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100% GUARANTEED
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COMPUTER MUSIC

OMPUTERS can create music either by

controfling external {usually bus-con-
nected) sound-synthesizer hardware or by
using software to create the desired wave-
forms within the computer. Although the soft-
ware approach has the greater potential, at
this time, better results are obtalned using
hardware synthasis. -

Probably the first software synthesis “mu-
sic” program was written for the original Al-
tair-8800 computer. It allowed the minimal
256-byte machine to pilay a simpie meledy a
few dozen notes long using an AM radic in
close proximity to the computer or an audio
amplifier connected te a front-panel LED as
the output method. A more sophisticated pro-
gram atong these lines, called the Music Sys-
tem, was later offered by Processor Tech-
nolegy. It allowed three simuftaneous tones
to be synthesized using the Interrupt Enable
line of the S-100 bus as the output signal. Us-
ing three independent tones, it was possible
to create chords, the melody line, counter-
point, or bass-parts of music.

Although these purely software techniques
required little or no hardware for sound gen-
eration, they invariably created buzzy reed-
like tones. it is safe to say that every comput-
er on the market (and even one brand of
hand-held calculator) has a music program of
this sort available for it. Although sound qual-
ity is extremely limited, some of the software
for entering notes into the computer is quite
imaginative.

The better software synthesis systems
make use of a digital-to-analog convener
(DAC). Basically, a DAC is a device that can
accept a high-speed data stream from the
computer and generate a waveform directiy
corresponding to those numbers, much like
plotting a graph. Though DAC's used to be
very expensive devices, one can now be built
from seratch for a few dollars (see “Computer
Bits,” Sept. 1976} or purchased ready to plug
into a computer for about $50.

The secret of success when using a DAC is
to write a program that can compute the data
corresponding to desired sounds at a rate
high enough. (8000 numbers/second or
more) for acceptable sound quality. The Oc-
tober 1976 “Computer Bits” column in fact
gave a listing of a program that could synthe-
size accurate telephone TouchTones com-
plete with the necessary sine waveshape us-
ing nothing but a DAC. Since TouchTones
are actuailly two tones sounding simultane-
ously, producing - waveshapes other than
square or pulse, this was the first step toward
improved microcomputer music synthesis.

The sine waveform was actually obtained
from a table in memory. Knowing this, it
should therefore be possible to change the

By Hal Chamberlin

stored waveform io anything desired and

thus add the dimension of timbre to low-cost
microcomputer music synthesis. This in fact
is exactly what Newtech Computer Systems,

Inc. did with its model 80 music board for
8-100 bus computers and associated soft-

ware. In addition, the TouchTone program

was modified for three simultanecus tones

with greater pitch accuracy and routines were |
added for computing waveforms having de-

sirable harmonic content. The most important
point, though, is that these two systems

represented a quantum leap in microcomput-
er software synthesis sound quality.

A couple of years ago, Micro Technology
Unlimited announced its DAC based music
synthesis system for the KIM-1 microcomput-
er. The DAC board supplied with the system
was an improved design with full 8-bit resolu-
tion, a sophisticated low-pass filter (essential
to realize the full potential of 8-bit conver-
sion}, and a low-power audio ampilifier.

HUH Electronics, with its “Petunia,” was
the first source to offer a DAC-based music
system to Commodore PET users. Aithough
the DAC hardware and associated software
were below the level established by Newtech
and Micro Technology, they nevertheless
gave PET owners much better sound quality
than previously. Now Micro Technology Un-
limited has adapted its KIM-1 system {o the
PET, giving the latter's user a “state-of-the-
art” software synthesis system. Apple I} us-
ers can get substantially the same system
under the name “Micro Composer” from Mi-
cro Music, inc. The big difference is an ex-
tremely sophisticated music-entry program
which makes full use of Apple il high resolu-
tion graphics capability to display the actual
music score in motion while the music is
being played!

Hardware Synthesizers. During the last
three years, several hardware music synthe-
sizers have been introduced. When using a
hardware synthesizer, the computer needs
only to instruct it as to the desired tone fre-
quency, amplitude, timbre, elc, and the
board takes over actual waveform genera-
tion. The main advantage of these boards Is
that the computer has lois of time for other
functions such as updating a video display,
scanning a keyboard, or directly interpreting
a score, In fact, it is even practical to control a
hardwave synthesizer from BASIC, an im-
possibility with a software synthesis system.
Another advantage is that more sophisticated
tones with amplitude and even timbre en-
velopes can be easily synthesized.

For $-100 users there are two hardware
synthesizer boards currently available. Each
can synthesize only one tene, but that tone
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can be controlled with a great deal of preci-
sion. Thus, chords and multi-part music wifl
require three or more boards.

The Solid State Music SB1 synthesizer
board, for example, offers a 8-octave range
and a waveform memory capabie of holding 8
different, 32-step waveforms. While playing a
note, the board is capable of automatically
sequencing through four of these waveforms,
which results in a more interesting and realis-
tic timbre. A hardware envelope generator
with programmable shape is also present.

The ALF Products ADS8 synthesizer board
spans only 7 octaves, but gives more accu-
rate pitches while the timbre is stored as a
single 128-point waveform. A sophisticated
four-part envelope generator in which each
part is independently programmable is also
provided. A distinct advantage of the ALF
board is that its digitally synthesized wave-
form is filtered by a programmable lowpass
filter which gives it a cleaner sound quality.

Hardware synthesizers for other comput-
ers are not nearly as comprehensive as the
preceeding two, but they do exist. ALF has a
synthesizer board for the Apple #l which can
generate three tones at once (see Computer
Bits, October 1979 for details). The tones are
limited {0 rectangular waveforms, but inde-
pendent envelopes are provided. The RCA
COSMAC VIP is endowed with a synthesizer
accessory as well. This board can produce
two square-wave tones with amplitude en-
velopes. A companion board can produce
percussive sounds, such as drums, under
program control.

Future Prospects. Future prospects for
microcomputer synthesized music are excit-
ing indeed; most of the activity is likely 1o be
in the DAC-software area. New develop-
ments will be fueled primarily by continuing
decreases in the cost of memory and disk
storage coupled with increases in microcom-
puter speed. An experimental PET-based
music system using DAC hardware has been
demonstrated which can give an independent
amplitude envelope to each harmonic in a
tone. This results in fairly realistic instrument
sounds as well as increased ability to conjure
up new sounds. The technique requires a lot
of memory, but “fully-stuffed” systems are
becoming quite common these days,

By now most readers have read about the
advantages of digital audio. Digital audio
playback systems using home video record-
ers are being brought to market, and systems
using video disks are expected in the future.
These promise fidelity significantly higher
than that available from today's tapes and
disks.

The significance of this is that digital audio

systems Jare nothing more than DAC's being
fed a smng of numbers—although .fore bits
and higher speeds are used than have been
discussed. With the increasingly “common
double-density floppy disks and even hard
disks being used with microcomputers, it be-
comes feasible to use software to compute
highly accurate sound waveforms and write
resulting numbers on the disk.

After the numbers are written (which may
take many times the duration of the piece),
they can be read back at high speed and sent
to the DAC. The synthesized sound quality
possible with this approach is so high that
there is essentially no limit as to what can be
achieved in this way. <&
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ELF 1] by Helronics

Featuring
RCA =
COSMAC CPU

Qwn a powerfuf home computer system, starting for just $88.85-a price that
gets you up znd running the very lirst night. .. with your own TV far a video
display. $49.9% ELF Il inciudes RCA 1302 B-bit microprocessar addressahle to 64k
bytes with DMA, intarrupt, 16 registers, ALY, 256 byte RAM, full kex keyboard,
two digit hex autput dispiay, stable crystal elack for timing purpases, ACA 1951
videa IC to display your programs on any video monitor or TV screen and 5-siot
plug-in expassien bus less connectors) to expand ELF 1} imta 2 giant!

ELF Il Explodes Into A Giant!

Master FLF #'s $89.95 capsbifities, then expand with GIANT BOARD ..
KLUGE BOARD...4k RAM BOARDS.. TINY BASIC.. ASCI XFYBOARD. ..
LIGHT PEN. . .ELFBUG MONITOR. . .COLOR GRAPHICS & MUSIC SYSTEM. ..
TEXT EDITOR. . ASSEMBLER. .. DISASSEMBLER. . VIBEQ GHSPLAY BDARD

. . and, aruther graat reason for gatting your FLF pow -

Write and run programs-—the
very first night-even if youw've
never used a computer before!

You're up and running with video graphics for just $99.95 —
than use low cost add-ons to create your own personal sysiem
that rivais heme computers sold for 5-times ELF II's low price!

pre-recerded fape casselles.
ELF Il Gives You The Power To Make Things Happen!
£xpanded, ELF 1 can give you more power ta make things happen in the real
world than heavily advestised hame camputers thot sell for a lot more money.
Tharks 12 an ongeing cammittment to develsp the BCA 1302 for hame cemputer
use, the ELF It products—baing introduced by Nateonics—keap you right on the
cuter Iringe of 1uday’s smafl camputar tecknalegy. It's a perfect computer far
engineering, business, industrial, scientific and personal applications.

Flug in the GIANT BOARP to racord and play back programs, edil and
debug pregrams, communicate with remote devices and make things hapgen in
the outsice world. Add Kluge iprotetyping! Board and you can use ELF Il to
solve special problems sutk as operaling a complex alarm system or cantrolling
a grinting press. Add 4k NAM Boards to write longer programs, store more
informatian and solve more sophisticated problenis.

ELF }i adfd-ons already include the ELF N Light Pen and the amazing ELF-BUG
Mopitar- two extremaly recent hreakthroughs that have not yet been dupficated
by any othe: f;

BREAKTHROUGH!

Netronics proudly announced the release of
the first 1802 FULL BASIC, written by L.
Sandlin, with a hardware floating peint RPN
math package (requires 8k BAM plus ASC1l and
video display boards), $79.95 plus $2 p&h. Also
available for RCA VIP and other 1802 systems
Board includes area for a ROM version.

Master This Computer In A Flagh!

Regardless of how minimal your computer backgreund is now, you tan laam
to program an ECF Il in almost no time al all. Qur Skort Coarse On Microgra-
cessor & Computer Prog ing—wweitlen in non-technical fanguage —guides you
thraugh each of the RCA COSMAC 380Z's capabilities, so you'll understand
averything €LF |l can do. ..and baw te get FLF N to da it! Bon't wory if you've
tieen stumped by computer books bafare. The Shors Cosrse represents a major
advance in literary clarity in the camputer lieht. You don’t have to he a computer
engineer in order to undersiand it. Keyed 1o ELF |1, ir's foaded with “hands on”
illustrations, When you're linished witk the Shart Coorse, acither ELF 1] anr the
RCA 1802 will hold any mysterias for you.

In fact, nat only will you now he ahle to use s personal computer creatively,
you'll alsa be able to read magazines such as BYTE. .. INTERFACE AGE. . . POPU.
LAR ELECTROMICS and PERSONAL COMPUTING and fully usderstand the
articles. And, yau'll understand how 1o expand ELF Il ta give you the exact
capabilities you need!

IF you wark with large computers, ELF it and the Short (,‘uwse will help you
undetstand what theyre doing.

Get Starled For Just $89.85, Complete!

$85.95 ELF Il includes al) the hardwate and soltware you need 1o start wriling
and running programs at homa, displaying videa graphics on your TV screen and
designing cirevits using a microprocesser -the very first aight—even i you've
sever used a computar belore.

ELF Il connpets directly 1o the viden input of your TV ser, without any adei.
tignal hardware, Cr, with an $8.35 RF madulator (see coupan belowl, you can
sannect ELF # 1o yaur TV's antznna terminals instead.

ELF i has been designed to play all the viden games you want, ircluding a
lascinating new target/missile gua game that was developad specifically for ELF
i. Bul games are only the icing on the cake. The real value of ELF |l is thal i
gives you a chance 10 write machine language programs—and machine language
is 1he fundamental language of al! computess. Of course, machine langaage is
only a starting peint. You can also pregram £LF |l with assembly lenguagé and
tiny BASIC, Bul ELF I's machine lanquage capshility gives you a chance to
devefop a working knawledge of computars that you ean't ge1 Iram rl.mning nniy

it at 399 35 plus $3 postage and  abke 35 postpard
handling {requires 63 o 8 voll AC power

L3 Power Supply (egwred). 34 95 posipad
[] RCA 1802 User 5 Manual. 35 postpad

ahoul ELF [ or any RCA 1802 compuier Wolten n non-techucal 53 p&l
ALSO AVAILABLE FORELF I

Netronics R&D le Dept PE 11
333 Litehfield Road New Milford, CT (6776
Yes! | want my own computer! Please rush mo—
O ACA COSMAC ELF It language. it's a Iearnmg breakhravgh for engingers and faymen

, f N I Deluxe Melal Cabmet wath plexigias dus) cover for ELF 11, {Conn. res. add lax]
sappiy) $29.95 plus §2.50 p&h
T3 1 am also enciostng paymen! nclucing postage & handlmg} for
Ihe ttems checked befow!
LI Tom Painan 5 Sherl Caurse Un Micropracassor & Compuler {11 wanl my ELF il wired and lested wilh pawer supply, RCA
Programming Teaches you qusl ahout everything tnere 55 lo know 1802 User's Manual and Shert Course—all lor just $149.95 pius
h.

The ELF-BUG  Monitor lats you debug programs with lightering speed because
the key to debugging is to know what's inside the registers of the microprotes.
sz, And, with the ELF-BUG  Manitor, instead of single stepping thraugh your
programs, you can naw display the entire contents af the registers on yaur TV
screen. You find out immediately what's gaing on and can make aay necassary
cthanges.

The inceedible ELF Il Light Pen lets you write ar draw anything you want on a
TV scroen with just @ wave of the “magic wand.” Netzonies has alse introduced
the EtF Il Color Graphics & Music System-mare breakthroughs 1hal ELF 1l
owners wete Lhe first 1a enjoy!

ELF Hl Tiny BASIC

Ultimately, ELF Il understands anfy machine language—ibe fundamental coding
required by afl computers. But, to simplily yoor relationship with ELF 1|, we've
ntrodeced an ELF 1! Tiny BASIC that makes communicating with ELF Il &
breeze.

Now Available! Text Editor, Assembler,
Disassembler And A New v:deo Dlsplay Board!

The Text Editor gives you word processing ability and the ability to edit
programs or text while it is displayed an yaur video monitor. Lines and charac-
ters may he quickly inserted, deleted er changed. Add a printer and ELF Il can
type letters for you-errar frap-plus print names and addresses from your
mailing fis1!

ELF II's A bfer translales bly & pe pregiams inte helldeclmal
machine code for EEF & use. The A hler features ic abhrevi
rather than numerics so that the instructinns an your programs are easier to
read —this is 2 hig help in catching errors,

ELF II's Disassemblnr takes machine code programs and praduces assembly
language source listings. This helps you understend the Programs you ere
working with. . _and improve Lthem when required,

The new ELF Il Video Display Boesd lets you generate a sharp, professional
12 o B4 character by 15 Ima uppe: and lower vase display an your TV screen or
video moaitos —dr 1 ing your ded $39.95 ELF Il When you
get into foager programs, the Video Display Board is a real blessing!

[ Now Available!
1 A-D/D-A Beard Kit includes 1 channel (expandable to
11_) D-A, A-D converters, $3%.95 plus $2 postage & hand-
ing. .

1 PILOT Langunge—A riew text-oriented language that
allows you to write educational programs on ELF I1 with
speed and ease! Write programs for games. . . UNSCram-
bling sentences. . speilmg drills. . *“fill in the missing
ward" tests, ete.! PILOT is a must for any ELF [1 owner
with chltdrcn PILOT Language on cassetfe tape, only
X 19.85 posipaid!

T3 Game Package on cassette tape {reqitires 4k RAM),
$9.95 plus $2 postage & handling,

Clip Here and Attach to Your Order Below!

PHONE ORDERS ACGEPTED!
Call (203) 354-9375

Total Enclosed § _

CHARGE IT! Exp. Date ____
1 Visa DMaslefCharge
Bank # _

Account®

76 vanahies A-Z LET. F/THEN, MIPUT, PRINT, GD 10,  programs and produces assembly language source fisl-

L1 GIANT BOARD™™ ko wiin cassette 1/0. A5 202-
CAIY 1) 8-bit P IO decoders for 14 separate 10
I wslruchions and a system mandor/edsor $39.95 plus
p&h
O Kluge (Proiolype) Board accepls wp lo 36 IC s
$17.00 plus 51 pda
U] 4k Slatic RAM kit, Addressable to any 4k page 1o
hdk $89.95 plus §3 p&h
() Geld platess 8B-pin cennectors (one fetusred 10 gach
plug inboard} §6.70ea  pasipad
[1 Exparsion Power Supply {required when addirg 4k
RAM) §34.95 plus 2 pah
[1 Prefessional ASCH Keyboard kit wilh 128 ASGH
upperAlower case seb 96 printabiz characters. onboard
requiator pardy. legic sefection and choice of 4 hand:
chaking sgnals o male with atmost any compuler
$64.95 plus 52 p&h
L) Deitxe melal cabinel for ASCH Keyboard, $%9.95
plos $2 50 g&h
[} Videa Misplay Board kit fets you generale a sharp.
piolessional 32 or 64 character by 16 kne upper and
owees Case display on your v screen of viden monlor—
giamancally improwag your onexpanded $99 86 £LF 1

[Fits inside ASCIL Keyboard cabmel § $89.85°

plus 52 p&h
L ELF I} Tiny BASIC on cassetfe laae CDm
. nands inctude SAVE. LOAD. + =, 0L

G0 SuB. RETURN. END. REM. CLEAR. LIST. RUM.
PLOT. PEEK, POKE Comas ity documenled and m-
cludes alphanumenc gereralor required to display
alphanumend characlers duectly on your ty scregn with
oul adddional hardware Also plays Lok fack-loe plus 4
drawing game Ihal uses ELF H's hex keyboard as a joy-
stick 4k memory requiredt $14.95 postpaid

O Tom Pliman's Shert Course an Tiy Basie for ELF .
55 postpawd

£ ELF-BUGT™ Deluve System Mondor on casseite
fape AHows displayng Ihe contents of afl registers on
your by al any posnd i your pragram Also dssplays 24
bytes o memory wilh {ull addresses, bhinking cursor
and aule scraikng A must for the serious programmer?
$14.95 posipas

O3 Texd Edilar on casselte fape gives you the atility to
insen. defete o edd tnes and words rom your programs
while they are displayed on your wileo mandor. (Add
printer and you <am use ELF 3 10 type ertor-lree letlers
phus msert names and addresses tram your mating Iist.}
515.95 postoad

[ Assembler on cassetle fape Iranslales assembly
Tanguage pragrams inle hexigecimat macmne cotle for
ELF It use. M abi

{ralher than fumenics) make pmgrams easaer fo read
and haip preven errors. $19.95 postpaid

C] Risassembler oni casselle lape takes machine cede

ings 10 help you under stand and wmprove your programs

$14.95 on cassetie fape

SAVE 59.90—Tex! Editar, Assembler & Disassernbier

purchazed fogelher, only 549.95% (Require Video Das-
play Board plus 4k memory. }

O3 ELF It Light Pen, assembled & [esled, $7. 95 plus §1

20

I3 BF Il Color Graphics & Music System Boatd kil

$40.95 plus 32 plh

{1 ELF 4i cenniects divectly to the video input of your tv

sel withaul additional hardware To conpect ELF H 1o

your antenna ferminals mstaad. order RF Modulator.

$8.85 posipaid.

Comiag Snun A-D. D-A Converter, Conlroller Board

and mare!
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