


Historywill record as a profound irony
that the most powerful word processing package
ever created for the lBMÈ Personal Computer

can be worked with two ýngers

It was created by Leading Edge.ó
speciýcally to take advantage o the
power of the IBM PC. plus the sim-
Elicity that all that power ought to
e able to give youðbut didn t.
Until now. you could go for the

simplicity, and end up with a some-
what gloriýed typewriter. Or you
could go for the power. and go nuts
performing dozens of commands to
do even the simplest things.
But with Leading Edge Word

Processing" ypu get both
You don't ave to start with an

ounce of understanding about word
processing.
You don't even have to be a terriýc
typist. lMatter of fact. the worse you
type. the more the help.)
So come along:

Hunt andpeckyourway into theýxture

lIAOlIú lDGl'

Leading Edge Products Inc Headquarters and Retail Division. 225 Tumpike Street. Canton Mass 02021 l800| 343 6833 l617l 828 8150
IBM is a registered trademark of International Business Machines Corporation

Call Margie for the dealer nearest you.



RYOUR COMMODORE WORDPROCESSING NHDS 
INVEST IN THE BEST 

WORDPRO PLUS. IN A CIASS BY ITSELF. �
When choosing a Word Processor for your Commodore�� computer, there’s 
no reason to settle for anything but the best - in a word . .. WordPro’" . 

With
0 

over 30,000 happy clients churning out letters and documents al l over 
the world, the WordPro Plus’� Series is unquestionably the #1 selling soft ›
ware package on Commodore computers! So when you choose Word Pro, 
you know you’ re investing in a trial-tested program that ’s a real winner. And 
Word Pro is NOW ava ilab le for your Commodore 64’" computer- at prices 
starting as low as S89.95 . 

Designed for the user who has no computer or word processing experience 
whatsoever. WordPro Plus brings a new dimension to the term "user›
friendly." More than just easy to use , WordPro wi ll turn your Commodore 
computer into a sophisticated time savi ng word processing tool - loaded 
with the same inventory o f features found in sys tems costing much. much 
more . 

Our nationwide team of over 600 Professional Software/ Commodore com›
puter dealers will help you choose the Word Pro Plus system that is best for 
your needs . Our full-service dealers have been set up to provide strong 
customer support . In addition to helping you choose the right system, man y 
Professional Software dealers also offer WordPro Plus training and system 
insta ll ati on . 

Professional Software offers a complete spectrum of Word Pro word process›
ing software for Commodore computers ranging from the Commodore 64 to 
the more business o rien ted 8000/9000 series computers. And WordPro 4 
Plus and 5 Plus also interact with our database management systems includ›
ing lnfo Pro and The Adm inistrator. So whatever your Word Processing 
needs. th ere ’s a WordPro sys tem that ’s right for you . 

WordPro 3 Plus/ 64 � 
""' -- -;.a 

Invest in the best . . �
Word Pro Plus. In a class by itself. �
Call us today for the name of the WordPro Plus dealer nearest you. 

Professional Software Inc. 
51 Fremont Street (617) 444-5224 

Word Pro’" and WordPro Plus’ " are trademark s of Professional Software Inc. Needham, MA 02194 Telex: 951579 
The WordPro Plus Series was designed and wr itten by Steve Punter of Pro Micro Software Ltd . �

Commodore’ " and the Commodore 64’" are trademarks of Commodore Elec tronics . Inc. �
Dealer inquiries invited. �





PARENTS,YOU WON'T 
SPINNAKER GAME• 

' 

The story of STORY MACHINE." 
Ages Sto 9. 

STORY MACHINE is like a story­
book come to life. Using the key­
board. your children write their own 
fun little stories.The computer then 
takes what they've written and 
animates their story on the screen. 
complete with fu ll color graphics 
and sound. 

STORY MACHINEhelps your chil­
dren learn to write correctly. become 
familiar with the keyboard.and Jets 
them have fun exercising their crea­
tivity at the same time. 
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DELTA DRAWING." Have fun �
creating pictures and computer �
programs. �
Ages 4 to Adult. �

Kids love to draw. And DELTA 
DRAWING Learning Program lets 
them enjoy creative drawing and 
coloring while they learn computer 
programming concepts. 

With DELTA DRAWING.even 
kids who have never used acomputer 
before can learn to write programs 
and build an understanding of proce­
dural thinking. It's easy.clear. and 
lots of fun! 

KIDS ON KEYS ’" helps kids �
catch on to letters. numbers›�
and computers. �
Ages 3-9. �

KIDS ON KEYS offers chi ldren 
three terrific games that teach them 
the location of the letters and num­
bers while they have fun with the 
computer. 

The games are fast and fun, with 
exciting sound effects and colorful 
graphics. It's a great way for kids to 
enjoy learning to identify numbers. 
letters. and words and associating 
them with images on the screen. And 
KIDS ON KEYS certainly do have fun! 

Disks for: Apple. Arari. IBM PC and PCjr. Commodore 64. 
Cartridges for: Arari. IBM PCjr.Commodore 64. Coleco Adam .SPIYIYAK&R TM 

vye make learning fun. 
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Disk: 
Apple: 
Atari ; 
Commodore 64 : 
IBM-PC" 
Cartridge: 
Atari'. 
Commodore 64·­











Mapping the VIC, Mapping the 64, The 64 Toolkit, 
and Machine Language for Beginners. 

Atari Background Music 
I recently bought an Atari 1010 program recorder. 
I have several Atari programs that play music 
while loading. I was wondering if it is possible to 
do this to my own programs. 

Chris Seay 

The Atari cassette sys tem is based on two-track stereo. 
One track is used to record programs and data by means 
of audio tones (one frequency for 1, another for 0) . The 
other track can be used to record and play back normal 
audio. You need to do your recording on another cassette 
recorder, as there is no provision for the 1010 (o r 410) 
recorder to accept a microphone. 

You can turn on or off the cassette motor from a 
BASIC program with two POKEs: POKE 54018,52 to 
turn the motor on , and POKE 54018,60 to turn the 
motor off. When the motor is on , any sound on the 
audio track will begin to play through the TV speaker. 
You can use timing loops to synchronize your program 
with the recorded sound. 

The audio track can also be heard during tape oper­
ations such as CLOAD, but will be mixed with the 
normal tones you hear during CLOAD. Use POKE 
65 ,0 to turn off the sound of the data track. You will 
need to use a stereo cassette recorder to mix programs 
and sound on the same segment of tape. 

You can find more information in COMPUTE!'s 
First Book of Atari : "Adding a Voice Track to Atari 
Programs." 

A Disk Disaster 
I own a VIC and a 1541 disk drive. In the three 
years I've had them, I've written and saved many 
programs on a certain disk. But now the disk won't 
give me access to all my programs. When I ask for 
the directory, it gives me either the first half of it, 
or just garbage . Then I get the message 23 READ 
ERROR 1807. 

I think I've found the problem. There's a 
scratch about a centimeter long in the middle of 
the disk . How can I get to the programs beyond 
the scratch? Is there any way to fix my disk or 
make it work more than it does now? 

Mike DiPiero 

Since you aregetting a READ ERROR when you access 
the directonJ, the scratched area probably includes some 
sectors of track 18, where the directOnJ is stored. The 
LOAD command uses the directory to locate files on the 
disk; if the directonJ information for a file is destroyed, 
the file cannot be LOADed. 

There is no way to fix your disk, because the scratch 
has destroyed the magnetic coating as well as the infor­
mation that was stored on it . To make the best of a bad 
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situation, format a new disk, and transfer to it any 
programs which will still LOAD from your damaged 
disk. Also, to avoid a similar disaster in the future, it's 
a good idea to make a backup copy of your salvaged 
programs, because floppy disks do not last forever. Even 
if used infrequent ly in an absolutely dust-free, cool 
environment, a disk will eventually wear out. When 
that happens, you will have all your programs intact 
and safe on your backup copy. And before you press 
your backup into service, make another backup disk, in 
case of accidents . 

More On 64 Video Cable 
I own a 64 and recently purchased the 1702 moni­
tor. However, to my chagrin, I soon discovered 
that the 8-pin cable packed with the monitor is 
not compatible with my 64, which has a 5-pin 
video output. 

In COMPUTE1, ·November 1983, Jim Butterfield 
wrote an article on how to improve the 64' s video 
quality . He said that a 5-pin cable is available to 
access the 1702's rear three inputs. Where can I 
buy this cable? 

Steve M. Walsh 

Any store with a good supply of video or electronics 
parts should have the cable you want. De sure the cable 
has a 5-pin DIN connector on one end, and at least 
three RCA connectors on the other end. 

A Fifth Voice For Atari 
I have had an Atari 800 for quite a while now, and 
love it. Also, being a musician, I like working 
with the Atari sounds and Music Composer. One 
thing that intrigues me is the Apple's ability to 
produce sounds through its internal speaker. 
Even though I have no need for this on the Atari, 
I want to know if this is possible, perhaps to pro­
duce a fifth voice, or even stereophonic sound . 

Freddie Scudiero 
The internal speaker on the Atari 400 and 800 can be 
programmed in much the same way as the Apple. If you 
POKE 53279 with a 0, the internal speaker will emit a 
small click. The operating system turns off the speaker 
within %0 second, during the periodic vertical blank. 
EvenJ time you POKE 53279,0 to pop out the speaker, 
the OS (operating system) pops it back in . 

If you disable the vertical blank, you can push or 
pop the speaker at your own rate. Machine language is 
required to click the speaker fast enough to generate 
tones . An article and program to use the internal speaker 
as a "fifth voice" can be fo und in COMPUTE!'s Second 
Book of Atari : "The Atari Keyboard Speaks Out. " 

Incidentally, the new XL computers do not have 
an internal speaker. All access to location 54018 is routed 
to the TV or monitor speaker. 



Dodge the radioactive 
snakes and spiders when 
you cl imb, leap and jump 
over the challenging c liffs 
to locate the eggs. As you 
fight your way up the nine 
leve s your ski lls must 
increase if you--are to 
survive the dead ly 
creatures . 

... the fun goes on forever 

Micro Fun •• and Dino Eggs •• are reg istered trademarks of Microlab, Inc. 
Apple II & lie, IBM PC, Atari 800, Commadore 64 and ColecoVision are 
registered trademarks of Apple Computer, Inc., IBM Corp ., Atari , Inc., 
Commodore Electronics, Ltd.. and Coleco Industries, Inc.. respectively. 
c 1983 MicroLab, Inc. 

Fire is the only weapon you have to keep the Dino �
Mom from putting her foot down and crush ing YOU ! �

Can you escape the Dino Mom's 
stomp, avoid the crawling , clawing 
creatures . find the eggs and save 
the dinosaurs from extinct ion? Only 
you can face the chaJlenges of 
survival in the prehistoric time warp 
of DINO EGGs •• from MicroFun , Inc. 
. . .the fun goes on forever. 

Created by 
David Schroeder 

Available for: 
Apple II'"& lie·· 
Atari aoo ·· 
IBMPC'" 
ColecoVision "' 
Commodore 64 •� 

2699 Skokie Valley Road, Highland Park, IL 60035 312/433-7550 









Get the jump on the weathe r›
man by accurately fo recasti ng 
the local weather you rself’ 

The beauti ful princess is held 
captive by deadly dragons. Only 
a kni ght in shining armor can 
save her now! 

A time -saving organi zer fo r 
coupon s, rece ipt s a nd more. 

A sc ientifically pro\’en way to 
de\·elop an a,1,,·e ome memory. 

Cul your encrb’Y costs by moni›
toring your phone, electric and 
gas bill s. 

CC!lt!£CT NtfKU lit Iii ROM • O 

6'tS X 6 \ •t •UiOO 

BBllllDl!ll 11 
B I 
I 

v 
School-age and prc -s hoo l 
chi ldren a re rewa rded fo r righl 
a nswers. co rrected on th ei r 
wrong ones. 

You a re trapped in a five›
story, 125 -room structu re 
made entirel v of ice. Find the 
exit before you freeze’ 

MICRO MECHANIC 

Computeri ze ca r maintenance 
to improve auto performance, 
economy and resale va lue . 

// r " / 
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l\ real brainflexer. Deflect 
random balls into ta rge ts on 
a constantly changing playfield. 

Take control of your persona l 
fina nces in less than one hour 
a month . 

Create mu lti -colored bar 
graphs with a surprisingly 
small amount of memory. 

A fun way to dramat icallv 
inc rea�e.typing speed a;1d 
accu racy. 

Get up to 30 new programs and games 
for less than 15 cents each­ #4 

every month in COMPUTE! ## 

Every month, COMPUTE! readers enj oy up to 30 brand 
new, ready-to-run computer programs, even arcade 
quality games. 

And when you subscribe to COMPUTE! at up to 
40 % off the newsstand price, you’ ll get them a ll for less 
than 15 cents each! 

You’ll find programs to help you conserve time, ener›
gy and money. Programs like Cash Flow Manager. Re›
tirement Planner. Coupon Fi ler. Dynamic Bookkeeping. 

You’ll enjoy games like Air Defense, Boggier, Sla ›
lom and High Speed Mazer. 

Your children will find learning fast and fun with 
First Math, Guess That Animal and Mystery Spell. 

Looking for a chal lenge? You can write your own 
games. Customize BASIC programs. Even make beau ›
tiful computer music and pictures. 

It’s all in COMPUTE! All ready to type in and run 
on your Atari, Apple, Commodore, PET/CBM, TI 99/4A, 
Radio Shack Color Computer, IBM PC or IBM PCjr. 

What’s more, you get information-packed art icles, 
product reviews, ideas and advice that add power and 
excitement to all your home computing. 

## 
And when it’s time to shop for peripherals or ## 

hardware, check COMPUTE!first. Our product ,.# 
evaluations can save you money and costly mis-#Y 
takes. We’ll even help you decide what to buy:# 
Dot-matrix or daisy-wheel printer? Tape # 
storage or disk drive? What about # 
modems? Memory expansion kits? ,.# SUBSCRIBE 
What’s new in joysticks, paddles #Y NOW AND 
and track balls? # SAVE UP TO 

# 40%0N COMPUTE!SAVE 
UPT040% . ##Yes! Start my subscrip›

# t ion to COMPUTE! for: OFF THE ,.# 0 1 year $24-32% off! NEWSSTAND 
#Y 0 2 years $45-36% off! PRICE ON 0 3 years $65-40% off! 

COMPUTE! 
D Payment enclosed D Bill me 

Return the ,.# Charge my D Visa D .YlasterCard D Am.Ex. 
couponor y / 
postpaid � Account No.------------’-- ›
card ,.Y EXP. OAT( 

today#!#Y 
Na me �

# Address __________________ �

## City--------- State ___ Zip _____ 

CALL TOLL-FREE 
1-800-334-0868 ## COMPUTE! PO. Box 914, Farmingdale, NY 11737 

# 







They are difficult to save, since the user must know 
the address at which the machine language program 
begins . An extra feature that can be implemented with 
this method: We can change some of the computer's 
"pointers" that lie below BASIC, and cause the machine 
to change its behavior. For example, pointers can be 
changed to make the computer "come up running." 

Other questions: 
Once you run Superman, it will automatically 

relocate itself to the top of memory. You are free to return 
to BASIC and load new programs. Superman may be 
recalled with SYS 8. 

The value in 197 on VIC and 64 indicates the key 
being pressed as part of a keyboard x-y grid . Any value 
less tha11 64 indicates a key: 64 is no key . 

It's probably best to use PEEK(197) together with 
the GET command. GET tells you which key; 197 tells 
you if it is still being held down . 

"Atari Softkeys" Printer Utility 
I've grown tired of typing myriads of CHR$(X) 
printer control commands, and looked for some­
thing better. I checked through my files, and re­
discovered Bill Wilkinson's program "Atari Soft­
keys" ("Insight: Atari," COMPUTE!, May 1982). 
This program is an ideal solution to my problem, 
except for the caution that the equates to the OS 
routines are for the Revision A ROMs. 

I suspect that most people now have Revision 
B ROMs, so could Wilkinson (or someone) please 
provide the equate changes necessary for the pro­
gram to run with Revision B ROMs. 

G. J. Marrs 

True, the majority of Atari owners now lzave the new 
upgraded Operating System (and many may not even 
know they do). The improvements required some . 
changes, primarily in the interrupt handling system. 
Fortunately, both operating systems are fairly compat· 
ible, as long as no illegal calls are made. The Softkeys 
program required patching into some of those illegal 
entry points, so Wilkin son warned that his equates 
were for the Revision A ROMs. 

As it turns out, none of the entry addresses required 
by the Softkeys program changed; Softkeys will run on 
either Revision A or Revision B ROMs. It won't run 
on the 1200XL, and likely won't run on any of the newer 
XL series computers, sin ce more drastic changes have 
been 1nade to their operating systems. 

Load Errors With 64 CP/M 
I have a 64 with a 1541 disk drive, and have just 
bought a Commodore 64 CP/M Cartridge. While 
making a backup copy of the CP/M System, I got 
a READ ERROR message. This error occurred on 
every attempt. I finally made a copy on my dealer's 
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disk drive. I don't have any problem with my 
disk drive in loading and saving other programs. 

Also, while using the Editing Command such 
as ED SAMPLE.TXT to create a new file, I got 
BOOS ERROR ON A: BAD SECTOR, no matter 
which disk drive was used. . 

Would you please answer these questions: 
1. Do I have a bad disk drive or a bad diskette 

of the CP/M System? 
2. I intend to add a second 1541 disk drive 

instead of using a CBM 4040 dual disk drive. Will 
CP/M recognize them as Drive A & B? 

3. Do I have to specify the computer and disk 
drive I use when ordering a COBOL Compiler? 

W. P. Ling 

1. This sounds like an alignment problem. If your 
1541 is only slightly out of alignment, you may still be 
able to access most files without getting read or write 
errors. Alignment problems are more likely to show up 
when the drive accesses the innermost and outermost 
tracks of the disk. This is because the read/write head is 
at the limits of its range, and CP/M stores its system 
files on tracks 1 and 2, the outermost tracks. Since the 
system files are accessed frequently, correct alignment 
is critical if CP/M is to operate properly . 

2. On the 4040, the drives are designated drive 0 
and drive 1, which CP/M recognizes as drives A and B. 
However, if you connect two 1541 disk drives to your 
64, both are designated as drive 0, with different device 
numbers (usually 8 and 9) . Since CPIM looks at the 
drive number and not the device number to find drive A 
or B, it will not accept the second 1541 as drive B. 

3. Yes. However, we know of no COBOL com­
pilers currently available which operate under CPIM 
for the 64. 

Return To BASIC From Machine 
Language 
I am a VIC computerist, proficient in BASIC and 
learning machine language. I have a question. 

When I have a BASIC program with machine 
language subroutjnes and control is transferred 
between them, what ways are there to transfer 
back from the machine language routines besides 
using BRK? 

Drew Jenkins 

The machine language instruction you want to use is 
RTS (ReTurn from Subroutine). The RTS command 
($60 or decimal 96) is a single-byte instruction that will 
transfer control of a machine language program back to 
BASIC. 

It works like this. When a SYS command (branch 
to machine language program) is issued from within a 
BASIC program, the operating system automatically 
pushes necessary information onto the stack that tells 
the computer which BASIC line is to be executed next. 



What do voice 
synthesizers have 
in common with 
movies? 

They don't make 
them like they 
used to. 

Because now 
there is S.A.M. The 
Software Automatic Mouth'." 
The first software-only speech 
synthesizer for Commodore 64, 
Atari and Apple computers. 

Developed by Mark Barton 
of Don't Ask Software, S.A.M. 
is designed to give you all 
the power of conventional 

hardware speech 
devices. Without 
the hardware. 

And without the 
high price. 

S.A.M. is th e 
program that 
makes other pro­
grams talk. Busi­

ness programs. Educational 
programs. Recreational pro­
grams, too. 

You can use it in any num­
ber of useful ways. 

To write instructions that talk. 
Stories that tell themselves. 
And creative new games with 

characters that converse or 
opponents that crack jokes. 

And you can do it all with 
ease. With phonetic or plain 
English input. 

S.A.M. can say anything you 
like, any way you like-you 
choose the pitch, tone, speed 
and inflection. 

If you want, you can even 
choose the voice. 

Here's talking to you , kid. 
(The Apple version includes an 
8-bit digital-to-analog converter 
and audio amplifier on a card. 
It requires 48K and a speaker. 
The Atari version requires 32K.) 

Say it again, S.A.M. �



Control of /lie program is then transferred to the 111nchi11e 
lnngunge subroutine. 

When nn RTS is encountered within n machine 
/angunge program , this "return nddress" informntio11 
is pulled off the stnck, n11d control is transferred bnck to 
the BASIC program nt the proper pince. 

PET Printer TAB Solution 
My computer system consists of a 2001 series 
BASIC 4 PET, MXlOO printer, and 2130 disk drive. 
Most of my software was obtained from 
magazines, especially COMPUTE!. By extracting 
portions of many programs, I developed the pro›
grams I needed to keep track of rental property, 
income tax, and other business applications . 

One problem I have is with tabulation. Tab 
works fine on the CRT, but poorly on the printer. 
However, I find my printer will tab properly if I 
include the line A$= CHR$(141) in the program 
and insert the variable, in this case A$, before the 
TAB statement. 

When the variable is used, the printer tabs 
from the beginning of the line, and without the 
variable the printer tabs from the last cursor 
position . 

Ernest R. Walker 

5 REM SAMPLE PROGRAM :rem 243 
10 OPEN130,4:CMD130 :rem 41 
20 A$=CHR$(141) :rem 236 
30 REM LINE WITH VARIABLE A$ :rem 86 
40 PRINTTAB ( 10) "COMMODORE II: A$TAB ( 20) II PET II 

;A$TAB( 24) "COMPUTER" : rem 155 
50 PRINT :rem 242 
60 REM LINE WITHOUT VARIABLE A$ :rem 81 
70 PRINTTAB( 10) "COMMODORE" ;TAB( 20) "PET" ;T 

AB(24)"COMPUTER" :rem 212 
80 PRINT#l30:CLOSE130 :rem 240 

Calculating Branches 
I have just started programming my VIC-20 with 
machine language. I don’t have an assembler/ 
monitor and I don’t know how to calculate the 
offset for branch instructions. Could you please 
clear this up for me? 

Keith Stout 

The "offset" branches you've asked about (which include 
BCC, BCS, BEQ, BM!, BNE, BPL, BVC, nnd BVS) 
nre ensily en/minted. The format for the co111111ands is 
OPERAND I OFFSET, where OPERAND is the de­
sired branch command (BEQ, BNE, etc.) and OFFSET 
is a single-byte value. 

Whether branching fonvard or bacf...tvard, the offset 
is ca/c11/ated by counting from the next byte nfter the 
offset byte of the branch instruction. For an example, 
take a look at the following program sample. 

1000 LOA $COOO �
1003 STA $FB �
1005 CMP #$FF �
1007 BNE $1000 �
1009 BEQ $1011 �
100B JSR $2000 �
lOOE JSR $3000 �
1011 RTS �

The branch (BNE) at address 1007 is calculated 
by counting backward starting at address 1009 
(the byte following the offset value). In this case, 
the offset value would be 256-9 or 247. Backward 
branches are calculated by subtracting the offset 
value from 256. The forward branch (BEQ) at ad›
dress 1009 is accomplished by counting forward 
from byte lOOB. In this case, the offset byte’s value 
is 6. 

Because the offset type of branch instruction 
uses a single byte for the offset value, the distance 
you can branch within the program is limited to 
128 bytes backward and 127 bytes forward. 

COMPUTE! welcomes questions, comments, or 
solutions to issues raised in this column. Write to: 
Readers’ Feedback, COMPUTE! Magazine, P.O. 
Box 5406, Greensboro, NC 27403. COMPUTE! 
reserves the right to edit o.r abridge published O 
•letters. 













be sufficient. Using tape might also be a good 
idea if children are the primary users of the com­
puter. Cassettes, unlike diskettes, are sturdy and 
can withstand quite a bit of abuse. 

On the other hand, if you are handling large 
amounts o.f data or if you don't want to wait several 
minutes for long programs to load, a disk drive is 
the obvious choice. For word processing, most 
users choose the disk drive because of the volume 
of data which must be stored and retrieved. 

Also, if you will be purchasing software on a 
regular basis, consider the format in which most 
software for your computer is available. For ex­
ample, most commercial software for those com­
puters which do not accept cartridges is available 
on disk, which would necessitate a disk drive. 

Disk And Tape Alterootives 
Alternatives to tape drives and disk drives are 
available. For example, there's the stringy floppy, 
or wafer tape drive. Stringy floppies store data on 
tape, but the tape is in a loop and operates much 
faster than standard cassette. These devices usu­
ally cost more than tape drives, but less than disk 
drives. 

For the really high-volume user who must 
handle very large amounts of data at very high 
speeds, there is the hard disk. The technology is 
the same as for diskettes, except that the recording 
medium is bonded to a metal plate that rotates at 
very high speeds. 

Most hard disks are permanently mounted in 
their drives, although a number of models have 
been recently introduced for which the disk is in a 
removable cartridge. Many diskettes would be 
required to hold the amount of data which can be 
stored on a single hard disk, and the data can be 
stored and retrieved much faster. However, hard 
disk drives tend to be quite expensive, so they are 
common only among the most serious home com­
puter users. 

Game Controllers 
Despite all the claims of utilitarian applications, 
most home computers are at least occasionally 
used to play games. Almost all games require the 
player to control some sort of action on the screen. 
While the keyboard is useful for entering programs 
into the computer, you will, unless you have ex­
ceptionally nimble fingers, find it only marginally 
acceptable as a game controller. Fortunately, there 
is a wide range of alternatives. 

The most common game controllers are the 
ubiquitous joysticks. These come in two basic 
types. In joysticks for the Atari, Commodore, TI, 
and Coleco computers, moving the handle of the 
joystick closes one or tWo of four switches. If only 
one switch is closed, one 'of the four horizontal or 
vertical directions has been selected (left, right, 
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Game controll ers come i11 a variety of styles, each of which 
has a different "feel. " Shown here are paddles, a joystick, a 
trackball, and a pressure-sensiti ve co11troller. 

up, or down). Pulling the handle in one of the 
four diagonal djrections causes two of the switches 
to close simultaneously. Thus, these joysticks 
allow you to select one of eight directions. 

Directional vs. Positional 
If we call the previous type a directional joystick, 
then the type used on the Apple, TRS-80, and 
IBM is a positional joystick. Moving the handle 
changes the setting of a pair of variable resistors, 
one on the horizontal axis and one on the vertical 
axis. This has the effect of changing the voltage 
level of the joystick output. 

Though the switches in a directional joystick 
can be read directly as a number by the computer, 
additional circuitry is required to measure the 
voltage levels from a positional joystick and to 
calculate an appropriate value for the horizontal 
and vertical (X, Y) position of the handle. In a typ­
ical positional joystick, holding the handle in the 
upper-left comer produces a reading of 0,0. The 
upper-right corner is 0,255; the lower-left 255,0; 
and the lower-right 255,255. Values for other 
positions fall somewhere in this range, the center 
being around 127, 127. 

Many varieties of both types of joysticks are 
available, and choosing among them is strictly a 
matter of taste. Some joysticks have huge hand­
grips, some have slim handles, and others have 
knobs on top. Some have a push button on the 
base of the unit, others have one on the handle, 
and others offer you a choice of either. Some 
people prefer heavy joysticks with firm handle 
motion; others prefer lightweight models with 
handles that move freely. Before selecting a par­
ticular joystick, it's wise to go to your local com­
puter products dealer and take a few "test 
drives." 

The next most common type of game con­
troller is the paddle. A paddle is essentially half 
of one of the positional joysticks described above. 
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