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FIGURE 18-16

A program that
simulates a simple
chord organ

We can also use multivoice sounds to create beautiful frequency
“slides.” You’ll hear what we mean if you modify the single-voiced sound-
effect program in Figure 18-6 to use multivoice sound by adding the ap-
propriate WAVE statements at the beginning of the program, and replacing
the three SOUND statements with:

SOUND freq, dur, , 0
SOUND freq + 10, dur, , 1
SOUND freq + 20, dur, , 2

Programming musical chords

Writing programs that use musical chords is straightforward. If
we use the piano array in Figure 18-11, we can use chord theory to form
any type of chord. Figure 18-16 shows a program that plays major chords
like an organ. The SOUND commands that generate the chord use the fact
that a major chord is made up of three notes: the base note, the note four
notes above the base, and the note seven notes above the base. Note how
easy it is to create the sounds from the scale. The three SOUND statements
use the piano array to generate their notes.

[[EBEE——————Llist

Simple organ
" Plays major third chords
' Click on keys with mouse to play chord

DIM piano(88)
ratio=2"(1/12) ‘ratio between each note = 12th root of 2
piano(1) = 27.5 'set first note..low A
FOR note =2 TO 88

piano(note) = piano(note - 1) * ratio  'multiply previous note by factor
NEXT note

octave =3 ‘choose octave and compute the shift
shift = (octave * 12) - 1

WAVE 1, SIN ‘set up the waveforms
WAVE 2, SIN
WAVE 3, SIN

CALL MOVETO(215,15) : PRINT "Simple Organ”
FORn=1TO 12
READ buttonLabel$
XPos =(h- 1) * 40+ 4
yPos = 70
IF LEN(buttonLabel$) = 2 THEN yPos = yPas - 25 ‘is the key a sharp?
BUTTON n, 1, buttonLabel$, (xPos,ypos) - (40 + xPos, yPos + 70)
NEXT n
DATA A; A*, B, C,C*, D, D*, E; F, F*, G, 6G*

(continued)
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FIGURE 18-16

(continued)

FIGURE 18-17

Music by Bach,
played by the
Well-Tempered
MacClavier
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BUTTON 13, 1, "Quit", (220,200) - (280,220)

PlayLoop:
WHILE DIALOG(O) <> 1 : WEND ‘only interested in buttons
clicked = DIALOG(1)
IF clicked = 13 THEN END ‘wants to gquit
SOUND WAIT

SOUND piano(shift + clicked), 10, , 1
SOUND piano(shift + clicked + 4), 10, , 2
SOUND piano(shift + clicked + 7), 10, , 3
SOUND RESUME

GOTO PlayLoop

We can use the same principles to play musical pieces. Figure
18-17 shows a program that plays the first few bars of “Prelude in E Flat”

S(==—F————— list %‘
: Prelude in E Flat [

‘ from the Well Tempered Clavier, Book 1, by J. S. Bach

DIM piano(88)
ratio=2"(1/12) ‘ratio between each note = 12th root of 2
piano(1) = 27.5 ‘set first note..low A
FOR note =2 TOD 88

piano(note) = piano(note - 1) * ratio  'multiply previous note by factor
NEXT note

octave =3 ‘choose octave and compute the shift
shift = {(octave * 12) - 1

WAVE O, SIN: WAVE 1, SIN

FOR note = 1 TO 64
READ treb : READ bass
SOUND WAIT
SOUND piano{shift + 12 + treb), 3.5, , 0
SOUND piano(shift + Bass), 3.5, , 1
SOUND RESUME

NEXT note

DATA 16,4, 7, 11,6,9,7:11,4, 7. 7, 6,6,9,7, 11
DATA 16,4,7,11,6,9,7,11,4,7,7, 6,6,9,7, 11
DATA 12,4,9,12,8,11,9,12,4,9,9,12,8, 11,9, 12
DATA 12,4,9,12,8,11,9,12,4,9,9,12,8, 11,9, 12
DATA 15,4,9,12,7,11,9,12,6,9,9, 12,7, 11,9, 12
DATA 15,4,9,12,7,11,9,12,6,9,9, 12,7, 11,9, 12
DATA 16,4, 11,7,9,6, 11 1111, 7,9,6, 11,7
DATA16,4,11,7,9,6,11,7,7, 11 ), 79,6 17057
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CHANGING THE
WAVEFORM

Creating the
waveform
array

from The Well-Tempered Clavier by J. S. Bach. The notes were transcribed
directly from the sheet music by first listing the notes (A, D#, and so on),
then converting the notes to the numbers in the piano array.

Each sound has a characteristic shape of the wave that produces the sound.
Thus, changing the shape of the waveform also changes the texture of the
sound. “Pure” sounds are generated with a sine wave. If we use single-
voice sound without first giving the WAVE command, BASIC generates
a square wave; if we use the SIN option in the WAVE command, we get a
wave shaped like a sine curve. We can use the WAVE command to specify
a different shape for the sound wave for each voice of a multivoiced sound.

To change the shape of the wave, we specify an integer array of 256 ele-
ments in the WAVE command. Each element in the array must contain a
value between —128 to 127. The 256 elements of the array represent one
cycle of sound. The values that are stored in the array determine the shape
of the wave. The array must be filled with the values before we give the
WAVE command.

Remember that the general syntax of the WAVE command is:

WAVE Voice Number, Wave Shape, Phase

We’ve used the SIN option for the Wave Shape parameter up to now. In-
stead of SIN, we can change the shape of the wave by giving the name of
the array that holds the values, such as:

WAVE 1, musicArray®

This array can also be a multidimensional array of 256 by n ele-
ments, where 7 is an index defining which waveform we wish to use. This
technique is similar to that described in the previous chapter for using an
indexed array to change shapes defined with the PUT statement.

The Phase option tells BASIC to start reading the array at a point
different from the first element. Using Phase is generally useful only if you
are defining two sounds with the same array, since it changes the way in
which BASIC sets up the sound. The Phase option specifies the position
in the array to use as the first value of the waveform.
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For example, if the array waveTri% is to define a triangle wave,
the statements:

DIM waveTri®(255)
FORn=0TO 127
waveTrig(n) =n*2 - 127
waveTri®(n + 128) = 127 -n* 2
NEXT n

are used to fill the array with the appropriate values to generate this wave
shape. The two statements:

WAVE 0, waveTri®
WAVE 1, waveTri%®

would produce waves that were in-sync with each other.

If we included a Phase parameter in one of the WAVE commands,
the waves would be out-of-sync. Let’s change the second WAVE command
to shift the triangle wave of voice 1 by half a cycle:

WAVE 1, waveTri%, 127

The contents of the wave array can be anything we want, but there
are a few shapes that are common for sound waves. The square wave is
common for single-voice sounds, since it is the easiest for a computer to
produce. A sine wave produces a better-sounding tone than a square wave
(especially when more than one voice is used), which is why Microsoft gave
that as the default for multivoice sound.

Since sine waves produce pure sounds, variations on sine waves
produce sounds that are close to sine waves but with different qualities.
Another common wave shape used in music synthesizers is a triangle wave,
which rises and falls linearly. Figure 18-18 shows a collection of some
useful sounds and the BASIC statements that generate them.
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Note Frequency Note Frequency Note Frequency
FIGURE 18-9
Co 16.35 G#  103.83 Es 659.26
Atable  Cyo 17.32 A2 110.00 Fs 698.46
of themusical D, 18.35 A 116.54 F#s  739.99
frequenciesinthe Dy 19.45 B2 123.47 Gs 783.99
equal-tempered  E, 20.60 Cs 130.81 G#s  830.61
scale o 21.83 Css  138.59 As 880.00
Fao 23.12 D3 146.83 A#s 93233
Go 24.50 D#  155.56 Bs 987.77
G#o 25.96 Es 164.81 Cs  1046.50
Ao 27.50 F3 174.61 Css  1108.73
Aso 29.14 Fa3 185.00 Ds  1174.66
Bo 30.87 Gs 196.00 D#s 1244.51
Ci 32.70 G#3  207.65 Es  1328.51
Cwt 34.65 A3 220.00 Fs 139691
D1 36.71 A#  233.08 F#s  1479.98
D#1 38.89 B3 246.94 Gs  1567.98
E1 41.20 Cs 261.63 G#s  1661.22
Fi 43.65 Ces 27718 As  1760.00
Fa1 46.25 D4 293.66 Az 1864.66
Gi 49.00 D#s+  311.13 B¢  1975.53
G#1 51.91 E4 329.63 C7  2093.00
A1 55.00 Fs 349.23 C#7  2217.46
A# 58.27 F#4  369.99 D7 2349.32
B1 61.74 G4 392.00 D#7  2489.02
C2 65.41 G#s  415.30 Er  2637.02
C#2 69.30 A4 440.00 F7  2793.83
D2 73.42 A#s  466.16 F#7  2959.96
D#2 77.78 B4 493.88 G7  3135.96
E2 82.41 Cs 523.25 G#7  3322.44
F2 87.31 C#s  554.37 A7 3520.00
F#2 92.50 Ds 587.33 A#7 372931
G2 98.00 D#s 62225 B  3951.07
Cs  4186.01

Note: Equal-Tempered Chromatic Scale; A4 =440
American Standard pitch—adopted by the American Standards Association in 1936

means that we can raise or lower a sound an octave simply by multiplying
or dividing its frequency by 2. Here are the first few lines of the previous
“Yankee Doodle” program altered to raise the notes one octave.

SOUND 523.2, 4
SOUND 523.2, 4
SOUND 587.2, 4
SOUND 659.2, 4

mooo
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FIGURE 18-10

A program
that plays
“Yankee
Doodle”
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= %Ligﬁ_ﬁ

Yankee Doodle, part 1 ({3

SOUND 261.6,
SOUND 261.6,
SOUND 293.6,
SOUND 329.6,
SOUND 261.6,
SOUND 3296,
SOUND 293.6,
SOUND 196, 4
SOUND 2616, 4
SOUND 261.6, 4
SOUND 293.6, 4
SOUND 3296, 4
SOUND 2616, 8
SOUND 247, 4

AADMDADDAD

gOoOmMoOo00@gomMomMmo oo

Since the starting point for each octave is twice as high as the pre-
vious octave, musical notes are said to be based on a geometric scale in-
stead of a linear scale. (In a linear scale, each note would be related to the
ones around it by a constant number of cycles per second.) Since each oc-
tave has twice the frequency of the previous one, the scale is derived from
powers of 2. Each note differs from the next by a ratio of the 12th root of
2—that is, 1.05946.

(If you are unfamiliar with exponents or strange roots, you can
skim the following section without worrying about the math. Type the
programs in anyway, since the results of the programs will be interesting,
even if the math isn’t.)

It is easy to access the frequencies for notes in an array. A natural
choice would be to have each element of the array be a note, so that each
group of twelve elements in the array would be an octave. Figure 18-11
shows a routine that fills the array called piano with calculations of the 88
frequencies for the notes of the 88 piano keys.

Since the array is based on a value of an A note, piano(1) is a low
A at 27.5 Hz, piano(2) is a low A# at 29.135 Hz, and so on. The table in
Figure 18-12 shows the relationship between each note and the array. To
transpose a note to a higher octave, simply add a multiple of 12 to the ar-
ray index. For instance, the frequency of a C note in the first octave would
be accessed as piano(4), while a C note in the second octave would be ac-
cessed as piano(12 +4), or piano(16).
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Fa DIM waveSine®(255) ‘sine wave..flute-like
FIGURE 1818 |/ FORn =0T0 255
waveSine&(n) = 127 * SIN((n/256) * 6.2838)
“Recipes” for i/ NEXTn
some common ’
wave shapes

DIM waveHiss®(255) ‘random noise..hissing, buzzing
o 7. FORn=0TO255
RN waveHiss%(n) = RND * 256 - 128
. NEXTn

“““““““““““ DIM waveSgr®(255) ‘square wave..computer-like
FORNn=0TO 127
waveSqr&(n) = -128
waveSqre(255 - n) = 127
NEXT n

DIM waveTri®(255) ‘triangle wave..oboe-like
FORn=0TO 127

waveTri®(n) = (n * 2) - 128

waveTri®(255-n)=(n*2) - 128
NEXT n

DIM waveSaw®(255) ‘sawtooth wave...violin-like
FORNn=0TO 255
waveSaw®(n) = n - 128

NEXT n
sl DIM waveOrgan®(255) ‘addition of sine waves...organ-like
A FORNn=0TO 255 .
] Y majorVoice = 96 * SIN({n/256) * 6.2828)
T minorvoice = 32 * SIN{(n/64) * 6.2838) “1/3 vol, 4x freq
LN waveOrgan®(n) = majorVoice + minorvoice ‘2 voices into 1
v NEXT n

Figure 18-19, which begins on page 482, is the last program in
the chapter. It combines all of the concepts that we’ve learned up to now
about the SOUND command, and lets us experiment with changing the
shapes of the waves in two voices. The Output window for the program is
shown in Figure 18-20 on page 485.
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FIGURE 18-19

The waveform-
tester program
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T

‘ Testing and editing of sound waveforms.

: initialize veriables and defaults i
DIM form®(255,7), freq(2), dur(2), phase(2), timbre(2) i
freq(1) = 440 : freq(2) = 472
dur{1) = 32 : dur(2) = 32
phase(1) = 0 : phase(2) = 0
voice = 1

pi2 = 3.14159265* * 2

initialize waveforms

LOCATE 10,5 : PRINT “Creating waveforms.."
FORNn=0TO 255
form®&(n,0) = 127 * SIN(pi2 * n / 256) ‘sine wave
form®(n,1) = INT(n / 128) * 255 - 128 ‘square wave
form®(n,2) =n -128 ‘sawtooth wave
baseNote = 64 * SIN(pi2 * n / 256) _
form®(n,3) = baseNote + 63 * SIN(pi2 * n * 2 / 256)
form®(n,4) = form®(n,0)
form®(n,5) = form%(n,4)
NEXT n

’ initialize the screen
WINDOW 1, ,(0,20) - (255,342), 3
win = 1 : GOSUB WindowInit

WINDOW 2, , (256,20) - (512,342), 3
win = 2 : 6OSUB WindowInit

GOSUB Menulnit

ON MENU GOSUB MenuHandler : MENU ON ‘enable menu event trapping
GOSUB PlotBothwaves

FORNn=1T0 2: WAVE n, form%(0,0) : NEXT

MainLoop: * idle loop: wait for event
event = 0

WHILE event =0

while either ‘custom’ btn AND dragging
WHILE MOUSE(0) = -1 AND (timbre(win) = 4 OR timbre(win) = 5)

X = MOUSE(1)

y = MOUSE(2) ‘find coords of pointer

inRange = (x >= 0 AND x <= 255 AND y >= 0 AND y <= 255)
IF NOT inRange THEN Skip ‘if pointer inside graph area
PSET(x, 128 - form®(x, 3 + win)), 30 ‘plot white pixel = erase

PSET(x,y) ‘plot at pointer coords
form®(x, 3 + win) = 128 - y ‘calc. new waveform value
Skip:
WEND
event = DIALOG(0) ‘check for button or window event
WEND

ON event GOSUB BtnHandler, EditClick, ActWin

GOTO MainLoop
(continued)
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FIGURE 18-19

(continued)

BtnHandler: handle button events
btn = DIALOG(1)
IF btn = 6 THEN PlayTone
FORN=1TOS5:BUTTONn,1 : NEXT ‘reset all buttons
BUTTON btn,2 ‘and activate clicked button
timbre(win) = btn - 1 ‘calc. timbre index for form® array
IF timbre{win) = 4 AND win = 2 THEN timbre(win) =5
WAVE voice, form®&(0, timbre(win)), phase(win) ‘define waveform

nWin = win : GOSUB PlotWwave ‘plot the waveform
RETURN

PlayTone:
GOSUB GetEdits ‘get edit field inf
WAVE voice, form®(0,timbre(win)), phase(win) ‘redefine waveform
SOUND freg(win), dur{win), , voice
RETURN

EditClick:
RETURN

ActWin:
BUTTON 6, O ‘deactivate current ‘play’ button
win = DIALOG(3) : voice = win - 1 ‘get new window & voice number
WINDOW win ‘change to that window |
BUTTON 6, 1 ‘activate new ‘play’ button
GOSUB Menulnit ‘update menu labels
RETURN

MenuHandler: ' play both tones, load/save tones, or quit
ON MENU(1) GOSUB PlayBoth, Savewave, LoadWave, Quit
MENU ‘deselect menu title
RETURN

PlayBoth:
GOSUB GetEdits
SOUND WAIT

SOUND freq(1), dur(1),,0
SOUND freq(2), dur(2), , 1
SOUND RESUME
RETURN

SaveWave:
filename$ = FILES$(O, "Enter name of waveform")
IF filename$ = " THEN SkipSave ‘cancel operation
OPEN filename$ FOR OUTPUT AS 1 i
NAME filename$ AS filename$, "WAVE" ‘add "WAVE' file type
FORn=0TO 255

PRINT *1, form&(n, 3 + win) ‘read array into file

NEXT
CLOSE *1

SkipSave:
GOSUB PlotBothwaves

RETURN

(continued)
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FIGURE 18-19

(continued)
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Loadwave:
filename$ = FILES$(1, "WAVE")
IF filename$ = " THEN SkipLoad ‘cancel operation

OPEN filename$ FOR INPUT AS |
FORN=0TO 255
INPUT *1, form®(n, 3 + win) ‘load file into appropriate array
NEXT
CLOSE *1
SkipLoad:
GOSUB PlotBothwaves
RETURN

Quit:

MENU RESET

FOR win=1T0 2
WINDOW win i
FORNn=1T0O6: BUTTON CLOSE n : NEXT ‘close buttons
FORN=1T0 3:EDIT FIELD CLOSE n: NEXT ‘close edit fields
WINDOW CLOSE win

NEXT win

END

PlotBothwaves: ' draw waveforms in pertinent window |
FORnWin=1T0 2
WINDOW nWin
GOSUB Plotwave
NEXT
WINDOW win
RETURN

Plotwave:
PICTURE , graph$ ‘clear & draw graph
FORNn=0TO 255 ‘plot waveform for chosen timbre

PSET (n, 128 - form®&(n,timbre(nWin))), 33 ‘plot each poin
NEXT n
RETURN

GetEdits: ' get contents of edit fields for each window |
FOR nWin=1TO0 2
WINDOW nWwin
freq(nwin) = VAL(EDITS$(1))
dur{nwin) = VAL(EDIT$(2))
IF dur{nWin) > 77 THEN dur(n¥in) = 77
phase(nwin) = VAL(EDIT$(3))

NEXT nWin
WINDOW win ‘change back to current window
RETURN

wWindowlnit: " same setup for each window

CALL MOVETO(2,272) : PRINT "freq.”

CALL MOVETO0(2,292) : PRINT “dur."

CALL MOVETO0(2,312) : PRINT “phase”;

EDIT FIELD 1, STR$(freq(win)), (40,260) - (80,275), 1, 1
EDIT FIELD 2, STR$(dur(win)), (40,280) - (80,295), 1, 1
EDIT FIELD 3, STR$(phase(win)), (40,300) - (80,315), 1, 1

(continued)
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FIGURE 18-19

(continued)

FIGURE 18-20

The Output
window of the
waveform-tester
program

485

BUTTON 1, 2, "Sine", (85,260) - (165,275), 3

BUTTON 2, 1, "Square”, (85,280) - (165,295), 3

BUTTON 3, 1, "Sawtooth”, (85,300) - (165,315), 3

BUTTON 4, 1, “Organ”, (170,260) - (255,275), 3

BUTTON 5, 1, "Custom", (170,280) - (255,295), 3

BUTTON 6, win - 1, "Play” + STR$(win), (170,300) - (245,320), 1

PICTURE ON
LINE (0,0) - (255,256), 30, bf
LINE (0,128) - {(255,128), 33

‘record clear-screen commands

PICTURE OFF
graph$ = PICTURES$
RETURN
Menulnit: update menus for current window
MENU 6, 0, 1, "Waveform Commands"”
MENU 6, 1, 1, "Play both tones”
MENU 6, 2, 1, "Save waveform” + STR$(win)
MENU 6, 3, 1, “Load waveform” + STR$(win)
MENU 6, 4, 1, "Quit"

RETURN

When you run the program, you can choose the shape of either
voice with the buttons at the bottom of the screen. You can also design your
own custom waveforms by drawing the shape on the screen with the
mouse. To hear the sound that you define, click the appropriate “play” but-
ton. The edit boxes allow you to change the frequency, duration, and phase
of the sound. The menu options Load and Save allow the storage of these

€ file Edit Search Run Windows TR G ILIIELTLE
Play both tones
Y Save waveform 2
Load waveform 2%
Quit
Y
,.-'.A '/-\x.. ‘/\ g
".\‘/' s ]
N o
freq. [ 440 | QO Sine @ Organ freq. {441 | QO Sine QO Organ
dur. | 32 O Ssquare O Custom |dur. |32 QO Square @ Custom
phasem O sawtooth [ piay1 | |phase[0 O sawtooth
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YOURSELF
WINDOW

THE LAST END
STATEMENT
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custom waveforms on disk as sequential files, so you can transfer them
into your own programs as needed.

As you can see, Microsoft BASIC gives us many interesting and powerful
options for using sound in our programs. Remember, however, that multi-
voice sound will often significantly slow the performance of a program,
and probably cause more disk accesses on a 128K Macintosh.

When you consider how sound can be used in your programs,
think about some of the programs we’ve presented earlier in this book, as
well as the programs you may have written on your own. For each pro-
gram, consider:

= Where could music be added to the program to make it
more interesting?

£ Could a new sound effect enhance a specific part of a game
or an interactive application?

= Would using sound in a certain place detract from the
overall purpose of the program?

Of course, you must also weigh the speed degradation and greater
overhead of more programming steps when you add SOUND commands.

We mentioned earlier in this chapter that music is an art and a sci-
ence that has challenged some of the best minds throughout history. Al-
though this chapter has covered the basic principles of composing sound
and music for the Macintosh with Microsoft BASIC, it has necessarily only
scratched the surface of this complex subject. If you wish to further pur-
sue the creation of music with the Macintosh, we suggest that you consult
BASIC Primer for the IBM PC and XT, by Bernd Enders and Bob Petersen
(Plume/Waite, New American Library, 1984), which contains an ex-
panded discussion of music as it relates to Microsoft BASIC.

We’ve finally come to the end of our Microsoft BASIC story. If reading this
book is your first experience with programming, you should congratulate
yourself on absorbing an enormous amount of complicated material. You
may not have learned every detail about BASIC’s operation, but you’ve
been introduced to all the major areas. At this point you should —in the-
ory at least—be able to sit down and write almost any program you want.
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However, in programming, as in most endeavors, practice is the
key to success. This book has given you the tools to do the job; now it’s up
to you to put them to work. Don’t be discouraged if your first attempt to
write a major program is not the piece of cake you expected. Just as you
shouldn’t try to build a whole house if you’ve never driven a nail before, so
you should write smaller, more manageable programs until you're ready to
tackle the big ones.

If you’re already a programmer and have been reading this book
to find out specifically about Microsoft BASIC for the Macintosh, then you
must be impressed by how much more versatile and powerful this version
of BASIC is than any previous implementation. Not only does it contain
dozens of new statements for directing program control, it also gives you
the power to control all those aspects of the Macintosh that make this mar-
velous computer such a revolutionary success: the mouse, menus, win-
dows, and dialog boxes. With these tools at your disposal you will be able
to write true “Mac-like” programs, which are at this point the cutting edge
of the computer revolution.
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ABS function, 157
Addition, 33-34
Animation
array sizes in, 442—44
images in
enlarging, 444—46
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MacPaint, 451-56
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rotating, 446—51
interacting with background, 436—42
Apple menu, 22
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memory addresses of, 370
multidimensional, 186—90
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size of, 180, 187, 191
string, 185-86, 189—-90
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ASC function, 212-13
ASCII codes, 209-13
characters represented by, 209-12
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fonts, 348—49
Assignment statements, 98—99
in array elements, 181
versus logical expressions, 129-31
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BACKPAT statement, 376
Backspace key, 51-53, 56, 86
BASIC
functions, 30, 135-36
interfacing to MacPaint, 451-56
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program disk
backing up, 5, 7-8, 11-12
replacing, 4
upgrading, 4
quitting, 22, 66
registration card, 4
restarting with backup, 13
starting, 16, 67
statements, 30, 135
strings, 32, 40
versions of
binary, 6, 13-16
decimal, 67,13, 16
BEEP statement, 41
Box options with LINE, 80—-81
BUTTON statement, 282—88
Rectangle parameter, 284
Title parameter, 284
BUTTON CLOSE statement, 298—301
Buttons, 28082
Cancel, 62, 66
check boxes, 281
creating, 282—88
Drive, 62
programming
architecture, 295-96
multiple, 285-86
options, 296—98
using IF... THEN statements,
293-94
using ON... GOSUB statement,
294-95
push, 281
radio, 281

C
CALL statement, 341—-42
Characters
ASCII codes, 212-13
changing to uppercase, 221
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Characters (continued)
graphic, 35052
repeating, 222—-23
searching for, 215-16
CHRS$ function, 166, 210-11
CHR$ statement, 35052
CIRCLE statement, 81-82, 124,126
Clipboard
retrieving text from, 57
space available on, 57
storing text in, 56
CLOSE statement, 397-98
File Number parameter, 398
CLS statement, 33
Command window, 17, 27-28
activating, 20
expanding, 20
making entries in, 28—29
moving, 20
resizing, 20
Commands
keyboard, 23
Coordinate system, 73-74
absolute, 309
relative, 309-10
Copy command, 56, 58—59
Cut command, 56
CVD function, 422
CVI function, 422
CVS function, 422-23
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DATA statement, 192—97
creating menus using, 270-71
data pointer, 194-95

resetting, 197

DATES$ function, 40—41

DEFINT statement, 367

Dialog boxes
copying disks, 12
creating, 326—32

buttons, 329-30
initialization, 10
naming disks, 11
Open, 65-66
saving programs, 61-62, 64
DIALOG function, 289-92, 318-20
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DIALOG OFF statement, 322
DIALOG ON statement, 322
DIM statement, 180—81

multiple array names in, 183

in two-dimensional arrays, 187
Disks

copying, 11-12

dedicated, 7

destination, 8

dominant, 13

drives, changing, 62

icons, 6

initializing, 9-10

list of programs on, 65

naming, 10

source, 8

windows, 8

write-protecting, 5
Division, 34

E

EDIT FIELD statement, 326
Default String parameter, 327
ID parameter, 327
Rectangle parameter, 327

Edit menu, 23
editing commands in, 56—59

Eject button, 62

END statement, 113

EOF function, 401-3, 421-22

ERASE statement, 191

ERASERECT statement, 384

Error messages, 29-30
DATA statement, 195
FOR...NEXT loop, 125
GOSUB statement, 162
INPUT statement, 102
ON GOSUB, 174
SOUND statement, 475

F

FIELD statement, 416—17
Field Width parameter, 416
File Number parameter, 416
String Variable parameter, 416
File menu, 22



Files
defined, 389-92
icons, 61
naming, 406—10
opening, 65—66
random-access, 392—-94, 413-14
accessing, 425-26
adding data to, 423-25
index table in, 427-28
opening, 415-18
reading sequentially from, 420-23
record lengths of, 413-14
writing data to, 418-19
sequential-access, 392—94
adding data to, 400—401
creating, 394—99
finding the end of, 401-3
reading data from, 399-400
summary of, 412
FILESS$ function, 406—10
Prompt String parameter, 407
FILLRECT statement, 383
Font Mover program, 345—46
Fonts. See also TEXTFACE,
TEXTFONT, TEXTMODE,
TEXTSIZE
accessing, 343—44
ASCII codes for, 211-12
available on BASIC disk, 344—-46
Cairo, 347-50
copying, 345-46
Geneva, 85, 166, 347-50
point size of, 342
proportional, 85
scaling, 90, 342
sizes, 89-90, 343—44
FOR...NEXT loops, 118-28
in arrays, 182
counter variable in, 119, 122
creating menus using, 269-70
STEP option, 122-23
using a variable limit in, 127-28
FRAMERECT statement, 381
Functions
ABS, 157
ASC, 212-13
CVD, 422
CVI, 422
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Functions (continued)
CVS, 422-23
DATES$, 40-41
DIALOG, 289-92
EOF, 401-3, 421-22
FILES$, 406-10
INKEY$, 243-45
INSTR, 215-18
INT, 150-51
LEFT$, 204-7
LEN, 207-8
LOF, 424
MENU, 256-59
MID$, 206—7
MKD$, 419
MKI$, 419
MKS$, 419
MOD, 190
RIGHTS$, 204-7
RND, 150-51
SPACE$, 223
SPC, 223
STR$, 214-15
STRINGS, 222-23
TIMES$, 40—-41
UCASE$, 221
VAL, 214-15

GET statement, 432—34
GET# statement, 421
Record Number parameter, 421
GOSUB statement, 160—71
GOTO statement, 118, 138—40
Graphics. See also QuickDraw
animated character, 16571
boxes, 80—-81
characters, 350-52
circles, 81-82
concentric, 123, 126
rows of, 123-24
coordinate system, 137
lines, 78-79
logical operators in statements,
154-55
mixing text with, 91, 352-53
ovals, 384—-85
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Graphics (continued)
patterns
background, 376
creating, 373-75
rectangles, 381-86

[
|

I-beam pointer. See Insertion point
Icons, 6, 66—67

application, 66

file, 61

program, 66
IF...THEN statement, 144—48

shortening, 152-53

using with buttons, 293-94
IF...THEN...ELSE statement, 150
INKEY$ function, 243—45
INPUT statement, 100-105

error message, 102

prompt, 103
INPUT# statement, 399—400

Expression List parameter, 400

File Number parameter, 400
Insertion point

positioning, 55

in List window, 50—-51
in pasted material, 57

selecting text with, 51-54, 56
INSTR function, 215-18
INT function, 150-51
Integers. See INT function
INVERTRECT statement, 383—84

-
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Keyboard commands, 23

Labels, 138—40
LEFT$ function, 2047
LEN function, 207-8
LINE statement, 78—81, 145
LINE INPUT statement, 218-19
List window

clearing, 46, 53, 86

closing, 111
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List window (continued)
deleting text from, 50—52
displaying results of, 55
expanding, 19-20, 110
inserting new lines of text in, 55
locking, 63
moving, 19

positioning insertion point in, 50-51

programming in, 46—68
replacing text in, 53
resizing, 18-19
scrolling through, 17-18
using more than one, 20
LOCATE statement, 84—87
LOF function, 424
Logical expressions, 144—45
Logical operators, 15152
AND, 152-53
in graphics, 154-55

in [F... THEN statements, 152—53

OR, 152-53

in WHILE.. . WEND loops, 153—-54

Loops, 117-18
FOR...NEXT, 118-28
GOTO, 139-40
indentation of, 125
infinite, 403
nested, 123-26
tracing through, 120-21
WHILE.. . WEND, 128-34

LSET statement, 418

Macintosh
clock, 40
Control Panel
copy patterns from, 375
volume setting, 461
desk accessories, 22, 40
desktop, 6
assigning patterns to, 368
loading programs from, 67
Mathematical operations, 33-36
using ASCII codes in, 214—15
Menu bar, 252-53
controlling, 261-62
MENU function, 256—59
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MENU statement, 253-55 Music (continued)
Menus, 252 notes, 466—72
Apple, 22 piano, 470-72
choosing from, 9 raising/lowering by octaves,
creating, 253—-55 469-72
dimmed, 22 scales, 466, 468—70
Edit, 23 timbre, 473
File, 22
programming, 256—59 hY
architecture, 259—60 -
check marks, 272-75 New command, 46
dimmed, 275-76
multiple, 264—69 3:.:3
using DATA and READ statements,
270-71 ON...GOSUB statement, 172-74
using FOR...NEXT statement, with buttons, 294—95
269-70 and menu events, 262—63
replacing BASIC, 271-72 ON...GOTO statement, 262—63,
Run, 24 265-66
Search, 23 with buttons, 294-95
Windows, 24 ' ON MOUSE GOSUB, 240
MID$ function, 206—7 Open... command, 65-66
MKD$ function, 419 OPEN statement, 399—-400
MKI$ function, 419 File-Buffer Size parameter, 416
MKS$ function, 419 File Name parameter, 395
MOD function, 190 File Number parameter, 396
Mouse Mode parameter, 395-96
button in random-access files, 415-16
click rate, setting in Control Panel, OPTION BASE statement, 190-91, 448
232 Output window, 17, 28
event trapping, 237-42 clearing, 33
status of, 135-36, 230-32 columns in, 36—37
calculating array sizes with, 443—44 coordinate system on, 74—75
dragging dividing into quadrants, 154—55
drawing while, 234-37 drawing pictures in, 145-47
programming, 232—34 expanding, 21
programs moving, 21
drawing, 145—47 positioning text in, 85—-87
pointer location, 136-37, 154—-55 resizing, 21
MOUSE GOSUB statement, 237 text organization, 84
MOUSE OFF statement, 240—41 title bar, 61

MOUSE ON statement, 240
MOUSE(0) function, 228-29, 231-32
MOVETO statement, 361—-62

D

Multiplication, 34 ( PAINTRECT statement, 384
Music. See also Sound Paste command, 56—59
chords, 473, 47678 copying text with, 58—59

frequencies, table of, 468—69 PENMODE statement, 376—77



494 MICROSOFT MACINATIONS

PENMODE statement (continued) Programs (continued)
BIC mode, 380 event-trapping in, 228, 237-43,
Copy mode, 377 465-66
OR mode, 378 finding text in, 23
XOR mode, 378-80 Glissando, 463—64 )
PENNORMAL statement, 376 including remarks in, 112-13
PENPAT statement, 369-70 indexed branching, 172-74
PICTURE OFF statement, 315-18 Investment, 127, 134
PICTURE ON statement, 315-18 lines, inserting new, 55
PICTURES$ function, 318 listings, 22, 48
Pixels, 72 loading, 22, 64—-66, 67
BASIC statement used with, 87 mixing text and graphics, 91
converting to binary numbers, Mouse Button, 135, 231
371-72,375 Mouse Drawing, 145—-47
coordinates, moving text to, 361-62 Mouse-Pointer Location, 137
determining color of, 234 Moving-Sign, 208
erasing, 77 moving text in, 23, 56
locating, 73-75 Musical Notes, 471
in mixing graphics with text, 354-58 naming, 60—61
plotting, 75-78 Number-Guessing, 149
with QuickDraw pen, 366—67 Pattern-Editor, 37375
positions, tabbing to, 87 Phone Book, 333-35
POINT function, 234 Prelude in E Flat, 479
PRINT statement, 28, 3032, 83 Rectangle-Demo, 382-83
and arithmetic expressions, 33—-36 replacing text in, 23, 53
with numbers, 33 Rotating Space Buoy, 447, 450
using commas in, 36—37 running, 48—49
using semicolons in, 38—40 Salary, 183-86
PRINT# statement, 404—6 saving, 22, 59-64
Printing in compressed format, 63
program listing, 22 different versions, 64
screen dump, 360 as protected, 63
Programs Select Rectangle, 231
Animated Character Graphics, 165 sending via modems, 63
ASCII code, 210-11 Siren, 464
Chord Organ, 477-78 starting from desktop, 67
Circle Drawing, 147 Submarine, 156-57
copying parts of, 58—59 subprogram statements, 174
creating, 47-48 subroutines, 160
debugging, 24 calling more than one, 172-74
deleting text from, 23, 50—52 multiple, 162—-64
duplicating parts of, 56 naming, 161
Earnings, 411 nested, 170-73
editing, 20, 49-59 Textface, 163
Effects, 466—67 Tinkling, 464
_ ending, 113 tracing loops in, 120-21
Engine, 465 transferring text between

windows, 20
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Programs (continued)
Wave Shapes, 481
Waveform Tester, 482—85
windows, 310
writing
BASIC versions used in, 6—7
Yankee Doodle, 470, 472
PSET statement, 75-78, 145—46
PTAB statement, 87, 166
PUT statement, 432—-34
action verbs
AND, 440
OR, 441
PRESET, 439
PSET, 438
summary of, 442
XOR, 438
enlarging images with, 444—46
PUT# statement, 419, 42425
File Number parameter, 419
Record Number parameter, 419, 424

Q
QuickDraw, 340-41

accessing, 341-42

ovals, 384-85

parameters, 367

pen, 362—65
drawing patterns with, 368—70
plotting pixels with, 366—67
reference coordinates, 365
restoring to default setting, 376
size, 365—66

rectangles, 381-86

E
Random access memory (RAM), 8,
368-70

Random numbers, 149-51

RANDOMIZE statement, 131

READ statement, 192—-97
creating menus using, 270-71

Relational operators, 118, 131-33

REM statement, 112—-13

Reserved words, 30, 47

495

RETURN statement, 160—71
dangling, 162

RIGHT$ function, 204—7

RND function, 150-51

RSET statement, 418

Run menu, 24, 55

'}

[

Save command, 60
Screen. See also Pixels
clearing, 33
resolution, 79
Search menu, 23
Show List command, 47, 67
Sound
duration, 42, 461
changing, 465—-66
frequencies
beat, 476
changing, 463—66
in musical scales, 466—72
single, 465
slides, 476
frequency, 460-61
glissando, 463—66
harmonics, 476
multivoice, 461, 473
combining, 473-78
program speed in, 473
pitch, 42
single-voice, 462—66
volume, 461—62
waveforms, 473-74
creating, 478—-86
single-voice, 473
SOUND statement, 42, 161, 477
Duration parameter, 461
error message, 475
Frequency parameter, 460—61 -
Voice Number parameter, 461
Volume parameter, 461
SOUND RESUME statement, 475
SOUND WAIT statement, 475
SPACES$ function, 223
SPC function, 223
Start command, 48, 55
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Statements Statements (continued)
BACKPAT, 376 PICTURE OFF, 315-18
BEEP, 41 . PICTURE ON, 315-18
BUTTON, 282-88 PRINT, 28, 30-32, 83
BUTTON CLOSE, 298-301 PRINT#, 404—6
CALL, 341-42 PSET, 75-78, 145-46
CHRS$, 350-52 PTAB, 87, 166
CIRCLE, 81-82, 124,126 PUT, 432-34
CLOSE, 397-98 PUT#, 419, 424-25
CLS, 33 RANDOMIZE, 131
DATA, 192-97 READ, 192-97
DEFINT, 367 REM, 112-13
DIALOG OFF, 322 RETURN, 160-71
DIALOG ON, 322 RSET, 418
DIM, 180-81 SOUND, 42, 161, 477
EDIT FIELD, 327 SOUND RESUME, 475
EDIT MENU, 326 SOUND WAIT, 475
END, 113 SWAP, 222
ERASE, 191 TEXTFACE, 88-89, 162-64,
ERASERECT, 384 358-60
FIELD, 416-17 TEXTFONT, 34344
FILLRECT, 383 TEXTMODE, 353
FRAMERECT, 381 TEXTSIZE, 89-90
GET, 432-34 VARPTR, 370
GET#, 421 WAVE, 478
GOSUB, 160-71 WIDTH, 37, 83
GOTO, 118, 138-40 WINDOW, 306-9
IF...THEN, 14448 WRITE#, 397
IF...THEN...ELSE, 150 Step command, 120-21
INPUT, 100-105 STR$ function, 14-15
INPUT#, 399-400 STRINGS function, 222—-23
INVERTRECT, 383-84 Strings
LINE, 78-81, 145 changing, 213
LINE INPUT, 218-19 comparing, 219
LOCATE, 85-87 concatenating, 203—4
LSET, 418 constants, 110
MENU, 253-55 converting to ASCII codes, 214-15
MOUSE GOSUB, 237 parts of, 204-7
MOUSE OFF, 240-41 searching for, 215-18
MOUSE ON, 240 sorting alphabetically, 219-21
MOUSE(0), 228-29, 231-32 structure of, 202-3
MOVETO, 361-62 variables, 109-11
ON...GOSUB, 172-74,262-63 Subroutines. See Programs
ON...GOTO, 262-63, 265—-66 Subtraction, 34
ON MOUSE GOSUB, 240 SWAP statement, 222
OPEN, 399-400
OPTION BASE, 190-91, 448 T
PAINTRECT, 384
PENMODE, 376-77 TAB statement, 83—85
PENNORMAL, 376 Text

PENPAT, 369-70 character positions, 84—85
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Text (continued)
copying, 58
deleting, 23, 51-53, 56
deselecting, 52
faces, 88—89, 358—60
files, 63
fonts, 343-50
inserting new lines of, 55
modes, 353-58
moving, 23, 56-58, 361-62
pasting, 57-58
positioning, 85-87
proportionally spaced, 84—85
replacing, 23, 53
selecting, 51-54
sizes, 89—-90
styles, 88—89
combined, 89
transferring between windows, 20

TEXTFACE statement, 88—89, 16264,

358-60

TEXTFONT statement, 34344
TEXTMODE statement, 353

BIC mode, 357-58

Copy mode, 354

OR mode, 355-56

XOR mode, 356-57
TEXTSIZE statement, 89—90
TIME$ function, 40—41
Trace On command, 121, 125

U

UCASES$ function, 221

vV

VAL function, 214-15
Variables, 95—-114. See also Arrays
arithmetic, 107-9
buffer, 41618, 422
counter, 119-22
horizontal position, 104—6, 124
memory addresses of, 370
multiple, 104-5
names, 105—6
group, 187
simple versus array, 180—-82
string, 109-11
string-array, 185—-86

Variables (continued)
subscripts
referencing arrays with, 18182
values, 98-99, 108
exchanging two, 222
vertical position, 104—6, 12425
VARPTR statement, 370

W
WAVE statement, 478
Phase parameter, 474, 479-80
Voice Number parameter, 474
Wave Shape parameter, 474, 479
WHILE.. WEND loop, 128-34,
145-46, 150
logical expressions in, 129-31
logical operators in, 153—54

using relational operators in, 132—33

WIDTH statement, 37, 83
WINDOW statement, 306—9
ID parameter, 306
Rectangle parameter, 307—8
Title parameter, 306—7
Type parameter, 309
Windows
absolute coordinates in, 309
activating, 20, 24
active, management of, 323-26
arranging, 21
closing, 8
Command, 17, 20
definition, 6
as dialog boxes, 326—32
document, 312-14
List, 17
moving, 312-14
multiple, 310-12
opening, 8, 24
Output, 17, 28
position of, 309-10
queuing dialog events, 321—-22
refreshing, 314-21
relative coordinates in, 309-11
transferring text between, 20
types of, 304—-6
Windows menu, 24
WRITE# statement
Expression List parameter, 397
File Number parameter, 397
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