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Introduction

The University of Iowa Electronic Music Studio was founded in 1964 as an
“experimental” studio, and was originally equapped with verious kinds of
testing devices and more or less homemade instrunents. Over the years,
the atudio’e capebilities have changed, and with the fairly recent acquisge
ition of professional quality tape recorders and a Moog "super-moduls',

development of the studio as a Yeomposing! facility has increased.

The Studio is located in Bastlawn 207. Faeilities are presently made
available tc all qualified faculty and students. These may include: fac-
ulty composers, graduate and, on occasion, undergraduzte students teking
Zlectronic Studio I/II and Special Studies, individuals pursuing conposi-
tional projects, and visiting composers. Keys tc the Studio may be obe
tained from the School of Mueic Office upon receipt of wrltten authoriza-

tion from the Dirsctor of the Studio,

Secause the Studio's expensive and specinlized equipment is used without
supervision, it is necessary to ask users to observe the following simple
ruleg:

1. Please consider your Studio key a privilege: it must not be

c¢opied or lent to unauthorized persons,

2. Bvery Friday, a sign-up sheet will be posted outside the Studio
door. Authorized users may sign up for no more than 4 hours of
studio time per week., (Free time would thus be available on a
first~come @irst-served basis.) If additiornal time is required,

please see the Director.

3o The Studio will be closad regularly during certain hours each

week for techniecal maintensnce and repairs. GShould vou observe
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malfunctions of the equipment, Please make a note of same as accu-
rately as pososible, and bring it to the attention of the Director

or the Studio Technician.

. During non~-class hours, kindly knock for admittance to the Studio.,
There may be a composer at work! If no reply is fertheoumins, then

use your key. This is a matter of consideration.

5. Upon leaving the Studio: remove all pateh cords; remove tape from

recorders; turn off 1) the main power supply, 2) the air-conditioner,
and 3) the light,

6+ Be sure you are thoroughly familiar with the contents of this
manual,

The Studio lManual deseribes (nearly) every piece of equivment in the Studio
regarding its basie operating characteristics. Although many useful opera-~
tions are detailed herein, the Manual is in no cense n compoesing guide, In

preparing this booklet, I have relied a great deal on the Composer's Manual

by llubert II. llowe, Jr., written for the Electronic ljusic Studio at Oueens
College. Many of the descriptions of lMoog instrunents are quoted extensively
=~ with oceasional changes suitsble to our particular system.

The Manuel is, by its very nature, temporary and incomplete, As new equip-
ment is received and incorporated into the Studic, as older equipment be-
comes obsolete, the manual will change., Therefore, it is advisable to bind
these pages in lcose-leaf fashion.

lieedless to say, suggestions for improvement or correction are welcone,

Peter Tod Lewis
Director
Sumaer 1970
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Bguipment list

e

IR TR 1892 _Rendon loise

1 Ampex 354 Stereophonic fape Recorder

e -~
2oUrcCe

! Hlartin Audio Varispeed

% Ampex AC~350 Stemeophonic ape Recorder

BHenbli~IG=-82-3ine~Square Generators

Allideon Model 2BR Variable Filter

LA lepsed Modnlator

mliae};?OBO j‘ieerquency Counter
iwo-output Mizer

Patch Panel

2 Three~input Cne-output Unity Gain llixers

4 Burr=C3Utboth Generator

Errdebesh 1odel - MA-230 Preamp-Amplifier

S ¥owe"Stereo Headphones

T U REverberator

lioog Synthesizer:

#

44 Four-input Ons-output llixer
{fulti~Purpose Unit
Pitch and Trigger Panel
1 201 Controller Connccior
2 901 Voltage~Controlled Uscillators
2 901A Oscillator Controller
6 901B Oecilletors
4 902 Voltage~Controlled Amplifiexs
J, 3,54* Voltag e-Controli¥.ed Tilter
Cuv&v Covmeckes
1 905 everoeration Unit
1 91C Power Supply
2 911 _nvel Genorators
? B%E ﬁgiﬁéaGQ Wangeﬁzzgd Filter Bank

1 950 Keyboard Controller

1 Seully 1802 Stereophonic Tape Recorder
1 Dyna Hodel-PAS Stereo Presamplifier

4 Carrvard Model-40B Automatic Turntable

1

»
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1 Bulk Bregser
2 Iieath AS-2U Speakers
8 lagitran P-20 Polyplanar Speakers

“HLelttraninIyne-531 Cscilloscope

1 llulti-Purpose Patch-Box
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The Patch Panel

The Patch Panel is the central interface beiween alil equipment in the
studio. It comsists of five rows of 16 jacks each, mounted in Rack 3
below the SizeInput Two=-Output Mixer. (II,B. Don't econfuse the HMixer
input jacks with the top row of the Pateh Panel.,) The 80 jacks of
the Pateh Panel are connected as shown in Figure 3-1., lote that rous
A and C consist entirely of gutputs, vows B and D of inputs. Row E
consists of three multiples, cach multiple comprising four twee.

tay jacks (meaning that they may be used as cither inputs or outpuvs.
which are intercomnected, and four Trunk lines to (and from) the lMoog.
(See seetion 5-2.51.)

It will be noted that some units have both inputs and outputs, whereas
other units have only outputs., The output from any unit may be patehed
diregtly to the input of any other (providing it has an input) by means
of the pateh ecords with twoaeonductor_phone plugs on either end,

In order to hear a sound, some comneection must be made into the tonitoz
inpats or the Mixer inputs. These inputs connset directly to the
speaker amplifiers. The Mixer, losated directly above the Patgh Panel,
eontains volume gontrols for each imput, thus emabling suitable listen-
ing levels for momdioring sounds without effecting the signal level in
any of the other units,

327,19
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Chapter 5

THE MOOG SYNTIESIZER




JULE MO0G SYNTHESIZER

1. Goneral Considerations: Voltage Countrol

The loog Synthesizer is a self-contained modular electroniec music gen-
erating snd medifying system, containing all of the components listed
in the equipment list in Chapler 2. Basic to the system is the con~
cept of voltage control and the principle that any output can be used
either as a signal or a control voltape. Therefore, any generating
device may be used either for tinming and control functions or for direect
signal production.

Voltage control is the use of an electrical voltage to determine the

operating chavacteristics of a signal generating or processing instru-
ment. A control woltage is the value used for this purpose. Since fre-

quency is exponentially related to piteh - such that, for example, a

doubling of frequency produces a rvise of one octave in pitch ~~ the loog
voltage~controlled instruments have been desipgned to enbody an exponen
tial relationship between the control voltage magnitude and the frequency
of oseillation. Thus, equal changes in control voltage produce equal

nusical intervals. The exponential relationship is ome volt per octave,
1/12 volt per half-step,

On the Moog Synthesizer, oscillators and amplifiers have two kinds of

inputs/outputs: one for signals and the other for controls. The signal
input/output iz for a sound whieh ic being generated or processed. The
control input determires some aepects of the instrument's operating

pointa. Several control inputs may be in effect at the same time, This
is much different from "¢lassieal™ eleectronic studio devices, where all

the operating points of the inetrument can be controlled only by turn-

il’l{-j‘ dials @

In addition to the signal generating and processing instruments, there
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is a kegboord coniroller attached to the Synthesizer. Controllers differ

from other unita in that they put ocut both a control voltage, for deter~
nining come charaecteristic of an instrument's operating points, and a
trigmer, for initiating events. Further details concerning the operation
of the Synthesizer are contained in the descriptions of individual conm-

ponents.

All patch cords for the loog Synthesizer have two-wirce conductor phone

plugs on either end, except for patch cords for the trigger inputs on the
911 Envelope Generstors. The patch cords are usually marked with two
colored bands on either end, which help frafp in tracing patch connections

in conplicated set-ups« The colers have no other significance,

The Sycthesizer has no "trunk lines", o connections must ba made directly
to the Pateh Panel.

(A1l loog 900 Series instruments require an external regulated power sup-
ply of +12 volts and -6 volts., The 901 and 9018 oscillators reguire an
additional voltage of -9 to =12 vglts, unregulated,

Signal output levels are Ahdb (0.9 volts RMS) and output impedances are
600 ohmes. Signal input levels are also «3db and signal input impedances
are 10,000 ohns. Control inpus impedances are 100,000 ohms, and eontrol
voltages range from ~& to +6 wolts DC.)

5“‘1u2




The Synthesizer Console

The instruments in the lMoog Synthesizer are mounted in the console cabinet
as shown in Figure 5-1, In addition to the numbered modular instrumenis
explained on the following pages, the Synthesizer console containg sev~
eral units mounted on the bottom row of the cabinet, and aleo the two
right-hand units in the niddle row, which are used for normalling con-
nections between the controller and signal ézfggfgaﬁﬂnghiggﬂgﬁher fune-
tions. These devices include: one 901 Controller Connector,Aa Four-Input
Une~Output Ilixew, a panel containing pitch and trigger jacks from the
Controller, a Multi~-Purpose unit containing a Low Pass and IIligh Pass Filter
and an Attenuator, and a panel of two multiples,

Additional Moog units not mounted in the conscle cabinet are also dec-
cribed in the following pages,

5~2.01
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Figure 5-1: The Moog Synthesizer Console
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G

901 and 904 Controlisr Cownectors

L

These devicee ore similar in appearvance and are nounted $o the laft
of the 41 limers. Tksy eonsist of throe contyrol swiiches which ars
godor-goded in wred and a fourthk swilech color-coded im blue which 1llue
ninate whsn turned ca, a jack for an exiternal invut and en attesuator
gontroel. The differensze betwsen the 901 and OCL Connectore iz that
the 907 Jomnector corircle The 9094 Usnillatoy Combtrolleyr directly
chove it, while the 904 controls the G504 Voltapowlonirelled Filter.
Ausytoha
Turning on Sundeuize #7 eonn‘sﬁghgﬁe 950 Keyboard Coatroller to the
particuler noduls above, Soddiei@fde 72 and #3 are currently not cone
nected vo anything. These devices thus eliminate patehing from the
Keyboard Contyoller to ths dssipnnted modules.

In the ease of the 901 Controliler Comncchor, commectisn of the cone
troller switeh will cause the Erequency sf the osaillator bank to bde
doternired ddrecotly by the Keybeard {as well as the dialp on the units
themselvas, and any additiomsl eoutrol inpats). The 90& Conlrollay
Comneclor is conmscted to all throe sections of the 9Ok Voliaga-Gon-
trollsd Filter, and must be need in senjuction wiihk another signal
gonerating device. For ewample, white znoise can be filtered for a
definile piteh, the piteh being doternined by a comtsol voltage from
the korboawrd,

The fonrth switeh on the 907 snd 904 Controller Commegtors is for an
attenuntor, Waen this ewiteh is tummed on; illuminating ¢ tlue light,
and s exbernal signal is fed fote the jeck, it is pesasible Ge asien
nate the eontrol welSage produced by the coniroller. Fox exampli, %o
obtain frequency modulation, an oscilletor may be patehed into the
external dapu$ and swilghed on and off by the blue switeh., The atiope
natoyr would contrel the smplitude of the aedulabing signal, ia thie
case the modulating vandwidih,

it iz =iso possible o siledn squaletempsrad seales with other than

5“2\;11




12 notes to the octave by using the attenuater eontrol, Hormally the
Ieybonrd is sei to 12-fone equel temperament, within the range of the
Tecale' gontrol on the keybeard itself. By patehing fvom the piteh
Jack en the Piteh and Trigger Panel inteo the external input jack om
the Controller Connogtor, one can vary the size of the eontrol volt-
age produced by the Comtroller. To obtain o microtopal seale with nore
then twelve notes to the octave, turn off the switch conmmecting the
Coquroller to the oscillator or filter bank (switech #1)y and turn on
the atiennator switeh #%. The ettenvator ean then be set for any
seale betueen 12-tone equal tumperenent and a scale 80 small that
there is no difference between ths highest and lowest keys on the keye
boardes To get a macrotonal scale with fawer than twelve notes to %he
octave, the same set-up can be used, with switeh 71 also turned on in
addition to the attenuator switch,

In order %o obtain other types of tunings, such as meantone tenperas
ment, one must have z 950-B Scale Programmer.

Sel 12




2. Four<Iinput Complementary Oubtput Mixer

Any signal(e) may be patched into the mixer's top row of four jacks,
marked mixer inputs. The "pois” (short for potentiometers) directly
below each of {hese jacks attenuate the amplitude of the input. In
the lower xight corner of the unit are four output jacks and an cutpui
sontrol marked master gain, which attenuates the volume level of the
output, the sum of each of the four inputs,.

liote that the %op two output jacks are marked "+" and the bottom two
", positive and negative respectively. The negative oulput is iden-
tical %o the positive output, except that it is 180 degrees oui of
phase. These are ¢anlled complementary outputs. Thus, a signal mix-

ing the positive and negative outputs inm equal proportion will exactly
cancel itself out, producing silence.

The elick filter, if switched toward the top, will e2pply a "hi-fi"
filter to the output signal, cutting down the amplitude of the sipg=
nalis high harmonics. (This filter should nornally be kept in the
Yoff" position,)

The four jacks on the lower left of the unit sre not econnected,

592021




3. Multi-~Purpose Unit
lulsiples
Piteh and Trigpey Panel

The MultiePurpose Unit contains a Low Pass and I¥gh Pass Filter and
an Attenuator. A louw pass filter cuts off high freguencies, thus

Upassing' low frequencies, A high pase filter porforms the opposite
function. The frequency at which the attenuation begins for low and
high pass filters is galled the cutoff frequeney. The ILow Pass and
figh Pass Filters on this unit can be controlled in only six discreet
steps cach, and have mo control inputs,

The ALLenuater is often useful as an edditional potentiometer whieh
can medify the magnitude of any signal through attenuvation (rather

than gmplification),

The Hultiples, mounted in the unit adjacent to the Multi-Purpose

Unit, comprise two groups of four jacks, sach group sonnected inde-
grally, each jack permitting either input or eutput., Thus, a multiple
is used to make one outpnt available at more than one jack location,
enabling the distribution of one signal to uors than one input, A
multiple is not used %o combine signals, however. (The multiples

on the Synthesizer function in exactly the mome way as those oan the
Patech Panel.)

The pitch and tripger jacks are simply the losations on the gonsole
panel at which the outputs of the Keyboard Controller appear, VWhile
the Keyboerd Coniroller may be comnected to the "oscillator banmk™ by
raiging Switch o, 7 of the 901 Controller Comnector, no suech switech
conirol is available for the other units. Thus, to sonneet the Koy=
board Controller to the 901 Veltage Bontrolled Osgillatore, it is nece
essary to pateh directly from a piteh jack to one of the Control Ine
puts on the 901,

The irigger jecks are essential for any opsrations involving the 911
IEnvelope Generators. liotefihe special plugs nesessary to gonneet %o
these units. Onece the tripger is comnected, the Keyboard Controlier
trigger voltage is operative.

5=2031
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Trunlk Idnes

Four sets of two jacks comnected %o tyunk lipes 1 thyough 4 are proe-
vided on the Syntheasizer consoles in the lower left corner of the 4e
Input Complementary-Output Mixers. Each set of two jackas is connected
together mas a multiple., If more than one source is to be fed into &
single line, a mixer should be used, (See sectiocn 5-2.3.) The Syn~
thesizexr %trunk line jacks provide direct connection to the corres-
ponding numbered trunk line jacks on the Pateh Panel,

5“2051



3. Individuval Units

501 ¥oltares Centrolled Oseillator
901A Csegillator Controller

9018 Oumelillator

The basie function of an oseillator is that of signal generation,
whether the signal is used as an audio tone itself or as a control
input to another unit. Out of the totsl frequency continuvum, only
sounds with a frequency betwsen approximately 16 and 16,000 ¢ps (cyeles
per second; also called Iiz.) are audible to the human ear. Freguenecies
below this value, however, may be used as control signals.

The Moog oscillators generate four different wave-forms - gine, saw-
tooth, pulse (square), and triangular == over a frequency range Lrom
o1 to 15,000 eps. A gine wave contains only one fundamental frequeney
with no harmonic partials, while sawtooth, pulse, and friangular waves
gontain, theoretically, an infinite series of partials., Their differ-
ences may be explained as follows:

A pawtooth wave contains an infinite series of harmonic partials,
but in a certain amplitude ratio, such that the higher the hare
monics, the lower the amplitude.

4 square wave ¢ontains an infinite series of odd-numbered hare
ronie partials in the same amplitude ratio as the sawtooth wave.,

A triangular wave contains an infinite series of only odd partials,
like the square wave, but the amplitude ratio is different, and
also the phase of every other odd partial is 180 dejrees.

The 201 Voltage Controlisd Oscillator contains a fixed control voliarse

rotary switch with twelve positions labelled =5 to +6, a frequency
range rotary switch with 6 positions labelled "ILO" followed by powers
of 2 fron 2 %0 32, a frequency vernier control, a width of pulse wave=
forn control, four yariable level outpul amplitude controls, three

gontrol input jacks, four fixed level output jacks, and four variable
level output jacks,

5=3:90%.1



Patching a connection from one of the output jacks to either the Six-
Input Twe-Output Mizer or ¢o the Amp Monitor will produce a steady fre-
quency of the waveform specified by the jaek. The gmplitude of the
fixed level outputs is ceonstant, while that of the vapriable level evtpuis
may be attenuated by the apopropriate ampliitude control,

The freguency of the oscillator is controlled by the combinstion of the

fixed gomtrol voltage, the frequemey range control, and the frequency
vernier. Adjacent steps on the frequency range conirol are an octave
apart, with a fairly high aceuracy, except that the "IOn position is con-
siderably loweyr than the other poritions. Adjacent steps on the fixed
control voltage switech are approximately an octave apart, but this eontrol
is less accurate than the frequency vange switch. The froguency verniex
provides econtiauous adjustment of the frequency over a range slightly
greater than an oetave. Note that the frequeneies of esaech of the output
waveforns are identigal,

Connecting a gontroller (e.ge., the 950 Keyboard Comtroller) to the oseile
lator by patehing from the piteh jack on the Piteh and Trigper Panel to a
gontrol input will cause the frequency of the oseillator £o be determined
by a combination of each of the above eongrols and the controller, which
can gover ounly five octaves., This "combination" ic called the GONTROL
ST, defined as: the slzebraic sum of gll the input gontrol yoltames, plug
¥hatever is set on the fixed gontrol voltage knob(s) on ithe face of the
nedule,

A word of caution: oscillators can produce accurnte musical
soales only when the control sus lies between O and +5 velts,
Beyoad this range the oscillators will either be out of tune

or will cease generating output signals, The keyboard eontrol
voltage output ranges from 0 to +5 volts. Thus, you can exceed
the gontrol sum range if the algebraic sum of the two fixed gone
Erol voltage knobs dees not equal approxinately sero.

The width of pulse wavefoym gontrol changes the waveforyrn of the pulse cute
put from a mquavre wave to an elternating long and short pulse, and is a
powerful way of changing the havmonic spectrum of the pulse output, It

is also especially useful when the ocseillator is used as timing econtrol
rather than as g sigral gonerator.

5-30901 el




A S019A Omeillator Contryoller with several 901D Ossillators to its right
gonstitute an oscillator bank, The 901A drives all $01B%s in the bank
simultancously. The S01A ¢ontains a fixed gontrel yoliage rotary switeh,

a fregquensy vernier, a width of pulss wavefoyrm control and three gontrel
input jacks. These eontrols perform@ exastly the same functions as thooe
on the 901, except in this e¢ase thoy affect all of the 901Bis,

The 201D Opeillator contains a frequency range control, a frequency vexw
nier, and four output jacks for the sine, sawtooth, pulse, and triangular
waveforms, Theee are all fixed levsl outputs,

.3, Tuning between 9013%s in the same bank will remain accurate
over a large frequency range sc long as the frequeney vernier is
set between 3 and 7.

5‘3 0%1 o 3
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CEMERAL DESCRIPTICN:

The 901 Voltage~Controlled Oscillator is a wide-range
generator of repetitive waveforms, the fraguency of whiech is
controlled by the sum of applied control voltages. The rela-
tionzhlp between the centrol voltage change and the frequency
change 1s accurately exponential over a wide range. The total
frequency span of the coscillator is 0.1 te 15,000 Herts (cyelss
per second} in six overlapping ranges. Four waveform outputs
are available: sawtooth, triangular, sime, and pulse. The
width of the pulse waveform is continucusly wariable, by means
of a front paneli potentiometer, from complete symmetry {aguare
wave} to 8:1 asymmetry. One fixed and one variable output aze
available for each waveform. -

The 901~A Oscillator Controller and the 901-B Cacillator
re. respectively, the controlling and the oscillating/wave-

shaping sections of the 901 Voltage-Controlled Oscillator. The
geparation of the functions of the 901 into two modular instru-
mente allews the assembly of a bank of oscillators, all of
which are controllable from one (or more) controllers. The
@01-A panel contains the control voltage input jacks and poten-
tiometers which vary the frequencies of all the controlled
ogeillators simultanecusly. The 901-B panel contains frequency
range controls and fixed level cutput jacks for each waveform.
One controller may contrel up to twelve oscillators. The ratios
betwean the frequencies of the oscillatoxs are set on the fre-
guency range controlz. All of the oscillator freguencies are
then controlled simultaneously by the application o¢f the contrel
voltages at the control inputs of the controllier. The cecillator
frequencies are controlled so that the ratios (intervals) be-
tween the fregquencies of the varicus oscillators remain constant
while the frequencies of all the oscillators are varied by the
control voltages. A bank of oscillators in which the intervals
bstween the frequencies remain constant as the frequencies them-
eelves are varied obviocuszly has great musical value.

BLECTRICAL SEECIFICATIONS: 901 VOLTAGE-CONTROLLED OSCILLATOR

Number of control inputs: 3

Impedance of control input: 100K + 1%

Relationship betwean control :
input voltage change and An incresse of one volt in tho
cutput fregquency change: sum of the control inputs

doubles the oscillstor freguency.




edance of the Ffiged level

Imp
outputs:

Lhevel of the fixed level outputs:
Impedance of the variable level
outputs:

Range of levels of the variable
lavel outputi:

Dependence of frequency of oscil-
iation upon the magnitude of
hﬁ control voltage sum:

Span of voltage control of the
frequency:

600 Ohms

0.5 wvolts RMS {~-4 db)

1580 Ohms meximum

0-0.5 wolts

A one volt increase in the sum
of the contrel voltages doubles
the frequency. This relation--
ship ie accurate to + 18 within
the control voltage span of 0
*o +5 volts, and is accurate
to + 5% within the contzol
voltage span of «4 to +6 volts,

Ten octaves., Freguencies at
three control voltage suma for
each of the six ranges are
shown in the chart below.

TYPICAL PREQUENCIES'OF OSCILLATION AT THREE VALUES .
OF THE CONTROL VOLTAGE SUM, FOR ALL SIX RANGES

gﬁinge
e T p] 3 s E ® o
+6V 80 104c [2016 1 353040550 14060 .
¢ 1.2 16 | 16 '3 1231 265 ;
-4V LO8 1.0 1.0 3.9 8.0 ié :

Wavaform:

Power supply reguirements:

Sawtooth, triangular, sine
and pulse waveforms aze avail-
¢ble simultaneously.

-6 volts and +1Z volts regulated
end ~L0 volts unregulated with
vespect to ground. Maximum
cirrent is 40 ma. '
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MECHANICAL SPECIFICATIONS: 901 VOLYAGE CONTROLLED OSCILLATOR
Panel size: 8-32/4" high =x 6=3/8" wide
Dapth behind panej: 6"

Panel componenta: 1 - l2-position "Pixed Control

Voltage” switeh which provides
one volt steps in the contzrsol -
voltage sum. .

1 - "Pixed Control Voltage”
potentioneter which provides
& twe-volt continuous contrel
voltage change.

1 - é~position "Frequency
Range” switch

1 -~ "Pulse width" potentiometex

4 - "Output Level” potentio-
meters, one for the variable
level output of each wavefozm.,

4 - "Variable Level Cutput”
jack, one for sach waveform.

3 - "Contral Input” jacks

Rear Congsector: Printed circuit board ({mates
with standard 22-pin connector)
Standard connectors are:

£1 +12 volts

§2 Ground

#3 -6 volts

9  sine output

#11 triangular output
#12 - pulse output

814 <10 volts

#16 sawtooth output

ELECTRICAL SPECIFICATIONS: $01-A OSCILLATOR CONTROLLER

Number of control inputs,
impedance of control
inputs, relationship
between control input
change and output fre-
quency change, and span
of voltage contrel of
the freguency: Same as for 301 Voltage Con-
trolled Oscillater above.
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Hauiiuaus number of S0IB ocspilla-
torsg thet cen be driven with

one 301A controllsy:
Power supply reguireaents:

991, 90I~A, °41-B

12

~-& volts and +12 volts regu~
lated. Maximum current iw
25 ma.

MIECHAWICAL SPECIFICATIONS: $01-A COSCILLATOR CONTROLLER

Panel size:
Depth behind panel:
Perel components:

Rear connactoxr:

BLECTRICAL SPECIFICATIHS:

Amplitude of each cutput:
Impedance of each outut:

Ouitput waveforns:

e

Span of voltage-cor.rol of
the fregquency: :

8-3/4" high x 2-1/8" wide
6“

1 - i2 position "Pixed Con-
trol Voltage” switch which
provides one volt steps in
the control voltage sum.

1 - "Figed Control Voltage"”
potaentiometer which provides

a two-volt continuous control
voliage change.

1 - "pPulse Width"” potenticometer
3 - Control Inpui jacks

Printed circuit board (mates
with standard 22-pin connector)

*..Standard connections are:

21 +12 volts
22 Ground

§2 -8 voltis
E

;g\\ﬁge corresponding numbers
47 0N 9ni-B connectors.

901~-B OSCILLATOR

0.5 wvolt RMS
&00 Ohm nominal

Sawtocth, triangular, sine
and pulse waveforms are avall-
able simultanecusiv.

Saie as that of t¢he 201 Veliage
Contyollied Oscillator. Ece
chart above.




902 Voltane Controlled Amplifier

The 902 performs a variety of amplification functions, corresponding

o Joudness or volumea,

On the face of the module is a gontrol mede switeh, a fixed sontwol
yoltage pot, two complementary ("positive”™ and Mnegative™) 2ig=
nal inputs, two gomplementary gignal cutputs, and three gontrel inputs.
The 902 inoreases the volume of the signal passing from the input jacks
te the output jacks as the eonirol sun increases. When the gontrol sum
equals 6 wolts the 902 signal output reaches o maximum and when the
gontrol sum equals O volts there iz no signal output,

In conjunction with other contrel voltage sourges, particularly the

911 Envelope Generator, the 902 VCA will perform other amplitude-vagy-
ing functioms, The 911 is connected to the VCA by patehing from the
foramer‘'s gontrol output Jjack to a gemtyol dnput on the latter. In this
case the fixed gontrol voltage should be set at §, so that the outputb
of the VCA will be detesrmined entirely by the control veltage from the
91%. The gontrol mede switeh detormines the shape of the attack and
degay times of the 911. (See Seection 5-3.911.)

The VCA may alseo be centrolled by an sssillator im erder o produce ass
plitude modulation.

A speeial kind of amplitude nodulation, referved to as Eing modulation,
may be predused by the VCA in eenjunetieon with a miwer in the Zolliow-
ing arrangoment: signal 1 must be patched into both the signal imput

on the 902 and ap input on the miwer. (This may nocesmitatoe the wse of
a multiple.) The output of the 902 is patehed inte another mixer input,
and signal 2 is patshed inte a eontroi input on the 902, The 902 must
be set %o the linear node, and the fixed gomtrol voltage should be about
halfway up. Thae twoe mixer inputs should bs dalanced carefully at a
fairiy low level, and the master gain of the mixer should be all the way
up. The mixer output is then the ing modulated signal, whieh gontains
beth the sum and difference froquensies of the imput signals,

5=3.902.%
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GENERAL DESCRIPTION

The Moog Model $02 Voltage-Controlled Amplifiew is a signal-
processing instrumeni whose applification {gain) is determined
by the magnitude of the spplied control voltages, Any amplitude
varying operation can be performed <n &n audio signal by applyiag
the appropriate control voltage contour %0 the control inputs
of the Model 902. These operations include louduess control,
gating, productiocn of percussive emnvelcpes, ampiitude modulation,
and balsnced modulation, The Model 902 is also well sunited for
use 2= the variabie gain element in ceriain types of voitags~
controlled filters. For instance, a combination of the Hodel
803-A Bandpess Filter Adaptor snd the Kodel 803 form a sinplie
voltage-controlied bandpass filter,

The ¥odel 903 is completely balanced and direct-coupled.
Two independent signsl ipputs and two independent signal oute
puts are provided. Both the signal inputs and the signal outle
puts are push-pull, That is, unblanced signals may be intsow-
duced into oy taken from either side of the balanced cirecult,
v ' or balonced signals may be processed directly. When the Modsl
§02 is used in an unbalanced system, the two independent inputs
ellow two signals to be mixed, while the two outputs provide
signals of opposite sign., Thesse feptures, plus the direci-
coupled femture which allows the Model 902 to procegs arbi-
trarily siow signals, sre extremely useful in modifying slowiy~
varying voltages as well as raspidly-varying sudible sigusis. o

ELECTRICAL SPECIFICATIONS

. Hominal impedance of each of the

b two pigoal inputss 10,0600 obms
Nominal impedance of each of the
 two signal outputs:. 600 ohms
i  Impedesnce of each of the three
F o, control impute:. S 100,000 ohas
% Maxisum voltage gain:: 8 db,. PP
E Range of woliags gain; Greater than 80 b,
& 9;’65 o -
:
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maghniiude ¢If the contrel e "exponentisnl” mwode gro-

voltages and the gain: auces axgain rsiio chaage
¢f 12% 1 db for a change
of 1 volt in the magnitude
of the sum of the control
voltages. The "lipeazr”
mods produces a lincar con-
trol voliage gain rela-
ticnship. The complete
gain range fyxrom O to 2 is
covered by varying the cone-
trol veltage sur from O to

+& volts,

cignal-Noise Ratic at Better than 70 db
" unity gain and 0.5 volits

input: ’

Maximum signal input Z volts RMS

voltage:

Total Harmonic Distortion 2.0%

£t unity gain and maximunm

signal input voltage:

Frequency respoinse: D.C., - 50 kc

Power supply rejulirements: ~-& volts and +12 volts with

regpect to ground. Maximum
current is 40 ma, B

- MECHANICAL SPECIFICATIONS

Panel gize: 8-3/4" high x 2~1/8" wide

Depth behind parel: 6"

Panel components: ' 1 - Control Mode switch
1 - "Fixed Control Voltage”
potentiome tex

2 - Bignal input jacks

2 - Signal output jacks

2 - Control input jacks

- (Phone jacks are standard.

Othey connectors are available.)

Esar conpector: Priunted Circuit Board,
{(Mates with standard 22—
pin connector,)

N
!
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REQUIRED ACCEISORIES

A. Power supply for supplyipng -6 volts and +12 volts,
Either a regulated A.C. supply (e.g. Moog Model 819)
or dry batteries is satisfactory.

B. Enclosure for mounting instruments with 8-3/4"
verticnl panels,

OPTICNAl, ACCESSDRIES

A. Oscillator for producing amplitude modulation
(e.g. Moog Model 810)

B, Envelope Control Voltage Generator for producing
percussive and sustained envelopes, Simple circuits
can be readily constructed, More elnborate instrumeante
{e,g. Mocg ¥odel 911) are avallable,

2]

Manual Control Device for producing somtrol voltage
contours (e.g. Moog Model 9255).

9/865 e 902 Specifications

Specifications subject to change
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904 Veltame Countrelled Filter

L filter is a basic kind of sigral processing device, whose operation

is %o resonate (increase the amplitude of) or to atienuate (decrease the
amplitude of) or to pase or reject in entirety some particular area o
arsas of the frequency continuum, A filex response gurve is a plot of
frequency against gain {the ratic between input and output amplitude),
showing the amount by which a filiter resonates or attenuates freguencies
in each region.

Generally the input o a filter is some kind of basic waveforn containing
many harmonic partials. In this case the filter will affect the timbre
of the sound, resonating certain partials and attenuating others. File
ters are also ussed &ith noise inputs to generate percussive effects.

A low pass filter cuis off high frequencies, thus pasging low frequenciea,
A high pass filter ie the inverse, cutting off low freguencies and passe
ing highs. The fyvequency at which the attenuation begins for beoth lew
and high pass filters is called the guteff fregquency.

A band passg filter rescnates enly one particular area of the frequency
continvun, which is ¢alled the geonter froguency., The bandwidih speeifies
how greet an area on each gide of the center frequency is rescnated, and
changing the bandwidth uwsually affects the damping (roughly, the shape)
of the resonanece curve. A band reject filter is the inverse of a band
vags fllier. It wejects one partisulay frequency arca and pesses fre-
quencies on either side of that area.

The Moog 904 filters provide extremely flexible control over all of these
filtering charagteristics, and are comprised by the 9044 VoliageControlled
low Pams Filter, the SO04B Voltage Controlled High Pass Filter, and the
SOMC Filter Coupler. These unite are referred to as filter sectious.

The 90kA Voltage Controlled Iow Pass Filter contains one gignal input,
one signal output, threoe gomtrol iaputs, a fixed ceutrol voltage eontrol,
a threeeposition £reguency range switch, and a regeneration control.

The frgguency fange switch iz enalogous to the sane control on the GO1

83.90%,1




os¢illators and selects a basic area of the frequency continuum whioch is
thon further detezrmined by the fixed control voltape control, The free
quoncy range switch moves the cgutoff freguency in two~octave steps (&
frequency factor of four), while the fixed centrol voltage pol provides
eontinuous "fine tuning" adjustuent. Theses two controis determine the
cuteff frequency, which is the voltage-controllable parameter, doubling
for cach one volt increase in the applied gontrol sum, (This relation-
ship holds over a 500:1 (9 octave) cutoff frequency range and is the
eane frequency/eontrol volitage relationship found in the 901 escillators.)
Above the sutoff frequency, the gain decreases at a rate approaching

24 db/octave.

The regenoration contrel is o unique feature of the 904A, This control
varies the amount of internal feedback, introducing a resonang peak in
the response of the filter at the cutoff frequency.

The QQQEPVoltaEe Controlled High Pass Filtexr pasaes only those frequencies
above the cutoff frequency. Its characteristics, functions, and medes

of operation directly correspond to those of the lowpasss filter, with

one exception: it has a0 regensration gontrol.

The 904C Filter Couplex does no actual filtering, but coanects the file
ters cither in series (zignal to be filtered first passes through one
filter and then the other) or in parallel (signal %o bs filtered passos
through both filters simultaneously, and the two cutputs are then mixed).
When the two filters are in series, only fraquencies below the lowpaass
cutoff and abeve the highpase cutoff are passed, the filters thus come
priging & bandgggs deviee. Comversely, when %he $wo are in paraliel,
all frequencies are passad, except for those above the lowpass cutefs
and below $he highpass cutoff, the filters thus somprising a bandre jeod
deviee., The coupler also accepts two eontro}uinputa. One ef thesme
(ealled the centoy frequancy control input) mmw be autoratically appiied
to both filters so that the low frequency and high frequensy ocutof? meve
together. The other contrel input (called the bandid.dth input) ias ape
plied directly to the control input of omne filter end, through & polay-
ityereversing sircuit, to the control input of the ether filter, Thig
produces changes in the bandwidzh withoui affecting the fiean, or senier,
fraquency of the passband,

5“3690!*a2




Because of ite wide range, accurate control, and fast response, the

904k Voltage Controlled Filter is widely used in electronic music come
position. In its bandpass mode, the 904 imparis a broad rosonant spece
trum te timbres of perdodic signals or a sense of piich to noneperiodic
signals. Transient (short-lived) control voltage variations are Lrans-
formed into tinmbres chavacterized by dynamic spectrum variations. Pere
dodie gontrol voltages produce aural effescts whieh generally eannct be
agheived by the more familiar frequency or amplitude modulations. Cone
trol voltages wreated by keyboards or lincar controllers, or other pros
granming devices, produce instanbtaneous, predictable formant changes over
wide ranges.

5'3@901"0 3




designers and manufacturers of electronic music instrumentation
#904 VOLTA ON LLED FILTER

GENERAL DESCRIPTION:

The 904 voltage-controlled filter is a lowpass-highpass filter
made up of three sections: a lowpass filter (904-A), a high-
pass filter (904-B), and a coupler (904-C) which connects the
two filters in either the "bandpass' or 'bandreject’ mode.
When the coupler is disconnected, the two filters may be used
independently.

The lowpass filter passes only those frequencies below the
cutoff frequency. Above the cutoff frequency, the gain (ratio
of output amplitude to input amplitude) decreases at a rate
approaching 24 db/octave. The cutoff frequency is the voltage-
controllable parameter, and doubles for each one volt increase
in the sum of the applied control voltages. This relationship
holds over a 500:1 (9 octate) cutoff frequency range (and is
the same frequency/control vocltage relationship found in the
901 oscillator). Panel features include a signal input. a
signal output, three control inputs, a fixed control voltage
potentiometer (-6 to +6 volt range), a three-position switch
which moves the cuteff frequency range in two-octave steps (a
frequency factor of four), and ¥ reqedergtion poientiemeter. This
latter contrnl wvariess the zmeount of internal feedback, intro-
ducing a rescnaat p=22k in the response of the filter at the
cutoif frequency.

The highpass filter passes only those frequencies above the
cutoff frequency. Its characteristics, functions, and modes

of operation directly correspond to those of the lowpass filter,
with one exception: it has no regeneration control.

The coupler itself does no# actual filtering, but connects the
filters either in series (signal to be filtered first passes
through one filter and then the other) or in parallel (signal

to be filtered passes through both filters simultaneously; the
two outputs are then mixed). When the two filters are in series,
only frequcncies below the lowpass cutoff and above the highpass
cutoff are passed. The filters in series thus comprise a band-
pass device. Conversely, when the two are in parallel, all
frequencies are passed, except for those frequencies above the
lowpass cutoff and below the highpass cutoff. The filters in
parallel thus comprise a bandreject device. The coupler also
agcepts two control inputs. One of thsese (called the center
frequency control input) is automatically appliedg

R. A. MOOG, Inc.,, TRUMANSBURG, NEW YORK, 14886 m AREA CODE 607 387-6101




Page 2 904 Voltacge-Controlled Filter

to both filters so that the low frequency and high frequency
cutoff move together. The other control input (called the
bandwidth input) is applied directly to the control input of
one filter and, through a polarity-reversing circuit, to the
control input of the other filter. This produces changes in
the bandwidth without affecting the mean, or center frecuency
of the passband.

Because of its wide range, accurate contrcl, and fast
response, the 904 Voltage-Controlled Filter is widely used in
electronic music composition and other audio signal processing
applications. In its bandpass mode, the 904 imparts a broacd
resonant spectrum tc timbres of periodic signals or a sense of
pitch to non-periodic signals. Transient (short-lived) control
voltage variations are transformed into timbres characterized
by dynamic spectrum variations. Periodic control voltages pro-
duce aural effects which generally cannot be achieved by the
more familiar frequency or amplitude modulations. Control volt-
ages crcated by keybcards or linear controllers, or other pro-
gramming devices, produce instantaneous, predictable formant
changes cver wide ranges.

ELECTRICAL SPECIFICATIONS - 904~A LOW PASS FILTER
904-~B HICGH PASS FILTER
NMominal signal input impedance: 10,000 Ohms
Nominal signal output impedance: 600 Ohms
Impedance of each of the three
control inputs: 100,000 Ohms
Maximum voltage gain: 0 db
Range of cutoff frequencies: 20 Hz - 30 Khz in two over-

lapping ranges

Range of voltage control of cut-
off frequency within a
given range:- 9 octaves (500:1)

Relationship between the cutoff
frequency and the magnitude
of the control voltages: A one volt increase in the sum
of the control voltages will
double the cutoff freguency.

Signal-noise ratio at maximum
cutoff frequency and 0.5
volts input- Better than 60 db

Maximum signal input voltage: 2.0 volts RIMS




Page 3 #904 Voltage-Controlled Filter

Power supply requirements: -6 volts and +12 volts with respect
to ground. Maximum current is 50 ma.

MECHANICAL SPECIFICATIONS

904-A LOW PASS FILTER
904-B HIGH PASS FILTER

Panel size: 8-3/4" high x 4-1/4" wide

Depth behind Panel: 6"

Panel components: 1 - "Fixed Control Voltage'" potentiometer;

I - 2-position "Range" switch; 1 - "Regeneration' potentiometer
(904-A only); 1 - Signal Input Jack: 1 - Signal Output Jack; 3-
Control Input Jacks; (Phone jacks are standard. Other-connec-
tors are available)

Rear Connector: Printed circuit board (mates with standard 22-pin
connector)

" ELECTRICAL SPECIFICATICNS

904-C FILTER COUPLER (Used with one 904-A lowpass filter, and
_ one 904-B highpass filter)

Nominal signal input impedance: 10,000 Ohms
Nominal signal output impedance: 600 Ohms

Impedance of each of the two
“center frequency' control inputs: 100,000 Ohms

Impedance of the 'bandwidth"
control input: 100,000 Ohms

Maximum voltage gain: 0 db

Pelationship between the center

frequency and the magnitude of

the center frequency control

voltage. A one volt increase in the sum
of the center frequency control
voltages will double the center
frequency of the pass or reject
band.
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Relationship between the band-"

width and the magnitude of

the bandwidth control volt-

ages: A one volt increase in the sum
of the bandwidth control volt-
ages will increase the band-
width of the pass or reject
band by one octave.

Signal-noise ratio with compo-
site filter "wide open®” and

0.5 volts input: Better than 60 cdb
Maximum signal input voltage: 2.0 volts RMS
Power supply requirements: -6 volts and +12 volts with

respect to ground. Maximum
current is 20 ma.

MECHANICAL SPECIFICATIONS: 904-C FILTER COUPLER
Panel size: 8-3/4" high x 4-1/4" wide
Depth behind panel: 6"
Panel components: 1 - 3-position "MODE" switch
1 - “Center Frequency” fixed
control voltage potentiometer
1 - "Bandwidth® fixed control

voltage potentiometer
1 - Signal Input jack
1 - Signal Output jack
1 - Bandwidth control input jack

2 - Center Frequency control
input jacks

Printed circuit board (mates
with standard 22-pin connector)

REQUIRED ACCESSORIES:

A. Power supply for supplying -6 volts and +12 volts.
Either a regulated A. C. supply (e.g. Moog Model 910)
or dry batteries are satisfactory.

B. Enclosure for mounting instruments with 8-3/4" vertical
panels.



Page 5 904 Voltage-Controlled Filter

OPTIONAL ACCESSORIES:

A. Oscillator for producing formant modulation (e.g. Moog
Model 901)

B. Envelope Control Voltage Generator for producing dynamic
formant variaticns. Simple circuits can be readily con-
structed. More elaborate instruments (e.g. Moog Mocel
911) are available.

C. Manual Control Device for producing control voltage con-
tours (e.g. Moog Model 955).




Using the 804 Voltage Controlled Filter

The €04-A voltage controlled low pass filter and the S04-B
voltage controlled high pass filter may either be used separately
or coupled to form a band pass or band reject filter.

To use the A and B independently be sure that the mode sw1tch
on the S804-C coupler is in the OFF position.

To couple the A and B together to form a band pass or band
reject filter, select the appropriate position on the COUPLING
MODE switch on the filter coupler. The signal to be filtered is
applied to the SIGNAL INPUT of the 904-C and taken from the
SIGNAL OUTPUT of the 204-C. Signal inputs and outputs of the 9Q4-A
and $04-B are not used.

Maximum effectiveness of the filter coupler will be achieved
with the controls of the low pass and high pass sections at the
following settings:

S044A FIXED CONTROL VOLTAGF +6
RANGE "4

904B FIXED CONTROL VOLTAGE -1
RANGE low

The REGENTRATION control on the S04A may be sei at any position,



905 Reverberation Unit

Reverberation, or echo, is a kind of signal nodification which iz pro-
duced mechanically when a sound bounces off the walls of a »oom or other
objeets and veturns %o mix with the orxiginal signal. Its only variable
characteristic is the reverberation time(which is actually not & variable
on the S05 Reverberation Tnit), which is the time it takes the sound %o
die out in a given envivonment,

The 905 provides mechanical-scoustic reverberation through a apring-type
nechanism. Its front panel contains a gignal imput and signal eutpub
jack, and a knob vhich determines the ratio of the reverberated s=ignel
which is mixed with the umreverberated signal., Reverbasration time is
1+7 Beconds,

5=3.905.1




GENERAL DESCRIPTION

e . . p—
SR AR
ot ofary

The Mocg ¥odel 810 Power Supply produces regulated -6 and
+3i2 volts for powering most of the Hoog "900Q series” imstruments.
Conservatively designed snd ruggedly hailt, this supply can
furaish power for all but the ma t elaborate and extensive

systems.

ELECTRICAL SPECIFICATIONS:

Cutput Voltages:

Output Current:

Load zeguiation:

Line regulatiom:

Input voltage:

Oatput ripple:
MECHANICAL SPECIFICATIOHNS:

Panel size:
Depth bekhind panel:
Panel Components:

- Rear Connectiors:

-8 and +12 *1% with respact to
ground

2 amperes maximum

0.5%

0.05%

105-130 volts 60 cycle 4,C.
1 millivolt maximum

8~3/4" high x 6-3/8" wide

7"

1 - 0£f2-0n Switch

1 - Pilot light

1 - Fuse holder

3 - Power outiet sockets

{Jones 8§-303)

3-Power cutlet gockets
{Jones S-303)

10/65 Specifications subject to change.
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991 Envelops Generater

Enyelope is a general name for the attack and decay characteristies of
a gound, youghly corresponding to what is usually referved %o as the
articulation qualities of musical instrunents, Strietly speaking, the
envelope includes all dynamic changes of a sound,; including any erescens
do, diminuendo, or more complex variations in amplitude, but usually tho
eomponents of an envelope are broken down into the yise or attack time,
inivial decay time, gteady state amplitude, and final decay time, and

any other changes in amplitude are specified separately (end controlled
by different devices). |

The attack iime of a sound is the time in vhich the sound grows from gie
lence to some peak amplitude. Attack ¢times on conventional musical ine
struments fend %o be very fast, measured in milliseconds, The initial
decay time of a sound is the time in which the amplitude falls from the
peak of the attack to the steady state amplitude, which ig the level at
which the sound is eustained for most of its duration. The initial de=
eay, if present, iz usuvally fast, like the attack, and is recognized

becanse ofien the attack amplitude overshootz the steady state value be-
fore the note levels off, The final deeay time is the time it tekes the

sound %o fall from itc steady atate amplitude to silence,

The ghaps of attacke and decays on conventional instruments tends to be
complex. Two simple mathematical relationships can be deseribed, nevore
theless: a linear rise or decay in anplitude isg eae which changes by
equal values over equal time segnents, corresponding to a gtraight iine
graphically; an exponentlial rise or decay changes by an equal ratio over
@#ean equal %ime sepgments, corresponding to an gzponsntial gurve graphi-
cally (and; ineidentally, to a lincar change in deeibels). An expenential
curve approaches sero asymptotisally, but theoretically never reaches 1%,

Conventional instruments are not capable of controlling envolope charac=
teristics very precisely. The rise times of wind instrumente tend to be
faster than those of stringed instruments. A plucked string has a fast
rise and an expeonential decay, with no initisl decay tines or steady state
enplitude, Furthermore, empirically speaking, the envelcpe of eaeh par-~
tial on notes with eomplex timbres is different, so that applying the

I  S=3e9199e%




i summation eaveleope to the same partials would produse a diffsrent
timbre. It is alse knoun that gonventional instrunents often produce
Iransients, which ingcliude partials (sometimes not harmonieally related)
which are present during the attack only.

Electronic instruments, by providing precise control over each of the
envelope variables, can produce all kinds of effeets impossible with
conventional instruments. At the same time, it must be recognized

that the main diffieulty in synthesizing the sounds of conventional ine
struments is due mainly to the necessity of specifying a ssparate on-
velope for each partial.

The Moog 911 Envelops Generator, upon receiving a irigger from a gon-
troller or ©12 Enva?oge Fellower oz 260 Sequential granmer, produces
& gontrol veltage snvelops. Ite froat panel includes a trigger imput

socket, a gontrol output jack, and four gontrols labelled T1 {attack
tins), T, (initial decay time), Ty (final decay time, and B (szstain-
level,

The trigger‘ggggg socket regeives the trigger from a2 gontroller via a
spscial patoh ecord from the trigger output jack on the Piteh mnd Trigger
Panel, The control voltage is available at the centrel cdtput Jock. Al-
though envelope is usually censidered & characteristic of amplitude, the
cortrol voltage output may alse be used ¢o eontrol piteh or timbre by
being patohed to the eontrel inpui of @ 901 Omeillator or a 90k Filter.

The pttack time, initial decay time, amd finsl decay time eontrols nay
be adjusted over the range of S millisegccnds o 10 ssgonds, The susiaine
ing level gontrol sets the amplitude to whieh the initial deeay returns,
and should be turmed up approximately half way e have effect. The final
decay time then begins as soon as the trigger gontrol iz releoased,
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GENEHAL DESCRIBTION+: - .-

The ﬂeég~ﬂcdé1:911.Eﬁ?elape Coantrol Voltage Generator is

& device for generating single voltage contours of the type
illustrated Belowi = i T ¢ ER T Al aR

.« e o ' i T U R s
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Waen .
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LA NLE 4

the triggering switéhs(extermal:to. the Godek 911) is

closed, the output voltage Bout ¥ises with a characteristic

time

begins to fall wi

ty. ~When E ut reaches 2 get level E it immediately .
k :

a characterigtic timem%§: and to

appreach and level off at Eg,;. The output®voltage remains

at, B
it 2
time
risge

8¥§:until~the iriggering switch is opened, at which time. -
ails

to zero with a characteriztic time tz. The veltage-
contour is thus-characterized by four variables: the
time (ty), the initial decay time (i), the gustain

Jevel (Bg,c), and the Zinal decay time (ta). ty, fa, T3, aad

8

ars ail continucusiy variabie over de ranges by means

o parpel controls.

The output veltage Egyt may be applied to the contyol

ioput of any voltasge-varimblie device, In particular, the

uge of the Model 911 in conjumction with a voltage-controlied
emplifier such as the Moog Model 802 enables the composer

to impart an extremely wide variety of amplitude envelopes

to steady signals., Similarly, voltage-controlled oscillators
and filters produce musically useful sounds when used in
conjunction with the Model 911,

16/885
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AP W= o o

Range ©f %3: 12 witidgn onds - 10 saco wuy
Range of tg: it miliigeconds ~ 10 g&a@ndﬁ
Range of ig: 1@ piiliseconds - 10 seccands.

(Voltage =t whick = 5.5 volts * 10%

tgﬁﬁegins;

Kominzl Output Impedence: 10,000 ohma,
Power Supply requivements: -8 velts and +12 volts with

respect to ground. Haxiaum
ceurront is 50 ailliamperes.

Method of triggering: Cloging of an external switch,
MECHANICAL SPECIFICATIONS ; _m. g
Panel Size: 8-3/4" high xz 8«1/8"wids
Depth bohisd parsel" ' 5" : _\ . s
Pansl cunponents ' 4«Potentiemetmr knnbi tOr tl,KA p
e tg, tg, and E
- 1-Output phone JERE |
. g l-Socket for extermal txisg;rina‘;
- switch (Jones 8—303) ot
- .Esar Connector: | {" Printed Circuit Board Cﬂatea e
- -t with standard 23-pin commsctor,) -

by .

BEQU!BED ACQESSOEIEB

‘A, TPower supply far gupplying -8 volts and +13 vblts.,
- Either a vegulated A.C. supply (e.z. Moog Hodbi 916)
or dry batteries 1s satimtacterv. ,

R Xy
- g M \ &d
. % .

B, ' Enclosurs for mounting instiumenta with 8-3/"4*

b I .

vertical panelao o A o “a

¢, Any voltage-variable davace, ‘sush ns the mw uodsi 901 ’

Voltage-Controlled Oscillator, Modsl 903 Voltage- .
Controlled Aagpiifier, or Hodel 904 valtage~Conerolled '

Filtor,

10/85 -2 - 811 Specifications
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914 Fized Filteyr Bank

The 914 Fixed Filter Bank is actually a series of 14 separate fixed-
freguency filters. Ite panel contains two signal imputs and two gige
nal outputs and fourteen fixed-fyvequency filter sections of the bandpess
type whoso knobs attenuate particular narrow bands identified by theiyw
center frequeneies, The cutoff frequencies for each geetion remain con=-
stant and thero are no control inputs. (See Seetion 5;§O4a)

5-3,914.1
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The lMoog 950 Beyboard Conbtreoller is the nost inportent countroller fox

the eynthesizer. It conbtairs a five-octave orgen keyboard with 64

keys, & zcale progoan selector switch, geals, range, and portanentoe

sontzols, ané a holdene hold sulteh,

The sgale propran selector swilch should always be Loft im the internsl
uweing the gxtqggal position vequires a 9503 Qcale Progranner.
The internal pesition insures that sontrol voltages produced by asdiacent

keys on the keyboard will be gguamlly spaced in vollage, wihich will proe

duce equal changes in pitshe

The gegale control sliows the size of tha interval belween adjacent keys
%o be variod., VWhen the control is approximately “5", Lhe interval is

a half-step. Turning the knob up or down will chango both the size of
the interval betweer edjacent keys and the piteh produced by a particular
ey, but this mmount cannot be vardsd by greater then 105, Further grode
ations vequire using the attenuator on a 907 Controller Counector, (See
section 5+2,1,)

Tke range conirel io simply a transposing device. It allows the plich

preduced by a particular key to be tuned up oy down without changing
the size of the interval betweer adjacent xays,

The hsold position on the holdene held switch iniroduces a Mmenozry" eire

cult which reteins the eontrol voltage corresponding to the last key de-
precged, The portamento conitrol im in effect cnly wien the Eﬂiﬁ pasition
ie used, amnd may b2 ueed to introduce a gZlissando beiwsen one key and
anothey. Tho portsmenio gircuit eontrols the bime lag betwsen the be-
ginning and end of the giissande. The %ime lag ie instantGansous when

the pertamento control iz at Zoro, ond may be set or varied up to zuveral
sogonds. The memory eircuwit is disconmested when the mo hold vesliion

ap noig ¢

is used, When 2o _seld is in effect, the control voltage ynrodaced by

5“’3(- 950‘- 4




the keyboard droos

In addition tc the
whiek ecan initiate

et Vs el J e rpaspen e b s A Yo hold 4
very low when (bvo xeys are released, o hold im =z
L

R

o

for special effects, and thizs suiteh should normalliy

eonvrol welvage, the keyboard also produces o trigper,

the oyela of any nunber of 911 Zavelope Genersiors.

The trigger io sustairned as long an any ey remains deprossed. (Seo

sectior 5»3,911,)
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