~ THE COMPUTER JOURNAL

For Those Who Interface, Build, and Apply Micros

Vo o Mo & Issue Mumber 13 $2.50 US

Controlling the
Apple Disk ][ Stepper Motor .-

Interfacing Tips and Troubles:
Interfacing the Sinclair Computers, Part One pas

RPM vs ZCPR:

A Comparison of Two CP/M Enhancements page 10
AC Circuit Analysis on a Micro s

BASE:

Part One in a Series on
How to Design and Write Your Own Databasea s

Understanding System Design:
CPU, Memory, and /O s




N N YN

Editor’s Page

Turmoil In The
Computer Publishing Market

There has been a lot of conjecture about a drastic
shakeout in the microcomputer hardware and software
fields, and apparently the publishing field is not immune
from this danger.

Until the early 1980's the majority of the people buying
micros were technically oriented because they had to
configure and interface the computers which were then
available. At that time, a few magazines were started by
technically involved individuals to provide the information
needed by these pioneers. As micros became accepted as a
legitimate tool by the business community, people rushed to
purchase appliance type micros for the office, and the
number of micros in use increased very rapidly. The
microcomputer industry saw the fantastic quantities of
micros being sold as an almost unlimited opportunity to sell
anything related to micros to this inexperienced audience.
While the hardware and software people rushed poorly
conceived and untested products to market, the publishers
forgot the basic fundamentals of market analysis and
envisioned expanding their magazine circulation to a million
subscribers, and publishing books with sales in the millions.

The point that the publishers failed to recognize was that
the people in this vast new market were buying appliance
type computers with the intention of plugging them in and
using them for business applications. These people are not
interested in how a computer works, they are just buying a
tool to use. As a comparison, consider the television. Almost
everybody has a TV set, but most people do not buy books
or magazines on how the TV works, or how to build their
own antenna, or how to repair the set, or even how to
adjust the set. A few technically oriented people are
interested in these topics, but most people are satisfied with
a TV program listing which they usually get in their
newspaper. They expect to just plug it in and have it work
without having to go back to school in order to learn how to
use it! The majority of the people buying micros today feel
the same way about their computer. They expect to plug it
in and use it without having to refer to a book—and this
trend will become even more pronounced as the industry
develops the user friendly systems which these people insist
on.

The sales of technical publications did not increase at the
same rate as the increase of microcomputer sales, so many
of the publishers expanded into general, non-technical
subjects in order to penetrate this vast new market.
Unfortunately, this expansion required additional capital to
finance the expansion, and many of the previously

individually owned or closely held businesses went to the

venture capital market for the cash needed to expand. The
people who gained control of the businesses were not
technically oriented, but they could read the bottom line of
the quarterly report and could calculate their potential
financial gain from taking the business public and selling
stock. However, rapid financial gain requires rapid growth,
and they went for the big market by making their
publications so general that they would appeal to everyone.
When the management of the magazines changed from
the technically oriented originators to bottom-line-oriented
businessmen who were unfamiliar with the market, they
also made another very significant change. In order to
maximize the short term profits, they changed the nature of
the publications from a subscriber-driven magazine with a

" maximum of technical information for the reader, to an

advertiser-driven magazine with the content designed to
maximize the the amount of paid advertising.

The original market—the technically oriented
people —got tired of reading reviews and rewritten
advertising fluff, so they stopped buying. The huge general
audience never was a market for a large quantity of books
or magazines, so they never started buying. The temporary
increase in circulation resulted in significant increases in the
advertising page rate cost. The hardware and software
industry is suffering from poor business practices, including
overexpansion and mediocre “me-too products” with poor
customer support. Many hardware and software suppliers
are laying off their help or filing for bankruptey, which
means greatly reduced advertising expenditures and
advertising bills which will never be paid. The result of all
this is that a number of magazines have ceased publication
during the last few months, and there are indications that
several book publishers are in a difficult position. The next
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Controlling the Apple Disk ][ Stepper Motor

by Jan Eugenides

One of the more interesting aspects of computing is the
controlling of mechanical devices. These devices can be
anything from burglar alarms to giant robot arms. In the

~Apple Disk II there is a small robot arm with one axis of
movement, which is controlled from the Apple by a set of

" soft switches. This article will show you how to directly

access and control the Disk II arm from assembly language.

The Stepper Motor

Inside the Apple disk drive, in fact inside of nearly all
disk drives, is a device called a stepper motor. Unlike the
usual electric motors we are used to, the stepper motor does
not continuously spin, but instead moves in small steps
according to the control voltages it receives. Hence, the
name stepper motor. By properly controlling such a motor,
it is possible to accurately position a mechanical arm
connected to the motor. A lever system can be used to
translate the twisting movement of the motor (horizontal
movement of the arm in the case of a disk drive) to a
straight line movement of some kind. By the proper use of
several motors along different axes, very complex ranges of
movement can be obtained and controlled by computer.
Controlling the arm of the Apple Disk II is a good place to
begin to experiment along these lines.

The Soft Switches
Most of the hard stuff is taken care of for you by the
Apple circuitry, and direct access to the disk drive can be
easily obtained from assembly language. This is
accomplished through a series of soft switches inside the
Apple itself. These switches are set up as memory locations
which, when accessed in any way, toggle according to a
preset design. See Figure 1 for a table of these addresses.
The addresses in the table are the base addresses for &
theoretical drive in slot 0. The actual addresses are slot
dependent, according to the following formula:
Actual Address = Base Address + (Slot x 161.
The usual way of handling this from assembly is to load the
x-register with the slot times 16, and use it as an offset from
the base address. For example, to turn on a drive in slot six,
LDX #$60
LDA $C089,X

Phases
Once the drive is on, the disk will begin spinning. Now the
drive is “live” and the stepper motor can be directly
controlled. In order to move the arm, it is necessary to turn
on and off the four phases of the stepper motor. This is done
by sequentially accessing the proper soft switches. When

the phases are accessed in ascending order, the arm moves
inward. When they are accessed in descending order, the
arm moves outward. Each phase actually moves the arm
one-half track. Thus it is possible to move the arm between
the normal 35 tracks on the Apple Disk II. However, it is
not possible to write between tracks, because the read/write
head is too wide, and you would wind up destroying data on
both sides. Some copy protection schemes use the half-track
positioning to make their disks difficult to copy. As long as
data is written at least one track apart, the half-track
positions can be used.

The Arm Mover Program

Listing 1 is the source code for a program which
demonstrates a method for controlling the disk arm from
assembly language. It allows the user to input a track
number in hex, and the program will move the arm to that
track. With a little modification, you could add the ability to
read any given track into memory, perhaps as raw data, and
thereby examine the formatting of the disk. As it stands,
the program is purely educational (but fun!).

The source is well-commented, and you will have no
trouble following the flow. The main control routine is in
lines 1560-1970. The rest of the program is user-interface
stuff.

How to Use the Program
To use the program, once you have typed in the machine
code from Listing 2, or assembled it from Listing 1, simply
BRUN it. The drive will come on, and you will hear the
familiar sound of the disk arm being recalibrated to track 0.
The screen will clear and you will be asked which track you
wish to move the arm to. Input a two-digit hex number

Base Address
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on
Select drive 1
Select drive 2

Figure #1




between $00 and $23 (that's right. the Disk II will access 36
tracks, although DOS 3.3 does not use track $23), and the
arm will move to that track. You may wish to remove the
cover of the drive in order to more clearly see the
movement. Notice that if you input a track such as $FF, the
drive tries to move out that far, but of course it can't, so it
continually bumps up against the stop. Don't worry, this
won't hurt it a bit. After trying for track $FF, try track $00
again. The program thinks the drive was on track $FF, so it
moves all the way in and then bumps repeatedly against the
other stop. This, in fact, is the norma! way of recalibrating
the arm to track zero. In the first few lines of the program,
you will notice we used this method. putting a large number
($30) in the current drive variable, and then pulling the arm
back across $30 tracks, to be sure it starts at track 0. By the
way, hitting the RETURN key instead of inputting a track
number will exit the program and turn off the drive.

Possible Uses
Direct access of the disk drive is necessary for many
programs, such as user-written operating systems, bit
copiers, system-independent programs, etc. I am not
personally into copy protecting my disks, however a fine
knowledge of direct disk access would certainly be useful
there.

We have not gone into the actual reading or writing of
the disk in this article. That will have to wait for a future
issue. If you find this as interesting as I do, you might
consider disassembling DOS from $B9A0 to $BA28. Those
are the addresses of the DOS 3.3 arm move routines, which
use a slightly different method to calculate the phases. Any
questions you have may be directed to me, care of The
Computer Journal —T'll try to help if I can.

LISTING #1
1008 +#S.TEST.ARM. MOVERZ
1910 »
1820 GETLN .EQ $FD6A
143@ CH -EQ 324
1848 CV .EQ $25
1058 CTR .EQ %86
1068 INBUFF _EQ 3200
1876 IPTR -EQ sé8
1088 SLEN -EQ S$FF
1698 BASIC -EQ $3D@
1106 Ccouv -EQ SFDED
1116 PROMPT _(EQ 33
1126 HOME -EQ $FCS8
113@ TABV -EQ S$FBSB
1148 MON.DELAY .EQ $FCAS
1156 PRBYTE .EQ SFDDA

1160 «——-Disk 1/0
Selects
1176 STEPMOTORS .EQ sCo8€
1186 STEPMOTOR!? .EQ sCeo81
1196 STEPMOTORZ .EQ $C@82
1206 STEPMOTOR4 .EQ sCo8s
12196 STEPMOTORS .EQ $CP86
122¢ DRIVEOFF -EQ $COB8 Turn draive off after & revs
1230 DRIVEON .EQ $C989 Turn drive on

1246 DRIVE1.SELECT .EQ $CO8A Select drive 1

Step motor position

1250 DRIVE2.SELECT .EQ $C@8B
1260

127@ .TF ARM.MOVER?

1286

1299 RESET.ARM LDA #s3@
1389 STA CURRENT. TRACK
1316 LDA 0 Set destination track to zero
13260 STA DESTINATION. TRACK

13386 LDx SLOT Fut slot ¢ 16 in x-reg
1348 LDA DRIVE].SELECT,X Select drive 1
135¢ LDA DRIVEON, X Turn on drive

Put $30 1n current track

1368 JSR MOVE . ARM Recalibrate arm to track zero
1378 LDX SLOT Assure x-reg t1s correct

1386 (DA STEPMOTORE, X Turn off all phases

139¢ L DA STEPMOTOR2, X

1469 L DA STEPMOTORS, X

141© DA STEPMOTORGS, X

142 JMP START Skip data

1439

W
144¢& CURRENT. TRACK -HS @@

1456 DESTINATION. TRACK .HS @9

1462 YOFFSET -HS o¢

1478 NUMEBRER.OF . TRACKS HS 28

148¢ SLOT -HS 48

1496

1520 START JSK SCREEN Clear screen and pPrint message

1530 ISR MOVE . ARM Move arm to selected track
1548  JIMP START Do :t again

155@ #--Arm move

routine-—--——- -

156@ MOVE.ARM LDA %@

1574 STA YOFFSET Imtialize offset
1584 L DA CURRENT. TRACK Get current track
1596 SEC

1689 SBC DESTINATION. TRACK
1618 BEQ .4
1628 BCS .1
163@ EOR NS$FF

Subtract destination track
14 equal. then we're done

Continue 1f result positive
otherwise, make 1t positive

1646 ADC #1

1656 .1 STA NUMBER.OF.TRACKS Save number of tracks to move
1668 ROL YOFFSET Set offset for 1n or out movement

1678 LSRR CURRENT. TRACK Is track even or odd”

1688 ROt YOFFSET Set offset for even or odd

1699 ASL YOFFSET Adjyust vaiue for table offset

17866 DY YOFFSET Fut offset i1n y-reqg

17186 .2 LDA PHASE.TABLE,Y Get phase to turn on

1728 JSR DO.PHASE Do 1t

1736 LDA PHASE.TABLE+1,Y Two phases required for each

track,

1740 JSR DO.PHASE Do the next one

1758 TvA

1766 EOR #3682 Change offset for next phase

177é¢ TAY

1788 DEC NUMBER.OF . TRACKS Decrement number of tracks to
move

1798 LDA NUMBER.OF . TRACKS

BNE .2 Not done, do another

1818 LDA DESTINATION. TRACKY Update current track
18286 S5TA CURRENT. TRACk

1836 .4 RTS All done

1848 #——-Turn on a phase, delay 28 ms, then turn 1t off
again——-—

1858 DO.PHASE ORA SLOT Add slot to phase

1868 TAX Put 1t 1n x-reg

1879 LDA STEPMOTOR1.X Turn on a phase

18868 JSR WAIT Delay 1s necessary while arm soves

1898 L DA STEPMOTOR®,X Turn off a phase

1968 RIS

1910 #--2¢-ms delay

FOUt e~ o
1920 WAIT LDA #8546

1938 JSR MON.DELAY Use montior’s delay routine
1948 RTS

1956 *--Phase

table-—-———r-mom e

1968 PHASE.TABLE .HS ©82.04.86.80 Move arm 1nward

1976 -HS 86.94.02.08 Move arm outward
1980 #——
1996 #*GET INPUT

2000 » —— -—

2010 SCREEN JSR HOME

2826 LDA @5

2838 JSR TABV Vtab S

2948 JSR PRINT Frint eaessage

2058 .AS -"TRACK TO MOVE ARM TO™

2068 .HS 90

28078 JSR INPUT Get response

2086 LDA SLEN Length of string

2096 CMP 82 1 longer than 2, 1t’s wrong
2196 BNE ERROR Print error sessage

2110 JSK CONVERT.TO.HEX Convert to hex data
2128 «

2138 KIS

2140 =

2158 #-—CONVERT TO HEX AND STORE----—
2168 CONVERT.TO.HEX

2176 LDX #1

2186 LDA IPBUF, X Get the first ascii byte
2199 JSR ASCII.TO.HEX Convert it toc hex
2200 STA DESTINATION. TRACK Store 1t

2219 DEX Get the other ascii byte

222¢ LDA IPBUF,X

2236 JSK ASCI1.TO.HEX
2240 ASL
2258 ASL

Convert to hex
Shi4t 1t to proper nibble







