


























































































































































































































































































































































































































































































































































































































































































































































































































































































Appendix A: Alphabetical List of Commands 

I VAL function, 172 

VAL(X$) 

Returns the numeric value of X$. 

I VARPTR function 

VARPTR( variable-name) 
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Returns the address in memory at which the first byte of the variable variable­
name is stored. Usually used to pass the location of a variable or array to an assembly­
language program. 

I WAVE statement 

WAVE voice [, [wave-definition] [, phtise]] 

Used to define multiple voices to be used by the SOUND statement. 

I WHILE ... WEND statement, 37 

WHILE expression [statements] 

WEND 

Executes the series of statements in the loop between WHILE and WEND as 
long as expression evaluates to a true condition. 

I WIDTH statement, 49 

WIDTH output-device, [size][, print-zone] 

Sets the width in characters of the print zone (tabs, comma stops) and the line on 
different output devices. The output-device may be SCRN:, CLIP:, COMl:, or LPTl:, 
with SCRN: as the default. The size argument is the maximum width of a line, given in 
the number of "standard" characters it will hold. With the proportionally spaced fonts 
of the Macintosh this is not very standard: The width of a numeral in the current font 
is the standard. 

WIDTH #.filenumber, [size] [, print-zone] 

Sets the line and print-zone width of a file opened as .filenumber: 
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WIDTH [size] [, print-zone] 

Default syntax, applies to the screen (SCRN:). 

WIDTH LPRINT [size] [, print-zone] 

An alternate to specifying LPTl: in the first syntax. 

I WIDTH function 

WIDTH (string-expression) 

Returns the width of a string, in pixels. 

I WINDOW statement, 33 

WINDOW ID[, [title][, [rectangle][, type]]] 

Creates a window with the given ID number and title. The window boundaries 

specified by rectangle are relative to the upper left corner of the screen. You can cre­
ate two variations of each of the four window types that are standard in Macintosh ap­
plications. The type is a number from 1 through 4, or from - 1 through - 4, with the 

minus sign indicating that the window is modal, meaning that all activity is confined 
to that window. 

I WINDOW function, 34 

WINDOW(n) 

Returns six different types of information about output windows, with the type 
determined by the value of n, which can range from 0 through 5. See the text for ex­
amples of the use of this function. 

I WINDOW CLOSE statement, 34 

WINDOW CLOSE ID 

Closes the specified window. 
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I WINDOW OUTPUT statement, 34 

WINDOW OUTPUT ID 
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Makes the specified window the current output window, without making it the 
active window. This allows you to direct output to one window while soliciting input 
from another. 

WINDOW OUTPUT #jilenumber 

Sends the results of graphic statements such as CIRCLE, PSET, PICTURE, and 
ROM calls to an output device other than the screen. 

I WRITE statement 

WRITE [expression-list] 

Displays the data in expression-list on the screen; multiple items in the list are 
separated by commas. WRITE displays positive numbers without the leading blank in­
serted by PRINT, which is occasionally useful. 

I WRITE # statement 

WRITE #filenumber, expression-list 

Places string and numeric variables into a sequential file, placing a comma be­
tween each and a quotation mark before and after each string variable. 

I ROM CALLS I 
You can use the BASIC CALL statement to access many of the machine-language 

routines stored by Apple in the Macintosh ROM. These are the same QuickDraw 
graphic calls used by commercial application programs to rapidly create shapes and 
patterns, and to control text and cursor attributes. There are several concepts com­
mon to many of these calls: 

I With several exceptions, the word CALL and the outside set of parentheses 
around the parameters are optional. 
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I The variables passed are expected to be integers: Append the % sign to 
each or use the DEFINT statement in the calling program to define an 
entire class of variables as integer. 

I The usual method of passing array variables is to reference the first element 

of the array with the VARPTR function, which passes the memory location of 
that element to the machine-language routine. 

I The screen coordinates passed refer to the upper left corner of a pixel. 

I If a call, such as the pen-pattern call, sets an attribute, the attribute applies 
only to the current output window, but is stored with that window. If you 
move between windows, the last attribute that was set in each window 
comes into effect. 

I General-purpose calls I 

I CALL BACKPAT 

CALL BACKPAT(VARPTR(pattern%(0))) 

Sets the background pattern for the output window. Before calling BACKPAT, 

four elements that describe the pattern must be stored in the pattern array. 

I CALL ERASE ... 

See specific family in Shape section. 

I CALL FILL. .. 

See specific family in Shape section. 

I CALL FRAME ... 

See specific family in Shape section. 
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I CALL GETPEN 

CALL GETPEN(VARPTR(penlocation% (n))) 

Returns the current location of the graphic pen: If n is 0 the vertical coordinate 
is returned; if n is 1 the horizontal coordinate is returned. 

I CALL HIDECURSOR, 355 

CALL HIDECURSOR 

Makes the cursor invisible. It still exists, its location and condition are still 
trapped with the MOUSE function, and it functions as usual if yo~ click or drag with it. 

I CALL HIDEPEN 

CALL HIDEPEN 

Turns off the visible output of the pen. The lines that you draw exist, but they 
can't be seen. 

I CALL INITCURSOR 

CALL INITCURSOR 

Resets the mouse cursor to the standard arrow shape, and makes it visible if it 
has been made invisible with HIDECURSOR or OBSCURECURSOR. 

I CALL INVERT ... 

See specific family in Shape section. 

I CALL LINE, 118 

CALL LINE (xdelta,ydelta) 

Draws a line from the current pen location to the location xdelta to the right (or 
left if xdelta is negative) and ydelta down (or up if ydelta is negative). This is a case in 
which CALL and the parentheses are required, to avoid confusion with the BASIC 

LINE statement. 
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I CALL LINETO, 49 

CALL LINETO (x,y) 
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Draws a line from the current pen location to the specified coordinates. The pen 
returns to the current location after drawing the line. 

I CALL MOVE 

CALL MOVE (xdelta,ydelta) 

Moves the pen to the position xdelta horizontally and ydelta vertically from the 

current position. Positive values of xdelta and ydelta move the pen to the right and 
down, negative values move it to the left and up. 

I CALL MOVETO, 36 

CALL MOVETO (x,y) 

Moves the pen to the specified ( x,y) coordinate. 

I CALL OBSCURECURSOR, 355 

CALL OBSCURECURSOR 

Makes the mouse cursor invisible until the mouse is moved. 

I CALL PAINT ... 

See specific family in Shape section. 

I CALL PENMODE, 70 

CALL PEN MODE (rrwde) 

Determines how subsequent graphic calls affect existing screen images. 

I CALL PENNORMAL 

CALL PENNORMAL 

Restores the pen characteristics to the default size (1 pixel by 1 pixel), pattern 
(black), and mode (copy). 
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I CALL PENPAT, 88 

CALL PENPAT(VARPTR(pattern%(0))) 

Assigns the pattern stored in the pattern array to the pen. Applies only to lines 
drawn by ROM calls, not to lines and circles created by BASIC statements. 

I CALL PENSIZE, 118 

CALL PENSIZE (width, height) 

Determines the width and height, in pixels, of the pen point. 

I CALL SETCURSOR 

CALL SETCURSOR(VARPTR( cursor% ( 0))) 

Assigns a new shape to the mouse cursor by defining a 16- by 16-bit image in the 

cursor array. 

I CALL SHOWCURSOR, 355 

CALL SHOWCURSOR 

Makes the cursor visible. Used to restore the cursor after a HIDECURSOR call. 

I CALL SHOWPEN 

CALL SHOWPEN 

Used after a HIDEPEN call to turn the pen output back on. 

I CALL TEXTFACE, 473 

CALL TEXTFACE (face) 

I CALL TEXTFONT, 46 

CALL TEXTFONT (font) 

I CALL TEXTMODE, 157 

CALL TEXTMODE (nwde) 
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I CALL TEXTSIZE, 47 

CALL TEXTSIZE (size) 

Set text characteristics. 

I Shapes I 
The ROM calls in this section create and modify geometric shapes. Common to 

all is the technique of defining the top, left, bottom, and right boundaries of a rect­

angle that the shape will fit within. There are five operations that can be performed 

with each shape: 

Call 

FRAME 
PAINT 
ERASE 
INVERT 
FILL 

• ... ARC, 376 

Action 

Draws outline of shape 
Paints shape with current pen pattern 
Paints shape with current background pattern 
Inverts pixels enclosed by shape 
Fills shape with specified pattern 

CALL FRAMEARC(VARPTR( rectangle%( 0) ), startangle, arcangle) 

CALLPAINTARC(VARPTR(rectangle%(0)),startangle,arcangle) 

CALL ERASEARC (VARPTR( rectangle% ( 0) ), startangle, arcangle) 

CALL INVERTARC(VARPTR( rectangle%( 0) ), startangle, arcangle) 

CALL FILLARC(VARPTR(rectangle%(0)), startangle, arcangle, 
VARPTR(pattern%(0))) 

In addition to the usual array that defines the rectangle the shape will fit within, 

these calls include variables to specify the startangle and arcangle (and the pattern for 

FILLARC). Angles are expressed in degrees, either positive or negative from zero at 
the top center of the rectangle. The startangle is the point at which the arc starts, and 
arcangle is the number of degrees spanned by the arc. 
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• ... OVAL, 126 

CALL FRAMEOVAL(VARPTR(rectangle%(0))) 

CALL PAINTOVAL(VARPTR(rectangle%(0))) 

CALL ERASEOVAL(VARPTR(rectangle%(0))) 

CALL INVERTOVAL(VARPTR(rectangle% ( 0))) 

CALLFILLOVAL(VARPTR(rectangle%(0)), VARPTR(pattern%(0))) 
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The rectangle argument describes the boundaries the oval will fit within; if its 
height and width are equal, a circle will be drawn . 

• ... POLY, 309 

CALL FRAMEPOLY(VARPTR(polygon%(0))) 

CALL PAINTPOLY(VARPTR(polygon%(0))) 

CALL ERASEPOLY(VARPTR(polygon % ( 0))) 

CALL INVERTPOLY(VARPTR(polygon%(0))) 

CALL FILLPOLY(VARPTR(polygon%(0)), VARPTR(pattern%(0))) 

The shapes created by this set of ROM calls can be composed of any number of 
connected lines. The number of elements in the polygon array is determined by the 
number oflines in the polygon: There will be five elements plus two for each corner of 
the polygon. Of the five basic elements, the first one specifies how many elements are 
in the array and the second through the fifth define the usual upper, left, lower, and 
right boundaries of the shape. The remaining elements are in groups of two, with the 
first specifying they coordinate of a corner and the second specifying the x coordi­
nate of the same corner (note the reversal of the normal (x, y) order). The corner coor­

dinates are given in the order the corners are to be drawn . 

• ... RECT, 74 

CALL FRAMERECT(VARPTR(rectangle%(0))) 

CALL PAINTRECT(VARPTR(rectangle%(0))) 
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CALL ERASERECT(VARPTR(rectangle%(0))) 

CALL INVERTRECT(VARPTR(rectangle%( 0))) 
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CALL FILLRECT(VARPTR(rectangle%(0)), VARPTR(pattern%(0))) 

The shapes created or modified by these ROM calls are rectangles defined by the 

rectangle array. 

I · .. ROUNDRECT 
CALL FRAMEROVNDRECT(VARPTR(rectangle%( 0))) 

CALL PAINTROVNDRECT(VARPTR(rectangle%( 0))) 

CALL ERASEROVNDRECT(VARPTR(rectangle%( 0))) 

CALL INVERTROUNDRECT(VARPTR(rectangle%(0))) 

CALLFILLROUNDRECT(VARPTR(rectangle%(0)), VARPTR(pattern%(0))) 

These ROM calls create rectangles with rounded corners: The shape of the cor­
ner is determined by the arguments oval width and ovalheight, which specify the 
number of pixels in each direction of the radius of the corner. 
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The word utility implies usefulness and practicality-whether it is referring to water 
and power companies (public utilities), baseball players (utility infielders and out­
fielders), or computer programs. All computer programs, of course, should be useful, 
but utilities are a special class of useful programs. Typically they perform a single 
task-often of a housekeeping nature, such as reconstructing a damaged file, copying 
a disk, or displaying some sort of information. The Single-Drive Copy program sup­
plied with the Macintosh is an example of a utility, as are the items available on the 
Apple menu (the Alarm Clock, Calculator, and so on). 

Utility programs often evolve through dissatisfaction and disaster. Many times, a 
few minutes spent writing a short utility program can save the day-or at least several 
hours of it-if it occurs to you to write the program. The incident that resulted in the 
first utility we will look at is an example of this. 

As a person who writes for Microsoft Press-often about Microsoft products-I 
enjoy the mixed blessing of early access to many of their programs. Microsoft Word is 
one such program. When I started working on this book, the programmers hadalnwst 
all the bugs worked out of the Macintosh version of Word, so I decided to use it. There 
were minor frustrations, but I saved my work often, and the few times the system 
crashed it left a "temporary" or "rescue" file from which I could recover all but the 
last few paragraphs. Until 2 o'clock on the morning of January 6th, when I uncovered 
a bug-and it bit me. Tired and ready to crawl into bed, I did a final save and chose 
Quit from the File menu. The program announced that I had unsaved changes to the 
glossary and suggested I save them as Standard Glossary, which I agreed to. When all 
the whirring stopped and I was looking at the desktop, I woke up in a hurry: My chap­
ter was gone! Totally. No temporary file, no rescue file, nothing. My backup copy 
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on a different disk was only six hours old, but those six hours represented 5000 charac­
ters of more or less creative effort. 

While desperately rummaging through the disk directory, I clicked Display by 
size and discovered that the Standard Glossary file was 67K bytes, rather than its usual 
700 or so bytes. My entire chapter had been absorbed into the glossary file. After half 
an hour of trying to get Word to open the glossary, I was tired again and went to bed, 
resolved to retype the missing 5K in the morning. 

I am almost embarrassed to admit that it never occurred to me to write a BASIC 

utility to recover the file. Fortunately, the first person I complained to in the morning 
suggested I do that, and ten minutes later I'd recovered mywork. Ifl had just stopped 
to think for a few minutes the night before, I could have solved the problem then and 
had a much better night's sleep. 

The reason I am taking up space with this personal confession is that I have 
noticed I am not the only person who overlooks the obvious. When you run into a 
problem, especially if it has to do with information stored in a file, stop for a moment 
to consider whether any of your BASIC skills can be of use. "Professionally" written 
programs are often available that will alrrwst solve the problem, but the difference be­
tween almost and entirely might be several hours of frustration. Try looking to your 
own talents when faced with a problem. And don't wait until a problem comes along to 
think about writing a BASIC utility. Each time you perform some routine, repetitive 
task, ask yourself whether a BASIC program could handle it for you. 

I A file-recovery program I 
Word no longer does the Standard Glossary trick, and with any luck you will 

never lose a file-to Word or to any other program. But you can still profit from this 
recovery utility, as it is the base for a variety of others. 

The first stage involved in recovering my file from Standard Glossary was dis­
covering just what the glossary file contained. To do this, I wrote the short program 
shown in Figure B-1. 

The LINE INPUT # 1 statement reads one "line" from the sequential file opened 
as file # 1. A line, in this case, is defined as all characters up to a carriage return, and 
since this file was created by Word, which places a carriage return only at the end of a 
paragraph, each line will be a paragraph from the file. 
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'* File display program 
'* 

OPEN FILES$(1) FOR INPUT AS #1 
lineCount = 1 
WHILE NOT EOF(1) 

LINE INPUT #1, text$ 
PRINT lineCount; text$ 
lineCount = lineCount + 1 

WEND 

Figure B-1. Displaying a file 
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The LINE INPUT # filenumber, string-variable statement reads a paragraph and 
assigns it to the string-variable included in the statement-text$ in this program. A 

string variable can be up to 32,767 characters long, which is certainly longer than any 
paragraph we are likely to encounter. 

The PRINT statement prints a line number and then the line-one long line, 
stretching off the right side of the Macintosh screen. It wouldn't take much more 

effort to neatly wrap the lines around so the entire paragraph would be displayed. We 
will do just that in another utility later in this appendix, but this display is adequate for 
the job at hand, which is seeing what is in the glossary. 

I included the line numbers because the section I wanted to recover was about 
three pages long and buried in the middle of forty pages. There was no point in taking 

the time or the disk space to copy the entire file. I was sure I could spot the beginning 
and ending points of the section by watching the opening line of each paragraph scroll 
past on the screen. And I did: The section started around line 250 and ran to about 
line 265. A quick edit changed the program to the one in Figure B-2 (shown on the 
next page), and a few minutes later I had recovered my work of the previous night. 
These programs are short and simple, but they did the job. 

I An outline program I 
The second utility we will look at is another program born out of frustration. My 

publisher asked me to produce outlines of two manuscripts I had almost completed. 
Having been through this routine before, I had worked out an outlining method: 
After loading Word and opening two document windows, I would load a chapter into 
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'* File recovery program 
'* 

OPEN "standard glossary" FOR INPUT AS #1 
OPEN "goodstuff" FOR OUTPUT AS #2 
FOR lineCount=1TO300 

LINE INPUT #1, text$ 
IF lineCount > 245 AND lineCount < 271 THEN PRINT #2, text$ 

NEXT 
CLOSE 1, 2 

Figure B-2. Recovering the section 

one window and then use the mouse to select and copy the section headings to the 
second window. Since I include typesetting code as I write, the headings were easy to 
spot, as each was preceded by the code AAA), BBB), or CCC). 

I immediately set to work on the first book, and two hours later had a 12-page 
outline. I also had a sore back (concentration is tiring) and a desire not to repeat the 
process for the second book. I stopped to consider whether or not I was using the best 
method. My brain finally clicked into gear, and in less than 20 minutes I had both 
written a BASIC utility and used it to create the outline of the second book. 

The outline program is really just a slight enhancement of the previous program. 
It opens a file for the outline, and then reads each chapter and writes specified por­
tions of it to the outline file. The primary prerequisite for making this program work is 
having some way to identify the portions of the input file that you want to transfer to 
the output file. If there aren't natural markers, such as my typesetting codes, in the 
file, you may have to scroll through with your word processor and uniquely mark each 
segment to transfer. The BASIC program can, of course, delete the unwanted markers 
as it makes the transfer. 

The program is listed in Figure B-3. Notice, in the Begin section, that the pro­
gram can be terminated by not selecting a new input file from the standard Open dia­
log box provided by the FILES$( I) function. If a file is selected, its name is printed to 
the output file, with a carriage return-CHR$(13)-before and after it, as a divider 
between chapters. 

The section labeled Strip checks the first four characters of each paragraph to 
see if they are the characters used to indicate a section heading. If so, it sets the value 
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'*Outlining program 
'* 

DEFINTa-z 
Begin: 

doc$ = FILES$( 1 ) 
IF doc$ = "" THEN END 
OPEN doc$ FOR INPUT AS #1 
outline$= FILES$(0, "enter the outline file name") 
OPEN outline$ FOR APPEND AS #2 
PRINT #2, CHR$(13); doc$; CHR$(13) 

Strip: 
WHILE NOT EOF(1) 

LINE INPUT #1, para$ 

'* 
'* Extract first, second, and third level headings. 
'* 
lineStart$ = LEFT$(para$, 4) 
IF lineStart$ = "AAA)" THEN space = 0 : GOSUB PrintHead 
IF lineStart$ = "BBB)" THEN space = 4 : GOSUB PrintHead 
IF lineStart$ = "CCC)" THEN space = 8 : GOSUB PrintHead 

WEND 
GOTO Begin 

PrintHead: 
para$ = MID$(para$, 5) 
PRINT SPC(space); para$ 
PRINT #2, SPC(space); para$ 
RETURN 

Figure B-3. Creating an outline 
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of space to the appropriate number of spaces and sends the program to the section 
that's labeled PrintHead, where the typesetting code is removed and the indent and 
head are printed. 

I A program to count words and characters I 
The next program (Figure B-4 on the following pages) continues the theme of 

programs primarily of interest to writers. It displays a file while counting the number 
of characters and words. There are various reasons why you might want to know the 
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amount of printable text in a file; for example, the pay scale for magazine articles is 
often based on a character or word count. A side benefit of knowing these two figures 
is that you (or the Macintosh) can then compute the average word length, which is a 

good indicator of the reading level of the article and hence whether it is appropriate 

for the audience at which it is aimed. 

·• Character and word counting program .. 
DEFINTa- z 
WINDOW 1,, (2, 20) - (510, 340), 3 

.. 
'* Initialize variables . .. 
Begin: 

numChar= 0 
numWord = O 
numPara= O 
wide= 75 
lastBreak = 1 
count= 0 
newline$ = "" 
true= -1 
false= 0 

.. 
'* Give info and see if there is word to search for. 

GetWord: 
WINDOW 2, I (20, 200) - (430, 335), 4 

'the output window 

'number of characters counted 
'number of words counted 

'number of paragraphs counted 
'width of output in characters 

'place to break line 
'number of characters in current line 

'blank line 
'logical true 

'logical false 

PRINT "This progam opens a file and counts the number of characters, " 
PRINT "words, and paragraphs. If you would like it also to count how" 
PRINT "many times a particular word occurs, enter that word here." 
EDIT FIELD 1 ,""I (20, 100) - (200, 115) 
BUTTON 1, 1, "Continue", (220, 100) - (280, 120) 
BUTTON 2, 1, "Quit", (320, 100) - (380, 120) 

Waiting: 
event = DIALOG(O) 
IF event <> 1 AND event <> 6 THEN GOTO Waiting 

Figure B-4. Counting words and characters nwre ... 



Appendix B: A Few Short Utility Programs 

'* 

IF event = 1 AND DIALOG(1) = 2 THEN END 
keyword$ = EDIT$(1) 
searchFor$ = UCASE$(keyWord$) 
IF searchFor$ <> ""THEN findFlag =true 
WINDOW CLOSE 2 

'* Get name of file to be searched. 
'* 
GetFile: 

'* 

doc$ = FILES$(1, "TEXTWORDWDBN") 
IF doc$ = "" THEN END 
WINDOW CLOSE 2 
CLS 
OPEN doc$ FOR INPUT AS #1 

'*Start display and search. 
'* 
Start: 

WHILE NOT EOF(1) 
LINE INPUT #1, para$ 
numPara = numPara + 1 

'* 
'*Check each letter in paragraph. 
'* 
FOR position = 1 TO LEN(para$) 

ltr = ASC(MID$(para$, position, 1)) 
count= count+ 1 
IF ltr = 32 OR ltr = 45 THEN lastBreak = count 
newline$= newline$+ CHR$(1tr) 
IF count= wide THEN GOSUB Prnt 

Skip: 

'* 

NEXT 
GOSUB Prnt 

WEND 

'*All done, print the findings. 
'* 
DisplayResults: 

WINDOW 2, I (20, 175) - (400, 335), 4 

Figure B-4. Counting words and characters (continued) 
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'Quit button clicked 

'space or hyphen 
'form new line 
'check length 

more ... 
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PRINT CHR$(7); "Information about:"; doc$ 
PRINT 
PRINT "characters"; TAB(20); "= "; numChar 
PRINT "words"; TAB(20); "= "; numWord 
PRINT "paragraphs"; TAB(20); "= "; numPara 
PRINT "average word length"; TAB(20); "= "; 
PRINT USING "##.##"; numChar I numWord 
IF NOT findFlag THEN GOTO skip2 
PRINT 
PRINT "Number of occurrences of"; CHR$(34); 
PRINT keyword$; CHR$(34);" =";occur 

skip2: 

.. 

TEXTFACE 1 
PRINT 
PRINT "Click this window to continue"; 
TEXTFACEO 
WHILE MOUSE(O) = 0 : WEND 
CLOSE:CLEAR 
GOTO Begin 

'* Display document. .. 
Prnt: 

'* Determine how much to print. .. 
IF count< wide THEN lastBreak =count 
printedline$ = LEFT$(newline$, lastBreak) 
numChar = numChar + LEN(printedline$) 

.. 
'* Print letters and count words . .. 
FOR location = 1 TO lastBreak 

ltr$ = (MID$(printedline$, location, 1 )) 
PRINT ltr$; 
IF ASC(ltr$) = 32 THEN numWord = numWord + 1 

NEXT 
PRINT CHR$(13); 
IF findFlag THEN startSearch = 1 : GOSUB Find 
count= count - lastBreak 

SECTION VI: APPENDICES 

'use CHR$(34) to print quote mark 

'accumulate character count 

'end line with carriage return 

Figure B-4. Counting words and characters (continued) 
11Wre ... 
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newline$ = RIGHT$(newLine$, count) 
RETURN 

'leave unprinted characters in newline$ 

Find: 
printedLine$ = UCASE$(printedline$) 'searchFor$ and printedLine$ uppercase 
found= INSTR(startSearch, printedline$, searchFor$) 
IF found<> 0 THEN occur= occur+ 1 ELSE RETURN 
startSearch =found + LEN(searchFor$) 'restart search after current word 
IF startSearch <= LEN(printedLine$) - LEN(searchFor$) THEN GOTO Find 
RETURN 

Figure B-4. Counting words and characters (continued) 

This program also offers the opportunity to count the number of occurrences of 
a specified word, in addition to generally counting all words. (Of course, if your pro­
gram can recognize a specific word to count it, you could also have it delete the word 

or change it.) 
The first section of the program displays a message telling the user what the pro­

gram does and providing an edit field to enter a word to count. If a word to count is en­
tered, the Waiting section retrieves the word, stores it as the variable keyWord$ (and 

stores an all-caps version as searchFor$), and sets the variable.findFZag equal to true. 
This flag is checked at several points in the program: after each paragraph is printed, 
to see if the paragraph should be scanned for the specified word, and at the end of the 
program, to see if the number of occurrences of the word should be displayed. 

Notice that in the GetFile routine, I used the optional prompt-string parameter 

with the FILES$ function to limit the files listed to those of type TEXT, WORD, or 

WDBN. Common file types and the programs that create them are: 

File type 

TEXT 
WORD 
WDBN 

Program 

BASIC 
Mac Write 
Microsoft Word, formatted 

In the Start section, which sifts through the characters in each paragraph, the 
program keeps track of the position of the last occurrence of a space (ltr = 32) or hy­
phen (ltr=45). It stores this as lastBreak, and later uses this information to decide 
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where to break the line when displaying it on the screen. The maximum line width is 
specified in Begin (the variable wide is originally set to 75 ), but the program will try to 
break the line between words, rather than exactly at the line length specified. 

After each paragraph is printed, findFlag is checked. If it is true, the offset is set 
equal to 1 and the program is diverted to the Find subroutine, which uses the INSTR 

function to check each paragraph for the supplied word. The syntax for this is: 

INSTR([I, ]X$, Y$) 

The optional I is an offset indicating how far into string X$ the search for Y$ should 
start. The function returns a number equal to the position, in characters from the be­
ginning of X$, that Y$ starts, or a zero if there is no occurrence of Y$. 

If the paragraph does not contain the word, the program then returns to the 
Prnt subroutine. If the word is found, the counter (occur) is incremented, and the off­
set is increased by the starting position of the word plus the length of the word. The 
Find subroutine is repeated until either the word is not found, or the offset comes 
within the length of the word from the end of the paragraph. 

I A program to create DATA statements I 
While writing the shell-game program for Chapter 14, I needed a way to convert 

a MacPaint picture to DATA statements, so you wouldn't have to draw your own pic­
ture of a walnut shell. I wrote the short utility shown in Figure B-5 to do the job. This 
program brings a picture in from the Clipboard, displays it on the screen within a 
specified area, uses the GET statement to store it in an integer array, and then breaks 
the array down to a series of DATA statements. 

There are several variables in this program that you will have to adjust for the 
size of the picture you are using. The size of the array is determined by the area cap­
tured with the GET statement, which is in turn determined by the area the picture is 
scaled to with the PICTURE statement. The following formula, discussed in Chapter 
7, is used to determine the size array required: 

4+(((y2-yl)+1) * 2 *INT( ((x2-xl) + 16)/16)) 

The x and y variables are the boundaries used in the PICTURE and GET statements. 
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'*Program to create DATA statements 
'* 

DEFINTa-z 
DIM pict(125) 

'*Tell user what to do and get response. 
'* 
Start: 

WINDOW 1,, (0, 30) - (512, 342), 3 
WINDOW 2, , (100, 50) - (350, 170), 2 
PRINT "Copy a picture from the Scrapbook" 
PRINT "to the clipboard and then click OK." 
PRINT "Click Quit to return to BASIC." 
BUTTON 1, 1, "Quit", (20, 85) - (80, 105) 
BUTTON 2, 1, "OK", (175, 85) - (235, 105) 

'* 
'* Get response. 
'* 
WHILE DIALOG(O) <> 1 
WEND 
butSel = DIALOG(1) 
IF butSel = 1 THEN END 
WINDOW CLOSE 2 

'* 
'* Open clipboard in preparation for bringing in picture 
'* previously placed there. 
'* 
OPEN "clip:picture" FOR INPUT AS #1 
image$= INPUT$ (LOF(1 ), 1) 
CLOSE 1 
IF image$ = '"' THEN GOTO Start 
PICTURE (50, 50) - (100, 80), image$ 
GET (50, 50) - (100, 80), pict 

.. 
'* Open output file in which to store image . .. 
filename$= FILES$(0, "Store image in file:") 
IF filename$ = "" THEN SYSTEM 

Figure B-5. Creating DATA statements 
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'background window 
'instruction window 

'wait for button-click 

'bring image in 

'try again if blank 
'display the image 

'store image in array 

more ... 
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'* 

OPEN filename$ FOR OUTPUT AS #2 
count= O 

'*Convert array to series of DATA statements. 
'* 
PrintDataStatement: 

PRINT #2, "DATA"; 
FOR item = 1 TO 7 

PRINT #2, pict(count); ", "; 
count = count + 1 
IF count = 125 THEN CLOSE 2 : END 

NEXT item 
PRINT #2, pict(count) 
count = count + 1 
GOTO PrintDataStatement 

Figure B-5. Creating DATA statements (continued) 
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'initialize counter 

'DATA statement on each line 
'first 7 items on line 

'increment counter 
'check for end 

'last item on line (no comma) 
'increment counter 

'do next line 

The value returned by this formula is the number of bytes required to store the pic­
ture. Since there are two bytes per array element in an integer array, you can divide 
the value by 2, and enter the result as the variable limit at the beginning of the pro­

gram. This variable is used in both the DIM statement and in the test at the end of the 
program to see if all array elements have been read. 

I wrote this utility to convert one picture. If you are going to convert a bunch of 

pictures of different sizes, you could modify this program to include the ability to ad­
just the picture size with the mouse, and then automatically compute the array size 
and dimension the array. 

To use the DATA statements produced by this program in another program, you 
can either open the sequential file they are stored in and read the data, or use the 
MERGE command to incorporate the data in the new program. To demonstrate this 

second technique, type the short program shown in Figure B-6, and then make the 
Command window active and enter the command MERGE, followed by the name of 
the file in which you stored the DATA statements (enclose the file name in quotation 
marks). When you press Return, BASIC brings the DATA statements in from the disk 
file and attaches them to the end of your program. If you now run the program, the 
picture described by the statements is displayed. 
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ShowNewPict: 
DIM newPict%(125) 
FOR item= 0 TO 125 

READ newPict%(item) 
NEXT 
PUT (100, 100), newPict(O) 

Figure B-6. Merging DATA statements 

I A program to compute the dimensions of a picture array I 
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Now that you have suffered through the formula used to compute the dimen­
sions of a picture array, here's a utility that will do the math for you. The essence of this 

program-the part that actually computes the number of elements in the array-is 
only a few lines long; the remainder of the program is used to set up and manage the 

edit fields (shown in Figure B-7) that solicit the boundaries. 
The full program is shown in Figure B-8 on the following pages. There should be 

no unfamiliar commands in this listing, though you may want to note the fact that the 
VAL function is used in the RetrieveValues section to convert the string contents of 

each edit field to a numeric value. 

Computing the Array Size 

Left boundary 

Top boundary 

Right boundary 

Bot tom boundary 

[Compute I Done 

Figure B- 7. The array-dimension 
dialog box 
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'* Program to compute array size needed to hold picture of given dimension 
'* 

'* 

'* 
'* Open display window. 
'* 
WINDOW 4, , (100, 50) - (350, 250), -3 

'* 
'* Print labels and edit fields. 
'* 
MOVETO 35, 15 
PRINT "Computing the Array Size" 
MOVETO 15, 40 
PRINT "Left boundary" 
EDIT FIELD 1, "", (130, 25) - (205, 40) 
MOVETO 15, 65 
PRINT "Top boundary" 
EDIT FIELD 2, '"', (130, 50) - (205, 65) 
MOVETO 15, 90 
PRINT "Right boundary" 
EDIT FIELD 3, '"', (130, 75) - (205, 90) 
MOVETO 15, 115 
PRINT "Bottom boundary" 
EDIT FIELD 4, "", (130, 100) - (205, 115) 
et = 1 : EDIT FIELD ef 

'* 
'* Create buttons. 
'* 
BUTTON 1, 1, "Compute", (15, 175) - (85, 190) 
BUTTON 2, 1, "Done", (165, 175) - (235, 190) 

'* Wait for something to happen 
'* 
MainLoop: 

WHILE 1=1 
event = DIALOG(O) 
IF event = 1 THEN GOSUB ButtonPressed 
IF event= 2 THEN ef = DIALOG(2) 

Figure B-8. Computing array dimensions 

'make top edit field active 

more ... 
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'* 

IF event = 6 THEN GOSUB RetrieveValues 
IF event = 7 THEN ef = ef MOD 4 + 1 : EDIT FIELD ef 

WEND 

'* Button was pressed. 
'* 
ButtonPressed: 

IF DIALOG(1) = 2 THEN END 

'* 
'* Retrieve entries. 
'* 
Retrieve Values: 

left= VAL(EDIT$(1)) 
top= VAL(EDIT$(2)) 
right= VAL(EDIT$(3)) 
bottom= VAL(EDIT$(4)) 
high = bottom - top 
wide= right - left 

•• 
'* Compute size . .. 
size= 4 +((high+ 1) * 2 * INT((wide + 16) I 16)) 
arrayElements = size I 2 

'* 
'* Print answer. 
'* 
MOVETO 0, 135 
PRINT "An array to hold the pixels within the" 
PRINT "rectangle("; left;","; top;") - (";right;","; bottom;")" 
PRINT "requires "; arrayElements; "elements. 
RETURN 

Figure B-8. Computing array dimensions (continued) 
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This program was written more to convey the idea that you can modify code and 
apply it to your own needs than as a finished product (it is actually a modification of 
the program in Section II that transfers an image into BASIC). If you are creating a lot 
of picture arrays, you may want to rewrite this program as a subprogram that uses the 



458 SECTION VI: APPENDICES 

beginning and ending points of a mouse drag to define the picture boundaries. The 

number of elements required by the array could be passed to the main program, 

which would erase the previous array and dimension a new one. 

I A program to strip comments I 
The next program removes REM statements and comments. There are two rea­

sons for doing this: size and speed. A heavily commented program can easily be twice 
as large as the same program without the comments, and runs substantially slower. 

Size is a factor when disk space is at a premium or when the amount of available RAM 

in your Macintosh limits how large a program can be loaded. Speed is not always im­
portant, but when doing number crunching or animation, it can be significant. 

Before having a look at the stripper, let's do a quick experiment to determine the 
effect of comments on a program's speed. Enter and run the short program shown in 

Figure B-9. Record the time span displayed. Now add a REM statement between the 
FOR and NEXT statements and repeat the test. Add an apostrophe and comment to 
the line FOR count= 1 TO 25000 and again repeat the test. Remove the REM state­

ment and repeat the test again. You should now have a list of run-times that will give 
you an idea of the effect of comments and REM statements. 

The stripper program is listed in Figure B-10. The comments should pretty well · 
explain the purpose of each section. The program opens the commented file for input 
and a new file for output, where it will place the stripped lines of the input file. It then 

'*Speed test 
'* 

BEEP 
time1 ! =TIMER 
FOR count = 1 TO 25000 
NEXT count 
time2! =TIMER 
BEEP 
PRINT time2! - time1 !; "seconds" 

Figure B-9. A speed test 
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'*Program to strip comments 
'* 

remark$ = "REM" 

'* 
'*Open input and output files. 
'* 
Start: 

inputFile$ = FILES$(1 , "TEXT") 
IF inputFile$ = "" THEN END 
outputFile$ = FILES$(0, "Save as") 
IF outputFile$ =""THEN END 
OPEN inputFile$ FOR INPUT AS #1 
OPEN outputFile$ FOR OUTPUT AS #2 

'* 
'*Process input file. 
'* 
WHILE NOT EOF(1) 

LINE INPUT # 1, lin$ 
length = LEN(lin$) 
IF length = 0 THEN GOTO Skip 

'* 
'*Remove leading spaces. 
'* 
FOR char= 1 TO length 

char$ = MID$(1in$, char, 1) 
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IF char$ = CHR$(32) THEN GOTO SkipChar 
lin$ = MID$(1in$, char) 'new line, without leading spaces 
char = length + 1 

SkipChar: 
NEXT 

'* 
'* Find first apostrophe in line. 
'* 
comment = INSTR(lin$, CHR$(39)) 
IF comment<> 0 THEN lin$ = LEFT$(1in$, comment-1) 
length = LEN(lin$) 
IF length = 0 THEN GOTO Skip 

Figure B-10. The stripper 
11101-e. •• 
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'* 
'* Find first REM in line . .. 
comment = INSTR(lin$, remark$) 
IF comment<> O THEN lin$ = LEFT$(1in$, comment-1) 
length = LEN(lin$) 
IF length = 0 THEN GOTO Skip 

.. 
'* Get rid of spaces to the right of line . .. 
FOR char = length TO 1 STEP -1 

char$= MID$(1in$, char, 1) 
IF char$ = CHR$(32) THEN GOTO Skip2 
lin$ = LEFT$(1in$, char) 
char= O 

Skip2: 
NEXT 

'* 
'* Drop final colon. 
'* 
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IF RIGHT$(1in$, 1) = ":" THEN lin$ = LEFT$(1in$, LEN(lin$) - 1) 
PRINT #2, lin$ 'put line in output file 
PRINT lin$, LEN(lin$) 'show results 

Skip: 
WEND 
CLOSE 
WHILE MOUSE(O) = 0 : WEND 'time to read results 
GOTO Start 

Figure B-10. The stripper(continued) 

reads the lines of the input file, one-by-one, discards the line if it is blank, and re­
moves any leading spaces. The resulting line is searched for an apostrophe, and if one 
is found, a new line is formed using all of the old line up to the apostrophe. (Note: Ev­
erything after ail apostrophe within a PRINT statement will also be stripped. I will 
leave the solution to this problem as an exercise for you to solve.) The line is next 
searched for a REM statement, which, if found, is discarded. Any spaces remaining to 
the right of the line when a comment or REM statement was removed are now dis­
carded, along with the final colon that would have separated a trailing REM statement 
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from the rest of the line. The stripped line is stored in the output file and displayed on 
the screen, to prove that the program works. 

I A program to create a SYLK file I 
Different application programs, for the Macintosh as well as other computers, 

store their output files in different formats. Each, naturally, reads its own format, and 
some have the ability to convert to and from other formats. If you know the format ex­

pected by a program, you can have BASIC store its results in that format, so that it can 
be read directly into the other program. This could be useful, for example, when you 
have an established BASIC program to accumulate and evaluate numeric information 

that you would like to chart, using the Microsoft Chart program. Chart will allow you 
to paste data from the Clipboard and format that into a chart but it would be more effi­

cient to simply read the data file directly. 

Chart and most other Microsoft applications can directly read two types of files: 
their own unique format and SYLK (Symbolic Link) format. SYLK is sort of a general­

purpose format that has room for the types of information desired by various applica­
tions. Each application can open a SYLK file and read the portions it needs. There is a 
fairly complete, though not very understandable, explanation of SYLK format in the 

appendices of the Chart and Multi plan manuals. 
The program in Figure B-11 demonstrates how a SYLK file could be created to 

feed data points to Chart to be plotted. It includes sample data points for the purpose 

of demonstration: If you were actually using this program, you would probably convert 
it to a subprogram and pass the data points to it from the main program. 

'*Program to create a Microsoft SYLK file 
'* 

· This program could be called from a program that performs calculations 
' and produces a set of x and y variables, or it could be tacked onto the 
' end of such a program. The variable NumDatPts, and the data points 
'themselves should be defined in the main program, and x() and y() 
'should be dimensioned at the beginning of the main program. If you 

Figure B-11. Creating a SYLK file 
11Wre ... 
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' are creating a Text series, the variable x should be defined as a string 
'variable. If multiple files are to be created during one session, make 
'sure that the arrays are ERASEd prior to re-dimensioning. 

DEFINTa-w 

'* 
'*Following values are included to demonstrate program. 
'* 
numDatpts = 4 'number of datapoints passed 
DIM x$(numDatPts - 1 ), y$(numDatpts - 1) 
DIM x(numDatpts - 1 ), y(numDatPts - 1) 
x(O) = 9 

'normally done in main program 
'x() and y() passed from main program 

x(1) = 3 
x(2) = 5 
x(3) = 8 
y(O) = 11 
y(1) = 22 
y(2) = 43 
y(3) = 14 
x$(0) = "one" 
x$(1) ="five" 
x$(2) = "seven" 
x$(3) = "ten" 

'* 
'*Assign default names and provide opportunity to change them. 
'* 
WINDOW 4, , (100, 50) - (400, 200), -2 
MOVETO 10, 20 
PRINT "Series name:" 
MOVETO 15, 40 
PRINT "category axis:" 
MOVETO 15, 60 
PRINT "value axis:" 
MOVETO 10, 90 
PRINT ''Type:" 
BUTTON 1, 2, "Sequence", (15, 100) - (100, 115), 3 
currentButton = 1 
type$= "S" 
BUTTON 2, 1, "Date", (150, 100)-(250, 115), 3 
BUTTON 3, 1, "Text", (15, 120) - (100, 135), 3 
BUTTON 4, 1, "Number", (150, 120) - (250, 135), 3 

Figure B-11. Creating a SYLK file (continued) 

'create dialog box 

'selected by default 

11Wre ... 
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'* 

BUTTON 5, 1, "OK" I (260, 100) - (290, 135), 1 
vaName$ = "Y" 
EDIT FIELD 3, vaName$, (120, 45) - (290, 60) 
caName$ = "X" 
EDIT FIELD 2, caName$, (120, 25) - (290, 40) 
sName$ = TIME$ 
EDIT FIELD 1, sName$, (120, 5) - (290, 20) 
ef = 1 

'* Watch for action in dialog box. 
'* 
Loop: 

event = DIALOG(O) 
IF event = 1 THEN GOSUB But 
IF event = 2 THEN ef = DIALOG(2) 
IF event= 6 THEN GOTO Done 
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'default value axis name 

'default category axis name 

'default series name 

IF event = 7 THEN ef = ef MOD 3 + 1 : EDIT FIELD ef 
GOTO Loop 

'Type button was clicked 
'different edit box was clicked 

'Return key pressed 
'Tab key pressed 

But: 
buttonPushed = DIALOG(1) 
IF buttonPushed = 1 THEN type$ = "S" 
IF buttonPushed = 2 THEN type$ = "D" 
IF buttonPushed = 3 THEN type$= "A" 
IF buttonPushed = 4 THEN type$ = "N" 
IF buttonPushed = 5 THEN GOTO Done 
BUTTON currentButton, 1 
BUTTON buttonPushed, 2 
currentButton = buttonPushed 
RETURN 

Done: 
sName$ = EDIT$(1) 

'* 

'which button was pressed 
'Sequence button 

'Date button 
'Text button 

'Number button 

'deselect previously selected button 
'select new button 

'store currently selected button 

'get new names 

'* Have to get rid of colons (if time retained as name), as this is 
'* file name, and Mac recognizes colon as volume identifier. 
'* 
tempName$ = "" 

Figure B-11. Creating a SYLK file (continued) 
more ... 
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FOR count = 1 TO LEN(sName$) 
char$ = MID$(sName$, count, 1) 
IF ASC(char$) = 58 THEN char$= CHR$(46) 
tempName$ = tempName$ + char$ 

NEXT 
sName$ = tempName$ 
caName$ = EDIT$(2) 
vaName$ = EDIT$(3) 
WINDOW CLOSE 4 

'* 
'* Produce SYLK file. 
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'check each character 
'change : to -

're-create name 

'* See Appendix of Chart documentation for explanation of SYLK files . .. 
OPEN sName$ FOR OUTPUT AS #1 
PRINT #1, "ID;PMC" 
PRINT #1, "C;X1 ;Y1 ;K"; CHR$(34); "MC;;r; type$; ";;N"; sName$; ";;S1 ;;P1 "; CHR$(34) 
PRINT #1, "C;Y2;K"; CHR$(34); sName$; "."; caName$; CHR$(34) 
PRINT #1, "C;X2;K"; CHR$(34); sName$; "." vaName$; CHR$(34) 

xVal: 
IF type$ = "S" OR type$ = "D" THEN GOTO yVal 
IF type$= "A" THEN GOTO aVal 
fin$= "C;X1 ;Y4;K" + STR$(x(O)) 
GOSUB Strip 
FOR dp = 1 TO numDatPts - 1 

fin$= "C;Y" + STR$(dp + 4) + ";K" + STR$(x(dp)) 
GOSUB Strip 

NEXT 
GOTOyVal 

a Val: 

'x values computed by Chart 
'have to insert quotation marks 

'print rest of x-axis data points 

fin$= "C;X1 ;Y4;K" + CHR$(34) + x$(0) + CHR$(34) 'insert quotes 
GOSUB Strip 
FOR dp = 1 TO numDatPts - 1 

fin$= "C;Y" + STR$(dp + 4) + ";K" + CHR$(34) + x$(dp) + CHR$(34) 
GOSUB Strip 

NEXT 

yVal: 
FOR count = O TO numDatPts - 1 

y$(count) = STR$(y(count)) 
NEXT 

Figure B-11. Creating a SYLK file (continued) more ... 
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lin$ = "C;X2;Y4;K" + y$(0) 'specify y-axis and print first data point 
GOSUB Strip 
FOR dp = 1 TO numDatPts - 1 'print rest of y-axis data points 

lin$ = "C;Y" + STR$(dp + 4) + ";K" + y$(dp) 
GOSUB Strip 
NEXT 

PRINT #1 , "E" 'indicates end of SYLK file 
CLOSE 1 
END 

Strip: 
FOR count = 1 TO LEN(lin$) 

char$ = MID$(1in$, count, 1) 
IF ASC(char$) = 32 THEN GOTO Skip 
nlin$ = nlin$ + char$ 

Skip: 
NEXT 
PRINT #1, nlin$ 
nlin$ = "" 
RETURN 

Figure B-11. Creating a SYLK file (continued) 

When you run the program, the dialog box shown in Figure B-12 solicits infor­
mation about the chart. This information, along with the data points, is used to create 
a simple column chart. With a little more study of the SYLK format, you could add but­
tons to select the style of chart: bar, column, line, and so on. 

Series name: 1 g 56 26 

category axis:! ::=X==========: 
value axis: ..... Iv _________ ~ 

Type: 

®Sequence 

QTeHt 

QDate 

QNumber 

Figure B-12. The information dialog box 
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The SYLK format is very flexible. The information stored in this file by BASIC 

can be retrieved by Chart, Multiplan, or File. If you do a lot of number crunching in 
BASIC and want to pass the results to one of these programs, you should spend some 
time picking apart the SYLK format, and then modify this program to suit your needs. 

I A sort program I 
The sort program that's shown in Figure B-13 is another demonstration pro­

gram, rather than a finished product. This program allows you to enter a list of words, 
and then sorts them into alphabetical order. If you were to incorporate this routine 
into one of your programs, you would probably have it read words from a file, rather 
than typing them in one at a time. This program is reasonably efficient, but since it 
does the entire sort in memory, rather than on disk, the number of words that can be 
sorted is limited by the amount of available memory. (The variable max, defined in the 
Start section, limits the number of entries the program will accept from the key­
board; the number that can actually be sorted is limited by memory.) 

'* Program to sort an array of string variables in memory 
'* using Decreasing Increment Sort method 
'* 

Start: 
DEFINTa-z 
max= 100 'maximum number of words to sort 
DIM word$(max) 
WINDOW 1, , (10, 30) - (200, 340), 3 

'* 
'* Create data entry window with control buttons. 
'* 
WINDOW 2,, (201, 30) - (400, 100), 3 
PRINT "Type word and press Return" 
EDIT FIELD 1, "enter word", (10, 20) - (180, 35) 
BUTTON 1, 1, "Sort", (10, 45) - (55, 65) 
BUTTON 2, 1, "Again", (65, 45) - (110, 65) 
BUTTON 3, 1, "Quit", (120, 45) - (180, 65) 

Figure B-13. A sort program 

'output window 

more ... 
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'* 
'* Wait for something to happen in window. 
'* 
Loop: 

'* 

event = DIALOG(O) 
IF event = 6 THEN GOSUB GetWord 
IF event = 1 THEN GOSUB GetButton 
GOTO Loop 

'* Retrieve word from edit field. 
'* 
GetWord: 

temp$ = EDIT$(1) 
IF temp$ = ""THEN GOTO Invalid 
count =count + 1 
IF count = 101 THEN GOTO Invalid 
word$(count) =temp$ 
temp$="" 
EDIT FIELD 1, "enter word", (10, 10) - (180, 25) 
RETURN 

Invalid: 

'* 

BEEP 
RETURN 

'* Respond to button pushed. 
'* 
GetButton: 

'* 

butPushed = DIALOG(1) 
IF butPushed = 3 THEN END 
IF butPushed = 2 THEN CLEAR: GOTO Start 
GOSUB Sort 
GOSUB Look 
RETURN 

'* Sort routine. 
'* 
Sort: 

WINDOW 1 
PRINT 

Figure B-13. A sort program (continued) 
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'Return pressed 
'button pressed 

'Quit 
'Again 

more ... 
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PRINT "SORTING ... " 
offset = count 

Sort1: 
offset = offset \ 2 
IF offset = 0 THEN RETURN 
midPoint = count - offset 
sortCount = 1 

Sort2: 
low = sortCount 

Sort3: 
high= low+ offset 
IF word$(1ow) <= word$(high) THEN GOTO Sort4 

'* 
'* Swap words 
'* 
temp$ = word$(1ow) 
word$(1ow) = word$(high) 
word$(high) =temp$ 
low = low - offset 
IF low>= 1 THEN GOTO Sort3 

Sort4: 

'* 

sortCount = sortCount + 1 
IF sortCount > midPoint THEN GOTO Sort1 
GOTO Sort2 

'* Display sorted list. 
'* 
Look: 

CLS 
PRINT 
PRINT "SORTED LIST:" 
PRINT 
FOR temp = 1 TO count 

PRINT"["; temp;"]" : word$(temp) 
NEXT temp 
WINDOW2 
RETURN 

Figure B-13. A sort program (continued) 

SECTION VI: APPENDICES 
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I A program to convert a Word file to an unformatted text file I 
The next utility should require almost no typing on your part, as it is a modifica­

tion of a previous program (the one that counts words and characters). This utility is 
useful if you have files formatted by Word stored on a disk, and you would like to tele­

communicate them, which usually requires stripping all formatting. 
There are no new commands in this program, which is shown in Figure B-14, but 

there is a little bit of magic in the Get File routine that I am going to leave for you to fig­
ure out for yourself. 

'* Program to convert Word file to unformatted text file 
'* 

DEFINTa- z 
WINDOW 1, , (2, 20) - (510, 340), 3 

'* 
'* Initialize variables . .. 
Begin: 

numChar= O 
wide= 75 
lastBreak = 1 
count= 0 
newline$="" 
true= -1 
false= O 

'* 
·• Get name of file to be searched. 
'* 
GetFile: 

doc$ = FILES$(1, "WDBN") 
IF doc$ = "" THEN END 
OPEN doc$ FOR INPUT AS #1 
head$ = INPUT$(128, 1) 

'the output window 

'number of characters counted 
'width of output in characters 

'place to break line 
'number of characters in current line 

'blank line 
'logical true 

'logical false 

nBytes = 256 * ASC(MID$(head$, 17, 1)) + ASC(MID$(head$, 18, 1)) - 128 

Figure B-14. Converting a Word file to a text file 
rrwre ... 

\/ 
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'* 
'* Open output file. 
'* 
OutputFile: 

'* 

newFile$ = FILES$(0, "File in which to save text") 
IF newFile$ = "" THEN END 
OPEN newFile$ FOR OUTPUT AS #2 

'* Start display and search. 
'* 
Start: 

WHILE NOT endFlag 
LINE INPUT #1, para$ 
numChar = numChar + 1 

'* 
'*Check each letter in paragraph. 
'* 
FOR position= 1 TO LEN(para$) 

Skip: 

ltr = ASC(MID$(para$, position, 1 )) 
count = count + 1 

'* 
'*Check for space, hyphen, or newline . .. 
IF ltr = 32 OR ltr = 45 OR ltr = 11 THEN lastBreak = count 
IF ltr= 11 THEN ltr= 13 
newline$ = newline$ + CHR$(1tr) 
IF count= wide THEN GOSUB Prnt 

NEXT 
GOSUB Prnt 

WEND 
CLEAR : GOTO Begin 

Figure B-14. Converting a Word file to a text file (continued) 

'count carriage return 

'form new line 
'check length 

11Wre ... 
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.. 
·• Display document. 
'* 
Prnt: 

.. 
•• Determine how much to print. .. 
IF count< wide THEN lastBreak =count 
printedline$ = LEFT$(newline$, lastBreak) 
numChar = numChar + LEN(printedline$) 
IF numChar > = nBytes THEN endFlag = true 

.. 
'*Print line . .. 
PRINT printedline$ 
PRINT #2, printedline$ 
count = count - lastBreak 
newline$= RIGHT$(newline$, count) 
RETURN 
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'accumulate character count 

'leave unprinted characters in newline$ 

Figure B-14. Converting a Word file to a text file (continued) 

The text in a Word file is preceded by a 128-byte header that contains informa­
tion about the file, and is followed by a section of formatting information. Included in 
the header are two bytes, the 17th and 18th, that indicate the size of the file less the 
formatting information at the end. The number of characters in the file is computed 
by multiplying byte 17 by 256 and adding byte 18 to the product. The result includes 
the 128-byte header, so subtracting 128 from the total gives the exact number of char­
acters in the text portion of the file. By keeping track of the number of characters that 
are transferred from the Word file to the unformatted file, we will be able to stop the 
transfer after all the text has been copied to the new file, and avoid transferring any of 
the formatting information. 

If you are using the interpretive version of BASIC, it is just as much of a bother to 
load BASIC and run this program as it is to load Word and save the file without format­
ting, but with Microsoft's BASIC compiler, this program should be more convenient. 

I 
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NaMe Rddl'ess Phone NuMLer 

Seattle Jaycees Jose~h Uance Bg 622-4829 
.Seattle Jewelry Mfg 319 Joshua Green Bg 682-1989 
Seattle Judo Dojo Inc 1519 S Wash 324-7989-.. 
Seattle Junior Theatre Inc 158 ThoMas 622-7246 "Record 
Seattle Heiro 1799 24th S 329-9575 
Seattle Kicks Inc 6699 1st NE 522-9634 

"'---Fields---"'-/ _____ __,/' 

Figure B-15. A section of the telephone book 

I A program to create a random-access file I 
The next program deals with random-access files , BASIC's alternative to sequen­

tial files. The primary difference between the two file types is pointed out by their 
names. As you know from working with sequential files, items of information are 

stored and retrieved one after the other, from the beginning of the file to the end. If 
you want to read the 20th, 43rd, and 72nd records in a sequential file, you have to read 
the first 72 records. In a random-access file, on the other hand, you can simply request 
those three files, without sifting through the rest. Random-access files are slightly 
(but only slightly) more difficult to work with than sequential, but are substantially 

faster when you want to retrieve or change specific records in a file. 

A more subtle difference is that in a sequential file the records are not neces­
sarily related to each other in any manner, whereas in a random-access file each rec­

ord contains essentially the same type of information. A familiar object that has many 
of the characteristics of a random-access file is your telephone book. Figure B-15 

shows a chunk of my phone book as it might look if entered into a random-access file . 
Each record consists of three fields : Name, Address, and Phone Number. Each field is 
allocated a specific amount of space; if the entry is shorter than the allocated space, it 
is padded with spaces to make it fit exactly. 

Although this is not a utility created to do a specific job, it could easily be de­
veloped into a general-purpose data entry routine that could be used by any program 
requiring the user to repeatedly provide the same kind of information. The entire 
program is listed in Figure B-16. I'm only going to discuss the parts that are unique to 
random-access files. 
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·•Random access file program .. 

.. 

.. 
'*Open file and define field sizes . .. 
OPEN "nameList" AS #1 LEN = 40 
FIELD #1, 19 AS firstName$, 19 AS lastName$, 2 AS age$ 
record= 1 
up= 1 
down= -1 
f$ = "First Name" 
1$ = "Last Name" 
a$= "Age" 

.. 
•• Create data entry window . .. 
WINDOW 1, , (75, 100) - (450, 290), 3 
MOVETO 10, 25 
TEXTFACE 1 
PRINT "Entering data into a random access file." 
TEXTFACEO 
MOVETO 160, 60 
PRINT "Fill in the fields and click OK " 
MOVETO 160, 90 
PRINT "or press Return to enter record." 
MOVETO 160, 120 
PRINT "Click Quit to return to BASIC" 
MOVETO 165, 160 
PRINT "Review" 
LINE (95, 145) - (280, 170), , b 
BUTTON 1, 1, "OK", (10, 150) - (70, 165) 
BUTTON 2, 1, "QUIT', (305, 150)- (365, 165) 
BUTTON 3, 1, "Up", (100, 150) - (150, 165) 
BUTTON 4, 1, "Down", (225, 150) - (275, 165) 

·• Create edit fields . .. 
CreateEditFields: 

EDIT FIELD 1, f$, (10, 45) - (150, 60) 

Figure B-16. Creating a random-access file 
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nwre ... 
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.. 

EDIT FIELD 2, 1$, (10, 75) - (150, 90) 
EDIT FIELD 3, a$, (10, 105) - (50, 120) 
et= 1 : EDIT FIELD 1 

·• Wait for event. .. 
Loop: 

.. 

event = DIALOG(O) 
IF event = 1 THEN GOSUB GetButton 
IF event= 2 THEN ef = DIALOG(2) 
IF event= 6 THEN GOSUB EnterRecord 
IF event= 7 THEN ef = et MOD 3 + 1 : EDIT FIELD ef 
GOTO Loop 

'* Take action on button click . .. 
GetButton: 

•• 

butPushed = DIALOG(1) 
IF butPushed = 2 THEN END 
IF butPushed = 3 THEN direction= -1 : GOSUB Review 
IF butPushed = 4 THEN direction= 1 : GOSUB Review 
GOSUB EnterRecord 
RETURN 

'* Retrieve entry and store in file. 
'* 
EnterRecord: 

first$ = EDIT$(1) 
last$ = EDIT$(2) 
years$ = EDIT$(3) 

'* 
'*Move data to buffer. 
'* 
LSET lastName$ = last$ 
LSET firstName$ =first$ 
LSET age$ = years$ 

Figure B-16. Creating a random-access file (continued) 
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'button clicked 
'edit field clicked 
'Return pressed 

'Tab pressed 

'move up 
'move down 

TIWTe ••. 
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'* 

'* 
'* Put in record . 
•• 
PUT #1 , record 
IF record = lastRec + 1 THEN lastRec = record : record = record + 1 
IF record < lastRec + 1 THEN RETURN 
f$ = "First Name" 
1$ = "Last Name" 
a$= "Age" 
RETURN CreateEditFields 

'* Review records already entered . 
•• 
Review: 

'* 

record = record + direction 
IF record < 1 THEN BEEP : GOTO FileEnd 
IF record > lastRec THEN BEEP : GOTO FileEnd 

'* 
'*Retrieve record from file . 
•• 
GET #1 , record 
f$ = firstName$ 
1$ = lastName$ 
a$=age$ 
RETURN CreateEditFields 

'* Review has reached one end of file . 
•• 
File End: 

record = lastRec + 1 
f$ = "First Name" 
1$ = "Last Name" 
a$= "Age" 
RETURN CreateEditFields 

Figure B-16. Creating a random-access file (continued) 
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This program opens a random file, specifies the kind of information that will be 
stored in each record, creates a data entry window with three edit fields, and then set­
tles into the Loap routine to await some kind of action. The available actions are to en­
ter records into the file, review entries, and quit. 
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You open a random-access file with the same OPEN statement you would use to 

open a sequential file. Here are the two syntaxes of this statement again: 

OPEN mode, [#[filenumber,filespec [,file-buffer-size] 

OPEN filespec [FOR mode] AS [ # ]filenumber [LEN= file-buffer-size] 

To specify a random-access file you use a mode of R in the first syntax, and omit the 

mode in the second. For both, you specify a file-buffer-size equal to the combined size 
of the fields listed in the FIELD statement that follows. 

The amount of space assigned to an individual record in a random-access file 
can be apportioned between multiple fields: In this program there are three fields, 

holding.firstName$, lastName$, and age$. The amount of space allocated to each field 
is specified by the FIELD statement, which has this syntax: 

FIELD [ # ]filenumber, fiel,dwidth AS string-variable . .. 

The FIELD statement in this program: 

FIELD #1, 19 AS firstName$, 19 AS lastName$, 2 AS age$ 

allocates 19 bytes to firstName$, 19 bytes to lastName$, and 2 bytes to age$. This totals 
40 bytes, which is the number specified as file-buffer-size in the OPEN statement. 

There is no practical limit on the number of fields you can have in a record, but 
there is a limit on how many characters you can have on one line of a program, so mul­

tiple FIELD statements are allowed. If you use more than one FIELD statement for a 
file, the first field of each statement after the initial one must be a dummy field allocat­

ing space equal to the sum of all previous fields, as shown in Figure B-17. 

FIELD #1, 19 AS firstName$, 19 AS lastName$, 20 AS address$ 
FIELD #1 , 58 AS dummy$, 12 AS phone$, 2 AS age$, 5 AS race$ 

Figure B-17. Multiple FIELD statements 
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The sections of the program that create the data-entry window and edit fields, 
and wait for an event, should be familiar to you. The next section that has anything 
new is the EnterRecord subroutine (Figure B-18), which retrieves the information 
from the edit fields and places it in the file. 

Retrieving the information, with the EDIT$ function, is routine, but the process 
of putting each variable in the file is new. Variables aren't placed directly into a ran­
dom-access file: All the variables you want to place into a particular record are trans­
ferred to a buffer, and then the contents of the buffer are placed in the file. Individual 
variables can be moved into the buffer with either the LSET or the RSET statement. 
The difference between the two is that LSET left justifies the variable if it is shorter 
than the field length, and RSET right justifies it. Once all the variables are in the 
buffer, they are transferred to a specific record of the file with the PUT statement. 

,. 
•• Retrieve entry and store in file . .. 
EnterRecord: 

first$= EDIT$(1) 
last$ = EDIT${2) 
years$ = EDIT${3) 

.. 
•• Move data to buffer. 
'* 
LSET lastName$ = last$ 
LSET firstName$ =first$ 
LSET age$ = years$ 

'* 
'* Put in record. 
'* 
PUT #1 , record 
IF record = lastRec + 1 THEN lastRec = record : record = record + 1 
IF record < lastRec + 1 THEN RETURN 
f$ = "First Name" 
1$ = "Last Name" 
a$= "Age" 
RETURN CreateEditFields 

Figure B-18. The EnterRecord subroutine 
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Notice in the EnterRecord subroutine that each variable name is changed as the 

variable is passed to the buffer: The variable names used in the FIELD statement can 

be used only when transferring variables to and from the file. At other places in the 
program the same variables must be referred to by another name. 

Also notice that all the variables stored in the file are string variables; even age$, 
which could conceivably be needed in the form of a numeric variable at some other 
point in the program. This is another characteristic of random-access files: All vari­

ables are stored as string variables. To move a numeric variable into the buffer in prep­
aration for storing it in a record, use the MKI$, MKS$, or MKD$ function to convert 

an integer, single-, or double-precision variable to a string variable. When retrieving 

the same variable from the file, the CVI, CVS, or CVD function is used to convert back 
to an integer, single-, or double-precision variable. 

The only item of interest left in the program is in the Review subroutine, shown 
in Figure B-19, which retrieves a record and places the variables in the edit fields for 
the user to view or modify. This subroutine uses the GET statement to retrieve a spe­
cific record from the file. GET places the variables from all fields of a record into the 

buffer, from which they can be assigned to variables used in the rest of the program. 

'* 
'* Review records already entered. 
'* 
Review: 

record = record + direction 
IF record < 1 THEN BEEP : GOTO FileEnd 
IF record > lastRec THEN BEEP : GOTO FileEnd 

'* 
'*Retrieve record from file. 
'* 
GET #1, record 
f$ = firstName$ 
1$ = lastName$ 
a$ =age$ 
RETURN CreateEditFields 

Figure B-19. The Review subroutine 
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In this case they are assigned to f$, [$, and a$, which are the default text strings for the 
three edit fields. 

That's about all that's new in this program. If you enter and run it, you may want 

to experiment by adding an edit field that displays the record number of the current 

record. You could then allow the user to specify the record to be viewed, rather than 
having to scroll through the file as if it were a sequential file. Note the ease with which 
you can modify existing files as they pass in review. 

This appendix presented a variety of utility programs. Most were originally writ­
ten in a "quick and dirty" fashion to get a job done, and then cleaned up and com­

mented for use in this book. These programs are included more as inspiration than 

with the idea of providing a ready-made solution to any specific problems. Excellent 
sources for additional examples of utilities are the Macintosh SIGs (special interest 

groups) available on information services such as CompuServe and THE SOURCE. 
So you might want to use the communication program developed in Chapter 12 to fat­

ten your stockpile of BASIC programs. 



Building 
the HBC-1 Appendix C 

I realize that this is supposed to be a book about writing computer programs, not as­
sembling electronic projects, but if you bear with me a while you will discover that the 
two are not all that dissimilar. As you study the integrated circuits that are used to 
build the Home-Brew Converter (HBC-1), you'll find that many of them are based on 
the same truth tables that describe the input-output relationship of the logic state­
ments in BASIC: AND, OR, NOT, and so on. It is possible to write computer programs 
that simulate the action of electronic circuits, and to build electronic circuits that 
demonstrate the results of your programs. 

The explanation that follows and the accompanying schematics should enable a 
relatively inexperienced electronic hobbyist to build the HBC-1. Additional informa­
tion and control programs are available on the disk you can order from Microsoft. 

The HBC-1 was designed by Gordon Mills, a linear field application engineer for 
Texas Instruments, to demonstrate the use of various TI integrated circuits. Although 
TI manufactures all the semiconductors, other than the diodes, needed to build this 
project, and provides data sheets, application notes, and other information about spe­
cific integrated circuits, the project as a whole is not a TI product, and TI probably 
would not appreciate requests for assistance in putting it together. If you have prob­
lems with the HBC-1, or if you find some really fantastic uses for it that you would like 
to share with others, address them to me, care of Microsoft Press. 

I Assembling the components I 
The three methods of assembling electronic projects differ primarily in the 

types of surface on which the components are mounted: poke-home board, wire­
wrap, or printed circuit board. Whichever method you choose, if you have no previous 

481 
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experience with it, I suggest you pick up a tutorial on the subject from one of the elec­
tronic hobby stores-Radio Shack or Heath, for example. 

I Printed circuit board I 
The third method listed is the easiest and most permanent-if a printed circuit 

board has already been created. Assembling the project is merely a matter of inserting 
the parts in the proper holes and soldering them in place. Unfortunately, there is no 
printed circuit board currently available, but I am working on this and, should one be 
developed, more information will be included on the program disk. 

I Poke-home board I 
Of the other two methods, the easiest (but not the most permanent) is the poke­

home board. These are available in a variety of sizes and configurations, but in general 
they consist of a gridwork of holes, spaced at the proper interval for the insertion of in­
tegrated circuit (IC) pins. The holes-actually sockets-are interconnected in a 
fashion similar to that shown in Figure C-1. An IC is inserted straddling the center 
space, and the ground and supply voltages are connected to the side rails and jump­
ered over as needed. The row of sockets that each pin on the IC plugs into has four ad­
ditional sockets available for jumpers to connect it to other devices. 

Poke-home boards are available through mail-order catalogs and stores such as 
Radio Shack and Active Electronics. The layout illustrated in this book uses three 
boards, each 63 sockets long, but it is possible to rearrange the parts so as to use 
slightly less space. 

I Wire-wrap I 
The stages of construction for a wire-wrap model are the same as for the poke­

home model, with a few extra parts and possibly one additional step. You will need 
wire-wrap sockets for the integrated circuits and mounting posts or IC-socket com­
patible component headers for the discrete components. Unless you are assembling 
the project on a board that already has substantial ground and Vcc grids, you will have 
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00000 00000 0 0 0 0 0 

00000 00000 0 00000 

0000000000000000000000000000 

000000000000000000000000000 

00000000000000000000000000 

00000000000000000000000000 

00000 00000 00000 

00000 00000 00000 

Figure C-1. Interconnection of poke-home sockets 
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to provide these. The ground and Vee grids serve the same purpose as the side rails of 

the poke-home board: They distribute noise-free power evenly throughout the board 
(the lines of each grid must be connected together at three or four points to avoid 

small voltage differences along the grid). It is extremely important that the grids be 
constructed of heavy wire (14- or 16-gauge solid conductor) and the two grids be con­
nected with five evenly distributed bypass capacitors of about O.lµF each to mini­

mize noise problems. 

If you have not previously completed a wire-wrap project, a few hours spent 
reading the instructions and assembling some small project from a hobby store will 
probably save you more than that much time on this project. 

With a project such as this, the placement of the parts can be critical. The place­
ment shown in Figure C-2 on the following page, which can be followed for both the 
poke-home and the wire-wrap method, works and should not be modified unless you 
have a thorough understanding of the possible consequences. 
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Figure C-2. Pictorial diagram of HBC-I 
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The description of each section of the HBC-I will include a list of the parts used 
by that section: The following is a full list of the parts for all sections, with the parts 
for several of the optional input buffers tacked onto the end. 
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Quantity Name Part 

1 SN74HCU04N ICl 
1 SN74HC4020N IC2 
2 SN74HC74N IC3, IC4 
1 SN74HC163N IC5 
1 TLC540IN IC6 
1 SN74HC164N IC7 
1 SN74HC377 IC8 
1 ULN2003A IC9 
4 TIL124 IClO, ICll, IC13, IC14 
1 TLC272CP IC12 
1 TLC372N IC15 
1 TL 780-05CKC IC16 
1 TL431CP IC17 
1 IMO. resistor Rl 
1 6.8KO. resistor R2 
1 lOKO. resistor R3 
2 3.3KO. resistors R4, Rl2 
1 lOMO. resistor R5 
1 2.2KO. resistor R6 
2 lOKO. resistors R7,R8 
1 4.7KO. resistor R9 
1 3300. resistor RIO 
1 33KO. resistor Rll 
1 1000. 1 % resistor Rl3 
1 4.12KO. 1 % resistor Rl4 
1 lOKO. 1 % resistor Rl5 
1 22pF capacitor Cl 
1 47pF capacitor C2 
6 O.lµF capacitors C3-Cl0 
1 0.33µF capacitor Cll 
1 4.7µF tantalum capacitor Cl2 
6 1N914 diodes CR1-CR6 
1 1N4004 diode CR7 
1 2.4576MHz crystal Xl 

Voltmeter buffer 

1 TLC27L2ACP ICl 
3 IMO., 1 % resistors Rl,R2, R6 
1 499KO., 1 % resistor R3 
1 249KO., 1 % resistor R4 
1 124KO., 1 % resistor R5 
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Quantity Name Part 

1 332Kfi, 1 % resistor R6 
1 l 43Kfi, 1 % resistor R7 
1 .OlµF capacitor Cl 

Anemometer buffer 
1 TLC27L2ACP !Cl 
1 30Kfi resistor Rl 
1 lOOKfi resistor R2 
2 20Kfi resistors R3,R4 
1 18Kfi, 1 % resistor RS 
1 2Kfi, 1 % resistor R6 
1 200Kfi, 1 % resistor R7 
1 lOOKfi, resistor RS 
1 22Kfi, resistor R9 
1 lOKfi potentiometer VRl 
2 O.OlµF capacitors Cl,C2 

NOTE: Unless specified otherwise, all resistors are 5% tolerance, and all capacitors 
are monolithic ceramic. 

Figure C-3 is a schematic for the major portion of the HBC-1. The discussion of 

the HBC-l's individual sections in the second half of this appendix includes schematics 

for each section. If you run these through a copy machine, you should be able to tape 

them together to form a larger version of the schematic in Figure C-3, which you can 
use as a road map to keep you visually oriented as you assemble the project. However, 
you should use the list that follows to actually determine which connection to make 
next. This list gives the point-to-point wiring for each pin of every IC, plus each lead of 
the discrete components (resistors, capacitors, diodes, and the crystal). As you make 
each connection, place a check mark beside it on the list. All connections are listed at 

least twice (once from each end of the jumper), and some are listed more than twice 
(where more than two pins are connected to the same point). You obviously have to 
make each connection only once. 

You may notice, in comparing the schematic to the wire-list, that some pins 
called out on the list-the power and ground for each IC and some unused inputs that 
must be terminated-are not shown on the schematic. This is simply to avoid clutter­
ing the schematic with standard connections: The wire-list is complete. Notice that I 
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R1-1M 
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Figure C-3. The system schematic 
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have labeled the leads of the two-lead discrete components (resistors, capacitors, and 
diodes) as pin (1) and pin (2), to tell them apart. The numbers are determined by 
whether the component is drawn horizontally or vertically on the schematic: Pin ( 1) is 
the upper or the left lead, pin (2) is the lower or the right lead. The abbreviation n/c 
after an IC pin means that it is not connected. 

Master oscillator 

ICl: 74HCU04 

l' ground 
2' n/c 
3' ground 

4' n/c 
5' ground 

6' n/c 
7' ground 

8 ' IC3A(3) ' IC4B(ll) ' IC6(19) 
9 ' ICl(lO) ' IC2(10) 

10 ' IC1(9) ' IC2(10) 

11 ' IC1(12) ' Rl(2) ' R2(1) 
12 ' ICl(ll) ' Rl(2) ' R2(1) 
13 ' Rl(l) ' Xl(l) ' Cl(l) 

14 ' Vcc 
Rl(l) ' IC1(13) ' X(l) ' Cl(l) 

(2) ' ICl(ll,12) ' R2(1) 
R2(1) ' ICl(ll,12) ' Rl(2) 

(2) ' X(2) ' C2(1) 
Cl(l) ' R2(2) ' X(2) 

(2)' ground 

C2(1) ' IC1(13) ' X(l) ' Rl(l) 
(2)' ground 

X(l) ' IC1(13) ' Cl(l) ' Rl(l) 
(2) ' C2(1) ' R2(2) 
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Baud rate generator 

IC2: 74HC4020 

I' baud-n/c 
2' baud-n/c 
3' baud-n/c 
4' baud-n/c 
5' baud-n/c 
6' baud-n/c 
7' baud-n/c 
8' ground 
9' baud-n/c 

IO ' IC1(9) ' ICI(IO) 
11' IC3A(5) 
12' baud-n/c 
13' IC3B(ll) ' IC4A(3) ' IC4B(l2) 'IC5(2) 
14 ' baud-n/c 
15 ' baud-n/c 
16' Yee 

Data timing and control 

IC3: 74HC74 

1 ' IC3B(9) ' IC6(15) ' ICB(ll) 
2' IC12(1)' R7(2)' IC6(17)' IC7(1) 

3 ' ICI(B) ' IC4B(ll) ' IC6(19) 
4,Vcc 
5' IC2(11) 
6' IC4A(4) 
7' ground 
8' IC5(9) 

9 ' IC3A(l) ' IC6(15) ' ICB(ll) 
IO' Vee 
11 ' IC2(13) ' IC4A(3) ' IC4B(l2) ' IC5(2) 
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12 ~ IC5(15) 

13 ~ Vce 
14 ~ Vce 

IC4: 74HC74 

1 ~ Vce 
2 ~ R3(1) ~ IC6(16) 
3 ~ IC2(13) ~ IC3B(ll) ~ IC4B(l2) ~ IC5(2) 

4 ~ IC3A(6) 
5 ~ RlO(l) 
6 ~ IC13(2) ~ IC14(1) 
7 ~ground 
8~ n/c 
9 ~ IC6(18) ~ IC7(8) 

lO~Yce 
11 ~ IC1(8) ~ IC3A(3) ~ IC6(19) 
12 ~ IC2(13) ~ IC3B(ll) ~ IC4A(3) ~ IC5(2) 
13 ~ IC5(11) 

14 ~ Vce 

IC5: 74HC163 

1 ~ Vce 
2 ~ IC2(13) ~ IC3B(ll) ~ IC4A(3) ~ IC4B(12) 

3 ~Vee 
4~Vee 

5 ~Vee 
6 ~ground 
7~ Vee 
8 ~ground 
9 ~ IC3B(8) 

lO~Vce 
11 ~ IC4B(13) 
12 ~ n/c 
13 ~ n/c 

SECTION VI: APPENDICES 
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14' n/c 

15 ' IC3B(l2) 

16' Vce 
R3(1) ' IC4(2) ' IC6(16) 

(2)' ground 

Analog-to-digital conversion 

IC6: TLC540 

1' A/Dinput 
2' A/Dinput 
3' A/Dinput 
4' A/Dinput 
5' A/Dinput 
6' A/Dinput 
7' A/Dinput 
8' A/Dinput 
9' A/Dinput 

10' ground 

11 ' AID input 
12' A/Dinput 
13' -VREF (ground) 
14' 1Cl7(1)' Rl3(2)' Rl4(1)' Cl2(+)(+~EF) 

15 ' IC3A(l) ' IC3B(9) ' IC8(11) 
16 ' R3(1) ' IC4A(2) 
17' IC3A(2)' IC7(1)' R7(2)' IC12(1) 

18 ' IC4B(9) ' IC7(8) 
19 ' IC1(8) ' IC3A(3) ' IC4B(ll) 
20' Vee 

Parallel control output 

IC7: 74HC164 

1' IC3A(2)' IC6(17)' R7(2)' IC12(1) 

2' Vee 
3' IC8(1) 
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4' IC8(4) 
5' IC8(7) 
6' IC8(8) 
7' ground 

8 ' IC4B(9) ' IC6(18) 
9' Vee 

10' IC8(13) 
11' IC8(14) 
12' IC8(17) 
13' IC8(18) 

14' Yce 

IC8: 74HC377 

l' IC7(3) 

2' n/c 
3' ground 
4' IC7(4) 
5' IC9(2) 
6' IC9(3) 
7' IC7(5) 
8' IC7(6) 
9' IC9(6) 

10' ground 

11 ' IC3A(l) ' IC3B(9) ' IC6(15) 
12' IC9(7) . 
13' IC7(10) 
14' IC7(11) 
15' IC9(5) 
16' IC9(4) 
17' IC7(12) 
18' IC7(13) 
19' IC9(1) 

20' Vee 

SECTION VI: APPENDICES 
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IC9: ULN2003A 

1-+ IC8(19) 
2-+ IC8(5) 
3-+ IC8(6) 
4-+ IC8(16) 
5-+ IC8(15) 
6-+ IC8(9) 
7-+ IC8(12) 
8-+ ground 
9 -+ + 12 volts 

10 -+ output to LED, relay, etc. 
11 -+ output to LED, relay, etc. 
12 -+ output to LED, relay, etc. 
13 -+ output to LED, relay, etc. 
14 -+ output to LED, relay, etc. 
15 -+ output to LED, relay, etc. 
16 -+ output to LED, relay, etc. 

Primary power supply 

IC16: TL-780-05 

Input-+ +power adapter-+ Cll(l) -+ + 12volts 
Common-+ ground -+ CR6(anode) 
Output -+ + 5volts 

Cll(l) -+ + 12volts -+ IC16input -+ +power adapter 
(2) -+ ground 

C6(1) -+ + 5volts 
(2) -+ ground 

C7(1) -+ + 5volts 
(2) -+ ground 

C8(1) -+ + 5volts 
(2) -+ ground 

C9(1) -+ +5volts 
(2) -+ ground 
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ClO(l) -+ + 5volts 
(2) -+ ground 

CR7(anode)-+ ground 
(cathode) -+ -poweradapter-+ offsetline 

Precision voltage reference 

IC17: TL431 

1 -+ Rl3(2) -+ Cl2( +) -+ Rl4(1) -+ + 3.52voltline 
2-+ n/c 
3-+ n/c 
4 -+ n/c 
5 -+ n/c 
6-+ ground 
7-+ n/c 
8 -+ Rl4(2) -+ Rl5(1) 

Rl3(1) -+ + 5volts 

SECTION VI: APPENDICES 

(2) -+ Cl2(1) -+ Rl4(1) -+ IC17(1) -+ + 3.52voltline ( + VREF) 
Rl4(1)-+ Cl2(1)-+ Rl3(2)-+ IC17(1)-+ +3.52voltline(+VREF) 

(2)-+ Rl5(1)-+ IC17(8) 
Rl5(1) -+ IC17(8) -+ Rl4(2) 

(2) -+ ground 
Cl2(+)-+ IC17(1) -+ Rl3(2)-+ Rl4(1)-+ +3.52voltline 

( - ) -+ ground 

Input isolation circuit 

IClO: TIL124 

l ..+ IC11(2) ..+ +TXDfromMac 
2 -+ ICU(l) -+ R4(2) 
3-+ n/c 
4-+ IC10(6) -+ IC11(5) -+ R5(2) -+ R6(1) 
5-+ IC11(4,6) -+ R8(1) -+ R9(1) -+ IC12(3,5) -+ C3(1) 
6 -+ IC10(4) -+ IC11(5) -+ R5(2) -+ R6(1) 
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ICll: TIL124 

1 ~ IC10(2) ~ R4(2) 
2 ~ IClO(l) ~ + TXD from Mac 
3 ~ n/c 

4 ~ R8(1) ' R9(1) ~ IC11(6) ~ IC10(5) ~ C3(1) ~ IC12(3,5) 
5 ~ IC10(4,6) ~ R5(2) ~ R6(1) 

6 ~ IC11(4) ~ R8(1) ~ R9(1) ~ IC10(5) ' C3(1) ~ IC12(3,5) 

IC12: TLC272 

1 ~ R7(2) ~ IC3(2) ~ IC6(17) ~ IC7(1) 
2 ~ CRl(anode) ~ CR2(cathode) ~ IC12(7) 
3 ~ IC12(5) ~ C3(1) ~ IC10(5) ~ IC11(4,6) ~ R8(1) ~ R9(1) 

4 ~ground 

5 ~ IC12(3) ~ C3(1) ' IC10(5) ~ IC11(4,6) ' R8(1) ~ R9(1) 
6 ~ CRl(cathode) ~ CR2(anode) ~ R6(2) 
7 ~ CRl(anode) ~ CR2(cathode) ~ IC12(2) 
8 ~ +5volts 

R4(1)' -TXD 

(2) ' IC10(2) ' ICll(l) 
R5(1) ' + 5volts 

(2) ' IC10(4,6) ~ IC11(5) ' R6(1) 
R6(1) ' IC10(4,6) ' IC11(5) ~ R5(2) 

(2) ' CRl(cathode) ~ CR2(anode) ~ IC12(6) 
R7(1) ~ + 5volts 

(2)' IC12(1)' IC3(2)' IC6(17)' IC7(1) 
R8(1)' IC11(4,6) ~ IC10(5) ~ R9(1) ~ C3(1) ~ IC12(3,5) 

(2)' +5volts 
R9(1) ' IC11(4,6) ~ IC10(5) ~ R8(1) ~ C3(1) ' IC12(3,5) 

(2)' ground 

RlO(l) ' IC4(5) 
(2) ' IC13(1) ' IC14(2) 

C3(1)' IC12(3,5) ~ IC10(5) ~ IC11(4,6) ~ R8(1) ~ R9(1) 
(2)' ground 
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CRl(cathode) ~ CR2(anode) ~ IC12(6) ~ R6(2) 
(anode) ~ CR2(cathode) ~ IC12(2, 7) 

CR2(anode) ~ CRl(cathode) ~ IC12(6) ~ R6(2) 
(cathode) ~ CR2(anode) ~ IC12(2, 7) 

Output isolation circuit 

IC13: TIL124 

1 ~ IC14(2) ~ Rl0(2) 
2 ~ IC14(1) ~ IC4(6) 
3 ~ n/c 
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4 ~ IC13(6) ~ IC14(5) ~ C4(2) ~ Rll(2) ~ C5(1) ~ IC15(6) ~ + RXD 
and ground from Mac 

5 ~ IC14(4,6) ~ IC15(5) ~ Rll(l) 

6 ~ IC13(4) ~ IC14(5) ~ C4(2) ~ Rll(2) ~ C5(1) ~ IC15(6) ~ + RXD 
and ground from Mac 

IC14:TIL124 

1 ~ IC13(2) ~ IC4(6) 
2 ~ IC13(1) ~ Rl0(2) 
3 ~ n/c 
4 ~ IC14(6) ~ IC13(5) ~ Rll(l) ~ IC15(5) 

5 ~ IC13(4,6) ~ C4(2) ~ Rll(2) ~ C5(1) ~ IC15(6) ~ + RXD 
and ground from Mac 

6 ~ IC14(4) ~ IC13(5) ~ Rll(l) ~ IC15(5) 

IC15: TLC372 

1 ~ n/c 
2 ~ IC15(8) 
3 ~ IC15(4) 
4 ~ CR5(anode) ~ CR6(anode) ~ C5(2) 
5 ~ IC13(5) ~ Rll(l) ~ IC14(4,6) 
6 ~ C4(2) ~ Rll(2) ~ C5(1) ~ IC13(4,6) ~ IC14(5) ~ + RXD 

and ground from Mac 
7 ~ Rl2(2) ~ -RXDpin9onMac 
8 ~ Rl2(1) ~ C4(1) ~ CR3(cathode) ~ CR4(cathode) 
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RlO(l) ~ IC4(5) 
(2) ~ IC13(1) ~ IC14(2) 

Rll{l) ~ IC13(5) ~ IC14{4,6) ~ IC15(5) 
(2) ~ C4(2) ~ IC15{6) ~ C5(1) ~ IC13{4,6) ~ IC14(5) ~ + RXD 

and ground from Mac 
Rl2(1) ~ IC15(8) ~ C4(1) ~ CR3(cathode) ~ CR4(cathode) 

(2) ~ IC15(7) ~ - RXD 

pin9onMac 
C4(1) ~ IC15{8) ~ Rl2(1) ~ CR3{cathode) ~ CR4(cathode) 

(2) ~ IC15(6) ~ Rll(2) ~ C5(1) ~ IC13(4,6) ~ IC14(5) ~ + RXD 
and ground from Mac 

C5(1) ~ Rll(2) ~ IC15(6) ~ C4(2) ~ IC13(4,6) ~ Cl4(5) 
(2) ~ IC15(4) ~ CR5{anode) ~ CR6(anode) 

CR3{cathode) ~ CR4(cathode) ~ Rl2(1) ~ C4(1) ~ IC15(8) 

(anode)~ CR6(cathode) ~ -TXDpin5onMac 
CR4{cathode) ~ CR3(cathode) ~ Rl2(1) ~ C4(1) ~ IC15{8) 

(anode)~ CR5(cathode) ~ +TXDpin4onMac 
CR5(anode) ~ IC15(4) ~ CR6(anode) ~ C5(2) 

(cathode)~ CR4(anode) ~ +TXDpin4onMac 
CR6(anode) ~ IC15(4) ~ CR5(anode) ~ C5(2) 

(cathode)~ CR3(anode) ~ -TXDpin5onMac 

I Construction advice I 
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I am not going to provide a wire-by-wire construction account, but I will recom­
mend a few precautions and a preferred order in which to assemble the HBC-1. 

It is a recommended construction practice to work on a grounded conductive 
surface to avoid electrostatic discharge (sparks) that can damage integrated circuits. 
This can easily be accomplished by laying out one or two sheets of heavy-duty alumi­
num foil (preferably grounded) on your work area and either resting your forearms on 
the foil or maintaining contact in some other manner in order to keep everything elec­
trically at the same potential. 

When you are handling the crystal, bear in mind that, as its name implies, it is 
essentially a fragile piece of glass. Treat it gently. 
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When running the interconnecting wiring on either the poke-home or the wire­
wrap board, keep the wires as short as possible to avoid signal cross-coupling, noise 
pickup, and the effects of stray capacitance. 

Connect positive rails to each other and negative rails to each other at three 
equally spaced points. Do not connect positive and negative rails directly together: 

Do connect the positive and negative rails with 0.lµF bypass capacitors, placed 

at five spots evenly distributed about the board. 
Assemble the primary power supply section, carefully confirming the placement 

of each component and wire. The TL 780-05 leads, which are slightly flat, can be in­
serted into sockets in three adjacent rows by carefully putting a 90-degree axial twist 
in each of the leads so that the flat side of the lead aligns with the row into which it is 
inserted. This prevents excessive spreading of the socket contacts, which are a little 
longer than they are wide. You can use a short jumper to connect each lead of the 
TL780-05 to the appropriate voltage. NOTE: The pin-orientation for the TL780-05 is 
shown in a drawing adjacent to the primary power supply schematic. 

With the exception of capacitor Cl2 in the precision power supply circuit, none 
of the capacitors in the HBC-1 are polarized, so it doesn't matter which way the leads 
go. The diodes, however, must be inserted in the correct direction. The wire-list de­
fines the diode leads as anode and cathode: On the schematic the cathode is the 
pointed end with the bar across it, and the diode itself has a band at the cathode end. 

After assembling the power supply, apply power and use a voltmeter to confirm 
that the voltage between the rails is 4.95 to 5.05 volts (note this voltage for later com­
parison) and that the polarity is correct (if an oscilloscope is available, check for rip­
ple; it should not exceed a few millivolts). If you get nothing out of the power supply, 
make sure you have correctly connected the positive and negative leads from the 
power adapter: The positive lead should connect to the input pin of the TL 780-05. 
When the power supply voltage has been confirmed, it is safe to continue con­
struction with little fear of damaging the rest of the components. 

Turn off the power and plug in the rest of the components. Double-check the 
orientation of all ICs (there is either a semicircular notch at the pin-1 end, or a re­
cessed dot near pin 1). 

Install the short jumpers from each IC to Vee and ground. 
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Make sure you jumper the unused inputs of the 74HCU04 to the ground rail. The 

jumper that connects the Baud Clock Pulse (BCP) from the 74HC4020 to the data tim­
ing and control circuit should be fairly long and installed last, so that it can be moved 

to other pins on the 74HC4020 to select different baud rates. 
Double-check the ground and Vcc jumper to each IC. Measure the resistance 

between the positive and negative rails. Depending on the make and model of your 
meter, you should get a reading of several hundred ohms or more. A lower reading in­
dicates an incorrect connection that must be corrected before power is applied. 

Connect your voltmeter between the positive and negative rails and plug in the 

power adapter. If the voltage has dropped more than a few millivolts below the previ­
ous reading, indicating a heavy load on the power supply, disconnect immediately and 
check all components and wiring. 

Before actually connecting the Macintosh to the HBC-1, set your ohmmeter to its 
highest range and verify that there is no continuity between any pin in the cable that 
you will connect to the Mac and either the positive or the negative rail of the HBC-1. If 
all checks are correct, you are ready to connect to the Mac. 

I Connecting to the Macintosh I 
The HBC-1 communicates with the Macintosh via the modem port. Unlike most 

modems that can be connected to the Mac, which use only part of the Mac's RS-422 

connection to emulate an RS-232 connection, the HBC-1 uses the full RS-422, and 
therefore requires more than the minimum of three wires typically used in a modem 
cable. The point-to-point connections for the HBC-1 cable are shown in Figure C-4 on 
the next page; I will leave to you the decision as to what kind of a connector to use on 

the HBC-1 end, but the Macintosh end requires a male DB-9 connector like the one for 
your modem or printer. 

Try to keep this cable reasonably short to avoid picking up interference from sig­
nals radiated by the power line and other electrical devices, and to maintain reliable 
communication. I had no problems using it with a 50-foot cable, but 25 feet should 
probably be the maximum for normal operation. 
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Macintosh 
DB-9 connector HBC-I 

Ground I Not connected 

+5volts 2 Not connected 

Ground 3 ICI3(6) on output isolation circuit 

+TXD 4 CR4/CR5 on output isolation circuit 
IC IO( I), IC11(2) on input isolation 
circuit 

-TXD 5 CR3/CR6 on output isolation circuit 
R4 on input isolation circuit 

+ 12volts 6 Not connected 

Handshake 7 Not connected 

+RXD 8 Connect to pin 3 of Mac, at either end 

-RXD 9 IC15(7),Rl2 on output isolation circuit 

Figure C-4. Macintosh to HBC-1 cable connections 

I Tracing problems I 
It is difficult, though undoubtedly not impossible, to assemble the HBC-1 in such 

a manner that it damages itself If it doesn't work after you make the final connection 
and apply power, the problem will probably be traced to a wire you forgot to connect, 
or connected incorrectly. Troubleshooting is substantially easier if you have access to 

an oscilloscope, but rudimentary checks can be made with a voltmeter or even a digi­
tal logic probe, and most problems will yield to a careful visual scrutiny. 

The first thing to do if the system doesn't work is confirm that there is no prob­

lem with the program that is sending channel requests to the HBC-1 and attempting to 
retrieve the responses. If you are using the voltmeter program from Chapter 18 to test 
the system, you should modify it so that it doesn't wait for a response after each re­
quest is sent: If there is no response, the program will lock up at this point. (And make 
sure that simFlag is set to false. ) An alternative to modifying the voltmeter program is 
to enter the short program shown in Figure C-5. 
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.. 
'*Program to send a character out the communication port . .. 
.. 
•• Open communication port . .. 

OPEN "COM1 :9600, n, 8, 2" AS #1 
sentData = &H55 

SndChnl: 

.. 
PRINT "Sending "; sentData 
PRINT #1, CHR$(sentData); 

••Get a response . .. 
Reply: 

IF LOC(1) = 0 THEN GOTO SndChnl 
returnedData = ASC(INPUT$(LOC(1 ), 1 )) 
PRINT "Returned data is"; returnedData 
GOTO SndChnl 

Figure C-5. A short test program 

501 

You can test everything up to the HBC-1 by jumpering a few of the wires in the 

cable while running this program with the HBC-1 disconnected. (NOTE: Turn off 
power to the Macintosh and the HBC-1 before disconnecting or connecting wires.) 
With no wires jumpered, just an indication of the character being sent is printed on 
the screen while the program runs. Jumpering -TXD to - RXD (the wire from pin 4 
on the Mac to the wire from pin 9) will loop the output back to the input, and the 
send-message and the receive-message should both be printed on the screen. You can 

disconnect this jumper and jumper +TXD to + RXD (pin 5 to pin 8; disconnect the 
jumper between pin 8 and ground before conducting this test, and reconnect it after 
all tests are complete) with the same result. Finally, connect both jumpers, and you 
should still see both messages printed on the screen. 

If the computer and cable check out, you will have to look for a problem in the 
HBC-1. This should be fairly easy if you have an oscilloscope, as you can compare the 
waveforms shown later in Figure C-14 and on the individual schematics to what is ac­
tually happening. Critical sections to test first are the oscillator section that develops 
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the System Clock Frequency (SCF), and the input isolation section, which passes the 
data from the Mac through to the data timing and control section. (Remember, when 

looking at the data, that it has been converted to backward binary: The 1 that you send 
from the Mac comes in as 128, 2 as 64, 3 as 192, 4 as 32, and so on.) If both of these 

sections look good, check the Baud Clock Pulse (BCP) output of the 74HC4020 

(shown later in Figures C-10 and C-14). If you use the negative-going edge of Chip 

Select Not (CSN) as a trigger, you should be able to count the nine pulses plus a blip. 

Moving on to Data Clock Pulse (DCP), you should see eight pulses. A request to con­
vert the test channel (channel 11; the Mac sends a 208) should produce a response of 
124 to 130 from the HBC-1, and a request for any invalid channel (12 through 15) 

should produce a response of all zeroes. 

If you don't have access to an oscilloscope, here are a few common trouble spots 
to look into: 

I Make sure your program's baud rate (set with the OPEN statement) matches 

the baud rate selected on the 74HC4020. 

I Make sure that all unused inputs to the 74HCU04 are connected to ground 
(actually, they can all go to ground or to Vee. as long as they are all 
connected). 

I Confirm that you have the five bypass capacitors installed between the 

positive and negative rails. 

I Use the wiring list and a check-mark system to reconfirm every connection. 

I Use a voltmeter or digital probe to check the quiescent (no data into the 
HBC-1) levels of the ICs. Between the waveform tables and the text, most of 
these values are included in this appendix. 

If all else fails, make friends with someone who owns an oscilloscope. 

I The HBC-1 components I 
I have divided the HBC-1 into nine functional sections, based on the functions of 

the HBC-1 circuitry, and will explain the purpose and theory of operation of each. 
Some of these sections are optional or easily modified to operate in some other man­
ner; the following explanation outlines one combination of circuits that work well 
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together. It is not necessary to read or understand this explanation in order to use the 
HBC-1, but if you run into problems the extra information may prove useful. The nine 
sections are: 

I Power supply 

I Master oscillator 

I Baud rate generator 

I Serial data input isolation 

I Data timing and control 

I Analog-to-digital conversion 

I Serial data output isolation 

I Parallel control output 

I Analog signal conditioning 

The schematic in Figure C-4 showed the major elements of the HBC-I-every­
thing except the power supply circuits and the input and output isolation circuits. This 
drawing is primarily to show you how the sections fit together, since it is a little small 
to actually work from. Larger-scale schematics are included with the explanation of 

each section. 

I Power supply I 
The HBC-1 requires a +5 volt power supply capable of providing about 30 milli­

amps, but the entire monitoring system can require a variety of voltages, depending 
on the peripheral devices connected to it. The transducers that provide analog inputs 
often require a reference voltage, and, of course, the outputs that drive relays, lamps, 
motors, and so on can require additional power. 

The power supply shown in Figure C-6 on the next page consists of two sections, 
labeled Primary Power Supply and Precision Voltage Reference. The primary power 
supply gets its power from a plug-in AC adapter that provides an unregulated 12 volts 
DC at up to 500 milliamps. This unregulated voltage is used by the TL 780-05 to gener­
ate a regulated + 5 volts DC, which powers the integrated circuits. This section also 
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~~--~+12V Power 1--+-----------------++12 volts 
adaptor 

Diode 

ano~ 
cathoq-

0 

TL780-
05 

t 
common 

+5V 

R13-100 

~. ~ ~ 8 
r: 2 4.7uF., Cl 6 TL431 

IC17 

7 

input 

C11 
~ .33uF 

IC16 output +5 volts 
TL 780- 1----..------+---+ 

05 
common 

CR7 1N4004 

Prlm11ry Power Supply 

3 .52 vo 1t reference 

R14-4.12K 195 

R15-10K 195 

.1 uF blJ pass capacitors 
C6-1 0 distributed on board 

0 volts 

offset 

Precision Vo1t11ge Reference 

Figure C-6. The power supply schematic 

which powers the integrated circuits. This section also passes along the unregulated 
12 volts, which can be used to power relays and lamps. (NOTE: If you want to power 
peripheral 5-volt devices from this power supply, you will have to add a heat sink to 
the TL 780-05.) 

The diode in the return line provides polarity protection, preventing smoke if 
the power-adapter wires are accidentally reversed. A secondary effect of this diode is 
to make the 0-volt reference for system power float slightly above the power adapter's 
return line. This very slight difference in potential can be used to generate a negative 
offset-compensation voltage of a few millivolts, which can in turn be used to zero-set 
the high-gain amplifiers for signal-conditioning circuits, such as the one used to mea­
sure wind speed with an anemometer. 

The regulated voltage provided by the primary power supply section (2% reg­
ulation) is adequate if you are satisfied with monitoring ratiometric devices such as 
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joysticks, photocells, and keypads. In this case the 5-volt supply is used as the system 
reference voltage, in addition to powering the integrated circuits. To monitor devices 
that have a high output impedance, or that otherwise require op-amp buffering, such 
as anemometers and thermocouples, the precision voltage reference section is used to 
provide a stable 3.52-volt reference. There are several advantages to using this: 

I It has time and temperature stability of instrumentation quality, providing 

an excellent source of excitation voltage for strain gauges, thermistors, and 
anemometers. 

I It provides improved short-circuit protection for the power supply, shutting 
down if the current exceeds about 50 milliamps, which is well within the 

capability of the power adapter to handle. 

I It allows you to use a simple op-amp configuration as a buffer in the signal­

conditioning circuit. 

I Parts used I 
Quantity Description 

~~~~~~~~~~~~~~ 

Primary power supply 

1 AC power adapter 

1 5-volt regulator 

1 diode 

1 capacitor 

5 capacitors 

Precision voltage reference 

1 
1 
1 
1 
1 

adjustable precision shunt regulator 
capacitor 
resistor 
resistor 
resistor 

Part 

Radio Shack #273-1652, 
12 volt 500 ma DC 
output 

TL 780-05KC (for 4% 
regulation a UA 7805KC 
can be used) 

1N4004 (polarity 
protection) 

0.33µF (provides 
stability) 

O.lµF (bypass) 

TL431 
4.7µF 
1000 
4.12KO, 1% 
lOKO, 1% 
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S11stem Clock Frequenc11 - 2.46 MHZ 
8 (SCF)--,. 

Figure C-7. Master oscillator circuit 

I Master oscillator I 
The master oscillator circuit, shown in Figure C-7, develops the System Clock 

Frequency (SCF) used by the remainder of the circuits-either directly or after it is 

divided down-for timing. 

The 74HCU04 was chosen as the inverter for this circuit due to its relatively low 

gain of about 10: high enough to guarantee oscillation at 2.4576 MHz, but low enough 
to suppress spurious oscillations at harmonic frequencies, which could be a problem. 
The two inverters that buffer the oscillator's output sharpen the waveform's edges, 

providing clean rise and fall times. The output taken from between the inverters goes 

only to the baud rate generator, which is negative-edge-triggered. The System Clock 
Frequency is inverted once more and is used by a variety of positive-edge-triggered 

devices. 

I Parts used I 

Quantity Description Part 

I crystal 2.4576MHz 

3 inverters Halfofa 74HCU04 
hex inverter chip 

I resistor IMO. 

I resistor 6.BK.0. 

I capacitor 22pF 

I capacitor 47pF 
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I Baud rate generator I 
This circuit is composed of a single chip: the 74HC4020 binary ripple counter. 

The counter has 14 stages, each of which divides the output frequency of the previous 
stage by 2. Of the 14 frequencies developed, the first and the fourth through the four­
teenth are available as outputs. With the clock frequency of 2.4576 MHz provided by 
the master oscillator circuit, the eight lowest frequencies match standard baud rates 
available in the Macintosh and most other computers (Figure C-8). 

The master oscillator frequency we are using provides most of the Macintosh 
baud rates; most of the rest-1800, 3600, 7200, and 57600-could be matched by 
changing the crystal in the master oscillator to one with a frequency 1.5 times as high. 
This would not be a standard crystal, and there is little point in actually doing this un­
less you have a specific need for one of these baud rates (I have, however, run the 

Stage frequency Output Pin Mac baud rates 

1228800 QA 9 
614400 n/a n/a 
307200 n/a n/a 
153600 QD 7 
76800 QE 5 

57600 
38400 QF 4 
19200 QG 6 19200 
9600 QH 13 9600 

7200 
4800 QI 12 4800 

3600 
2400 QJ 14 2400 

1800 
1200 QK 15 1200 
600 QL 1 600 
300 QM 2 300 
150 QN 3 150 

110 

Figure C-8. 74HC4020 outputs and Macintosh baud rates 
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HBC-1 up to 57600 to prove that it will work). The only remaining baud rate~ 110-
could also be matched, but I can think of no practical reason for running the HBC-1 at 
this low speed. 

I Parts used I 

Quantity Description Part 
-------------~ 

1 Asynchronous 14-bit binary counter 74HC4020 

The 74HC4020 

The 74HC4020 is an asynchronous 14-bit binary ripple counter-a pretty fancy 
name for an integrated circuit that is the functional equivalent of a bunch of nested 
FOR ... NEXT loops. Figure C-9 shows the logic diagram forthe 4020. 

The input on pin 11 disables or enables the counter: A high at this input disables 
the counter and resets all outputs to zero; a low on pin 11 enables the counter, allowing 

CLR 

(11) 

CLK 

(10) 

R R 

R R R R 

(14) 

QG QH QI QJ 

Figure C-9. Logic diagram of the 74HC4020 

R R R R 

R R R R 
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SCF 

QA 

N/A 

N/A 

QD 

QE 

QF 

QG 

QH 9600 baud 

Figure C-10. Ripple-counter waveforms 

the system clock frequency (SCF) to ripple through the counter (the word "ripple" is 
used because the ouput of one stage is the input to the next). 

Each stage of the counter is triggered by the negative-going edge of its input, 
which happens once in each input cycle, so each stage divides its input frequency in 
half. The primary clock frequency and the waveforms after each of the first eight 
stages are shown in Figure C-10. You can imagine how the rest of the stages would 
continue to divide the clock frequency. 

There are not enough pins on the integrated circuit to make the outputs of all 14 
stages available. As you saw in the logic diagram, the second and third stages of the 
counter are skipped. The 12 stages that are available provide common baud rates that 
are binary multiples of 150. Figure C-11 on the next page shows an enlarged view of 
the baud rate generation portion of the system schematic. 

Only one of the outputs-usually one between 1200and19200-is used at any 
one time: It must be matched to the baud rate specified in the OPEN statement used 
to open the modem port for communication with the HBC-1. Whichever Baud Clock 
Pulse (BCP) is selected, it will be used by the data timing and control circuit to create 
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Figure C-11. Baud rate generator circuit 

SECTION VI: APPENDICES 

pulses and levels that step the requests and commands from the Macintosh into the 
HBC-1, and the responses back out to the Mac. 

I Serial data input isolation I 
The primary purpose of this circuit is to provide signal isolation between the 

HBC-1 and your Macintosh, ensuring that no voltages present in the Macintosh can 
harm the HBC-1. The output from the HBC-1 is similarly isolated to protect the Mac­
intosh. In a very general way, this isolation is accomplished in much the same manner 
as the historical passing of messages between ships at sea: with fl.ashing lights. The 
TIL124 used in the circuit shown in Figure C-12 converts the voltage signal arriving 

From Mac modem port 

-TXD pin 5 

+TXD pin 4 R4 
3.3K 

TIL 124 

IC10 

TIL 124 

IC11 

sv 

RS-10M 

R6-2.2K 

Figure C-12. Input isolation circuit 

CR1-1N914 

+SY 

CR2-1N914 +SY R7-10K 

l C3-.1uF 

1Cl2 IS A TLC272 
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from the Macintosh to light, beams the light across a small gap, and then converts it 
back to a voltage signal. There is no hard-wired electrical connection between the 
two machines, and the voltage range of the signal inside the HBC-1 is independent of 
the voltage range of the signal from the Mac. 

I Parts used I 

Quantity Description 
~~~~~~~~~~~~~~ 

2 optical isolators 
1 dual operational amplifier 
2 diodes 
1 resistor 
1 resistor 
1 resistor 
2 resistors 

I Theory of operation I 

Part 

TIL124 
TLC272 
1N914 
2.2KO 
3.3KO 
4.7KO 
lOKO 

The signal from the Macintosh is applied to the inputs of the two TIL124 optical 
isolators. Notice that the positive input goes to the anode of one optical isolator and to 
the cathode of the other, and that the negative return is connected to the other input 
of each optical isolator. This ensures that one TIL124 or the other, but never both, will 
always be conducting. Whichever TIL124 is conducting generates an output current at 
its base collector outputs. The outputs of the TIL124s are tied together so that as the 

input voltage reverses polarity, the output follows. This output is applied to the inputs 
of the TLC272 op-amp, which is configured as a current-summing amplifier. The 1.6-
volt bias level produced by R8 and R9 ensures that the op-amp, with back-to-back di­
odes in its current feedback path, will switch sharply when the input voltage from the 
Mac changes state. Resistor R6 is included to improve the stability of the circuit. The 
output of the first stage of the TLC272 is fed into the second stage, which is operating 
as a comparator. The output of this stage, in conjunction with the lOK pull-up 
resistor to Vcc. produces a CMOS-compatible output that is stable with inputs to the 
circuit ranging from 1 milliamp to over 10 milliamps. 

Resistor R6 was added to eliminate the possibility that random noise could trig­
ger the parallel digital outputs if the HBC-1 were disconnected from the Macintosh 
but left turned on. 
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From input +SV 
isolation 4 
circuit 7 4HC7 4 

Q 

6 Q 

+SV 
10 

74HC74 

12 IC 9 

11 30 8 

+SV 13 

3 7 
4 4 
5 H 

~+..:;;...-j6 c 
1 
6 
3 

ICS 1 

Chip Select Not (CSN) 

Figure C-13. Data timing and control schematic 

I Data timing and control I 

4 

To output 
isolation 
circuit 

......+-+----12 IC 5 t-----1JW_!l _ _J 

--+---L>3 4A 6 io----G~l_J 

+SV 
1 0 --l\l\l\l1l\IV\ 

r-=74~H~C7~4,..., Data Clock Pulse 

'---+-----112 IC 9 DCP 

11 40 8 

13 

The data timing and control circuit, shown in Figure C-13, is probably the most 
difficult circuit in the HBC-1 to explain. The reason for the difficulty is that multiple 
events occur simultaneously, triggering other events; but the explanation must be lin­
ear, covering one event at a time. 

The waveform diagram in Figure C-14, which shows the relationship of the vari­
ous clock pulses and enable levels created or affected by this circuit, may provide a 
perspective on my linear explanation. Notice that significant times in the diagram are 
marked by vertical lines dropping from the top. 

The data timing and control circuit responds to serial data from the computer by 
enabling the baud rate generator and then using the resulting Baud Clock Pulses 
(BCP) to create eight Data Clock Pulses (DCP) that load the channel request into the 
analog-to-digital conversion circuit and transmit the conversion result (of the previ­
ous request) back out. Let's look at the conditions in this circuit while it is waiting for a 
binary character to come from the computer, and then we will follow the character 
through the HBC-1. 



Appendix C: Building the HBC-1 513 

t0 t, t 2 

SDI -,·""" s"'"'t~""'rt"'-1-!-_.___.____.__......____, _ _.__....__;....-J! st~p 

BCP 

CSN . . . . 
l samp)e-and~hold wjndo;w J. 

DCP ---;--+-~ 

DO 

SDO ---r-i!-; s_ta_rt+! _ _.___.____.__......_____, _ __.__-!----!! stop 
: : : 

: : : 

: : : 

74HC163 ; ; 

LD 

count : 0 : 7 ~ 8 9 10 11 12 13 14 ~ 15 ~ 0 

QA 

QC ~"--------' 
: : : 

: : : 

: : : 
: : : 

QD : : ~· -----------+----+-. 

Figure C-14. Timing waveforms 

I While awaiting data I 
While awaiting data, the Clear (CLR) and the Preset (PRE) inputs to IC3A are 

high (PRE is tied to +5 volts, CLR is held high by Chip Select Not (CSN), the Q out­
put of IC3B on the next page). This means that the level on the data input to IC3A will 
be latched through to the Q output by each positive-edge of the SCF. Between Mac­
intosh output bytes, the Serial Data In (SDI) is high, so a high appears on the output of 
IC3A (see the truth table for D flip-flops in Figure C-15 on the next page). 

The high from IC3A Q output is applied to the CLR input (pin 11) of the 
74H C4020 asynchronous binary counter, disabling that chip and holding all its outputs 
low, so there is no BCP. 
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Function Table 

INPUTS OUTPUTS 

PRE CLR CLK D Q l.i 

L H x x H L 

H L x x L H 

L L x x Ht Ht 

H H t H H L 

H H t L L H 

H H L x Qo Qo 

tThis configuration is nonstab le; that is, it will not 
persist when Preset or Clear returns to its inactive 
(high) leve 1. 

Logic Diagram (each flip-flop) 
PRE-----------------------. 

CLK~~ 

D-------1 

E E 
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1CLR 1 
1D 2 

1CLK 3 
1m 4 

1Q 5 
1Q 6 

GND 7 

E 

Vee 
2CLR 
2D 
2CLK 
2PRE 
2Q 
20 

Q 

Figure C-15. Logic diagram, function table, and pinout for D flip-flops 

The four preset inputs of the 74HC163 synchronous binary counter are hard­
wired to 1, 1, 1, and 0, ready to set the outputs to a count of 7. The low level on the 163's 
Load input (LD-pin 9), provided by IC3B not-Q output, holds the 163 in a state of 
readiness to have the preset inputs passed through to the outputs. The positive edge 
of the first BCP (t1) into the 163 will set the output to 7, but until that happens the four 
outputs are each at 0. 

The low from the QD output of the 163 is applied to the CLR pin of IC4B, holding 
its output low. 
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I Data arrives I 
Serial Data Input (SDI) from the Macintosh, after passing through the isolation 

circuit, appears on the data-input pin of IC3A. The character from the Macintosh con­
sists of a start bit, which is low, eight data bits, and a stop bit, which is high (the input 
remains high until the next character is received). 

When SDI changes to a low state at the data input to IC3A, indicating the start of 
a character (time t0 on the waveform table), the next SCF (remember that this is a 

high-frequency, 0.4 µSec clock, so the next SCF occurs almost instantly) latches the Q 

output low, putting a low level on pin 11 of the 74HC4020 and allowing it to start count­

ing. (The not-Q output of IC3A is applied to the PRE input of IC4A.) It will take one 
half of the start-bit width for the BCP to appear at the selected output: This delay is 

put to good use. It is possible that noise or some other glitch could appear on the input 
to IC3A and start the timer. This is pretty much avoided because the timer will be re­
set if the level on pin 11 returns high prior to tr. which would happen if a low glitch 

came and went away. So pin 11 is held low for the length of the start bit. But we will 
need a total of ten BCP out of the counter (as you can see on the timing diagram, nine 

full BCP plus the leading edge of the tenth, which stops the entire process), so the 
counter will have to remain enabled after the start bit ends and a data bit (possibly a 

high) appears at IC3A. For this to happen, the output of IC3A must be held low by 
some means. 

One output from the 74HC4020 counter has been selected (hard-wired) to be 

used as the BCP to provide timing for the data timing and control circuit. As the cir­
cuit is presently drawn, with a 2.4576 MHz crystal providing the clock input to the 
4020, the output of 9600 Hz appearing on pin 13 is used to provide baud rate timing 

(the computer should be set for 9600 baud, no parity, eight data bits, one stop bit). 
This signal is applied to the data input of IC4B, and the clock inputs of IC3B, IC4A, 
and the 74HC163 synchronous binary counter. Let's look at the effect of the first BCP, 
at time t1 on the timing diagram. 

I Timet1 I 
The first positive-going transition ofBCP (t1 on the waveform diagram in Figure 

C-15) clocks the low on IC3B's input through, latching the Q output (CSN) low, and 
the not-Q output high. CSN is applied to IC3A's CLR input, disabling the flip-fl.op and 
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holding its Q output low (which maintains the needed enable level on the 74HC4020). 

You can see on the waveform diagram that CSN stays low long enough to bring one 
character in and send one out. CSN is also applied to pin 15 of the TLC540 analog-to­

digital converter, enabling it. 
With the first BCP edge, the HBC-1 is committed to the fact that this is a valid 

start bit, so it starts sending out the response to the previous conversion request. Data 
Out (DO) is clocked out through IC4A, which has been enabled ever since a few SCF 
cycles after the SDI went low at t0 (the high from IC3A not-Q output was applied to 
IC4A PRE). The data input to IC4A is the DO from the TLC540 (you'll have to look at 

the main schematic to confirm this). The output pin of the 540, however, was at a high 

impedance until a few SCF cycles after the first BCP. This high impedance state al­

lows the !OK resistor between IC4A's data input and ground to define a low state until 
just after the first BCP, when the output of the 540 presents a low impedance output, 
allowing the TLC540 DO to define the most significant bit (MSB) of the response data. 
This initial low causes the data input to IC4A to be low when the BCP at t1 latches the 

output of IC4A low. This low is the start pulse for the Serial Data Output ( SDO ), which 
is the response going back to the Macintosh. 

The initial outputs of the 74HC163 are all Os, as that is where the 163 stopped 
counting at the end of the previous character. The outputs following t1 are determined 

by the preset levels on the A, B, C, and D inputs, which are 1, 1, 1, and 0. With these 
inputs, the chip can load a count of seven. The first positive-going BCP (time t1 ) ap­

plied to the clock input of the 74HC163 causes its outputs to go to the preset state, and 
the counter to start counting. 

ITimet2 l 
At time t2, which corresponds to the leading edge of the second BCP, the QD 

output of the 163 goes high. This level is applied to the CLR input to IC4B, enabling it 
and allowing SCF to gate BCP through, creating eight Data Clock Pulses (DCP) from 
the BCP signal. DCP is applied to pin 18 of the TLC540 as 1/0 clock. 

I From t2 tot4 I 
The positive-going edge of each DCP performs two functions: It samples the 

SDI bit and loads it into the TLC540-the first four bits are used to define the address 
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of the next channel to be converted-and it clocks the DO bit that is currently at the 
input of IC4A out as SDO. When QA goes high on count fifteen of the 163, the Ripple 
Carry Output (RCO) also goes high (time t3). RCO is applied to the data input of IC3B, 

and the final short BCP (time t4) triggers the flip-flop, latching Q high (resetting CSN) 

and not-Q low. Resetting CSN allows IC3A to again latch SDI through. The data input 
at this time should be the stop bit, so the next SCF positive edge will latch it through, 
thus stopping BCP by resetting the 74HC4020. The not-Q output from IC3A goes low, 
forcing the output of IC4A high, thereby creating the outgoing stop bit, which is high. 

I Parts used I 

Quantity Description 

2 dual D-type flip-flops with clear 
and preset 

1 synchronous 4-bit binary counter 

1 resistor 

The74HC74 

Part 

74HC74 

74HC163 

lOKfi 

Flip-flops get their name from the action they perform. Typically, a flip-flop has 
two outputs, one of which-at any given moment-is high and the other low. Upon 
the occurrence of the proper input condition, the outputs flip-the high one going 
low and the low one high. The 74HC74 contains two independent flip-flops, each with 
a Preset (PRE), a Clear (CLR), a Clock (CLK), and a Data '(D) input, and two outputs 
(Q and not-Q). PRE and CLR are used to force the outputs to specific conditions: A 
low on PRE forces Q high and not-Q low-called setting the flip-flop-while a low 
on CLR forces the opposite conditions-called resetting the flip-flop. A low on either 
of these inputs overrides the CLK and D inputs. The table in Figure C-15 showed 
these input/output relationships. 

If both PRE and CLR are high, then the Q output follows the condition of the D 
input at each positive-going clock pulse (the not-Q output is always the opposite of 
the Q output). 



518 SECTION VI: APPENDICES 

The74HC163 

This counter is essentially composed of four gated flip-flops that are intercon­
nected. The fact that this is a synchronous counter means that the outputs can change 
only on the positive edge of the clock pulse, regardless of when any control input 

i:i5Ai5 _(9_) ______ -<ll>-------~ 

ENT( _t_o)_---l »--------+----1---d >-------~ 

ENP _(7_) ----l 

CLR _Ct_) --+----<1 

A (3) 

B (4) 

c (5) 

Mt 
.._-1-----------1--1--1---102 

.,,____-1-.-.l> t ,2T / t C3 
G4 

Jl>----+--+--+~ 3D 
.._+---1---d 4R 

Mt 
1-+-+-+--IG2 

_ _...___,_t ,2T /t C3 
G4 

»---+-+--+--<ii 3D 
.._+---1---d 4R 

Mt 
1-+-+-+--IG2 

.,,____-1-.-.l> t ,2T / 1 C3 
G4 

X>---+--+---+---d 3D 
.._1---+---d 4R 

Ml 
t--+--+----< G2 

.___~ 1 ,2T /1 C3 

a) M 
D -----------! :o---+---__,.,3D 

~----<14R 

Figure C-16. Logic diagram for the 74HC163 
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change is made. An important feature of this counter that makes it useful in our appli­
cation is the ability to preset the output to a specific value. The first BCP that occurs 
after the Load (LD) input goes low passes the preset value to the output. Proper en­
abling and removal of the LD input allows the counter to start counting, incrementing 
the output by 1 with each BCP. When the output reaches 15, it "rolls over" to zero at 

the next count. In our circuit, we stop the clock pulses after the return to zero, so the 
counter stops. Figure C-16 shows the logic diagram for the 74HC163. 

The data inputs (A, B, C, and D), which are used to preset the outputs, and the 
outputs (QA, QB, QC, and QD-see Figure C-17) use low- and high-voltage levels to 

represent binary numbers from 0000to1111 (Oto 15 decimal). In our application we 
determine the load value. of the counter to be 7 by connecting A, B, and C to + 5 volts 

to t1 t2 

SDI --; start 1 i-=..:;::....:..1.--;--'---'---'----'---'---'--...._+-'! st~p 

BCP 

CSN . . . . 
l samp)e-and~hold wjndo:w J. 

DCP 

DO 

S DO --:--if-=; s..:..:ta::...rt4j --'--'-_;_-'-....:..._-'----'--'---'---'---+--~i stop . . . . . . . . . . . . . . . 
74HC163 ; ; : . . . . . . . . . . . . . LD . . . . . . 

count 8 9 10 11 12 13 14 : 15 0 

QA 

QB _;_r----,,_; ---. . . . . . . . . . . . . . . 
QC 

QD 

RCO--;-+---+-----------~ 

Figure C-lZ 74HC163 waveforms 
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(a high), and D to ground (O volts, a low). Typically, this counter is enabled and dis­
abled by the Enable inputs (ENT and ENP), but in this application we have tied both 
to + 5 volts, so the counter is always enabled and loads the preset count and starts 
counting on the first positive-going clock pulse after the LD input goes low. Normal 
up-counting occurs after LD goes high. The waveforms in Figure C-17 show one full 

count-cycle, from 7 through 15. 
The two outputs of the 74HC163 that are used by the data timing and control cir­

cuit of the HBC-1 are the Q D output and the RCO output. 

I Analog-to-digital conversion I 
The TLC540, shown in Figure C-18, is the heart of the HBC-1. A single inte­

grated circuit, it has a built-in channel selector (multiplexer) enabling it to monitor 11 
input channels (plus a self-test channel). It also has circuitry to convert the analog lev­
els measured to digital values, decode the channel-number requests, and make the 
converted values available at its data output pin. 

Several other important features of the TLC540 are its short data-conversion 
cycle time of 13 microseconds, and the fact that it is capable of 0 .5 LSB accuracy. 

I Parts used I 

Quantity Description Part 
--------

1 8-bit analog-to-digital converter with serial 
control and 11 inputs TLC540 

+SV 

IC6 

Figure C-18. The analog-to-digital converter schematic 
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I Theory of operation I 
As explained in the data timing and control section, the DCP clocks eight data 

bits into the TLC540. The first four data bits are recognized as the number of the 
channel to read. This channel is sampled from the end of the fourth DCP through to 
the end of the eighth DCP (the sample-and-hold window). At the falling edge of the 
eighth DCP, the analog value of the selected channel is held and the conversion pro­
cess, which requires 36 SCF cycles to complete, is started. 

The result of this conversion will be available when the next channel address is 
clocked in. During the same time period, DCP also clocks the response to the previ­
ous conversion request out of the TLC540 to IC4A as DO. 

To read the value present at the input of a channel, two bytes from the computer 
are required. The first specifies the channel and converts the data; the second re­
trieves the result. If you are repeatedly reading one or more channels, the address 
byte for the second channel can be used to retrieve the result of the first request. 

I Serial data output isolation I 
The output isolation circuit shown in Figure C-19 protects the computer from 

the voltages measured or generated in the HBC-1. 

From data timing C4 
and contro 1 circuit TIL 124 

SOD 
R10-330 

SOON 
R11-33K 

IC13 

cs 

IC14 

Figure C-19. Output isolation circuit 

.1uF 

6 
5 

.1uF 

CR3-1N914 

CR4-1N914 

R12 
3.3K 

CR5-1N914 

CR6-1N914 

From Mac modem port 

+RXD pine* 

Ground pin 1 or 3 

-TXD pin 5 

+TXD pin 4 

-RXD pin 9 

*This jumper can be placed 
at the Macintosh end of the 
cable to save running one wir'e. 
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I Parts used I 

Quantity Description 
~~-'--~~~~~~~~~~~ 

2 optical isolators 

1 differential comparator 

4 diodes 

1 resistor 

1 resistor 

1 resistor 

2 capacitors 

I Theory of operation I 

SECTION VI: APPENDICES 

Part 

TIL124 

Half a TLC372N (an 
LM393N can be 
substituted) 

1N914 

3300 

3.3KO 

33KO 

.lµ.F 

The two outputs from the data timing and control circuit (SDO and its inverse, 

SDON) are applied to the opto-isolators via a 3300 resistor, creating a 10 milliamp 

current. One opto-isolator or the other will always be conducting. The opto-isolator 
photo diode (base to collector) output current across the 33K load resistor creates an 

input voltage exceeding plus or minus 100 millivolts to the TLC372 comparator. The 
comparator's output, with the aid of the 3.3K pull-up resistor, provides the output 
from the HBC-1 to the Macintosh ( -RXD on pin 9 of the Macintosh). The four 1N914s 

are connected as a diode bridge to provide a self-powered interface; that is, it is pow­

ered only by the voltage difference between the -TXD and the +TXD's signal from 

the Mac. This avoids having to supply 5or12 volts from the Mac or from an external 

power supply. 

I Parallel control output I 
The section of the HBC-1 shown in Figure C-20 controls output voltage levels, 

which can be used to activate relays, LEDs, or other low-current devices. The number 
of outputs can be expanded, practically infinitely, in groups of seven. 
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11 
7 7 
4 

3 
4 IQ 

H H 2 2Q 18 2 c 4 c 5 u 16 
8 5 6 3Q 28 3 L 15 2 1 3 4Q 38 6 14 6 6 9 N 

10 7 12 5Q 48 7 2 13 4 7 15 6Q 58 5 0 12 11 
12 16 7Q 68 4 0 11 
13 19 BQ 78 1 3 10 

E 8 9 A 
IC7 ICB 

IC9 

First addition a 1 block 

: .................................................................................... · 

To next set of additiona 1 blocks 

Figure C-20. Parallel control output circuit 

I Parts used I 
For each group of seven outputs, the following parts are used: 

Quantity Description 

1 8-bit parallel-out serial shift register 
1 octal D-type flip-flops with clock enable 
1 Darlington transistor array 

Part 

74HC164 
74HC377 
ULN2003A 
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ill (9) 

(4) 

Oe 
(5) 

Oc 
(6) 

Oo 

Figure C-21. Logic diagram for the 74HC164 

The74HC164 
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(11) 

Or 
(12) 

Oa 

A shift register is essentially a small storage area; this particular shift register 
holds 8 bits, which is the length of one character sent to the HBC-1. As its logic dia­
gram in Figure C-21 indicates, the 74HC164 consists of eight flip-flops, each after the 
first getting its input from the previous one. 

The bits come into the shift register as serial data-that is one after the other­
and are gated through by clock pulses (DCP in this case). After eight clock pulses, the 
channel request/digital output data from the computer is fully loaded into the shift 
register. There are eight outputs from the 74HC164, and at any point the bits that 
have been loaded can be read out as a parallel byte. 

The74HC377 

The 74HC377 is another set of eight flip-flops, this time with parallel input and 
parallel output. Though the individual flip-flops are not connected to each other, they 
do share common clock and enable signals, as shown in Figure C-22. 

If the enable ( not-G) is low when a positive-going clock pulse occurs, then what­
ever levels are on the eight inputs (lD through 80) are clocked into the flip-flops and 
appear on the eight outputs (lQ through 8Q). 

I Theory of operation I 
The serial data coming from the computer is fed into the shift register and ap­

pears in parallel on its outputs, most of which are also the inputs to the 74HC377. The 
exception is the last bit in, which has a special function: It is used as the enable for the 
74HC377. If this bit is low, the next positive-going clock pulse (the positive-going edge 
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CLK 

10 <3> (2) 1Q 

20 <4> (S) 2Q 

30 <7> (6) 3Q 

40 (S) (9) 4Q 

SD (13) (12) SQ 

60 (14) (1 S) 6Q 

70 (17) (16) 
7Q 

80 (18) (19) SQ 

Figure C-22. Logic diagram for the 74HC377 

of CSN) will gate the other seven bits into the 74HC377, and they will appear on its 
outputs. If this bit is high, the 74HC377 does not gate the data to its outputs, leaving 
the previous data there. Either way, the TLC540 is processing the same data stream 
and considers the first four bits to be an address request, which it attempts to process. 

What all this means is that if you want to set the parallel output, you send an 
ASCII character to the HBC-1 consisting of seven bits that represent the seven desired 
outputs, and an eighth bit that is low. Since each character sent to the HBC-1 results in 
a response from the TLC540, the program must read the input after each output com­
mand and discard it, to keep everything straight (requests for an invalid channel re­
turn a value ofO). 
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I Analog signal conditioning I 
Each of the analog inputs to the TLC540 is limited to a voltage range of 0 to 5 

volts. If you want to measure a voltage that matches this range, you can use the 5-volt 

power supply as VREF and apply the voltage to be measured directly to the TLC540 in­
put channel with no signal conditioning required. You can also measure ratiometric 
devices based on variations in resistance, such as joysticks, potentiometers, therm­
istors, and photoresistors using the simple configurations shown in Figure C-23. 

These configurations will provide accurate measurements as long as the trans­
ducer source resistance is lOK or less. The variable resistor in the first circuit repre­
sents one of the two potentiometers in a joystick. You could use two channels of the 
HBC-1 to monitor both potentiometers to control a pointer on the Macintosh screen 

V ref (5 volts) 

potentiomenter, ! ! 1 OK 
Thermister, ~ i ....... ·······1 

or photoresistor l.. ........... _ .... _i __ .,..,,..,.~------+ 
Vin to TLC540 

l 0.1uF 

V ref (5 volts) 

10K 
Joystick or I . r··>·.;·-;-·] _ __,,_ ... ..,,.,.~------+l v in to TLC540 
potentiometer r L. .... .! I 

l 0.1uF 

V ref (5 volts) 

j~' 
Relay, ~ 
pressure s"'itch 
magnetic contact J 

22K 

.,,...~-1-----+• Vin to TLC540 

l 0.1uF 

Figure C-23. Configuration for ratiometric input circuits 
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just as the mouse does, or to perform some other function. The variable resistor in the 
second circuit could represent a thermistor, a potentiometer, or a photoresistor. A 
thermistor varies in resistance as the temperature changes, and a photoresistor varies 
in resistance as the amount oflight changes. There are inexpensive versions of each of 
these available at different sensitivities and response speeds. By matching the re­
sponse speed of the photoresistor to the expected speed oflight-level change, you can 
use them to measure light levels that vary from as slowly as the sunlight beaming 
through your living room window to as rapidly as a light beam broken by a car as it en­
ters your driveway. 

To accurately measure voltages that are higher, or substantially lower, than 5 
volts, or to accurately measure the output of a transducer with a source resistance that 
is much greater than !OK, some sort of buffer amplifier is required. This buffer ampli­
fier provides additional protection for the TLC540 inputs against the accidental appli­
cation of excessive voltage, and matches the specific transducer output to the 0 to 
VREF range. This is where the optional precision voltage reference described in the 

power supply section comes in. The schematic in Figure C-24 on the next page shows 
how you could buffer the output from an anemometer to accurately measure wind 
speeds from near 0 to approximately 100 miles per hour (the mechanical anemometer 
itself is not very accurate below 2 mph, and I haven't actually wandered out into a 100-
mph wind to test the upper end). 

By changing the values of Rl and R2 in this circuit you can vary the gain of the 
TLC27L2, which determines the full-scale input range of the circuit. The gain is com­
puted by the formula: 

Gain= 1 + (R2/Rl) 

So in the configuration shown, the gain is equal to 101. If you decide to change the 
gain, keep R2 in the 200K to 400K range in order to maintain a reasonable response 
time and keep the offset circuit operating properly. The maximum full-scale input is 
determined by the formula: 

Full-scale input voltage= VREF I Gain 

which yields 34.9 millivolts in this case. 
Another simple circuit that can be easily modified to cover a variety of applica­

tions is the buffer shown in Figure C-25 on page 529, which is used in conjunction 
with a resistance network to form a four-range, bipolar digital voltmeter. 
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V REF (3.52 volts) 

RI 
30K 

R2 VR1 

R3-20K R4-20K 

100 IOK.l+-----------1 

RB R9 
IOOK 22K 

R6 
2K 
1'5 R7 

200K, 1'5 

O.luF 

Cl 
6 

7 
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R5 
I BK, I '5 Offset voltage 

--....,..,..--+ from 5V power 
suppllJ 

AID 
input 

0 - 34.9 mV >-------....,.,_--,-""""",....-.-------15 + 
input from 

TLC27L2ACP 

--~~ C2 IO.I uF 

Figure C-24. Monitoring an anemometer 

The four ranges are determined by the ratio of resistor Rl to each set of level­
translation resistors (R5 and RB, R4 and R7, R3 and R6, and R2). With the values 
shown, the four ranges are: 

-3.52 to +3.52 

-7.04 to + 7.04 

-14.08to +14.08 

-28.16to +28.16 

In this example each range is neatly symmetrical with respect to zero volts, but you 
can set the high and low point of each range independently of each other and of the 
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Voltage to be R1 - 1 M * measured >--___..,,.,..,... ________ -1 

R2-1M 
VREF---+-~~~ 

(3.52 volts) 

I 0.01 uF 
C1 

._ ± 3.52 Volts 

R3-499K* R6-1M* 
-......,.,~---+-+----",..,..,...---..., ._ ±7 .04 Vo lb 

Input to TLCS40 

R4-249K* R7-332K* 
- ........ ~----+-------.,..,,..,..-- ._ ± 14.08 Volts 

RS-124K* R8-143K* ....._,.,.......,. ______ --""""'"""--.._ ±28.16Volb 

*Note: all resistors are Ile 

Figure C-25. A digital voltmeter 
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other ranges. For example, one range could be from -5 to + 10 volts and the next 

could be from - 20 to + 7. The only restrictions on the range are that the most posi­

tive limit of the negative end of the range is minus the value of VREF> -3.52 in this 

case, and the most negative limit of the positive end of the range is VREF· The resistors 

labeled R2 through R5 in Figure C-25 control the negative extent of the range, and 

resistors R6 through R 7 the positive. The value of each resistor in any particular range 

is determined by a formula. The formula that determines the value of the resistor for 

the negative extent is: 

R = Rl x VREF /1 - VNEGL!Ml 

and the formula that determines the value of the resistor for the positive extent is: 

R = Rl x VREF/ ( + VPOSLIM - VREF) 

It is important to use precision resistors ( 1 % ) in this circuit, so after using the for­

mulas to compute the desired resistance, you will have to substitute the value of the 

nearest available precision resistor. This will provide an exact reading of the voltage 

over a range very close to the one you want. You can, of course, add more ranges to the 

meter by adding more resistors. 
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One point to bear in mind when establishing the measurement range is that the 
resolution is inversely related to the range: If you double the range, you cut the resolu­

tion in half. (Resolution is equal to the range divided by the number of output steps 
from the AID converter-256 for the HBC-1.) With the configuration shown in the 
voltmeter schematic, the resolution at the lowest range is 0.0275 volts per step; at 
the highest range it is 0.22 volts per step. You could easily double the resolution of one 
(or all) of the inputs by removing the low-extent resistor for that input (R2, 3, 4, or 5). 

You would sacrifice the bipolarity of that input but in so doing the resolution would be 
doubled (the range cut in half). If this is the only TLC540 channel being monitored, 

you could reverse the voltmeter leads to read a negative voltage. If more than one 
channel is being monitored, reversing the leads on one would mess up the others. 

I in conclusion I 
As I said in Chapter 18, the HBC-I was conceived as a method to demonstrate a 

simple BASIC program: From that point of view the project probably got a little out of 
hand. We ended up with a full-blown analog-to-digital conversion system that is com­

parable to or better than most commercially available units costing 10 to 20 times as 
much. Building the HBC-I was a lot of fun, but using it is even more fun. With a little 

imagination, you will come up with a lot of ways to put it to use. For example, one per­

son has already suggested a method of building a do-it-yourselfThunderscanner, and 
another is creating a navigation system for his boat. If you come up with a particularly 
interesting idea, or if you write a program that does something new and different, and 

you would like to share it with others, send it to me care of Microsoft Press, and I will 
try to find a way to spread the word. 
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EDIT$ function, 223 
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RESTORE statement, 167 
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