thee you mighi

" chronizer will now be insynowith the didk s such as Ao
track. s consislent
using the Master Synchronizern : dth an oscilioscope i see wh

1. Start off with $1 on STOP, und 50 on looks like coming o e 1aj
EXT. Make sure that 12 is palched 10 the®  pin 1 to see the reference
oraper tape tack, that this wack is ready to . SENS control. Adjust ihe
record, and that you're monitonng the cick it Yies about where the dotted line does
track off the playback head. "7 "Figures YA and 9B,

2. Run the tape, press record, and wait .
about 10 seconds. Then set S1 te GO. The
TRESET LED will go out, and shortly thereaiter,
the RUN output will light up, indicating thai - -+ Fie. %4
the pulses are being successfully sent o the
’ Tapp ?‘Ind Te('ﬂ\.’(‘ﬂ“d b:« {h(’ Ie‘mpﬂ rF‘('()VPr_\.J' .

>

se beat o s!i‘

at pulse. et oo
k P sume i Dage
or nebe, Wvou tave
Cuouiies, lock al pin Zof ICY4
Al g
T* e !Uuk at

Now that the levels fiave been adjusiad,
=~ rewind to the beginning of the tape and lets-7 - circuit.
put on & real dlick track. Follow this proce-_: 3. Let the click track record for as fong as... .| Fir 4
dure whenever vou want Lo lay dewn atrack — necessary, When finished, turn ST to STOP.

s 1 Set $7 1o STOP and 85 to EXT. The™ o venfy the rlick track, do the fellowing:™
. RESET light should be an. Patch the metro- . | In Case Of Trouble, As | said, this v o - |
nome auiput 1o one of the tape tracks, and © pretty eritical aspect of operation, so youmay | !
*put this track in the record made. Remember 7 run into problems. Here are seme possi- . 1
.10 turn off the record button for the dick.- - bilities: I R R
track channel! ) & The two metronom: signals start offin Incidentally, note that Figure 98 has o fair
) 2 Rewind 1o the point just before the © syne, bur then go oul of sync at some point. & amount of overshoot (the very thin fine
click track hegins. Set 51 to GO The RESFT - This could b due to either physical damage ™ "~ which extends upward). Make sureyou dan't
. light will go out. .. of the tape itsell, from a ransient {refrigera- & .. try 1o use this as your click reference, since - -
3. Start the recorder. When the click lor lurning on, ¢l gelling into your system the overshoot pulse is so thin it may easily
“track starts, the RUN light will go on. Check 7 “and creating an extra pulse, or from a dirty T “disappear if the tape has even a slight drop-
. that the metronome signal is going on to the.. i .tape head. Try synching again. If the same-+- -out =
" tape. : problem occurs consistently, re-record the . ® Unit works reliably and steadily, but is

4. When the click track is finished, * sync track. Always verity the click track consistently out of syne by a2 constant
- rewind back to the beginning of thetape. Pur- -+ -hefare proceeding with a recording, and "~ amount. In 1his case, make sure that you're
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wreees. TRONILOTING the dick frack, metronome track, u.w;and Subbequ(‘m trackszof music that you i Interfacing With Commercial Equipment
and any instruments you've recorded in the|  {record will appear temporarily 10 be out of & As mentioned last month, not alf devices fo
" proper relationship 10 each olher, Here's the ! synr with previously recorded tracks, which ™ low the same triggering standards, White
by § do it S mn be a real brain-twister if you're 1rying to- . many devices {suich as the Sequential Cirouits § .0
: 1. | always moniror i ok track off of play anyihing live at the same time. But on_ Pro-1s arpeggiaion will trigger with either
the playback head. This is because when nla\,hafk the problem will disappear, the square o7 pulse outpuss from the Master ¥

. you're in the syne mode, leakage car ocour s 3 CHind \mr\:helpfu. Lo record the met Synchronizer, others require some kind of 4
E between tracks. A strong leakage signal hit-] _ ronome track on tape, and simultaneously | interface, Don't forget o select cither +5 or |
Do ing the click track can cause real problems, monitor the merranome signal coming frem & +10V outputs, whichever is correct for your

ot The disadvantage of this approach i that vou the Master Synchronizer. This way, | canellif % ~systemn. S

can only use synchionized devices during . _ iany sync problems are ccourring. 9% of the..o.. © The Master Synchronizer can also be | |
recarding, noi during mixdown when wil|  iime, if the two do go out of sync, rewinding | used to drive many devices (such as Linn !

h Vinstruments are being monitored from the? T and trying again {without altering any of the " T “drum machines ard various digital sequen- 77

--.cavs) which use divided sync. In the case of &
the Linn, which uses a 4&-puises-per-beat
standard, you merely have to make a mental
alculation to the effect that 2 qua!lt-r rotc b
.on the Masler Synchronizer will cmrespond :

~playback head. - rcontrols) will solve the problem.

- 2 Allsubsequent tracks are laid downsint  © There are many additienal points which
step with the metronome, When fistening o]} could be made, but space is short. For’
= the metroneme track, make sure i is in the - +rexample, after you become proficient at -
Sync mode. After Lying down an instrumen-© éusing the device, you can record the dick

e

PR

tal part, nut its track i sync (just likenormal) L Pirack, a metrenome track, and aninstrumeni ¢ to an eighth-note on the drum machine.
" when k. Of course, i your tape - 1rack miltanecusly on the first pass. When™"  Figura 0 shows an interface for Korg, i
ek only alimwou fo> masiitor aisthe fracks & smontinring off the playback head during ... Moog, and Oberheim unis. | buihithis partie- .
l'rom one mcﬁ or thP other mthuv !ln.r. lex Sixelewn, 16 avisid the out-af-sync problems utar interface righl inic a patch cord, and :

ol mentioned above you aan use & delay Bne 7 mnight want 1o do the same. The same basic
aan i" s use the synchronizer during mir - & -idea will also work for inggering PMA'S Pros oo
Poteus benwolope gererstors via the compane
oaperi- por. Zor arsisiors colecior
i ool the mrierio dendin

thei..
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tor. Feed a pulse inte the input, and adjust the
smoothing control for the smoothest vibrato
“effect. Mote that this vibrato will be procisely
synchronized with the tempo of the com- ...
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!! IMPORTANT !!

Prior to beginning assembly of you mew kit, check the supplied parts
with the following parts list. BE DILICENT.

OQNTY VALUE DESC. (alternate markings)

FIXED RESISTORS

2 10 Ohm brown-black-black
2 IR brown-black-rad
5 1.5K brown—-green—red
1 2. red-red-red
ki 10K brown—-black-orange
3 22K ‘red-red-orange
i4% 100K brown-bliack-velliow
3 330K - praange-crange~vel low
3 HT0K vallow-violet~vellow
1 ! Megchm brown~black-green
CERAMIC DISK CAPACITORS
(ALTERNATE MARKINGS)
1 10pf B 14
1 .05 MFD 562
POLYSTYRENE CAPACITORS
9 .01 MFD 01K ‘
3 .1 MFG 1K, 104 ‘
2 .22 MFD J22K, 224 '
ELECTROLYTIC CAPACITORS
1 2.2 MFD/15V Greater voltage ratings acceptable
1 10 MFD/15v
2 100 MFD/15v
1 1600 MFD/15v
SEMICONDUCTORS
il IN4148 or IN914 SILICON DICDE
2 1N4001-1K4004 POWER DIODE
5 TIL-209 RED LED
1 5.6V ZENER DIODE
2 CD4GL7 CMOS DECADE COUNTER IC
4 CD4013 CMOS DUAL D FLIP-FLOP IC
2 CDA001L CMOS QUAD 2 INPUT NOR GATE IC
1 RC4136 QUAD COP-AMP IC



1 LM748

1 NES84

1 LM7805
7 285124
1 5K

1 250K

1 500K

2 /4"

20 1/4"

i DPDT

5 SPDT

2 8 PIN

7 14 PIN
2 16 PIN
3 PUSH-ON
12 L-40K1/ 4"
12 &=40)

3 3/8"-32
1 3 PIN

6 1/2 FT.

30 FT. #22

1 6770

1 6770

14

op-aMP 10

Yoo IC

+5¥ VOLTAGE REGULATOR IC
NPN TRANEISTOR

POTENTIOMETERS
LINEAR TAPER FOT

AUDIC TAPER POT
LINEAR TAPER POT

INPUT/QUTPUT JACKS

CLOSED CIRCULT PHONE JACK
OPEN CIRCUIT PHONE JACK

SLIDE SWITCHES
SLIDE SWITCH

SLIDE SWITCH

MISCELLANEGUS PARTS

I SOCKET

IC SOCKET

IC SOCKET

CONTROL KNOBS

MACHINE SCREW

HEX NUT

HEX POT MOUNTING NUT

PC MOUNT MOLEX POWER CONNECTOR
BARE WIRE

STRANDED INSULATED WIRE
RACK-MOUNT FRONT PANEL
PRINTED CIRCUIT BOARD
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Schematic Diagram

FIG.C1

Al resistors in ohms. all capacitors
n omikd excepl as noted.
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SOLDER THESE PaDS TO JACK LUGS

Note: There are 23 bare wire jumpers [—J——} on the PC board.
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The circuit board mounts on
the BOTTOM row of jacks, as
shown, by soldering the HOT
lugs of the jacks to the
respective solder pads on the
foil side of the board. Be
sure to tin the lugs and the
solder pads first. It helps to
leave the jacks untightened

while mounting the board so
that you can more easily align
the lugs and pads. After the
board is mounted, tighten the
nuts on the jacks very
carefully so that the jacks
don't twist in their holes and
tear the conducting foil from
the board,.
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