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ABOUT THIS MANUAL 
 

This manual is an instruction and users manual for the Euro-Serge Modular 
Synthesizer. It is intended to serve two purposes: 

 
1. A self-tutorial instruction manual for those who have never used a 
synthesizer before and for those who have used a synthesizer, but not a 
Euro-Serge, before. 

 
2. A User's Reference Manual and Guide that provides information on how to 
use each module, how to interconnect modules to produce certain effects and 
how to interconnect the Euro-Serge with other devices.  
 
This manual is arranged into the following sections:  
 

 
The Introduction 

 
Self-Teaching Patches #1 

 
The Theory of Electronic Music 

 
Self-Teaching Patches #2 

 
System Modules 

 
So What Does It Sound Like? 

 
Euro-Serge Catalogue 

 
Appendices 

 
If you have never used a synthesizer before it is strongly suggested that you 
read óThe Introductionô and óSelf-Teaching Patches #1ô sections, working out 
the patches as you go. If you are confused at this point, don't worry, keep 
going. These exercises will give you the basis for understanding the 
explanations in subsequent chapters.  
 
If you have used a synthesizer, but not a Euro-Serge, the patches worked 
through in óSelf-Teaching Patches #2ô provide a good working knowledge of 
the basic modules of the Euro-Serge. If you are already familiar with the 
Serge/Euro-Serge system, specific information on the different modules and 
how to patch them together can be found in the sections óSelf-Teaching 
Patches #2 and óSystem Modules.  

http://www.elby-designs.com/webtek/euro-serge/documentation/book_1.pdf
http://www.elby-designs.com/webtek/euro-serge/documentation/book_2.pdf
http://www.elby-designs.com/webtek/euro-serge/documentation/book_3.pdf
http://www.elby-designs.com/webtek/euro-serge/documentation/book_4.pdf
http://www.elby-designs.com/webtek/euro-serge/documentation/book_5.pdf
http://www.elby-designs.com/webtek/euro-serge/documentation/book_6.pdf
http://www.elby-designs.com/webtek/euro-serge/documentation/book_7.pdf
http://www.elby-designs.com/webtek/euro-serge/documentation/book_8.pdf
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For information on interfacing to other equipment, refer to the Appendices.  
 
This manual refers to the 4mm version of the Euro-Serge modules as this 
affords the user the best Serge experience. 4mm connectors are also more 
robust and offer a more reliable connection. 
 
However, all of these modules are available with 3.5mm jacks and are 
identical in appearance to the 4mm versions. 
 
Most banana patch cables are stackable, while most 3.5mm 
cables are not. If you are using non-stackable cables, a multiple 
jack module such as our ASM324 Xpander will be required. 
 

 

 
 
 
 
 

Figure 1.1 A StackCable 3.5mm stackable patch lead 
                                                                                                     

Figure 1.2 
 
When referring to controls on modules such as pots or jacks we will enclose 
the ónameô or ólabelô for that item in square braces, for example [RISE] and 
[VC IN]. 
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FOREWORD by Serge Tcherepnin 

 
The main difference between Moog, Buchla, ARP, Roland, Oberheim, 
Sequential Circuits, EMS and the like, and the Serge, is in the intent.  Moog 
and co. designed their electronics to fit a simple concept of what makes 
musical sounds - pitch, duration, amplitude envelope, timbre.   Their 
electronics had, as a primary goal, control of these basic features of musical 
sound.    
 
When it I was my turn, I was far more interested in the electronics of modules 
than to any sort of idea about making musical sound.  In 1965, for example, I 
was taking Japanese transistor radios and attaching capacitors, photo-cells, 
finger resistive pads, to as many of the sensitive solder traces as I could 
discover that made howling, squealing, clicking sounds out of the Transistor 
radio's speaker.  I made several of these early "synthesizers"  using ultra mini 
banana jacks and patch cords with which to patch external components, and 
sent a few to my brother who made music with them!   
 
Later upon my return to the US, I fell in with a group of artists at Yale named 
"Pulsa" who had designed a sort of audio synthesizer around RTL logic ICs. 
This was a raucous synthesizer, featuring mostly square waves and no filters, 
not really "musical' in the sense that Moog and co. meant, yet it was a joy, a 
harbinger of what I would later want to do, free the electronics so that it could 
speak for itself rather than be enslaved to pre-conceived concepts of what 
musical sounds are like.   
 
Shortly after, in 1968, I fell in with Mort Subotnick who had a Series 100 
Buchla.  The Buchla's modules made me realise how much more interesting 
his modules would be, if he had made available to the user the "hidden" sub-
functions making up a module.  In a sense, dissecting a Buchla module, I 
could do the same stuff I did with a Japanese transistor radio.   
 
This was the guiding principle of the early Serge: 
make available electronic functions that are interesting 
in themselves, though seemingly "un-musical".  Thus 
modules like the positive slew, negative slew, peak 
and trough, comparators, processors and wave 

shapers, etc. came into existence.   

 

Serge Tcherepnin 
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INTRODUCTION 
 
A SYNTHESIZER is a musical instrument, which means that it is a tool for 
making music. With any tool there are two things to learn: what it is that is 
being made AND how to use the tool to help in its making. In this case you 
have to learn about the structure and the nature of the music you are making, 
whether it be electronic, rock, jazz, classical or what-have-you, AND how to 
use a synthesizer. However, these two things, the music and the instrument, 
are highly inter-related. Take the piano for instance, which would not have 
been developed unless there already existed a certain kind of music (chordal, 
many voiced). And yet, once developed, the piano changed the kind of music 
written and played. It is unlikely that Rags would have been developed if 
there had been no piano.  
 
The same is true for the synthesizer. It was developed originally in the Sixties 
as a response to certain kinds of music that was already being written and 
played (tape collage, 'classical electronic' and certain kinds of jazz), yet it 
soon changed the music for which it was built. Before long it found its way 
into other kinds of music, such as pop and rock. So of course each of these 
kinds of music changed the synthesizer as well. There is now, for instance, a 
'phaser' available on most synthesizers - a device that electronically 
duplicates certain rock and roll recording techniques.  
 
All of this is to say that a synthesizer is best understood within the context of 
the music in which it is to be played. A good way to learn about synthesizers 
is to listen to records and tapes of other synthesizer players, to go to concerts 
of electronic music and to read books available on the subject. In the 
beginning imitation is a good idea so that one can learn what is considered 
good standard practice, what is fresh and new, and what is a cliché.  
 
The Voltage Controlled Modular Electronic Music Synthesizer (the 
instrument's full name) exists in two worlds at the same time: the world of 
electronics and the world of sound. Although the objective is to produce 
music, a little of both these worlds must be conquered to be able to use the 
synthesizer to its full potential. This is because, as will be explained in more 
detail later, the synthesizer is not really one instrument, but rather, an 
assembly of smaller ones (modules) which can be hooked together (patched) 
to create many different larger instruments. The synthesizer player really is, in 
part, an instrument builder, and just as an electronic organ designer must 
know something about electronics, acoustics and music, so must a good 
synthesizer player.  
However, you do not need to know much about either electronics or acoustics 
to use the synthesizer to make good music. The synthesizer itself is an 
excellent teacher of both simple acoustics and elementary electronics.  
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Figure 1.3 - A Starter Euro-Serge System 
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AMP AND SPEAKER 
 
The Euro-Serge System does not contain its own amplifier or speaker so it 
must be connected to such a system to hear any sound. Below are the most 
common systems and where the Euro-Serge connects to them.  
 
STEREO COMPONENT SYSTEM 

 
Figure 1.4 

 
This is, probably, the most common home stereo system (though sometimes 
the preamplifier and amplifier are integrated into a single larger component).  
 
The Euro-Serge should be connected to the AUX-IN inputs (or any other 
suitable LINE LEVEL input) at the back of the preamplifier. The Euro-Serge 
can be thought of as another component, comparable in level to that of a reel-
to-reel tape recorder, MP3 player or CD player. Remember to have both 
speakers hooked up and to switch the controls on the front of the preamplifier 
to AUX-IN. Keep the volume down until you have a good sense of the 
loudness of the Euro-Serge so that you don't overdrive your speakers. Most 
speakers are built for classical music sound spectra.  
 
Synthesizers are able to produce sounds that have far more energy in the 
'high' end and can damage speakers if care is not taken. If there is a 
headphone output you can use it to listen to the Euro-Serge without the 
speakers. Since it is 'stereo' you can listen to two voices separately by 
connecting one voice to the left AUX-IN and one to the right AUX-IN.  
 



INTRODUCTION 

9 of 262 

POWER AMPLIFIER 

 
Figure 1.5 

 
Sometimes in a studio situation the Euro-Serge will be directly connected to a 
power amplifier. This is not recommended for home use. When this 
configuration is used, the only controls for the volume are on the Euro-Serge 
itself so it is important that they be kept at appropriate levels so as not to 
damage the speakers.  
 
STAGE AMPLIFIER/SPEAKER (ROCK AND ROLL AMPLIFIER)  

 
Figure 1.6 

 
If you are using a stage or órock and rollô type amplifier/speaker the Euro-
Serge should be plugged Into the HI-Level or Line Level input.  
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CONNECTING CORDS 
 
Cords are used to connect between the various modules on the synthesizer, 
and also to connect the Euro-Serge to other electronic devices. Every 
connector on the end of a cord or on a device has both a Type and a Gender, 
(male or female). Only connectors of the same type and of opposite gender 
can be connected together. Below are the connectors commonly found in 
electronic sound equipment.  
 
THE AC CONNECTOR  

 
Figure 1.7 

 
This is the 'power' plug and is used, almost exclusively, to get 120/240 volt 
AC current out of the wall. If your equipment is not working the first thing to 
check is whether everything is plugged in. Many AC power plugs have a third 
prong. This is the ground connection. Unfortunately not all AC jacks have a 
hole to accommodate this prong so an AC adaptor must be used. However in 
most cases grounding is not required.  
 
Another problem that arises with AC connectors is that you usually end up 
with far more males than females. One solution to this is a power-board which 
accepts a number of plugs and also has the advantage of allowing the user to 
turn everything off at once. Most power-boards also have a fuse which can 
protect your system from damage. If nothing goes on at all, check to see that 
the fuse is still good.  
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Figure 1.8 ï A Switched Power Board 

 
THE RCA OR PHONO CONNECTOR  
 
 
 
 
 
 
 

Figure 1.9 ï RCA Male (left) and Female (right) Connectors 
 
The jacks on the back of most home stereo systems are RCA female. Note 
that the males of this species have little skirts around them that grip the 
outside of the females, make sure that these grip tightly by bending in these 
skirts just slightly. The skirt is the 'ground' while the pin in the centre is 'hot' 
and carries the signal. Since they are often used in stereo situations, they 
often come in a joined pair. When using such a pair make sure that the 
correct ends are used.  
 
THE  PHONE CONNECTOR  (Audio) 

 
These are the plugs that are found on the 
end of guitar cords and the jacks that are 
found on the front of rock amps, (They are 
also the jacks found in old-fashioned 
phone systems and hence their name).  
 
 

Figure 1.10 3.5mm (top) and 6.35mm (bottom) jack plugs 
There are two sizes in common use:- 
 

1. 1/4" (6.35mm) is the original size. These are commonly used for 
headphones, guitar leads, line-level audio and are used in many of the 
larger 5U format modular systems (bottom of the picture) 
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2. 3.5mm (1/8") is the smaller mini-jack which in recent times has become 
the replacement 'phone' connector for portable devices. These are 
commonly used in 3U format modular systems and on the output 
modules of Euro-Serge systems (top of the picture) 

 
The shaft of the plug is divided by a narrow insulator 
band. The smaller section of the shaft ('tip') is the 
signal, or 'hot', while the larger section ('sleeve') is 
ground.  
 
A stereo version is also available with two insulating 
bands on its shaft. In the stereo version, the smaller 
two segments carry the signal, while the larger section 
is ground.  
                                                                             Figure 1.11 Stereo jack plugs 
 
The stereo phone will only work when used with a jack made to handle this 
type of plug. Typically an instrument input is mono, while a headphone out is 
stereo.                                                
 
4MM (BANANA) CONNECTORS  
 
Within the Euro-Serge system almost all patching and 
connecting is done with banana plugs, which are so 
named because of their curious shape. These 
connectors are not grounded or 'shielded', that is, 
there is no wrapping of wire mesh around the central 
wire.                                                                                  Figure 1.12 
 
The cords are usually colour-coded by length. In the Euro-Serge system we 
have the following cords:- 
 
 

 
BLACK 

 
YELLOW 

 
GREEN 

 
RED 

 
BLUE 

15cm 30cm 60cm 90cm 120cm 

 
Figure 1.13 ELBY Design 4mm Patch Leads   
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BARE WIRE 
 
This type of connection is usually only found between amplifier and speaker. 
Always make sure that the speakers are connected to the amplifier before 
turning the amplifier on. If the system is a stereo system, make sure that 
'phase' is maintained by connecting both speakers identically. One of the 
strands is marked to make this simpler.  
                                                         
 
 
 
 
 

 
 
 

Figure 1.14 
 
CANNON (XLR) CONNECTORS  
 
The cannon connector is most often found on microphone cords. It is a 
'balanced' connector with two signal lines and a ground.  
 
Note that the male's prongs are within a skirt and that this should not be 
confused with a female connector.      
 

  

Figure 1.15 - Female Inline Plug (left) and Male Panel Socket (right) 
 
The cannon connector clasps shut and a button or lever must be pressed to 
disconnect them.  
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CINCH-JONES  
 
Often found on power supplies, speaker wires and trigger cables because of 
its inability to be connected backwards. This type of connector is used for 
wires that need to be connected and disconnected frequently.  
 
 
 
 
 
 
 
 
 
    

Figure 1.17 ï Female Inline Socket (left) and Male Inline Plug (right) 
 
MTA (MOLEX) CONNECTORS  
 
MTA (mass termination assemblies) are a type of connector that is usually 
used for internal connections since they are not frequently disconnected. In 
the larger 4U and 5U formats the larger 0.156" version are commonly used 
while in smaller systems the smaller 0.1" versions are common.  
 
  

 
 
 
 
 
 
 
 
 

Figure 1.18 
 
  



INTRODUCTION 

15 of 262 

ADAPTORS  
 
At times it will be necessary to patch between a jack of one type and a jack of 
another type. There are two ways to solve this problem. The first is with a 
cord with two different kinds of plugs on the ends, and the second is with an 
adaptor.  
 
Cords with two different plugs can be purchased or can be assembled without 
much skill. When making such cords be sure that the grounds of the two 
plugs are connected together and the signal parts of the plugs are connected 
together.  
 

 
 
 
 
 
 
 
 

Figure 1.19 ï A Typical Adaptor Cord 
 
Perhaps the most common way of dealing with the problem is with adaptor 
plugs. These are small devices with a plug of one type on one side and a 
socket of another type on the other side.  
 
 
 
 
 
 
 
 

Figure 1.20 - A 3.5mm (socket) to 6.35mm (barrel) Adaptor 
 
When purchasing or asking for an adaptor be sure to specify not only the type 
of jack/plug needed, but also the gender.  
 
While it is possible to stack one adaptor on another, or to place them in 
elaborate combinations with various kinds of cords, it is wise to remember 
that the more connections one has the more likely something will go wrong. In 
fact, this problem is so common that if no sound is coming out of your system, 
right after checking to make sure that everything is plugged in, check the 
adaptors.  
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In the long run it is worthwhile to purchase the correct cords and adaptors for 
the job. You will find that they are easy to lose and a box for them comes in 
handy. You lay also find that you lose fewer of them if you can mark them in 
sole personal fashion.  

 
DC POWER CONNECTORS 
 
There are two styles of DC Power connector in common use in the modular 
synthesizer world being the barrel connector and what is often referred to as 
a MIC connector. The Barrel Connector is a 2-pin connector and commonly 
found on external power supplies used to get power from the mains in to your 
system. The MIC connector comes in a range of multi-pin configurations with 
2-, 3- and 4-pin found in regular use. 
 

 
 

 
Figure 1.21 ï Barrel Plug (female - left) and Socket (male - right) 

 

 
 

 
Figure 1.22 ï MIC Plug (female ï left) and Socket (male ï right) 
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DIN CONNECTOR 
 
This connector is the standard connector for MIDI, a standard that describes 
a communication protocol, digital interface and electrical connectors that 
connect a wide variety of electronic musical instruments.  
 

  
 

Figure 1.23 ï DIN Plug (male ï left) and Socket (female ï right)  
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THE ADVANTAGES OF BANANA JACKS AND PATCH CORDS 
 
One request often received from people who have not had "hands on" 
experience with 4mm systems (Serge, Cat Girl Synth for example) is to 
replace the banana jacks with other types of jack, specifically, 3.5mm mini-
jacks. Usually the person is worried about patch incompatibility with other 
equipment, or is just used to a particular type of patch cord. 
 
One of the advantages of banana jacks is that they never, specifically, require 
the use of "multiples". Since the patch cords are stackable, a single output 
can be sent to a number of input jacks without needing a special multiple-jack 
adaptor. This is especially important in the Euro-Serge synthesizer since 
there are a lot patchable functions and sub-functions. If you look closely at 
the modules, you will notice a lot of jacks. While not every jack will be used in 
every patch, patches in the system tend to get a little more complex than 
other systems which have more limited module functions. 
 
Another advantage of the banana patch cord system is the superior reliability 
of the moulded banana patch cords and the design of the plug and socket. 
You are always assured of a firm contact to the jack..... There is a large are of 
contact from plug to jack, providing a positive mechanical connection. The 
cords themselves are colour-coded according to length so finding the right 
length patch cord is easy. Also, the heavily insulated wire used on the banana 
patch cords make them less tangle-prone than the other types of wire.  
 
The banana patch cords are single-wire (but multiple strands) and 
unshielded. This is fine in a Euro-Serge synthesizer since all output 
impedances are very low, and the distance between patch points is usually 
quite short.  
 
Most Euro-Serge modules designed for connecting to the óoutside worldô will 
usually have alternative types of audio connectors such as mini-jacks, RCA, 
XLR and 1/4" phone jacks. 
 
When patching between modules across different systems that use different 
connectors (typically 3.5mm and 6.35mm jacks) it is best to have a multiple 
jack connector such as our ASM324 Xpander (this is suitable for banana-
3.5mm conversion, or other adaptors for other styles of connector. This 
allows the use of banana patch cords within the Euro-Serge synthesizer, yet 
allows easy hook-up to other gear with no new cables or expensive (and 
troublesome) inline adaptors required.  
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THE EURO-SERGE SYSTEM 
 
While the Euro-Serge may look like a single machine, it is actually a collection 
of much smaller devices or, as they shall be called from now on, MODULES. 
This explains the word Modular in the full title: Voltage Controlled Modular 
Electronic Music Synthesizer. Except for the internal power supply wires 
which supply them with the power necessary to operate, each module is 
COMPLETELY independent. They are no more interdependent than your TV 
and your toaster are when plugged into the same AC wall socket. Unless 
hooked together with PATCH cords these modules remain independent and 
can be used separately. But the real interest of the synthesizer lies in hooking 
these modules together.  
 
Unlike the original Serge System, each module in the Euro-Serge is 
physically independent allowing the user total control of what modules are 
used and where they go. Out of necessity due to space constraints, some of 
the Serge Modules are broken in to individual modules. An example is the 
Wave Multipliers (VCM) which is now 3 separate modules in the Euro-Serge.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.24 - A typical Euro-Serge module 

 
In  general,  most  Euro-Serge  modules  are  not very deep (typically  no 
more  than 60mm)  allowing them  to  be  installed into  shallow  cases 
(sometimes referred to as skiffs). These shallow systems are more easily 
transported. 
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Figure 1.25 - Behind a typical Euro-Serge module. 
 
Learning about a synthesizer is learning about what each module does 
separately and what they do when all hooked together. 
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CONNECTING THE EURO-SERGE TO 
SPEAKERS/AMP 

 
In all Euro-Serge systems there is at least one module whose function is to 
connect the Euro-Serge to the amp/speaker system. These are called 'output 
modules' because they take the signals from the Euro-Serge and OUTPUT 
them to the speaker and amps. Output modules have inputs that accept 
banana plugs from the other modules on the Euro-Serge and have either 
mini-phone, phone, XLR or RCA outputs. These non-banana connectors can 
go directly to the amp/speaker system. Below are diagrams of the various 
modules that serve this function. Each diagram is labelled to show where to 
'input' into the module and where to take the 'output' from. The output cord 
goes to the amp/speaker system. Under each diagram are instructions for 
setting the dials or POTS (short for potentiometer) on the module. It is 
important that these instructions be followed at this point. In particular, no 
cords other than those listed should be patched to the output module. In the 
following section this module is referred to as the Output Module.  
 

Figure 1.23 - Euro-Serge 'Output Modules'  
 
If the Euro-Serge is not already on, flick the power switch ON now. The amp 
should be turned all the way down.  
 
You are now ready to make your first electronic sound, which will also test 
whether all the inter-connections so far are good.  
 

After the sound, the theory............
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Chapter 2 
Self-Teaching Patches #1 
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MAKING SOUNDS KNOWING NOTHING 

 

1.1 Locate an ES20 VCO,  ASM325 VCO 2 or an ASM321 BASIC VCO on 
the Euro-Serge. Both of these modules are oscillators. All identically labelled 
modules are identical and interchangeable, so that if a system contains more 
than one of these modules any of them will do. For brevity these modules will 
be referred to as "VCO". 

 
Figure 2.1.1 

 
In the following discussion the ASM321 will be used  as the example 
oscillator module, though the ES20 can be substituted as in the above 
diagram in most of the following discussions (the ES20 does not have a 
1V/OCTAVE input but can be calibrated to give this response). 
 
1.2 It should be noted that all of the jacks on the VCO, though of different 
colours, are the same type. The Euro-Serge system recommends and 
promotes the use of the 4mm banana connector as used on the original 
Serge system although 3.5mm jacks can be fitted if preferred. This means 
that only one kind of plug is needed to patch from anything to anything else: a 
banana to banana cord. This kind of cord, since it is the primary cord for 
patching various modules together, we will simply call a PATCH CORD.                                            

Figure 2.1.2 - 4mm Patch Cord 
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1.3 At the bottom of the VCO is the output section with jacks for several 
outputs. Take one end of a patch cord and insert its plug in to the jack 
labelled [SAW]. The other end of the cord should be inserted into the [IN] jack 
of the output module. Make sure that the volume control on your amp is all 
the way down. 
 
In the above diagram, and all subsequent diagrams in this section, a patch 
cord will be shown by a thick line drawn between the appropriate jacks on the 
modules. The output module will be shown as a square with the input labelled 
[IN]. The amplifier/speaker is shown by a small speaker. 
 
1.4 On the VCO you will find pots that are labelled [PITCH], [COARSE 
TUNE], [FINE TUNE] or [FREQUENCY] (pot is the name given to all knobs 
on synthesizers because beneath the faceplate the knob turns a 
potentiometer) and hereafter will be referred to as the [PITCH] pot. Turn this 
pot so that its pointer is set to '4'. 
 
1.5 There should be no sound from your speakers until, slowly, you turn up 
the volume on your amp. You should hear a buzz. Set the volume on the amp 
so the sound is at a comfortable level. Try moving the [PITCH] pot back and 
forth. You should hear a whining sound that moves up and down not unlike 
the sound of a police siren. The further the [PITCH] pot is turned clockwise 
the higher the sound becomes; the further counter-clockwise, the lower the 
sound. 
 
If all is working then skip the next page  
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TROUBLESHOOTING 
 
IF YOU HEAR NO SOUND, then it is time to "troubleshoot" that is, to look for 
the problem and fix it. This should be done as methodically as possible and 
with as cool a head as you are able to muster. Things go wrong for the best 
engineers learning how to troubleshoot is just another, and rather important, 
thing to learn about synthesizer playing. Below are some elementary 
troubleshooting steps if no sound is heard: 
 

A. Check to see that the amp, pre-amp and Euro-Serge system are all 
plugged into an AC outlet and that each device is turned on. All the 
modules on the Euro-Serge are turned on by the single master switch. 
If there is an ES28 TOUCH SEQUENCERPAD or ES25 TOUCH 
KEYBOARD in the system, one of the led lights should be on. 

B. Visually check that everything is patched correctly together. The [SAW-
AC] output of the VCO to the output module. The output module to the 
amp. The amp to the speaker. 

C. Check that the VCO's [PITCH] pot is set to '4'. 
D. Check the settings on your output module against the settings listed. 
E. Check to see that all the settings on your pre-amp are correct. It should 

be set to AUX if the synthesizer is patched into AUX. The tape monitor 
switch, if present, should be off. Try unplugging the cord that goes to 
the amp from the output module and touching the disconnected end 
with your finger. If the amp and speaker are set up properly you should 
hear a buzz or hum. 

F. If all else fails try switching patch cords. It would not be the first time 
that a patch cord or adaptor was broken. Try a different VCO. 

 
Now that you have the first PATCH working there are a few things you can 
try:................... 
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BACK ON THE ROAD AGAIN 
 
1.6 Try turning the [PITCH] pot as far left as it will go. At some point it will 
start to become a series of clicks. They try turning it as far to the right as it will 
go. The pitch will get higher until it is barely within the human range of 
hearing. Try turning the pot labelled [FINE] or [FINE TUNE]. Like the [PITCH] 
pot it alters the pitch, but over a much smaller range. 
 
1.7 Unpatch the plug inserted in to the [SAW] output. The sound will suddenly 
stop. Re-patch in to the [SHAPED-AC] or [SINE] output (if using the 
[SPAPED-AC] output set the [WAVESHAPE] knob fully right). You should 
notice a difference in sound quality between these outputs. This quality is 
called "timbre" and is one reason why different instruments playing the same 
pitch can be distinguished. For instance, a piano playing Middle C and a violin 
playing Middle C are distinguished by their timbres. 
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STEP TWO 
 
2.1 On the Euro-Serge system find the module labelled AUDIO MIXER. 

 
Figure 2.2.1 

 
2.2 Patch the [SAW] out of the VCO to [IN 1] of the mixer. Patch the output of 
the mixer to the [IN] of the output module. The pot that is associated with [IN 
1] by a line should be turned fully left. Make sure that the [PITCH] pot on the 
VCO is set as in STEP ONE. 
 
2.3 Slowly turn the pot associated with [IN 1] to the right. The buzzing sound 
heard in STEP ONE should now once again be hard from the speaker, but at 
a softer volume. By turning the mixer pot further and further to the right, the 
sound can be made louder and louder. 

 
Figure 2.2.2 
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2.4 Using a second VCO on the Euro-Serge set up the patch in Figure 2.4.  
 
Using the second VCO's [SHAPED-AC] or [SINE] output to [IN 2] of the 
mixer. Slowly turn its associated pot up.  A second sound being MIXED with 
the first should now be heard. The loudness of the each two sounds can be 
determined by their associated pots on the mixer. Note that you can adjust 
each VCO's pitch separately. 
 
2.5 When a single piano note is struck the sound quickly gets loud and the 
slowly dies out (if the pedal is down). Try getting this effect by turning the 
mixers pot quickly to the right and then slowly back to the left. 
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STEP THREE 
 

 
 

Figure 2.3.1 
 
3.1 Patch the [SAW] output of the VCO in to the [INPUT] of the filter module. 
Patch the [LOWPASS] output of the filter to [IN 1] of the mixer. Set the pot 
associated with the filter [INPUT] fully left. 
 
3.2 Turn the [PITCH] of the VCO to about '2', which will produce a fairly low 
sound. The [IN 1] pot of the mixer should be at the level that it had been 
adjusted to in the previous step. 
 
3.3 Turn the [FREQUENCY] pot on the filter all the way right. You should 
hear a buzz similar to the one in the previous steps. 
 
3.4 Slowly turn the [FREQUENCY] pot on the filter to the left. The sound 
should get softer and softer and finally disappear. However, it will get softer in 
a different manner than when the mixers pots were tuned down. This time, 
the sound seems to get more and more muffled. The high buzz in the sound 
disappears first, and then the rest of the sound.  
 
Try VCO's set to different frequencies, different outputs of VCO's, and a mixer 
output. When listening to these sounds start with the filters [FREQUENCY] 
pot set full right in order to hear the full sound before filtering it. 
 
3.5 Try the same patch but using the [BANDPASS] output of the filter. Then 
try the [HIGHPASS] output of the filter, but start with the [FREQUENCY] pot 
fully left. 
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3.6 It should be clear that there are a lot more pots to turn and adjust than 
there are hands to turn them. It should also be clear that the sounds so far 
produced are still very simple and hardly music. These two problems are 
attacked in STEP FOUR. 
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STEP FOUR 
 
Certain things about STEP THREE can easily be said. The pitch pots on the 
VCO controlled how high or low the frequency of the sound would be, while 
the gain pots on the mixer controlled how loud or soft the sound would be. 
The filter controlled certain aspects of the timbre or quality of the sound. 
 
Loudness, Pitch and Timbre are all components of a single sound. Even in 
traditional scores these three "parameters" are notated. 
 

 
 

Figure 2.4.1 
 
4.1 Set up the patch in Figure 2.4.1 
 
4.2 On VCO #2 set [PITCH] fully left. Set the associated [INPUT] pot on the 
filter to '8'. 
 
4.3 Set the [PITCH] pot of VCO #1 to about '2'; set the [IN 1] pot on the mixer 
to a comfortable volume. Set the [FREQUENCY] pot on the VCF fully right. 
The pitch of the output will start to rise, getting higher and higher. It might so 
high that you will not be able to hear it. Then suddenly the sound will drop to 
a very low sound and start rising again. It is JUST AS IF you were turning the 
pitch pot of the VCO slowly to the right and then suddenly, fast as lightning, 
turning it fully left. 
 
4.4 Slowly turn the [PITCH] pot on VCO #2 to the right. As you do this the 
speed at which the pitch rises should increase. As this rising and falling 
accelerates to more than once a second, the ear starts to hear it as a 
constant wavering sound. When it approaches 20 times per second, the ear 
no longer distinguishes individual sweeps (though they are still happening), 
but rather hears a new, very low sound as well as some stranger higher 
sounds. Turn the [PITCH] pot on VCO #2 higher and higher listening to 
results as you do so.  
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4.5 Return VCO #1 and VCO #2 to the settings at the beginning of this step. 
Try using the [SHAPED-AC] output (turn [WAVESHAPE] fully to the right) and 
any other wave shape that may be available. When used with the [SHAPED-
AC] output, the sweep is a gentle one both up and back down. 
 
4.6 Reset VCO #1 and VCO #2 to the settings at the beginning of this step. 
Slowly turn the associated filter [INPUT] pot form its '8' setting to its '5' setting. 
The sweep will take as long, but won't get as high or drop as low. At '5' there 
should hardly be any sweep at all. As the pot is turned past '5' to '2' the 
sweep should start heading DOWNWARD, jumping UPWARD just the 
opposite of what it has been doing. 
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STEP FIVE 
 

5.1 Set the patch in the previous step. Set the associated [VC FREQUENCY] 
pot to ó5ô so that there is almost no sweeping and so that the sound is neither 
muffled nor too soft. The filter [FREQUENCY] pot should be set to about '4'. 
 
5.2 Locate the ES28 Touch Sequencer which is normally at the bottom of the 
synthesizer. 
 
5.3 On the ES28 there are 4 rows and 8 columns of pots. The rows are 
labelled [A] - [D] and the columns are labelled [STEP 1] - [STEP 8]. Set the 
pots in row [A] to 8 different positions - it doesn't matter what positions these 
are so long as they all different. 
 
5.4 To the right of the ES28 is the output section. Patch from [A] to  the 
[1V/OCTAVE] on VCO #1 as in the Figure 2.5.1 below. 
 
5.5 Touch different keypads on the ES34 with your finger, as you do, notice 
that a light on the ES28 goes on in the associated column to the keypad you 
have just touched. The light remains on until you have touched another key, 
so only one light will be on at a time. This light indicates that the column 
above it is activated. The pitch of the sound should change as each keypad is 
touched. 
 
5.6 Turn the pot in the [A] row in the column that is now activated (i.e. has its 
light lit). It should be just like turning the pitch pot of the VCO #1, but by 
REMOTE CONTROL. 
 
 5.7 Try setting the pots in row [A] so that a tune can be played on the 
keypads. 
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Figure 2.5.1 
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STEP SIX 
 
6.1 Just as an oscillator's frequency can made to rise or fall  by remote or 
voltage control (that is without turning that oscillator's pots) there are a 
number of mixers and other modules on the Euro-Serge which can control the 
GAIN of a sound by voltage control. The volume can be increased or 
decreased without turning a pot. In general these modules are called Voltage 
Controlled Amplifiers (VCAs) when they have single inputs or Voltage 
Controlled Mixers when they have more than one input. 
 
6.2 Almost all the output mixers in the Euro-Serge system are voltage 
controllable, meaning that the gain of their inputs can be controlled by a 
voltage coming from another module. Each input to the mixer has one or 
more VC inputs. These will be noted as "VC IN" on the output mixer module. 
 
6.3 Some Euro-Serge systems have independent VCA modules which often 
contain extra features. Patched as another link in the synthesis chain they 
can be used instead of the VC-output mixer to provide voltage controlled 
gain. In the diagrams below the VC-IN is noted on these modules. In the 
patches that follow, the VC-IN will be shown patched to the output mixer, but 
it can refer to these independent VCAs as well. 
 
6.4 In the following patch the VCO which is connected to the VC-IN of the 
mixer should be set with its [PITCH] controls to the left. It will increase and 
decrease the GAIN (loudness) of the sound in the same fashion that it 
controlled the frequency of the other oscillator in the previous patches: 
  
6.5 Try increasing and decreasing the frequency of the controlling VCO. The 
bursts of sound should get faster and slower. Also try using the different 
outputs of the VCO and listen to the different "shapes" of the bursts. This 
shape is called the "Envelope" of the sound. 
 
6.6 On the output section of the ES28 find the jack labelled [GATE] and patch 
it to the [TRIG IN] of the ES114. The [A] output of the SEQ will control the 
frequency of the VCO as in previous patches. The output of the ES114 
should be patched to the VC-IN of the output module. 
 
6.7 In this the ES114 produces a single envelope, unlike the VCO, which 
produces a continuous stream of envelopes. Furthermore it will produce this 
envelope on demand, in this case whenever a key is touched on the ES34. In 
this sense the ES34 is controlling the ES114. The length of the RISE and 
FALL times of the envelope are controlled by the [RISE] and [FALL] pots on 
the ES114. To produce the approximate envelope of a piano set the [RISE] 
pot to '6' and the [FALL] pot to '2'. 
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6.8 It is possible to get a somewhat 'backward' feel to the sound by reversing 
the settings of these two pots. It is also possible to vet very long envelopes or 
envelopes so short that they sound like nothing more than clicks. 
 
6.9 At the back of each plug on the patch cord is another Banana jack. This 
allows you to "stack" the plugs so that you can patch more than one cord 
from a single jack on the Euro-Serge. You should NOT STACK MODULE 
INPUTS, however. In order to combine voltages, a mixer or processor is 
required. If you try to stack at the inputs, you will be connecting the outputs of 
modules directly together. This is the one connection that should always be 
avoided in the synthesizer. 
 
OK, now that we have said this, let's moderate it a little; you should not live in 
total fear of using the system. In every case, modules are protected against 
inadvertent output shorts, but if a lot of outputs are connected together over a 
long period of time, it is possible to an excessive strain on the power supply. 
If you find outputs shorted together accidentally, simply remove them, but get 
in the habit of thinking of "multing" or stacking ONLY outputs whenever you 
are stacking banana cords  

 
Figure 2.6.1 

 
6.10 Stacking cords in this way, patch the output of the ES114 to the [VC-IN] 
of the mixer AND to the [INPUT] of the filter. Set associated pots full right. Set 
the [FREQUENCY] pot of the filter to '2'. 
 
6.11 Tap a key. The sound should now approach very closely the sound of an 
acoustical instrument. Like the oscillator and the mixer, the filter is now being 
controlled. Not only does the sound get softer and softer as it dies away (from 
the action of the mixer), but it should sound as if it is being damped, or losing 
its 'highs" as time progresses. This is what happens when a piano note is 
struck 
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6.12 In the following patch all remains the same as the above patch except 
that [GATE] is now connected to the [INPUT] jack of the ES114. 

 
Figure 2.6.2 

 
What has been added here is the ability to hold or sustain a sound by keeping 
one's finger on the keyboard. The RISE will begin as soon as the key is 
touched, but the FALL won't begin until the finger is released. 
 

 
Figure 2.6.3 
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STEP SEVEN 
 

 
 

Figure 2.7.1 
 
7.1 Using a second ES114, which will be referred to as ES114 #2, patch from 
the [END] jack to the [TRIGGER] jack of ES114 #2. This will be the first time 
that you patch between two jacks of the same module. 
 
7.2 Using the LED light on ES114 #2 as a guide, set the [RISE] and [FALL] 
pots of ES114 #2 so that the light flashes about once per second or even 
slightly slower. 
 
7.3 Remove the cord from [GATE] on the ES28 to [TRIGGER IN] of ES114 
#1 and patch it from [END] of ES114 #2 (stacking the plugs) to [TRIGGER IN] 
of ES114 #1. Also stack a patch cord from the [END] of ES114 #2 to the 
[CLOCK] jack on the ES28 (again note that we are stacking at the output. No 
input here has more than one output connected to it, but the [END] output of 
ES114 #2 is stacked to two places, [TRIGGER IN] of ES114 #1 and [CLOCK] 
of the ES28). 
 
7.4 The ES28 should now begin to "sequence" all by itself, stepping through 
its columns as if you were touching one keypad after the other. 
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7.5 Try turning [RISE] and [FALL] of ES114 #2 further and further to the right. 
The ES28 should step even faster. You may have to adjust the [RISE] and 
[FALL] pots on ES114 #1 to the left to keep the sounds from "blurring" 
together. Try turning the pots on ES114 #2 farther and farther to the left to 
make the ES28 step slower. 
 
7.6 The patch that you have now set up is one of the most common patches 
on a synthesizer, yet it is but one of an infinite variety. Other modules may be 
added to this patch that change the timbre, that create complex rhythms, that 
add second, third and fourth voices. From this section it is hoped that you 
have gained some of the sense of the sounds that a synthesizer can create 
and to some degree how it creates them.  
 
In the following section some of the theory of syntheses will be explored.
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Chapter 3 
The Theory of Electronic Music 
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SOUND 
 

Sounds are vibrations of the air caused by vibrating objects. Take a simple 
musical example - the string on a guitar. When it is plucked, it is pulled in one 
direction and released. Because it was under tension from the pulling, it 
snaps back to its original position and, because of its momentum, it keeps 
going through its at-rest position to an opposite state of tension. 

 
Figure 3.1- String Vibration 

 
It proceeds to move back and forth, each time with a little less power, until it 
comes to rest in its original position.  
 

Figure 3.2 - Vibration Decay 

 
Almost all struck or plucked instruments vibrate in some variation of this 
action. When the string is released it pushes the air in front of it causing a 
slight extra compression of the air molecules or, put another way, slightly 
higher pressure. This is called "compression". When the string flicks back, it 
causes a slight vacuum, or low pressure area. This is called "rarefaction". As  

http://www.elby-designs.com/webtek/euro-serge/documentation/string.gif
http://www.elby-designs.com/webtek/euro-serge/documentation/string-decay.gif
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Figure 3.3 - Compression wave 

 
The string vibrates back and forth more and more of these compression and 
rarefaction areas are created. They act like ripples in a pond, spreading out 
quickly and always at the same speed, the speed of sound. 
 

Figure 3.4 - Waves 

 
If you are standing some distance away from the vibrating string when these 
ripples reach you, if there were some way of counting how many waves occur 
per second, many things could be told about the string itself! For one thing, 
because the speed of sound is constant, you would know how many times 
the string vibrates in a second. This number is called the FREQUENCY of a 
sound. The second thing you would want to determine is how strong the 
ripples are, and that is, how compressed the compression wave is and how 
vacuous the rarefaction wave is. This strength is called the AMPLITUDE of 
the wave.  When working with sound it can also be called the VOLUME or 
LOUDNESS of the sound. The amplitude can tell you one or both of two 
things: how strong the source of vibrations was (i.e. how powerfully it could 
push air around) and/or how far away the source of the vibration is, because 
the amplitude of the ripples decreases with distance. 
 
  

http://www.elby-designs.com/webtek/euro-serge/documentation/ripple.gif
http://www.elby-designs.com/webtek/euro-serge/documentation/compression-wave.gif
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There are a  number of other things we wish to detect about the sound waves 
that reach us. No object vibrates simply. Each has a characteristic 'waveform' 
that, when perceived, can identify that object. This is called the TIMBRE or 
quality of the sound and is how we distinguish a piano from a violin. We 
would want to detect these variations and have a sense of where the sound is 
coming from. 
 
We perceive these complex waves with our ears. We hear different 
frequencies as different PITCHES and we can hear over the range of about 
20 to 20,000 cycles (vibrations) per second. 
 
We perceive loudness, and remarkably, we can sense the amplitudes of 
rustling leaves or those of a jet plane. The jet produces compressions and 
rarefactions nearly one million times greater than leaves! 
 
Without going in to much detail, this is the way the ear works: the pressure 
inside the human head remains constant (though adjusted to normal pressure 
of the atmosphere of the air). When there are no sound waves in the air, the 
eardrum is at rest between two areas of equal pressure. However, when a 
sound wave ripples past, with its fluctuating bands of high and low pressure, 
the eardrum is pulled slightly outward during a rarefaction wave and pushed 
slightly in by the high pressure part of the wave. This means that the eardrum 
is going in and out at the same rate (with the same frequency) as the original 
sound source. The eardrum's vibrations are transmitted be means of small 
bones to the cochlea, a spiral organ in the inner ear filled with a liquid and 
coated on the inside with millions of small hairs. Each of these hairs is 
connected to a nerve ending through which these signals are sent to the 
brain. 

 
Figure 3.5 - How the ear works 

 
  

http://www.elby-designs.com/webtek/euro-serge/documentation/ear-how.gif
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If we could take a picture of a small section of air through which a sound 
wave is moving, it might look like this:- 

 
Figure 3.6 - Air molecules 

 
In this image each dot represents a few million air molecules, but even with 
this simplification it is a rather clumsy way of describing how a wave 'looks'. 
Here is a better way to describe the "pressure" at each point of the wave:- 

 
Figure 3.7 - Pressure wave 

 
The line Patm is the normal pressure while the wavy line is a graph of the 
pressure of the wave. When the wavy line is above Patm, the pressure is 
greater than normal air pressure, when below Patm, it is less than air 
pressure. 
 
Figure 3.8 shows two sound waves 
drawn using pressure graphs:- 
 
 
 
 
 
 
 
 
                                                                                          Figure 3.8 

http://www.elby-designs.com/webtek/euro-serge/documentation/amplitude.gif
http://www.elby-designs.com/webtek/euro-serge/documentation/air-sound-wave.gif
http://www.elby-designs.com/webtek/euro-serge/documentation/pressure-wave.gif


THE THEORY OF ELECTRONIC MUSIC 

 

46 of 262 

The difference between the two waves is that the top one goes further above 
and below the mid-point than the bottom wave. This indicates that its 
amplitude or loudness is greater and is measured from "peak to peak", from 
the top of the highest peak to the bottom of the lowest trough. Below are two 
more waves: 
 

 
Figure 3.9  

 
Notice that in this case the amplitude of the two waves is the same, but that in 
the same length of time there are more excursions up and down in the right 
wave as in the left - that is the right wave has a higher frequency than the left 
wave. If a wave has twice the frequency of another wave, we hear it one 
octave higher. Notice that if the first octave starts out at 80Hz (Hz is the 
symbol for Hertz which is the same as cycles per second), then the next 
octave starts at 160Hz (twice the first), the third octave will start at 320Hz, the 
next at 640Hz, then 1280Hz, 2560Hz and 5120Hz. Whereas the first octave 
had a range of only 160Hz, the top octave had a range of 2560Hz! but to our 
ear/brain  both sound like a single octave. 
 
Figure 3.10 shows some standard wave shapes:- 
 
 
 
 
 
 
 
 
 
 

Figure 3.10 
  

http://www.elby-designs.com/webtek/euro-serge/documentation/frequency.gif
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The SINE and SAWTOOTH are two wave types that you will find on most 
synthesizers. The waves in this drawing have the same frequency and 
amplitude but a different SHAPE. The shape of a wave affects its TIMBRE or 
sound quality. Picture your eardrums being pulled in and out by the waves 
shown above to see the difference in the kind of motion the liquid in the 
cochlea would have. In the real world, of course, nothing can vibrate in quite 
these shapes and if it could, the air cannot ripple in quite this fashion, and if it 
could, the eardrum cannot be moved in precisely this way. But it can all come 
remarkably close. 
 
Below is what the sound waves of a guitar and a cymbal might look like: 
 

Figure 3.11- Guitar - Cymbal 
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VOLTAGE 

 
Voltage can be considered to be electric pressure. By the middle of the 19th 
century, many of the advantages of converting sound waves (rapidly 
changing atmospheric pressure) into voltage were discerned. Primary 
amongst them was that while sound waves died out relatively rapidly, voltage 
waves could be sent thousands of miles over wires, around corners and 
through walls. The main problem was how to convert sound waves in to 
voltage waves and then, after a journey of perhaps a hundred miles, convert 
the voltage waves more or less accurately, back in to sound waves. In other 
words, the problem was the invention of the telephone. 
 
A microphone is a device for converting sound waves in to voltage waves, or 
atmospheric pressure into electric pressure. The simplest microphones have 
a diaphragm which acts much like the eardrum in its response to sound 
waves. It is pushed inwards by a compression wave and pulled outwards by a 
rarefaction wave. The diaphragm is attached to a device which, when it is 
pushed inward creates a positive voltage and when it is pulled outward 
creates a negative voltage. When the diaphragm is at rest, its output is 0 
volts. 

 
Figure 3.12 - The Microphone 

 
Because of this one-to-one correspondence the voltage output of a 
microphone is said to be isomorphic with the sound wave input. 
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Figure 3.13 
 
A speaker is a device that takes a voltage wave and converts it into a sound 
wave. Though there are many kinds of speakers the most common ones work 
by moving a speaker "cone" with an electro-magnet. 
 

Figure 3.14 
 
In this kind of speaker the coil wire attached to the speaker cone sets up 
magnetic fields which push and pull itself in and out from the magnet as the 
voltage changes, thereby pushing and pulling the cone in and out. This 
creates rarefaction and compression waves in front of the cone. The speaker 

http://www.elby-designs.com/webtek/euro-serge/documentation/pressure-wave.gif


THE THEORY OF ELECTRONIC MUSIC 

 

50 of 262 

cone, therefore, reproduces the movement of the diaphragm of the 
microphone and in so doing reproduces the original sound wave. 
 

Figure 3.15  

 
It was the ability of such a system to transmit sound over long distances that 
first attracted the attention. It soon became clear that there were other 
advantages. Once the sound wave was converted into a voltage, it was far 
more malleable. It could be amplified, for instance, so that when the speaker 
re-created the sound it could be louder than the sound originally picked up by 
the microphone. 
 
A speaker doesn't know where the voltages it is receiving are coming from. 
Its cone will move in response to any varying voltage. A SYNTHESIZER is a 
device which creates and sculpts voltages of various shapes that, when 
directed to a speaker, create sound that can be used in musical settings. 
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THE DEVELOPMENT OF THE SYNTHESIZER 
 
From the earliest days of electronics, 
there have been various devices to 
create and alter voltages of audio 
frequency. Weôve already discussed 
the amplifier which takes an input of a 
varying voltage and puts out that 
same varying voltage magnified in 
amplitude. Another device is an 
oscillator, which simply puts out a 
varying voltage in a number of simple 
shapes:- 
 
                                                                                 Figure 3.16 
 
A knob, or pot (short for potentiometer, which is the device the knob turns) on 
the front of the oscillator would determine the frequency of these waves, that 
is how often in one second the wave would rise and fall. 
 
The first step towards electronic music was taken when the OUTPUT of the 
oscillator was connected, or PATCHED to the INPUT of the amplifier. The 
OUTPUT of the amplifier was sent to the speaker. 
 

 
Figure 3.17 

 
Note the "block diagram" used above. In this form of notation a block 
indicates an electronic device. The arrow coming out of a device is its output, 
while an arrow going in to a device is its input. An output of one device is 
always the input to another device. The output of a speaker goes to the input 
of the ear. What outputs from your mouth inputs in to someone else's ear. 
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Figure 3.18 ï You canôt beat a good óchin wagô, people talking face-face 

 
Another device was the mixer, which takes inputs and adds them together to 
produce a single output. Unlike the amplifier the mixer has more than one 
input. 
 

 
Figure 3.19 

 
Still another important device was the filter. A filter is a device that can 
eliminate or accentuate various frequency components of a complex sound. 
For instance it can be used to eliminate all the very high frequency 
components (the hiss) in a sound, by only allowing those frequencies in the 
range of the human voice to pass. A pot on the front of the filter controls 
which frequencies will be attenuated or eliminated. 
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Figure 3.20 

 
There are two problems with this procedure of adding device after device. 
The first was that very quickly there were just physically too many knobs to 
fiddle. The second problem was that knobs couldn't be turned quickly or 
precisely enough. The amplifier could not be turned up and then quickly down 
again fast enough to make the "sound envelope" of a single whack of a drum. 
 
The invention of the tape recorder, just after World War II, solved some of 
these problems. A single sound could be produced electronically, recorded on 
to a short piece of tape, and spliced into another previously made sound and 
so on until a string of sounds had been made. Two of these tapes could be 
mixed together through a mixer and recorded on to a third tape. The speed of 
the tape machines could be varied, and the segments could be reversed or 
even cut to form spliced "envelopes". This was (and still is) a very tedious 
process, but it is a very rich and flexible one. A studio built to be able to 
produce electronic tapes in this way is called a Classical Electronic music 
studio. 
 
The first major improvement in the classical studio came from Columbia 
University where they devised a controller which could set all the dials 
instantaneously from the instructions given on a punched paper tape. 
 
It wasn't until the sixties that the synthesizer as we now know it was designed 
by Don Buchla and Robert Moog by adding Voltage Control to the classical 
studio. 
 
The Voltage Controlled Electronic Music Synthesizer solved both of the two 
major problems of the classical studio by employing voltage Control which 
works in the following manner: 
 
Each device is given a special input called a Control Voltage Input (CV or 
sometimes VC for Voltage Control). This input accepts a voltage such that as 
this voltage increases it is JUST LIKE TURNING UP THE KNOB ON THE 
FRONT OF THE DEVICE. That is, a voltage can be used to CONTROL the 
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device. For instance, in a voltage controlled amplifier, if the voltage at the CV 
input increases, it turns the amplifier up and makes it louder. 
 
NOTE that in these block diagrams, as a matter of convention, the control 
voltage input is on the bottom of the 
device, the "signal" is on the left side 
and the output is on the right side. 
 
In a voltage controlled oscillator, a 
rising voltage at its control voltage 
input would make its frequency rise. 
For each device the control voltage 
affects only the function of that 
device. 
 

                                                             
 
 
 

                                       Figure 3.21 Amplitude and Frequency modulation 
 
Control voltages solved both problems of the classical music studio. With 
enough control voltages you could change all the settings of all your devices. 
And secondly you could change these settings so rapidly as to seem 
instantaneous. You could change the settings very, very  slowly, or you could 
change them at audio frequencies, for instance 500 times per second. When 
a device's settings are changed at those rates, some very strange things 
begin to happen, many of which can be musical. 
 
The only problem left, of course, is where to get all these control voltages. 
This problem is not as great as it seems for a control voltage is identical to 
any other kind of voltage. For instance, we could us an oscillator to control an 
amplifier since the output of that oscillator is a voltage! 
 

 
Figure 3.22  
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In the above example VCO #2 is controlling the amplifier, making the signal 
from VCO #1 louder and softer. 
 
Most of the early synthesizers have two different sets of patch cords, one for 
the control voltages and one for the signals, even though the voltages 
themselves are indistinguishable. The Euro-Serge does not make this 
distinction. 
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THE EURO-SERGE SYSTEM 
 
The Euro-Serge Synthesizer is a Voltage Controlled Modular Music System.  
 
By MODULAR it is meant that it is composed of separate devices of modules 
which must be patched together to produce  complex sound. By Voltage 
Controlled is meant that almost all of these devices can be controlled by a 
voltage as well as by their own pots. By music is meant that the Euro-Serge 
can be used to create complex, ordered sound, and by Synthesizer is meant 
that it needs no other input (though it is able to accept one) and that it can 
create, or synthesize, sound. 
 
There are four basic kinds of modules on the Euro-Serge. Many modules can 
serve more than one of these functions:- 
 

1. SOUND SOURCES. The basic sound source is the oscillator though 
there are others such as white noise. Sounds from the external world, 
as long as the have been converted into appropriate voltages (by the 
use of microphones or pickups for example) can also be used as sound 
sources. Oscillators are completely voltage controllable. 

2. SOUND PROCESSORS. Processors are devices that input one or 
more signals, operate on these signals, and then output a different but 
related signal. Mixers, filters, envelope shapers, amplifiers are all 
processors. Almost all of these devices are voltage controllable. 

3. CONTROL VOLTAGE SOURCES. Control voltage sources are devices 
that are used to create the control voltages which are used to control 
other devices. The keyboard, for instance, puts out a voltage which can 
be used to control the setting of an oscillator. Other devices are 
envelope generators, sequencers, sample/hold devices and envelope 
followers. These devices are voltage controlled themselves, making 
possible complex levels of control. 

4. CONTROL VOLTAGE PROCESSORS. These devices input a control 
voltage, operate on it, and output a related but different voltage. 
Processors and portamentos are examples of these modules. 

 

¶ Every module has at least one output 

¶ All processor type modules have at least one input as well as an output 

¶ Most module share control voltage inputs which control the function of 
the module. These inputs are of two basic types:- 

PROCESSED INPUTS which have a pot associated with the input 
jack that can attenuate, amplify and/or invert the control voltage 
UNPROCESSED CONTROL VOLTAGE INPUTS affect the given 
module in a predetermined way. 
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The jacks on the Euro-Serge are colour coded. This coding scheme makes it 
quicker and easier to identify the 'normal' type of function of the jack. We say 
'normal' because as these are voltages, they can, generally be used 
anywhere. 
 
This scheme is an expansion of the original Serge 3-colour scheme which 
used the 3-colours in the left column and didnôt differentiate between input 
and output. Euro-Serge has added the 2nd column to give this differentiation 
between inputs and outputs within each signal type, while the 3rd column 
provides for identifying a signal that is 'special' for example 'DC SPECIAL' 
could indicate a CV that has a negative voltage extent, or that the signals are 
óhotterô than specified in the EuroSynth Specification. 
 

 Full Range 

 Expanded IN-OUT  

 ORIGINAL SERGE  

 INPUT OUTPUT SPECIAL 

AC/Audio 

   

CV 

   

Logic 

   
 

Figure 3.23 - Input/Output Colour Coding Scheme
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Self-Teaching Patches #2 
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STEP ONE 
 

 
 

Figure 4.1.1 
 
NOTE: The output mixer should be set the same as in the First Learning 
Patch. In this section, block diagrams will be used to represent patches. Each 
module is represented as a block. Its signal output is from the right side of the 
block. Signal inputs are shown going into the left side of the block. Control 
voltage inputs go to the bottom of the block, and control voltage outputs are 
shown coming off the top of the block. Each of these inputs/outputs will be 
labelled on the diagram. Any special pot settings necessary to make the 
patch work will be listed below the diagram. On some of the diagrams 
drawings of the waveforms will be drawn next to the appropriate patch cord. 
 
There are three basic oscillators in the Euro-Serge system of which two 
currently are NOT from the Serge Modular System but have been used as 
'nearest direct replacements' for the Serge New Timbral Oscillator (NTO) and 
the Precision VCO (PCO). All these oscillators are identical except for some 
control and output functions unique to each other. This discussion will 
concentrate on the ASM321 BASIC VCO which is a 'suitable replacement' for 
the PCO. 
 
1.1 Set up the above patch on your Euro-Serge. The [SINE] out of the VCO 
(the abbreviation "VCO" will be used from now on to refer to any oscillator) 
should be patched to [IN 1] of the output mixer. 
 
1.2 VCOs produce repetitive varying voltages referred to as "waves". These 
waves are produced in different "wave shapes" of which SINE, SAW, 
TRIANGLE and RECTANGULAR (sometimes called SQUARE) are the most 
common. A VCO can produce these wave shapes at different frequencies. 
The frequency of a wave determines its pitch. The higher the frequency of a 
wave the higher the pitch. The shape of a wave determines its timbre or 
sound quality. Each VCO on the Euro-Serge provides a number of 
simultaneous outputs, all at the same frequency but with different wave 
shapes. 
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Figure 4.1.2 

 
While most VCOs on most synthesizers can produce waves across the entire 
spectrum of human hearing - about 20Hz to 20kHz, some VCOs on the Euro-
Serge synthesizer  can go below this threshold. Waves of these low 
frequencies are useful as control voltages. 
 
1.3 A sine wave is the simplest wave shape. Any wave shape except a sine 
wave can be treated as combination or mix of simpler waveforms. That is, 
ANY wave can be analysed as a mix of sine waves of specific frequencies 
and amplitudes. 
 
1.4 One way of visualising this is with a chart that has audible frequencies 
across the bottom and amplitude on the vertical axis: 

 
Figure 4.1.3 

 
Note that the scale across the bottom is EXPONENTIAL; that is each interval 
marked off is TWICE the frequency of the previous interval even though the 
intervals are of equal lengths. This is the way we hear, with each interval 
having twice the frequency spread of the previous interval (e.g. 20, 4, 80, 
160, 320, 640 ...) and yet these intervals sound identical to our ears/brains. 
The exponential scale controls with a LINEAR scale where each interval is a 
set distance from the previous interval. For instance, a linear scale would 
produce 20, 40, 60, 80, 100, 120, 140... 


