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A POLYPHONIC ELECTRONIC ORGAN

C. H. Ting, San M~teo, CA

Summary

A simple method is dev8loped to encode polyphonic music. This
method allow us to aSH ign up to 16 voices to be played out
on that many speakers. Th~s we are able to spatially separate
the voices in polyphonic music. Many of Bach's organ pieces
were coded to demonstrate this effect.

1. Spatial Separation of Voices in Polyphonic Music

In polyphonic music of ~ the Baroque period, many independent
voices are interwoven together. These voices would carry
the thema tical phrases a 1 terna ti ve ly or in succession. This
type of music played on keyboard instruments like organ or
harpsichord is very difficult for the listener to identify and
to follow the indi vidual voices. This is particularly true
in Bach's organ compositions.

I built a simple electronic organ using an IBM-PG as the host.
It is capable of outputing12 independently programmable
voices through 12 loudspeakers. With this organ I can test
the idea of spatially separating voices in polyphonic music.
Four Intel 8253 counter-timer chips are used on a peripheral
card for PC. Up to 12 counter-timers can beconfigured
to operate in Mode 2 to generate square waves. The frequency
of each counter-timer channe 1 can be programmed by writing
a 16 bit count word into the control register.

2. Coding Po lyphonic Music

The syntax to specify a cord or a note group is as fol lows:

note1 note2 ... note' n mask duration

Up to 16 notes can be specified before the mask. Bits in the
mask word specify which note is to be sent to which channel
so that its frequency can be updated. An example to change 6
channels of voices is as follows:

HEX C2 G2 C3 E3 G3 C5 707 1 /8
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which assigns C2 to channel 9, G2 to channel 8, C3 to channel
7, E3 to channel 3, G3 to channel 2, and C5 to channel 1.
The duration of this cord group is an 1/8 note. The note words,
C2, ..., are defined as constants, leaving the counter valued
on the stack. 707 is the mask, specifying 6 channels to be
updated with 6 note values on the stack. 1/8 is the real actor
which takes the mask and used the bit pa ttern in the mask to
store note values into individua lcounter registers.

Cords are grouped together to form phrases or measures. If
any df the phrases or measures are to be repeated~ it is
advantageous to define then as new words. Forth thus a 1 lows
us to code music pieces in sma 11 modules, which can be checked
and edi ted incrementa i ly.

Specialized tools are built whenever situation calls for them.
Tools greatly simplifies cOding, especially when the music
pieces contain regular structures and patterns, as. shown in
Prelude in C major. When passages are repeated, the program
can simply repeat measures already coded.

3. Program~ Listing

Screens 2 and 3 contains the program to play cords. Screens
4 to 8 are the notes defined as constants to be entered into
the count registers in 8253' s. Screens 9 to 12 contain a
sample program to play Bach's Prelude in C Major in his Well-
Tempered Clavier.

PLAY is the command whichbotes to different counter-timers
according to the specifications in' the mask word, and then
enters a' delay loop to sustain the cord. Actual cord playing
wor-ds, such as 1/1, 1/2, 1/4, 1/8, 3/4, 3/8, etc., are defined
in terms of PLAY with the length of delay specified.
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04 ianB6cht \ Notes
1381 10000 NOTE C3

14683 10000 NOTE 03

lli481 10000 NOTE E3

18500 10000 NOTE m
2071 10000 NOTE 63

m08 10000 NOTE A31

2

o \ "ul iple notes
I 25 FUDGE ! ( 1 iiI i-second)

2 HEX 310 CONSTANT CHANNEL DECI"AL

3 : (PLAY) ( period channel -)

4 CHANNEL +)R DUP R. PC! FLIP R) PC! ¡

5 : PLAY ( .. n IS -, send notes to channels specified by lask n)

b )R (tile) lii 0 DO DUP i AND
7 IF SWAP I (PLAY) THEN 21 LOOP DROP

B R) 000 20 "S LOOP KEY? ABORT" ki !led'

9

10

11

12

13

14

15

3

o \ Initiate B253 and hush thu

I HEX

2 : CONTROL -PORTS ( n)

3 320 m DO DUP I PC i 4 lLOOP DROP ¡

4 : INITATE ( set up all ports to be iie 3)

5 31i CONTROL-PORTS 7IiCONTROL-PORTS BIi CONTROL-PORTS;

ii : :¡ silence all channels .ith 300 KHz output)

7 4 4 4 4 4 4 4 4 4 4 4 4 777 I PLAY ;
8: HUSH :;
9 INITATE HUSH DECIIlL
10 : BEAT CONSTANT OOES). PLAY;

11 12B 8EAT 111 1i4 BEAT 1/2 32 BEAT 1/4

12 8 BEAT 1/16 4 BEAT 1/3 2 BEAT 1/1i4

13 96 BEAT 31 4B BEAT 3/B 24 BEAT 3/16

14 192 BEAT 3/2

15

4

o \ Notes

I : NOTE (n) 11900 ROT .1

2 320 10000 NOTE CL

3 3671 10000 NOTE 01

4 410 10000 NOTE El

5 41i25 10000 NOTE FI

ii 5191 10000 NOTE 611

7 5B27 10000 NOTE All

B 1i541 10000 NOTE C2

9 732 10000 NOTE 02

10 B241 10000 NOTE E2

11 9250 10000 NOTE F21

12 103B3 10000 NOTE 621

13 111i54 10000 NOTE A21

14

15

lii BEAT lIB
1 8EAT 1/128

12 BEAT 3/3

2b16 1000 NOTEC4

293 1000 NOTE 04

3296 1000 NOTE E4

3700 1000 NOTE F4
4153 1000 NOTE 641

41i62 1000 NOTE A41

ii

04 i an8licht \ Notes
5m i 000 NOTE C5
587 1000 NOTE 05

1i593 1000 NOTE E5

7400 i 000 NOTE F5

B301i 1000 NOTE 651

933 1000 NOTE A51

1041i5 1000 NOTE C6

1147 1000 NOTE 06

131B5 1000 NOTE E6

14BOO 1000 NOTE Flit

16612 1000 NOTE 661

IBli47 1000 NOTE A6I

7

OljanB6cht \ Notes

CONTANT (DOES. PERIOD) 2093 LOO NOTE C7
3465 10000 NOTE CII 239 lOO NOTE 07
3BB9 10000 NOTE 011 21i37 LOO NOTE El
4365 1000 NOTE FI 2900 LOO NOTE F7
4900 10000 NOTE 61 3322 LOO NOTE 671
5500 10000 NOTE Al 379 LOO NOTE A71
1i17 10000 NOTE 81

090 10000 NOTEC21

77B 10000 NOTE 021

87110000 NOTEF2

9BOO 10000 NOTE 62

11 000 10000 NOTE A2

1247 10000 NOTE B2

41BIi lOO NOTE C8

4699 LOO NOTE DB

527 i 00 NOTE EB

590 LOO NOTE FBI

1i645 i 00 NOTE 6BI

749 i 00 NOTE ABI

Forth B3 "odel

13B59 10000 NOTE C3I

15556 10000 NOTE 031

1761 10000 NOTE F3

1900 10000 NOTE G3

2200 10000 NOTEA3

241i94 10000 NOTE B3

277 1000 NOTE C4

3111 1000 NOTE 041

3492 1000'NOTE Ft

390 1000 NOTE 64

4400 1000 NOTE At

499 1000 NOTE B4

5544 i 000 NOTE C5t

Iim 1000 NOTE 051

69B5 1000 NOTE F5

7840 i 000 NO TE 65

8800 1000 NOTE A5

9878 1000 NOTE B5

11087 1000 NOTE Clil

1244 1000 NOTE Dlil

1391i9 1000 NOTE F6

15680 1000 NOTE 61i

1700 1000 NOTE Aó

19755 1000 NOTE B6

2118 LOO NOTE m
2489 LOO NOTE 071

279 i 00 NOTE F7

mli LOO NOTE 67

350 LOO NOTE A7

3951 LOO NOTE B7

445 LOO NOTE CBI

49B lOO NOTE 081

55BB LOO NOTE FB

1i27 100 NOTE 68

7040 ioo NOTE A8

7902 lOO NOTE B8

31dec85cht

31dec85cht

3ldec85cht

. (
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31dec85cht \ Prelude I, C "ajor

F1 CONSTANT 61b

F21 CONSTANT 62b

m CONSTANT 63b

F41 CONSTANT 64b

FSI CONSTANT 65b

Fbi CONSTANT 6bb

F71 CONSTANT 6ìb

F81 CONSTANT 68b

B

o \ Flat notes

I Cit CONSTANT Dlb

2 C21 CONSTANT 02b

3 C31 CONSTANT D3b

4 C41 CONSTANT D4b

SCSi CONSTANT D5b

b Cbi CONSTANT Dbb

ì C71 CONSTANT D7b

B CBI CONSTANT D8b

9 61t CONSTANT Alb

10 621 CONSTANT A2b

11 631 CONSTANT A3b

12 641 CONSTANT A4b

13 651 CONSTANT ASb

14 6bl CONSTANT Abb

15 671 CONSTANT A7b

DIt CONSTANT Elb

021 CONSTANT E2b

031 CONSTANT E3b

041 CONSTANT E4b

051 CONSTANT ESb

Dbl CONSTANT Ebb

071 CONSTANT E7b

DBI CONSTANT E8b

All CONSTANT 81b

A21 CONSTANT 82b

A31 CONSTANT 83b

A41 CONSTANT B4b

ASI CONSTANT 8Sb

Abl CONSTANT 8bb

A71 CONSTANT Fì

9

o \ Prelude 1, C "ajor

1 i CORD ( nl n2 n3) SNAP ROT 3 0 DO 1 1Ilb LOOP ¡

2 : KI 64 CS ES CORD i

3 i NI C4 4 4 7 1/lb E4 2 1/lb Kl Kl :

4 : K2 A4 D5 FS CORD ¡

S : N2 C4 4 4 7 1Ilb 04 2 1IIb K2 K2 :

b : K3 64 05 FS CORD j

7 : N3 83 4 4 7 Il1b 04 2 1IIb K3 K3 :

8 : K4 A4 ES AS CORD ;

9 : N4 C4 4 4 7 1/1b E4 2 1I1b K4 K4 : i
10 : KS F41 A4 OS CORD;

11 : NS C4 4 4 7 I/Ib 04 2 I/Ib KS KS : ¡

12 : Kb 64 05 65 CORD ¡

13 : Nb B3 4 4 7 1Ilb D4 2 1/1b Kb Kb : ;
14 i PI NI"I N2"2 N3 N3 NI "I N4 N4 NS"S "b Nb j
is

10

o \ Prel ude 1, C Najor
i : LEAD ( nl n2) SNAP 4 4 7 I/Ib 2 l/lb ;

2 i K7 E4 64 CS CORD;

3 :"7 83 C4 LEAD K7 K7 : ¡

4 i N8 A3 C4 LEAD K7 K7 :

5 : K9 D4 F4 CS CORD ;

b i N9 03 A3 LEAD K9 K9 :

7 : KIO 04 6484 CORD i

B : NIO 63 83 LEAD KIO KIO :

9 i Kit E4 64 CSI CORD;

10 i Nil 63 A31 LEAD Kll Kl1 :;

11 i K12 04 A4 05 CORD j

12 i N12 F3 AHEAD KI2 KI2 : ;
13 i KI3 04 F4 84 CORD ¡

14 i Nl F3 631 LEAD Kl KI3 : i

IS i P2 "7 N7 NB NB "9 "9 Nl0 NIO NIl Nil "12 NI2 Nl Nl ;

02jan8bcht
E3 63 LEAD KI4 KI4 : ;

E3 F3 LEAD K1S KIS :

: KI4 C4 64 CS CORD j i NI4

: K1S A3 C4 F4 CORD; : N1S
: Nib 03 F3 LEAD KlS KIS : ;

: K17 63 83F4 CORD i : N17 62 03 LEAD Kl, Kl : ¡
: KI8 63 C4 E4 CORD; : NI8 C3 E3 LEAD KIB KI8 : j

: KI9 A31 CU4 CORD ¡ : NI9 C3 63 LEAD K19 K19 : ¡

: K20 A3 C4 E4 CORD j : N20 F2 F3 LEAO K20 K20 : ;

: K21 A3 C4 041 CORD j : N21 F21 C3 LEAD K21 K21 : ;

: K2 83 C4 04 CORD ¡ : N22 621 F3 LEAD K22 K22 : j
i K23 63 83 04 CORD ; : N2 62 F3 LEAD K2 K23 : j

: K24 KI8 j : N24 62 E3 LEAD KIB KI8 : ¡
: K2S 63 C4 F4 CORD ; : N2S 62 03 LEAD K2S K2S : j

: K2 63 83 F4 CORD ; : N2b 62 03 LEAD K2b K2b : j

: P3 NI N14 NI5 NIS Nib NIb NI7 m NI8 NIB m N19

N20 N20 N21 N21 N22 m N2 N2 N24 N24 m N2S N2b N2 j

12

02jan8bcht \ Prelude i, C Najor 02janBbcht
62 031 LEAD K27 K27 : ;

62 E3 LEAD K2B K2B : ;

6202 LEAD K29 K29 : i
62 02 LEAD K30 K30 : j

C2 C3 LEAD ni K31 :

: K27 A3 C3 F3 CORD ¡ : N27
: K2B 63 C4 64 CORD ; : N28

: K2 63 C4 F4 CORD ¡ : N29
: K30 63 83 F4 CORD ¡ : N30

: K31 63 A31 E4 CORD ; : "31,

: I4NOTES 14,0 DO i I/Ib LOOP;

: K32 03 F3 03 F3 A3 F3 A3 C4 A3 C4 F4 C4 A3 F3 I4NOTES :

: N32 C2 C3 LEAO K3 j

: K3 04 E4 F4 04 84 64 84 OS 84 05 FS OS 84 6U4NOTES :

: N3 C2 82 LEAD K3 ;

i FINALE C2 5,12 I/Ib C3 2Sb I/Ib E4 4 I/Ib 64 2 1/lb CS I 1/1 ;

: P4 N27 m N2B N28 N29 "29 "30 N30 "31 "31 "32, N3

FINALE HUSH j

: PRELUDE-I Pi P2 P3 P4 ¡
32 FUD6E i

o

02jan8bcht \ 8ACH,OR6ANRECHAL1 JanUary 17, 198b

LITTE l Li ttle prelude)
NUSETTE - 1 ( "usette in 0 lajor)

2-INV-I ( ho part invention, No. II
2-INV-4 ( ho part invention, No. 41

PRELUDE-I ( Prelude in C lajor)

FU6UE-1 l Fugue in C .ajor)

PRELUDE-2 ( Prelude in C .inor)

FU6UE-2 ( Fugue in C .inor)

TOCCATA ( Toccata in 6lajor)

ADA610 l Tocc¡tain 6 lajor)

ALLE6RO ( Toccata in 6 lajorl

15janBbcht

Forth 83 "odel


