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Why This Book Is for You

Troubleshooting, upgrading, and maintaining your Macintosh computer is essen-
tial for the broad range of Macintosh professionals who work with their comput-
ers on a day-to-day basis and demand maximum performance from their systems.
To achieve this performance and handle the job effectively requires an array of
tools and techniques, along with a solid understanding of Macintosh fundamentals.

Troubleshooting Your Macintosh, written in a clear, easy-to-understand style,
contains a wealth of valuable information on these tools and techniques. It takes
you through the Macintosh operating system and teaches you how to diagnose and
solve the most common hardware and software problems on your system. The
approach is straightforward and hands-on, with a compendium of tips and prob-
lem-solving strategies. You don’t, however, have to be a Macintosh technician to
take advantage of the book’s practical advice and tips.

This book covers a range of important topics, including how to decipher the
various problem icons and error codes; adding memory (SIMMs); troubleshooting
networks, SCSI, video, keyboard, and printing problems; tranferring data from your
Mac to DOS and back; and finally, the issues of preventive maintenance and war-
ranty services.

« If you’re a Macintosh service technician, consultant, or support provider, you
can use the troubleshooting sections to enhance your knowledge base and
raise your level of expertise in isolating and fixing Macintosh problems.

 If you’re a Macintosh MIS manager or small business professional, you’ll
find useful advice on how to maintain and extend the life your system.



TROUBLESHOOTING YOUR MACINTOSH

* If you’re an everyday Macintosh user, you’ll find, in the question-and-
answer format at the end of each chapter, solutions to the most frequently
encountered problems with the compact, modular, and portable families of
Macintosh computers.



Preface

On October 23, 1992, major newspaper headlines around the world read “Apple
Computer Seizes IBM’s PC Crown,” signaling a shift in the balance of power
between the two personal computer giants. After a decade-long reign atop the per-
sonal computer industry, IBM surrendered its throne to the industry pioneer Apple
Computer, Inc., which shipped more than 2 million personal computers during the
first three quarters of 1992—100,000 more than IBM shipped.

It’s amazing when you think about it. There are millions of Macintosh com-
puters around the world and not a single book (until this one) that adequately
addresses the important hardware and software troubleshooting issues that the aver-
age Mac user confronts on a day-to-day basis. I should know: I’ve been trou-
bleshooting computers for more than two-thirds of my life and have been teaching
hands-on, component-level, troubleshooting, and repair seminars on a variety of
computer platforms for over 10 years all over the world.

In 1987, I pioneered this type of training for Macintosh computers. The folks
that come to these seminars are real people. The questions and problems that they
have are very real. My job and duty to them is simply to answer their questions and
to train them in all aspects of Macintosh troubleshooting and repair strategies. This
training is further reinforced in our intensive hands-on labs and in our question and
answer sessions.

My expertise and ability to answer their questions comes from three main
sources.

First, from my own experience with problems that I’ve encountered working
on the Mac. Additionally, I have a very heavy educational and practical background
in electronic and systems engineering as well as computer science and information
systems management. Second, from my experience as the former owner of a com-
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ponent-level repair facility that averaged over $1,250,000 each year in repair vol-
ume. We worked on every kind of computer and printer imaginable as well as toaster
ovens. Since Apple would not sell us schematics to repair the Macs, we reverse
engineered most of them, and made our own. I learned an incredible amount about
the Macintosh during that project. I finally gained expertise from working and lis-
tening to people. Every year, thousands of people come to my company’s training
seminars. It doesn’t matter which of our classes they come to—they all come with
the objective of getting some of or all of the following questions answered:

How does this thing work? What frequently goes wrong? What are
the symptoms? Why does this happen? Can I fix this problem myself or
should I send it out? How do I fix it? What hardware and software tools
do I need and where do I get them? Where can I get spare parts? And
finally, where can I turn for help?

I can’t tell you how much I have learned by watching, listening to, and inter-
acting with these people. There is one thing that I say to all of my classes: I may not
know the answer to every one of your questions. But I can answer about 99% of
them and if I run into one I don’t know, I will tell you that I don’t know, and I will
make damn sure that I find out and get back to you with an answer. I don’t know
the answer to every Mac question nor do I claim to. That would be impossible.

The idea for this book came from real people with real problems. It is not a
book on reverse engineering and schematic interpretation, digital circuit analysis,
or surface mount component replacement on the Macintosh. That will be another
book for me to write. However, it is a comprehensive troubleshooting guide for
almost all of the Macintosh computer models. It is meant for both the average Mac
user and the techie alike. It has been written so that it answers questions that I have
heard thousands of these people ask. It has been written for you.

Here is a brief overview of each chapter.

Chapter 1 addresses the art and science of Mac troubleshooting and trou-
bleshooting basics.
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Chapter 2 focuses on troubleshooting the Macintosh operating system, oper-
ating system components, undesireable problems, and how to fix them.

Chapter 3 has two sections. The first section discusses the hardware and soft-
ware “tools of the trade” which you need to work on your Mac. The second
part of the chapter focuses on how to troubleshoot your Macintosh safely.

Chapter 4 is devoted to the Macintosh Power-on Self Test (P.O.S.T.), Startup
Sequence, and how to decipher the various problem icons and error codes.

Chapter S addresses memory, upgrading and adding SIMMs, and common
problems.

Chapter 6 focuses on the power supply, the Achilles’ heel of the Macintosh. It
also discusses specific testing and adjustment procedures that can be performed.

Chapter 7 covers floppy disk drives and common problems associated with
them.

Chapter 8 discusses the Apple Desktop Bus (ADB) and problems with key-
boards, trackballs, and mice.

Chapter 9 is a very technical chapter on video. It primarily focuses on color
monitors, the different monitor types, sync input methods, resolution, scanning
methods, RGB background, and drive controls. My favorite part of the chap-
ter is the RGB color mixing chart. I use it all of the time when performing
adjustments on my color monitor. This chapter also includes information on
the compact Macs that use the built-in black and white video circuitry.

Chapter 10 is devoted to the common problems associated with SCSI and hard
disk drives.

Chapter 11 focuses directly on networking issues and troubleshooting
strategies.
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Chapter 12 discusses file transfers and how to avoid and resolve problems that
arise when going from Mac to DOS and back.

Chapter 13 is the big daddy of them all. It is a collection of common Macin-
tosh problems and solutions to those problems. We have covered every model
of the Macintosh from the Plus, SE, and Mac II right through the PowerBook
models 100, 140, 145, and 170. This information is based on actual failure his-
tories and proven repair strategies. It is designed to give you a place to start
looking for the problem and includes a process-of-elimination method for resolv-
ing the problem down to module level. In some cases I have gone to compo-
nent level, but for the most part I have tried to avoid it for two reasons. First,
I could spend all day telling you about each and every chip on the logic board
and how and why they fail. But the reality is that a large percentage of these
chips are proprietary and are next to impossible to find.

Second, most of the logic boards utilize surface mount technology, which
requires some serious soldering equipment and talent to master. It’s not my style
to give information that people really don’t care about or can’t actually use.

Chapter 14 addresses printers, printing problems, and sound troubleshooting
strategies. Both dot-matrix and laser printers are discussed.

Chapter 15 discusses preventive maintenance and warranty services. Finally,
the appendix section of the book has a listing of the names, addresses, and
phone numbers of excellent vendors that you can turn to for services, parts,
supplies, information, and help.

I would like to thank you for purchasing this book. I am sure that it will prove
to be a wise investment in ensuring a long and happy life for your Macintosh. I
hope you enjoy reading this book as much as I did writing it.

Douglass G. High, Jr.
October 1992



CHAPTER 1

The Art and Science of
Troubleshooting Your

Macintosh

Understanding how and why things go wrong can be child’s play, or it can be
painful. It all hinges on your ability to recognize, isolate, and correct problems.
This book focuses on how to recognize and isolate common Macintosh problems
as they apply to various models—from the compact Macintosh computers (Mac
Plus, SE, SE/30, Classic, and Classic II) to the modular family (Mac II, IIx, IIcx,
Ici, ITsi, LC, LC I, IIfx, Quadra 700, 900, and 950) and the PowerBook family
(PowerBook 100, 140, 145, and 170). Each chapter gives you detailed informa-
tion on problems and fixes.

Troubleshooting Basics

Macintosh troubleshooting is best described as an organized, methodical
approach to resolving problems and failures that occur in Macintosh computers.
Troubleshooting typically falls into two categories: hardware and software. The
majority of problems in the Macintosh are related to software or the Macintosh
operating system. The Mac, however, does have its fair share of hardware failures.

The first question you have to address is, How can you tell if the problem you
have with your Macintosh computer is related to hardware or software? The answer
is simple enough: You look for clues and use a process of elimination, just like a
detective. In many cases your Macintosh will try to tell you what went wrong. It
may give you some error chords, an “ID="message, or maybe a Sad Mac face with
a numeric error code. Sometimes your Mac may just blow up or do nothing at all.
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Every situation in troubleshooting is unique. No two troubleshooting problems are
exactly alike every time, but there is a pattern to various problems, and there are
things you can get in the habit of looking for. What you’ll have to do is rely on your
senses of sight, sound, touch, and smell to answer questions like the following:

1. Do you see anything unusual about your Macintosh? For example, is the
green light on at the front of your machine?

2. Do you hear any unusual noises, such as grinding, screeching, or popping?
Do you hear nothing at all? Do you hear the fan inside the power supply
spinning or the sound of the hard drive turning?

3. Does your machine feel excessively hot or cold? Is the humidity level high
in the room? Environmental factors are frequently overlooked. Is anything
loose to the touch?

4. Do you smell anything abnormal, such as smoke or burning? Obviously
any smoke and burning aren’t good signs.

) S &b TP G 6D 0D S 6 65 0D &0 . . b &
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Figure 1-1. A video display problem in the compact Macintosh family
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After you’ve let your senses feed you information, you may want to ask the
following questions, just as you would if you were a detective on a case:

1. Rule out the obvious: Is the machine plugged in? Is the power on? Are all
the cables properly connected? Is the brightness tumned down on the mon-
itor? Is the software corrupt?

2. Document the symptoms of the problem. What is your machine doing or
not doing? When did the error occur and what were you doing prior to
this? Were you upgrading the machine, and if so, what did you remove or
install? Were you just working on the machine before it died?

3. Check if your computer has passed the power-on self test (P.O.S.T.). In
other words, did it make a bong noise (which is good), or did it sound the
death march (which is bad)? Did it make no noise at all? (That’s not good
either.) Did you get a happy Mac (which is good)? Did you get some other
startup icon or error code? Or did you get nothing at all? (For the most
part, this is not good either.) Once these determinations are made, you can
begin to eliminate certain things.

Figure 1-2. A video display problem in the PowerBook family
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For example, let’s apply these rules to the following hypothetical situations:

1. Your machine passes P.O.S.T. (and makes the bong noise), then crashes
with a question mark icon (?). This indicates the problem is most likely
one of the following (listed in order of likelihood):

a. External SCSI devices not turned on prior to Mac.

b. Improper SCSI configuration (loose or bad cable, improper termi-
nation, SCSI ID, and so on).

c. Bad or missing System Folder, Finder, or boot blocks, or hard disk
driver. It could also be caused by a disk crash or a nasty virus.

d. Hard disk drive unit failure.

e. SCSI circuit failure on the logic board, for example, a bad fuse, or
integrated circuit (IC) failure.

In this example the machine bonged, so you know that it passed P.O.S.T. This
indicates a low probability of a major failure on the logic board or power supply.
Obviously you have power. You documented a ? icon, which is defined as the inabil-
ity of the Macintosh to locate the disk-based portion of the operating system. This
is necessary to start up your Macintosh computer. Since you have a picture, it’s not
the video. So you begin by ruling out the obvious: cables and software.

As luck would have it, you discover it’s a loose SCSI cable. Mission accom-
plished, problem resolved. This is an example of a nonfatal error, most of which
are caused by a bad or improper configuration or by software.

If your machine hasn’t passed P.O.S.T., you could have a serious problem. Let’s
say the machine does nothing at all. Again, you always rule out the obvious first:
Is it plugged in? Is the power tumed on? Are the cables properly attached? Is any-
thing loose?

Let’s say there is nothing obviously wrong. Do you smell anything burning?
No. Do you hear any error chords or tones? No. Do you hear the fan running in the
back? Yes. Is there anything displayed on the screen? Yes, zebra stripes or jail bars.

10
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T

Figure 1-3. A video display problem in the modular Macintosh family

In this fatal situation the problem is most likely one of the following (in order
of likelihood):

1. Malfunctioning power supply. Most Macs are woefully underpowered.
(Chapter 6 discusses power supply problems in detail.) If the power sup-
ply doesn’t deliver adequate levels of DC voltage to the logic board, this
type of an error could result.

2. Severe SIMM (single inline memory module) failure on the logic board.
This is not your average memory failure. This failure is so severe that
P.O.S.T. was not properly executed, and it happens, for example, all of the
time on the Mac SE. (See Chapter 5 on SIMMs and Memory Upgrades for
more details.)

3. Some other severe problem on the logic board, such as a ROM or other crit-
ical circuit failure. This generally is not an easy, or cheap, problem to fix.

Fatal situations such as this can be analyzed by reading the appropriate chap-
ters in this book for detailed and precise troubleshooting methodology.

11
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The highest percentage of fatal Macintosh problems occur in the following
components:

1. Power supply
2. SIMMs

3. Logic board

4. Other hardware

The highest-failure item is the first in the list, the next highest is second, and
so on. As mentioned earlier, most Macintosh computers are underpowered, and if
you don’t have power, it’s difficult for anything else to work properly.

It takes time and patience to master the art of troubleshooting. It would be
impossible to list every possible thing that could go wrong with your Mac. The bot-
tom line is that problems are going to be either hardware, software, or user error.
Typically software and user error are the most common problems. Software is the
easiest to remedy, while user error and hardware are the most difficult. You may
need some hardware and software tools to help you in your troubleshooting quest
(which is the focus of the Chapter 3).

Macintosh problems and failures are like getting a flat tire on your car or motor-
cycle. Nobody really wants to go through the hassle, but if it does happen, you want
the problem fixed as quickly and inexpensively as possible. You might even learn
something from the experience.

12



CHAPTER 2

Troubleshooting the
Macintosh Operating
System

When your Macintosh computer is powered up, several things happen. As electric-
ity pours into the circuits like blood, the central processor starts running and begins
executing startup routines in the ROM:s. These startup routines first perform a series
of hardware tests, and a brief memory test. If everything passes these tests, the Mac
makes a single bong or chime noise that indicates successful completion of the hard-
ware check. Next, the hardware is initialized and basic system management routines
take over. These load the remainder of the Mac operating system code from your
disk drive. This additional code is loaded into memory from a special file common
to all Macintosh startup drives, which is called a System file. This System file resides
in a special area on the disk called the System Folder. The System Folder also con-
tains various application programs used to manage the computer. For example, there
are applications used to set the time and date, set your mouse click rate, and select
your network connection (that is, LocalTalk, which is a built-in network service, or
Ethernet, or token ring connections if they are available).

The Mac’s operating system (OS) is commonly referred to by its version num-
ber (System 6.0.x or System 7). For the Mac OS, many of its basic functions (in
fact, hundreds of them) reside in ROM. The main advantage to having a signifi-
cant portion of the Mac OS in ROM is that the code in ROM executes quickly. It
doesn’t have to be loaded from a hard drive into memory. Second, it lets Apple
maintain complete control of the Mac OS because there are very specific laws
against copying the ROM code. This eliminates clones of the Mac computer, since
much of what makes the Mac a Mac resides in these ROMs. Finally, because these
ROMs provide a rich set of graphic interface functions (such as creating windows

13
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or pull-down menus), programmers adhere to Apple’s development guidelines,
rather than a “roll their own” non-standard interface.

Desktop

The Desktop is the gray area of the screen (it can be in color, if you have a color
system) where the icons rest. These icons correspond to hard disks, application pro-
grams, or data files. The Trash icon is a special icon, in that any file you place in
is marked for elimination from your computer. As a desk in your home is a place
where you can work, so is a Mac Desktop a place you can work on your Mac. This
Desktop is maintained by a special, invisible file called the Desktop file. (With Sys-
tem 7, several invisible files are used to maintain a Desktop database, that performs
the same function.) This Desktop file can easily be damaged by turning the Mac-
intosh off either in the middle of an application program or by powering down the
Macintosh before letting it perform necessary housekeeping through use of the Shut
Down command. Since the Mac relies heavily on information in this file to draw

& File Edit Diew Special

=0 Hard Disk Be———————1|
17 items 71,237K in disk 9,390K available
&
1 ] ]
System Folder Templates Utilities Proposals & Launches
Applications WP Knowledgebase MI Files FONTS
Books in Progre Example.word QEMM (final). Troubleshooting Tom'’s Stuff qemm to deliver (rtf)
Compatibility Checker 1.0 RN e
WY
] [E

Figure 2-1. Macintosh Desktop with icons
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the Desktop you see on the screen, a damaged Desktop file often confuses the OS
to no end. This results in poor system performance or the failure of the machine to
boot at all. For this reason, the Desktop file is also a favorite target of unscrupu-
lous individuals that write virus programs.

Minor Desktop file damage can be repaired easily by holding down the Com-
mand and Option keys while the Mac is booting up or by using good utility soft-
ware such as the Norton Utilities for the Macintosh from Symantec Corp. It is also
a good idea to have a quality virus utility program, like SAM, Virex, or Disinfec-
tant, loaded as well.

Finder

The Finder is a special application program that is started (or “launched,” in
Mac parlance) automatically when the computer starts. It acts as the Mac’s disk
and file management system. Don’t confuse the Finder with the Mac OS: the Finder
is a shell that displays the Desktop and its files and hard drives. It uses the Mac OS
to do this, and it helps you visually manage your Mac’s files and resources. To view
general information about your computer, it’s only necessary to enter the Apple
menu and choose About the Finder (About this Macintosh, under System 7). The
machine will display something like this:

[ECJ=—= About the Macintosh® Finder™ ==——|
Finder: 6.1.7 Larry, John, Steve, and Bruce
System: 6.0.7 ® Apple Computer, Inc. 1983-90

Total Memory : 8,192K Largest Unused Block: 4,025K

&8 VriteNow 2.2 475K
& Microsoft Word  1,024K
B Finder 320K
B system 2,348K

Figure 2-2. About the Macintosh Finder
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Note that this Finder screen displays a great deal of valuable information, such
as OS version, Finder version, total installed memory, and how this memory is
divided between the operating system and the Finder. This can be useful when
upgrading the memory or OS in a Mac and can serve as a valuable aid in trou-
bleshooting your Mac.

MultiFinder or Process Manager

MultiFinder is a sophisticated application program that enhances the Finder by
permitting multiple applications to run. In this mode, MultiFinder serves as a task
switcher, transferring the thread of execution among the various applications loaded
in memory. Many people erroneously believe that the MultiFinder is a Finder sub-
stitute, but in fact the Finder still continues to serve as the file manager, and still
maintains the Desktop display. Under System 6.0.x, you have your choice of oper-
ating the Mac with or without MultiFinder. In 7.x or greater, this MultiFinder envi-
ronment is no longer an option but a permanent feature. Now called the Process
Manager, it has been improved to be about as close to true multitasking as one can

C_ Start up “Hard Disk” with:

O & Finder @ @& & Multifinder

Upon startup, automatically open:
O $elecied 1tems
O gpened sipplications and O
@ MultiFinder Only

Cancel | 0K )

Figure 2-3. MultiFinder and Finder option box
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get without a time-sliced OS kernel. It’s important to note that although the
MultiFinder/Process Manager is a powerful feature of the Mac OS, there are many
problems and traps users can fall into with it. I will address these and other issues
later on in this book.

Note: People erroneously believe that the MultiFinder is a Finder replace-
ment, because the Mac Set Startup Screen, confuses some users.

Chooser

The Chooser is a special program that lets you choose (hence the name) vari-
ous peripheral devices with which to work. The most common of these devices are
printers. Before the Chooser can recognize these devices, a driver program (some-
times called a device driver) that communicates with the devices must be present
in the System Folder. If this driver isn’t present, then you can’t select a device.
Once the device drivers are properly loaded into the System Folder, they appear as

|§D§" Chooser |

Select a LaserWriter:
++ 1 =BO0NS=-0MSE 20

:
[

++Linotype il
++3-DDJ-QMS820

AN ++1-PROD-PHASER/ |
o+ I KT} | ++1-PROD-PHASER/2 5

NetModem™ Public Folde...
Background Printing: O Gn @ Bff

User Name:
brrclaugh
@ Active
| GRPITAN O Inactive

3.6

Figure 2-4. Chooser
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icons in the Chooser’s window. These drivers usually come from the factory with
the device. If not, contact whoever you bought it from, or the customer service
department of the product manufacturer. Under System 6.0.x, the Chooser is a Desk
Accessory (DA); under System 7, like other DAs, it now is a small, stand-alone
application located in the Apple Menu Items folder.

The general control panel lets you control several system settings, such as time
and date, speaker volume, color selections, mouse speed, RAM cache, Desktop
pattern, blinking rates, keyboard, and special sound effects. Some of these settings
are stored on the startup disk while many others are stored in a specific area of
memory called Parameter RAM (PRAM). A special chip on the main logic board
called the Real Time Clock chip contains typically 256 bytes of memory (the amount
depends upon the type of Macintosh) specifically reserved for PRAM. The values

S[[[===———= Control Panel E—_"_l

() 3 Rate of Insertion
Point Blinking

Desktop Pattern O @ O

Menu Blinking | Time ®
5:23:37 PM

® i12br. O 24hr.

O OO @|pate m
off 1 2 3 10/23/92

n Speaker
f Volume

RAM Cache ® g°
0

Figure 2-5. Typical control panel screen
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and settings stored here are continuously powered by a battery when the machine
is off, so that these settings are not lost. Under System 6.0.x, the general control
panel and other control panels are special modules that are activated and managed
by a DA called the control panel. With System 7, these modules behave as small
stand-alone applications and reside in a folder called control panels.

We have not covered all of the control panels or DAs provided by the Mac OS,
nor the army of third-party versions available. However, for our purposes, I have
restricted attention to those that will directly impact your trouble-shooting efforts.

In summary, the Mac OS is a unique and powerful operating system that main-
tains user friendliness through the use of a graphic user interface (GUI). Unlike
DOS or other literal OS’s (such as UNIX), a good portion of the Mac OS resides
in ROM while the remainder is disk resident. Both pieces work together to form
this graphical operating system. The Mac OS is enhanced by several specialized
application programs, especially the Finder.

The real beauty of all this is that Apple Computer, Inc. maintains complete con-
trol over the Mac OS. This forces developers to adhere to Macintosh standards. For
this reason, most Macintosh applications look and feel alike. Therefore, if you have
used one such application, you have a head start on learning another. That’s why the
Macintosh is a computer that most people can not only use easily, but also like to use.

This operating system is both very powerful and complex. It’s a master con-
trol program that basically acts as a traffic cop, overseeing such functions as data
and task management.

Data and Task Managemer:t

The Data Management function tracks where data resides on the disk. This is
necessary because application programs (software) such as Microsoft Word, Excel,
and PageMaker really don’t know where the data is stored or how to retrieve it. This
intelligence is an integral part of the OS and device driver routines (access method).
When an application program needs data, a request is sent to the OS. The OS will
then find and deliver the required data to the program. When the program is pre-
pared to generate output, the OS will move the data from the application program
to either storage (typically disk) or to an output device such as a monitor or printer.

The Task Management function permits the concurrent operation (multitask-
ing) of one or more application programs or tasks. In the OS version 6.x, this is
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achieved by activating the MultiFinder, which gives the illusion of multitasking
through a technique called task switching. Task switching permits several appli-
cations to be opened or launched, but the machine can typically only work with
one at any given time. The user has to switch between the tasks. Under System 7.x
the MultiFinder has been improved (among other things) and task switching has
been replaced by cooperative multitasking (CMT).

This environment is about as close to true multitasking as Apple has ever got-
ten. Under CMT each application program takes its turn with the CPU, then passes
control to the next one, rather than forcing the user to switch back and forth, like
passing bread at the table. This technique permits the user to have many applica-
tions running in the background (behind the scenes), while they are working on
something else, which increases overall productivity. The only problem with CMT
is that each application decides when it’s going to “pass the bread basket,” which
means some programs may be hogs while others are more gracious.

The relationship between the OS, hardware, applications software and user pro-
ductivity is an important one. This is a common boundary where these elements come
together. When there is a problem in this environment, one or more of the elements
is adversely affected, which typically results in undesirable problems such as:

Question Mark Icons

Sad Mac Icons with an OF exception code
System bombs and crashes

Dialog boxes with “Id=" error codes
Machine freezing or locking up

User beating the machine to death

Tmoawy»

It would be impossible for anyone to document the causes, symptoms, and
remedies of all Macintosh system errors—for many reasons. First, the Macintosh
has a very limited internal error reporting capability. The sheer complexity of this
machine often overwhelms this mechanism, rendering many of the generated error
codes and messages useless. Second, many of the error codes and definitions aren’t
very descriptive, which makes problem isolation difficult. Finally, there are mil-
lions of things that can go wrong in this environment: hardware failures, software
incompatibilities, user error, improper OS configuration and installation, corrupt
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or missing OS files, bugs in the OS, incorrect OS revision level, virus attacks, INIT
and heap problems.

This chapter explains how to recognize, remedy, and prevent many of the most
common and annoying OS-related failures.

Where the Trouble Begins

Remember the old saying, “A chain is only as strong as its weakest link?”’ This
can be applied to almost anything in life, especially computers. We’ve seen how
important the OS is to the Mac’s relationship with hardware, software, and, of
course, the user. With this in mind, it’s not surprising that the overwhelming major-
ity of Mac-related troubles, such as system crashes, lock-ups, bombs, and error
message codes are OS-related. But where should you begin?

OS-related problems take many shapes and forms. They can look like hard-
ware error messages such as Sad Mac startup icons with hex codes, “Id=01, Bus
Error,” or “Id=25, Out of Memory” to name just a few. OS errors can also produce
what would seem to be software (program) errors such as: “Id=41, cannot load the
Finder,” “Id=-37, Bad file name,” “System bombs,” and even the question mark
startup icon. Then again, the computer might just lock up without any warning or
€ITor message.

To the novice (and even the expert) some of these errors, such as the “Id=01,
Bus error,” are common and frightening, especially when you call an Apple autho-
rized dealer and are told, “Oh, you should never get that error.” But you did get this
error. On the flip side, your serious techie types get excited and say, “Alright we
have a bus error. Let’s get out the soldering gear and remove our Nubus slots.”
Tempting but not necessary. In this case an “Id=01, Bus error” simply means that
the computer has tried to access memory that does not exist. In other words, the
machine was looking for memory address references beyond what is actually installed
in it. These references are indeed out of bounds, and in theory if you attempt to
access one byte beyond the end of memory, you are really accessing the first byte
in memory. This is a roll-over effect. Theoretically, you really should not get this
error, which means that the Mac is probably reporting the wrong system problem.

Most of the time this error and many other “Id=" errors are either OS file or
application program malfunctions. For example, I recently got this particular
error—’Id=01, Bus error”—after finding several fonts in my System Folder that
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had become corrupt. In addition to the error, I also got a “Math co-processor not
found” error. I was having a really bad day. How did I get rid this problem? I fol-
lowed the Five Step Fix.

The Five Step Fix

This procedure is a useful first strike against some of the most common and
annoying system problems mentioned in this chapter. It’s also a good place to start
when you don’t have a clue as to what’s going on. You may want to document (write
down) any symptoms, error messages, everything that you tried, and the results.
Technical support hotlines love it when users are prepared to discuss the problem
and possible solutions intelligently. The Five Step Fix can actually be done in any
order you like. However, I prefer the methodical approach (that is, the process of
elimination) to troubleshooting. The Five Step Fix involves the following:

1. Check the Mac for viruses

2. Check the System software revision levels

3. Check the application software revision levels
4. Reload the application software

5. Reload the System software

Let’s take a closer look!

Step 1: Check the Mac for viruses

First boot (startup) your Mac with a known good copy of the Macintosh oper-
ating system (systems diskette) in the floppy disk drive. Make sure that the write-
protect feature is enabled. This ensures that if a virus is present, your good disk
won’t be infected.

If the machine wasn’t booting previously and it boots from this diskette, you
have evidence that the problem is most likely System related and that you may need
to reload the System software. However, before you do this make certain that you
check the machine for viruses with virus eradication software, such as SAM, Virex,
or Disinfectant.

Many viruses search out, damage, and/or destroy important System related
files such as the Desktop, Finder, and others, which can cause the Mac to mis-
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behave. If you find a virus, it’s a good idea to trash your old OS (System) and rein-
stall the System from scratch. You can also use the Norton Utilities or Mac Tools
to repair the damage. I prefer to start from scratch and lay a good foundation. Pre-
tend that you are building a house. If the foundation that your house rests on is
weak, who knows what will happen to it as the years go by? It may fall down. So
it is with the Mac. If your operating system foundation is weak or questionable, the
machine will be prone to crashes.

Step 2: Check the system software revision levels

As a rule of thumb, it’s a good idea to use the more current releases of the
Macintosh operating system that Apple deems suitable for the Mac that you own.
From time to time, Apple makes fixes and feature enhancements or additions to
the System software that you might need or would like to use. When in doubt,
call Apple directly or an authorized Apple dealer and just ask. Apple is pretty
good at disseminating System revision and compatibility information. For instance,
I have recently upgraded one of my Mac SEs from version 6.04 to 6.08. Now,
because of this upgrade, my machine is able to share printers on a network with
users of System 7.x.

Unless there is some life-saving fix involved, don’t run out and get the latest,
greatest, and hot-off-the-presses operating system release. It may have bugs or com-
patibility problems with your particular machine. These quirks might not surface
for weeks after the release of that version and every version of System software
does not necessarily work on all Macintosh computers. Case in point: System 7.x.
If you try to install System 7.x on a 512KE Mac or a Mac Plus, it won’t work, since
these machines work best with System 3.x through 6.x. (However, I wouldn’t use
anything less than 6.0.5 these days, even on these older Macs.)

You can install System 7.x on a Mac SE or a Mac Classic and it will work, but
you won'’t be able to take advantage of its many powerful features, including vir-
tual memory and 32-bit addressing. System 7.x is also a memory hog and needs 2
to 2.5 MB to do its thing. The Mac SE and Classic have ROM limitations that
restrict them to 4 MB of addressable memory. Four MB total addressable memory
(assuming that you have this much physically installed in the machine), minus the
2 to 2.5 MB needed by System 7.x, leaves you with about 1.5 to 2 MB or so for
your application programs, which isn’t a lot. And you would like to run some appli-
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Special

About This Macintosh

System Software70 @
Macintosh Portable © Apple Computer, Inc. 1983-1991

Total Memory : 2,048k Largest Unused Block: 994K
System Software 1,289K

R

Figure 2-6. About the Finder

cation programs with your operating system, wouldn’t you? In this example, you
would be better off staying on 6.0.5 or 6.0.8. and not going to System 7.x.

On the other side of the coin, System 7.x is a decent upgrade path for the the
32-bit Macs, such as the Mac SE/30 and Mac II family, except the original Mac II
model, which needs a PMMU (paged memory management unit) chip upgrade.
With most new operating system releases, there are serious compatibility issues
(both hardware, software, and networking) that you should be aware of. That’s why
you need to keep informed of new problems and fixes (like the System 7.x Tune-
Up) by watching what is being written in trade publications such as Byte, MacUser,
Macworld, and MacWeek.

Newer machines like the IIsi, Macintosh Quadra 700, 900, and 950, are now
shipping with 7.x from the factory. If you can’t or just don’t want to use System
7.x with these machines, you should use nothing less than 6.0.7 or 6.0.8. Failure
to adhere to this rule results in unpredictable machine behavior, which is not what
you want or need.

Let’s suppose that you have a Mac Plus running System 3.0, or a Mac SE run-
ning 4.2, or perhaps a Mac II running 6.04. How do you really know which revision
of the system software is right for you? Well, there is a very easy rule to follow:
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There is no life before six (System software revision 6.0.x). More specifically, on
any unit from the Mac Plus on up: There is no life before 6.0.5. I am not saying that
all earlier versions are bad; they are just outdated and don’t have all the nice fea-
tures of the newer releases, such as enhanced color capability for Mac IIs, printing
improvements, and other new accessory and utility programs. The three versions
that I prefer are 6.0.5, 6.0.8, System 7, and the System 7 Tune-Up. I don’t care for
anything prior to 6.0.5 (especially 6.0.4), and I have had some real strange printing
problems with 6.0.7. When in doubt, go for version 6.0.5 on the older models and
6.0.8 on the newer machines.

What version do | have?

So far, we’ve reviewed the importance of the Macintosh operating system soft-
ware. We’ve also seen that there are many versions of this software available. It’s nat-
ural for one to wonder, “How do I know which version I have?” There are at least
three ways to determine this. First, you can utilize the About the Finder function from
the Apple menu (located in the upper left-hand of your Mac screen) when either Finder
or MultiFinder are active. A window will appear that lists your version number.

This figure displays the following information:

A_Finder version *

B. System version *

C. Total installed memory recognized by the machine
D. Available memory

E. Application heap (area of memory)

F. System heap (area of memory)

Note: In version 6.x, the first number or Finder and System must agree.
For instance, Finder 6.1.7 and System 6.0.7 both begin with six. This is
good. What would not be good would be Finder 5.4 and System 6.0.7.
This type of situation happens when you have a whole bunch of older
copies of software floating around and one of the disks has an older ver-
sion of either the System or Finder. When you copied this version to
your startup disk (usually a hard disk) the correct version of either the
System, Finder, or both were overwritten.
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The second way to display either the System or Finder revisions is also very
easy. Go into your System Folder, select (click) the file called System and choose
the Get Info option from the File menu. The following information will be displayed:

A. Size of the System file

B. The disk where this file resides
C. Creation date

D. Modification date

E. OS version

Repeat this process for the Finder file and the following information should be
displayed:

Size of the Finder

The disk where this file resides
Creation date

. Modification date

OS version

Suggested memory size*

. Application memory size*

amMmmouAwp

*These items tell you the size of the memory partition that will be allocated
for this file. If you are going to work with the MultiFinder, it is a good idea to
increase the Application memory size or the Finder memory partition to 256K.
You can also increase the Application Memory Size of any application program
the same way, but you will have to experiment with how much to increase it. I have
remedied many “Out of Memory errors” under MultiFinder through this technique.

The final and most accurate way to determine which version of the System
Software is installed on your machine is accomplished by using a special program
called ResEdit. This method will positively identify the version with which you are
working. The procedure is as follows:

1. Launch ResEdit
2. Open the System file
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S =————= Info ————=
Locked []

Finder
System Software v6.0.7

Kind: System document
Size: 109,204 bytes used, 108K on disk

Yhere : Hard Disk, SCS| Address 6.

Created: Tue, Oct 9, 1990, 12:00 PM
Modified: Mon, Apr 6, 1992, 8:58 AM
Version: 6.1.7, © Apple Computer, Inc.
1983-90

Suggested Memory Size (K): 160

Application Memory Size (K): |320

Figure 2-7. Finder using Get Info

3. Open the item called STR(s) from System
4. Open STR Id=0

When you open STR Id=0 it will contain the correct version number. This
approach is more accurate than the Get Info approach because the creation date of
a file is not changed when the System is updated by the Installer program. This
means that you can not be certain whether or not the System has been updated,
unless you use ResEdit.

27



TROUBLESHOOTING YOUR MACINTOSH

Steps 3 and 4: Check revisions and reload application software

If you’re still having trouble at this point, especially when trying to launch a
particular program, you may have a corrupt or incompatible application program.
The latter is quite simple to determine. If the application has been working fine for
a long time, and then it bombs, it’s probably corrupt, not incompatible. If you
recently upgraded your operating system (that is, to 7.x) and the program bombed,
the application is most likely incompatible with the version of the System that
you’ve just installed. The keys to good troubleshooting are deductive reasoning
and the process of elimination. Has anything in the System been updated or changed
recently, such as the operating system or memory configuration? Have you added
or removed any files (new application programs or INITs) recently? When did this
problem occur? Can you duplicate this problem again on the suspect machine? Can
you duplicate this problem on a different machine? Does this problem only hap-
pen when you run a particular file? Is anything missing? (The Mac sometimes
makes things go bye-bye.)

Getting the version of an application is very easy, assuming that it will load
and run. When most applications are launched (for example, Microsoft Word), they
display the version of the program that is being loaded. You can also look at the
label on the original program disks to make absolutely sure. If the application won’t
launch (run), you have to punt! That is, trash the original application and reload it.
Be sure that you follow the installation instructions in the manual (I hope that you
kept it). After you have completed this process, check to see if it works. If it does,
good show! If not, proceed to step 5.

Step 5: Reload the system software

More than likely, you’ve arrived at this point because all else has failed. Reload-
ing the system software is a very simple thing to do, but you would be very sur-
prised how important this simple thing gets overlooked. In fact, most Mac-related
problems that people call me about are operating system/System Folder (where the
System resides) related. Most of the time the solution is very simple—punt! (That
is, reload the operating system.)
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Reloading System 6.0.x

Before you reload your operating system (6.0.x), you should backup (copy) the
contents of your System Folder to a diskette. The reason for this is simple; many
of our system folders are polluted with oodles and oodles of neat little programs
and fonts that we love and will want back. However, to do this properly you’ll need
to gather the following operating system diskettes:

1. Macintosh System Tools
2. Macintosh Printing Tools
3. Macintosh Utilities Disk 1
4. Macintosh Utilities Disk 2

Then follow these procedures:

1. Boot your Macintosh as you normally would.

2. Backup your old System Folder files to a diskette.

3. Select the Finder’s Find File command under the Apple menu (upper left-
hand comer of the screen). This utility program will ask you what you wish
to search for. Type: System Folder <then hit the RETURN key>. The
machine will then display all of the System Folders on your Mac. You
should have only one. If more than your main System Folder is displayed,
you’ll have to search out and trash each of these additional folders. Find
File will tell you where they are hiding, just click on each System Folder
in the window (one at a time) and write down the location. Please keep in
mind that more than one System Folder is unacceptable. The Mac might
not know which one to use, get confused, and that could be the underly-
ing cause of all of your problems. How do you get more than one System
Folder on your hard drive? Very easily, you or one of your friends or kids
might have inadvertently copied a diskette (like a game or some share-
ware) onto the hard drive that had its own System Folder. It may have even
been a real old version that doesn’t work right with your machine.

4. Next run the Finder’s Shutdown command and turn the Mac off.
5. Locate the Macintosh System Tools diskette and insert it into the floppy
disk drive.
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6. Turn the Macintosh on and let it boot from the System Tools diskette.

7. Open your hard drive icon. Locate your old System Folder and trash
everything inside it that you can, especially the old standard Apple sys-
tem software files. Or simply rename the folder something other than
System Folder (like Old Sys). The standard Apple software system files

for Version 6.0x are:

Access Privileges
Appletalk
Appletalk Imagewriter
Appleshare
Backgrounder
Battery
Brightness
Clipboard File
CloseView

Color

DA Handler
Easy Access
Finder

Finder Startup
Font/DA Mover
General
ImageWriter
Key Layout

Keyboard

Laser Prep
Laserwriter

LQ Appletalk Imagewriter
LQ Imagewriter
MacroMaker
Monitors

Map

Mouse

MultiFinder
Personal Laserwriter
PrintMonitor
Responder
Scrapboard File
Sound

Startup Device
System

32-bit QuickDraw

8. Select and open the System Tools Diskette icon.

9. Select and open the Setup Folder.

10. Select and open the Installer. Follow the instructions as Installer will walk
you through the process. If you get confused, this process is explained in
greater detail in the Macintosh System Software User’s Guide that came

with your unit.
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After Installing the System Software, quit from the Installer and shut-
down your machine.

Restart your machine to verify that the install worked. If not go back to
step 5.

If everything is OK so far, you can start putting your old stuff (INITs, for
example, that you backed up, not the old operating system files) back into
your System Folder. I recommend putting them in one at a time, each
time verifying whether or not the original problem came back. It’s pos-
sible that one of your programs hammered the System.

If the problem still hasn’t disappeared, it may be necessary for you to
use a powerful software utility like Norton or MacTools Deluxe (See
Chapter 3). If these still don’t help, you may need to back up your data
and run a hardware diagnostic (like Mac Ekg or Disk Manager Mac) on
your hard drive. It’s possible that you have to reformat the disk drive and
reload everything from scratch.

Reloading System 7.0.x

Reinstalling System 7.0.x is as simple as reinstalling System 6.0.x. The same
considerations apply. You’ll need to gather the disks (seven or eight of them depend-
ing on which release of System 7 you have), back up your good stuff and trash the
suspect System Folder. Then restart the Macintosh with the Install 1 Diskette in
your floppy drive and follow the installation instructions. It’s a very simple and
automated process. If you get lost, consult your System 7.0.x User’s Guide.

This completes the Five Step Fix. In nine out of 10 cases, these procedures will
remedy the problem. If you’ve followed the Five Step Fix and are still having trou-

ble, you
1.
2.

3.

may be experiencing one or more of the following situations:

Intermittent hardware failure (Cause: power, memory, SCSI logic, or a
bad/picky hard disk drive).

A hard disk that has corrupt volume or other drive information. (Solution:
Norton Utilities or Mac Tools Deluxe may be required.)

Your drive may need to be reformatted and partitioned. You can use the
Apple HD setup, Disk Manager Mac, Silver Lining, or some other drive
utility to do this.
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4. Bad cabling or termination with your SCSI devices (if applicable).
5. You might just be having a bad day.

Many of these situations are potential hardware problems and will be discussed
in their respective chapters in this book. The next topic related to operating system
troubleshooting will be INITs and the System heap.

Application Heap, System Heap, and INITs

INITs, startup documents, system extensions, cdevs, and control panels are all
technical buzzwords for the same thing: Low-level programs that are written to load
automatically when the Macintosh first starts. These are the programs that must lurk
in your System Folder in order to be loaded. Although there are slight differences
between these four types of programs, I'll refer to them here collectively as INITs.

INITs are very common programs such as screen savers, virus checkers, neat
utility programs, sounds and, of course, Oscar the Grouch that Mac users seem to
treasure. You’ll usually see some sort of representative icon displayed (one for each
INIT) quickly across the bottom of your Macintosh screen during the startup process.
The more icons that pop up, the more INITs you have. Sometimes INITs can cause
problems.

First of all, it’s a proven fact that INITs are notorious for causing nasty system
problems, such as crashes, lock-ups, and other kinds of System misbehavior. Typ-
ically, when an INIT problem is suspected (which is all the time), it’s natural for
many users to immediately adjust their System heap. What’s a heap? Why should
I adjust it? How much and how do I adjust it? These are all excellent questions.
However, before we can troubleshoot these problems, you must first be familiar
with the Application and System heaps and their relationship with INITs.

Application and System heaps

All working Macs have a fixed amount of memory installed internally that acts
as workspace for the things like programs and documents. Programs and docu-
ments are stored on floppy, hard, removable disk drives, or some other medium
that acts like a big storage closet. When you want to work on a particular program,
file, or document, the item is taken out of the closet (storage) and placed into an
area where the computer can work with it; this area is called memory.
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Application heap

The amount of memory inside your computer is a limited resource. Memory
must be rationed to each of the programs that you run. Actually, every program that
you run will take (reserve) a fixed amount of memory when it executes. The pro-
gram does not relinquish this memory until it has been terminated. This occupied
area is an example of a heap, or simply, an area of memory. In this example, the
application had an area of memory (application heap) set aside for its own exclu-
sive use. Since this is a reserved area, each application may use some or all of its
application heap memory. The default size of the application heap is called the rec-
ommended size.

From time to time a specific application heap may need to be adjusted (increased
or decreased) to alleviate problems (for example, out of memory) while operating
under the MultiFinder or System 7.0.x. In these environments it’s possible to have
several applications open at once with each establishing a memory partition or heap.
The MultiFinder and System 7.0.x manage the applications and the memory that they
use. In theory, when you quit out of an application the MultiFinder is supposed to
reallocate (make available) the previously occupied memory. Occasionally, it does
not reallocate properly and you end up getting an “out of memory error” or a system
crash or lock-up. When you increase a specific application’s heap, more memory is
reserved for that application only when it’s launched. Keep in mind, it’s easier to
grow into the extra reserved amount of memory than out of a small initial allocation.

When you grow out of your recommended allocation, the MultiFinder “steals”
memory for you, which occasionally results in system crashes, lock-ups, or “out
of memory” errors. I always allocate more than I need, so that MultiFinder reserves
this extra for that application only, and nothing can “steal” it. When working under
MultiFinder or System 7.0.x many of your programs need more memory than the
recommended size.

I frequently increase the application heap size of the Finder, PageMaker,
QuarkXPress, and Adobe Photoshop. It has practically eliminated those problem-
atic “out of memory errors” that I used to get under MultiFinder. If you aren’t work-
ing under System 7.0.x or MultiFinder mode of other versions, you’re only work-
ing in Finder mode (single task). Under the standard Finder environment only one
application can run at a time, so adjusting the application heap really doesn’t mat-
ter. The program will use all of the memory that’s available.
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Adjusting an application’s heap is very simple. Select (click on) the application
that you wish to adjust. Choose Get Info from the FILE menu option. You will see
the recommended size and can change the current setting to your liking. Even though
the recommended settings are usually conservative, I would not increase it too much
(more than 100K) at a time. You might have to play with this. For instance, I typi-
cally increase the memory allocated to the Finder from 160K to 256K: It really seems
to help out. You can also choose to leave the settings the way they are. If you do
change the settings, they’ll be used the next time that the application is launched.

System heap

There is another smaller yet important area of your computer memory (RAM)
that is set aside and called the System heap. The System heap is a reserved area of
memory that is around even when you aren’t running all of your applications. This
area is used by the operating system software and other low-level (system level)
programs that let your Mac operate properly. ROM patches (fixes) and device dri-
vers are examples of programs that reside in the System heap. The System heap
exists because it’s not always possible for programmers to develop software that
works in the Application heap. Some programs such as INITs need to reside in the
System heap instead.

To display your system, select About the Finder from the Apple Menu. Your
System heap is the System memory bar. There should be at least 10 to 15 percent
free (white) space at the end of the memory bar. If the memory bar is pegged black,
you might have a problem loading INITs and other low-level programs. Perhaps
this is why your System has been crashing, locking up, or experiencing some other
conflicts.

INITs

INITs are low-level initialization programs that are hooks, or extensions, of the
OS and occupy a portion of the System heap when they are loaded. INITs are loaded
automatically when the computer is started. In order for an INIT to be loaded, it
must reside in the System Folder (System Extensions and/or control panels fold-
ers if you’re using System 7.0.x). To turn INITs off, simply move them out of these
areas. You might have to do this when you suspect an INIT conflict. When your
Macintosh first starts, the System heap has a fixed size. As INITs are loaded, the
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System heap grows to load any INIT that requires more memory. This memory is
stolen from your Application heap, which means after a boatload of INITs are
loaded, you might not have enough memory to launch all your applications.

The System mechanism that loads INITs and lets the System Heap expand is
called Init-31. Most INITs also utilize another system function called Sys-Z, or Sys-
tem Expansion Zone. Sys-Z, when implemented, informs Init-31 how much mem-
ory an INIT needs to load. Accordingly, the System heap increases to at least this
value. (Keep in mind that the System heap is an area shared by INITs and the Sys-
tem Software.) The INIT will be loaded and executed then. INITs that are written
properly work with Init-31 and Sys-Z and do not cause system conflicts. Unfortu-
nately, not all INITs are written properly. Bad programming technique and improp-
erly written INITs are the leading causes of INIT problems and conflicts.

When people suspect an INIT conflict, the first words out of their mouths are
Did you increase your System heap? This can be accomplished by using special util-
ity programs, such as Heap Tool, Heap Fixer, and Bootman. The problem here is
that this isn’t a solution to the all INIT problems. However, increasing your System
heap about 25K to 30K doesn’t hurt anything and can be beneficial in some instances.

Common INIT-related problems

1. Some INITs are poorly written and/or don’t get along with other INITs. With
poorly written INITS, you can try increasing your System Heap 25K to 30K,
but this may only be a temporary fix. When INITs don’t get along with other
INITs, you may have to either remove the suspect INIT or update it to a
newer version that doesn’t conflict with others. INITs are loaded alphabet-
ically. Occasionally, a particular INIT might have to be loaded before other
INITs, which means you might have to put the letter A in front of an INIT’s
name to get it to load first or a Z to get it to load toward the end.

2. Some INITs don’t implement Sys-Z. In this situation Init-31 has no means
of determining how much memory to give to the INIT. In this situation,
increasing the System heap (no more than 50K to 60K) will really help.
Any INITs that don’t implement Sys-Z were poorly thought out and I rec-
ommend avoiding them.

3. The System heap is a shared area of memory. If an INIT requests more
memory (let’s say 40K) then it actually uses during startup, the unused

35



TROUBLESHOOTING YOUR MACINTOSH

portion (let’s say 30K) is returned to the System heap, and can be used by
something else. The problem here is that the INIT may still think that it
has the requested memory available (that is, the 40K), when in reality it
only has 40 minus 30K, or 10k. The end result, the INIT tries to use mem-
ory it doesn’t have and the System crashes. There is not much that you
can do in this situation. Increasing the System heap will only have a very
limited benefit. Only the person who wrote this INIT can truly fix it.

MultiFinder, System 7.0.x, and INITs

If you’re working under the MultiFinder, increasing your System heap is not
a big concern. (But a little increase of around 20 to 30K still wouldn’t hurt.) In this
type of environment the System heap can grow after startup to accommodate an
INIT’s request for more memory than is currently available. The heap simply gets
bigger. Unfortunately, it doesn’t always go back to its original size. This means the
additional memory is not given back to your Application heap. Another problem
is that on some rare occasions the MultiFinder can not expand the System heap,
and the machine locks-up. Using a decent release of the Macintosh operating sys-
tem (6.05, 6.07, 6.08, and so on) and current versions of INITs is a good way to
avoid these problems.

System 7.0.x

Macintosh operating system 7.0.x has implemented a new and improved ver-
sion of MultiFinder. The System heap can grow and/or shrink to accommodate any
INIT requests for memory. This has eliminated almost all of those chronic INIT-
memory related problems and the need to increase the System heap. However, I
still increase it 20 to 30K out of habit.

This new operating environment is not compatible with most of the older INITs
out there. This means that you will have to upgrade most of your INITs to a 7.0.x
compatible version if you plan to use them.

Finally, keep these last three things in mind.

1. Make sure that you have at least 10 to 15 percent free space on your sys-
tem memory bar (located under About the Finder). If not, then you will
need to adjust your heap.
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2. Keep your INITs to a minimum, only use what you need. INITs use up
System heap space (memory) and some INITs don’t get along with oth-
ers. Better safe than sorry. Also, try not to use several of the same type of
INITs. For example, don’t run three different screen savers: Pyro, After
Dark, and Screen Blank all at the same time. You might laugh at this, but
a lot of people do it.

3. Only use INITs from a reputable source that has some sort of update or
upgrade program and decent technical support behind the preducts.

Things to consider when upgrading to System 7

Although System 7 offers many significant new features, they aren’t without
a price. If you’re planning to upgrade and make the switch as painlessly as possi-
ble, you need an accurate understanding of what System 7 requires and what’s nec-
essary before you attempt to install it.

First, plan on adding more memory (RAM). Apple has finally given up on stat-
ing that you can use System 7 with only 2 MB of RAM. In reality, you need a min-
imum of 4 MB (2 MB RAM to boot, plus another 2 MB to run small applications
like MacWrite II or WriteNow). With the exception of some low-cost models, most
Macs nowadays come equipped with 4 MB of RAM standard. To use System 7
effectively—that is, having several Extensions loaded while running numerous
small applications or running two large ones simultaneously—requires 8§ MB of
RAM. Save yourself some grief and plan on a minimum of 8 MB RAM, plus more
if you can afford it.

After memory comes hardware-specific software problems caused by drivers.
Some drivers require an upgrade to run with System 7. For example, I waited sev-
eral months for a System 7-compatible video driver for Apple’s 8¢24 GC display
board. Also, the driver for a SyQuest cartridge drive or an Ethernet board you use
might need new software when you switch to System 7.

Finally, don’t get hammered by software incompatibilities. When System 7 was
first released, it came with a software compatibility checker. Although the accuracy
of this checker was poor, its existence alone made an important point: There are fun-
damental differences between System 6.0.x and System 7. These are common enough
to break some applications. Now that System 7 has been out for over a year, many
vendors have rewritten their applications to be System 7-compatible. If you haven’t
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upgraded your software in the last year or so, consider it suspect.

How can you tell if your software requires upgrading? Most garden variety
applications, such as word processors, terminal emulators, and spreadsheets, don’t
exploit certain operating system features. These should operate under System 7
without problems. High-end applications such as drawing or page-layout programs
that make heavy use of the text formatting capabilities supplied by Adobe Type
Manager are likely to break because of conflicts with TrueType. Also, utility pro-
grams such as disk repair utilities or disk defragmenters that rely on specific oper-
ating system features will likely “break,” or not work properly.

Budget some money for upgrading applications and drivers. If you’ve been putting
off upgrading your software either because of the cost, or you had no need of the ver-
sion’s extras, now might be the time to bite the bullet and upgrade your software all
at once. Apple’s future plans hinge on people using System 7. Once your software is
compatible, you may avoid another round of upgrades for a year or two.

Will ali your INITs or cdevs work with System 7? That’s a question that crops
up often. First, let’s get the nomenclature issue out of the way here. With System 7,
Apple calls a cdev file a control panel, and an INIT file an extension. Nothing has
changed but the names. The new names describe accurately the files that cdev and
INIT code belong. The terms are also easier on the nonrocket scientist Mac user.

As for compatibility issues, that depends on what traps these files patch, and
how much those traps have changed. You’ll just have to try them and see. Some
control panels and extensions will work, but they get confused by the new System
Folder organization under System 7. Under System 6.0.x, the System Folder was
just one big compartment where all the files hung out. With System 7, there are
subfolders for control panels, extensions, and desk accessories. This could—and
did—confuse a lot of software. Here’s an example using Adobe Type Manager
(ATM). ATM is composed of two files: the control panel, and a satellite driver file.
In older versions of ATM, the control panel simply searched the current folder for
the driver file. This was fine for a 6.0.x System Folder layout, but under System 7
the control panel winds up in the different folder from the driver. The end result
was that ATM couldn’t locate its auxiliary code file, and so it crashed and burned.
You can occasionally fix problems such as these by moving the satellite files to the
same subfolder as the control panel/extension, or vice versa. Again, most software
written within the last year knows how to deal with this.
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If your Mac is acting erratically, you might have a control panel/extension that
has conflicts with the operating system or other control panels/extensions. Use the
Extension Manager, written by Ricardo Batista and distributed by Apple, to selec-
tively deactivate and activate these files to determine the guilty party.

System 7 networking and printing problems

System 7 uses AppleTalk Phase 2, a slightly revised version of the original
AppleTalk protocol. It’s designed to work with large networks. If you’re upgrad-
ing all your Macs to System 7, the AppleTalk version issue is irrelevant, since they’ll
all use the same protocol. However, if you’re upgrading your Mac network in a
piecemeal fashion, you need those Macs running System 6.0.x to talk the same pro-
tocol as those running System 7. Simply put, upgrade all System 6.0.x networked
Mac board drivers to AppleTalk Phase 2, or wall them off with their Phase 1 traf-
fic behind a hardware router such as a Cayman GatorBox or Shiva’s FastPath 5.

Printing is another problem with an office full of Macs running a mix of Sys-
tem 6.0.x and 7. The PostScript dictionary that the System 7 LaserWriter driver
downloads to a printer differs from the 6.0.x driver’s dictionary. A PostScript printer
must reboot to accept a new PostScript dictionary—a common situation in an office
of mixed Mac operating systems. To prevent the PostScript printer from rebooting
every few minutes and delaying printing jobs, upgrade the System 6.0.x Macs with
System 7.0’s LaserWriter driver. This driver was written to be compatible with both
operating systems. With every Mac runping the same version of the LaserWriter
driver, the printer uses the same PostScript dictionary, and no dictionary conflict
occurs.

One big plus when using System 7 on networked Macs is that the site license
CD-ROM for System 7 comes with an Installer application that operates over net-
works. You can copy the installation software to your file server and access the
Installer on the server from the target Mac when it’s time to upgrade that particu-
lar computer.

Disappearing files and folders in System 7

If you have files and folders that have disappeared, you’ve just got bit by a Sys-
tem 7.0 bug. It hasn’t helped that it took Apple three attempts to distribute a Sys-
tem 7 Tune-Up file—an extension file that patches out the bug—that didn’t intro-
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duce more problems of its own. Luckily, this bug only prevents the Finder from
displaying the files. They’re still there, just hidden from view.

Now comes the classic catch-22: To fix this problem, you have to reformat the
hard disk, but first you must rescue those invisible files created by the problem in
the first place. If you happen to have an application launched, select Open from the
File menu. In the Standard File dialog that appears, you’ll discover many of the
missing files and folders: The files are still there. There’s a couple of ways out of
this dilemma, but they both involve relocating the files to a temporary safe haven.
This can be either an external SCSI drive or a folder on a remote server that can
hold all of the contents of the affected hard drive.

If you have a disk utility handy, it becomes a matter of selecting the hidden
files and copying them to the other drive. If you don’t have a disk utility, you can
still recover the missing files. First, select Find from the Finder’s File menu. If you
know the name of a missing file or folder, type the name in the dialog that appears.
Voila! The file or folder reappears, but only for several seconds. While it’s visible,
quickly drag it to the other drive to be copied. If you’re not sure of the names, an
approximation will do. Work your way through the alphabet until you’ve copied
all the files to the other drive. Since you’re going to reformat the drive anyway,
drag the remaining folders to the other drive. Now, reformat the affected drive, rein-
stall System 7 (don’t forget to install Tune-Up 1.1.1!), and copy your files back to
your Mac.

Addressing more than 8 MB of memory in System 7

If you’ve got 16 MB of RAM installed in your Mac running System 7, and you
bring up the About This Macintosh... dialog box, you may see that most of the mem-
ory is allocated to the System rather than to your applications. With System 7, you
are theoretically supposed to be able to address more than 8 MB of memory.

If this is the case—that is, you see that most of the memory is allocated to the
System rather than your applications—open the Memory control panel and exam-
ine the settings. Is the disk cache size reasonable? With 16 MB of RAM, by default
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it should be about several hundred kilobytes in size, or if the computer has a slow
hard disk, you might want it as large as a megabyte or two. If the cache size is
bloated beyond reason, it’s the culprit. The disk cache is swallowing up all the avail-
able RAM.

If the disk cache size is reasonable, then check the addressing mode section of
this control panel. See if the addressing mode is set to 24 bits. If it is, this explains
where the memory is going. The explanation itself requires a history lesson. The
Mac operating system was designed around the 68000 processor, which could only
handle 24-bit addresses. Therefore, the Mac operating system was designed using
only 24-bit addressing. This results in a memory space of a maximum of 16 MB
in size. Even then, the OS didn’t give you access to all of that memory. For exam-
ple, in the Mac II, this memory is partitioned such that 8 MB of RAM is available
for applications, 6 MB for the slots (1 MB per slot, for six slots) 1 MB for the ROM
addresses, and 1 MB for IO addresses. While System 7 is a 32-bit operating sys-
tem, it also supports this 24-bit addressing mode for software compatibility. When
in this mode, the memory map resembles the Mac II's layout just described, even
on a Mac like the Quadra 950. Therefore, System 7 only makes 8 MB of memory
available for your use, as described in your situation. To get the rest of your mem-
ory, switch the memory mode to 32 bits in the Memory control panel and reboot.
What if the Memory control panel won’t let you to switch to the 32-bit addressing
mode? In this case, there are three possible causes of this problem: (1) your machine
isn't 32-bit capable; (2) your machine needs a hardware modification to be 32-bit
capable, such as the addition of a PMMU chip for the Mac IT; or (3) “dirty” ROMs,
that is, code written using the old 24-bit addressing scheme. What you’re missing
is MODE32, a control panel made by Connectix and licensed by Apple. It patches
the ROM code of these computers to be 32-bit clean. Check to see if this file is
located somewhere on the computer other than the System Folder. If you can’t find
it, contact Apple for the file.
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Techniques for Troubleshooting Software Problems:
A Quick Reference Guide

Just to recap some of the troubleshooting techniques that you’ll find in this

book—you might want to keep this list handy at all times:
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. Document the error and try to repeat it on the questionable machine. If

possible, try to duplicate it on a known good machine. If you have a prob-
lem on both machines, the problem might be the application software.

. Write all error codes down, so that you can look them up for reference and

explanation.

. Turn the machine on as you normally would and let it warm up.
. Run diagnostic software tools such as Mac Ekg, Norton Ultilities, or Mac

Tools Deluxe. (See the next chapter on tools of the trade.)

5. Use the Five Step Fix:

Check for viruses

Verify your System revision levels

Verify your application software revision levels

Reinstall any corrupt, missing, or incompatible versions of the appli-
cations

+ Reinstall the system software

. Make darn sure that you don’t have more than one System Folder. It’s also

equally important to be sure that you’re using an appropriate version of
the operating system. Remember, there is no life before 6.0.5.

. Increase the Finder’s memory partition from 160K to 256K, so that it has

room to breathe, especially under MultiFinder. Select Finder in the Sys-
tem Folder then Get Info to change Finder memory allotment. (Under
MultiFinder you may also have to do this for applications that you use fre-
quently like PageMaker, QuarkXPress, Photoshop, and others.)

. Try to keep your System Folder clutter free. Keep the INITs and other add-

in programs to a minimum. INITs have the extension startup document
under 6.0.x and system extension under 7.0.x. When in doubt, take them
all out and then put them back one at a time. INITs can be almost any-
thing from screen savers, virus checkers, and utility programs to Oscar
the Grouch, and they sometimes fight with each other (INIT conflicts).
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9.

10.

11.

12.

INITs also take up memory that would otherwise be available to the sys-
tem. INITs are loaded alphabetically and some need to be loaded before
others. You really need documentation or an INIT management program,
such as INIT manager or INIT Picker to handle potential conflicts.
Unless you have some application program that absolutely needs it, turn
the RAM cache in the control panel off. Many people go overboard on
this setting when there is no need to. (Check your documentation.)
Rebuild your Desktop periodically. The Desktop file is an important oper-
ating system structure. It can be easily damaged by, turning the Mac off
without running shutdown, virus attacks, and even by using your Mac
often. To rebuild your Desktop, hold down the <COMMAND> and
<OPTION> keys while the machine is booting. You will be prompted
by the machine.
If you’re using System 6.0.x, check your System heap. There should be
at least 10 to 15 percent free space available extra. If not, you’ll have to
use programs such as Heap Tool, Heap Fixer, or Bootman to remedy the
problem. (But don’t allocate any more than 50K additional heap space).
System 7.0.x automatically adjusts the heap for you, so this isn’t a con-
cern for these systems.
If you are experiencing system errors while operating under the Multi-
Finder go to Set “Start-up” under the Finder’s Special menu and switch
to the Finder environment. Restart the machine under Finder only and
see if you have the problem. Some programs, for whatever reason, don’t
like the MultiFinder. Likewise, there are some applications that can only
work with the MultiFinder. It’s important for you to discover these.
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CHAPTER 3

Tools of the Trade &
Troubleshooting Safely

Undertaking the repair of your Macintosh computer without proper tools is as fool-
ish as a doctor performing major surgery in a garage without a scalpel, clamps, or
sutures. That surgeon’s patient would be very much at risk. So will your Macin-
tosh if you’re unprepared. In other words, if you aren’t prepared to do the repair,
don’t start it. Good preparation requires thought, organization, a safe place to work,
and of course, a decent set of tools. Good tools and skill are important ingredients
in doing good work.

Tools and techniques used to repair your Macintosh can be broken down into
two basic categories: software and hardware. Software tools are programs and util-
ities that help you get the machine up and running. Hardware tools are the screw-
drivers, pliers, and test equipment that you use as well. This chapter covers each
of these categories in detail.

Software Tools

Many of the problems that can plague your Macintosh aren’t hardware-related.
A significant percentage of these failures are operating system or software-related
problems, such as corrupt or missing files, software that’s incompatible with your
hardware, conflicting programs, virus attacks, or poorly written program code. Since
it’s not practical to combat these problems with a soldering iron, voltmeter, or other
conventional tool (but wouldn’t that be nice!), it’s necessary to take a software approach
to troubleshooting. This approach uses software tools to resolve specific problems
and requires that you be familiar with several of the available software tools (utility
programs). Literally thousands of good programs have been written for the Macin-
tosh, but it would be impossible to cover each and every one of them in this century.
Therefore, I will cover only those items that I keep nearby and use on a regular basis.
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A Known Good Copy of the Operating System

A great deal of Macintosh problems are related to the operating system. Some-
times important files become corrupt or get deleted and cause system failures, lock-
ups, and worst of all, bombs. One of the most important software tools that you should
have around is a known good copy of the operating system version that you use most
frequently (that is, version 6.0.5, 6.0.7, 7.0.1, and so on). In fact, there is no excuse not
to have it. The operating system diskettes and manuals come standard with all Mac-
intosh computers. However, if you misplaced these items or just want to keep current,
a free copy of the system software usually can be obtained from an authorized Apple
dealer or through most Macintosh user groups (if you bring your own blank diskettes).

I am not certain whether Apple “officially” encourages this practice. However,
I can tell you that I’ve never had a problem getting free copies from an authorized
dealer or Macintosh user group (contrary to what the Apple License Agreement
says). But keep in mind they are under no obligation to furnish you with the docu-
mentation or diskettes.

If you need a complete set of both the Macintosh operating system and docu-
mentation, but your originals are nowhere to be found, I suggest that you bite the
bullet and purchase it. The cost is usually under $100 and can be purchased from
your local dealer. If you don’t have a dealer nearby (or dislike the one you have), I
am certain that someone at Apple or APDA can point you in the right direction. In
any case, don’t leave home without it!

Norton Utilities for the Macintosh

Occasionally you’ll encounter problems that can’t be resolved by using the stan-
dard operating system resources and utilities. Disk crashes, file structure problems,
deleted files, virus attacks, and corrupt data are examples of such problems. That
is why you should always make backups of your data. The reality is a lot of people
don’t, and they end up getting burned. That’s why Peter Norton devised Norton
Utilities for the Macintosh from Symantec Corp. These utilities pick up where the
operating system leaves off. At less than $150 (retail), Norton Utilities is pound-
for-pound one of the best utilities for the buck.

Installation of this package is very easy and can be done in just a few minutes.
Any Macintosh user, from novice to guru, will truly appreciate the power and user-
friendliness that’s built into this package. One particularly handy feature is the
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[E====———cosSS== The Norton Utilities =—=———|
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UNERRASE §
I Recover files thathave been accidentally deleted.

FORMAY RECOVER
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I Opfimize a drive's performance.

Figure 3-1.

bootable Emergency Disk, which can help you attempt resurrection of a floppy
diskette or hard disk drive that won’t boot. Noteworthy utilities in this package
include Norton Disk Doctor, Unerase, Format Recover, and Speed Disk.

Norton Disk Doctor (NDD) is an excellent utility for repairing damaged files
and disk structure (elements used to locate and store data) such as the directory and
volume information, disk hierarchy, and block allocation. Damage to these areas is
common and can be caused by turning off your Macintosh without running the Shut
Down command, by nasty viruses, or by problems with the operating system and
other software. The best feature of NDD is that it not only reports on the actual
problem found, but also tells you in layman’s terms which files have been affected
and suggests a course of action.

Unerase is another fine Norton utility that can be a lifesaver (actually a data
saver). Certainly almost everyone has experienced the horror of accidently delet-
ing valuable data. You know, the day that big report is due, you’re in a hurry, and
instead of trashing the rough drafts, you inadvertently delete the final copy. Well,
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Unerase does just that, it unerases things that have been deleted. However, there is
some limit to its power. You can’t really expect to go back and retrieve data from
years gone by. The trail gets stale and the data itself eventually is overwritten. When
you delete a file, directory entries and references to the file are zeroed out of the
map of your disk that the operating system keeps. These references let the computer
know which locations on the disk are reserved to store the specific allocation units
(data) that comprise each file. They also tell the machine the size of the file and
where it begins and ends.

THE NORTONDISK DOCIOR Diagnosing “Hard Disk”

Checking Allocation Looking for Lost Files Analyzing Files
I ]

Figure 3-2.

When a deletion occurs, the map is affected while the allocation units or actual
data itself are left intact. Even though the data is left intact, this area is now avail-
able for use and is no longer reserved for any specific file. This area could be wiped
out by simply copying something to the disk. Unerase works its magic by reestab-
lishing references and directory entries to the deleted information (assuming that it
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hasn’t been overwritten). For this reason it is imperative that you use Unerase as
soon as you are aware that you’ve deleted something important.

Format Recover (FR) is a Norton utility that specializes in recovering drives that
have been accidently reformatted or have experienced minor crashes. When a hard
disk is reformatted, everything on the disk is not erased. Typically during this process
the disk itself is verified—checked for areas that are defective and unusable. Not much
is actually destroyed during this process. When the verification is completed, the old
road map of the disk drive is discarded, and a new blank map showing marked defec-
tive areas is created. The data area is left untouched. This road map points to the loca-
tions where all of your folders and files are stored. Since the old map is gone and the
new map and Desktop are now bare, it looks like the data has been destroyed. How-
ever, just because you can’t see it doesn’t mean that it’s not out there. FR works very
much like Unerase (but on a much larger scale) because it rebuilds the links to the
data and attempts to recreate your old road map and Desktop. Once again, this is
assuming that you get to it right away!

& File Edit Options UnErase Utilities

Norton UnErase™

D | » UnErase » | e

Choose the volume to UnErase from.

& varavisk
Kind: 81.9 Megabyte HFS disk
Where: SCSI Address 6.

@ Quick UnErase™
Just like magic, your files will reappear. Try this option first.

Q Scan for specific File Types...
If Quick UnErase™ cannot recover the file, try this.

O Tent Search...
As a last resort, search for a word or phrase contained in the lost file.

Figure 3-3.
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The last program in the Norton Utilities that we’ll evaluate is called Speed Disk
(SD). Speed Disk is a type of disk maintenance program that’s sometimes referred
to as an optimizer program. Optimizers keep your hard disk drive running at peak
performance by unfragmenting files stored on the drive. File fragmentation occurs
with use over time. Files are stored in pieces. These pieces contain the file data and
are often referred to as allocation units, blocks, or clusters. A file is nothing more
than a group of allocation units (blocks or clusters) with a particular name.

The pieces comprising the file don’t necessarily have to reside in a contiguous
(sequential) order. They literally can be strewn all over the disk. The operating sys-
tem keeps track of which pieces are associated with a particular file and in what
order they go. When all the pieces of a file are stored in exact order, the file is called
contiguous. When files aren’t contiguous, they are called fragmented. It’s common
to have both types of files on your hard drive. However, contiguous files are more
desirable because they’re easier for your machine to handle. Fragmented files make
your machine work a bit harder and can cause a decrease in performance.

Since fragmentation is a natural occurrence and happens over time, you can do
very little that to prevent it. But you can use optimizers like SD to correct the situ-
ation. SD starts by locating fragmented files and their pieces. The program then
attempts to put the strewn pieces of the file into a nice, contiguous order. It tries to
accomplish this by moving other files and their pieces around until it can find a
clear spot to fit the newly formed contiguous chain. The process is then repeated to
unfragment the remaining files.

Warning: Think of this as a big jigsaw puzzie. But be careful! These pro-
grams move a great deal of your data around, and this can be dangerous.
You should always have a complete backup of your hard disk before using
optimization programs, just in case. Furthermore, since many areas of the
hard disk will get overwritten, it’s unlikely that you’ll be able to recover
any data that was deleted prior to optimization.

Without doubt the Norton Utilities are a very powerful set of software tools.
You can use these tools to combat data recovery situations as well as file and disk
structure-related problems. With the Emergency Disk you can often repair a non-
bootable disk drive (assuming it’s not a hardware problem). Additionally, the Nor-
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ton Utilities are now compatible up through System 7.x. Whether you support one
Mac or a thousand, you should at least consider getting the Norton Utilities.

Mac Tools Deluxe

I realize that most of us are working within a budget here, but Mac Tools Deluxe
by Central Point Software, Inc., is another excellent set of disk utilities. In fact, if
asked to choose between Norton or Mac Tools, I would have to pick them both.
There have been too many strange instances where one of the packages could par-
tially remedy the situation and the other was needed to finish the job. I use them
both. These packages are very powerful and complement each other well. They are
the one-two punch of utility programs.

B Maclools® Rescue BVeeo————+1
MacTools® Rescue ?
.) Undelete Files
E—J‘ -
* | Fix Dolumes |
Repair Files
o
. J
~— Help
Hold down the Option key and point 18 an item on the sereen. A brief message appears
axplaining the purpase of that item.
For additional help, elick tha quastian mark and select the appropriate item.
\_ o,

Figure 3-4.

Mac Tools Deluxe installs very easily with the help of the Mac Tools Installer
utility. The most noteworthy of the Mac Tools utilities are the five primary pro-
grams: Mirror, Rescue, Secure, Backup, and Optimize. Rescue, Optimize, and
Backup are three of my favorites. Rescue is similar to Norton Disk Doctor, Unerase,
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and Format Recover—all rolled into one neat package. Rescue repairs damaged
files, recovers deleted files, and allows you to recover from an accidental format,
just like the Norton programs. Optimize is another example of a hard disk opti-
mization program. Optimize corrects file fragmentation problems, just like Nor-
ton Speed Disk, but personally I like Optimize better because it’s more stable.
My colleagues and I have experienced sporadic data loss and some other very
strange quirks with Speed Disk and have since switched to Optimize. Backup is
a simple file backup program that works well. It doesn’t have the fancy bells and
whistles that some other backup utilities have, but it’s reliable and gets the job
done. Incidentally, backing up your files is an essential precautionary measure to
avoid total data loss in the event of a disaster. If everybody backed up his or her
files, there would be no need for data recovery. But the reality is that many peo-
ple don’t, and that’s what keeps packages like Norton Utilities and Mac Tools
Deluxe selling like hotcakes.

Mac Tools Deluxe retails for about the same price as Norton and other good
disk utilities. Like Norton, it can be purchased at your local software dealer or
through many mail order companies. Do yourself and your Macintosh a big favor:
Buy them both!

Mac Ekg

Mac Ekg from Micromat Computer Systems is a one-of-a-kind Macintosh hard-
ware diagnostic program. It doesn’t do file recovery or fix corrupt data like Norton
Utilities and Mac Tools. It’s a true hardware diagnostic in that it really puts your
Macintosh through its paces. As the name implies, Mac Ekg is an electrocardio-
gram for your Mac—that is, a thorough battery of component-level testing and
recording of your Macs’ internal activity, “pulse,” and other “vital signs” (or lack
thereof). The information that Ekg reports to you can easily be used to assess the
condition of your machine.

This program is loaded automatically during the startup process and executes
over 35 intensive diagnostic routines. Each test and its result are displayed on your
screen for you to view. Upon completion of these routines, Mac Ekg assigns a
numeric benchmark or performance rating to the machine tested. This number is
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Figure 3-5.

based on how the unit scored on the diagnostic routines. The program then stores
this rating in a log file, where it’s compared to the score achieved during the pro-
gram’s “maiden launch” (when the program was first installed). If any significant
deviation from the original score that could affect your computer’s performance
occurs, Mac Ekg gives you an audible alert message: “Warning: System perfor-
mance has degenerated.” This serves as an early warning and allows you to detect
and correct the problems that may be lurking before they clobber your system. If
the tests are within an acceptable range, Mac Ekg says in a very HAL-like voice,
“All systems nominal.”

Mac Ekg helps both you and the Macintosh technician isolate pesky problems
related to hardware failure and/or software problems. By learning and displaying
each system’s performance and alerting you of any deviation, Mac Ekg provides
the gauges to analyze how alterations such as the installation of INITs, CDEVs, and
other modifications affect your computer’s overall system performance. It could be
said that Mac Ekg was designed to augment the Macintosh P.O.S.T.
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Figure 3-6.

The following are the primary Mac Ekg tests used to calculate overall system
performance. They are divided into five categories:

* Logic Tests
Processor direct floating point
Function call floating point
Recursive loop
Processor direct math
Trigonometric loop
Function call FP/dual step
Array indexing loop
Logarithmic loop
MPR (performance) calculation
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* Quickdraw Tests
Off-screen bit map retrieval
Quickdraw latency
Quickdraw speed
Bit depth alteration

* Media Tests
Open sector block read stability
Open sector block write stability
Open sector block read latency
Open sector block write latency
Drive performance differential
Driver declaration integrity
Volume status verification
Logical ID conflict
Mount results

* Parameter Tests
System heap to minimum
Maximum open files to minimum
Maximum SYS events to minimum
Maximum memory to heap
ROM check-sum verification
Maximum RAM to heap calculation
Maximum O/S events to init queue
Processor to model
RAM to model
ROM to model

+ Fatality Tests
Forward-record fatality capture
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Figure 3-7.

In addition to performing and displaying the results of these tests, Mac Ekg dis-
plays a wealth of other information about the system, such as

Macintosh model

Main processor type

Operating system version

Type of math co-processor (fpu)
Quickdraw revision

ROM version

Free heap

SCSI device IDs

and much, much more.

The Ekg Reactivator is a special option used for concentrated testing, or burn
in, of the unit.
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Figure 3-8.

It’s important to mention here that no software can diagnose or fix a machine
that is truly dead (that is, with a blown power supply or toasted CPU chip). That’s
why we have voltmeters, logic probes, oscilloscopes, soldering irons, and the like.
However, programs such as Mac Ekg let you know when and where the machine
is showing signs of illness. You can then remedy the situation before it turns into
a real nightmare.

The latest release of Mac Ekg is compatible up through System 7.x. This pro-
gram is the best Macintosh hardware diagnostic package that is commercially avail-
able. Two thumbs up!

Honor Roll

We have examined three topnotch software packages that are very effective
troubleshooting tools. There are literally thousands of others out there. It’s just not
feasible to review all of them here (that could be a whole other book). However, I
use several other programs that deserve to be mentioned:

57



TROUBLESHOOTING YOUR MACINTOSH

Utility Specialty

Mac Sleuth Hardware info

Mac Envy ** Hardware info

Mug Shot Hardware info

Disinfectant ** Virus protection

SAM Virus protection

Virex Virus protection

Crash Barrier System crash prevention

Help! System problem dolver

Silver Lining Hard drive formatter/diagnostic tool
Disk Manager Mac Hard drive formatter/diagnostic tool
Heap Fixer ** System heap adjustment tool

Heap Tool ** System heap adjustment tool
Bootman ** System heap adjustment tool
Startup Manager INIT conflict resolution

INIT Picker INIT conflict resolution

Note: As of this printing, all items marked with ** are shareware (send
a donation to them if you liked it). All other utilities are commercial soft-
ware products that are sold through stores, magazine ads, and so on.

In the end you may not need or want all of the programs mentioned in this sec-
tion. That’s a decision that you’ll have to make on your own. I would most defi-
nitely take the shareware programs for a “free” test drive and get some propaganda
on the others. The names and addresses of these folks are listed in the Appendix
section of this book. No matter which software you do eventually get, please make
sure that you have virus protection installed on your Macintosh. There are just tco
many of those mutant programs out there waiting to trash your disks.

Please keep in mind that I can’t predict whether you’ll like or find useful the
programs mentioned in this section (I am not Kreskin). I can tell you that I have
had good experiences with them. Additionally, all of these programs have been
acclaimed by very reputable trade publications and books such as: Byte Magatzine,
Macworld, MacWeek, The Macintosh Bible, and so on. By the way, if you have a
favorite diagnostic utility, please write and let me know about it. If enough people
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are talking about it, or if it is really good, I might be able to mention it in future
revisions of this book.

Hardware Tools

Software tools and the software approach are excellent in combatting many
chronic Macintosh ailments. However, they are no match for serious hardware prob-
lems. The way I see it, if the machine is as dead as a doornail, how could you pos-
sibly load a diagnostic program? Without divine intervention, you can’t! You have
to bring in the heavy artillery: tools and test equipment. This is also referred to as
the hardware approach. Now tools are a very personal thing to you hard-core techie
types. Most techies have amassed a great collection of standard, odd-ball, and spe-
cialized tools that are irreplaceable to them. They typically cringe and/or go into
fits when people want to borrow their stuff (especially when it’s not returned). So,
if you’re new to computer repair, it’s advised that you get at least a basic tool kit to
call your own. This is the focus of this section.

The Basic Tool Kit

A basic tool kit is typically an inexpensive set of tools that you can use to
perform fundamental computer work, such as basic upgrades and preventative
maintenance. In other words, it’s the bare minimum you can get by with. What
tools that you require also depends on the Macintosh model you need to maintain
or support. For instance, if you have a Macintosh 1I-class machine (a II, IIx or
Ilsi), you can get by with a couple of screwdrivers. These units are modular in
design and very easy to take apart and put back together. The Mac Plus, SE, SE/30,
Classic, and Classic II aren’t quite so easy. A basic tool kit for one of these mod-
els requires, at a minimum,

a Torx #15 long-handle driver

a Mac Cracker (to pop it apart)

a CRT discharge tool (see “Troubleshooting Safely” later in this chapter)
antistatic video adjustment tweakers and the screwdrivers

Several companies can sell you basic computer service tool kits. Curtis Tools,
Jensen Tool, and Techni Tool are examples of three mail-order companies that sell
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reliable tools. You may even have a hardware or electronic store in your neighbor-
hood that would give you as good a deal or better. Shop around for a good buy and
make sure that you pick up an antistatic wrist strap to keep in your tool kit (see
“Troubleshooting Safely” later in this chapter).

CRT discharge tool

Static wrist
strap

Pull-apart tool

WM/SWIM IC | el
extraction tool AR o
e 4 Two types of
Torx drivers

Mac pull apart tool
*Mac Crack”

Figure 3-9.
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Keep in mind the basic tools can only get you into the machine. If you’re doing
upgrades or just looking around, this is really all you should need. But if you want
to do some serious troubleshooting, you’ll need some sophisticated tools and test
equipment, as we discuss next.

Test equipment

Test equipment consists of specialized tools and devices that are useful in the
troubleshooting and repair process. These devices can be used to perform module
and component-level testing. Tests performed at this level vary from the very sim-
ple to the extremely complex. Test equipment used to perform these tests varies as
well. Generally speaking, test equipment can be divided into two categories: stan-
dard and advanced.

Standard test equipment

Standard test equipment can be used to help troubleshoot basic Macintosh hard-
ware related problems such as power, memory, basic logic and hard disk drive fail-
ures. This class of test equipment is usually moderately priced and easy to come
by. Multimeters, SIMM testers, logic probes, and the Blinky are examples of test
equipment that fall into this category.

Muiltimeters

Multimeters (meters) are one of the most important electronic test instruments
you can own. They can be used to test electronic devices and components, such as
batteries, fuses, switches, cables, and resistors. Meters are also used to measure
AC/DC voltage as well as electrical current. They range in price from $9 to $900,
depending on type, model, features, and of course, quality. The two most popular
types of meters are analog and digital.

Analog meters (sometimes referred to as moving coil meters) are inexpensive
multimeters that use the motion of a magnetic compass needle in a magnetic field
to measure current flow. To some extent these meters are not as precise as digital
meters. However, they are by far the best meters for observing the trends of chang-
ing current, resistance, and voltage. Triplett Corp. and Simpson are two excellent
manufacturers of high-grade analog meters. These meters can be purchased from
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mail-order or local electronic supply companies. Inexpensive meters can always be
purchased at a Radio Shack near you.

Digital multimeters are high-precision meters that are easy to use. Their digi-
tal readout also makes them easy to read. These meters typically have high input
impedances (input resistance) that usually does not draw or load down a digital cir-
cuit. This feature, as well as the increased accuracy, make the digital multimeter
ideally suited for computer circuit testing. The John Fluke Manufacturing Corp.
(Fluke) and Beckman Industrial are two of the best digital meters in the business.
These meters range in price from $70 to over $900 (retail), depending on the model
and features you choose. High-end meters can be found in your better electronics
stores and through specialty tool companies such as Jensen Tool and Techni Tool.

There are many average meters out there as well. They’re sold through typical
retail channels, such as department stores, local electronics stores, and mail order.
When in doubt, take a trip to Radio Shack.

SIMM tester

If you maintain or support several Macintosh computer systems, it behooves
you to purchase a SIMM tester. A SIMM tester tests SIMMs (single inline mem-
ory modules), which are used frequently in Macintosh RAM (random access mem-
ory) configurations. SIMMs were first introduced into the Macintosh product line
starting with the Mac Plus. A SIMM is really nothing more than a small PCB (printed
circuit board) with memory ICs (integrated circuits, or chips) affixed to it. These
modules are then placed into SIMM sockets, which are typically located on the
motherboard. SIMMs are very easy to install but not so easy to troubleshoot. True,
if the SIMM is dead, you should be able to isolate the failure quickly by using the
Easter Egg Approach, that is, one-at-a-time removal and replacement. However,
intermittent failures are very common and not so easy to detect. The absence of a
RAM parity check (error detection) in the Macintosh doesn’t make the troubleshooting
process any easier. (See Chapter 5, “Memory, Upgrading, and Adding SIMMs,” for
more information.)

The SIMM tester is a self-contained unit designed to put each SIMM module
through its paces. You may elect to do either single or multiple pass testing. This
device verifies the integrity of each chip on the SIMM and allows you to analyze
their true access times as well. These features make the SIMM tester a valuable
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troubleshooting tool, especially when dealing with dead SIMMs, questionable
SIMMs, and intermittently failing SIMMs.

The SIMM testers range in price from $250 to over $1000, depending on which
model you purchase. I purchased the Mactronics Quick SIMM tester for around
$250. This particular unit tests both IBM and Macintosh SIMMs, specifically 256K,
1MB, and 4MB modules. It tests all of these very well, and I am fairly certain that
Mactronics will offer some future upgrade to this product that will allow this device
to test the 16MB SIMMs as they become more popular and affordable.

I have only one minor complaint against SIMM testers: These devices come
with a crummy plastic test socket. This is where the SIMM is inserted while it is
being tested. These sockets are identical to those that Apple uses on the Macintosh
motherboard. The problem is that the plastic tabs that hold the SIMM in place always
seem to break off after a couple of insertions. This can be annoying when testing a
box full of SIMMs. For an extra $100 and change, Mactronics sold me a quasi-ZIF
(zero insertion force) adapter for my SIMM tester. The ZIF is a high-quality pro-
duction-grade socket that is very strong, with 24-karat gold contacts for extra reli-
ability, and no plastic tabs to break. It is definitely worth having!

SIMM socket goes here

pin 1
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START/RESET (@)

TEST COMPLETE
WHEN LIT

Figure 3-10.
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In summary, the SIMM tester is a very handy piece of test equipment to keep
around. Most models are moderately priced and easily pay for themselves in the
reduction in downtime and unnecessary service calls. If you support or plan on
upgrading a fair amount of Macintosh units that use SIMMs, the SIMM tester is a
must have. If you only support a couple of Macs, the expense may be overkill.

Blinky

Blinky is a SCSI port tester. SCSI (pronounced skuzzy) is the acronym for the
Small Computer Systems Interface, which now comes standard on all Macintosh
models. The SCSI port on the Macintosh is the DB-25 pin female port located in
the rear of the unit. This is where you can attach a variety of devices, such as laser
printers, CD-ROMs, scanners, external hard drives, and tape backups. Occasion-
ally, the SCSI port or devices fail.

The following are the most frequent SCSI failures that Mac users encounter:

1. Improper SCSI configuration (bad or conflicting ID number, improper ter-
mination, and so on).

2. Bad or incorrect cable(s).

3. Macintosh fails to initialize SCSI circuit during power up (usually because
you forgot to turn external SCSI devices on prior to the Mac itself).

4. Bad device driver software.

5. Device that is bad or does not respond.

6. SCSI port does not respond (usually caused by a blown fuse on the moth-
erboard that protects SCSI circuit on newer Macintosh medels SE/30, II,
IIx, IIci, IIsi, and IIfx. A fuse blows because of a short created when you
either plugged a bad cable into the port or tried to attach a SCSI device to
the Mac while it was on and the port was powered.)

7. Bad SCSI controller chip.

8. Any combination of the above.

Without Blinky these problems could be troublesome and annoying to conquer.
Blinky is a small, specialized test device used to monitor SCSI activities. It plugs
directly into your SCSI port, and then your external SCSI devices plug into Blinky.
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Blinky has eight status LEDs that monitor activity (or lack of activity) on all valid
device ID numbers (0 to 7, targets and initiator) that can exist on the SCSI bus of
the Macintosh. This visual information is valuable in many ways. For example,
when Blinky “lights up,” you can “see” the Macintosh initialize the SCSI bus dur-
ing the power-on sequence. This is useful in the sense that it tells you that both the
port and the SCSI circuit of the Macintosh are functioning properly.

Blinky also visually monitors which SCSI devices are communicating and when
they are finished talking, as well as the ID number for which they are set. This type
of information is excellent in helping you to answer the following questions:

» Which devices are communicating?

» How long did it take for a device to finish a file access or transfer?
» What are the SCSI ID numbers of the attached devices?

» Which devices are not responding?

This can help you remedy conflicting device ID number problems. Device con-
flicts usually result when two or more devices share the same SCSI ID number.
Each device must have a unique ID number from O through 6. Blinky tells you which
ID numbers are assigned and which ones are available.

This simple device can save you a great deal of time and frustration when you
are trying to resolve all kinds of SCSI problems. Blinky is distributed by Mactronics.
The retail price is about $150. The unit is very small and fits well into a tool kit.

The logic probe

The logic probe is a very popular and inexpensive tool used for troubleshooting
problems in electronic circuits. It’s especially useful in helping the Mac technician
locate high percentage failure components, such as integrated circuits (chips) and
oscillating crystals. The logic probe is very simple to use and easy to understand.

The logic probe looks like a very large pen with a sharp needlelike tip. The
probe is powered by attaching two alligator clips (power and ground) directly to
the + and - points on the unit under repair. Once powered, the probe is used to test
questionable components by placing its metal tip against a pin or test point within
the circuit. Indicator lamps on the probe report the logic state (high, low, pulse, and
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so on) at that point. These readings can then be compared against a schematic dia-
gram or known good values. Gate failures and brief, low-frequency pulses are typ-
ical conditions that you can detect using the logic probe.

Figure 3-11.

When using this tool, it’s important that you’re careful where you probe. Cir-
cuit boards can easily be damaged if you put the probe in the wrong place (that s,
between two pins on a chip). It’s also important to use the right probe for the job.
Probes vary in price and quality. If you are planning to troubleshoot Macintosh com-
puters up through the Mac IIfx and Macintosh Quadra family, you should purchase
a probe rated between 80 and 100 MHz that can test both CMOS and TTI compo-
nents. If you’re only going to test Macs below the faster units, you can settle for a
probe rated at S0 MHz or better. Beckman Industrial manufactures several excel-
lent probes that are ideal for Mac troubleshooting. Radio Shack sells logic probes
as well, but these are typically lower-end models.

The Golden Paper Clip

No tool kit would be complete without the inclusion of a paper clip. Yes, as
many of you are aware, the paper clip is the magic tool of the Macintosh. With it
you can eject floppy diskettes that don’t want to come out of the drive. You can also
unbend it into a long piece of wire, which then can be used as a probe extension of
sorts for when you want to take voltage readings with your meter in hard-to-reach
places. On one desperate occasion, I reluctantly used a paper clip as a temporary
substitute for a motherboard fuse (definitely not recommended, but it worked).
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Advanced test equipment

Previously we discussed basic tools and standard test equipment. These are the
tools that most of us have or will use in our troubleshooting endeavors. However,
there are repair depots and others out there that use advanced test and repair equip-
ment. Equipment such as oscilloscopes, capacitor and transistor testers, break-out
boxes, EPROM and PAL programmers, logic and signature analyzers, and multi-
layerboard-safe soldering equipment fall into this category.

Some of these devices are easier to use than others and can range in price from
$25 to over $10,000. Most of this equipment is priced out of the average person’s
budget. Additionally, most of this equipment requires expertise in electronics and
circuit analysis or other specialized training. This type of equipment is best left to
the professional. I remember when techies used to live by the motto “No scope
(oscilloscope), no hope!” That really isn’t the case these days. Time is a very pre-
cious commodity to most of us. Why spend hours on a machine with an oscillo-
scope or logic analyzer that you can swap out with a board shop for $100 to $200?
Your time and mental well-being are worth a lot more than the technical show. Work
smarter, not harder!

In summary, many repairs and tests can be easily done using the basic tools and
test equipment mentioned in this chapter. What you choose to put in your tool kit
is a personal choice based on questions that only you can answer. What do I already
have and what do I really need? How many and which Macs will I be working on?
How much can I afford to spend, and how deep do I really want to get into trou-
bleshooting and repair? In any case you should, at a minimum, have most of the
software tools that we discussed and a multimeter. While you’re at it, throw in a
cheap Weller pencil tip soldering iron, some 60/40 or 67/33 solder, and a desol-
dering tool, for repairing basic stuff like keyboards and mice. If you plan to do sol-
dering work on Mac motherboards, keep in mind that all of them are multilayer
(typically six or more) and some use SMD (surface mount devices).

These boards are easy to butcher and require specialized solder equipment for
most repairs. Pace, Ungar, and Weller make this type of equipment, which starts at
around $500 for the basics and goes way up from there. Shop around for all of your
tools. Most of the reputable mail-order tool companies, such as Jensen Tool, Techni
Tool, and Specialized Tools, sell the better soldering equipment and tools, at pretty
good prices, and typically with a 30-day satisfaction guarantee.
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Tools to Upgrade, Repair, and Keep Your Macintosh Happy

Beginner to intermediate
If your level of expertise is beginner to intermediate, you need

1.

Digital multimeter (Radio Shack or other): from $20 and up

2. Antistatic wrist strap (Radio Shack or 3M): from $5 to $35

Now AW

oo

Standard tool kit with basic hand tools (mail order): from $10 and up
One paper clip (get from work or home): exact price of one clip unknown
Mouse cleaning pad (mail order): less than $25

. Floppy disk drive cleaning kit (mail order): less than $25
. Known good copy of the Macintosh operating system (comes with your

machine): $0

. MAC Ekg (Mactronics or Micromat): around $100

9.
10.
11.
12.
13.
14.

Norton Utilities and Mac Tools (mail order): from $150 to $250 for both
Some of the shareware utilities mentioned earlier: cost varies

Torx #15 driver and a Mac Cracker (Curtis/mail order): $10 to $20 ***
CRT discharge tool (see next section) ***

Cheap soldering iron and desoldering tool (Radio Shack): $5 to $25 each
One small roll 60/40 or 67/33 solder (Radio Shack): $2 to $10

***These items are required only for the compact Macintosh models, such as the
Plus, SE, SE/30, and Classic.

If your level of expertise is intermediate to advanced, you require most of the
items listed above, except the Radio Shack meter and the standard tool kit. Substi-
tute either a Fluke, Beckman, or Simpson volt meter for the Radio Shack. In addi-
tion, delete the standard tool kit with basic hand tools and go with Jensen, Xcelite,
or other high-grade tools. In addition the following is recommended:

1. Blinky (Mactronics): less than $125

2. SIMM tester (Mactronics): around $250

3. ZIF adapter for SIMM tester (Mactronics): between $100 and $150
4. Logic probe (Beckman Industrial): from $75 and up
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5. Advanced ESD-safe soldering and desoldering stations (Pace, Ungar,
Weller): range from $100 to $2000 or more depending on the type of sol-
dering you want to do

6. 3M antistatic work mat (mail order): from $50 and up

7. Safety glasses (mail order): from $10 and up

Advanced to expert

These levels of expertises require very expensive equipment and extensive elec-
tronics training. The equipment varies depending on which and how many Macin-
tosh units are to be supported by the expert and at what level of repair they intend
to go. This type of repair would be done by a board depot, third-party maintenance
organization, or a very technical support department. I doubt if any Apple authorized
dealers are even equipped at this level. At a minimum, the expert should have the
aforementioned items in both categories plus some advanced test gear. This gear
could include, but is not limited to oscilloscopes, transistor testers, EPROM and PAL
programmers, monitor testers, signature analyzers, and multilayer board soldering
gear. The minimum investment for these items could be thousands of dollars.

Troubleshooting Safely

Owning a Macintosh computer is an experience that can be both rewarding and
frustrating at the same time. The hardware and software involved represent a con-
siderable financial investment. The time spent selecting, purchasing, configuring
and learning the machine represent a significant personal investment. The reward
occurs when you finally get the machine up and running and are able to do some-
thing productive with it. Each of us has a different perception of what is produc-
tive. You may want to write letters, prepare a home budget, do desktop publishing,
play games, or all of the above. Whatever makes you happy. The frustration occurs
when things don’t go as they should. Contrary to what some believe, computers,
manufacturers, and people in general are not perfect. No matter how lucky we are
or how hard we try, mistakes sometimes happen, and our machines sometimes do
not work properly. Many computer problems require simple fixes, such as reload-
ing software, plugging the machine in, or connecting a loose cable. Other failures
are more serious and may require you to open up your Macintosh. This is where
things can get dangerous, for both you and the computer.
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I cannot begin to tell you how many expensive computers (and some cheap
ones too) have been destroyed or how many users have been unnecessarily injured
by simply poking around in places they shouldn’t have been. When computers break
down, otherwise sane and normal people suddenly are transformed into weekend
warriors armed with screwdrivers. People have this perception that since the Mac
is so cute and user friendly it must be harmless. Some people call it an expensive
toy. If the Macintosh is a toy, then it’s a toy that could hurt or even kill you. Yes, I
said it could even kill you.

This section focuses on three topics. We begin with safety precautions, dis-
cussing the danger zones and how to protect you from getting injured while trou-
bleshooting or upgrading your Macintosh. Second, were view ESD (electrostatic
discharge) precautions that protect your Macintosh from getting injured by you.
Finally, we review basic troubleshooting techniques that can help you resolve com-
mon Macintosh problems. More detailed troubleshooting techniques for specific
hardware problems (such as SIMMs and memory, power supplies, and so on) are
located in their respective chapters.

Safety

Safety is more than a six-letter word. It’s the development of good habits and
the use of common sense to prevent personal injury. When working inside the Mac-
intosh or other electronic equipment, safety should be more than a primary con-
sideration. It should be second nature.

General Hazards

Serious injuries such as cuts, scrapes, puncture wounds, burns (heat and chem-
ical), facial and eye damage, respiratory problems (due to chemical and particle
inhalation), and, of course, electrocution may occur when working around repair
equipment and computers.

Solder burns, cuts, scrapes, puncture wounds, and minor electrocutions are
among the most common injuries that happen to students in my technical seminars.
Most injuries can be avoided through the use of three simple rules:

1. Pay attention to what you are doing.
2. Go slowly and concentrate on your work.
3. Use common sense.
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For instance, soldering equipment gets very hot. The average tip temperature
can range from 300 to 1000 degrees Fahrenheit or 149 to 538 degrees Celsius. This
is hot enough to cause severe burns or to start a fire. When soldering use extreme
caution and good common sense. Furthermore, keep this equipment unplugged and
out of the way when not in use.

Cuts, scrapes, punctures, and other injuries can be avoided by taking your time,
being careful, and handling tools and equipment properly. Some of the worst injuries
I have seen in my classes have occurred when people mishandle tools, such as screw-
drivers and logic probes. These tools have sharp tips that can easily puncture skin
or put out an eye. In one incident a young man was trying to remove a small screw
that had become completely stripped. With the module in one hand and a flat-blade
screwdriver in the other he held the unit in the air, quite close to his head. He then
proceeded to try to force the screw out while looking at it. The tip of the screw-
driver slipped off the screw head and struck this man in the forehead. He was lucky!
Just one more inch and he may have been blinded in an eye. Take safety precau-
tions eriously. The “It won’t happen to me attitude” has no place in the computer-
repair field.

High-Voltage Hazards

Many people don’t know, care, or believe that they can be seriously injured
while working inside computers. They’re wrong! Computers and monitors are pow-
ered by electricity. Electricity is dangerous and must be treated with care and respect.

The human heart operates by electrical impulses. It can be started or stopped
by powerful electric shocks. Hospitals use a device called a defibrillator to stimu-
late and control the heartbeat of heart attack victims. This device delivers a brief
electrical shock through electrodes attached to the chest. If used incorrectly, this
device can stop a working heart. In the movie Flatliners a group of misguided med-
ical students used this device to stop and start their own hearts. The plot was a bit
far-fetched but technically correct. Electricity can stop and start your heart. IT CAN
KILL YOU! Please keep this in mind when you work on monitors, power supplies,
and any Macintosh or other computer with a built-in CRT (monitor) and video cir-
cuitry. These units have high-voltage areas that should be avoided.
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Figure 3-12. High-voltage areas that should be avoided

As a rule of thumb, video equipment (especially displays) and power supplies
should be serviced only by persons experienced in those areas. However, when per-
forming repairs and upgrades on the Mac Plus, SE, SE/30, Classic, Classic I, or
any Macintosh with a built-in CRT, it’s necessary to open the unit.

Naturally these units require more caution than units without built-in CRTs,
such as the Mac Il and others, for three reasons:

1. Built-in video circuitry can produce voltage levels between 9 and 12,000
volts. These levels are quite dangerous.
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2. The CRTs are made of glass and are quite fragile, especially the neck area.
Never handle the CRT by the neck — it may break and cut you. If you do
get cut on a broken CRT, the wound probably will need medical attention.
The glass is embedded with lead and phosphor, which splinters and can get
trapped under the skin. There also is a remote chance that a cracked CRT
could implode and strew glass everywhere.

3. The CRTs have capacitive properties, like a big, old battery. They can retain
relatively high electrical charges even when they are off and unplugged.
It’s necessary to perform a CRT discharge (removal of charge) procedure
to be sure the machine is safe to work on.

Hazardous Areas

The CRT discharge is an important procedure that should be performed prior
to any internal repair or upgrade on Macintosh computers with built-in CRTs.
Before we get into the actual procedure, now would be a good time to point out
some hot spots (very dangerous areas). These areas are ( but are not limited to)
the anode well, anode wire and connector, yoke wires, flyback transformer, high
voltage capacitors, and the on/off switch. Don’t touch these areas when working
on a hot (live) Mac. A high-voltage hazard is present until the Macintosh is off
and fully discharged. You must become familiar with all of these areas before you
perform the discharge procedure.

Warning: If you are pregnant or have a cardiac condition (any heart
problem), it’s not a good idea to work around high-voltage equipment!

CRT Discharge Tool

To properly discharge a CRT, you need a special discharge tool. The discharge
tool is basically a large (8 to 12 inches), flat-blade screwdriver or test probe with a
heavily insulated handle, a long piece of heavy duty wire, an alligator clip, and a
resistor (1/4 to 1/2 watt, 10 to 100 meg ohm) attached to it.

The official Apple tool, not available to most of us, looks like a large hypo-
dermic needle with a fancy handle. Since the official tool is difficult to get, you
must either build one yourself or find an electronics store in the area that stocks
them. For my seminars I buy these tools from a company named Mactronics, Inc.

73



TROUBLESHOOTING YOUR MACINTOSH

Metal
ground lug

Alligator clip

Anode
connector
cap

Discharge tool

Figure 3-13. CRT discharge tool

(see Appendix A for the phone number). The retail price is around $30. For my own
personal use, I build them myself for about $5 to $10; however, assembly is required.
If you’re new to electronics, a word of caution: You’re better off purchasing this
tool. This tool performs a very serious and vital function; better safe than sorry.

CRT Discharge Precautions and Procedures

The CRT discharge procedure is necessary only when working on the compact
Macintosh computers, such as the Macintosh Plus and earlier, Macintosh SE, SE/30,
Classic, and Classic II.

The following is a list of discharge precautions:

1. Prepare the work area. Move unnecessary equipment and objects out of the
way. Remove liquids—coffee, soda, and water, etc.—out of the area. Elec-

tricity and liquids don’t mix.
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2. Remove all jewelry, including wedding rings and watches. These items are
good conductors and pose a potential shock hazard if they come in contact
with certain electronic components.

3. Remove all antistatic wrist straps, heel straps, and so on when working on
high-voltage equipment. Put those conductive work mats aside for now.
These items are not to be used on live (powered) equipment.

4. Whenever possible work with another person nearby, in case something
goes wrong. Also it’s a good idea to take a CPR course for those who work
with electronics frequently. You never know when it may be needed.

5. Protect your eyes. There is always the chance that a CRT may implode
(blow in on itself) and strew glass fragments. Protective eye wear such as
safety goggles or prescriptive lenses are a good idea.

6. Run the Macintosh Shutdown command before turning the machine off.
This command performs housekeeping features that prepare the Mac for a
graceful power down. It’s a feature available in all Macintosh computers.
In Macintosh II-family computers (II, IIx, Ilcx, IIsi, Ilci, IIfx, and so on),
this command also shuts off the machine for you. Failure to run Shutdown
prior to turning off the machine can sometimes result in damage to files on
your disk drive.

The following are discharge procedures:

1. Disconnect power from the Macintosh unit—not only turning off the unit
but also unplugging it from its power source. With the power disconnected
turn the power switch on and off two or three times. This discharges any
dangerous stored electrical charge inside the power supply.

2. Carefully open the Macintosh unit. If necessary, refer to the disassembly
procedures specific to the model you are working on.

3. Locate the ground lug on the inside of the Macintosh unit. It’s located in
the upper-left corner of the chassis. It has a black wire attached to it. Attach
your discharge tool to this lug.

4. Place one hand behind your back or in your pocket (left hand for right han-
ders, right hand for lefties). This prevents stray current from accidently
passing directly through your heart.
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5. Slip the tip of the discharge tool under the anode cap until it touches the
metal anode clips. Hold it in place for several seconds. The high voltage,
if any, dissipates through the attached discharge tool. On older Mac units
you may hear a crackling sound and/or see a blue spark. Newer Macintosh
units are equipped with a bleeder resistor that usually prevents this. The
discharge procedure ensures that the charge is gone, just in case the bleeder
resistor fails.

6. Gently, peel up the anode cap and pinch in the anode clips. Remove them
from the anode well.

7. Sometimes a residual charge develops in the anode well area. Immedi-
ately after discharging the tube, take an alligator wire and attach one end
to the anode well area, the other to the ground lug. This eliminates any
residual charges. The unit is now discharged of high voltage, and it’s safe
to begin work.

Summary

In this section we’ve reviewed many safety-related issues and hazardous situ-
ations. Each must be considered when working on Macintosh computers.

Injuries are painful, as anyone who has been hit by high voltage can attest
to. Most injuries can be avoided by being patient and careful, and by using com-
mon sense.

Thanks for taking the time to read this section. It was rather lengthy and involved.
I hope novices will learn from my experiences and experts will be reminded of some
things they may take for granted. Remember: Safety is no accident!

Static Electricity and ESD Precautions

No hardware book would be complete without a discussion of static electricity
and ESD (electrostatic discharge) precautions.

Most internal Macintosh upgrades require physically opening the machine and
handling very expensive circuit boards and related components. These circuit boards
and ICs (integrated circuits, or chips) are very sensitive and easily susceptible to a
condition known as electrostatic discharge (ESD) or static electricity. Since this
phenomenon can irreparably destroy many types of electronic components and cause
the permanent loss of data, it’s of utmost importance that you not only understand

76



TOOLS OF THE TRADE & TROUBLESHOOTING SAFELY

ESD but also develop the skills, practices, and procedures to minimize its threat.
Such is the focus of this section.

Causes of static electricity

ESD is caused by friction. Specifically it involves the separation of dry noncon-
ductors. When dry nonconductors separate they each take an opposite charge. The
charges remain until contact is made with a conductor. When such contact is made,
the charge is then discharged to that conductor (think about the television ads that
refer to static cling). For example, when you walk across a typical carpeted room,
your shoes separate from the floor, generating a charge through induction. Your shoes
then charge your feet, and the sweat layer of your skin conducts the charge across
your body. The charge then remains on your body until you come in contact with a
conductor, such as a doorknob, light switch, or motherboard. That was the zap you
felt last winter when you ran across the room to turn on the television.

ESD problems are worse when the relative humidity level is low. In colder
climates this problem is magnified during the winter when forced-air heaters dry
the humidity from the air. The result: more dry conductors that cause more static
problems.

Effects of Static Electricity

A small static charge can be generated simply by moving around in your chair.
In many instances this charge is powerful enough to damage many of today’s VLSI
(very large scale integrated) and SLSI (super large scale integrated) circuits found
in high-end electronic devices. These circuits can house millions of tiny transistors,
which may be damaged by charges as low as 20 volts. You cannot feel a 20-volt
charge, but a chip sure can. When you feel a zap or can feel the charge, then you are
carrying over 3500 volts! Under an electron microscope, the resulting damage looks
something like a moon crater or small trench dug into the circuit. Frequently the chip
is not killed but wounded. It is possible that the chip can still pass basic functional
tests and appear to be fine. However, the latent defect may still be there. Then in a
few hours, weeks , or months the chip may die or exhibit erratic behavior.

This type of failure is referred to as an intermittent failure. In my opinion these
type of failures are the worst! They are frustrating, sporadic problems that usually
don’t sit still long enough for you to identify or cure. However, not all intermittent
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problems are static related. A dead chip, on the other hand, is much easier to diag-
nose; dead is dead! Neither a dead chip nor an intermittent problem is desirable.
Both cost you time, money, and maybe your sanity. Why not avoid these problems
with a little effort?

ESD precautions

Contrary to popular belief, most people cannot attain a 100% static free envi-
ronment, due to the very nature of static and ESD. It is possible to reduce the ESD
threat to reasonable levels. This reduction is accomplished through the application
of some good handling techniques.

For instance, whenever you handle electronic components (with a few excep-
tions), it’s advisable to wear a static wrist strap, also called a ground strap. The strap
can be purchased at your local electronics store and ranges in price from $2 to $30.
My personal favorite is 3M, but any brand will do fine. Ground straps dissipate the
ESD charge to the ground. The best ground to use is normally the earth ground,
which can be found in the AC ( alternating current ) outlet of most homes and offices.
If you don’t have convenient access to an earth ground, attach your wrist strap to a
metallic area on the Macintosh chassis ( like the metal part of the frame on the Mac
II). This is called a chassis ground. Remember, a chassis ground isn’t as good as an
earth ground, but it’s better than no ground at all.

Warning: Under no circumstances attach your wrist strap inside a mon-
itor or any Macintosh with a built-in screen (such as Mac Plus). These
units are very dangerous due to the presence of many high-voltage com-
ponents. In these cases, for your own safety, put the ground strap away!

If you don’t use a ground strap on your wrist because it restricts movement too
much, consider using heel straps on your footwear and a conductive floor mat.

Wrist Strap Warning

Many people don’t believe in ground straps. They believe ESD problems can
be eliminated simply by touching the metal casing of the power supply or those
“touch me first” pads. In theory this does discharge the individual, but only momen-
tarily, which is better than nothing. Remember, ESD is caused by friction.
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Figure 3-14. Grounding the wrist strap

Movement causes friction. Combing your hair, walking, standing up, waving to
someone, even moving air molecules, all generate some charge. Is it enough to kill
a chip, motherboard, or other component? Quite possibly. It depends on the com-
ponent and the amount of charge.

For example, CMOS (complementary metallic oxide semiconductors) and TTL
(transistor-to-transistor logic) components commonly are used in computers. CMOS-
type components typically are more sensitive then TTL components. Who has the
time to stop and evaluate each chip in the Macintosh to determine in which group
it belongs? For your own sake, treat all components as if they are very sensitive.
Better safe than sorry!

Tips to Reduce Static-Related Failure
» When handling electronic components, wear static straps attached to an earth
ground, if possible, except when near a high-voltage hazard.
» Handle circuit boards by the outside edges—Ilike a hot tray, not a baseball.
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» Try to store and transport circuit boards and chips in static-proof bags and
containers. 3M makes very good ones.

» Carpeted areas are not ideal work places to repair and upgrade computers.
Try to avoid them when possible, or treat areas with antistatic spray. ACL
of Elk Grove, Illinois, sells some of the best.

 Consider investing in antistatic work, keyboard, and CPU mats. When used
properly they really do help. 3M has a great antistatic mat, and several mail-
order companies sell them.

» Keep plastic, Styrofoam, silk, wool, and hair away from the components.
They are excellent sources of static electricity.

Wall

outlet

Grounding
wire

Grounding
wire

Alligator
clip —

Antistatic mat

Figure 3-15. Grounding the computer

Summary

This section has discussed the causes and effects of static electricity. I have
offered methods of controlling ESD and static electricity.

Computer manufacturers understand the reality of ESD. Many are developing
techniques for testing field components for ESD damage. In the future I wouldn’t
be surprised to see Apple Computer looking for this type of damage on high-end
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machines such as the Macintosh IIfx and Macintosh Quadra 900 and Quadra 950.
These machines use a great deal of expensive surface-mount VLSI circuits that are
very sensitive. These boards are costly to manufacture and repair. Profit is lost when
a manufacturer has to replace a board or machine under warranty. If they could
quickly and inexpensively isolate the cause of the failure to a user-related ESD prob-
lem, they could void your warranty. By the way, opening your Macintosh techni-
cally voids your warranty. If Apple were prepared to enforce this, they legally could
and probably would.

With everyone being bottom-line conscious, manufacturers are less willing to
absorb ESD-related problems. Someone else must pay, maybe in overall higher
prices for everyone or as a direct repair expense to the individual.

By forming good habits and using common sense, you can reduce the rate of
ESD failures. Ultimately this saves you time, money, and lots of aggravation. Apply
the principles in this section, and keep your Macintosh happy and healthy!
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CHAPTER 4

The Macintosh Power-on
Self Test (P.O.S.T.) and
Startup Sequence

Every time you power up or reset your Macintosh, something special takes place.
In the blink of an eye, electricity pours into the machine, breathing life into thou-
sands of intricate circuits. In a matter of seconds (sometimes an eternity in older
Macs) the Mac is up and running, awaiting your command.

You’ve just experienced P.O.S.T. (power-on self test), a battery of ROM-based
diagnostic routines that were performed during those first brief moments. Many
users aren’t aware (or don’t really care) that anything has happened at all.

What’s being overlooked by some is a valuable diagnostic tool that is built into
every Macintosh computer. It’s not difficult to use these tests to help troubleshoot
and isolate many (but not all) bothersome and common Macintosh ailments. If your
Macintosh is healthy, you have nothing to worry about. However, you should still
be aware of what’s really going on inside your machine. Just in case!

Macintosh Versus Other P.O.S.T.s

It’s important to point out that ROM-based P.O.S.T. routines aren’t exclusive
to the Macintosh. While the actual tests are machine specific, this concept is used
by most (if not all) computer manufacturers. For instance, IBM (yes, I said IBM)
has a very intensive P.0O.S.T., with an extensive listing of visual and audible error
codes. These codes are generated by a failure during P.O.S.T. They can be easily
deciphered to reveal the items that have failed.
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Table 4-1. Examples of IBM P.O.S.T. error codes

Visual

1 D, &, G System board failure

P-) ¢ O Memory failure

BXX et sesanesnnens Keyboard failure

XX cetireeenrrennsnese s saesnssnans Monochrome errors

XX ceeereerereasnnerisnesensnsnsnisansrsssssasanens Color errors

6XX ... . Floppy drive errors

2, SRt 8087, 80287, and 80387 math coprocessor errors
Audible

NO DEEp .....ccorreeerrnrerenrirsencsanene Power

1long 1 shortbeep .......ccoveerecnenane. Motherboard

1 long 2 short beeps ........ccrnceneenne Video adapter card

1 short beep & faulty display ............ Video cable or display

1 short beep & no boot...........ceuenee Disk cable, drive, or adapter

The Macintosh P.O.S.T. and startup procedure is similar to that of IBM and
other manufacturers. It verifies the internal condition of the machine. Like IBM,
the Macintosh has its own audible and visual error codes that are generated when
a problem exists. The visual codes are called startup icons; the audible codes referred
to as startup tones or chords. These icons and tones can be used to assess the con-
dition of your Mac. However, unlike other manufacturers’ extensive error code list-
ings, your Macintosh has only four basic startup icons: Happy Mac, Sad Mac, ?, X,
and some very interesting diagnostic chords. These are discussed in this chapter.

To the average user, these icons and tones seem helpful. Unfortunately, when
a major problem occurs, you're then made aware of how vague they really are. For
instance, let’s suppose you’re working on your Macintosh IIfx, doing your income
tax return. Suddenly, your system locks up right in the middle of your work. You
attempt to perform CPR (computer program resuscitation) to no avail, and the tax
return is lost. No big deal, right? You can start over again. Wrong! Now your Mac-
intosh won’t boot, and you’re greeted with these horrible sounding chords: Doo
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Doo Dee Doo (the infamous death march—in D Flat?). Frantically you look through
your owner’s manual searching for answers and are told to call your authorized
Apple dealer. You call the dealer only to be told that you should never get that error
or perhaps the motherboard needs to be replaced. Frustrated, you call Apple Com-
puter directly, get put on eternal hold, and then you’re referred back to the dealer!
Sound familiar? Maybe, but this is only a hypothetical example (or is it?). The real
problem in this case is a bad batch of SIMMs that Apple got from NEC. The SIMMs
produce intermittent and very strange errors. Apple has known about them for some
time, yet I don’t ever remember getting any sort of recall notice, like those that car
manufacturers send out. I know that a computer isn’t the same as a car. My car only
cost about $7000 while my computer cost $11,800 loaded.

In this section we’re going to take a more detailed look at P.O.S.T., the startup
icons, and the chords and tones that are generated and why. This information will
provide you with a valuable reference when you need help.

Detailed Startup Sequence

Between the time you apply power to your Macintosh and the Desktop appears,
a carefully orchestrated and detailed series of events takes place. These events can
be referred to as the startup sequence and is composed of three stages: hardware
initialization, power-on self test (P.O.S.T.), and the actual operating system startup
(boot/load) process.

Hardware initialization
A typical Macintosh hardware initialization consists of the following events:

1. Power is applied to the system.

2. The power supply establishes the appropriate voltage levels required by
the system.

3. These voltage levels typically are monitored by one of the Sony sound inte-
grated circuits on the logic board. If the levels are acceptable, a reset sig-
nal is then generated by this IC.

4. This reset signal forces the central processing unit (CPU), math coproces-
sor (FPU), primary logic ICs, expansion cards, and other internal devices
to come to a known state.
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5. The reset signal is withdrawn.

6. The CPU obtains the reset vector (typically four eight-bit words), which
begins at memory address 0000 0000 (hexadecimal). A ROM overlay
address map then is used by the memory decode and control circuitry to
map the standard memory locations to a ROM address. The CPU goes to
the reset vector memory address, which is now mapped to ROM.

7. Special program code called the Macintosh reset handler (MRH) is exe-
cuted. The MRH remaps ROM and RAM to their respective locations.

8. The MRH initiates the P.O.S.T. sequence.

If your Macintosh fails any portion of the initialization, it appears to be dead.
Refer to the general troubleshooting portion of this book for possible remedies.

Detailed P.O.S.T.

As I mentioned, the MRH initiates the P.O.S.T. stage of the startup sequence.
This is done in conjunction with a special low-level routine called the Start Man-
ager. The P.O.S.T. begins by testing ROM and other critical circuitry on the logic
board. If all is well, the machine emits a medium-pitched (soft) startup chord that
sounds like Bong! If an error is encountered at this point, the machine appears to
be dead or emits a short, harsh error cord. This may be followed by a four-tone test
cord. The harsh cord is most important because it indicates a serious hardware prob-
lem, such as an IC failure on the logic board.

It could also be a stuck programmer switch on a Macintosh II-family computer.

Next, the system memory is tested, which can take a considerable amount of
time in older Macintosh computers with upgraded memory configurations. You can
bypass this test by holding down the mouse button when you turn your computer on.

If the machine fails the memory test, you are greeted with either a medium-
pitched error chord, with or without the four-tone test chord, or a medium- and/or
high-pitched error chord, with or without the four-tone test chord.

Typical error chord sequence (the Death March)
When an error occurs during P.O.S.T. startup, the typical sequence of chords
produced is as follows:
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1. Normal, medium-pitched soft chord.

2. One of three error chords: short and harsh, medium, or medium followed
by high. These chords are the most critical.

3. A four-tone test chord (from low to high).

It’s important to note that older Macintosh computers won’t give you an audi-
ble error chord when an error occurs. For instance, if a Mac Plus or Macintosh SE
has a RAM failure, it would be unusual to get audible tones. Instead you typically
face the infamous Sad Mac, one of four startup icons that we discuss next.

Operating system startup sequence

Now that the hardware has been initialized and tested, we come to the final
stage: the Macintosh operating system startup sequence. At this time the operating
system software is loaded. Here’s how it works: Your Macintosh computer searches
all floppy drives for a diskette that contains a file called System File. It usually
ejects any diskette not containing such a file. If the System File is present and valid
(that is, not damaged), the machine proceeds to boot—load the disk-based portion
of the operating system from the diskette. If no such diskette is found, the machine
looks for a valid startup drive attached to the SCSI port, starting with SCSI ID num-
ber 6, then 5, 4, 3, 2, 1, and 0. The drivers (control programs) are then loaded for
the first device that contains valid boot blocks (allocation units of data). If all is
well up to this point, a Happy Mac startup icon is displayed on your screen.

As the operating system begins to load into memory, one of the first commands
executed is to display any special file in the System Folder that has the name Startup
Screen. The default startup screen, also referred to as the System Startup Alert, on
the Macintosh simply states ‘“Welcome to Macintosh.”

After the startup screen is displayed, the system looks for and loads a special
debugging program called Macsbug, if it’s present in your System Folder. The sys-
tem has now been loaded into memory. As a final gesture the Macintosh loads any
INITs (initialization programs) or other special programs located in your System
Folder. Now the machine is ready to go to work!

If you encounter a problem during this process, you’ll most likely get one of
the following icons or messages displayed on your screen:
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1. A startup icon other than the Happy Mac, such as the Sad Mac, ?, or the X
icon. We discuss these next.

2. A familiar message, “Sorry, A system error has occurred,” which is usu-
ally accompanied with a very nice “ID= error code.” This usually is some
Macintosh operating system or application-related problem (that is, a cor-
rupt system file or device driver, bad Finder, wrong heap size, or bug in
your program). This error is generated by the Macintosh System Error Man-
ager, also known as the Bomb Manager.

3. A Happy Mac icon and “Welcome to Macintosh” message, but following
these messages, the unit hangs or freezes up. Once again this problem could
be operating-system-related. It could also be a corrupt driver, a bad INIT,
or conflicting INITs. Another possibility is a defective power supply or
memory chip on the main logic board. Before you tear your machine apart,
refer back to Chapter 2 in this book, which discusses operating system
problems, and rule that stuff out first. You would be surprised how many
problems are miraculously cured by simply reinstalling a new copy of your
Macintosh operating system.

Startup Icons

“Where do they come from and what do they really mean?” That’s a question
I hear a lot. There are four basic startup icons: Happy Mac, Sad Mac, ?, and X, three
of which are associated with problems. Each startup icon is unique (also a bit vague)
and can be used to give you a starting point when diagnosing a sick Mac. They are
also kind of cute. Let’s examine each one in greater detail.

The Happy Mac icon

The Happy Mac icon is self-explanatory: The Mac hardware is happy (work-
ing). The unit has passed the initialization and P.O.S.T. phases and has found a valid
startup disk as well. The machine should then say “Welcome to Macintosh,” your
Desktop should appear, and you’re ready to go. If you’re lucky, this is the most
common startup icon that you’ll encounter.
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The Sad Mac icon

Just as the Happy Mac icon means all is well, the Sad Mac icon indicates that
the Macintosh has seen better days. There is definitely something wrong. Where is
the problem and what can it be? Well, it could be any number of things: bad boot
blocks on your disk drive, a real bad cable, device driver, or corrupt Desktop file
or Finder. It could also be a serious hardware problem, such as insufficient power
or a memory failure and configuration problem, or maybe just a stuck programmer
switch. It all depends on which Macintosh you have and what accompanied your
Sad Mac icon. You see, the Sad Mac icon typically is accompanied with a hexa-
decimal error code. It can be a single string of six characters, two strings of eight
characters, or a bunch of unintelligible characters. Deciphering this code is the key
to revealing where the real problem lies. It’s important at this time to note that there
are times when the Sad Mac codes are garbled and not legible. If this is the case,
with the garbled message on the screen, depress the reset switch on your Macin-
tosh. Look very closely. The real code may appear for an instant. You may have to
do this several times. If the code is still illegible, chances are you have a serious
memory- or power-related problem. If your error is legible, you’ll have to decipher
and then decode it.

Deciphering Sad Mac Error Codes

Sad Mac hex error codes fall into two basic categories: Those that begin with
OF,00F, or C00C0Q000F in the first positions of the error code and those that don’t.

OF0065 is an example of a OF-type error code (first position). This error is
defined as a bad Finder (software) in a Mac Plus.

0000004 is an example of a non-OF type error. This exact error indicates a
memory failure in SIMM #1 of an older SE or SIMM #3 of a newer one. The ##
means any number other than zero. We talk about this later.

Generally the OF errors indicate that the problem occurred after the startup
device (your floppy or hard drive from which you tried to boot) was spinning. This
typically is a software problem. It could also be a problem with your SCSI cable or
configuration or even a stuck programmer switch.
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Possible OF error problems and solutions

80

» Stuck programmer switch: Locate the switch to make sure nothing is push-

ing it in and that it is not stuck.

» Corrupt desktop: The desktop structure may have been damaged. Restart

the machine while holding down the <Command> and <Option> keys. If
you were booting from a floppy disk and this does not work, try a different
known good disk. If booting from a hard disk, you may need the help of a
good utility program such as Norton Utilities or Mac Tools to attack this
problem.

Bad boot blocks/device driver on the hard drive: Boot blocks are the first
two logical blocks (storage units) on a hard disk. This is where important
system startup information resides. If these blocks are damaged, the OF error
may be generated. To remedy this situation, you must reboot the computer
with a disk that contains a setup program for your hard disk to update or
reinstall the hard disk drivers. If you’re using an Apple-issued hard disk
drive, you must use the HDSC program that is part of the Macintosh Sys-
tem Utilities disk. (This disk should have been included when you bought
the computer.) If you have a third-party disk drive, you must use the instal-
lation disk that usually comes with the purchase. If you lost your disk, you
have to either call the manufacturer for another copy or use a specialty pro-
gram such as Disk Manager Mac or Silver Lining. They’re available through
many dealers and mail-order companies.

Corrupt operating-system-related file: This is a very common problem. It
can be caused by a corrupt or missing Finder, System File, or some other
operating-system-related file. They are typically caused by write errors to
the disk. The solution is very simple: Punt!

What I am referring to is the deletion of the existing System Folder and
reinstallation of the system software. The procedure is very simple: Backup
any fonts or desk accessories that you may want to keep, then trash (delete)
the existing System Folder on your hard disk (there should only be one),
and reboot the machine with the System Tools disk. Run the Installer to
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reload the appropriate files. After the process is complete, reboot the machine
to see if the problem has been cured.

* SCSI drive or configuration problem: On some rare instances the OF Sad
Mac errors can be generated by bizarre SCSI problems, such as a hard disk
drive (usually a stepper motor class drive) that is experiencing a tempera-
ture-related problem (that is, it got real cold in the basement where the
machine was last night). The problem could also be configuration-related.
A bad SCSI cable or completely fouled up cabling of SCSI devices may be
the culprit here. Even a very sick hard drive can produce this error. Rule out
the external SCSI devices and cables by disconnecting them from the sys-
tem. You also can disconnect your internal hard disk drive and cable to rule
them out as well. However, you should try the suggestions previously men-
tioned in this chapter first before opening up your Macintosh. Realistically,
the SCSI-related problems typically manifest themselves in the form of the
question mark startup icon (?), which we’ll soon examine.

In summary, the OF Sad Mac error codes can be very frustrating to solve. They
are frequently software-related and can strike any Mac at any time. The aforemen-
tioned suggestions can be used to combat the most common Sad Mac problems.
Try to keep your hard disk virus free, occasionally rebuild your desktop, and always
run the Shut Down command before turning off your Macintosh. Keep Norton Util-
ities and Mac Tools as well as a good working copy of your operating system around.
You’ll be surprised at how easily these problems can be resolved.

Non-0F Sad Mac error codes

The non-OF Sad Mac error codes indicate that a very serious problem has been
encountered, which is usually hardware related. These Sad Mac errors are very com-
mon in the Mac Plus and the Mac SE. The Plus codes usually consist of a single
string of six characters (hex). The SE codes typically are two rows of eight char-
acters. They’re not very common in the Mac II family and the newer Macintosh
computers, such as the Macintosh Quadras. These computers typically default to a
series of error chords (the death march) instead. On rare occasions I’ ve seen these
errors in a Mac II-family machine. The last one I saw was on a Ilci with a flaky
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RAM cache card. The machine produced the Sad Mac with the dual hex codes along
with the death march. The death march is common in Mac IIs, while the Sad Mac
with the non-OF hex codes is not.

The overwhelming majority of Sad Mac non-OF errors are found in the Mac
Plus and Mac SE. These errors typically are ROM failure (Mac Plus), RAM fail-
ure, incorrect RAM configuration (both Plus and SE), or inadequate power being
provided by the power supply (both Plus and SE).

These codes indicate a specific failure. For instance, if you’re greeted by a Sad
Mac withO1_ _ _ _, that would indicate a ROM failure in a Mac Plus. An 02_ _
indicates one of four possible RAM errors in a Plus. The (_ _ _ _) indicates which
chip went bad. A typical RAM error in an SE was discussed earlier in this section.
However, since most Mac units do not have a parity bit for RAM error detection, these
Sad Mac chip locations can be false. You may have to replace each SIMM one at a
time until the problem goes away.

Also, the Mac Plus and SE have chronic problems with inadequate DC (direct
current) output from their power supplies that may require adjustment. Keep in mind
that memory chips are power hogs (that is, they’re high-consumption items), and
if they aren’t powered properly, they can’t work properly, which can cause the Sad
Mac to be generated.

Occasionally the Sad Mac codes aren’t legible. As previously mentioned, you
can press the reset switch and see if you can catch a glimpse of the actual codes. If
you’re really unlucky, they may look like gibberish or you may have jail bars or
zebra stripes going through the Sad Mac. These cases are almost always power or
memory related. Rule out the power first, and then go for the SIMMs.

Summary of Sad Mac error codes

If you were to press the NMI interrupt button on the side of your Macintosh
when booting, you would get a Sad Mac icon with OFO00D and some bits cycling
under the icon indicating it’s performing a memory test, which would be normal.
The code OF000D indicates that the NMI button has been depressed.

This numeric code is in two parts: the first two characters are the class code and
the second four are the subclass code. The class code tells what part of the diag-
nostic program found the error, and the subclass code tells what the error was. In
the case of a bad RAM chip, the subclass code indicates the bad chip(s).
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Table 4-2.

Class Code Subclass Code

1 ROM test failed........ccccoovevcrvevrenrcnnrensconnns Has no meaning

2 Memory test (bus subtest)...........cccecrveenenne Indicates failed chip(s)
3 Memory test (byte Write) ......ccccoeeeeeerueenennas Indicates failed chip(s)
4 Memory test (Mod-3 test) ......cccceecvvrcrrecnene Indicates failed chip(s)
5 Memory test (address uniqueness)............. Indicates failed chip(s)

Single chip Identification (subclass code locations)

Data Bit Location Subclass Code Bits
0 F5 0001

1 F6 0002

2 F7 0004

3 F8 0008

4 F9 0010

5 F10 0020

6 F11 0040

7 F12 0080

8 G5 0100

9 G6 0200

10 G7 0400

1 G8 0800

12 G9 1000

13 G10 2000

14 G11 4000

15 G12 8000
Class Code Subclass Code
F = Exception

0001 ...eeecreeeeeeeeesersneenne Bus error

0002 ......ccoovtrmrrmennessniensaassenas Address error
0003 ..... ....Illegal instruction
0004 ... Zero divide
0005 ........oeeeteieecnenne Check instruction
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Class Code Subclass Code

0006 ......cccovviririeneiiriireenens Traps instruction

0007 ..oonericrinirrirencninieeeeins Privilege violation

0008 .....ccocovirieeeniriesareeenees Trace

0009 ...coorererrreemererereeereneaneans Line 1010

000A ......eceererrereenreeeeneaenns Line 1111

L0100 = J USRS Other exception
000C......coeiiitreecnenneesennens Nothing

000D......ccommimirvreanrcrmenene NMI (normal NMI switch)

0064 ......eooercreaerneenaresennans Couldn’t Read System File into Memory

Macintosh SE and Macintosh I| ROMs

The Sad Mac error codes have been changed to incorporate additional power
for testing and to support the 32-bit world. Generally, the same codes are used for
68000 exceptions as the Macintosh, however they are displayed differently.

The traditional Macintosh error codes are displayed like this:

L

0F0003

where F indicates that an exception has occurred, and 3 indicates an illegal instruc-
tion occurred. On the Macintosh SE and II, the display would appear:

L

0000000F
00000003

Please note that 00000003 is a hexadecimal number. The new power on error
codes have the following format:

XXXXYYYY
222222722
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where XXXX is internal test manager state information (ignore this), YYYY con-
tains codes that indicate either an exception code or the test number for a power on
test failure. The ZZZZZZZZ code contains additional failure information to help
track down the problem.

YYYY error codes
$0001 ...... The ROM checksum test failed. Ignore the Z field.
$0002 ...... The first small chunk of RAM to be tested failed. The Z field indi-
cates which RAM Bit(s) failed. This small chunk of RAM is always
in Bank B.
For example: $AABBCCDD
AA=8-bit mask for bits 31-24
BB=8-bit mask for bits 23-16
CC=8-bit mask for bits 15-8
DD=8-bit mask for bits 7-0
$0003 ....... The RAM test failed while testing Bank B, after passing the chunk
tested for code $0002. The Z field indicates which bits failed, as in
code $0002.
$0004 ....... The RAM test failed while testing Bank A. The Z field indicates
which bits failed, as in code $0002.
$000s5 ....... The RAM external addressing test failed. The Z field indicates a
failed address line.
$0006 ....... Unable to properly address the VIA1 chip. The Z field is not
applicable.
$0007 ....... Unable to properly address the VIA2 chip (Macintosh II only). The
Z field is not applicable.
$0008 ....... Unable to properly access the front desk bus. The Z field is not
applicable.
$0009 ....... Unable to properly access the MMU. The Z field is not applicable.
$000A.......Unable to properly access NuBus. The Z field is not applicable.
$000B .....Unable to properly access the SCSI chip. The Z field is not
applicable.
$000C .....Unable to properly access the IWM chip. The Z field is not

applicable.
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$000D........Unable to properly access the SCC chip. The Z field is not applicable.

$000E ......Failed data bus test. The Z field indicates the bad bit(s) as a 32-
bit mask for bits 0-31. This may indicate either a bad SIMM or
data bus failure.

$000F .......Reserved for Macintosh compatibility.

$FFxx.......A 680xx exception occurred during power on testing, where xx indi-
cates the specific exception:

$01............ Bus error

$02.......c... Address error
$03............ Illegal Instruction error
$04............ Zero divide

$05............ Check instruction
$06............ cpTrapCC, Trap CC, Trap V
$07............ Privilege violation
$08............ Trace

$09............ Line A

$0A........... Line F

$0B........... Unassigned
$0C........... CP protocol violation
$0D........... Format exception
$0E........... Spurious interrupt

$0F ........... Trap 0-15 exception
$10............ Interrupt Level 1
$il............ Interrupt Level 2
$12............ Interrupt Level 3
$13..ene Interrupt Level 4
$14............ Interrupt Level 5
$1S......e... Interrupt Level 6
$16............ Interrupt Level 7
$17........... FPCP unordered condition
$18............ FPCP inexact result
$19............ FPCP divide by zero
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$IA ......... FPCP underflow

Ly e— FPCP operand error

B1C o snenerie FPCP overflow

PID s FPCP signalling NAN

1§ AP PMMU configuration

1§ s im—— PMMU illegal operation

2] | I PMMU access level violation

Macintosh Portable ROMs

The ROM code in the Macintosh Portable contains a series of P.O.S.T. tests that
ensure the machine is working properly. If any of those tests fail, a Sad Mac icon
appears on the screen with a code below that describes what failure occurred. Here’s
a typical example of a Sad Mac display with an error code below it:

= D7.L
esuseze3#”ﬂ#
9000 B6DB
6L

The two codes are actually the contents of the two CPU data registers D6 and
D7. The upper word {upper four hex digits, in this case 0546) of D7 contains mis-
cellaneous flags that are used by the start-up test routines and are unimportant to
just about everybody except a few test engineers within Apple. The lower word of
D7 is the major error code. The major error code identifies the general area the test
routines were in when a failure occurred. D6 is the minor error and usually contains
additional information about the failure, something like a failed bit mask.

The major error is further broken into the upper byte that contains the num-
ber of any 68000 exception that occurred ($00 meaning that no exception occurred),
and the lower byte that usually contains the test that was being run at the time of
failure. If an unexpected exception occurred during a particular test, then the
exception number is logically ORed into the major error code. This way both the

97



TROUBLESHOOTING YOUR MACINTOSH

exception that occurred as well as the test that was running can be decoded from
the major error code.

In this example the code says that an address error exception ($0200) occurred
during the RAM test for Bank A ($03); $0200 ORed with $03 = $0203.

Major Error Codes

Below are brief descriptions of the various test codes that might appear in the
major error code. (Note: Some of these codes may mean slightly different things in
Mac models other than the Macintosh Portable.)

These description describe specifically how they are implemented in the Mac-
intosh Portable.

$o1 .......... ROM test failed. Minor error code is $FFFF, means nothing.

$02 ........... RAM test failed. Minor error code indicates which RAM bits failed.

$05 .......... RAM external addressing test failed. Minor error code indicates a
failed address line.

$06 .......... Unable to properly access the VIA1 chip during VIA initialization.
Minor error code is not applicable.

$08 .......... Data bus test at location eight bytes off of top of memory failed.
Minor error code indicates the bad bits as a 16-bit mask for bits 15-
00. This may indicate either a bad RAM chip or data bus failure.

$0B ......... Unable to properly access the SCSI chip. Minor error code not
applicable.

$oC ......... Unable to properly access the IWM (or SWIM) chip. Minor error
code not applicable.

$0D ......... Not applicable to Macintosh Portable. Unable to properly access
the SCC chip. Minor error code is not applicable.

$0E .......... Data bus test at location $0 failed. Minor error code indicates the

bad bits as a 16-bit mask for bits 15-00. This may indicate either a
bad RAM chip or data bus failure.

$10 .......... Video RAM test failed. Minor error code indicates which RAM
bits failed.
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$11 ... Video RAM addressing test failed. Minor error code contains the
following:
Upper word= Failed address (16-bit)
Msb of lower word = Data written
Lsb of lower word = Data read
Data value written also indicates which address line is being
actively tested.

$12 ... N/A
$13 .......... N/A
$14 .......... Power Manager processor was unable to turn on all the power to

the board. This may have been due to a communication problem
with the Power Manager. If so, the minor error code contains a
Power Manager error code explained in the next section.
$15 ... Power Manager failed its self test. Minor error code contains the
following:
Msw = Error status of transmission to power manager
Lsw = Power Manager self test results (0 means it passed,
non-zero means it failed)
$16 ............ A failure occurred while trying to size and configure the RAM.
Minor error code not applicable.

Minor Error Codes

If a problem occurs during communication with the Power Manager, the fol-
lowing error codes will appear somewhere in the minor error code (usually in the
lower half of the code, but not always):

$CD38......Power Manager not ready to start a handshake

$CD37......Time out waiting for a reply to the initial a handshake
$CD36......During a send, the Power Manager did not start a handshake
$CD35......During a send, the Power Manager did not complete a handshake
$CD34......During a receive, the Power Manager did not start a handshake
$CD33......During a receive, the Power Manager did not finish a handshake

99



TROUBLESHOOTING YOUR MACINTOSH

Diagnostic Code Summary

Below is a summarized version of the Sad Mac error codes.

Test codes
$01........... ROM checksum test
$02 .......... RAM test
$05............ RAM addressing test
$06 .......... VIA1 chip access
$08............ Data bus test at top of memory

$0B .......... SCSI chip access
$0C........... IWM (or SWIM) chip access
$0D.......... N/A to Macintosh Portable; SCC chip access

$CE........... Data bus test at location $0

$10 .......... Video RAM test

$11........... Video RAM addressing test
$14 ... Power Manager board power on
$15........... Power Manager self test

$16 .......... RAM sizing

Power Manager communication error codes
$CD38......Initial a handshake
$CD37......No reply to initial a handshake
$CD36......During send, no start of a handshake
$CD3s5......During a send, no finish of a handshake
$CD34......During a receive, no start of a handshake
$CD33......During a receive, no finish of a handshake

CPU exception codes (as used by P.0.S.T.)
$0100.......Bus error exception code
$0200 ......Address error exception code
$0300.......Illegal error exception code
$0400 .......Zero divide error exception code
$0500 .......Check inst error exception code
$0600 ......cpTrapcc, Trapcc, TrapV exception code
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$0700....... Privilege violation exception code
$0800 ......Trace exception code

$0900 ......Line A exception code

$0A00 .....Line F exception code

$0B0O ......Unassigned exception code
$0CQ0 ......CP protocol violation

$0DOO .....Format exception

$0EQO ......Spurious interrupt exception code
$0FQ0 ......Trap inst exception code

$1000 ......Interrupt level 1

$1100 ...... Interrupt level 2

$1200 ......Interrupt level 3
$1300.......Interrupt level 4

$1400 .......Interrupt level 5

$1500....... Interrupt level 6

$1600 .......Interrupt level 7

The question mark (?) startup icon

The question mark startup icon is the most common icon associated with a
startup problem. It simply means that your machine has passed the P.O.S.T. and
wants to load the disk-based portion of the operating system, but for some reason
it can’t. In other words, no startup disk has been found. This error can be hardware-
or software-related and sometimes a little bit tricky. For instance, if you’re booting
from a floppy drive that is very dirty, and the drive can’t read the startup diskette
properly, you’ll get an instant question mark icon. This is a hardware problem which
you can solve by cleaning the disk drive. However, it’s possible that the drive itself
may be defective, which would also be hardware-related. If this is the case, repair
or replace the disk drive. If the floppy diskette is missing a valid System Folder file,
the same error appears and you should try a known good diskette. This would be a
software problem.

Now, suppose you’re attempting to boot from a hard disk drive and you get the
? icon. The drive or cables could be bad or misconfigured. These are typical hard-
ware problems that require you to verify your hardware and configuration (ID num-
ber, termination, cables, and so on).
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If a virus or some unknown force were to corrupt your operating system, boot
blocks, or device drivers, these are other forms of software problems. You should
punt! Trash your old System Folder, reinstall your hard disk drivers, search and
destroy the virus (if one was present), and then reinstall the system.

However, the most common cause of the ? icon is forgetting to turn on your
external SCSI devices before your turn on their Macintosh. This is important because
part of the Macintosh startup sequence is to poll the SCSI bus starting with ID num-
ber 6, then 5, 4, 3, 2, 1, 0, searching for a valid startup disk. If the external devices
are not on before the Mac is powered up, the Mac will blow right by them. End
result: You get the ? startup icon.

Other common hardware problems can be improper or bad SCSI configurations,
conflicting ID numbers, improper termination, bad cable, bad drive, temperature prob-
lem (that is, your drive is too cold—Ilet it warm up first), faulty SCSI controller IC, or
a blown fuse on the drive or logic board. Apple also had a large batch of bad Quantum
40 and 80MB hard disk drives. Most dealers got a recall notice (the average Joe/Jane
did not). It makes you wonder how many people bought new ones versus how many
got them fixed free under warranty. They also have some real nasty problems with
some older Sony 40MB drives. These drives occasionally fail to boot or just stop spin-
ning. Any one of these things could generate the ? icon. Rule this stuff out first.

Things to try

1. Were the external SCSI devices (drives and so on) powered up before your
Mac was? If not, start over.

2. Did you recently change your SCSI configuration? If so, perhaps you have
a configuration problem. Verify ID numbers, cables, connections, and ter-
mination. If not, verify them anyway.

3. If you were booting from a floppy drive, does the drive itself look dirty? If
so, clean it with a drive/head cleaning kit. If the floppy drive isn’t spinning
or is acting up, it may need to be repaired or replaced.

4. If you’re booting from a hard disk drive, can you hear it it spinning? If not,
you may have a defective drive with a stiction or some other serious prob-
lem. Apple has a bunch of these defective drives floating around. It’s pos-
sible that your drive was one of these. There was a quiet recall notice issued.
Most Mac users are not aware of this, so a call to Apple may be in order.
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It’s also possible that the drive is dead. You may want to test the drive
with a program such as Disk Manager Mac or Silver Lining, both of which
are excellent hard disk utility programs. Some fine shareware programs are
out there as well. You might also want to check whether your drive has a
blown fuse on its little circuit board. A fuse is typically marked with an “F”
(as in F1).

In addition to this fuse, almost all newer Macintosh computers typi-
cally have a 1-amp pico fuse on the logic board directly behind the SCSI
port. It’s usually marked with an “F” and is there to protect the SCSI cir-
cuit. When this fuse blows, no external SCSI devices can work, but the
internal device (if any) typically can.

These fuses frequently go bad due to users plugging in SCSI cables
while the unit is on. This is a no-no! Fuses are tested by performing a con-
tinuity test. By the way, if your 25-cent fuse is bad, don’t count on Apple
replacing it. The technical procedures manual their technicians have doesn’t
mention it. It simply states: Replace logic board and of course collect all
of that money. Ouch!

5. You could have a software problem, such as a missing or corrupt system,
bad boot blocks, missing driver, real bad Desktop, or other problems related
to the data structure. The way to recover from these situations is simple. Fol-
low the exact procedures previously mentioned in this chapter (except the
stuck programmers switch) used to combat the OF software-related Sad Mac
startup icon. Just make sure you have that known good copy of the operat-
ing system software around.

As we’ve seen, there are many things that can cause the question mark (?) icon.
Through a methodical process of elimination, you can eventually have a good idea
whether the problem was due to the software or the hardware. Most are easily cor-
rected and typically your Apple dealer need not evaluate the problem. Save your
money for a vacation or for more computer goodies.

The X startup icon

Last but not least we come to the X startup icon. This icon is a piece of cake
compared to the other icons that we’ve reviewed. It appears on the Macintosh screen
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when the Mac attempts to execute the operating system startup process from an
uninitialized (unformatted) or non-Macintosh floppy diskette. The Mac ejects the
diskette (usually) and then displays the X icon. This error is most common in Macs
without hard disk drives or in any Macintosh configuration where the user is boot-
ing up from a floppy diskette. On some rare occasions the X icon is generated
because the diskette ejected during startup. If you hold down the mouse button dur-
ing startup, it could cause the disk to eject. The solution in this case is very simple.
Locate a known good startup diskette and insert it into your floppy drive. The
machine does the rest. That’s all there is to it!

Summary

This chapter has covered the Macintosh power-on self test and startup process
in great detail. Startup chords, the four basic startup icons—Happy Mac, Sad Mac,
7, and X—where they come from, and what they really mean have been discussed
as well. When trying to troubleshoot a sick Mac, these startup icons may seem vague
compared to other manufacturers’ P.O.S.T.s. However, they do give you a place to
start. Whether the problem is hardware- or software-related, a methodical approach
to the problem is always the best. While everyone usually has his or her own way
of doing things, this chapter offers some suggestions you may not have thought of
trying before. It’s impossible to say that this information will cure all Mac ailments,
but you better believe it can make most of them go away.
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CHAPTER 5

Memory, Upgrading, and
Adding SIMMs

Memory in a computer refers to any integrated circuit (IC) capable of storing infor-
mation that will be used by your computer at a later time. In some ways this is sim-
ilar to the way human memory works, in that we store and retain memories of
events, people, places, and things for future use. Like human memory, which con-
sists of many specialized brain cells, a computer’s working memory—or RAM
(random access memory)—is also made up of many specialized circuits, which are
defined as memory chips. Most Macintosh computers use DRAM (dynamic ran-
dom access memory) chips. Dynamic, as used in this context, refers to something
that is constantly changing. Because of their design, DRAM chips need to have
their contents continuously refreshed by the computer. This makes them constantly
changing, or dynamic.

System RAM

System RAM is the working memory of your computer’s system. The amount
of RAM available and the memory addresses it occupies are different, however, on
various models in the Macintosh family. The main reason for these differences is
the use of different microprocessors and their different-sized address buses: the
MC68000, with 24-bit addresses; and the MC68020, MC68030, and MC68040,
with 32-bit addresses.

System RAM contains the system heap, a copy of parameter RAM, global vari-
ables, application heaps, the stack, and other information used by applications.
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In the Macintosh Classic and earlier Macintosh computers, the following hard-
ware devices share the use of system RAM with the MC68000:

* The video display, which reads the information for the display from one of
two screen buffers in RAM

 The sound generator, which reads its information from one of two sound
buffers in earlier Macintosh computers, or from one sound buffer in the Mac-
intosh Classic

* The disk-speed controller, which shares its data space with the sound buffers

System RAM in the Classic II, SE/30, and modular Macintosh II-family com-
puters contains the system heap, a copy of parameter RAM, various global vari-
ables and trap handlers, application heaps, the stack, and other information used by
applications. The video display and sound generator in the Classic II, SE/30, and
modular Macintosh II family have their own dedicated memory buffers and do not
use system RAM. In the Macintosh IIsi and IIci, the built-in video generator uses
system RAM for its screen buffer.

Access Time

The time needed to refresh, read, or write to the computer’s memory chip is
known as access time. All chips have an access time rating. This rating isn’t a speed
rating, such as 100 mph, but rather a rating in time, specifically nanoseconds (bil-
lionths of a second). A chip with a rating of 150 nanoseconds can be accessed every
150 billionth of a second. A chip with a rating of 120 nanoseconds can be accessed
every 120 billionth of a second. This is 30 nanoseconds better (or 20%) than the
150-nanosecond chip. When describing memory chips, a lower access time equals
better performance (just like golf).

Memory can come in single-chip or multiple-chip configurations. Newer Mac-
intosh computers use a muitiple-chip package known as a SIMM (single inline mem-
ory module). A SIMM module is nothing more than several memory chips mounted
on a small printed circuit board. These circuit boards are then installed into special
SIMM sockets located on your computer’s logic board. This approach has the fol-
lowing advantages over single-chip configurations found in, for example, the older
IBM PC-XT machines.
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* It’s impossible to bend the metal legs of the chip during installation. SIMMS
already have the chips soldered into place.

* Since the chips are soldered into place, it’s impossible for them to “walk”
or work themselves loose.

The SIMM configuration also has some disadvantages:

* If a single chip of the SIMM fails, the entire SIMM module must be replaced.
This wastes the remaining good chips. Repairing SIMM modules is not yet
cost effective.

* It’s rather easy to break the plastic SIMM sockets on the logic board.

The following SIMM speed ratings are recommended for the particular Mac-
intosh models:

Mac Plus 150 nanoseconds or better
Mac SE 150 nanoseconds or better
Mac SE/30 120 nanoseconds or better

Mac Classic & Classic I 120 nanoseconds or better

You can use SIMMs that are rated better (that is, have lower access times) than
the recommended access times. These modules work well because they can be used
only at the system’s predetermined memory refresh rate, no faster. Thus you won’t
hurt anything by using modules with a better rating, except your wallet since you’ll
be paying for speed you can’t use.

Never use SIMMs with higher access times (that is, slower) than the rec-
ommended rating. These SIMMs won’t be able to keep up with the refresh cycle
and will fail.

SIMMs and Why They Are Used

Basically a SIMM is a small PCB (printed circuit board) that has two, three,
eight, or nine chips affixed to it, depending on the density and capacity of the SIMM.
The SIMM easily fits into a special socket located on the main logic board. In the
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RAM 1C (1 of 8)

Figure 5-1. RAM ICs in a SIMM

past, memory upgrades and repairs were made by removing single ICs (chips). These
chips were either socketed or soldered. The soldered chips were extremely difficult
to remove properly without high-grade soldering equipment. The logic boards are
multilayered and easily damaged by cheap soldering irons and inexperienced trou-
bleshooters. The advantage to the soldered chips is that when mounted (soldered)
to the board, they do not pop out of their sockets, a phenomenon known as chip
walking, which is common with the socketed chips.

Users hate soldered memory chips because they cannot upgrade or repair their
systems easily. Manufacturers love them because the chips stay put, which keeps
the failure rates lower. Users love socketed chip designs because they can use a chip
puller or butter knife to pop them out and replace them in a few minutes. The major
drawbacks to this type of design are the chip walking effect and the ease with which
the legs can be accidentally bent on the individual chips when they are being replaced.
The SIMM is the best of both worlds: the chips are soldered to a small PCB board,
making them permanent, but the whole module plugs into a socket, making it eas-
ily replaceable.

Why do memory chips walk, and is this a problem on any particular Macin-
tosh computer? Well, chip walking isn’t confined just to memory chips: it can occur
in any computer or electronic device that utilizes single-dip socketed (dual inline
package) ICs. The reason that the chips walk is simple—the legs of the socketed
ICs are made of metal. Whenever you heat and cool metal, it expands and
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contracts. When the computer is off, it’s cool; when it’s on, it heats up, as do all
of your computers components.

Over a period of time the chips will work themselves partially out of the socket,
which will cause either an immediate or an intermittent failure. When a chip walks
it may not be visually noticeable. However, if you were to reseat all of your sock-
eted ICs by gently pushing down on them, you would probably feel several of them
move back down into the socket, making proper contact. Reseating should be an
integral part of any preventative maintenance program. Also, when reseating make
sure that you don’t forget about static electricity precautions.

As far as the Macintosh is concerned, any Mac that uses socketed chips of any
kind can experience this problem. Since there are so many different models and
revisions of Macintosh computers, it’s hard to give you an exact listing. I can tell
you that the older Macs such as the Plus, the SE, and the original Mac II have more
socketed ICs (and problems with walking) than, for example, a Mac SE/30, Mac
Ilcx, Ilci, or IIfx. You’ll never have this problem, however, with the PowerBooks
or the original Macintosh Portable because almost all of the ICs in those comput-
ers utilize a heavily soldered surface-mount design. These units use expensive, cus-
tom, memory upgrade boards—not conventional chip or SIMM packages. Even
though it’s expensive, you get what you pay for. In this case, you are paying for the
advanced technology and reduced design.

Disadvantages of using SIMMs

The obvious disadvantage of using SIMM s is that you have several chips mounted
on the little baby PCB that functions as a module or unit. If one or more of the chips
on the SIMM fail, the entire module has to be replaced, even though the module may
still have several good chips on it. This is a quick and convenient way to fix a machine.

Despite its convenience I still have a problem throwing away the good chips
on a SIMM, so I don’t. I save them and sell them in quantity to companies that recy-
cle memory modules. These companies typically advertise in magazines such as
Service News and pay or barter with you for your dead SIMMs. You aren’t going
to get rich doing this, but it if you have a bunch of them, you can often get enough
to buy some more Mac goodies. The SIMMs are not hard to repair if you have a
SIMM tester, surface-mount soldering equipment, and the time. But I personally
would not waste my time or money unless I had a box of dead 16MB SIMMs, which
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at this time are very expensive, as opposed to the 256K, cheapie SIMMs. Then, I
might make the time or send them out. It’s a lot easier to call MacWarehouse, Mac-
Connection, MacZone, or whoever and order new ones.

The second problem with SIMMs are the SIMM sockets on the motherboards
themselves. This is where the SIMMs are physically installed. The real problem is
that most of these sockets are made of cheap plastic and can break easily if the user
uses Hulk Hogan-like force when installing the SIMMs and tears off the two little
tabs. Newer sockets are coming with high-grade metal tabs that usually don’t break.

On the socket are two of these tabs that hold the SIMM in place. If you do
break them, you might get lucky and only break one of the tabs. The other can still
hold the SIMM in place if you seat it carefully and securely. Under no circumstances
should you put anything conductive in the machine to hold it in place. I have found
paper clips and balls of tin foil wedged between SIMMs inside clients’ machines.
No wonder they had problems.

Incidentally, the SIMM sockets are almost impossible for the average user to
replace without expertise and proper equipment. There are third-party maintenance
organizations such Mactronics, Micromat, and GTE that service Macintoshes and
can do this repair at a reasonable price. Apple dealers don’t provide this service.
However, they will sell you a new motherboard.

Although a new replacement is more convenient than a repair job, it’s not more
cost effective. Recently an “authorized Apple dealer” gave me a quote of $372 for
a replacement SE motherboard, plus $175 for labor to install it, making the grand
total $547. And that was with my old board in exchange.

I can buy an entire used Mac SE listed in the back of MacWeek magazine for
between $595 to $695. Mactronics and Micromat will repair this for less than $200
with a complete warranty, and I can install the board myself and save the labor
money. Turnaround time for the repair can be within 48 and 72 hours, if you are
willing to spend about $25 more for Federal Express overnight delivery.

Apple doesn’t endorse this practice, and third-party repair voids your Apple
warranty. But then again, so does busting your SIMM sockets. Apple technicians
are trained to look for this stuff. If your warranty has expired, do what you have to
do within your budget. If it’s under warranty, never work on that machine: take it
back to Apple for service.
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Keep in mind I have waited from three days to three weeks for Apple dealers
to get my repair parts. If you are going to use an authorized dealer for repair, call
around and see if they have parts for your model in stock or on order. The mega-
dealers, like Falcon Micro in Maryland, have enormous quantities of repair parts
in stock and are good places to go for service.

Other problems with SIMMs

Debris build-up in the sockets can make connection with the SIMM contacts
poor. In addition, the wires in the SIMM socket that make contact can also easily
be bent, making a poor connection or no contact.

Over a period of time the contacts on a SIMM can become corroded. You must
clean the contacts with a nonconductive contact cleaning solution such as Blue
Shower or Tech Wipe. If you’re in a crunch, use a pencil eraser every now and then
to remove the corrosion, but I wouldn’t make a habit of it. If you use the eraser too
much, you can actually erode away the contacts.

Adding Memory

You can expand or modify the RAM of your computer by adding SIMM mod-
ules or upgrading to ones that have chips with greater storage capacity. (Another
option that increases system RAM is installing a NuBus memory card.) Be careful
when performing any of the SIMM upgrades because if you damage your computer
Apple may void your equipment warranty.

But regardless of how you choose to expand your computer’s memory, make
certain that the chips or SIMMs you use are suited for your specific Macintosh
model, as shown in the following chart. The SIMMs shown are those sold by Apple.
You can also buy third-party SIMMs that may have different chip configurations
but work fine. The amount and configuration of RAM you can add to a Macintosh
varies. Each model can accommodate only certain configurations.
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Figure 5-2. Typical 8-bit 256K SIMM rated at 100 nanoseconds access time
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Macintosh Plus and SE
The Mac Plus and Mac SE have the same upgrade potential.

Table 5-1.

Desired RAM Mac SIMMs

512K Two 256 Kbit SIMMs

1MB Four 256 Kbit SIMMs

2MB Two 1 Mbit SIMMs

2.5MB Two 1 Mbit SIMMs and two 256 Kbit SIMMs
4 MB Four 1 Mbit SIMMs

Although the possible configurations are identical, memory does not reside in
the same place on a Mac Plus and a Mac SE motherboard. SIMMs must be placed
in the correct location when you are using combinations of SIMM sizes, and the
correct resistors must be cut. Two-SIMM configurations use slots 1 and 2 in a Mac
Plus and an SE with the original motherboard. They use slots 3 and 4, however, on
an SE with a revised motherboard.

Macintosh Classic

The Mac Classic comes with IMB of RAM soldered on the motherboard. To
expand the system, you must buy an expansion card. This card will have another
1MB of RAM soldered in place, and two SIMM sockets. This gives you the fol-
lowing options:

Table 5-2.

Desired RAM Mac SIMMs

1MB Eight 128 Kbit DRAMs soldered
to the main logic board

2MB The memory expansion card and
the jumper set to “SIMM NOT INSTALLED"

25MB Two 256 Kbit SIMMs on the memory expansion card
and the jumper set to “"SIMM INSTALLED"

4 MB Two 1 Mbit SIMMs on the memory expansion card

and the jumper set to “SIMM INSTALLED"
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If you choose to fill the SIMM socket on the expansion card, Apple recommends
that you use either two 256 Kbit or two 1 Mbit parts rated at 120 ns or better.

Macintosh Classic Il

The Classic II comes with 2MB of RAM soldered on the logic board and two
SIMM sockets. Each socket can hold 1, 2, or 4MB SIMMS, running at 100 ns
or better SIMMs. Configure your system at 2, 4, 6, or 1I0MB, as the following
table shows.

Table 5-3.

Built-in + SIMM size x2 = Total RAM (MB)
2 0 2

2 1 4

2 2 6

2 4 10

Macintosh SE/30, II, lix, and llcx

The Macintosh SE/30, II, IIx, and IIcx computers use a 32-bit data bus with
eight-bit SIMMs. You must, therefore, upgrade in four-SIMM chunks. The SIMM
slots were organized with this in mind: there are two banks of four SIMM slots on
each motherboard. All you have to do is install the SIMMs in the correct banks.

Table 5-4.
Macintosh model Bank A Bank B
Macintosh SE/30 Located next to the ROM SIMM  Located next to the 68882
coprocessor
Macintosh Il and lIx The bank located closest to the Directly behind Bank A
edge of the board
Macintosh llcx Located closest to the disk drives  Directly behind Bank A

and power supply
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Magcintosh llex

Macintosh llci

Figure 5-3. Macintosh licx and llci memory configuration showing placement of
Banks A and B
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Apple calls these banks Bank A and Bank B. You may also hear them referred
to as Bank 0 and Bank 1, respectively. I will follow Apple’s nomenclature. An exam-
ple of bank placement is shown in Table 5-3.

Table 5-3.

Desired RAM Necessary SIMMs SIMM location

1MB Four 256 Kbit SIMMs Bank A

2MB Eight 256 Kbit SIMMs Banks A and B

4 MB Four 1 Mbit SIMMs Bank A

5MB Four 1 Mbit SIMMs Bank A and four 256 Kbit
SIMMs in Bank B

8 MB Eight 1 Mbit SIMMs Banks A and B

Theoretically, the maximum memory supported by the models will be 128 MB
when using 16 MB SIMMs. Make sure the SIMMs are in the appropriate Bank. If
you’re using a combination of SIMMs, the larger SIMMs must be in Bank A.

Macintosh LC

The Mac LC comes with 2MB of RAM soldered to the main logic board and
two SIMM connectors used as a single additional RAM bank. Memory can be added
by installing SIMM pairs in this additional bank. You must, however, upgrade two
SIMMs at a time, using 100 ns or faster SIMMs. This gives you the following options:

Table 5-4.

Desired RAM Necessary SIMMs SIMM location

2MB Four 1 Mbit x 4 DRAMs Soldered to the
motherboard

4 MB Two 1 Mbit SIMMs In the SIMM connectors

6 MB Two 2 Mbit SIMMs In the SIMM connectors

10 MB Two 4 Mbit SIMMs In the SIMM connectors
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Figure 5-4. Typical Macintosh SE/30, I, and lix memory configuration

Macintosh lisi

Similar to the SE/30, II, IIx, and IIcx, memory in the Macintosh IIsi must be
upgraded in four SIMM chunks. The IIsi, however, only has one SIMM bank. Also,
the IIsi can only use 100 ns or better SIMMs.

Macintosh lici
Installing SIMMs on the Ilci can be very tricky. Physically, the Ilci has two
SIMM banks, A and B. Like the other 32-bit Macintosh computers, one bank con-
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sists of four, 8-bit SIMMs. However, because the IIci has special built-in video cir-
cuitry that “steals” from system memory, you must observe two important rules.

* If you are installing two banks of memory (8 SIMMs total) and the SIMMs
are of two different capacities (for example, four IMB SIMMs and four 256
SIMMs equalling SMB), then you should install the lower capacity SIMM
in Bank A, and the higher capacity in Bank B. This is the oppostie of the
other 32-bit Macs.

» When ordering SIMMs for the Ilci, always specify that you require dynamic,
fast-page mode SIMMs, which are optimum for this unit. You may use con-
ventional SIMMs; however, Apple does not reccommend this, and it may
slightly decrease performance.

The IIci’s SIMM banks are in the same location on the motherboard as the Iicx’s.
Bank A, for example, is near the disk drives. When upgrading the Ilci, you must
use 80 ns or better SIMMs with 256K or 1MB capacities. This gives you the fol-
lowing options:

Table 5-7.

Desired RAM Necessary SIMMs SIMM location

1MB Four 256 Kbit SIMMs Bank A or Bank B

2MB Eight 256 Kbit SIMMs Banks A and Bank B

4 MB Four 1 Mbit SIMMs Bank A or in Bank B

5MB Four 256 Kbit SIMMs Bank A and four 1 Mbit
SIMMs in Bank B

5MB Four 1 MBit SIMMs Bank A and four 256 Kbit
SIMMs in Bank A

8 MB Eight 1 Mbit SIMMs Banks A and Bank B

If you have one of the special Macintosh IIci models that includes parity error
detection you will need to upgrade using parity RAM chips. These SIMMs are nine
bits wide rather than eight, but installation is the same as on other IIci computers.
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Macintosh lifx

Like the Mac IIx, the IIfx has two banks of SIMM slots. These banks are located
in about the same place on the motherboard as the IIx banks, but they are in slightly
different positions: Bank A is near the back of the machine while Bank B is near
the 68030.

The IIfx will accommodate 1 and 4MB, 80 ns or better SIMMs. Do not use
SIMMs with a lower access time. If you are mixing SIMMs of differing capacities,
larger SIMMs (those adding more megabytes) should go into Bank A. And finally,
if you’re only adding 4 SIMMs, add them to Bank A. Following these rules gives
you the options in Table 5-8.

Table 5-8.

Desired RAM Necessary SIMMs SIMM tocation

4 MB Four 1 Mbit SIMMs Bank A

8 MB Eight 1 Mbit SIMMs ’ Banks A and Bank B

16 MB Four 4 Mbit SIMMs Bank A

20 MB Four 4 Mbit SIMMs Banks A and four 1 Mbit
SiMMs in Bank B

32 MB Eight 4 Mbit SIMMs Banks Aand B

Macintosh Quadra 700

There are.two banks of dynamic RAM on the Quadra 700 that are controlled
by an Apple custom IC, the memory control unit (MCU) chip. The first bank con-
tains 4MB of dynamic RAM soldered down, and therefore permanently placed. The
second bank can support 1 or 4MB, 80 ns SIMMs. Although the Quadra 700 can
theoretically support 16MB SIMMs, this has not been tested. The Quadra 700 can
use 60 ns SIMMs. There is no reason to use these more expensive SIMMs, how-
ever, since the memory circuitry is timed to work at 80 ns.

If you do use 60 ns SIMMs, you must fill the entire bank with them. You should
never mix SIMMs of varying speeds in a single Quadra 700 bank. It is also impor-
tant to avoid partially filling a memory bank. A bank should either be empty or
completely populated.

119



TROUBLESHOOTING YOUR MACINTOSH

Macintosh Portable

Like the newer PowerBook computers, the Macintosh Portable uses memory
expansion cards rather than SIMMs. The Portable ships with IMB of RAM on the
main logic board and one slot for a RAM expansion card. Since there is only one
slot, upgrade possibilities are limited by the size of available, compatible expan-
sion cards. Currently, there is only one official expansion card available: Apple’s
1MB memory expansion kit. However, third-party expansions are available.

PowerBook 100

The PowerBook 100 comes with 2MB of PSRAM (pseudo-static RAM) of four
4 Mbit chips of 512 by 8 bits each. These are 100 ns chips with no processor wait
states, except when the pseudo-static RAM itself is being refreshed.

As with the other PowerBooks, the 100 has a 70-pin RAM expansion connec-
tor that can accommodate 2, 4, or 6MB expansions cards.

Like the Macintosh Portable, the PowerBook 100 has batteries that power the
System RAM even when the computer is off. This protects your RAM disks, sav-
ing their contents even after the System is shut down.

PowerBooks 140, 145, and 170

The PowerBook 140, 145, and 170 have 2MB of PSRAM, made up of four 4
Mbit chips of 512K x 8-bits each. There is one expansion slot, which you can use
to expand the systems to 8MB of RAM. All three PowerBooks use 100 ns PSRAM.
They also all have a 70-pin RAM expansion connector that supports a 2, 4, and
6MB RAM expansion card.

Frequently Asked Questions on SIMM Upgrades

Qo I plan on upgrading my SE and SE/30s to System 7. Do I need to
upgrade my memory, and if so how much do I really need?

A. First of all, I personally wouldn’t upgrade any Macintosh to System 7 that
didn’t utilize true 32-bit data path and processor architecture. Macintosh comput-
ers that utilize the MC68030 or MC 68040 processors are your best bet (SE/30,
IIcx, Isi, ci, IIfx, Quadras, and PowerBook 140, 145, and 170).
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Table 5-9. RAM configuration summary

Permanent  No. of Allowable Physical RAM Req.
RAM SIMM slots SIMM sizes Totals Speed
Compact Family
Plus 0 4 256K,1 512K,1,2,2.5,4 150 ns
SE 0 4 256K,1 512K,1,2,2.5,4 150 ns
Classic 1 2 256K,1 1,2,25,4 150 ns
Classic Il 2 2 1,24 2,4,6,10 100 ns
SE/30 0 8 256K,1,4,16 1,2,458...128 120 ns
Modular Family
Ii 0 8 256K,1,4,16 1,2,4,5,8...68 120 ns
lix 0 8 256K,1,4,16 1,2,4,5,8...128 120 ns
llex 0 8 256K,1,4,16 1,2,4,58...128 120 ns
LC 2 2 1,2,4,16 2,4,6,10 100 ns
lsi 1 4  256K,512K,1,2,4,16 1,2,3,5,9,17...65 100 ns
lici 0 8 256K,1,4,16 1,2,4,5,8,16,
10,17,20,32...128 80 ns
Quadra700 4 4 1,4,16 4,8,20...68 80 ns
Quadra800 O 16 1,4,16 4,8,12,16,20,
24,28,32,36,

Portable Family

40,48,52,64...256

80 ns

You add RAM to Macintosh Portable and the PowerBook computers via expansion cards. Memory of these cards can
range from 1MB to 4MB for the Portable, 1MB to 3MB for the backlit Portable, and 2, 4, or 6MB for the PowerBook.

Portable 1 0 n/a 1,2,3,4,5,6,7,8,9 100 ns
Portable

(backlit) 1 0 n/a 1,23,4,5,6,7,8 100 ns
lifx 0 8 1,4,16 4,8,16,20,32...128 80 ns
PowerBook

100 2 0 n/a 2,4,6,8 n/a
PowerBook

140/145 2 0 n/a 2,4,6,8 n/a
PowerBook

170 2 0 n/a 2,4,6,8 n/a
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Your Macintosh SE/30 uses a 68030 and will be a good candidate for System
7. Most people either go with 4 or go with 8MB of RAM. On the SE/30 I person-
ally would go 8MB and 8, 16, or higher megabytes on the IIfx and Quadra-class
machines. With System 7, the more the merrier.

The Macintosh Plus and Macintosh Classic use a 68000 processor, which can
run System 7 (but not well); however, due to a ROM limitation, these models can
only be upgraded to 4MB maximum, which is not a lot. Additionally, these units
are not nearly as powerful as their 68030 and 68040-based counterparts.

e I properly upgraded several Ilx, Ilcx, Ilci, and IIfx machines to
8MB or greater, but I can’t see all of the memory. What’s going on here?

A. Oops, some of the higher-end Macs have a compatibility problem addressing
above the 8MB barrier. The fix for this is called Mode 32, a program developed by
Connectix. You used to have to buy this program from Connectix; now Apple offers
it free to fix this glitch. APDA or your local dealer should be able to help you get it.

o I recently upgraded several Mac II and IIx’s to SMB using four 1MB
SIMMs and four 256K SIMMs, but the Finder says I only have 2MB present.
I have previously seen this type of error before on a Mac SE, but I really don’t
know why it happened or what’s going on now.

A. First make sure that all of the SIMMs are seated properly in their sockets.
If they are properly seated, verify that the SIMMs are in the correct sockets. Yes, I
said the correct sockets. In most Macintosh computers (except some SE models and
the IIci), you must fill Bank A first. (Bank A should be stenciled on your mother-
board.) If you are using two different capacity SIMMs (that is, 256K and 1MB),
you must put the higher capacity SIMMs in Bank A and the lower capacity in Bank
B. You must follow this rule in this situation, or a great deal of your memory won’t
be recognized.

There are exceptions to this rule. For instance, in the Mac lIci, the lower den-
sity go in Bank A the higher in Bank B. This is because the IIci has built-in video
but no built-in video RAM. The unit therefore “steals” memory from Bank A. The
nice thing about any of the SE/30, Mac II, IIx, IIcx, Ilci, Ilsi, IIfx computers is that
these machines autoconfigure when the memory is added or removed. You don’t
have to move any jumpers or switches, and you don’t have to cut any resistors.
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The SE is another strange exception. There are two flavors of the Mac SE moth-
erboard. The banks are reversed and you have to either move a jumper or cut a resis-
tor to achieve certain memory configurations, which is a real pain (this is discussed
later in this section). But, if you don’t get it right, the machine will not know how
much memory is in there.

Qo My SIMMs have all kinds of numbers on them. Are they impor-
tant? If so, what do they tell me?

A. The numbers on a SIMM are important can tell you the capacity and access
time of the SIMM, which is important information for you to know. Let’s look at
an example of a typical SIMM part number:

MC41256-120 9052

This part number can be broken down as follows: MC tells you that Motorola
Corporation is the manufacturer.

The number 1 is the width of each chip as expressed in bits, which is pretty use-
less to most people. As an unofficial rule, you can sometimes take this number and
divide it into the number 8 to arrive at how many chips usually will be mounted on
the SIMM. For instance, almost all Macintosh SIMMs have a data bit count of 8
bits. If the width of each chip is 1 bit, as in the example above, there will be 8 chips
mounted on the SIMM. If you had a 42256-120, you would have four chips on that
SIMM and so on. Not all manufacturers do things this way; there are always excep-
tions. Anyway, it’s easier to visually count the chips than it is to do the math.

The 256 is the depth of each chip in kilobits, which is 262,144 bits x 8 chips
total in this example, which is 2,097,152 total bits. Since there are 8 bits in a byte,
the byte total of this SIMM is also 262,144 (2,097,152 / 8). Simplified, 262,144
bytes is 256K (1K=1024 bytes; 262,144 /1024=256K) total capacity of this SIMM.
In other words this is a 256K SIMM.

The 120 is the access time of the SIMM as rated in nanoseconds (ns), or bil-
lionths of a second. Since this is a rating in time, the lower the number the better
the access time. For instance, a 100-ns rating is a better rating than 120-ns. Even
though 120 is a bigger number than 100, the 100 is still a better rating. This is a rat-
ing in time, not miles per hour. The lower the number the better. Think of it this
way: if I jog to the 7-Eleven in 200 minutes and you run there in 100 minutes, you
got there much quicker than I did. One hundred minutes is less time than 200 min-
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utes, and I probably would have a heart attack running that long. The manufacturer
always determines which access times are acceptable for a particular computer. If
they say that you require 100-ns or better, they mean 100, 80, or 75, not 120 or 150.
A -10 or a -1 on the end of a SIMM is an abbreviation for 1