A MACHINE TO COMPOSE MUSIC.

®

This circtit won the prize for the bes% design in our 1956 GENIAC
CONTEST open to all GENIAC owners. The designer, John . Sows of
Pittsburgh, Pa., was 16 yeers old ot the time he submitted the

circuit and 1ts explanation.

Since the functioning of the human mind mey seem to bs beyond
enalysis, the thought thet a machine could compose music might seen
absurd at first, However, hy the use of statisticsl analysis and the
application of the information theory, such a mach!ne could Ye built.
In fact, an electronic computer which can compose melodies similar to
modern popular songs has been built. On these pages, ¢ .circult 1is
described which will compose simple melodies. (See "Information theory

and “elody," by Richard C, F!nkerton; Sclentific American, Feb.195¢),

The necessary data from which the clrcult was derived was oL~
talned by the -mathematical enalyvsis of some siliaple tunes, For the ssksa
of aimplicity, I enalyzed music in 4/4 ti.ae using only the first five
notes of the scale with no eighth notes or acc'dentals. I securad
music of this %yoe [rom exorclses in several »ians books for beg inners.
On page S are some typlcal tunes composed by the mechine; this music
i1s reminiescent of the melodics eriginally analyzed,

The results of this snalysie< are comniled in the table on peage
2. These tablets gilve the probabilities of any particuler note following
any other In the tunes analyzedi Aftear & note in the cclumn at the left
has been played, the numbers glve the trans!tional probabil?’ties to any
of the notes at the top which may be played. There are four tables, cne
for each positicn of a2 note in the mes=ure. ™ec syndols .C, L, #E, ¢ and G
slgnify the first five notes of the C scale; the O rapresents a8 riote

held for more than one beat. At the bottom of the same page 1s listed

the relative freqiency sach note appears in every position of a measure.
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From the tables on the preceding page, the chart on page four
was developed. The notes which occurred most frequently were chosen
for each position in the measure. A line extends from a note in one
position to the most probable note in the following position. In

some cases there are two lines from one note; one line is solid and
an alternate possibility is dotted. In this chart there are some
deviations from the pattern dictated by the tables on page two.
These discrepancies occurred in order to provide more variety in

the music or to simplify the circuit so that it could be more readily
constructed with the GENIAC.

when there are two lines leading from one note in the chart,
1 used either of two different methods to decide between the lines.
The first method is to flip a coin; heads, take the solid path; taills,
the dotted one. Suppose we were to write a tune using this diagram.
We shall start with a C in the first position. There are two direc-

tions in which we may go. If we flip a coin and it falls heads, the
next note shall be an 0. -Therefore, our first note is a C and a
half note. Similarly, if on the next two trials the coin would fall
heads and tails respectively, we would have an E in the third posi-
tion and a C in the fourth. Now, whatever side of the coin comes

up, we would have a D in the first position of the next measure,

for there is only one way to go. On subsequent trials, if the coin

would fall in the following manner, HTHTHTTHTH, the first line would
be as follows:

%; [J‘Jdt$ t-f""‘(j—tﬁ

The second method is to choose any random number, say 4l. In
the binary system, this would be 101,00l. Wwe may treat this the same
as the flip of a cain, by using heads for a 1 and tails for O.




Disgram 1

At the left is the number of the position of a note in each
measure. After the fourth position in one measure comes the first
position of the next. The so0lid lines lead from one note to a note
in the next position; the dotted lines indicate an alternate choice.

By means' of this diagram, simple tunes of indefinite length can be
composed.



On page six is the wiring diagram for this machine; the deck
positions are on page seven. As one can see, all six switches are
used. Because of the complexity of the Present Position Switch,
no connections to it are shown. Instead, the wires connected to
it from four of the switches are marked in order to show how they
should be attached; the wires from these four switches should be
connected to screws on the first and third circles from the center.
Connections from the Last Note Switch should be made to all the
corresponding scress in the rows marked (b) on the second and fourth
circles from the center. For example, a wire from C on the lLast
Note Switch should be connected to all screws marked C on the rows
(b) in the second ana fourth circles. In the same manner, connec-
tions from the lights should be made to all the corresponding scCrews

in the rows marked (a) in the second and fourth circles.

If we were to begin composing a tune using this machine, we
would set the Last Note Switch on C, which would be the last note
of the preceding tune, and the Present Position Switch on pne.

We would set the First Position Switch on either H or T, depending
on whether the coin fell heads or tails. 1f the coin falls heads,
the light under D will light. We record this and set the Last Note
Switch on D, the Present Position Switch on two, and the Second
Position Switch on either H or T depending on our coin.

In larger computers, rectifiers or other devices would be
employed. Haue#er, since this machine lacks such devices, when
we are using the second position, for esample, the First, Third,
and Fourth Position Switches shotild be in a neutral position to
prevent two or more bulbs from lighting Simultaneously.
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LEARN HOW TO BUILD COMPUTERS!

Have you ever wanted to build a small digital computing device? One that re-
produces in miniature what computers like ENIAC, SEAC, BIZMAC, etc., do on
a large scale? Our DIGITAL COMPUTER course shows how to set up and build
computers and experiment with pulses, storage, gates, flip flops, nddlng.‘ sub-
tracting, multiplying and applications of Boolean Algebra to circuit-design. You
get an introduction to programming. More important, you learn how and where
to buy computer parts to build your own computers. Manuals, wiring diagrams A modulo 2 counter.

and texts provide a complete introduction to theory and practice of DIGITAL :‘,‘;".‘ﬁfj‘:.;f,’.‘,':,,: :I'ipi

COMPUTERS clearly explained. We have a complete question answering serv- hiiodn. This is the main

lce. This is the finest and only DIGITAL COMPUTER course on wlementary component
from which counters

the market...... b L R SR e Dt SAPR TR 5 SRR C2- $28'00 and acrumulators a:-
assembled.

ANALOG COMPUTER COURSE

ANALOG COMPUTERS are widely used in engineering and scientific research to
duplicate actual physical conditions and to integrate and differentiate directly.
Our ANALOG COMPUTERS course lists sources of materials, parts, theory and
practical instructions, plus wiring diagrams and schematics for adding, multi-
plying, integrating and differentiating specific experiments, give practice in cal-
culating scale factors, choice of time scales, machine equation and block dia-
grams, phase inverting amplifiers, use of parallel imputs, solution of simple
differential equation. We show you how you can build computers at home.
Texts discuss theory and design of computer elements, network and operational
amplifiers, multiplication ard function generation. This is your best and only
comprehensive introduction to ANALOG COMPUTERS. Each course is a com- Block diagram for a
plete introduction to the subject with all necessary instructional ma- $2B 00 simple integrating cir-
3_ [ ]

terial and parts, Course, Manuals. .....coivver i rnres C cuit,

b e =g s ————

RADAR

Theoretical (Part 1) and practical (Part
2) course in operation and maintenance.
Equivalent of Navy course for technicians

suitable for civilian maintenance crews.
Including Texts: Course, P8C—Parts 1

ROBOTS

Construction and maintenance: DEVEL.
OPS the basic concepts of Robotry. Ex-
plores history of Robots, early designs
and models plans of some true Robots—
Robot Turtle — Robot Squirrel — Robot
Mouse. Detail plans and step by step in-
structions for building Robot Turtle—Ex-

sz 00orpart 2. . 9£0-00

S —
OLIVER GARFIELD CO0., Dept. PE-126, 31 Broadway, New Haven; Conn.

B e with plans, Texts P 9£8-00

| wish to order the courses checked below and have enclosed............ in full payment of tuition.
PHYSICS ELECTRONICS Acoustics Hi-Fi P4
High School Physics Television PIA Nuclear Physics PS
Part |—=PIA Radio P18 Aulaf-cnmpuhr C3
Part 2-P|B Radar—Theoretical PICI Digital Computer C2
College Physics - Radar—Practical P3C2 Memory Storage Cl
Part |—P2A Musical Instruments P3D Constructior of Robots PS7
Part 2—P2B |
| am interested in the following courses and would like additional information.
MATHEMATICS ﬁﬂ%ﬂﬁlsh'l'lf BIOLOGY :"ﬂ'ﬂ-:ﬁrls?ﬁ‘l"
[] Trigonometry C::?Ing: ol [] High School c:ﬁr:'psz
[] Algebra Analytic [(] Human Biology Abnormal PS3
[] Solid Geomaetry §unliutiu [] Zoology Mental H*giln- PS4
uantitive Aptitude Test PS5
0] Calculus rganie (] Botany Rapid Reading PSé
[] Statistics Physical [] Genetics Construction of Robets PS7

Please send me GENIAC Kit. $19.95 (Add 80¢ West of Mississippi or $2.00 Outside U. S.)

Name.......... e S e A CIRSOREIING .0 s e ivibs s bd




SAMPLE TUNES
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