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How to use this manual

Synthesizer controls referenced in the manual often
are followed by a number in brackets, like this: the
VOLUME control [2]. The numbers refer to the call-
outs on the synthesizer front panel illustrations: the
CS-50 on the inside front cover, the CS-60 on the in-
side rear cover. Consult the INDEX on page 1 to find
other pages where the same control is discussed.

Those who are already experienced with synthesizers
may wish to review the control functions as outlined in
Section V. A more detailed and somewhat less techni-
cal explanation of these same controls is provided in
Sections 11 and 111.

When portions of the control panels are shown in
examples, all controls not shown in the example should
be set at the nominal positions indicated by the inside
cover photo (unless otherwise suggested by the
accompanying text).

Try the example settings shown, and experiment
as you read the text. Feel free to use your own music,
and adjust your playing style to suit the nature of the
patch you have selected.



CS-50

| 7%

2B

27 I8 239 20 3

B 10 11 12 L

il AC POWER swwch

12]  Msen VOLUSAE

134 ESELECTORS

i TRAMSPOSITION SELECTORS
5]  Cumrall BRIL LLANCE

Bl Owerall RESOMNANCE
Bl SuBR OSCHLLATOR

8l TOuCcH RESPONSE
1] SUSTAIM

o O5-060.

1941

1

FORTAMENTOIGL
LATOR

RING MODY

116

PNV ety

P o
Squane wavs O/
Sawioath wavs ON

Wit MOESE

Fulsze MWhodth hlodulas

Ll

SEANDOD

aiy SPEED

OFF

] HFF filtar cutodf

] F:."E;_’ o'

LPE Bilqar cuoft

| BES, O

L izl | ewed)

AL (Artschk Lewvell

A |Astech Tomal
D |Decy Tumal

F |Releme Tome)

3
311

Lk

"R |

3

136

WCF LEVEL

| D |Descry Toimed

& (Bosm Level)
R |Relemsn T

VLA LEVEL

—



CS-60

37 1% 16 17 18 19 20 21 22 23 24 35 2 IJ7 2 29

SI.I} I 32 33 32 I/ 36

[1] AC POWER switch [10] SUSTAIN [20] White NOISE [30] WCF LEVEL
[2] Main VOLUME [11] PORTAMENTGO/GLISSANDO [21] HPF filter cutoff [31] Sine Wave
[3] TONE SELECTORS [12] RING MODULATOR [22] RES,, "~ [32] A [Attaek Time)

[4] TRANSPOSITION SELECTORS [13] PITCH [tuning) [23] LPF filter cutaff (33] D (Decay Tima)
[5] Ouerall BRILLIANCE [14] Ribbon igiidel controller [24] RES, “Q" [34] S (Sustain Level)
[6] Owarall RESOMNANCE [15] Pulse Width Modulation SPEED [25] IL (Initml Leval) [35] B (Release Time)

171

sl
9]

Controls shown 01 noming! ;'(,';:Fr?_gs, See Front Covsr far G5-50

KEYEOARD CONTROL—
BRILLIANCE LOW & HIGH
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[17] PW duty cycle
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QUICK SETUP INSTRUCTIONS

. Physically assemble the legs (see instructions on
page 2] or set the synthesizer atop a sturdy surface,
allowing space for air to circulate through the top
and bottom cooling vent panels,

. Plug in the FOOT SWITCH (C5-60 only]) and FOOQT
PEDAL [CONTROLLER) at the rear panel; be sure
1o insart the plugs in the proper jacks.

. Using a guitar cord, connect the Rear-Panel Dutput
Jack to a professional, wide-range speaker fzrmplifier
unit, or to a guitar amp. (Hi-Fi music systems are
not recommended for this application.)

Alternately, connact a palr of stereo headphones Lo
the PHONE JACK below the right side af the key-
haard.

. Open the storage pane! below the synthesizar,
remove the power cord, and plug itin te a suitable
AC power outler,

. Set the rear-panel HIGH/LOW switch to LOW, turn
ON the synthesizer power, and set all controls at
nominal. 1T the valume s too low, even with the
VOLUME control all the way up and the FOOT
PEDAL flat {[maximum level), then switch HIGHS
LOW ta HIGH.

. 'y various preset patches by pressing down
different TONE SELECTOR burttons [3]. Adjust
BRILLIANCE [5] as yvou do this. See pages 26
and 31 for additional patches.
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IMPORTANT INFORMATION

. Always allow space below and above the synthesizer

for air to circulate through the vent panels. This is
essential for proper cooling of the cireuitry. If the
vents areg blocked, tuning instability and component
failure may occur.

. Always plug the FOOT SWITCH (C5-60 only) and

the FOOT PEDAL (CONTROLLER) into the proper
jacks. THE SYNTHESIZER WILL NOT WORK
AND MAY REQUIRE REPAIR.

. Avoid exposing the synthesizer to direct sunlight or

very high humidity environments.

. Glean the keys and plastic parts with Yamaha ey

Cleaner creme polish, or with @ moistened saft cloth,
Mewver use abrasives, cleansers, waxes or solvents,
which may dull the keys or chemically attack the
finish.

. Leave internal adjustments to gualified Yamaha

service personnel, If you open up the unit and reset
any trimmers, the unit may require a complete re-
voicing by Yamaha,

- The EXT IN jack is designed for audia. line-level

signals. Mewver connect it to an AC power line, or 1o
a speaker-level output. Also, do not connect the
synthesizer output to the EXT IN jsck, a5 this may
cause feadback and possible damage ta your
2OuIpment,

. While the synthesizer 15 eonstructed with an integral

case of sturdy plywood and metal-reinforead
corners, we recommend the use of an additional
travel case for cartage, preferably built to ATA300
specifications. (See page 50.)

INTRODUCTION

The C5-50 and C5-60 are easy to play. While they
are high-technology musical instruments, you don't
have to know about slectronics to understand how to
use them, We do recommend, however, that you read
this manual thoroughly, and periodically refer back 10
it as you learn your instrument, If yoi're in a hurry,
check the Quick Setup instructions on this page.

The Yamaha C5-50 and C5-60 are unigue poly-
phonic synthesizers which place the entire rezlm of
musical expression at your fingertips. The C5-50
enables you to pley 4 notes simultaneausly; the CS-60,
B8 notes simultaneously, Thess synthesizers are true
musical instruments. not merely “special effects™ tools.
The sounds are infinitely variable. and, because the key-
board is touch sensitive, you have increased dynamic
control ower your music.

The C5-50 and 60 will give you an incredible variety
of eleetronic sounds, but they go further than that,
Having a C5-50 or CS-60 is like having a symphony
orchestra 1o choose from. Largely due 1o touch sensi-
tivity (keyboard dynamics), Yamaha has overcome a
traditional challenge for synthesizers, namely, tha
difficulty in creating the sound of an acoustic instru-
ment. For example, it vou've ever tried to create a
“yiolin™ on the keyboard of most synthesizers, vou
probably fournd the result too “electronic. ™ While you
may have achieved a good basic vialin sound, when you
played it. there was something missing. . .but what?

Ask a great wiolinist to play the note “G*' 4 con-
secutive times (nol an open string). Request that he
make them absalutely identical in pitch, timbre,
volume and every other possible variable. You'll
discover that he cannot do it. . fortunately. Much of
the charm of a musical performance is that it 5 not
“exthook perfect,” and this is why your well-pro-
grammed synthesized wiolin did not sound “right™ to
you. However, your C3-60 (or CS3-50) is another story.

Touch response makes all the difference. You can
set up a "violin'® so that the way you prass a key
changes the vibrato, timbre, pitch, volume, brilliance
. ..the whole essence of the sound. With this kind of
expressive capability you too may not exaotly dupli-
cate 8 consecutive notes. Howewer, the sound you do
achiove will be much more realistic and musical than
has ever before been practical with an glectronic
musical instrument.

The C5-50 and CS-80 are amonyg the first of 2 whole
new generation of performer-oriented electrenic
musical Instruments, Including the simultanecus 2-vaice/
&-note C5-80.

Only Yamaha, the world’s leading manufacturer of
fine musical instruments and high-quality sound squip-
ment, could have built them.
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CS-50 LEG ASSEMBLY

{For C5-60 Leg Assembly Instructions, see pags 4.)
L.

Unlatch the top cover and apen it most of the way
so the half-round hinges can be disengaged. Lift off
the cover and set it asicde.

Loosen the two wing-screws which secure the
retaining flap for the four legs, hinge the flap open,
and withdraw the legs.

NOTE: Two legs are longer, and two are shorter.
THE SHORTER LEGS ARE THE BACK LEGS,

Loosen the wing-screw on each of the two flaps
which sscure the leg braces, and remove the braces.
Also, remove the thumbserew from its mounting
brackal 7 the top cover

NOTE: The two leg braces each have a rounded end
and a flattened end. One flattened end has a round
hole and one has a slot; THE SLOT IDENTIFIES THE
RIGHT-HAND BERACE.

. Tilt the synthesizer aver 5o it rests on i1 back edge,

and screw the four legs into their recessed mounting
plates (long legs on the front edge, short legs on the
back edge). DO NOT TIGHTEN THE FRONT LEGS
AT THIS TIME.

. Hald the |eft leg brace so the apening in its rounded

end can be slipped over the tip of the left frent leg
{just above the feat). After positioning the brace
arcund the leg, slide it up about three inches, as
illustrated, Then position the ather end of the brace
so that the hole is aligned with (he recessed socket on
the bottom, back edge of the synthesizer.

NOTE: If the leg brace hole cannot be positionad in
alignment with the mounting socket, it will be
necessary tc move the other end of the brace along
the leq. Till the brace outward o relieve the torgue
on the leg, slide the brace up or down 85 appropriate,
and again alugn the mounting holes.

When the left brace is aligned above the mounting
sockeat, insert the thumbserew through the hole in
the leg brace, and thread the screw into the sacket,
DO NOT TIGHTEN THE THUMBSCREW AT
THIS TIME.

. Attach the right leg brace to the tip of the right front

leqg, and adjust its position along the leg so you can
mave the fiat, slotted end of the brace benesth the
thumbscrew and the flat end of the left brace,

. Tighten the thumbscrew 1o secure the leg braces, and

then tighten the bwo front legs.




12,

13.

Flip up the latch on the power cord storage com-
partment (beneath the synthesizer), and remove the
power cord, Then close the compartment caver,
routing the cord through the notched eomer so the
cover does not pinch the cord.

. Lift the unit up and stend it on its legs. The knurled

rings above the feet may be sdjusted ta steady the
unit, if necessary.

Hemaove the Foot Controller (Expression Pedal) from
its carrying bag and place it below the synthesizer. To
keep the cable out of your way, route |t behind the
right |eqg brace. Plug the Pedal into the jack |abaled
“Foot Controiler.”

To keep the AC cord out of your way, route it
behind the left leg brace. (Separating the power cord
from audio cables is always a good idea since it avoids
hum.]

If you wish, remove the music stand from the cover
and insert it in the two mounting holes along the
wood-grained back panel of the synthesizer,

NOTE: When storing the synthesizer legs in the top
caver, be sure that the longer legs are placed in the
two mounting biock holes with the desper recesses,
Alsn, when storing the leg brace thumbscrew in its
bracket, tighten it no more than 1 turn after it
touches the casa.

12




CS-60 LEG ASSEMBLY

1. Unzip the accessory carrying bag, and remove the legs,
leg braces, Foot Switch Pedal, and Foot Controller
{Expression Pedal),

2. Tilt the synthesizer over so it rests on its back edaoe,
and screw the trapped thumbscrews on the left leg’s
maunting flange into the sockets on the CS-60's
bottom panel. Do the same with the right leg. Tighten
the screws encugh 1o hold the legs in place, but do
not tighten securely at this time.

NOTE: The left and right legs are mirror-images of
ane another. When attached to the C5-60, the knurled
leweling scraws should be near the back of the umirt,
and the thumbscrews on the mounting flanges should
face inweard, toward each other, as illustrated.

3. Insert the rapped, knurled screw on the one leg brace
into the socket on the bottom, back edge nearest to
the laft leg. and partially tighten the screw. Then
loosen the thumbscrew on the end of the laft leo tube
a fewr turns, and slide the slotted end of the leg brace
over the thumbscraw threads. Tighten the thumb-
screws o secure both ends of the leg brace, Follow
this same procedure to install the other leg brace onto
the right leg,

NOTE: The two leg braces are interchangeable.
4. Tighten the thumbscrews an the leg mounting flanges.

9. Flip up the latch on the power cord storage com-
partment {on the synthesizer battom panel ), and
remove the power cord. Then close the compartment
cowver, routing the cord through the notches corner so
the cover does not pinch the cord.

6. Lift the unit up and stand it en its legs. The knurled
leweling screws at the rear of the legs (where the
braces attach) may be adjusted to steady the
unit, if necessany.




7. Plage the Foot Switch and Foot Controller (Expres.
sipn Pedal) below the synthesizer. To keep the cables
out of your way, slip them into the clips on the front
of the legs. (As stated in “Connections,” be sure you
plug the two cables into the corract jacks; the
Expression Pedal’s three-circuit phone plug goes o
the FOOT CONTROLLER Jjack.)

8 To keep the AC cord out of your way, route it behind
the leg brages. (Separating the power cord from audio
cablet is alweys a good idea since it avoids hum.)

9. Unlatch the cover, open the cover and lift it off as
the half-round hinge: disengage. If you wish, remove
the music stand from the cover and insert itin the
two mounting sockets along the wood-grained back
panel of the synthesizer.




CONNECTIONS

NOTE: See Section VI for information on direct boxes,
balanced lines, e1c.

AC Power & Grounding

Plug the power cord inte 50 or 60Hz AC outlet,”

When using the synthesizer with a standard guitar
amplifier, it's a good idea ta plug the AC cables of both
the synthesizer and the guitar amplifier into the same
AC autlet box or the same AG plug strip. | vou use a
plug strip, use the grounded type. Do not defeat the
ground connection (third pin on the AC plug) on sither
the synthesizer or the guitar amplifier. By connecting the
AC cables of both units to the sarme AC outlet and then
connecting the synthesizer output to the guitar amp's
input with & shielded cable | "output connections™), you
insure that the chassis of both devices will be at the same
ground potential, avoiding any possible shock hazard.
{Not applicable for the model with the ZP-plug.)

Output Jack
The output is 2 low impedance, standard tip/slesve
phone jack. LOW fine level is nominal —20d8
(77.5 millivolts), and HIGH line level s 0dB
(0. 776V,

The output is unbalanced and will drive low-impedance

{600-chm) ar high impedance inputs, either balanced or
unbalanced; this includes mixers, guitar amps, tape
recorders, and many other audio devices. I you are not
sure about the sensitivity of your equipment, start with
the HIGH/ LOW switch at LOW te aveid excessive levels:
Use any high quality phone-to-phone plug patch cable
{guitar cord] to connect the synthesizer to a standard
guitar amplitier, a high impedance mixer such as
Yamaha's PM-170 or directly to an amplifier/speaksr

CS-60

"As is the case with any slectric orslvctronic instrument, the AC

pover recep tacls showld be checked for corract voltage and
Fokarity. For operahon with power mains that da not meet
these specifications, contact the Yamaha surhorired dealer,

systemn combination such as the Yamaha A4115H.% "

To minimize hum pickup in very long sound systern
cables, use an aceessory transfermer or line-level direct
box close to the synthesizer and then run a balanced fine
[Z-conductor shielded X LR miz cablz) to the mixer.

Foot Jacks

Plug the FOOT CONTROLLER (Expression Pedal)
into the FOOT CONTROLLER jack, The controller plug
i5 2 d-circuit phone plug (tip/ring/slesve). ON THE
CS5-60, the FOOT SWITCH and FOOT CONTROLLER
plugs should never be inserted in each other's jacks. (The
CS-50 has only a FOOT CONTROLLER jack.)

External Input Jack

The External Input jack (s for special Suby Ozcillarar
gffects. It allows for modulation of the filter, oscillator
or amplifier by line-level sources, such as oscillators,
iy thim boxes, sequencers, other electronic instruments,
gtc. The input is high impedance, so |t will not over|load
the external device. Sensitivity is adjustable with the
EXTERMAL LEVEL contral, but even at maximum
sensifivity the input will nat provide a discernable effect
with mic-level or guitar pickup level signals,

Accessory Devices

You can use a variety of accessory devices between
the synthesizer output and the sound system input:
reverbs, echo boxes, phase shifters, and so forth.
Remember that the synthesizer has built-in circuitry
to producs wah-wah, tremolo, and vibrato effects (see
SUB OSCILLATOR [B] ).

The Speaker/Amplifier System

The sound of the synthesizer will depend to a large
degree on the amplifier and speaker system: the wider
the response, the better. We recommend use of the self-
powered Yamaha Ad116H spealeer system, due 1o its

Yamaha A4119H Speakar/Amplifier

**Ser ohe INPUT LEVEL switch gn the PM-170 or the 447154
to the *OdBm ™ posinon [for nomina! GdE sensitiviny),

wide, flat frequency response, However, the synthesizer
may be used with almaost any wide-range professional
speaker/amplifier system (or tape recorder).

If you use several keyboards, you may alse wish to
use a keyboard mixer. Inany case, it's a good idea to
choose these items carefully, We recommend the
Yamaha PM-170, a six-input sterea output mixer with

¥amaha PM-170 mixer

VU meters and BASS and TREBLE equalization on
every input, This mixer can then feed any amplifier/
speaker system. Alternataly, use 3 self-powered mixer
sueh as the Yamaha EM-150. The keyhoard outputs,
including tha synthesizer output, can be fed to the mixer
input, and its cutputs can be connected directly to a

pair of speakers such as Yamaha 54115H"s.

Y amaha EM-150 self-powered mixer
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ALTISH contral panel

THE A4115H SELF-POWERED SPEAKER SYSTEM
The Yamaha A41156H is & two-way speaker system
with a built-in 100 watt power amp. 1t produces natural,

acourate sound and smogath, wide dispersion, [he
AATi5H can be driven directly from the synthesizer
output, or from the cutput of @ PM-170 or similar mixer.
In the studio, the sound can be w@ken direct from the
synthesizer, or excellent results can be obitained by
placing 8 microphone near the A41715H. On the stage,
the A4115H's high sensitivity and high power gutput
generate high volume levals free of audible distortion.

To use the Ad115H, set the synthesizer output HIGH/

o

ENTESLER

LOW switch at HIGH, set the A4115H's INPUT LEVEL
switch to the “0dBm™ position, and setits INPUT
VOLUME as required, The speaker's HF LEVEL control
sets the volume level of the high frequency horn in
relation to the low frequency woofer.

NOTE: If you wish to feed two or more A4115H" from
one symthesizer's output, "chain” the A4115H'
together; connect a phone-to-phane cable from the
unused input jack of the A4115H being fed by the
synthesizer to an input jack on the next A4115H, and
so forth.

(ol e

ot

e (3 " g S

a5

i

|
i

#
Sm
3
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Headphones

A stereo headphone jack is provided under the key-
board on the right side. Use any B-ohm or higher
impedance siereo phones. As a rule, however, synthe-
sizers sound best when monitored with speakers rather
than phones.

Getting Sound

When all connections are made, turn ON the synthe-
sizer and set all controls at nominal except 15 main
VOLUME rontrel [2], which you set minimum, Then
bring up the sound system volume 10 @ moderate setting
and adjust the synthesizer volume while playing a chord.
Romember, as with meast multiple-oseillator synthesizers,
the C5-50 and CS-60 require about from 10 1o 30
minutes to warm up for full stabiliny.



SECTION Il — DETAILED, NON-TECHNICAL

CONTROL DESCRIPTIONS (Except programming)

This section presents detailed information on all the
synthesizer's sliders, levers, switches and rotary contrals,
except the Panel and Memaory contrals, which are treated
separately in Section |V, We have included many dia-
grams to illustrate the effects of the controls, and to
stimulate your own imagination. 1T you would like more
information gbout synthesizers in general, refer to
Section V.

Within this manual, or any manual, it would be
impossible 1o completely deseribe the many sounds you
can achieve with your sy nthesizer. However, we feel
that if you understand the concept of the instrument,
and generally are familiar wath how it works you will be
able to use the CS-50 or C5-80 with creativity and skal|,

The C&5-50 and CS5-60 allow you 1o learn that your
playing style has as much to do with the “realism™ of a
sound as does the inherent sound ot the synthesizer. |
wou play a good recording of a clarinet note, but turn
on the speaker only during the middie of the note, it
mightsound like a purely electronic sound because the
way the tone and velume change during the note are
essential to defining the clarinet character. Musical
realism often depends on the musical context as well,
since other instruments can mask or bring out a given
sound,

With synmthesizers, the word “patch’” commaonly
descr|bes the control setup for amy given sound.
Historically, there used to be physical patch cords or
piegs that had to be connected for each new sound. . .
some synthesizers still use this system. Howeyver, the
C5-50 and C5-60 are third-generation instruments, and
many acvances in design allow all patching to be done
internally, and quickly, with no cords to handle. Still,
out of tradition and for lack of g better term, we refer
to each program (each sound) 22 a patch.

Explanatory Notes:

A, The synthesizer controls are color coded, Different
color knobs suggest different types of functians, as
follows:

GREEN = general filter characteristics
RED = filter resonance

WHITE = pitch

GRAY = volume

YELLOW = sustain

ELACK = ather functions

B. In this section, we have indicated control knob
colors in parentheses. (Button colors for the preset
patches da not strictly follow the coler coding scheme. )

C. All slider cantrals and levers on 1he synthesizer
move in a forward-to-backward diraction relative to the
player. Howewver, some controls are arranged 5o that
maximum effect occurs nearest the player {lever down),
and others give maximum effect away from the player
(lever up). Therefore, in the 1ext of this manual, settings
are sometimes suggested by the words “‘down’’ or “up”
which avoids confusion with “max" and “mimn."

D. Interspersed among the discussions of the basic
sound producing and sound modiftying functions, there
are a number of patch examples. These examples are
intended to assist you in quickly learning how each
cantral works, and to lllustrate what the control does
1o the sound. You are encouraged to try our examples
and tg also play with other settings. Unless otherwise
noted, set all controls at the "normal” or nominal
settings, as shown by the photographs inside the covers.
The C5-50 15 inside the front cover and the CS-60 inside
the rear cover,

Controls & Switches

[1] POWER SWITCH — The power should be ON
from 10 to 30 minutes before vou play the synthesizer.
While the unit iz 100% solid state, a “warm up®’ period
allows internal components to stabilize, 25 s common
with mast multiple-oscillator synthesizers. A red light
in the switch is illuminated when power is ON.

[Z] VOLUME CONTROL — This adjusts the volume
{outpuz level) for the entire synthesizer. There are also
ather controls on the unit which zffect the VOLUME,
If the sound is too quiet, check to be sure the
EXPRESSION pedal Iss2t for maximum level (parallel
1o the floor). MAlsg, check the rear-panal HIGH/LOW
switch; moving it from LOW to HIGH increasas the level
substantiafly (20dB). BRILLIANCE [5] can have a
marked effect on the valume of some presel patches.




TINE SELECTDR

[3] TONE SELECTORS — This set of 14 pushbutton
selector switches are interlacked so that pushing one
burton disengages the previous selection. Qn the CS-50
there are 13 preset patches and the PANEL button
selects the programmable panel tor whatever patch you
set up. The CS-60 has one lass preset patch, substituting
amemory-programmed patch selection for one preset
buttor:. The preset patches let you come very close to
playing the sounds indicated on the TONE SELECTOR
buttons. When there is mare than ane patch with the
same name, they sound similar, but not identical, (Two
sounds may not be selected simultansously. If more
than one button is pressed, only the button farthest

ta the right will have an effect.) For more infermation
sbout the pregrammable PANEL and the CS-60
MEMORY, see Section 111,

—— TRANSPOSITION ——

—— TRANGPORTHN ——,

[4] TRANSPOSITION — This set of 4 pushbutton
selector switches ara interlocked so that pushing one
button disengages the previous selection. When the
black NORMAL button is down, middle C an the key-
board produces a pitch carresponding to true middle
G. When 1 OCT UP is pressed down, the whale key-
board shifts up an pctave, 1 QCT DOWRN shifts the key-
board down an octave, and 2 OCT DOWN shifts it
down two octaves. Thus, instant transposition |s as
easy as pressing a button. (1f twe buttons are pressed
at the same time, only the button on the right will
have an effect. If no button is down, the synthesizer
will play as though the MORMAL button were down).
Fine tuning is accomplished with a separate PITCH
gontrol [13].

The score illustrates what you will hear at the
varipus TRANSPOSITION settings when tha C shaown
on the keyboard is depressed. Select BRASS 1 and 1
OCT DOWN. As yvou play, press 2 OCT DOWN,
MORMAL and then 1 OCT UP. Natice that you can
convert a twba into a trombone, 8.

[

CDEFGABCDEFGABCDEFGABCDEFGABCDEFGABC

“Normal” C5-60 Keyboard Range (Transposition at Mormal), Middle “C" equals &' pipe an organ.
(C5-50 does not include shaded ares of keyboard.)
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RESOMANCE ERILIIAMCE

[6] BRILLIANCE — (Green) BRILLIANCE allows
wou to increase or decrease the amount of harmanics
{overtones) for any sound, whether preset or patched,
Setting the lever down creates a brighter sound. Setting
the lever up produces a mutad, more mellow sound,
This level affects the entire keybaoard. The nominal
lever position for all patches is centered.

[6] RESONANCE — (Red) RESONANCE creates
special tonal effects, such as “twang” and “wah.” The
exact effect of RESONANCE depends on the
BRILLIANCE [5] setting.

Set RESOMNANCE for maximum {up) and wery
gradually mowe the BRILLIANCE lever toward you
with the other hand. Continue moving BRILLIANCE
all the way forward while playing a series of notes.
Hepeat this exercise using several different preset
patohes.

Now experiment with several controls. Play a
chord and set BRILLIANCE and RESONANCE. Try
different TRANSPQSITION settings, and readjust
RESONANCE and BRILLIANCE.

Colored area is all the
frequencies in the “"Raw™
pateh when lever at nominal.

L — Froausney High
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KEYBOARD CONTROL
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[7] KEYBOARD CONTROL BRILLIANCE—

LOW & HIGH — (CS-60 ONLY) — (Green) BRIL-
LIANCE LOW and BRILLIANCE HIGH allow you to
halance the brightness across the keyboard range. There
is no abrupt change where one lever's effect ends and
the other lever's effect begins, although a transitian
octurs somewhera near the middle of the keyboard. In
fact, the LOW and HIGH lewers operate on a smooth
curve [see illustration), BRILLIANCE LOW produces
maore affect gradually as notes further below the middie
of the keyboard are playved, and, conversely, BRIL-
LIAMCE HIGH produces mere effect gradually as notes
further above the middle of the keyboard are played.
Both levers add 1o the effect of the overall BRILLIANCE
laver [5].

Play Clavichord, string. Funky and Piano patches,
adjusting the KEYBEQOARD CONTROL BRILLIANCE
LOW lever. BE SURE TO PLAY A SCALE FROM
THE BOTTOM TO THE TOP OF THE KEYBOARD
AS YOU EXPERIMENT. Motice that this lever affects
enly the lowwer portion of the keyboard, with more

effect toward the lowest notes. Repeat the musical

example, this time adjusting the BRILLIANCE HIGH
lever. The typical acoustic instrument is less brilliant in
the lower registers and more brilliant in the higher
registers, 8s shown.

VRN

Wi

SLOW 0
FUNCTION SPEED vea
“———— SUB DSCILLATOR

S50

G560
(B8] SUB OSCILLATOR SECTION — This section

can te used to create effects such as vibrato, wah-wah,
tremolo snd others through modulation of the VGO,
VCF and VCA." The FUNCTION slider selects the
type of modulation (the wavaform) for variations in
effect, and the SPEED lever determines the modulation
rate. The VCO, VCF and VCA levers determing the
amount of modulation, and may be used indiwidually or
in combinatiens. For the CG5-50, with the lever down,
there is no effect, and with it up, the depth of the
effact is maximum. The CS-80 onperates so effect is
maximum with levers dewn. These cantrols may be
used to modify the sound of any of the patches,
whether preset or of yeur own selection, and their
effects apply egually across the entire keybaard range.

A FUNCTION (black) Use this switch to select:

A a sine wave | for smooth, up and down
modulatian).

a sawtooth wave with rapid beginning
and slow decay (for & dowmward sweep-
ing special effect sound).

P~

WO, VCF and VCA refer ta Voltags Controllad Oseillator,
Filterand Amplifier. These change the pitch, haroranre struc
ture and level, respecrively, as discussed furiher in Seciions
iand WX



Lr an mverted sawtooth wave with slow
beginning and rapid decay {foran up-
ward sweeping effect).

M @ square wave [for angular, alternating
sound, like a rumper trill or a rapidly
picked pair of mandalin strings).

MO ISE white noise {for breath or a raspy sound).

EXT whataver line-level (DdBm) signal is applied
to the external input ack will affect the
VO, VCF andfor VEA sliders (C, DX & E
below]; if nothing is connected to the
externgl input, this position may be used as
an ""off" mode for the whole sub oscillator
saction.

8. SPEED (white} affects the speed (rate} of the
sing, sawtooth and square waves, but has no effect
on noise or the external input. Set the laver up for
slowest speed and down for fastest speed.

———— LT —————
Aaciom i L] L] e

Epeed has no effect here

MHDJJBI
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C. VGO (white) varies the pitch of any notes you
play by modulating the Moltage Controlled
Oscillator with the FUNCT ION-selected wave-
form. At slower speeds, the sound is that of @
vibrato, Faster speeds produce a resonance that
resembles ring modulation,

- Sl S04 AT —
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== T J_ T T - VIBRATO
-
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D. VCF (green) modulates the Voltage Controlled
Filter, thersby varying the tonal character (ower
tones) of any notes that are played. At slower
speeds, the sound is that of an automatic wah-wah
{zspecially if RESONANCE [B] 1s used]. Faster
speeds yvield unusual effects, particularly when a
square or sawtooth wave is selected for the
FUNCTION.

- il B0 L

-|-T_I_ T =WaH WAH

For more “"wah” add Resonance [6] .

E. VCA |gray) applies the modulation to the Voltage
Controlled Amplifier, varying the volume af any
notes that are played, At slower speeds, the sound
is that of a tremolo. Faster speeds produce beating
or pulsing effects,

NOTE: Initially, the best way to hear the effect of the
Sub Oscillatar is to choase a slow SPEEDR, pull the VCO
fever down for maximuim modulation, and then salect
each FUNCTION waveform. Repeat the same procedure
for the WCF and WCA levers,

I LT
[l i ] W

—I— T T _l_ = TREMOLO
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SUB OSCILLATOR  BRILLIANCE  LEVEL
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C550

VCF  BRILLIAMCE LEVEL

TS50

[9] TOUCH RESPONSE SECTION — Thesa levers
modify the sound according to how you play the key-
board [dynamic controll. The two lefr-hand controls
are relatad 1o the Sub Oscillator Section [B], as indi-
cated. The BRILLIANCE and LEVEL levers are in-
dependent of the Sub Oscillator. All levers produce
their designated effect only when you press hard on the
keyboard; the amount of effect is determined by how
hard you press a key atter it hiis bottom, and by how
far the Touch Response lever is pulled down.

A.VCO (white) varies the pitch of the sound up and
down for adding vibrato 1o a given note or chord.™

v W amie o
T+TT T _|_‘|' T e
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*The rate and wavedarm of the offect wariztion is ser by the
Sub Oscilfazor (81, I its Function lever is sorat EXT. thare
will be e Toweh Response effect wnfess an external (npuT
surnal is connected o dhe spnitheszer:



12 B. VCF (green) varies the audible gvertones up and
down for adding brightness to a givan note er
chord (a wah-wah if RESONANCE (6] is down),”
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C. BRILLIANGE (green raises the audible amount
of overtones in 2 given note or chord in direct
proportion to how hard you press the keyhbosrd.

D. LEVEL [gray) increases the volume of a given
nate or chard in direct propartion to kow hard
you press the keyboard,

*The rate and wawelarm of the effeet varaticn fs 282 by the
Sub Ceclifaror (87, 111 Funct/on lever s setat EXT, there

wilf be no Tooch fesponse effect unfess an enrermal inpur
signal (5 connected to the sy nrhesizer.
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[10] SUSTAIN SECTION — Several controls affect
how long the note remains after yaou let go of a key. On
the C5-60, the sustain can be activated by hand or with

a foot switch; the C5-50 has hand actuation only.

A, SUSTAIN SLIDER (yvellow) Adjusts how long a
mole sustaing, from SHORT (no sustain to LONG

{about 10 secands). In the C5-50. raising this
shider is the way you turn ON the sustain; the
C5-60 works the same way, but also has foot
switch capability (see C & D below)

8. SUSTAIN I-ll (black] Two types of sustain are

available from the synthesizer, | and || With

SUSTAIN |, each note struck dies independently
of any others, and all have the same sustain time,

In SUSTAIN || mode, the last note or chord
piayed carries the sustain; if several keys are

released simultaneously, they will all garry the
sustain. The next chord ar note playvad ends the

Previous sustain.

F X

SESTAIN PORTAMENTD
CLISTANDD

I POATAMENTD

fLISEANDD

AN
GLIZSANDO

C5-60

C. FOOT SWITCH PEDAL (CS-60 ONLY)

Stepping on this FOOT SWITCH PEDAL turns
ON the sustain when the SUSTAIN FOOT
SWITCH PEDAL assigner is also ON. The amount
of sustain s set vith the SUSTAIN SLIDER, How-
ever, releasing the pedal will immediately end any
sustain, short or long. {This foot switch may also
be used to contral Portamento/Glissarndo effects;
see the following section, paragraph 11 C.)

. SUSTAIN FOOT SWITCH ASSIGNER (CS-60

QONLY) (black) When switched 1o ON, there s no
sustain unless the FOOT SWITCH PEDAL is also
held down. If you wish to activate the sustain
with youi hand, simply rock the switch back.
This bypasses the FOOT SWITCH PEDAL and
introduces that amount of sustain already s=t
with the SUSTAIM SLIDER,

| ] [
:;% | =
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Sustam | Moda
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CS-60 ONLY

NOTE: With the FOOT SWITCH PEDA L unplugged,
the ASSIGNER switch does not function, so sustain is
slways ON. |f you prefer not to use a FOOT SWITCH
PEDAL and you want taswitch sustain ON and QFF,
do it by moving the SUSTAIN SLIDER up and dawn,
or insert an unwired standard phone plug in the rear-

panel Toot switeh jock to activate the ASSIGNER
switch.
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Long sustain when foot
switch is down.
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[11] PORTAMENTO/GLISSANDO SECTION —
Several contrals affect the transition between successive
notes or chords. Portamento is a smooth, continuous
glide in pitch from the previously played note or chared
to the next. Glissando is alsa 2 change in pitch from
the previously played note or chard 10 the next, bt is
a stepped progression rather than a continuous glide. - .
like playing a chromatic 1/2 step scale from one nate or
chord to the next. On the CS60, the Portamento or
Glissando effect can be activated by hand or with a

foot switch; the C5-50 has hand actuation only.

A. PORTAMENTO/GLISSANDO SLIDER (white]
Adjusts how long it takes to move from oneg note
to the next when Portamente or Glissando is ON.
Set at SHORT (up) there is no audible affect; at
LONG {down) the maximum effect is obtained,
With the lever at maximum LONG effect, it takes
gbout 10 seconds for the pitch to changed from
the |owest to the highest note an the keyboard
{about 2 seconds per actave). In the CS-B0, raizing
this slider is the way you turn OM the P/G effect;
the C5-60 works the same way, but also has foot
switch capability [see C & D below).

B. P/G SELECTOR SWITCH (biack] With the switch
racked back, Portamento will be activated if the
appropriate P/G contrals are also ON. With the
switch rocked forward, Glissanda will be
activated instead,

C. FOOT SWITCH PEDAL (CS-60 ONLY)
Stepping on the FOOT SWITCH PEDAL tums
ON the P/G effect only when the P/G FOOT
SWITCH ASSIGNER is also ON. The amount of
effect is set with the P/G SLIDER. However,
releasing the pedal will immediarely end the
gradual wansition and cause the pitch 1o jump
to the note BEING played, (This FOOT SWITCH
PEDAL may also be used to control Sustain; see
the previous section, paragraph 10 C.)

. P/G FOOT SWITCH ASSIGNED (CS-60 OMLY)
(black) When switched to ON, the FOOT
SWITCH PEDAL controls the Portamento or
Glizsando effect, If you wish to activate the P/G
effect with your hand, turm off this switch; it
then bypasses the FOOT SWITCH PEDAL and
introduces the amount and type of effect you set
with the P/G S5LIDER and SELECTOR SWITCH.
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CS-60 NOTE: With the FOOT SWITCH PEDAL un-
plugged, the P/G ASSIGNER SWITCH does not func-
tion, sa P{G is always ON. If you prefer not to use a
FOOT SWITCH PEDAL and you want to switch P/G
OMN and OFF, do i1 by maoving the P/G SLIDER up
and down, or insert an unired standard phane plug in
the rear-panel foot switch jack 1o activate the
ASSIGMER switch.
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[12] RING MODULATOR SECTION — Ring moduia-
lion creates new Trequencies, both higher and lowsar in
pitch than the note played, but does not allow: the
actual note to be heard. This is accomplished by
“heating” a sub oscillater against whatever input signal
15 fed to the Ring Modulator, thus producing sum and
difference frequencies (the input frequency plus the
suly pecillator frequency and the input frequeney minus
the sub oscillator frequency ). The input signal is then
cancelled in the output, leaving only the sum and
difference aof the input and sub oscillatar frecuancies.
A knowledge of how the Ring Modulator works
is not necessary to understand how 11 sounds, When the
Ring Modulator's sub oscillztor is set to a slow SPEED,
the effect is pulsing that may resemble a tremolo. Howe-
ever, at faster speeds a strange gong-like ringing or o
miusical dissonance will be heard. The MODULATION
lamount of effect] 1s constant when a nate is played,
and so iz the SPEED unless the adjacemt ATTACK
TIME, DECAY TIME and DEPTH levers are activated;
these levers enable you o automatically speed up and
slowe clown the Ring Modulator's sub oscillator when-
aver you play a note, for a "swooping” ar “pinging"*
offent. '

A. MODULATION LEVER lgray) Adjusts the
depth of effect from no effect (up) to maximum
effect (down).

B. SPEED LEVER (white) Sets the modulation
speed or rate. Slowest speed is obtained with the
lever up, fastest with the lever down,

C. ATTACK & DECAY TIME LEWVERS (black)
ATTACK sats the maximum SPEED abtained as
the ring maodulator maves from the basic SPEED
seiting. DECAY sets the length of time it takes
for the rate to the set SPEED,

NOTE: So lang as you hald dowr ane or mare keys,
playing additional notes will not generate another Ring
Modulator attack. However, if you let go of all keys
first, then the Ring Modulfator will again attack and
decay on the next note or chord vou play.

D. DEPTH {grey) Sets the amount of automatic
spead change created by the ATTACK & DECAY
levers. {Depth does not refer to the amount of
Ring Modulation.) With this lever up (minimum
deptn), the ATTACK & DECAY TIME levers da
nothing.

—
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[13] PITCH CONTROL — (Black) This is a concentric
control. The outer ring is a coarse adjustment that
tunes the entire keyboard up or down in pitch. The full
range of adjustment is about 1 octave, and the ring is
detented in the center for normal tuning. The inner
knob is a fine pitch adjustment with a range of abaut
one semi-tone {shightly less on the C3-501. Nominal
position for both knobs is centered,

NOTE: To obtain the most precise tuning to other
INStruments:
a) Press the “FLUTE" Preset [3].
b) Turn off or set at minimum all Sub Oscillator,
Ring Modulator, and Touch Response efiects.

[14] RIBBON CONTROLLER (CS-80 ONLY) — This
is a welvet-covered strip that tunes the entire keyboard
up or down in pitch, It makes no difference where you
first touch the ribbon: yvou just move up or down from
that reference point, either by sliding a finger along
the ribbon, or by holding one finger in place and touch-
ing another finger elsewhere en the ribban. Use this
far expressive vibratgs, string-bending effects, chard
modulations, whistles or other unusual effects. When
the C5-60 is in SUSTAIN | mode, the ribbon only
changes the pitch while you are holding down a key. In
SUSTAIN Il mode, the ribbon will also change the
pitch during the sustain (after you let go of the keys).
Experiment 1o see what happens when you let go of
the key and then the ribbon, and vice-versa.

MOTE: The range of upward pitch slide s approximate
Iy 1 octave it you start at the left of the ribbon and
move to the far right. The range of downward pitch
slide is much greater; by starting on the right of the
ribbon and moving to the left, you can move the high-
ast note on the keyboard down to a sub-audio
frequency.



SECTION |1l — DESCRIPTION OF PROGRAMMABLE

PANEL, MEMORY, HOW TO PROGRAM &
SUGGESTED PATCHES

This section details the function of the synthasizer's
programmable PANEL [15-36] , and how to program
yair own patches, creating sounds literally ““from
scrateh. ” Alsa discussed is the C5-60 MEMORY panel
[37] —a miniaturized wersion of the larger program:
mable panel, used for storing one of your own pro-
grammed patches for instant recall at the touch of a
button.

Whart the Panel Contrels Do

The PANEL lets you select the waveform, harmonic
structure, changes in harmonics, and volume changes to
program an infinite variety of spunds. The same circuits
controlled by the PANEL are internally controlled to
obtain the preset patches; sach TOME SELECTOR
button simply recalls an internally-stored pattern of
PAMEL settings. Thus, with the PANEL, it is possible
to manually duplicate any of the presets, to vary them
slightly, or to depart drastically for totally unique
sainids,

NOTE: To haar what atfect the PANEL controls hiave
as you read this section, set all synthesizer controls at
their nominal positions (as indicated on the inside
cover photask, with one exception: SET THE
BRILLIANCE LEVER [5] AT minimum brighiness
{up), Mormally, BRILLIANCE is centered when pro-
gramming, but thigsetting is better for initial demon-
strations of filter effects.

[15-20 and 31] The VCO —

WAWVEFORMS: The VCO, or Voltage Controlled
Oscillatar section, creates the C35-80' four basic
saunds: SOUARE WAVE, SAWTOOTH WAVE,
WHITE NOISE, and SINE WAVE. Turn OM the square
wave n [18] and play a note. Tum OFF the square
wave and turn on the sawtooth wave ~ [19]. Tum

OFF the sawtooth, and bring up the NOISE shder [20].

Bring down the NOISE slider, and bring up the sine
wave * slider [31]. Observe the difference between
these spunds. (The sine wave slider, even though it is
part af the YV CO electronics, is located in the VCA
section because pure sine waves have no harmonics,
and would therefors not be changed by VCF
processing, |

[17] PULSE WIDTH — The squars wave [18] had 4
particuiar sound that might be described a5 “hallow.™
However, you can vary the sound of the square wave
with the adjacent PW slider [17]. This slider affects
only the sound of the sgquare wave, it has no eifect on
the sawroath, sing wave oF noise.

With the sguare wave ON, play @ nate and very
gradually push the PW slider up to 80%. This changes
the Pulse Width of the square wave, which changes the
harmonics for a more “nasal”™ sound. Now mowve the
PW slider down to 50% agsin as you continue playing a
note,

Try moving the PW slider back and forth (50% to
90%), doing it faster and faster as you play a note, and
ohserve the phasing-like sound. You can have the
synthesizer do the same thing for you automatically,
using the adjacent PWM [16] and SPEED [15] sliders.

[16] PWM [Green) & [15] SPEED (White) — PIWM
stands for Pulse Width Madulation. Set the PW slider at
76%, and move the PWM slider [16] up to maximum
maodulation (Z10). Naw play a note and you will hear
an effect that is identical to manually moving the PV

([ S

|

Square Wave

F\‘\,J\\M\N\\ Sawtooth Wave
W 50
W\/‘\\_/—\ Sine Wave

slider back and forth all the way, but very siowly.
Gradually push the SPEED slider [15] from SLOW
roward FAST, and notice what happens; pulse width
maodulation occurs faster and faster. Eventually, you
will reach a speed thart is much faster than you could
possibly achieve by moving the PW lever back and forth
with your hand. At the point when the SPEED of modu-
lation approaches audio frequencies (20 times per
second or faster), a secondary tone will be heard.

You need not use maximum effect. With SPEED
at @ SLOW setting, try moving the PWM slider toits
mid position, This effeet is like moving the PW slider
only pari way up, and then back down. You can also
vary the basic setting of the PW slider; try setting it a1
rmid position and then use different PWM and SPEED
settings. Together, the PW, PWM and SPEED sliders are
oneg of the keys to achieving realistic string sounds.

As you have heard, the VCO produces different
basic timbres (tones), but itis equally important for it
to produce pitch. Therefore, when you play varigus
nates on the keyboard, the VCO produces dif ferent
pitches. The TRANSPOSITION pushbutton also affect
the WCO pivch, just as they did the preset paiches.

M oinse

Moving up and down fully,

1)
e m o Erw

Moving up anid down part way.



[18] [19]

[31]

Ribbon—{CS-60 only)

[21-29] VCF — The Veltage Controlled Filter section
(VCF) lets some of the frequencies generated by the
VGO be heard and cuts gut others; hence the term
filter, The action of the filter modifies the fimbrae [tone)
by altering the harmuonic structure of the basic sounds.

All the sounds created by the WCO, except SINE
WAVE, are immadiately processed by the WCF saction.
Of the basic sounds available from the VCD, NOISE iz
the richest in harmonics. White noise appears to be a
combination of all audie frequencies—all harmonics
and fundamenials—occuring in a contnuous, random
pattern. Thus, noise makes an excellent sound with
which to demonstrate the effacts of the VCF,

[21] LPF — (Green) Bring up 1@ the NOISE slider
[20] to maximum (#10], and play any key. Gradually
move the LPF slider dovm (HIGH to LOW), The LPF
{Low Pass Filter) cuts the high frequencies and allows
lower frequeneies to be heard: honee the term low pass
filter. Notice how the sound becomes mare "dull™ as
you move the slider down,

[23] HPF — (Green] Return the LPF slider to HIGH,
thus allowing all noizse frequencies to get through the
VCF taction. Now gradually move the HPF slider up
from LOW to HIGH. The HPF (High Pass Filter) cuts

the low frequencies (fundameantal and lower harmaonics)
and allows higher frequencies to be heard: hence the
term high pass filter, Motice how the sound becomes
“thin® as you move the slider up. This useful filter,
standard with Yamaha CS-series synthesizers, [s seldom
inctuded in other synthesizers,

Togathar, the HPF and LPF sliders create a band-
pass filter; that is, only freguencies above the HPF cut-
off and below the LPF cutoff are heard.

This lets you “foocus”™ or emphasize a narrow
range of frequencies, perhaps only a few harmanics
without the fundamental, or a2 wide range of fre-
quencies, depending on how you set the HPF and LPF
slicers,

MNOTE: Think of the HPF and LPF sliders a5 a pair of
curtains that let you “see” the sound. Certain settings
of the sliders (the “curtains®) can “"narrow’’ the band-
pass “window'’ to nothing—no frequencies can pass
thraugh the filters. If you are adjusting these sliders
and the spund goes away, move HPF lower and/or LPF
higher to "open’ the bandpass so sound can coma
through. (See illustrations on next page.)

Bring down the NOISE slider, and turn on 3 saw-
tooth wave [19]. Starting with the HPF slider at LOW

and the LPF slider at HIGH, graduzally move the LPF
slider up and down. Then move the HPF slider up and
down. You are probably beginming to grasp how the
VCFs two filters, HRPF and LPF, affect the sound.

The HPF and LPF sliders each set gne of two
basic filter characteristics, the cutoff frequency. The
other basic filter characteristic is RESOMANCE. Rather
than explain resonance at this poimt, it is easier 1o
demonstrate the effect. (Furthar explanations of filver
characteristics are presented in Secrions |V and \ of
this manual.)

[22 & 24] RES — | Red) High Pass Filter RESonance
is set with the RESH slider [22], and Low Pass Filter
RESaonance is set with the RESL slider [24] . Move
both these sliders up to HIGH for maximum

resonance gffect, and then gradually move the HPF

and _PF sliders back and forth, one at a time, while
playing a series of notes. Observe the “twang™ or “wah"
provided by the resonance.

NOTE: There are additional sliders in the WCF section
[26-29] , but it will be easier to demonstrate their
purpose if we first explain what the WCA section does



Musical examples of filter setion, Shaded areas are NOT audible because they are blocked by the filters. Edge of shaded areas represent filter cutoff point.,
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[30-36] VCA — The VCA, or Voltage Contralled
Amplifier, sets the volume (loudness) of the sound.
The reason for using a \V/CA rather than a volume con-
trol, however, is that it automatically changes the
volume when you play 2 note. This s a naturzal char-
acteristic of any instrument, and is therefore important
to the realism or effect of the sounds you program.

Consider the sound of a harpsichord, for example.

When you play a note, the strings are plucked, so
sound starts at maximum |loudness (fast attack) and
then falls off {decays) fairly quickly. When you blow
into a trombone, the note slowly builds to maximum
loudness (slow attack) as the air passes through the
many feet of tubing; the sound remzins at maximum
loudness (high sustain level) as long as you have breath,
and then it dies somewhat more quickly than it began
a5 the vibrating eclumn of air collapses (fast release
time). These changes in loudness over @ period of time
are unigue for each different instrment and they are
known as the amplitude or volume envelope. The
VCA is used to create an amplitude envelope for what-
ever sound you have generated with the VCO and
madifiad with tha VCF.

[36] LEVEL — (Gray) Play a note, and move the VCA
LEVEL slider batween #10 (maximum) and #0
(minimum). Motice that this is exactly the same as
adjusting the synthesizer's main VOLUME control [2].

[32-35] VCA ENVELOPE GENERATOR — We
explained that the VCA is an amplifier that automati-
cally changes the volume: the Envalope Generator (EG)
is the circuit that controls the VCA's volume
famplitude) when you play the keyboard. {Ne sound
goes through the envelope generator itself.] The VCA's
envelope generator happens to have four independently
adjustable characteristics: attack time, decay time,
sustain level, and releasa time. These are set with the
Attack, Decay, Sustain and Release sliders [A-D-3-R).
[32] ATTACK — (Black) ATTACK TIME defines how
fast the WVCA tums on 1o @ maximum volume when you
first play a key.

[33] DECAY — (Black) DECAY TIME defines how
long it takes for the VICA to lower the volume as you
continue to hold down the key.

[34] SUSTAIN — (Black) SUSTAIN LEVEL defines
how loud the note remains while you continue holding
down the key.

[358] RELEASE — (Yellow) RELEASE TIME defines
how quickly the note dies out after you let go of the
key.
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More About VCA Envelopes

It may be casier for same players to understand
the envelope N musical terms rather than with graphs
or charts. The illustration o the right demonstrates
how differsnt settings of the VCA'S & D, S & R
levvers affect the sound. Play these examples and
listen to the effect of each lever. The examples are
not intended to sound Jike any particular Instruments.

NOTE: Upper line represents the notes playec.
Lower |ine represents what you hear.

Wihat f
Yau

pilay

Whiat
VoL
huar

¥ hait
WO
play

Wil bt

&= L =4
= =
r — , |
Y | e N
Y % ‘|| * L
- - o =
—
_{__._..—-— —_—
———1 3= —=

;18

—e
B = 2 = =
e
'Y T
Tar AL L]
o B a
==
~'=_-:___:__ﬁ_ e~
—i = ———
== = :
1 & =
a
o 3
a : — —
: - jl I w
% - - = 5 -
= =1
e el — =

21



22

[30] VCF LEVEL — [Gray) This shider determines how
much of the sound generated by the WCO then pro-
cassed by the VOF will be introduced 1o the VCA. 70
(down) shuts off all sound from the VCF, and 710

{up) feeds maximum VCF output to the WCA,

[31] SINE WAVE — (Grayv) This slider determines how
much of the pure, unfiltered sine wave generated by

the WCO will be intraduced to the VCA. In fact, this
slider may be used tooether with the VCF LEVEL
slider to mix pure sine wave with whatever sound is
coming from the VCFE.

[25-29] VCF ENVELOPE GENERATOR — Volume is
not the only thing that can change when you play &
note; the fone may also change. When you pluck 3
guitar string, for example, the sound starts out brilliant
and becomes maore mellow & the note dies out. To
duplicate this effect, it is often desirable to change
both the filter characreristics and the volume with
envelopes.

The VCF envelope is similar to the YCA envelope
{ADSRKI, but it affects the tone rather than the
wolume. Also, instead of ADSH sliders, the VCF
envelope has INITIAL LEVEL, ATTACK LEVEL,
ATTACK TIME, DECAY TIME and RELASE TIME
sliders {IL-AL-AD-R ).

In essence, the WCF envelope automatically moves
the HPF and LPF sliders each time you play a note,
thus changing the filter cutoff and the amount of
harmanics andfor fundamental frequency you hear.
The exact effect of this envelope depends entirely on
the actual settings of HPF and LPF, as well as RESH
and RESL.

NQOTE: Te hear what the VCF envelope controls do as
wou read the following descriptions, begin by setting
up the programming PANEL as illustrated to the right,

[25] INITIAL LEVEL — (Black) With IL set at 50
(down) there is no effect. Moving IL up to —5 and then
playing a note causes the sound to start out “‘mellow”
(more fundamental and less harmeonics] and to then
move into the sound you have set with HPF and LPF
sliders. 1 is as though you began by maving the

HPF and LPF sliders a bit lower and then moved

them up togethar as you play the note until thay

reach the "steady™ setiing.
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[26] ATTACK LEVEL — (Black) With AL set at #0
ldown) there is no effect. Moving AL up to +5 and then
playing a note causes the sound to get “thinner’” (less
fundamental and more harmaonices) and to then move
back 1o the sound you have set with the HPF and LPF
shiders, It s as though you moved the HPF and LPF
shiders up past the “steady”” setting and then brought
them down together.

[27] ATTACK TIME — (Black) The A slider adjusts
P i

i S T e L 078 98 i tor o
points being set by the IL andfor AL sliders). SHORT
{slider down) causes & rapid move that sounds like a
“blip,” whereas LONG (slider up) causes a gradual
change in tone.

[28] DECAY TIME — (Black) The D slider adjusts
hiow long it takes for the filter envelops to move from
the “thinnest” sound to the “steady™ sound set with
the HPF and LPF sliders.

Equivalent to AL

Decay time

Steady HFF LPF

After decay
(holding kay)

First hit key

[29] RELEASE TIME — {Yellow) The R slider
adjusts how long it takes for the filter to retum Lo
the IL setting after you let go of the key or keys, If
the IL slider is set at 70 (down), then R sets how leng
it takes For the filter to return to the “steady " setting

after you release the key. If IL and AL are both at #0, i<
then K has no effect. Filter almast closed . .
vary little sound Eaquivalent to IL Equivalent to AL Equivaient to 1L

By exparimenting with the VCF envelope, you
will find that many useful effects can be achieved,
including whistle and rushing wind, Brass sounds are
graatly enhanced by the use of IL and AL with moder- =
ate attack and decay times. To get a very sharp “blip"
for extremely percussive sounds, set AL up 1o +5 and
set attack and decay at the shortest time (down). You
will also find that the VCF envelope and WCA envelope
can be manipulated togsther to get still more variations Lstgn-ol ey

in affect, just befare decay
bagins
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A lot of spund



24 The musical examples provide an alternative 1o
the preceding charts for understanding the VCF

MOTE: In these illustraiions, hairpins represent
changes in filter response, not level. The VCA
gnyvelope settings are shown below the VCF

BETIEIHQS 10 save space.

envelope. (Switch on the VICD's sawtooth wave and
pull down the NOISE when playing the examples,)
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[37] MEMORY (CS-80 ONLY) — The memory is
beneath a hinged cover which bears a simplified block
dizgram of the C5-60' programming functions. (Block
diagrams of the entire synthesizer and simplified block
thagrams showing only the progmmmable paneals of bath
the CS-60 and C5-60 are discussed in Section V).

The Memaory s 2 miniaturized version of pro-
grammable panel, minus the detailed labeling. Once

yvou develop a patch you want 10 save, yau ¢an trans:
fer the settings to memory by visually liming up the
memory s sliders amJ switches as {.lDSEl‘,‘ as possible to
those on the Panel. “Fine wining™ the memory patch
against the panel-programmed ;Jchh can he accom-
plished by alternately pressing the MEMORY and
PANEL TONE SELECTOR pushbuttons [3].

25
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HOW TO USE PROGRAMMING
TO GET A SOUND

If you've read the previous section and experimented
with the PANEL controls, you probably understand
what they do, but how do you go abaut programming
aspadific sound you want to hear?

There are many approaches fo getting @ sound, and
the one we sigaest here is no better or worse than
athers; |f angther technique works for you, uss it.
Before you attempt o program a given sound, turn off
all effects not on the Programmable panel. . _that is,
begin with the nominal settings pictured in the cover
illustrations.

General Approach

First, think of asound. . get it in your mind. Once
wou “hear™ it in your head, vou can begin to snalyze
what basic musical elements make up that sound, and
therefore how to set up the same basics with the
sy thesizer.

Three basic elements make up any musical seund,
pitch, timbre and volume, These correspond to the
VCO, VCF and VCA sections. If you want 1o aet a
sound resembling an acoustic instrument, consider
Row that instrumant generates sound.

What is the basic pitch, the plaving range? Use the
TRAMNSPOSITION pushbuttans [4] to set the key-
board to an appropriate pitch range.

What is the basic waveform or tone? You =et this
with the VCO. |f the sound resembles woodwinds
(reed instruments), use the SOUARE WAVE [18] and
try different PULSE WIDTH [17] settings. For strings,
add PULSE WIDTH MODULATION [15 & 16] or use
SAWTOOTH [19] . SAWTOOTH is also usetul for
brassy solnds. NOISE [20] alone is good for wind,
thunder, sizzle, snd other special effects, It can be
mixed gparingly with other VCO sounds to add breath.
Use SINE WAVE [31] for colorless or “pure”™ sounds,

What is the timbre, the tone color? This is set with
the VCF. An “open’ sound with lots of harmonics,
like clarinet, suggests the HPF [21] i LOW and the
LPF [23] is HIGH. A sound with body but less
brilliance, like piano, suggests the HPF is still LOW,
but LPF is closed down partially. A very rich, but
muted sound, like 2 string bass, suggests the HPF is
still LOW, but LPF is closed dawn quite 3 ways
toward LOW.

Step-by-Step Examples of Programming

We have presented a handful of patches Tor vou to
try, along with very brief explanations of why the
controls are set as thoy are. Because everyone con-
ceives of and plays sounds differently, and because
normal component tolerances make it impossible 10

give “absolute” control settings, wou'll want to vary
e sertings to “'fine tune™ the sound to your taste.
Bezcome aware of what each control does to the patch,
amd ywou will soon find that you don’t nead ta write
down petches. . .you'll instinerively know how ta set
all the controls. Remember that the overall BRIL-
LIANCE control [5] and RESOMAMNCE contral (6]
may be used ta further change a patch once it has
been set.

NOTE: The patches shown for Strings, Harpsichord,
Flute, and ather sounds which alse appear as Preset
Patches are non-identical to the presets. There are

many different ways 1o “'get a sound,™ and the pro-
gramming examples shown here were chosen because
they fall in a logical progression with 2 minimum changs
of control settings. Orchestral instruments are used

only because they provide a goed frame of reference;
the CS-=serias synthesizer can be uged to make an infinite
varigty of unigue sounds once the basic prngiples are
undarstocd.

NOTE: All panel settings remain unchanged from one
patch to the next, unless otherwise noted. Those set-
tings which do change from the previous patch are
marked in color on the patch diagrams.



Clarimet

A square wave [18] with 50% pulse wicith [17] is
used because it simulates a single reed instrument by
generating odd-order harmonics (3rd, Gth, etc.). The
LPF slider [23] should be set so the sound is clariner
like: wide open would be too bright, and mid way up

eglumn in a true clarinet. Vibrato is provided by modu-
Jating the WCO with a sine wave in the Sub Oscillator
[8]. The VCOQ lever should first be fully engaged so
the maximum effect can be heard while the speed is
set. Afrer the desired vibrato spesd iz achieved, the

WCO modulation should be reduced for a more
reafistic effect lexcess vibrato often leads to a synthelic
sound). You may wish to engage the Touch Response
[9] BRILLIANCE lever, in which case it is probably

g good idea to lower the LPF slider slightly.

is about right. VCF envelope [25-29] is used because
WCA envelope glone [32-35] would sound too much
like 5 salliope or a keyboard instrument. Moderate
WCA envelope Attack [32] and Release [35] times
simulate the gradual build up and collapse of the air
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Trumpat

Change from square wave 1o sawrooth wave [19]
to include even-order harmonics for a richer sound.
The rest of the pateh s almasl identical to the clarinet,
except the WVCF envelope’s IL [25] and AL [26]
sliders are moved all the way up; this sterts the filter
cutoff at a lower frequency and moves it to a higher
fraquaney than before. The result is 3 wider change in
harmonic content which is more trumpet like. For
brass sounds that are “darker’” than this trumpet, use

slightly longer VCF and VCA attack (27 & 32] and
release times [29 & 35)], and lawer the LPF slider [23]
somewhat, For more of a coronat or "wah™ sound,
raise the RESL control [24] .
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Flute

28 The sawrooth is still an appropriate waveform, but
fewer harmonics are desired, so the LPF slider [23]
should be lowered. As harmonics are cut out by lower-
ing the LPF filter cutoff, the waveform actually begins
1o reserible a sing wave. |t s necessary o tum up the
overall Volume [2] because much of the sound is baing
filtered out, WCA envelope is used exciusively, so the
IL [25] and AL [26] sliders are lowered 31l the way to
“turn off"” the filter envelope (A, D & R then have no
effect, and may be left in position for other patches).
The major distinction between the trumpet and flute,

other than fiiter cutoff frequency, is the change in
Sub Oscillator medulation [8] ; VCO medulation
shiould be greatly reduced or turmed off aliogether,
and instead replaced by VCF modulation.

Another way to program a flute is to completely
igriore the VCO and VCF sections, lower the VCF

siider [30] and use sine wave [31] instead. VCA
envelope then defines the note exclusively. However,
no instrument is quite as perfect as the sine wave, and
this paich 1ends 1o sound artificial. The quasi-sine wave
generated with a heavily filtered sawtooth wave tends
to be mara realistic.
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This patch is almost identical to the flute paich,
with the addition of VOO modulation. Qverall tone
may be changed somewhat with the Brilliance lever
[5] - The Sub Oscillator with sine wave VCF modula-
tion, plus Touch Response WCO, give realistic vibrato
cnly on those notes where it is needed.
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NOTE: Consider the foregoing patches and what

different waveform or 1L-AL setting account for the

changes occurred in the sound as relatively few changes most dramatic changes.

were madle on the programming panel. Observe that a
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Ohoe

Turn off the sawtooth wave and switch to the (this creates a narrow bandpass).IL and AL [25 & 28] embouchure. Some low pass resonance [24] may be
square wave [18]. Use 90% pulse width [17] which are raised to introduce some filter envelope which added if desired. but AL (28] should then be lowered
eliminates specific harmeonics, 25 would be the case simulatas tonal changes that oceur due to changing o avoid a “wah™ sound.

with a double-reed instrument. The LPF slider [23]
is raised slightly to allow higher harmonics to be heard,

and HPF [21] is also raised to obtain a thinner sound L
by attenuating some of the fundamental frequency -L J_ T i H -l‘ -I_ l + l + =
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Multiple Strings

Tempararly turn off the Sub Oseillator VCF modu- thar ane instrumeant playing. The WCF and VCA atiack
lation [8] and Touch Response VCO so that the rate of times [27 & 32] and release times [20 & 35] are
pulse width modulation can be gasily heard, Reduce the lengthened to simulate the bowing of strings as

pulse width [17] to about 70%, and set pulse width opposed to the guicker initiation of sound in an oboe.
modulation [16] at maximum so that the speed [15] —
can be determined. Once the speed is set, reduce the =

amount of PIWNM to taste. Now vibrato can be re-
introduced by bringing up the sub oscillator VCO lever
[B] . The mixture of these two types of madulation,
PWM and sub oscillator VCO, give the affect of more
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Clavichard

Lower the PWW slider [18] all the way, and raige the
pulse width 1o 90% [17] . Remove all Sub Oscillator
18] maodulation, VCF and VCA envelope Attack times
[27 & 32] are both st at minimum for a plucked sound.
While either VCF or VCA attack could be used alane,
together they provide a more natural sound, situlating
the change in harmonics that occurs as a string is
plucked and then settles down (VCA envelope alonz
sounds more synthetich. Low Pass Resanance [24] may

be added, but the AL should then be lowered somewhat

toavoid a “wah™ sound.
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Bells & Gangs

Move the pulse width [17] back to 50%, and fully
engage the Ring Modulator [12] Speed and Modulation
controls. I desired, add Sub Oscillator [8] medulation
of the VCA. For bells, the TRANSPOSITION push-
buttons (4] should be setat 1 OCT up; NORMAL or
lower settings are useful for gong sounds (Brilliance
(5] should also be adjusted for gongs).
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USING THE PROGRAMMABLE PANEL TO
DUPLICATE THE PRESET PATCHES

As stated elsewhere in this manual, the preset
patches were all derived from settings of the program-
mable panel. Mormally, there would be no need 10
duplicate the presets by programming the panel. How-
ever setting up the panel to emulate the preseis ean
serve as a good point of departure for developing
your own patches,

The tollowing diagrams of programmable panet
settings correspond to the synthesizer’s 13 preset
patches (the C3-60 has a MEMORY button instead of
the FUNKY 3 preset, bul you can stil| program
FUNKY 3 on it): Some settings ara very critical, and
aslight change of adjustment can make 1he difference
betwesn a poor match or a perfect match with the
equivalant preset’s sound. The fine Tuning of cantrols
necessary 10 match the preset is very relevant to
making your own entirely unigue patches because you
experience how to subtly manipulate the controls for
specific effects.

A few patches are more difficult to fine-tune than
the gthers, due to a combination of 2 aritical pulse width
adjustment, HPF and LPF settings that vield a band-
pass filter, and VCF envelope. The “tricky ™ patches
are: Clavichard, Guitar 1 & 2, and Funky 1 & 300t is
probably a good idea o return o these after you have
worked through the other patches.

1. Tune the patches using the middle of the key-
board (Transposition set at NORMAL [4] ). This
allows you to hear the fullest spectrum of overtones
for more accurate adjustments,

2. If the setting involves adjustment of Pulse Width
[17], firet adjust that control for the closast sound
maich,

3. Adjust the filter settings [21-25] : LPE, HPF,
RESL and RESH. Press the keys lightly so that any
Touch Response effects do not commence, (NOTE:
if VCF envelope [25-29] is in use, also ses Step 4
below.}

4, If VCF envelope (1L and/or AL} s in use, hold
down 3 key until the filter settles to a steady, un-
changing cutoff. Then adjust the filier LPF [23]
and HPF [21] controls.

6, |f VCF AL [26] is used, adjust it to produce the
brightest sound obtained in that patch; then read-
just the LPF [23] and HPF [21] sliders a5 required.,

6. If the program and panel patches are the same,
then they should react identically to exaggerated
settings of the overall Brilliance [5] and Resonance
[6] controls. One at a time, set these two controls
all the way up, and all the way down, comparing the
presat and programmed patches, If differenzes n
spund are observed at extreme settings, adjust the
corresponding controls on the Panel to re-match the
preset and programmed sounds: RESH and/for
RESL at extreme Resonance settings; HPF and/or
LPF at extrerme Brilliance settings.

STRING 1

Sep additianal panel setups on following pages.
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SECTION IV — TECHANICAL CONTROL DESCRIPTIONS

Sections |l and |1 should provide adeqguate infor-
mation for you to understand all the synthesizer's
controls and functions. You need not read this section
o know how to play vour synthesizer. However,
Section IV does offer alternative and more comprehen-
sive explanatians for the benefit of experienced
synthesists.

Overall Picture

The C8-50 Is a four note polyphonic synthesizer;
the 0560 an eight-note. Thus you can play chords,
not merely a single note at a time. On the C5-60, there
are twelve factory preset patches, one programmable
panel and one miniature version of the panel that
serves as 3 memaory for any additional veice you wish
to store. The CS-50 has an extra preset instead of the
memaory panel. Thus, when you have programmed the
parel (and memory on the CS-80), you can select from
14 different sounds at the touch of 2 finger.

The Programmahle Panel

If you wish to hear what the PANMEL controls do as
you read abiout them, press the PANEL button on the
Tone Salector [3], turn up the VYolume [2], and be
sure the Foot Controller (expression pedal) is flat
(maximum volume).

HOTE: Before starting, it is advisable to set all other
controls at their nominal positions, as shown, because
many controls and functions are interrelated.
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VCO (Voltage Controlled Oscillatar)

[15] SPEED — Adjusts the rate of pulse width modu-
lation of the square wave, provided the PWM lever is
mowved away from s “0' position.

[16] PWM — Adjusts the depth of Pulse Width Mod-
lation (the deviation in square wave duty cycle). A
YD setting yields no modulation.

[17] PW —Sots the basic duty cycle of the square wave

from a symmetrical wave {30%) 1o a narrow pulse
190%).

[18] SQUARE WAVE — Turns ON the square wave
generating circuits when the switch is rocked forward.
[13] SAWTOOTH WAVE = Turns ON the sawtooth
wave generating circuits when the switch is rocked
forward.

[20] NOISE — Intreduces white noise into the VSO
output a3 the slider is moved up (F10is maximum
noise}.

50 20%

S5D%

50% g% 50 907 50%

0 ) £ O i O A i B 0 o g Y 0 o e Y B
Stow Pulse Width Medulation Fast Pulse Width Modulation
1 12 15
L0 5 W x
i 3
E:
3
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i [ o Qv Harmarmics|
80% Sguare Wave Pulse Width
G ' g " 13 15
te #
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1 3
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Sawtooth Wave
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ENOTE; The tundamental (T} is the note played, and
the smaller notation to the right suggest the harmonies
{owertones) of that note, all of which are simultaneously
genarated by the WCO.



36

[21] HPF = Sets the cutoff point of the High Pass
Filter (low cut filter). With the slider at LOW, the curt-
off frequency is lowest [filter wide opan), and at HIGH,
the cutoff frequency is highest (filter closed).

[22] RESy — Sets the Resonance (Q) at the cutoff
point of the High Pass Filter. The HIGH setting gives
maxXimum resonance.

[23] LPF — Sets the cutoff point of the LOW Pass
Filter (high cut filter), With the slider at LOW, the cut-
off frequency is lowest (filter closed), and at HIGH
the cutoff frequency is highest (filter wide open).

[24] RES| — Sets the Resonance (Q) at the cutaff
paint of the Low Pass Filter. The HIGH setting gives
Maximum resonance.

VCF Envelope Generator

NOTE: Yamaha's filter envel ope generator, with
“1L-AL-A-D-8,"" s unigue amang synthesizers.

[25] 1L — (Initial Lewel) Lowers the initial filter cutofi
points of the high pass and |ow pass filters, when a note
15 first played, relative to the “'steady’’ levels s=t with
the HPF and LPF sliders. Moving IL up toward “—5" is
like starting with HPF and LPF lower than their sus-
tained cutoff points and then moving them together ta
their sustained levels.

[268] AL — [Attack Lewvel) Raises the filter cutoff
points when a note is first played, The AL rise occurs
while you hold a note down, beginning from the
“steady ™ cutoffs set with the HPF and LPF sliders,
going o the maximum set with AL, and then returning
to the “steady’’ cutaffs.

1271 A — [Attack Time) Adjusts the time it takes for
the filters 1o move from the minimum L to the maxi-
mum AL cutoff frequencies when either or bath of
these sliders are moved up from "0 Artack Time has
no effect it 1L and AL are both at “D.”
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[28] D — (Decay Time) Adjusts the time it takes for
the filters to move from the maximum AL cutoff point
back to the sustained level. Decay Time has no etfect if
Al isat "0

129] R — (Release Timel Adjusts how long it takes for
the filters to return to the set 1L frequency cutoff
points after the key is released, With no IL and AL,
Release Time has no effect, |F IL s set at 0, but AL
is provided, the Belease Time setting may have an
effect, depending on how fast the attack and decay
times are and whether you relesse a key before the
filters have already settled jn to their sustained cutoffs.
(NOTE: In any event, you cannot hear the effect of
this Release Time slider unless the WVCA Helease Time
1351 is relatively long also, or unless a long Sustain is
provided by the Sustain section [10].

VERSUS FREQUENCY GRAFHS
lover a period of time)

Kuy Held Down

Flelapee of Key
L

Play a series af rapid stacecato notes and seweral

lang chords for each of thess patches.

NOTE: In the lowsr illustrations, the HPF slider

s wide open, 5o the lower filter cutaff (shown

by the HPF lings] cannot move any lower, Therefare,
only the upper cuteff (shown by the LPF lines|
moves, at the rate of motion being detarmined by
the rélease time,

From left to right the graphs are only a few samples
of filter characteristics at specilic timaes; relative to
ralease of the key. The filter changes actually

ocer gradugliy.
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WVECA (Veltage Controllad Amplifier)

[30] WCF LEVEL — Adjusts the amount of input to
the WCA provided by the WEOS square wave, sawtooth
wiave and/or noise generators and filtered by the VCF.

[31] SINE WAVE LEVEL — Adjusts the amount of
input to the VCA provided by the VCO's sine wave
gengrator. Since the sine wave does not go through the
WCF, it may be mixed in any proportion with the
WCF-processed signals as it enters the WICA.

132] A —[Artack Time) Adjusts how long it takes for
the level to increase to 2 maximum each time a note

is played,

[33] D — (Decay Timel Adjusts how long it takes for
the level to decrease from a maximum to 3 sTeacly
{sustained) level each time a note is played.

[34] S — (Sustain Level) Adjusts the fixed level of a
not that is steady (after attack and decay) sc longas a
key is held down.

[35] R — (Release Time) Adjusts how long it takes for
the level to die to silence after you release a key. The
eftectis like the sustain time provided by the controls
in [10].

[36] LEVEL — (VCA Lewel) Sets the highest level
attained by the VCA, thus affecting the sustain level
and the maximum attack level, |f VCF LEVEL [30)
and SINE WAVE LEVEL [31] are thought of as input
mixing controls, then this slider serves as the VCA's
master output control.

[37] MEMORY (CS-60 ONLY) — A miniaturized
version of the same controls found in the Program
mable Panel may be used ro patch sn additional sound
or to keep a favorite patch protected from accidental
lever movements. To hear the Mamory, press the
Memory Tone Selector [3]. You can transfer patches
from PAMEL to MEMORY by eye, and then “fine
tune'” the memaory by ear
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Cther Selectors & Sound Modifiers

[13] PITCH = Tunes the entire keyboard, The outer
ring is a coarse adjustrment, the inner ring a fine adjust-
ment, Center both controls for “narmal” pitch.

[12] RING MODULATOR — MODULATION is a
depth of effect control, SPEED set the modulation
rate. ATTACK TIME & DECAY TIME sarve as an
attack-release envelope for the ring modulation speed;
DEPTH sets the amount of envelops effect.

[8] SUB OSCILLATOR — FUNCTION selects 8 wave-
form: sine, sawtooth, inverted sawtaonth, square wave,
white noise, or an external input. LA line level signal
cannected to the Ext In Jack on the rear pangl will
madulate the Sub Oscillator in EXT mode.) SPEED

sats the frequency of the sine, sawtooth or square wave.
VGO, VCF and VCA are modulation depth contrals
that apply the selected signal to the control inputs of
their respective voltage controlled circuits (oscillator,
filter and/or amplifier).

[5] BRILLIANCE — Adds voltage to the VCF's high
pazs and low pass control inputs, thus shifting up tha
cutoff frequencies and brightening the sound as the
lever is pulled dowr, Maminal setting is centered, but
there is a considerable change in sound when you
adjust this for different patches.

[6] RESONANCE — Adds voltage to the VCF's
resonance cantral inputs, thus increasing the resonance
and adding twang as the lever is pulled down. The lever
Is up for s nominal setring, providing minimum
additional resonance.

[3] TOME SELECTOR — Push down any one of
these switches to select the voice you want, whether

a preset patwch, panel-programmed patch (or mamaory-
programmed patch an the CS5-80). The buttons have
automatic releases so anly one voice at a time can be
salected; if two or more TONE SELECTOR buttens
are pressed down simultaneously, only the one closest
to the right side of the instruement will be heard. (Pre-
set sound quality depends largely on the setting of the
BRILLIANCE lever [5].)

EXTERNMAL
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WED Rl WEF L | WTA rmint l:me
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QECILLATONS  FILTERE AMPLIFIERS
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LEVEL

Sub Oscillator Block Diagram

Moving Brilliance Up Iminimum] is like
movirng HPF & LPF Down (& viee-versa)
for presset or programmed patehes.

Moving Resonance Down [ maximum) s
like moving RESH & RES) Up for prasat
or programmed patches,
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[4] TRANSPOSITION — Push down these switches
to shift the fraquency range of the entire instrument 1
QCTAVE DOWN, 2 OCTAVES DOWN, or 1 OCTAVE
UP from the NORMAL pitch range. When the NOR-
MAL button is down, and the PITCH contrals [13] are
centered, middle Con the keyboard is true middle C.
The buttons have autematic releases so anly one pitch
range &t a time can be selected: if two or mare
TRANSPOEITION buttons are pressed down simultan-
eoushy, the instrument will play in the highest pitch
range selected.

(8] TOUCH RESPONSE — VCO and VCF do the
same thing as their counterparts in the Sub Oscillatar
section [8], using j15 set FUNCTION and basic SPEED.
However, these levers make the keyboard pressure
sensitive so the farther down wou pull a lever and the
harder you press a key after it hits bottom, and the
mare effect. BRILLIANCE does the same thing as the
main BRILLIANMCE lever [5], and LEWEL the same
thing as the WVOLUME contral [2], but again, they only
add effacts when one or maore keys is prassed down
harder after hitting hotiom,

[7] KEYBOARD CONTROL—BRILLIANCE
(C5-60 OMLY] — The LOW and HIGH levers separately
adjust the brilliance of the lower and upper sections of
the keyboard (by subtracting from or adding to the
voltage applied ta the HPF and LPF control inpufs in
the WCF). Instead ef & *split keyboard,” the levers
gradually add ar subtract increasing amourts of
brightrness as you approach the ends of the key board
{levers are centered at neminal position). Usa in con-
junetion with the oversll BRILLIANCE control [5]

to balance the timbre.

[2] WOLUME — This is the main volume control that
sats the level of the synthesizer output. Overall volume
is also atfected by the rear-panel HIGH/LOW switch
and the Foot Controller |Expression Pedal), as well as
by inherent differences batween varjous patches,

The BRILLIANCE controls |5, 7 8 8] also affect the
volume of many patches.
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[10] SUSTAIN SECTION — The SUSTAIN siider
adjusts the die-away of 2 note zftar you release a key
tmaximum of about 10 saconds). Mo suzrain (s added if
the SUSTAIN slider is moved all the way down (to
SHORT).

SUSTAIN 1-2 (1-11) selectd the type of sustain,

1 sustaing esch note individually and 2 ends the sustain
of previous nates each time a new note or ehord
played.

The CE-60has a SUSTAIM FOOT SWITCH
assignar wihich, when rocked forward (QN), enables
you to turn sustain ON & QFF with the Foot Switch;
rocked back, sustain s always ON 1o the degree set
wiith the slider. If the Foor Switch is not plugged in,
sustain is &lways ON regardless of the assigrer switch
setting. [The C5-50 has no Sustain Foot Switch, |

[11] PORTAMENTO/CLISSANDO SECTION —
The PORTAMENTO/GLISSANDG (P/G) slider adjusts
length ot time 1t takes 1o change piteh from the
praviousty played note or chord to the next, No effect
1s added if the FYG slider is moved all the way down
(1 SHORTL

PORTAMENTO/GLISSAMDO changes the way
the frequency moves between notes; PORTAMENTO
I5 a continuous slide, whereas GLISSANDO s a series
of discrete, half-<tep notes |lika a chromatic scale).
GLISSANDO stops when you (et go of a key unless
yvou have selectad SUSTAIN 2 made, in which case
the etfect continues until the nete dies away.

The €560 has a P/G FOOT SWITGH assigner
which, when rocked forward (OM}, enables you to
turm the affect QN & OFF with the Sustain Foot
Switch | rocked hack PAG is always ON. I the Foor
Switch is not plugged in, PYG is always OM regardless
of the assigner switch setting.

THE KEYBOARD — The keyboard is pressure
sensitive, the specific effects depending on the setting
al the TOUCH RESPONSE section [9] and the SUB
ASCILLATOR section [8] .

[1] POWER — Switches the AC power. A red light
in the switch s illuminated whan power is ON.

CS-50 SUSTAIN CONTROLS
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41



42

SECTION V — UNDERSTANDING SYNTHESISERS

This section first deals with several basic conceptual
questions about synthesizers, While we have distilled the
information as much as possible, some topics have
philosophical or complex origing that do not lend
themselves to simple explanations. The balance of the
section provides an overview of how the CS-series
synthesizers operate, much of which can also apply 1o
other synthesizers.

What is a Synthesizer?

A synthesizer is an audio processor that has a bujlt-
in sound generatar (osciliator), and that alters the
ervelope of the sound with voltage controlled circuitry.

Synthesizers can produce familiar sounds and serve
as musical instruments, or they czn crezte many unigue
sounds and effects of their own. The synthesizer
operates by creating each basic element of sound and
then providing you with separate controls for each
gleameant.

You don't have to use all the many controls on the
synthaesizer to create a complete sound. In fact, often
only a handful of the available controls need be used,
depending on the sound you wish to achieve:

What is the Difference Between Synthesizers &
Electric Organs?

An electric organ offers a wide variety of praset
sounds at the touch of a finger. Synthesizers usually
offer no presets, or very few of them, instead providing
an infinite vanety of adjustable sounds. The C5-50 and
C5-60 offer many presets and infinitely adjustable
souncs as well.

Organs utilize different means to generate sound
than do synthesizers. Because of this, most organs are
polyphanic, meaning that you can play many notes
simultaneously, whereas most conventional synthesizers
allow you to play only one note at 3 time. The G5
Synthesizers, however, incorporate additional eircuitry
that allows you 10 play severzal notes at a time (4 on the
£5-60 and 8 on the C3-60].

Why Use a Synthesizer?

Many of the sounds that can be created with a
synthesizer would be sither impossible or highly
impractical 10 create with acoustic instruments. Also,
the synthesizer can give you common acoustical sounds
with much greater convenience than would otherwise
be possible. For instance, you can adjust the controls
1o “stretch’’ 2 common instrument, like gradually
trapsforming a piccolo to a Bass flute, or even to a
20 lang flute, if there were such a thing, Similarly,
the synthesizer allows instant or gradual transitions
from the sound of one instrument to another.

What Are the Elements of a Synthesizer?

One saction, the VCO, establishes the pitch or
frequency of the note, as well as the basic tone
{timbre). Another section, the VCF, shapes the tone ar
emphasizes portions of it. Ancther section, the VCA,
affects the loudness of the notes. Either the WGF, the
VCA, or both may be used fo “turn on™ and “tumn
off™ the spund in a controlled pattern, forming the
notes as you play the keyboard. The control that forms
the notes is provided by Envelope Generators (EG),
one for the VCA and one for the Y CF. The synthesizer
also houses many other functions to modify the basic
sounds for a variety of effects,

Yamaha CS-series synthesizers, because they ara
polyphonic, are actually equipped with several YCO's,
VCF', WCA's and EG’s: 8 sets on the C5-60 for creating
each of the 8 nates that can be played simultancously,
and 4 seis on the C5-50 for creating each of the 4 naotes
that can be played simultanegusly.

Why Are Voltage Controlled Circuits Used in
Synthesizers & How Do They Work?

You can set up voltage controlled circuits ta make
changes sutomatically. Suppose you have 2 sub
gscillator that produces @ continuously changing
voltage (AC), such as the slow sine wave fram the
synthesizer’s Sub Oseillator. If you apply that voltage
to the control input of a Yoltage Controlled Amplifier,
the sound passing throuah that amplifier will go up
and down in level —creating a tremola effect. (This is
exactly what happens when you move down the VCA
lever jn the Sub Oscillator section.] At this point you
are listening to one sound source that is being
medulated or controlled by something else, a sine
wave, |f you increase the SPEED of the Sub Oscillator,
the rapid changes in control voltage will make the
sound level change so fast that beating occurs,
producing secondary tones,

You can also adjust a voltage controlled circuit
manally, IF you wish, just like any conventionally
cantrolled circuit. For example, you might achieve
the same slow-speed tremolo effect by continuousty
maving a Volume control up and down, if you had the
fingers free to do it. However, you could not possibly
miove that volume control Tast enough or smoothly
anough by hand to produce secondary tones. Thus,
voltage controlled circuits enable you to do things that
could not be readily accomplished with purgly manu-
ally controlled circuits,

Amplifiers (VCA's) are not the only voltage con-
trolled circuits in a synthesizer; filters and oscillators
may also be voltage contralled: In all instances, the
amount of change in the sound is proportional 1o the
voltage gpplied to the control circuit. The same sine-
wave voltage from the Sub Oscillator that created
tremolo in the VCA when applied to the control input
of a VCF would create wah-wah, or when applied 1o a
VEO would create vibrato,

it iz not at all important for 8 player to understand
about voltages and control circuits 1o program and
play the synthesizer. When you set the controls and
levers so the sound is “right,” you are prabably
adjusting control voltages.



HOW THE SYNTHESIZER WORKS

The synthesizer consists of sound producing and
sound modifying circuits, all related by a number of
signa! paths and control aircuits. Qseillators and MNoise
Generators produce the raw ingredients for sounds.
Wave Shape Converters, Filters, Amplifiers, a Ring
Modulatar, and Sub Oscillatars further modify the
sauned (the audio signalsl. These circuits, plus the
distinction between audio and contral funations, are
detailed balow. While voltages are discussed, itis not
really necessary o understand how voltages wark,
when you move the controls and knobs, you are
adjusting voltages inside the synthesizer.

Audio Signels & Control Voltages

Electric currents that flow through synthesizers
can be thought of in two categories: audio signals and
control volteges. The audio signals constitute the actual
sound as 1t is generated, madified, and ultimately fed 1o
the output. The control voltagas themselvas are never
heard, but are instead used to adjust the circuits which
process the audio,

Audio signals are alternating currents [AC) with
frequencies in the audible range which, as you
probably know, covers about 10 octaves from 20
cycles per second (Hzl to 20,000 cycles per second
(Hz). Audio signal voltages vary at ditferent points
in the synthesizer, but they average about 0.775 volts
at the output when the rear panel HIGH/LOW switch
is al HIGH position (0dBm into 600 ohms).

Control voltages are usually 10 volts or legs, and
may be DG (direct current) or AC (alternating current).
AC control voltages vary in frequency from very low,
sub-audio frequencies [1/2Hz] up to the audio fre-
guency range (as high as 500H:z or mare). The effect
produced by a voltage controlled circuit will vary in
propartion 1o the control veltage applied. Forexample,
a VGA [valtage controlled amplifier] will cause the
audio signal to be higher in volume when the control
voltage is higher in level. 1T a steady DC control
voltage is applied to the VCA, the volume of sound
coming out of the VCA will increase by a proportion-
gte amaunt and will remain at that level. If an AC
comirol voltage is applied to the same VCA, then the
volume will vary up and down, corresponding to the
variations of the AC voltage; this is AM, or
amplitude modulation.

When a DC voltage s applied to 2 VOO {voltage
controlled oscillator), the oscillator increases its
frequency. When an AC control voltage is applied o a
VCO, the frequency varies up and down, producing an
effect known as vibrato or FM {frequency modulation .
Similarly, when AG or DC voltages are applied 10
VCF's (voltage controlled filters] the filter charatteris-

tics changa; the cutoff points move up or down.

Refer to the programming block diagram an
which reprasents the programmable panel’s fune-
tions. This is the same diagram appaaring on the
synthesizer front panel, and is aften helptul as a
reminder of how the panel functions are related 1o
one anather, A key to the block diagram symbols is
shown below the diagram. Audio signal paths rum from
laft to right, as shown by the horizontal lines that join
the blocks (colored lings). All vertical lines that point
to the blocks represent control voltage paths. The
block diagram is divided into three sections which
correspond to the VCO, VCF and VCA sections of
the panel.

A more complete block diagram of the full
synthesizer s shown on the following page. Like the
programming block diagram, audio signal Tlows from
left to right. However, unlike the programming block
diagram, vertical and horizontal lines do net distinguish
control and audia signais; audio signals are still shown
by the colored lines and control signals are shown by
the black lines.

Oscillators

An oscillator is a circuit that produces AC voltage,
generating voltages which go up and down in level
according to some regular, defined pattern {(wavetorm|
and at some defined rate (frequency). There are many
types aof oscillators, some for very low frequencies and
others for audio frequencies. Oseiltatars that operate
in the audio frequency range are generally used ag
sources of sound.

The VCO is a veltage controlled oscillator. The
C5-60 has sight main VCO%, ona VCO for each of
B notes (the C5-50 has four main VCQ's). Any main
YCO is capable of producing all the notes, but only one
note at a time. When yvou play the keyboard, special
digital circuitry assigns different control voltages to
the awailable YCO'% so that the desired notes are
produced,

Wave Shape Converters

The synthesizer’s main VGO produce sawtooth
wawves. Thesa waves may be used, unalterad, as the
sourich sournce, but they can also be processed by the
wave shape converter [WSC) to form square waves or
sine waves, as desired. The WSC's are considerad 1o be
part of the WVCO's.

MNoise Generator

A noise generator is like an oscillator that is con-
stantly and rapidly changing its fregquency and its
waveform so that the cutput appears to be 2 random

mixture of all sounds simultanegusly. White noise (s
a type of noise that has equal level, on the average,
across the full sudio spectrum. The noise generaior
is not voltage controlled, but is included in the VGO
section of the programmable panels because it intro-
duces noise ar the same point in the circuit as the
VGO just befare the filters.

Filters

A filter is 3 circuit that allows some frequencies
1o pass through it, but eliminates other frequencies. In
the CS-80 and CS-60, there ara two types of audio
filters, high pass (HPF) and low pass (LPF). (Many
synthesizers have only @ low pass filter, )

A low pass filter blocks all audio signals above its
cutoff frequency (cutoff point). When the LPF cutoff
point ¢ et at a high frequency, It iz said to ke “wide
apen’” because the fundamental note and all its
harmonics (overtonss) are below the cutaff point and
will pags through the filter. As the LPF cutotf paint
i lowered, more and more of the harmonics and then
the fundamental are eliminated, and the flter is said
to be '‘closed down.”

A high pass filter blocks all audio signals belowy its
cutoff frequency. When the HPF cutoff point is set at
a low frequency, itis said to be “wide open” because
the fundamental note and all its harmonics are abave
the cutoff point and will pazs through the filter. As
the HPF cutoff paint is raised, the fundamental is
blocked, then the lower harmonics, and eventually all
harmonics, so the filter is said to be “closed down."
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A VGF is 3 voltage controlled filter, |t can be an
HPF or and LPF. |n fact, the C5-50 and CS-60 VCF "
actually eonsist of two filter sections each, an HPF and
an LPF, as described above, Thus, the ©3-50 has
4 VCF's (8 filter sectinps), ene for each of its 4 main
WCO', and the CS5-60 has 8 VCF's [16 filter sections).
one for each of (15 8 main VCO's. The cutoffs can be
changed automatically by the filter envelope
(IL-AL-A-D-R) or manually by moving a filter slider
(HPF or LPF).

When you play anote on the keyboard, the sound
generated oy a WCO goss through the HPF section of
the VCF, then through the LPF s=ction of the VCF.
The WCF cutoff freguencies "track’ the note played,
moving up in frequency as you move up the keyboard,
sa that the tonal spectrum of the notes remains
vonsistent. Recall that the LPF is wide opan when its
cutoff point is high, yet the HPF is wide open when its
cutoft point 1s low:,

Together, the HPF and LPF sections of the VCF
may be considered to be & bandpass filter because a
defined band of frequencies is allowed to pass
betwesn the two filter cutoff points: As the HPE
cutoff point is raised and/or the LPF cutoff is lowered,
the width of the bandpass is decreased untll there is
no bandpass [no sound). * Thus, we ean spaak of tha
WCF as being a bandpass filter, even though na such
label appears on the panels. If either of the two filter
sections is completely closed down, then it will block
all sound, and the position of the other filter section
makes no difference because you won't hear anything,

The HPF and LPF filters each have a resonance clider.
These RESH and RESL controls only have an effect if
their corresponding HPF or LPF slider is partially
closed. As the resonance of a given filter is increased,

2 narrow range of frequencies are boosted [increased in
levall—the frequencies centered just at the cutoff
point—hecause the cutoff point is resonating.

Resonance has no effect when a filter is wide open
because the cutotf point is well beyvond the limit of the
fundamental or overtones, so the boost falls inan area
where no signal is present. However, a5 a filter is closed
down, the effect of resonance bacomes mare notice-
able: resonance will tend 10 emphasize a given harmonic
or the fundamental, depending on the filter cutoff
(HPF or LPF setting). Resonance also causes additional
phase shift which can be heard 1T the filter cutoff point
i5 changed while a note is being played.

“Wdule the HPF |ever [21) may be fowersd. the actual High
Pasz Filter wili not be completely clased umless the overall
Briliance controf (51 is se1.00 minimury (up).



Amplifiers

An amplifier is a devite that increases the volume ar
the power of 2 signal. Seme amplifiers, aspecially VCA's,
also can be Used to decrease the power ar volume. When
an amplifier decreases the volume to insudibility, it is
wrning the sound OF F; conversely, when an amplifier
incresses the volume 1o audibility, itis turning the
saund ON,

Most of the amplifiers in the CS-50 and CS60 are
VCA’s (voltage controlled amplifiers), and they gener-
ally operate at medium ling levels, Thus, external power
amplifiers, stich as a PA system or guitar amplifier head,
are required to boost the power sufficiently to drive
laudspeakers.

VICA's offer several advantages for synthesizers in
addition to their ability to attenuate (lower] the volume
as well as increase it, With conventional type amplifiers,
audio signals must be routed thredgh complex paths
and it may be necessary to have a separate amplifier to
achieve each effect—volume cantrol, tremel o, note
definition by an envelope, and so forth, With a VCA,
on the other hand, numercus control voltages can be
mixed together and fed to ane amplifier, producing
all the desired effécts with 3 minimum of amplifiers.
Thus, VCA's enable the circuitry 1o be simplified while
reducing the potential for noise and distor tion.

There are two VCA'S for each of the main VCO/
VCF sound sources. These VCA's are used to “dafine”
nates—to turn them on, vary their volume, and tum
them off—as each note is played; this is done by a
control signal from the amplitude envelope generator,
as described in subsequent text. The VCA's will also
vary the volume in a regularly maodulated fashion when
they are provided with an AC contrel signal from the
suby oscillator,

<ub Oscillators

A sub oscillator generates AC voltages which are
used to modify existing audio signals. The CS-50 and
£5-60 both have an overall SUB OSCILLATOR [8]
and several other sub oscillators. For example, the
PULSE WIDTH MODULATION (PWM) [16] available
on the programmable panel {and €560 memary) is
produced by sub oscillators. The RING MODULATOR
[12] also includes a sub aseillator.

To understand how a sub oscillator is used, one
should recognize that AC and BC contral voltages are
often mixed [summed) for combined functions. For
example, the MCA's leve| (volume) control input is fed
by sevaral sources of AC and DC volrages. The level
can be varied up and down Tor a tremolo affect by
applying an AC control voltage which is produced by
the SUB OSCILLATOR section [8]. The depth of

the tremalo effect would be adjusted by spplving more
or less of the AC voltage produced by the sub oscillator
to the WCA. The speed of the effect would be adjusted
by changing the sub oscillator's frequency. The average
volume around which the tremolo is centared iz adjusted
by changing the DC control voltage, using the LEVEL
slider [38].

Pulse width refers to the amaunt of time a square
wave is OFF, and is also known as- “duty cycle.”” A
perfectly symmetrical square wave would have a 50%
duty cycle (OFF as much as ONJ, and a narrow pulse
width square wave might have a 90% duty cycle {which
sounds the same as 10% duty cycle)—0ON 90% of the
rime. The PW contral [17] applies a DC control
voltage to the WSC circuit which sats the basic pulse
width (duty cycle] of the square wave at any point
Betwesn B50% and 80%. The PWM contral [16] applies
an AC control voltage to the same point in the WSC
{wave shape control) circuit, thereby varying
{modulating) the pulse width. That PWM signal is
created by a sub oscillator, and the SPEED [15] of
pulse width modulation is actually changed by ad-
Justing the frequency of the PWM sub oszillztor,

The sub oscillator in the RING MODULATOR
saction functions similarly to the main SUB
OSCILLATOR and the PWM sub oscillators described
above. Changing the amount of AC voltage applied
varies the depth of the effect, and changing the
freguency of the sub oscillator varies the spead of
the effect,

Envelope Genarators

An envelope generator is a circuit which produces g
single, carafully defined waveform, a one-shot voltags
pattern, when the generator i stimulated by a pulse
(trigger impulse) from the keyboard. The envelope it
self is a changing de voltage which rises from zero (no
voltage} to some maximum point, and eventually falls
back ta zero in a pattern which 15 varied by using the
envelope generator’s controls.

Mo sound goes through the envelope generatar itsalf.
Instead, the envelope generator’s output s fed to the
control input of a VCF or a VCA. In the C5-50, thers
are actually 4 envelope generators for the VCF's and
another 4 for the WCA's |B each in the CS-60).

Envelope generators [EG) which control VEF's are
known as filter envelope generators. In the CS-series
synthesizers, the filter EG's are unigue envelope genera-
tors, having 5 sliders: Initial Level (1L}, Attack Level
tAL), Attack Time [A), Decay Time (D) and Release
Time (R). These sliders all change the “shape” of the
envelope, which in turn creates changes in HPF and
LPF filter cutoff points each time a note s played.

When all the filter EG sliders are set at minimum, there
is no-output from the EG, hence no change in filter
characteristics.

Envelope generators which control the WGA's are
known as amplitude envelope generators. The CS-50
and C5-60 amplitude EG’s have 4 sliders: Attack Time
{Al, Decay Time (D), Sustain Level (5) and Release
Time (R). These sliders change the “shape™ of the
envelope, which in turn creates changes in the valume
(amplitude) of the sound when you play a note. When
all amplitude EG sliders are sat at minimum, there |s
only a very brief pulse of output voltage from the EG,
hence anly a orief “blip" of sound can be heard.

Conventional synthesizers sometimes have
simplified EG’s, with enly Attack Time (A) and
Release Time (R) sliders; the seme A-R effect can be
achieved on the C5-50 or C5-80 by setting the YCA
Decay Time (D) and Sustain Level (S) sliders at
maximum, and using only the A and R sliders.

The Keyboard & Related Circuits—Ganeral

As suggested in the preceeding paregraphs, the
CS-50 has four sets of note-gensrating circuit com-
ponents and the CS5-60 eight sets, each set consisting
of a VGO, WSC, WCF and VCA, and two EG's.
When you move any of the panel programmiing
controls, it actally affects all 4 or § sets of note-
generating components. While the C5-50 has 4 note
simultaneous capabllity, (18 keyboard has 49 keys, and
while the C5-80 has 8 note simultanecus capability, its
keyboard has 61 keys. Thus, there must be a special
way of assigning the specific keys yvou play to those
4 10 8 different note generating circuits. This is the
function ot the Key Coder and Key Assigner circuits.

The Key Coder & Key Assigner

The key coder and key assigner are digital circuits, a
sort of micro-computer. The key coder produces a
digital “word" thal describes the note {or notes) playiad.
The key assigner "looks™ to see which, if any, of the
note-generating cireuits is available and, at the same
time, it continuously manitors the key coder to see
which notes are being played. The assigner then feeds
the digital word for each nate 1o one of the note-
generating circuits. 17, on the C5-50, a fifth key is
depressed while 4 other keys are already being played,
the assigner cannot do anything with that additional
information, 50 no new note will be heard until one
of the first 4 keys are released, (Similarly, the C5-60
cannot do anything about a ninth kay unti] ane of the
first gight keys are released. |

If you play only one key, and play it several times
in succession, the key assigner will successively feed the
"wward" for that note to each of the note-generating
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circuits. Since each circuit's WCO, WCF and WCA will
differ slightly from the next due to narmal component
tolerances, the notes will not be identical. This is how
the G5-50 and C5-60 produce such natural sound,
rather than a mechanical, “too perfect” sound,

D-TO-A Converters

The rote-generating circuits aach have a D-to-A
Converter (digital 1o analog) which changes the digital
code for a note into a correspanding OC woltage. That
DC voltage level is fed to the MCO, which reacts to set
the pitch (freguency) of the note. The voltage i5 also fed
1o the VCF, which reacts by mioving the HPF and LPF
filter cutoff frequencies so they maintain the desired

relationship to the frequency of the nate (so they trackl.

Trigger Output

The instant a key is depressed, the koybosrd pro-
duces a trigger outpul, in addition to the digital ward.
The trigger is @ brief voltage pulse that occurs once, and
it is routed to two envelope generatars, the filter EG
in the VCF section and the amplitude EG in the VCA
section. The amplitude EG reacts to the trigger and
generates a one-shot waveform to “shape™ the valume
of the note accarding to the preset ar programmed
A-D-5-R characteristics. The Tilter EG reacts 10 the
trigger znd produces 2 one-shot waveform which
changes the tone of the note if the IL-AL-A-D-R con-
trols are apprepriately programmed [or if VCF envel ope
is part of the preset paich).

Touch Sensitivity

To understand how the touch sensitivity works, it g
necessary to understand the method by which the
key board itself functions, The keyboard, aside from
its basic function of “turning ON a note, " which it
daes by means of aswitch on each key, has @
secondary system which adds effects when you press
hardar after the key hits bottom.

A bar runs across the keyboard in front of the
keys. When yau press a key down hard, after it first
touches bottom, the bar s caused to pivot. A flag
attached 1o the end of the bar than mowves out from
between a light and a photosgnsor. This increases the
voltage passing through the photosensor circuit. The
amount of bar movement and the subsequent amount
of woltage change are both proportional to the pressure
on the key(s). Various effects are produced by that
voltage, depending on where it is routed. The TOUCH
RESPOMNSE section applies the keyboard sensor’s oul-
put voltage to the control input of the appropriate
voltage controlled circuits.

Kevboard Conturel (C5-60 Only)

The Keyboard Control Brilliance HIGH and LOW
levers affect the upper and lower portions of the key-
board separately, with increasing effect toward the
ends of the keyboard. The effect is actually achieved
tiy a digital circwit which interprets the position of
each note played on the keyboard and produces an
proportional amaount of DC voltage. With the HIGH
lever, the higher the note, the higher the voltage: With
the LOW lever, the lower the nate, the higher the
voltage. |f either lever is pulled down, and a note s
played in the keyboard area affected by that lever,
the extra, positive voltage is added to the VCF, raising
the euteff point for a more brilliant sound. Pushing up
a lever creates @ negative voltage, lowering the cutoff
paint for @ more mellow sound,

Portamento/Glissando

The alissendo effect is produced by a digital cirouit
which “looks at™ the last note plaved and at the note
being played. Instead of allowing the voltage fed to the
WCO 1o jump instantly to the voltage called for by the
note being played, the glissandeo circuit gradually moves
the valtage from that of the previows note to the
currently played nots. A digital circuit causes the voltage
10 increase or decrease in gquantiZed increments that
carrespond to half-step increments {a chromatic scale).

The portamento effect is actually produced by the
same circuit that produces the glissando, except that an
additional circuit element s added. Thiz eleament
“integrates’” the steps of voltage, smoothing the transi-
tion from one note to the next. Thus, the change is
continuous rather than stepped.

Ribbon Controller (CS-60 Only)

The ribban contreller iz a felt <trip baneath which
is lacated a flat resistive pad and a conductive cord.
When you press down an the felt, the cord contzcts the
pad and establishes a given resistance. Voltage passes
through the pad and the cord, the value varying in
proportion to where the strip is pressed down, The
actual voltage produced when the ribbon is fiest pressed
dawn is not impaortant; [t serves only as areference
point, The output from the ribboen circdit then
becomes proportional to the difference between the
refarence point and any other point touched on the
ribbon.

A comparator circuit “looks at’' the changs in
voltage and produces a pesitive OC output whean the
second peint touched on the ribbon is to the right of
the reference point. A& negative DC output is produced
when the second point is to the left of the reference
point. The further away the second point from the
referance point, the higher the voltage output positive

or negative). No voltage output is produced if only
one point is touchad. It is necessary to move a finger
along the ribben, or to hold one finger in a given paint
and then touch another finger elsewhers on the ribbon
in order to schigve an effect.

The voitage output from the ribbon controller is fed
to the main YCO', thus changing the pitch of any note
or notes being played: a positive voltage would raise the
piteh, and a negative voltage would lgwer the pitch,

Pitch Control

The piteh control adds more or less DC voltage to
“hias' the VOGO control inputs, thus raising or lower-
ing the frequency produced when a given key is
depressed. The coarse pitch contral merely produces
a greater range of voltage variation than the fine
pitch contraol.

Ring Madulator

A Ring Modulator blends two signals tegether in a
special way, “beating” a sub oscillator against whatever
input signal is fed to the modulator input. The output
does not contain the input signal frequency {ar.
frecuencies), but it does contain what are known as
sum and difference frequencies, Sum and difference
simply means that the sub oscillator frequency is addad
1o the input frequency, and is also subtracted from the
input frequency., (Actually, the mathematics that
describe the modulation are somewhat more complex
because twao times the sub oscillator frequency is sulbr
tracted from and added to the input, three times the
suly mscillator frequency, etc.l. The effect may resemble
“ringlng,” although the term “'ring modulator” is
helieved to be derived from the configuration of the
diodes which comprise many such modulators; they
are wired in-a circle,

The sub gscillator frequency is set wath the SPEED
lever, and the amsunt of sub oscillator voltage fed to
the ring madulator is set with the MODULATION
lever. An envelope generator is provided for the sub
oscillator, and may be used to change the speed when
3 note is played. The AT TAGK TIME lever and
DECAY TIME lever respectively speed up and slow
down the affect from whalever speed is se1 with the
SPEED lever to some higher value, and back to the set
speed. The amaount of change in speed—the amount of
envelope voltage fed to the sub oscillator—is set with
the DEPTH lever.

Panel, Preset Paiches (& CS-60 Memory )

The main programmable panel provides a means for
the player toadjust the many VCID, VCF and WCA
characteristics that together comprise a basic "patch’™



or sound. The C8 60 memory is a miniaturized version
of the programmable panel, and 15 used in exactly the
same way, |he preset patches (PRESET TONES] were
all derivesd from actual settings of the programmable
panel, Once a given patch was derived, the resistance
valug or switch pesition of each panel control was
measured, & fixed component of the same value wags
then built inte the instrument, creating a kind of
internal memery that is recalled whenever the
corresponding preset patch is selected. Yeu can

always duplicate s preset paich by using the pro-
grammable panel, &5 s suggested by some of the patch
charts included in this manual. You may wish to do do,
and to then vary one or more contrals to obstain
variations from the presets,

Faot Controllar Pedal (Both Modals)
& Foot Switch Pedal (CS-60 Only)

The Foot Controtler is an expression padal that
contains a light and a photosensor. As the pedal s
racked back and forth, an aperture varies the amount
of light reaching the photosensor. In turn, the photo-
SeMsor varies its resistance, and hance varies the DG
yoltage output from the circuit. The voltage from the
Foor Controller is applied to the VCA, there by varying
the volume.

The G560 Foot Switch Pedal is just that—an ON-
OF F switch which is housed in an assembly designed
for foot actuation. The switch can be used o activate
the portamento/glissando ef fect and/for the sustain,
depending on the setting of front-panel assignment
switches, When the Foot Switch Pedal is not plugged
into the synthesizer, the jack automatically closes the
cincuit so the unit acts as though the Foot Switch
Podal were pressedd down.

The Foot Switch Pedal has a standard (tip/slesve)
phone plug, whereas the Foot Controller, because it
contains more circuitry, requires a stereo (Up/ring/
steeye) phone plug,
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SECTION VI — APPENDIX

WHERE'S THE SOUND?

A Brief Troubleshooting Guide

Many times the synthesizer will be cannected and
basically adjusted properly, vet it may not be audible.
The difficulty can be as simply as a playing technigue
that is inappropriate for 2 given patech, curable by a
change in playing style or by minor adjustment of one
or two control settings, Other times, the problem may
lie with the sound system ta which the synthesizer is
connected. This procedure will help vou to guickly
correct the problem, or at least to isclate it,

1. Besure all equipment is plugged in and the
POWER 15 ON, and all controls are set 3t nominal, as
shown by the inside cover illustrations.

2. Flay one or more notes, and continue to play
notes, holding the key [s] down for a few seconds rather
than playing staccato.

3. Check the sound system to vérify it is properly
connected, turned ON, and working. If the rear-pane!
HIGH/LOW switch is at LOVY, try the HIGH position
{if that doesn't help, switch HIGH/LOW back to LOW).
Check the synthesizer’s headphone output; if the
synthesizer now appears to be working praperly, it
will be necessary tocheck the sound system with a
sound source other than the synthesizer.

4. Check the Expression Pedal and VOLUME
control settings.

5. Use a preset patch rather than a panel-programmed
or memory patch, and play in the middle af the key-
board.

8. If you hear nothing, check the setting of the
BRILLIANCE control [B]. IT, on the CS-B0, sound
dies anly at the upper andfor lower extremes of the
keyboard, center the KEYBOARD CONTROL
levers [7].

P 1 the sound goes away only with a panel or
memory programmead patch, check the following:

a. A basic wavefarm or noise level must be
turned ON in the YCO section [18, 19, 20] and
VCF level in the VCA seetion [30Q] must be up
or sine wave [31] in the YCA section must be up.

b. |f the LPF slidar [23] is s2t at the samie height
or below the HPF [21] slider, it may be necessary
ta raise the LPF ar |[ower HPF,

c. WCA LEVEL [41] must be up.

d. Some envelope must be up [Sustain [34] and/
or Decay [33]. If 3 long Attack Time is used
[32], then you may have 1o hold a key for a
second or more before you begin 1o hear the
sound.

TIPS ON RECORDING

In any recording situation, the levels are extremely
important, The C5-50 and C5-60 have very low inherent
noise, high output capability, and hence a large usable
dynamic range. |T you use a lot of Foot Controller
expression and Touch Response LEVEL to create very
wide playing dynamics, the recording engineer will be
forced to use compression and/or limiting to avoid
severe distortion on the tape and, ultimately, on the
record. [T vou want to have the recorded sound be very
similar o what you play in the studio, Then you can
limit your playing dynamics (less Touch Response
LEVEL and expression padal excursion| so thart less
compressian and limiting are nesded,

The synthesizer gutput is capable of driving low
impadance studio console or tape machine inputs, even
though it is unbalanced. Where long cable runs are
required, it may be a good idea to use a balancing
transformer or direct box at the synthesizer output,
singe this will help to reduce susceprtibility to hum,
naise and radio frequency interference. The LOW/
HIGH switch should be set at HIGH and the WOLUME
control at 12 a'clock or higher, whenewver possible, so
that signal levels between the synthesizer and recording
equipment are as high a3 possible. In most cases, the
level can then be wrmed down (attenuated) at the
console input.

As you know, with overdubbing the first track
recorded is the one against which the rest of the music
is played. Therefore, make it clean and rhythmically
precize. For large multi-track machines, you might use
a click track (metronome] oF a rhythim line with @ pair
of bass and piano tracks. On the other hand, with 4-
track machines it is usually better to start with a
rhythim sound that is as close to the midrange as
possible. This avoids excess high frequency loss or low
frequency irregularities that might occur after multiple
“sound-on-sound’ transfers. {Head bumps, a very com-
ion tape machine characteristic, produce irregular low
frequency response that would be emphasized more by
@ [xass track than by a midrange track.)

The following suggestions apply toall archestratian,
wihether you are playing with a large band, owerdubbing
one synthesizer on multiple tracks of @ wpe machine, or
not using any synthesizer at all, There is sometimes a
trade off between clarity of voices and richnass of
sound, often becausz tao much music is being played
in one frequency band. To avoid competition between
volces, try 1o make a sound full and complete 23
passible, but keep it within a given frequency range.
The secret to & richer sounding orchestration is to use
a variety of wavetorms, counter lines, envel opes and

sub oscillator frequencies for the different voices; try
not to layer many voices that are nearly identical. This
principle of distinct voices and fraquendy bands is use
ful, but it does not mean that frequencies should never
be duplicated by two or more voices; itis only a guide
ling. If pwo sounds are played in the same register, a
slight detuning of one sound can make the mix more
dense.

TIPS OM LIVE PERFORMANCE

When rehearsing, try to set up a logical progression
of patches—logical in that a given patch is changed
slightly to achieve the next sound. You never need to
start “from scratch’ because you cam start with a pre-
set patch and adjust the Sub Oscillator, Toueh
Response, Ring Modulator, etc. to modify that sound.
In a live performance, you can then guickly get another
sound by selecting a different preset, or by readjusting
one ar more of the modifying creuits.

Two different approaches can be teken with regarc
10 use of programmed patches, In pne instance, you
may wish to program & unigue and different sound on
the paned (and on the C5-60 memory ). This would
essentially add to the varigty of existing preset patches.
On the other hand, yvou may wish to pre-program =
patch that s very similar to a preset, differing only
slightly but in areas where control settings are critical,
Then the sound varations can be pushbutton selected.
Of course, you can always program a sound that is
completely different from anything available with the
presets.

The preset patches make it easy (o get different
sounds quickly and with excellent repeatability. Also,
avery wide range of variation can be achleved within
any given preset by merely ehanging the Brilliance
lever [5]. Use of the Sustain [10], Transposition
seleetors [4] , and various Sub Oscillator functions | 8]
will add even more possibilities to each preset. In fact,
instead of switching from preset to preset, it is often
more interesting and exeiting to explore the full scope
avallable within a single preset patch.

Yamaha polyphonic synthesizers enable vou to get
avery wide ranoge of kevboard dynamics, plus further
dynamic control via the expression pedal. Thus the
playing level can change quite dramatically depending
on which voices you have programmed and how you
play them. Therefors, be sure to check |evels for a
specitic patch ahsad of 1ime so that when you come on
staga to play the fisst notes, they are at the right
volume lavel.

it one of your programmed patches doesn’t work:
and you suspect some controlls) was ancidentally



moved, don’t panic; just go to a preset while you
check the panel levers and switchis.

TIPS ON AUXILIARY SIGNAL PROCESSING

Phasers, echo boxes, reverbs, digital delay lines,
parametric equalizers, Tuzz boxeas, wah-wah pedals.
graphic equalizers, 16 are all auxiliary signal pro-
cessing devices that may be used with a synthesizer.
The synthesizer output is higher in level than moast
electric guitar pickups, but 1t can still be plugged into
many guitar-type pedals and boxes if the HIGH/LOW
swilch is at LOW and the Volume control is set at 4
madearate level. For optimum headroom and lowes?
noise, itmay be better to use an external antenuation
pad to match the level of the synthesizer output toa
high-sensitivity {low level} effects device. Signal pro-
cessing equipment made to interface wath studia
equipment can usually be driven directly from the
synthesizer output with the HIGH/LOW switch in
HIGH position. In all cases it is a good idea to check
the level {sensitivity ) specifications for the auxiliary
signal processing unit against the synthesizer specifica
tions.

Mary of the sounds yau might wish to achieve with
an outboard effects device can actually be achieved
with controls and circuits that are bullt into the
synthesizer. For example, tremalo, vibrato and wah-
wah can all be obtained using the Sub Oscillator [B]
Where practical, use the built-in capability of the
synthesizer because the sound will be going through
fewser circuits and will therefare have lower noise and
better frequency response.

Many patches are greatly enhanced by auxiliary sig-
nal processing. The realism of “acoustic” instrument
patches can be very mueh heightenad by using revarb,

The synthesizer's External input can aftford some
interesting effects. To obtain strange “vocal” effects,
plug in a source of a very pure, high-frequency sound,
such as @ 10kMz or higher frequency sine wave
oscillator,® Then engage the VGF (Alisr) on the Sub
Oscillator [8], and add a lot of Resonance (6 and/for
22 & 24|, You might try connecling a seguencer 10 the
External input lapplying pre-programmed DC voltages)
and engane the Sub Oscillator™s VCO lever, thus creating
a sequence of different notes when you hald down
just one key. The External input is not made for use
with guitars or microphones, and even it 2 preamplified
guitar or mic s used, the results could be disappainting.,
Some preamplified {(electric) instrument outputs will
produce interesting results when connacted to the
External input.

"The purer the sing wave fed fo the external input, the berter-
saunding the result will be.

DIRECT BOX

A “'direct box™ is a type of adapter. |n some cases,
rather than ¢onnect the C5-50 or C8-60 directly to a
mixer, one could connect the synthesizer toan instru-
ment amp, The diregt box would then be used to inter-
face the instrument amplifier’s speaker output (guitar
amp, PLA. amp, ete.) with the mie or line levael mixer
input, thus including the amplifier's reverh, tremolo,
brightness and other effects in the mix. Another
application tor a direet box is to achieve grounding
isolation betwsen an unbalanced line level output and
a balanced mic or line level input.

The C5-580 and CS-60 outputs have a low source
impedance 5o that they will drive a low impedance
(B00-ohm | or high impedance input without adapters,
The synthesizer outputs are unbslanced, meaning that
the signal, which fMows through a single-conductor
shielded cahble, is grounded on one side {(the shield) and
ungrounded on the ather side {the center canductor).
This arrangement is perfectly suitable for cables of up
ta 3 m [107) in length. When a tenger distance separates
the synthesizer outout from the mixer input, it 1s
desirable to use a balanced |ine rather than an un-
balanced line for better rejection of potential hum,
noise and interference. In @ balanced line, the cable
shield 1s grounded, but carries no audio signal; two
center conductors, nerther of which s grounded, carry
the signal. Provided the mixer input |s balanced {Trans-
former isolated), a balanced line will be obtained by
connecting a direct box at the synthesizer output.

|f the synthasizer output is split and connected to
more than input on a mixer, or to.any Two pieces of
gqui.pment wired 1n the same sound system, itis
sometimes helpful to use ane or more direct boxes so
that the ground 1o all but one of the inputs can be
interrupted without breaking the signal path. This
avoids so called “ground loops,” multiple grounding

circuits between the mixar and the synthesizer that
might otherwise inTroduce hium.

The direct box tllustrated can be used in three ways,
a5 described, and its three switches should be set as
required {see chart). The ground switch breaks the
ground (shield connection) in the XLR output, and
should be set for minimum hum, The Pad drops the
signal level so that high level outputs do not overdrive
loweer level mixer Inputs. The Filter, which only works
when the Pad is switched [N, simulates the high fre-
quency rall off of a typical guitar amp’s speaker, Since
clipping distartion in a guitar amp often ereates high
frequency harmaonics, the filter switeh, by |owering high
frequency response, also cuts distortion.

Assemble the unit in asmall metal mini-box, and
keep the phone jacks isolated from the chassis of the
e, Also keep the box away fram the chassis of the
instrument amplifier or any other grounded object. If
vou chose a transformer other than the JE-DB-D, it
should have similar characteristics: an impedance ratio
af 20k-ohms (primary) ta 15D-olms (secandary), dual
faraday shields, very low capacitance on the primary
winding, and full audio spectrum response.

A commercial direct box may be purchased, or a
cjualified technician can build ane from the schematic
diagram shown here. The design, courtesy of Deane
Jensen |Hollywood, CA), is included in this manual for
the benmefit of the synthesizer user, and does not
represent an endorsement by Yamaha of the specific
products mentioned, This direct box also works well
with electric guitars, maintaining good high frequency
responsg because the pickup is not loaded,

The JE-DB-D transtormer is available directly from:

Jenzen Transformers
1617 North Fuller Avenue
Hollywood, CA 90046
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Direct Box Use Chart

PAD* GROUNDT FILTER

1. Betwean the CS-B0 ar In IN/OUT OuUT
CE80 output and 3 mixear
jine ingut.

2, Bewwesn the C5-50 or IN IN/OUT ouT

CE-BD aupur and the input
of an mnsrrument amplifier,
wihile 3130 Tepding @ mixes
lire irEutl

3. Betwean the speaker outr In
put of an pstrument
amplifizr and @ moxer
lima input.

INFDUT  INSQUT

*Mig recommend setting the sy ntesizer cugput HIGH /L OW
switch to HIGH, and using the direct box pad to reduce the
signeal lewel. This protects the transformar fram seturation and
e mixer inpuT fraum overdrive. (IT s possidde o ser the HIGHS
LOW switch to LOW. and to switch OUT the direct box pad.
Thus daes present g much lower impedance to the direst box
transfpsmer, causing some ransient distaorcian, BWhile the
resting saoumd wall be Brighter and less ascurate, thane s o
Darm i pau like it} ALWAYE USE THE PAD WHEN YOU
CONNECT A SPEAKER LEVEL DUTPUT TO THE
DIRECT 50X,

8t for minimum hum and aoise. F o dowle, gave [N,

TRAVEL CASE

The CS-60 and CS-60 are built into durable plywood
cases with removable covers, and they are suitable for
light duty traveling, such as in a station wagaon or van,
For heavy eartage (i.e., commercial trucking or air
freightl), we recommend you use an additional travel
case. [f you buy a custom built case, it should meet
"ATA-300" specifications (ATA=AIr Transport
Authority ). The case should be lingd with 2-inch
thick foam an the large, flat surfaces and 3-inch thick
foam on the sides. Consult the specifications for
inside case dimensions,



SPECIFICATIONS

External Input Characteristics
Unbalanced, standard 1/4" phons jack, 50k-ahm actual
impadance (far low or high impedance sources), Mominal
semsitivity 10 millivalts rmz {30mVY peak-to-peak) with -
EXT IN fevel at maximum,; i.e,, 10mY rms sing wave
external input would produce the seme amount of sub
escillator modulation as the maximum from the built-ir
sub oscillator.

Kayhoard
C3-50, 49 Keys, ¢ through ©s |4 octaves),
C560, 61 Keys, Cthrough & {5 octavesh,

Transposition
Faur pushburtons: normal, 1 octave balow normal,
2 actives below normal and 1 octave abowe nomal.

Available Fundamental Fregquency Range (Haamonics higher
tfran tirese speeified frequencies may be present. ]
C5-50, 32Hz-4kHz; CS-B0, 16H2-Ak Mz,
Range is from 2 OCT DOWN amd |owest note an key-
board to 1 QCT WP and highest note on keyboard; PITCH
controls cemtared Land no C5-60 Ribbon Controller
Effect).
Pitch Tuning Range
COARSE TUNE: approximately T ocltave |—500 cenls to
1300 cantg).
C5-50 FINE TUNE: approximately +14, —11 cents,
C560 FINE TUNE: approximataly 230 cants.

301 & -'—‘:\\

Quitput Characieristics
HIGH range, DdBm (0.775 volts rms) or LOW range,
—20cBm (77.5 millivalts rms) - nominal ouiput when
playing four netes, all volume or lewel cantrols at maxi-
mum, Unbalanced, standard 1/4 phone jacks. Actual
B00-0hm output source impedanca [will driva law
impedance or high impedance |oads),

Headphone Output
250 millivalts rms nominal. Unbalanced, Tip/Ring/sleeve
1" phone jack for steren headphones {B-ohm or higher
impedance] .

Simultaneous Notes
C5-50, up 104 notes; C5-60, up 1o B nates.

Total Mumber of Voices
G350, has 13 differeny presers and 1 panel prograrmmatdle
paich.
C5460, has 12 different preseis, 1 memary and 1 pansl
programmable patch.

Prisat Patches (Preset Towes)
STRING (1 & 21, BRASS {1 & 2), FLUTE, ELECTRIC
PIAND, CLAVICHORD, HARPSICHORD, GUITAR
1 &2, FUNKY (1 & 2); FUNKY 3 on CS-50 only,

Cireuitry
All salid s1ate; keyboard and nole assigning circuitry is
digital; all audio circuitry i analog, with woltage controlled
ascillators, amplifiers, filers, and envelope generators.,

AC Power
AC, B0 or BOHz,
Power cord steres in covered compariment beneath
synthesizer.
C5-50 draws 55 Watts maximum.
C35-60 draws BS Warts maximum,

Fimish

Black leatherette with metal-reinforced comers; walnut-
graingd viny| side panels.

Bimensians
C5-50 In Case: 88.1 cmowide x 25.2 am high x 571 cm deep.
128-5/8 = §-7/8 x 20-1/8")
C5-50 Assernbled: 88,1 em wide x B3.0 em high »
1.1 cm deep (38-5/8 x 36-6/8 x 20-1/8"); Keéyboand height,
4. 2cm (33-1/87).
CS-60 In Case: 110.9 em wide x 268.4 em high x 55.0 em deep.
1435/8 x 10-3/8 » 21-5/8™) B
CE-60 Assembled: 1109 om wide x 94,2 em high x
56.0 cm deep (43-5/8 x 37-1/8 x 21-5/8"); Kevboard height,
842 cm 133-1/87).

Weight (/ncivding all standard accessornies.)
CE-50, 36 kg (79,4 |bs.|; C5-G0, 46 kg 1101.4 bs.),

Envelope Generator Time Ranges (VCF-EG & VCA-EG)
Artack Time: 1 millicecond [mind, 1 second (max.).
Decay Time: 10 milliseconds [min.), 10 seconds (max.).
Aelease Tirme: 10 millisgeonds (min.l, 10 seconds (max. ),

Glissgndo/Portamento Time Range
10 seeonds maximum to change oscillztor frequancy from
the lowest o the highest note on the keyboard.

o

ot (] 2] e

Ring Modulator
Simultanéous, sing-wave ring modulation of all outputs.
Yariable SPEED. depth of MODULATION. Envelape
Generater for varying the speed of the Ring Modulater
has variable ATTACK TIME, DECAY TIME, and DEPTH
of speed changs.

Sub Osallator Functions
Sine wave, sawtooth wave, inverted sawiooth, square wave,
white noise, or an extermal input can be used 10 modulate
any combination of the following: VGO, VCF, WCA.
Modulztion iz spplied equally to all notes played.
SPEED (frequency) range s adjustable trom
0. JHz 1o 8dHz.

Standard Accessories
Detachable hard cower.
Pusic rest {stores in cover).
Foot Controller {expression pedal).

\-\1\—94.2 om

Touch Response Tube of Yamaha Key Clazner Crama,
As keys are prassed down harder, there are controls 1o Instruction Manual. i
increase overall BRILLIAMCE and LEVEL. Inaddition, Winyl case for Foot Controller (C5-50 Only). *
there are controls that introduce WCO or WCF maodula- Foot Switch Pedal 1C5-80 Only). =
tion from the Suly Dseillator section lat whatever spesd Winyl carrying bag for lags, Feot Switch and _r—__:
and wavisTanm are sat with that section) when the keys Foot Controller (CS-60 Only). 15 /?-
ane pressed down harder. i’
e

S Picde iy s | (o Chagpe sl thowrt Rofice.

i’é}
A\
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Thesa blank patch diagrams are provided for your convenience. Copies may be made and filled in according toYour own reguirements,

We stggest using a bright-colored felt-tipped pen.
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