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FOREWORD

Some repair facilities estimate that close to 75% of the time spent repairing a microcomputer
is spent !n finding the prablem. The committee that planned MAVCC's three-text microcompu-
ter repair series had that statistic in mind as they outlined the books. In fact, the emphasis on
“half splitting” and other forms of systematic troubleshooting serve to closely tie the three
books together.

However, this first text, Basic Microcomputer Service Techniclan also stresses the people
skills required by an entry-level technician. In fact, customers with computer problems are not
the most pleasant people to talk to, so the people <kills range into the realm of diplomacy. Get-
ting the customer to accurately describe a problem is sometimes half the battle. And of
course, the paperwork and record keeping have to be handled well in oider to maintain every-
thing from efficiency to inventory.

Electronics instructors who have been searching for curriculum with realistic content will wel-
come Basic Microcomputer Service Technician. Many of the committee members who helped
plan the book are viectronics instructors who articulated classroom needs for our curriculum.
Dr. A. O. Brown lll, the writer, has taught the systematic approach to microcomputer trouble-
shooting for years in his popular computer classes at Pittsburg State University, Pittsburg,
Kansas. Industry members of the committee stressed the realistic needs for orderly record
keeping and people skills. We think the blend of expertise that went into planning and writing
the book is evident throughout the text, and that the effort will have some really positive
results in electronic programs around the nation.

By the way, Basic Microcomputer Service Technician could serve some other people well too.
Truth is, it may be one of the best computer literacy books around, so ccmputer owners and
even computer store owners will find worthwhile materials in the text. In that respect, it may
be one of the most utilitarian books that MAVCC has ever published. We want it to serve class-
room needs effectively, but if it does a little more than that, we aon’t mind at all.

James Dasher, Chairman

Board of Directors

Mid-America Vocational
Curriculum Consortium




PREFACE

Basic Microcomputer Service Technician is the first of MAVCC's three-text microcomputer
service and repair series. This first text is prerequisite to the other two texts, but the nther
books may be taught in any order to facilitate program needs.

Advanced Microcomputer Service Technician addresses training needs for “chip level” techni-
cians, and Microcomputer Peripheral Service Techniclan covers repair procedures for iloppy
disk drives, printers, and monitors, and will be welcomed by basic students who want to grow
or advanced students who want to specialize.

The Bureau of Labor Statistics predicts that the need for computer service technicians will be
greater than the supply for years to come. What a great justification for expanding any elec-
tronics program! We feel that MAVCC’s curriculum will give new and expanded programs the
foundation they need to answer the high technology needs of American business and indus-
try.

Greg Pierce

Executive Director

Mid-America Vocational
Curriculum Consortium

vii 8




ACKNOWLEDGEMENTS

Appreciation is extended to the many individuals who contributed their time and expertise to
the successful development of Basic Microcomputer Service Technician. The Resource Com-
mittee which planned and approved the text included outstanding electronics Instructors from
MAVCC member states, representatives from the microcompu ier service industry, and even a
computer store owner. A special thank you goes to the members of the Resource Committee:

Charles Black, Shreveport-Bossier Vo-Tech, Shreveport, Louisiana

Bob Chenoweth, Chillocothe Vocational Technical School, Chillocothe, Missouri
Jerry Farrell, Hawkeye Institute of Technology, Waterloo, lowa

BIll Gandy, Digital Equipment Corporation, Denver, Colorado

Robert Griffith, Southeast Vo-Tech Instlitute, Sloux Falls, South Dakota
Mohammed Hague, Kansas City Community College, Kansas City, Kansas
Ed Harper, Zenith Distribution Company, Lenaxa, Kansas

David Larsen, The Blacksburg Group, Inc., Blacksburg, Virginia

Noel Laxdeal, Computerland, Bisrarck, North Dakota

Herman Momison, Delta Vo-Tech, Truman, Arkansas

Rick Morrow, Tri-County Area Vo-Tech School, Bartlesvilie, Oklahoma

Eddie Palovik, State Department of Vo-Tech Education, Stlllwater, Oklahoma
Gus Rummel, Central Texas College, Killeen, Texas

Ron Vorderstrasse, Central Community College, Columbus Nebraska

Another special thank you goes to Dr. A. O. Brown lll of Pittsburg, Kansas, for a splendid job of
writing the text and also for his contributions as a member of the Resource Committee.

Appreciation is also extended to Dan Fulkerson, MAVCC'’s Publications Cnordinator, for his
contributions as editor of the preject, and to Mary Kellum and Jane Huston of MAVCC for edit-
ing assistance.

A special appreciation goes out to Damon Davis and to the publishers Howard W. Sams & Co.,
Inc., for their active support of the project and for materials contributed to the project.

Aconcluding thank you goes to many people in the industry who took time to talk to the writer
and editorial staff on the phone, and to assist with other technical matters in correspondence.
Engineers, Service Managers, and Customer Service personnel from many companies are
among the list that is too numerous to inciude here, but a collective thank you goes to all of
them.

The text was phototvpeset in the Oklanoma State Vo-Tech Communications Center, and for
her dedicated contribution, appreciation is extended to the phototypesetter Leslie Mathis.

Another vote of thanks goes to the personnel of the Oklahoma State Vo-Tech Print Shop for
their excellent work in printing the text.




USE OF THIS PUBLICATION

Instructional Units

Basic Microcomputer Service Technician includes eleven units. Each instructional unit
includes some or all of the basic components of a unit of instruction; performance objectives,
suggested activities for teachers and students, information sheets, assignment sheets, job
sheets, visual aids, tests, and answers to the tests. Units are planned for more than one les-
son or class period of instruction.

Careful study of each instructional unit by the teacher will help to determine:

A. The amount of material that can be covered in each class period
B. The skills which must be demonstrated

1.  Supplies needed

2. Equipment needed

3. Amount of practice needed

4, Amount of class time needed for demonstrations

C. . Supplementary materials such as pamphlets or filmstrips that must be ordered
D. Resource people who must be contacted

Objectives

Each unit of instruction is based on performance objectives. These objectives state the
goals of the courze, thus providing a sense of direction and accomptishment for the student.

Performance objectives are stated in two forms: unit objectives, stating the subject matter
to be covered in a unit of instruction; and specific objectives, stating the student performance
necessary to reach the unit objective.

Since the objectives of the unit provide direction for the teaching-learning process, it is
important for the teacher and students to have a common unaerstanding of the intent of the
objectives. A limited number of performance terms have been used in the objectives for this
curriculum to assist in promoting the eftectiveness of the communication among all individ-
uals using the materials.

Reading of the objzactives by the student should be foliowed by a class discussion to
answer any questions concerning performance requirements for each instructional unit.

Teachers should feel free to add objectives which will fit the material to the needs of the stu-
dents and community. When teachers add objectives, they should remember to supply the
needed information, assignment and/or iob sheets, and criterion tests.

Xi




Suggested Activities for the Instructor

Each unit of instruction has a suggested activities sheet outlining steps to follow in accom-
plishing specific objectives. Duties of instructors will vary according to the particular unit;
however, for best use of the material they should include the following: provide stuuw:ts with
objective sheet, information sheet, assignment sheets, and job sheets; preview filmstrips,
make transparencies, and arrange for resource materials and peopls; discuss unit and spe-
cific objectives and information sheet; give test. Teachers are encouraged to use any addi-
tional instructional activities and teaching methods to aid students in accomplishing the
objectives.

Information Sheets

Information sheets provide content essential for meeting the cognitive (knowledge) objec-
tives in the unit. The teacher will find that the information sheets serve as an excellent guide
for presenting the background knowledge necessary to develop the skill specified in the unit
objective.

Students should read the information sheets before the information is discussed in class.
Students may take additional notes on the information sheets.

Transparency Masters

Transparency masters provide information in a special way. The students may see as well
as hear the material being presented, thus reinforcing the learning process. Transparencies
may present new information or they may reinforce information presented in the information
sheets. They are particularly effective when identification is necessary.

Transparencies should be made and placed in the notebook where they will be immediately
available for use. Transparencies direct the class’s attention to the topic of discussion. They
should be left on the screen only when topics shown are under discussion.

Assignment Sheets

Assignment sheets give direction to study and furnish prastice for paper and pencil activi-
ties to develop the kncwledge which is a necessary prerequisite to skill development. These
may be given to the student for completion in class or used for homework assignments.
Answer sheets are provided which may be used by the student and/or teacher for checking
student progress.

Job Sheets

Job sheets are an important segment of each unit. The instructor should be able to demon-
strate the skills outlined in the job sheets. Procedures outlined in the job sheets give direction
to the skill being taught and allow both student and teacher to check student progress toward
the accomplishment of the skill. Job sheets provide a ready outline for students to follow if
they have missed a demonstration. Job sheets also furnish potential employers with a picture
of the skills being taught and the performances which might reasonably be expected from a
person who has had this training.




Test and Evaluation

Paper-pencil and performance tests have been constructed to measure student achieve-
ment of each objective listed in the unit of instruction. Individual test items may t& pulled out
and used as a short test to determine student achievement of a partizular objective. This kind
of testing may be used as a daily quiz and will help the teacher spot difficuities being encoun-
tered by students in their efforts to accomplish the unit objective. Test items for objectives
added by the teacher should be constructed and added to the test.

Test Answers

Test answers are provided far each unit. These may be used by the teacher and/or student
for checking student achievement of the objectives.
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BASIC MICROCOMPUTER SERVICE TECHNICIAN

INSTRUCTIONALITASK ANALYSIS

JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know
(Psychomoton) (Cognitive)

UNIT I: COMPUTER HISTORY HIGHLIGHTS AND CAREER OVERVIEW

1. Terms and definitions

2. Important perscns and their contribu-
tions to early computer history

3. Milestones in American computer his-
tory and their dates

4. Milestones in microcomputer history

5.  Highlights in the history of microcom-
puter chips

6. Other significant elements in micro-
computer history

7. Job outlook for computer repair techni-
cians

8. Job slassifications

9. Educational recommendations for
computer repair technicians

10. What to expect in the workplace

11. Desired pnysical requirements for
computer repair technicians

12. Qualities that lead to advancement

13. Where and how repair technicians
work

14. Pay scales

15. Related jobs and their skill require-
ments

16. The ACID test for successful computer
repair technicians

Use the ACID test to rate your personal

potential as a computer repair techni-
cian
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JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know
(Psychomotor) (Cognitive)
UNIT II: MICROCOMPUTER OVERVIEW

1. Terms and definitions

2. Computer-related abbrev.ations and
their meanings

3. Basic microcomputer compunents and
their functions

CPU sections and their functions
Types of busses

Other characteristics of busses
Memory devices and their definitions

Clock and timing characteristics

© ® N o O A

Steps in a microcomputer operating
cycle

10. Components of a chip famil,
11.  Chip pinouts
12. Steps in reading a pinout

13. Abbreviations and other conventions
for labeling pinouts

14.  Steps in typical chip family evolution
15.  General /O chips

16.  Specialized I/O chips

17.  Directions in chip family evolution

18. Functions of an operating system pro-
gram

18. Types of operating systems

20. Characteristics of disk operating sys-
tems

21. Typical disk operating systems and
their uses

14
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JOB TRAININC: What the RELATED INFORMATION: What
‘ Worker Should Be avle to Do the Worker Should Know
(Psychomotor) (Cognitive)

22.  |dentification of disk operating sys-
tems

23. Importance of DOS identification in
troubleshooting

24. Types of printers and their characteris-
tics

25. Types of disk drives
26. Modems and their characteristics

27. \éideo displays and ‘heir characteris-
tics

28. Specialized peripherals

'29. Levels of language and their orders
30. Characteristics of machine language
31.  Characteristics of assembler language

32. Characteristics of traditional high level
language

33. Characteristics of applications lan-
guages

34. Characteristics of applications soft-
ware

35. Numbering systems and their struc-
tures

36. Convert binary numbers to decimal
numbers and decimal numbers to
binary numbers

Convert octal numbers to binary and
decimal numbers and binary and deci-
mal numbers to octal numbers

Convert hexadecimal numbers to
binary and decimal numbers and
binary and decimal number to hexade-
cimal numbers

Convert decimal numbers into binary,
hexadecimal, and binary coded deci-
mal numbers

Label a pinout for a microprocessor

Xvii
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JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know

(Psychomotor)

(Cognitive)

UNIT lll: SAFETY

1.

2.

10.

11.

12. Complete a student safety pledge
13. Locate first aid and emergency areas

14.  Discharge high voltage from a CRT

Terms and definitions
General safety
Basic electrical safety

Steps in safely taking a high voltage
reading

Ways to control static electricity

Guidelines for protecting media from
magnetic damage

Guidelines for handling floppv disks
Guidelines for storing floppy disks
Environmental safety

Other equipment-related safety guide-
lines

Items related to personal safety

UNIT IV: ASSEMBLY AND START UP PROCEDURES

1.

2.

xviii

Terms and definitions

Steps in unpacking a microcomputer

Components required for system
hookup

16




JOB TRAINING: What the RELATED INFORMATION: ‘What
‘ Worker Should Be Able to Do the Worker Shoutd Know
(Psychomoton) (Cognitive)
4.  Guidelines for internal system hookup

5. Guidelines for completing system
hookup

6. Guidelines for hooking up disk drives

7.  Guidelines for hooking up printers and
modems

8. Microcomputer keyboards

9. important keys and their functions
10.  Power on/off and initialization routines
11.  Operating manuals

12. Ways proper setup procedures help
eliminate future problems

13. Hook up a microcomputer system
' 14. Operate a microcomputer system to
observe interaction of system compo-
nents
UNIT V: OPERATING SYSTEMS
1. Terms and definitions

2. Operating systems

3. Typical functions of disk-based operat-
ing systems

4. Typical functions of ROM-based oper-
ating systems

5. Operating systems/hardware relation-
ships

6. Procedures for loading operating sys-
tems

7. Relationships of logicaliphysical
devices

Xix
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11.

12.

13.

14,

JOB TRAINING: What the
Worker Should Be Able to Do
(Psychomotor)

Backup a disk on an Apple computer
Backup a disk on a TRS-80 computer

Backup a disk on an IBM Personal
Computer

RELATED INFORMATION: What
the Worker Should Know

®

10.

(Cognitive)

Basic Input/Output Systems and CP/M
Guidelines for making a backup disk

Parts of a disk and their functions

UNIT VI: TOOLS AND EQUIPMENT

10.

11.

12.

13.

Check power supply voltages with a

DVOM

Check system fuses with a DVOM

XX

Terms and definitions

Requirements for a healthy computer
environment

Line protection

Static control

Disk head cleaning kits and their uses
Hand tools and their uses

Test equipment most commonly used
How logic probes work

How VOM’s and DVOM's work

Safety precautions for making voltage
measurements

How a breakout box works
Vendor support

Other test equipment and its uses

18




Worker Should Be Able to Do the Worker Should Know

‘ JOB TRAIN'NG: What the RELATED INFORMATION: What

(Psychomotor) (Cognitive)
UNIT Vii: PERIPHERALS

1. Terms and definitions

2. Modes for printer interfacing
ASCII codes and their meanings
Dot matrix printer operations
Ink jet printer operations
Laser printer operations

Letter quality printer operations

© N oo o > @

Common electrical levels for sending
serial information

9. BAUD rates and printer switch setup
10. BAUD rates
11.  Printer handshaking protocol

‘ 12. Cable configurations for information
transmission
|

13. Modems and how they work

14. Characteristics of floppy disk drives
15. Media for floppy disk drives

16.  Hard disk drives

17.  Classifications of computer terminals

18. Microcomputer cassette recorders

20. Special cards and their uses
21. How networks operate

22. Hardware and software requirements
for networking

23.  Graphics devices and their characteris-

19. Memory expansion with RAM cards
1
l tics

24. Characteristics of CRT-based video
‘ displays

XXi

Q 19




27.

28.

30.

10.

JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know

(Psychomotor) (Cognitive)
25. Other types of video displays

26. Switch boxes and their uses

Diagram the interface between a
microcomputer and a parallel printer

Diagram the interface between a
microcomputer and a serial printer

Replace the ribbon and print head on a
dot-matrix printer

Hook up disk drives to an Apple micro-
computer
UNIT VIII: FUBLICATIONS AND RESOURCES
1. Terms and definitions

2. Equipment manuals and their charac-
teristics

3. Schematics and troubleshooting
guides

4.  Warranties

5. Block diagrams and wiring diagrams
6. Trade journals

7. User groups

8. Support groups

Select resources to help solve micro-
computer problems

Conduct a survey of a local user’s
group

20
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16.

17.

18.

JOB TRAINING: What the
Worker Should Be Able to Do
(Psychomotor)

RELATED INFORMATION: What
the Worker Should Know

(Cognitive)

UNIT IX: CUSTOMER RELATIONS AND RECORD KEEPING

Conduct a customer conference

Fill out a service order

Advise a customer concerning repair

costs

1.

2.

10.

11.

12.

13.

14,

15.

xXXiii

Terms and definitions
Guidelines for personal appearance

BE attitudes for successful techni-
cians

General guidelines for conducting a
customer 2onference

Specific information to look for in a
customer conference

Matters to clarify before repairs begin
Requirements for record keeping
Procedure for returning equipment
Troubleshooting and repair logs

Parsons who use records and the ways
they use them

Other skills that promote advancement

Select true statements concerning
service contracts

Obvious candidates for service con-
tracts

Obvious candidates for system
upgrades

Guidelines for service calls

21




JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know ‘
(Psychomotor) (Cogpritive)

UNIT X: TROUBLESHOOTING
1. Terms and definitions
2. Generai Quidelines for troubleshooting
3. Baslc techniques for troubleshooting

4. Typical forward to back troubleshoot-
ing routine

5. Sensory troubleshicoting

6. Steps in the firsi voutine after sensory
troubleshooting

7. Troubleshooting when the operating
system wili boot up

8. Troubleshooting when the operating
system will not boot up

9. Intermittent problems ‘

:0. Intermittent and other problems
related to overheating

11. Record keeping for module repiace-
ment

12. Ways to determine if a module should
be replaced

i13.  Unloading the system

14. ‘Hardware vs. software problems

15.  Ways tc handle media problems

16. Keyboard problems and lockotits

17.  Troubleshooting monitor problems
18.  Steps in correcting monitor problems
19.  Monitors with screen RAM problems

20. Disk drive characteristics and prob-

lems ‘

22




JOB TRAINING: What the RELATED INFORMATION: What
‘ Worker Should Be Able to Do the Worker Should Know
(Psychomotor) (Cognitive)

21.  Troubleshooting disk drive motors
22. Steps in removing disk drives

23. Steps in cleaning and lubricating disk
drives

24.  Troubleshooting disk dfive spaed prob-
lems

25. Steps in adjusting disk drive speed

26. Troubleshooting disk drive controller
problems

27.  Printer problems
28. Basic printer troubleshooting routine

29. Common printer mechanical problems
and their solutions

30. Steps in troubleshooting a computer
‘ that will not drive a good printer

31. Other areas of softwarefprinter prob-
lems

32. Printer handshakes

33. Check voltage on a microcomputer
power supply

34. Troubleshoot a microcomputer that
will not boot up

35. Check and replace faulty modules in a
microcomputer system

36. Troubleshoot a malfunctioning floppy
disk drive

37. Troubleshoot a malfunctioning micro-
computer keyboard

38. Troubleshoot a malfunctioning micro-
computer monitor

32. Troubleshoot a malfuncticning printer

40. Discharge high voltage from a CRT

XXV
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12.

13.

14.

JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Shouid Know

(Psychomotor)

(Cognitive)

UNIT XI: PARTS AND SUPPLIES

1.

10.

11.

Solve problems concerning replace-
ment parts

Order parts from a parts catalog

Roll in and seat a dual in-line IC

XXVi

Terms and definitions

How to identify chips

How to identify speed on memory

chips

Guidelines for inserting chips
Parts listings and parts manuals
Cross referencing

Guidelines for handling and shipping
static-sensitive parts

Guidelines for handling and shipping
floppy disk drives and printers

Special considerations for handling
hard disk drives

Importance of quality parts and sup-
plies

Important points in parts record keep-
ing

24



BASIC MICROCOMPUTER SERVICE TECHNICIAN

Tools, Equipment, and Materials List

Standard screwdriver set

Phillips screwdriver set

Nutdriver set

Needlenose pliers (insulated handles)

Slip-joint pliers (insulated handles)

IC extractor

IC inserter

Soldering iron (low-voltage type not to exceed 40 watts)

Solder (electronic grade)

Logic probe

Breakout box

Volt-ohm milliamp meter (multimster)

Digital volt-ohm milliamp meter (digital multimeter)

Alligator clips and leads

Selected microcomputer(s)

Selected printer(s)

Selected floppy disk drive(s)

Selected CRT-based video monitor(s)

Owner's manuals for selected equipment

Service manuals for selected equipment

Schematics or Computerfacts™ as available

Assortment of IC's for demonstration purposes

Available disk-based operating systems for demonstration purposes
Available ROM-based operating systems for demonstration purposes
System troubleshooting software for selected microcomputer(s)
Troubleshooting software for selected disk drive(s) (diagnostics)
Static mat and wrist clip (or equivalent)

Supply of floppy disks for backing up programs

Surge protectors

Anti-static spray

Small brushes

Compressed cleaning air

Dot-matrix and letter-quality printer ribbons

Dot-matrix print head (as required)

xxvii




ALPHABETICAL LIST OF REFERENCES
USED IN DEVELOPING THIS TEXT

Apple Il Disk Il Installation Manual. Cupertino, CA 95014: Apple Computer, Inc., 1982.

Apple Il Parallel Interface Card Installation and Operating Manual. Cupertino, CA 95014:
Apple Computer, Inc., 1982.

Black Box Catalog of Data Communications and Computer Devices, Mld-Year, 1924,
Pittsburg, PA 15241: Black Box Corporation, 1984,

Brenner, Robert C. IBM PC Troubleshooting and Repalr Guide. Indianapolis, IN 46268:
Howard W. Sams and Co., Inc., 1985.

Brey, Barry D. Microprocessoi/Hardware Interfacing and Applications. Columbus, OH
43216: Charles E. Merrill Publishing Company, 1984.

Component Data Catalog. Santa Clara, CA 95051: Intel Corporation, 1982.

Computerworld Buyer's Gulde (Vol. 18, No. 38A). Framingham, MA 01701: CW Communi-
cations, Inc., September 26, 1984.

Computer Supplies Catalog. Hartford, CT 06104: Wheeler Group, Inc., 1984.

Daisywheel Printer PowerType Technical Manual. New York, NY 10166: Star Micronics,
Inc.,, 1984.

Desktop Computer 2-100 Series User's Manual. St. Joseph, Ml 49085: Zenith Data Sys-
tems, 1983.

DOS User's Manual. Cupertino, Ca 95014: Apple Computers, Inc., 1983.

Dictionary of Occupational Titles. Washington, DC 20402: U.S. Department of Labor,
Employment and Training Administration, 1977.

Drischoll, Frederick F Microprocessor-Microcomputer Technology. North Scituate, MA
02060: Breton Publishers, a division of Wadsworth, Inc., 1883.

Goldstine, Herman H. The Computer from Pascal to von Neumann. Princeton, NJ: Prin-
ceton University Press, 1972.

How to Maintaln and Service Your Small Computer. Indianapolis, IN 46268: Howard W.
Sams & Co,, Inc., 1983.

Introduction to Microcomputer Applications. Stillwater, OK 74074: The Mid-America
Vocational Curriculum Consortium (MAVCC), 1984.

XXIX




AA.

BB.

CC.

DD.

FF

Johnston, Chris. The Mierocomputer Bulider’s Bible. Blue Ridge Summit, PA 17214: Tab
Books Inc., 1982.

Kansas Safety Education Handbook, Volume Ill. Wichita, KS: Kansas State Department
of Education in Cooperation with the Wichita Public Schools, U.S.D. 259, 1981.

Kaufmann, Jerome E. Mathematics Is... Boston, MA 02116: Prindle, Weber & Schmidt, a
division of Wadsworth, Inc., 1979.

Microline 92 Dot-Matrix Printer (Standard Mode) Maintenance Manual. Mt. Laurel, NJ
08054: OKI Electric Industry Company, Ltd., 1984.

Model 4 Disk System Owner’s Manual. Fort Worth, TX 76102: Radio Shack, a Division of
Tandy Corporation, 1983.

Occupational Outlook Handbook. Washington, DC 20212: U.S. Department of Labor,
Bureau of Labor Statistics, April 1982.

Occupational Outlook Quarterly. Washington, DC 20212: U.S. Department of Labor,
Bureau nf Labor Statistics, Spring 1984.

SAMS Computerfacts™ CC5, COMPUTER: Atari 400™. Indianapolis, IN 46268: Howard
W. Sams & Co., Inc., 1985.

SAMS Computerfacts™ CSCS2 Computer: IBM® PC5150. Indianapolis, IN 46268:
Howard W. Sams & Co., Inc., 1985.

Semiconductor General-Purpose Replacements (Fifth Edition). Indianapolis, IN 46268:
Howard W. Sams & Co., Inc., 1985.

Stephenson, John, and Bob Cahill. How to Maintain and Service Your Small Computer.
Indianapolis, IN 46268: Howard W. Sams & Co., Inc., 1983.

&
The American Red Cross. Standard First Aid and Personal Safety. Garden City, NY: Dou-
bleday and Co., Inc., 1978.

The IC Troubleshooters, New Techniques of Digital Troubleshooting, Applications Note
163-2. Palo Alto, CA 94304: Hewlett-Packard, No date.

Tocci, Ronald J., and Lester P. Laskowski. Microprocessors anad Microcomputers. Engle-
wood Cliffs, NJ 07632: Prentice-Hall, Inc., 1979.

Z-100 User’s Manual. St. Joseph, M| 49085: Zenith Data Systems, 1983.

Zumchak, Eugene. Microcomputer Design and Troubleshooting. Indianapolis, IN 46268:
Howard W. Sams & Co., Inc., 1982.

_7

XXX




g AW N

1.

10.
1.
12.

COMPUTER HISTORY HIGHLIGHTS
AND CAR| EIEJIT(I)VERVIEW

UNIT OBJECTIVE

After completlon of this unlt, the student should be able to discuss historical highlights in
computer development and Iist the names of Important people in computer history. The stu-
dent shonld aiso be able to list job opiortunities for computer repair techniclans, discuss atti-
tudes and skills that lead to advancement, and complete a personal survey to test one’s
potential for success in the computer repair industry. These competencies wilfl be evidenced
by correctly performing the procedures outlined in the assignment sheet and by scoring 85
percent on the unit test.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

Match terms related to computer history highlights and career overview with their
correct definitions.

Match important persors with their contributions to early computer history.
Match milestones in American computer history with thelr dates.
Complete statements concerning milestones in microcomputer history.

Select true statements concerning highlights in the history of microprocessor
chips.

Complete statements concerning other significant elements in microcomputer
history.

Complete statements concerning the job outlook for computer repair technicians.
Differentiate between job classifications.

Select true statements concerning educational recommendations for computer
repair technicians.

Complete statements concerning what to expect in the workplace.
Complete a list of desired physical requirements for computer repair technicians.

Complete statements concerning qualities that lead to advancement.
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OBJECTIVE SHEET

Select true statements concerning where and how repair technicians work.
14. Complete a chart of pay scales.
15.  Maitch related jobs with their skill requirements.

16. Complete statements concerning the ACID test for successful computer repair
technicians.

17. Use the ACID test to rate your personal potential as a computer repair technician.
(Assignment Sheet #1)
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‘ COMPUTER HISTORY HIGHLIGHTS AND CAREER OVERVIEW
UNIT |
SUGGESTED ACTIVITIES
A. Provide student with object;f/e sn‘gets.
B. Provide student with information and assignment sheets.
C. Discuss unit and specific objectives.
D. Discuss information sheet.
E. Invite a local business that uses computers in its operations to send a representative to

talk to the class about computers in practical applications, problems with downtime,
and how rapid changes in computer technology have affected business attitudes about
computers.

F Invite a local or area computer store owner to talk to the class about computer repair
services and what it takes to be a good computer repair technician.

G. Invite a local or area computer repair technician to talk to the class about training, get-
' ting started in the business, and the chances for advancement.

H. Have your students survey the school for the number and types of computers being
used. Have them tzalk with the person or people in charge of the school’s computers and
prepare a report on the types of problems the school has with the computers, with disk
drives, and with printers. Have students pay special attention to the length of time
repairs take and the inconvenience school departments may suffer from downtime.

L Invite a local math teacher to talk to the class about the abacus as an early computing
system, and have the teacher demonstrate the use of the abacus to class members.

J. Give test.

CONTENTS OF THIS UNIT
A. Objective sheet
B. Information sheet
C.  Transparency Master 1 — Major Types of Computers

D. Assignment Sheet #1 — Use the Acid Test to Rate Your Personal Potential as a Com-
. puter Repair Technician
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CONTENTS OF THIS UNIT

Answers to assignment sheet
Test
Answers to test
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COMPUTER HISTORY HIGHLIGHTS AND CAREER OVERVIEW

UNIT |

INFORMATION SHEET

. Terms and definitions

A.

Board — A shortened reference to a printed circuit board or the insulated
surface on which circuit components are mounted and soldered in place

Chip — A complete electronic circuit which may contain miniature resist-
ers, transistors, diodes, and related circuitry all integrated into a miniature
silicon base and mounted in a common housing

Computer — An electronic device designed to make rapid, accurate com-
putations from data programmed into it

Microprocessor — The arithmetic logic unit, registers, and timing and
decoding circuitry usually contained in a single integrated circuit that con-
trols computer activities

Main-frame computers — The largest and most expensive computers
designed specifically to serve business, industry, and government in appli-
cations that require mass sturage and fast retrieval (Transparency 1)

Examplie: Banks, airlines, and the Internal Revenue Service use main-
frame computers

Minicomputers — Medium-sized and medium-priced computers that rival
the storage capacity and operating speed of smaller main-frames, and are
used in business, industry, and government where they perform mostly ded-
icated or single-task activities (Transparency 1)

Example: Food processors, laboratories, and hospitals use minicompu-
ters

Microcomputers — The smallest and least expensive computers, designed
for desk-top cr portable use by wn individual at home, yet versatile enough
for applications in business, industry, and government (Transparency 1)

Example: Microcomputers enjoyed early popularity in the home for both
education and playing electronic games, but as microcompu-
ters expand in powers such as multi-tasking and multi-user
applications, their use in business and industry will increase

Peripheral — Any device such as a disk drive, printer, modem, or video dis-
play added to a microcomputer to provide increased capacity for handling,
storing, or presenting data
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l Prototype — The first of its kind, the original from which later models are
patterned

Important persons and their contributions to early computer history

A Galileo (Galilei Galileo, 1564-1642) — An Italian astronomer, mathematician,
and physicist who is credited with the invention of the telescope which he
used to prove that the planets rotate around the sun

(NOTE: Historians credit Galileo with bringing mathematics and experimen-
tation together, and some credit his genius as the base for all modern sci-
ence and technology.)

B. Pascal (Blaise Pascal, 1623-1662) — A French mathematician and physicist
who in 1642 invented a mechanical calculator that performed addition and
subtraction

C. Boole (George Boole, 1815-1864) — A self-taught English mathematician
whose works with symbolic language proved that logic could be reduced to
a simple algebraic system where all variables have the value of either zero
or one

(NOTE: Boole’s theories are referred to as “Boolean Algebra” which is the
heart of the binary number system in most digital computers.) ‘

D. Babbage (Charles Babbage, 1792-1871) — An English mathematician who
invented a “difference engine” and an “analytic engine” which are consid-
ered the true prototypes of modern computers

(NOTE: Babbage’s engines never really functioned because his vision of a
machine that could take in information, store information, perform mathe-
matical calculations, and then print out the information was far ahead of
what the technology of his day could manage.)

E. Jacquard (Joseph Jacquard, 1752-1834) — A French inventor who designed
a joom to weave pre-designed patterns with the use of punch cards

(NOTE: The punch cards for Jacquard's loom were designed so that only
one of two things could happen. If the punch card had a hole, a hook would
emerge to place a certain thread in the pattern, and if the punch card did
not have a hole, the thread was not engaged, and this is related to Boolean
algebra, digital logic, and was similar in intent to modern punch cards used
in some data processing.)
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lll.  Milestones in Amarican computer history and their dates
A

1890 — Herman Hollerith invented a punch card system using electrome-
chanical relays, and the device was used in tabulating the 1890 U.S. census

(NOTE: In 1911, Hollerith formed the Tabulating Machine Company which in
1924 became the International Business Machines Corporation, or IBM as it
is better known today)

FIGURE 1
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1927 — Claude Shannon of Bell Telephone Laboratories developed switch-
ing systems that used practical apP!ications of Boolean algebra, and simi-
lar devices are still used in the Bell system and computers

1944 — Howard Aiken and his staff at Harvard University completed the
Mark |, the first totally automated computer, and one which worked with
electromechanical relays

1944 — Whirlwind |, a computer commissioned by the U.S. Navy to help
solve problems in aircraft design, was completed, and is typical of much of
the early American computer development that may never have happened
without the commitment and funding of the U.S. military services

(NOTE: The Whirlwind project is noteworth‘[" because the inventors recog-
nized the difficulty of working in machine language and actually wrote a
separate program language for students to use when working with Whirl-
wind, and this idea evolved into the modern programming languages such
as COBOL, FORTRAN, and BASIC which are used with modern computers.)
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1946 — Following several years of development, the ENIAC (Electrical
Numerical Integrator and Computer) was put into operation by the U.S.
Army, and is noteworthy because it handled information in the parallel
niode

(NOTE: The ENIAC was a massive array of vacuum tubes that required an
entire building to house it, and it was used until 1935 when it was moved to
the Smithsonian Institute where it is still on display,)

1949 — Bell Telephone Laboratories invented the transistor, a device which
revolutionized electronics in general and led to the solid-state circuitry in
modern computers

1952 — The first commercial computer was sold to the General Electric
Comyany

1952 — Fcllowing many years of development, the EDVAC (Electronic Dis-
crete Variable Computer) was put into operation by the U.S. Army, and is
noteworthy because it handled information in the serial mode and con-
tained other programming concepts by Jchn von Neumann, a scientist
sometimes referred to as the Father of the modern computer

1961 — The monolithic integrated circuit was invented, an event which
gave computer design and computer circuitry a whole new direction totally
different from anything that preceded it

IV.  Milestones in microcomputer history

The Altair 8800 which was introduced in 1975 by MITS is generally cons~
ered the first microcomputer and is credited with sparking the interest tt
started the microcomputer revolution

(NOTE: The Altair 8800 actually had no keyboard and no monitor and had to
be programmad with switches, but it intrigued computer hobbyists, had
great add-on potential, and popularized the S-100 open-type bus system.)

Starting in 1977, three other major names first introduced microcomputers
that all became popular:

1. Tandy Radio Shack introcuced the TRS-80
2. Apple Computers introduced the Apple

3. Commodore Business Machires introduced the Pet

In 1981, IBM first marketed its PC, a system that quickly set new standards
in the industry and inspired over a dozen clones designed to work like the
PC and run the many new items of software designed specifically for the
IBM system
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Highlights in the history of microprocessor chips

A

A company known as VIATRON made the earliest attempt to build micro-
controller chips in the late 1960's

In 1970, INTEL introduced its 4004 and 8008 microprocessor chips

(NOTE: These microprocessor devices required a reiatively large number of
support chips.)

In 1971, INTEL designed and produced the 8080 chip which was quickly
adopted for general computer use

(NOTE: The 80630 became very popular, is still very much in use, and the
speed with which things in the computer world change is well indicated by
the fact that the 8080 chip cost about $360 when it was first produced, and
is available now for about $3.)

In 1971, Motorola produced its 6800 microprocessor

In 1972, MOS Technology produced its 6500 rnicroprocessor

In 1975, Zilog introduced the Z-80 microprocessor

(NOTE: Other companies such as National and Fairchild produce micropro-
cessor chips, but Apple, Tandy Corpcration, and Commodore popularized
the 8080, the 6800, the 6502, and the Z-80, and these chips have emerged as
favorites.)

Major microprocessor chips have grown into chip families that have moved

from the basic CPU chip to chips which are complete microcomputers with
CPU, memory, and I/O functions integrated on one silicon chip

Other significant elements in microcomputer history

A.

The development of software to support microcomputers has had a power-
ful impact on the microcomputer industry

1. Specialized software for business has helped make the microcompu-
ter an almost necessary piene of office equipment

2. Specialized software for games, education, and home management
have increased computer sales in homes and schoois

The expanded use of programming languages such as BASIC, dedicated to
programming discreet information, opened the world of programming to
almost anyone who wanted to have a go at it

(NOTE: Programmiing for a microcomputer does require certain talents, but
programming for analog devices frequently requires a person with
advanced mathematics skilis, and many programs for the early analog com-
puters required teams of mathematicians and scientists to write effective
programs.)
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Job outlook for computer repair technicians

A.

Employment opportunities for computer repair technicians is expected to
grow much faster than the average for all occupations through the 1980Q's

(NOTE: Forecasts from the Bureau of Labor Statistics indicate that by 1995,
the employment of computer repair technicians will increase by 97% over
its 1982 level.)

The demand for computer repair technicians will be close to 50% higher
than the supply of computer repair technicians throughout the 1980's

Downturns in the national economy will not affect computer repair techni-
cians as it does other areas of employment such as construction jobs

Of the five occupations projected for the highest growth rate between now
and 1995, computer service technician is at the top of the list

Job classifications

A.

Board level technician — Usually works with some supervision in perform-
ing maintenance on microcomputers and peripherals and in completing
troubleshooting routines to a point that malfunctioning boards or compo-
nents can be identified, replaced, and sent to a repair center

(NOTE: In short, the board level technician is known as a “board swapper””)

Chip level tecinician — Usually works unsupervised, is capable of all board
level activities, but also troubleshoots more complex internal problems and
identifies, removes, and replaces chips and other malfunctioning parts on
printed circuit boards

(NOTE: In other words, the malfunctioning boards shipped for repair are
sent to centers where chip level technicians repair them.)

Educational recommendations for computer repair technicians

A.

Most employers require applicants to have a minimum of one year of train-
ing in basic electronics or electrical engineering, but few employers require
an applicant to have a formal degree in electronics

Students planning to work as computer repair technicians should have a
good background in math and a basic understanding of physics

Computer repair technicians should have an understanding of computer
programming .

Operating ham radios or building stereo equipment or hobbies related to
practical electronics are highly recommended for would-be technicians

Armed forces training programs in electronics also provide valuable experi-
ence
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X.  What to expect in the workplace

A, Beginning repair technicians can expect to spend 3 to 6 months in some
form of on-the-job training in a service center or a company training facility

B.  Training will continue in elementary computer theory, computer math, cir-
cuitry theory, and component structure

C. The beginning technician will usually perform maintenance, continue train-
ing in operating computer equipment, and learn to use test equipment

C. Frequently, beginners work with experienced technicians until they are pro-
ficient in maintenance, troubleshooting, and repair

E. As beginners prove their talents, they are permitted to work alone with ade-
quate supervision until they reach a point where they are competent {o
work without supervision

F The beginner who exhibits dependability and expertize will eventually move
to troubleshooting and repairing more sophisticated systems

XIl.  Desired physical requirements for computer repair technicians

A, Good close vision and normal color perception to work with small parts and
‘ color-coded wiring

B. A good sense of smell because detecting a burned out part can save a lot
of troubleshooting time

C. Good hearing because some malfunctions can be detected because of
irregular noises

D. General good health because busy repair facilities are frequently under-
staffed and it is difficult to replace someone who can’t show up for work

Xll.  Qualities that lead to advancement
A, The ability to approach troubleshooting with a logical, analytical mind

(NQTE: Call this habit or a sixth sense, it separates a good repair technician
from an average one because more thar 80% of the time spent in repair
work is the time it takes to find the problem.)

B. Both the ability and desire to read the technical and repair manuals for spe-
cific computers and peripherals, and to keep abreast of updates in all tech-
nical materials

The essential habit of keeping records of what is done, when it is done,
what was used to do it, and all other records that are essential to both cus-
tomer and employer
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D. The ability to work with people, especially customers, and especially cus-
tomers with computer problems that are difficult to articulate

(NOTE: If you can keep your head while those around you are losing theirs
and blaming it on Apple, IBM, Radio Shack, or some other computer manu-
facturer, you've got a great future as a computer repair technician.)

E. The habit of getting to work on time all the time is the best habit you can
have, because dependability is as important as the skills you develop

Xlll.  Where and how repalr technicians work

A. Many computer repair technicians work in local or area stores that sell and
service computers and peripherals

B. Many computer repair technicians work for regional repair centers or com-
puter manufacturers

C.  The better jobs are generally in metropolitan areas because of the larger
concentration of computers in these areas

D. Some organizations that have large computer operations in business or
industry hire repair technicians to look after the systems

E. Some repair work requires travel within a limited area, but technicians are
seldom gone overnight

F Some technicians are required to obtain security clearances for work in
restricted buildings in industry, government, or the military

G.  Atrepair centers that operate 24 hours, technicians may be on shift work,
and in other instances they may be on call or stand-by for emergency work

XV,  Pay scales

Skill Level Average Weekly Pay
Beginning technician $220

Fully trained technician $240

Senior technician $250 to $350

Highly skilled specialist $300 to $400

(NOTE: Figures are taken from Bureau of Labor Statistics reports for 1978, and in
most cases should be upgraded to reflect contemporary pay scales.)
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XV.  Related jobs and their skill requirements

A Field engineer — Requires basic to advanced skills and experience enough
to help other technicians troubleshoot computer subsystems

B. Training supervisor ~- Requires basic to advanced skills and experience
enough to teach systems and test equipment use to beginning technicians

C. Systems specialist — Requires advanced skills in system design, program-
ming, and troubleshooting, and usually extensive knowledge of one major
equipment line or specific components of a given system

D. Computer sales — Requires good people skills along with basic trouble-
shooting skills

(NOTE: Even beginning level repair technicians are naturals to move into
sales and can advance that potential by encouraging customers to upgrade
systems to avoid problems or to sign up for service contracts to assure pri-
ority repair service and save money.)

PRI

E. Management — Requires good people skills with both customers and
employees, good troubleshooting skills, and basic skills in merchandising
and advertising

I 2 e R NI i

‘ XVIl.  The ACID test for a successful technician

A. A — Be concerned with your APPEARANCE; dress neatly and keep yourself
well groomed because you will become part of the company image as vou
meet and work with customers

B. C — Be concerned with CUSTOMERS; good manners are the first rule in
working with customers; and always remember that you will be working
with them at a time when they may not be in the best of spirits

C. | — Learn to take INITIATIVE: develop the habit of working on your own
without having to be supervised at every point or interrupting other busy
people to ask for help unless you really need help

D. D — Be DEPENDABLE; get to work on time, be readily available when you
are on stand-by, and earn your full day’s pay with a full day’s work
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Major Types of Computers

Minicomputer

- )
Microcomputer

Mainframe
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ASSIGNMENT SHEET #1

v

When it comes to going out with a friend to a movie or.any
activity, give yourself a2 if;you usuaily Initiate the action anda
1if you usuaily respond to invitations from others who invite, ,
you tocome along. - . | - T N a

How many times in the. past year have you. decided that some— »
thing you use needed repairing and then fixed it yourself? b

“'A

~

How many times-in-the past year have you calied SOmebody‘/
long distance just to surprise themn? : T

»-.:

outside heIp . ,3 .

Imagine you are trying to convince.ryour best friend that you :

are a “go getter” Give yourself-a 1'if your’ fnend would iaugh
hysterically, a 2 if your friend would. simply change the sub]ect )

and a 3 if your friend would admit that'itis a quaiity evident'in

your behavior. ) e.

TOTAL ALL ITEMS FROM QUESTION 3 AN[i ENTER HERE 3.

How many times in the past year have you been late to school,
or if not in school, how many times late to work, or if not work-
ing how many times late to anything? a_____

Remember a time when you were late to school or work and
give yourself a 1 if you presented the teacher or boss with a
lousy excuse that you know was not believed, a 2 if you pre-
sented an excuse that was mostly accepted, and a 3 if you
came up with an absolute lie that they swallowed hook, line,
and sinker. b.

If you were going on a blind date, give yourself a 3 if you would
dress up and be on time, a 2 if you would dress casually and be
just alittie late, or a 1 if you would pay no attention to how you
dressed and show up late just tc prove you're not too excited
about the whole affair. c.

Give yourself a 3 if you come within a dollar of accounting for
all the money you have spent in the past week, a 2 if you can
come within five dollars, and a 1 If you think you'll miss the
estimate by more than seven dollars. d
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‘ COMPUTER HISTORY HIGHLIGHTS AND CAREER OVERVIEW
UNIT |

ANSWERS TO ASSIGNMENT SHEET

The major objective of this tesl is to determine the student’s ability to read and follow direc-
tions carefully. As directions indicated, every item should be answered, items in each of the
four sections should be subtotaled, and the grand total of items 1, 2, 3, and 4 should be the
very last entry in the test. Any number left blank indicates a failure to follow instruciions care-
fully.

1.  With the exception of 1c¢, all items not answered with a minimum of 6 incicates a need
for improvement in personal appearance or habits that promote good personal appe
ance, and anything less than a 6 on 1e indicates problems in self-esteem. If the tota.
score on item 1 is less than 30, it points to habits and attitudes that need to be
improved.

2. Anything less than a 5 as a total for item 2 indicates an introvert who may need to
improve his or her verbal skills. A 3 as an answer to both 2c and 2e indicates good ver-
bal skills and favorable self-esteem.

3. Anything less than a 5 as a total for item 3 indicates a lack of initiative. At leasta 1 in
item 3c indicates a concern for people, a good quality, and 1 is the perfect answer for 3e
‘ since it indicates appreciation for honesty in personal relationships.

4. Anything less than a 15 as a total for item 4 probably indicates a person who rational-
izes too often, meaning that they may stretch the truth to justify attitudes or actions. A 2
on item 4b is the best answer because it indicates a flair for recognizing the difference
between diplomacy and a white lie, and since 4c is not concerned witir dependability at
all, but one’s attitudes toward people in general, the best answer would be a 3. And 4d is
a question which reinforces the fact that we forget quickly and stresses the need for
writing things down.

Anything less than a 55 as a total score indicates attitudes and habits that need atten-

tion and improvement. And finally, anyone who didn’t laugh, chuckle, or smile while tak-
ing the ACID test is in serious trouble.
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COMPUTER HISTORY HIGHLIGHTS AND CAREER OVERVIEW
UNIT |

NAME

TEST

1. Match the {erms on the right with their correct definitions.

a. A shortened reference to a printed circuit 1. Peripheral
board or the insulated surface on which cir-
cuit components are mounted and soldered 2. Minicomputers
in nlace

3. Board

b A comp'ete electronic circuit which may
contain miniature resisters, transistors,
diodes, and related circultry all integrated
into a miniature silicon base and mounted
in a common housing

4. Prototype
5. Microcomputer

6. Main-frame
computers
c. An slectronic device designed to make
rapid, accurate computations from data pro- 7. Microprocessor
’ grammed into it

8. Chip

—d. The arithmetic logic unit, registers, and tim-
ing and decoding circuitry usually con-
tained in a single Integrated circuit that
controls computer activities

9. Computer

e. The largest and most expensive computers
designed specifically to serve business,
industry, and government in applications
that require mass storage and fast retrieval

N # Medium-sized and medium-priced com-
puters that rival the storage capacity and
operating speed of smaller main-frames,
and are used in business, industry, and gov-
ernment where they perform mostly dedi-
cated or single-task activities

s The smallest and least expensive com-
puters, designed for desk-top or portable
use by an individual at home, yet versatile
enough for applications in business, indus-

‘ try, and government
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TEST

Any device such as a disk drive, printer,
modem, or video display added to a basic
microcomputer to provide increased capac-
ity for handling, storing, or presenting data

The first of its kind, the original from which
later models are patterned

Match important persons with their contribution to early computer history.

a.

An ltalian astronomer, mathematician, and
physicist who is credited with the invention
of the telescope which he used to prove that
the planets rotate around the sun

A French mathematician and physicist who
in 1642 invented a mechanical calculator
that performed addition and subtraction

A self-taught English mathematician whose
works with symbolic language proved that
logic could be reduced to a simple algebraic
system where all variables have the value of
either zero or one

An English mathematician who invented a
“difference engine” and an “analytic
engine” which are considered the true proto-
types of modern computers

A French inventor who designed a loom to

weave pre-designed patterns with the use of
punch cards
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TEST

Match milestones in American computer history with their dates.

a.

Herman Hollerith invented a Funch card
system using electromechanical relays, and
the device was used in tabulating the 1890
U.S. census

Claude Shannon of Bell Telephone Labora-
tories developed switching systems that
used practical applications of Boolean alge-
bra, and similar devices are still used in the
Bell system and computers

Howard Aiken and his staff at Harvard Uni-
versity completed the Mark |, the first totally
automated computer, and one which worked
with clectromechanical relays

Whirlwind |, a computer commissioned by
the U.S. Mavy to help solve problems in air-
craft design, was completed, and is typical
of much of the early American computer
development that may never have happened
without the commitment and funding of the
U.S. military services

Following several years of development, the
ENIAC (Electrical Numerical Integrator and
Computer) was put into operation by the
U.S. Army, and is noteworthy because it
handled information in the parallel mode

Bell Telephone Laboratories invented the
transistor, a device which revolutionized
electronics in general and led to the solid-
state circuitry in modern computers

The first commercial computer was sold to
the General Electric Company

Following many years of development, the
EDVAC (Electronic Discrete Variable Com-
puter) was put into operation by the U.S.
Army, and is noteworthy because it handled
information in the serial mode and con-
tained other programming concepts by John
von Neumann, a scientist sometimes
referred to as the Father of the modern com-
puter

The monolithic integrated circuit was
invented, an event which gave computer
design and computer circuitry a whole new
direction totally different from anything that
preceded it
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TEST

Complete the following statements concerning milestones in microcomputer history by
inserting the word(s) that best complete each statement.

a.

The which was Introduced in 1975 by MITS is
generally considered the first microcomputer and is credited with sparking the
interest that started the microcomputer revolution

Starting in three other major names first introduced microcom-
puters that all became popular:

1) Tandy Radio Shack introduced the

2) Apple Computers introduced the

3) Commodore Business Machines introduced the
n______ IBM first marketed its , a system that quickly
set new standards in the industry and inspired over a dozen clones designed to

work like the PC and run the many new items of software designed specifically
for the IBM system

Select true statements concerning highlights in the history of microprocessor chips by
piacing an “X” in the appropriate blanks.

a. A company kriown as VIATRON made the earliest attempt to build micro-
controller chips in the late 1960's

— b In 1970, INTEL introduced its 4004 and 8008 microprocessor chips

c. In 1971, INTEL designed and produced the 8020 chip which was quickly
adopted for general computer use

—d In 1971, Motorola produced its 6800 microprocessor

e. In 1972, MOS Technology produced its 6500 microprocessor

R In 1975, Zilog introduced the Z-80 microprocessor

—_ Major microprocessor chips have grown into chip families that have

moved from the basic CPU chip to chips which are complete microcompu-
ters with CPU, memory, and I/O functions integrated on one silicon chip
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TEST
Complete the following statements concerning other significant elements In microcom-
puter history by inserting the word(s) that best completes each statement.

a. The developmentof ______ to support microcomputers has had a pow-
erful impact on the microcomputei industry

1)  Specialized for has helped make the
microcomputer an almost necessary plece of office equipment

2 Speclalized _____ for games, education, and home manage-
ment have increased computer sales in homes and

b. The expanded use of such as BASIC, dedicated
to programming discreet information, opened the world of programming to
almost anyone who wanted tc have a go at it

Complete statements concerning the job outlook for computer repair technicians by
Inserting the word(s) that best completes each statement.

a. Employment opportunities for computer repair technicians is expected to grow
than the average for all occupations through

the 1980's

b. The demand for computer rapair technicians will becloseto ______
higher than the supply of comouter repalr technicians throughout the 1980's

c. Downturns In the national ecoromy will com-
puter repalr techniclans as it 4¢as other areas of employment such as construc-
tion jobs

d. Of the five occupations projected for the highest growth rate between now and
1995, computer service technician is

Differentiate between iob classifications by placing an “X” beside the definition of a
chip level technician.

a. Usually works with some supervision in performing maintenance on
microcomputers and peripherals and In completing troubleshooting rou-
tines to a point that malfunctioning boards or componerts can be identi-
fled, replaced, and sent to a repair center

——b Usually works unsupervised is capable ¢f all board level activities, but
also troubleshoots more cumplex internal problems and identifies,
removes, and replaces chips and cther malfunctioning parts on printed
circult boards

a0
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10.

1.

TEST

Select true statements concerning educational recommendations for computer repair
technicians by placing an “X" in the appropriate blanks.

a. Most employers require applicants to have a minimum of two years of
training in basic electronics or electrical engineering, but few employers
require an applicant to have a formal degree in electronics

b Students planning to work as computer repair technicians should have a

good background in math and a basic understanding of physics

c. Comguter repair technicians should have an understanding of auto
mechanics

—d Operating ham radios or building stereo equipment or hobbies related to

practical electronics are highly recommended for would-be technicians

e. Armed forced training programs in electronics also provide valuable expe-
rience

Complete the following statements concerning what to expect in the workplace by
inserting the word(s) that best completes each statement.

a.

Beginning repair technicians can expect to spend 3 to 6 months in some form of
training in a service center or a company train-

ing facility

Training will continue in elementary computer theory, computer
ceuitry theory, and component structure

The beginning techr:ician will usually perform maintenance, continue training in
operating compuier cquipment, and learntouse . equipment

Frequently, beginners work with experienced technicians until they are proficient
in maintenance, , and repair

As beginners prove their talents, they are permitted to work alone with adequate
sucervision until they reach a point where they are competent to work
_ supervision

The beginner who exhibits dependability and expertise will eventually move to
troubleshooting and repairing more

Complete the foliowing list of desired physical requirements for computer repair techni-
cians by inserting the word(s) that hest completes each statement.

a.

Goodclose_______andnormal _________ perception to work with
small parts and color-coded wiring

Agoodsenseof ___ because detecting a burned out part can save a
lot of troubleshooting time
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o

c. Good _______ because some malfunctions can be detected because of
irregular noises

d General because busy repair facllities are fre-
quently understaffed and it is difficult to replace someone who can’t show up for
work

12. Complete the following statements concerning qualities that lead to advancement by
inserting the word(s) that best completes each statement.

a. The ability to approach troubleshooting with a , analytical mind
b. Both the abilityand desireto _____________ the technical and repair manuals
for specific computers and peripherals,and tokeepabreastof _______in

all technical materials

c. The essential habit of of what is done, when it
is done, what was used to do it, and all other records that are essential to both
customer and emplayer

d. The ability to , especlally customers, and espe-
cially customers with comnuter problems that are difficult to articulate
‘ e. The habit of getting to work on time all the time is the best habit you can have,
because______ _ is as important as the skills you develop

13.  Select true statements concerning where and how repair technicians work by placing
an “X” in the appropriate blanks.

a. Many computer repair technicians work in local or area stores that sell
and service computers and peripherals

— b Many computer repair technicians work for regional repair centers or com-
puter manufacturers

o The better jobs are generaliy in small towns

—d Some organizations that have large computer opc. ~tions in business or
industry hire repair technicians to look after the syste:ns

e. Some repair work requires travel within a limited area and technicians are
frequently gone overnight

. A Some technicians are required to obtain security clearances for work in
restricted buildings in industry, government, or the military

Q. At repair centers that operate 24 hours, technicians may be on shift work,
‘ Q and in other instances they may be on call or stand-by for emergency work




TEST

14. Complete the following chart of pay scales by inserting the appropriate information.

Skill Level Average Weekly Pay
Beginning technician a.

Fully trained technician b.

c. $250 to $350

Highly skilled specialist d.

15.  Match related jobs with their skill requirements.

a. Requires basic to advanced skills and expe- 1. Training supervisor
rience enough to help other technicians
troubleshoot computer subsystems 2. Management

b Requires basic to advanced skilis and expe- 3. Computer sales
rience enough to teach systems and test
equipment use to beginning technicians 4. Field engineer

c. Requires advanced skllls in system design, 5. Systems specialist
programming, and troubleshooting, and
usually extensive knowledge of ope major
equipment line or specific components of a
given system

— . Requires good people skills along with
basic troubleshooting skills

e. Requires good people skills with both cus-
tomers and employees, ¢ood troubleshoot-
ing skills, and basic sk'lls in merchandising
and advertising

03
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TEST

16. Complete the following statements concerning the ACID test for a successfu! techni-
cian by inserting the word(s) that best completes each statement.

a. A — Be concerned with your ; dress neatly and keep your-
self well groomed because you will become part of the company image as you
meet and work with customers

b. T — Be concerned with ; good manners are the first rule in
working with customers; and always remember that you will be working with
them at a time when they may not be in the best of spirits

c. | — Learn to take ; develop the habit of working on your own
without having to be supervised at every point or interrupting other busy people
to ask for help unless you really need help

d. D—Be ; get to work on time, be readily avallable when you
are on stand-by, and earn your full day’s pay with a full day’s work

(NOTE: If the following activity has not been completed prior to the test, ask your instructor
when it should be completed.)

17.  Use the ACID test to rate your personal potential as a computer repair technician.
(Assignment Sheet #1)
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‘ COMPUTER HISTORY HIGHLIGHTS AND CAREER OVERVIEW
UNIT |

AMSWERS TO TEST
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3
5
4or7
4or7
1
6
2or8
2or8
9

T~ ao0oe

Altair 8800
1977

1) TRS-80
2) Apple
3) Pet

c. 1981, PC

owp

5. ab.c,def,g

6. a. Sottware

1)  Software, business
2) Software, schools

b. Programming languages
7. a Much faster

b. 50%

C. Not affect

d. At the top of the list
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10.

1.

12.

13.

14.

15.

16.

17.

ANSWERS TO TEST

a. On-the-job

b. Math

c. Test

d. Troubleshooting
e. Without

f. Sophisticated systems
a. Vision, colur

b. Smell

c. Hearing

d. Good heaith

a. Logical

b. Read, updates

c. Keeping records
d. Work with people
e. Dependability
a,bd,f,g

a. $220

b. $240

c. Senior technician
d. $300 to $400

[ XN N e NN o J )
WOy = o

a. Appearance
b. Customers
c. initiative

d. Dependabie

Evaluated to the satisfaction of the instructor
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After completion of this unit, the student should be able to name the basic components of a
microcomputer and discuss the function of CPU's, registers, busses, memory, I/O chips, and
clocks. The student should also be able to list chip families and discuss operating systems,
levels of language, and numbering systems. These competencies will be evidenced by cor-
rectly performing the procedures outlined in the assignment sheets and by scoring 85 percent
on the unit test.

After completion of this unit, the student should be able to:
1.

2.

10.
11.
12
13.
14.
15.
16.
17.

MICROCOMPUTER OVERVIEW
UNIT Ii

UNIT OBJECTIVE

SPECIFIC OBJECTIVES

Match terms related to microcomputer overview with their correct definitions.
Match common computer-related abbreviations with their meanings.
Match basic microcomputer components with their functions.
Complete statements concerning CPU sections and their functions.
Complete definitions of types of busses.

Select true statements concerning other characteristics of busses.
Match memory devices witt. their definitions.

Complete statements concerning clock and timing characteristics.
Arrange in order steps in a microcomputer operating cycle.
Complete a list of components of a chip family.

Complete statements concerning chip pinouts.

Arrange in order the steps in reading a pinout.

Identity abbreviations and other conventions for labelirg pinouts.
Arrange in order the steps in typical chip family evolitiion.

Select true statements concerning general /O chips.

Select true statements concerning specializeu I/O chips.

Complete statements concerning directions in chip family evolution.




18.
19.
20.
21.
22.

23.

24.
25.
26.
21.
28.
29.
30.
31.
32.

33.
34.
35.
36.

37.

38.

39.

40.

OBJECTIVE SHEET

Complete a list of functions of an operating system program.

List types of operating systems.

Select true statements concerning characteristics of disk operating systems.
Match typical disk operating systems wit!: their uses.

Solve problems concerning identification of disk operating systems.

Complete statements concerning the importance of DOS identification in trouble-
shooting.

Match types of printers with their characteristics

Complete statements concerning types of disk drives.

Select true statements concerning modems and their characteristics.
Complete statements concerning video displays and their characteristics.
Complete statements concerning specialized peripherals.

Match levels of language with their orders.

Select true statements concerning characteristics of machine language.
Complete statements cencerning characteristics of assembler language.

Complete statements concerning characteristics of traditional high level lan-
guages.

Select true statements concerning characteristics of applications languages.
Complete statements concerning characteristics of applications software.
Match numbering systems with their structures.

Convert binary numbers to decimal numbers and decimal numbers to binary num-
bers. (Assighment Sheet #1)

Convert octal numbers to binary and decimal numbers ana binary and decimal
numbers to octal numbers. (Assignment Sheet #2)

Convert hexadecimal numbers to binary and decimal numbers and binary and
decimal numbers to hexadecimal numbers. (Assignment Sheet #3)

Convert decimal numbers into binary, hexadecimal, and binary coded decimal
numbers. (Assignment Sheet #4)

Label a pinout for a microprocessor. (Assignment Sheet #5)
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MICROCOMPUTER OVERVIEW
UNIT I

SUGGESTED ACTIVITIES

Provide student with objective sheet.

Provide student with information and assignment sheets.

Make transparencies.

Discuss unit and specific objectives.

Demonstrate to the class the procedure for booting up a disk-based operating system.

Have available various types of IC chips, a microprocessor, ROM, RAM, and others as
they are available, so students can see how a dual-in-line package is put together.

Demonstrate with one of the IC’s how the pins are numbered and how the notch at the
top of the chip serves as a guide to finding pin #1.

Demonstrate to the class how to use the DOS in booting up a disk-based microcompu-
ter system.

Demonstrate the use of machine language and assembler language to the class and
then compare it with a comparable program in BASIC or any other higher level lan-
guage, and use the demonstration to reinforce the “binary” and “hexidecimal” number-
ing systems and their importance to microcomputer operations.
Give test.
CONTENTS OF THIS UNIT
Objective sheet
Information sheet
Transparency masters
1.  TM 1 — IC Pinouts From a Computerfacts™ Schematic
2.  TM 2 — Microprocessor Evolution

3. TM 3 — Numbering Systems Table

Assignment sheets

1. Assignment Sheet #1 — Convert Binary Numbers to Decimal Numbers and Deci-
mal Numbers to Binary Numbers




CONTENTS OF THIS UNIT
2. Assignment Sheet #2 — Convert Octal Numbers to Binary and Decimal Numbers
and Binary and Decimal Numbers to Octal Numbers

3. Assignment Sheet #3 — Convert Hexadecimal Numbers to Binary and Decimal
Numbers and Binary and Decimal Numbers to Hexidecimal Numbers

4.  Assignment Sheet #4 — Convert Decimal Numbers Into Binary, Hexadecimal, and
Binary Coded Decimal Numbers

5. Assignment Sheet #5 — Label a Pinout for a Micropiocessor
Answers to assignment sheets
Test
Answers to test
REFERENCES USED IN DEVELOPING THIS UNIT

Desktop Computer Z-100 Series User’s Manual. St. Joseph, M| 49085: Zenith Data Sys-
tems, 1983.

DOS User’s Manual. Cupertino, CA 95014: Apple Computers, Inc., 1983.

Model 4 Disk System Owner’s Manual. Fort Worth, TX 76102: Radio Shack, a Division of
Tandy Corporation, 1983.

Sams Computerfacts™ CC5, COMPUTER: Atari 400™. Indianapolis, IN 46206: Howard W.
Sams & Co,, Inc., 1984,

Component Data Catalog. Santa Clara, CA 95051: Intel Corporation, 1982.
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MICROCOMPUTER OVERVIEW
UNIT Ii

INFORMATION SHEET

Terms and definitions

A.

Abbreviation — A word or phrase usually formed from the first letter in each
word or a group of words

Example: CPU means Central Processing Unit

Acronym — A word or phrase usually formed from the first few letters of
each word in a group of words

Examples: FORTRAN means Formula Translation

Bit — One binary digit, the smallest unit of information a digital computer
can handle

Byte — Eight bits that can be arranged to represent any decimal number
from 0 to 255

Nibble — Half a byte or four bits that can be arranged to represent any deci-
mal number from 0 to 15

Megabyte — One million bytes, a way of measuring the highly expanded
memory capacity of some microcomputers using 16-bit microprocessors

Mnemonics (pronounced knee-mon-ics) — The use of devices to improve
memory, and with microcomputers, it is the letter codes used in certain
logic functions to change higher level languages into machine language

Common computer-related abbreviations and their meanings

A.

B.

ALU — Arithmetic logic unit
BCD — Binary coded decimal
CPU — Central processing unit
DOS — Disk operating system

IC — Integrated circuit

110 — Input/output

RAM — Random access memory

ROM — Read only memory
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J.

INFORMATION SHEET

PROM — Programmable read only memory
EPROM — Erasable programmable read only memory
lll.  Microcomputer components and their functicns

A. CPU — The heart of the microcomputer system where the ALU and control
sections are located along with the registers used to handle data (Figure 1)

FIGURE 1

e
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CPU in a Hewlett-Packard Trainer

B. Registers — Irternal devices where stored information is manipulated as
blocks of characters

C. Busses — The system of wires or printed circuits used to connect the CFU
to the remainder of the subsystem

D. Memory — The section of the microcomputer that provides permanent or
temporary storage for binary information

E. IO chips — Devices designed to interface the microprocessor with periph-
erals (Figure 2)

FIGURE 2

11O chips in a Hewlett-Packard Trainer
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INFORMATION SHEET

F Clock — The timing signal that the CPU uses to time all logic operations

V. CPU sections and their functions

A. Control section:
1. Receives binary insiructions from the data bus and decodes them

2. Uses clock timing to set up appropriate registers to handle decoded
instructions

3. Handles clock timing and interrupt line inputs
B. Register section:
1. Program counter — This regicter is the same binary word length as
the address and controls the step-by-step progress as the CPU exe-

cutes a program

2. Accumulator — This register accesses the ALU unit where all math
and Boolean logic functions are executed

(NOTE: The name “accumulator” is derived from the way the device
‘ “accumulates” an answer following a logic or arithmetic operation.)

3. Index register — This register has the unique ability to change its
content value by one either up or down depending on instructions
sent to it, and there may be more than one such register

4. Flag register — This register has individual bit positions which indi-
cate the status or changes in a process after each instruction

Example: If a register contains zero after a given instruction, the
2ero status flag will “go high”

5. Stack pointer — This register keeps track of where the microproces-
sor stores (stacks) the contents of the working registers when the
microcomputer is interrupted

(NOTE: The interrupt may be from an external source or an internal
function that moves the program counter, but in both cases, the con-
tents of working registers are stacked in RAM during interrupts and
subroutine functions.)

V.  Types of busses
A, Address bus — A set of parallel wires or printed circuit traces that cary the

binary signal from the CPU to address or select the location of memory or
an |/O device i the system
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INFCRMATION SHEET

Data bus — A set of parallel wires or printed circuit traces that carmy the
binary signal from or to the CPU in response to a read/write command from
the CPU

(NOTE: The data bus is the same binary word length as th.2 data or instruc-
tion word(s) used by the microprocessor.)

Control bus — The bus that distributes the control sig..als required to keep
things in order and running smoothly

Other characteristics of busses

A

There are several types of external busses, and their architecture varies
with the specific applications for which they are designed

An entire bus may be multiplexed so that a bus with several lires can serve
more than one signal source

Both the address and data busses carry parallel signals at clock speeds in
excess of 1 megahertz, and troubleshooting bus problems requires an
oscilloscope-type device known as a data analyzer

(NOTE: An ordinary oscilloscope is not a good choice for trying to trouble-
shoot bus problems because the bast ones can view only two waveforms,
and thorough troubleshooting requires viewing 8 or 16 waveforms.)

Memory devices and their definitions

A.

ROM — Memory devices that have programs permanently stored in them
by the manufacturer and remain stored when the power is off

(NOTE: This type of memory is sometimes called a mask ROM and is used
in the system to control functions fundamental to system operation so
there is no need for reprogramming each time the system is booted up.)

PROM — A ROM device that can be programmed by a user to store infor-
mation only once, sometimes called a fusible PROM, and programs remain
in storage when power is off

EPROM — A ROM device that can be erased by ultraviolet light and repro-
grammed by a user, and programs remain in storage when power is off

Static read/write memory (SRAM) — Retains stored contents until it is
altered or power is turned off
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INFORMATION SHEET

Dynamic read/write memory (DRAM) — Retains stored contents only one to
two milliseconds, must be continually refreshed if it is to keep its contents
while power is on, and loses all contents when power is turned off (Figure 3)

(NOTE: Because of the “reiresh circuits,” dynamic memory systems are dif-
ficult to troubleshoot, but they are popular because their density takes up
less physical space.)

FIGURE 3

ROM and RAM chips in a Hewlett-Packard Trainer

Clock and timing characteristics

A

Timing of a microprocessor or microcomputer system is accomplished with
an IC clock circuit either on the microprocessor chip or on a separate chip
circuit

The clock waveform is usually a two phase nonoveriapping type with two
signals at the same frequency but starting at different times

When one waveform is high the other is low, and these waveforms are usu-
aliy labeled phase one (high) and phase two (low)

The clock provides timing signals to all parts of the microsystem and does
not have to be addressed because it is “or-line” all of the time

It is important to remember that the CPU controls the system busses but
that the clock controls timing to all of the parts so that if the CPU or the
clock either one fails the system will be inoperative

The high-speed timing cycle can be manipulated by use of an “interrupt”
mechanism activated by an operator or an outside control device to slow
operations to “real time”
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Steps in a microcomputer operating cycle

A

Before a program can be axecuted, the program counter must be set to a
memory location selected to begin the program

(NOTE: This command may be in hexadecimal to address the CPU directly
in machine language or the command may be in a high level language
which is decoded into machine language through an interpreter or assem-
bler)

The CPU places the contents cf the program counter on the ADDRESS BUS
as the PROGRAM COUNTER proceeds to the next sequential memory oca-
tion where it will stop until it receives instructions from the CPU decoder
section

The ADDRESS BUS seclects the contents of memory specified and places
wkhatever binary instruction it finds onto the DATA BUS

(NOTE: All of this is happening in a timed cycle, and remember that the pro-
gram counter is waiting fc :nstructions from the CPU decoder section.)

The DATA BUS carriis its data to the INSTRUCTION REGISTER of the CPU

(NOTE: Since the first word on the data bus enters the instruction register, it
must be an INSTRUCTION WORD.)

In the CPU, the DECODER sets up the appropriate REGISTERS in response
to the INSTRUCTION WORD that was placed in the INSTRUCTION REGIS-
TER

(NOTE: Each of the operations in the operating cycle is timed by the system
clock, and the number of clock cycles may vary with different CPUs.)

After the REGISTERS are set up, one of two operations normally occur:

1. The CPU may execute the program directly if no further data is
required

2. The CPU may require that the program counter send another address
out on the system ADDRESS BUS to retrieve data from another mem-
ory address which may be required to complete the instruction cycle

(NOTE: It is extremely important to understand the concept of an
operating cycle because it is the key to why old troubleshooting
techniques cannot be used with microprocessors.)
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Components of a chip family

A.

m o O

Microprocessor chip

(NOTE: The microprocessor is the heart of the chip family because it deter-
mines the bus width which may be a 4-bit, 8-bit, or 16-bit design.)

Memory chips
Clocking function chips
General purpose I/O chips

Applications or specialized I/O chips

Chip pinouts (Transparency 1)

A.

Steps

A chip pinout is a block diagram that shows individual pin locations on a
chip along with abbreviations or symbols to indicate pin functions

Since chip pinouts are valuable troubleshooting tools, they should be found
in OEM technical materials, and should be a part of every schematic that
includes chips in the circuitry

Chip pinouts of microprocessors are especially helpful because they pro-
vide quick references to pins wherz critical power supply, interrupt, and tim-
ing signals can be checked

In reading a pinout

Look for a notch or indentation at or near the end of the chip

(NOTE: This indentation is a mark to help locate pin #1, and it may be
shaped like a half moon, it may be circular, or it may be a notch, but it wili be
evident.)

Imagine yourself looking at the chip with the unmarked end of the chip at
the bottom and the indentation at the top

Locate pin #1 in the top left hand corner of the chip, to the left of the inden-
tation

Locate pin #2 immediately below pin #1, and locate all other pins in order on
the left side of the chip moving down

Cross over to the lower right hand corner of the chip and locate all remain-
ing pins in order on the right hand side of the chip moving up

Verify a proper pinout reading by making sure the largest pin number is in
the upper right hand corner of the chip opposite pin #1
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Xlii.  Abbreviations and other conventions for labeling pinouts
A. AO through A15 indicate address lines
B. DO through D7 indicate data lines
C. ¢0 indicates clock in
D. ¢1 and ¢2 indicate clock out
E.  TRQindizates an interrupt request
F NM indicates a nonmaskable interrupt
G. RES indicates a reset
H.  RDY indicates ready
L NC means a pin has no connection
J. R/W indicates read/write
K. A bar above an abbreviation indicates the line is active in a low logic state
Example: |1RQ, NM, and RES
L. VCC indicates +5V
M.  VSS indicates a voltage supply source
N. GND indicates ground

(NOTE: There are many other abbreviations used for labeling pins, and
since they vary from chip to chip, it's always best to find the proper OEM
technical material to properly identify pin functions.)

XIV.  Steps in typical chip family evoiuition

A_

Most chip families started with a microprocessor that needad additional /O
and controller chips

Example: INTELs 8080 microprocessor required nct only memory and 1/0
chips, but also an 8224 timing chip and an 8228 controller chip

The next chip generation integrated certain timing and control functions
with the microprocessor

Example: INTELs 8085 did not require additional timing and controller
chips
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The next chip generation became a complete microcomputer on a silicon
chip

Example: INTELs 8048 includes not only the microprocessor, but memory,
I1O, timer, and controller functions

Following generations of chips were made for specialized functions

Example: INTELs 8748, an EPROM (Erasable Programmable Read Only
Memory) can be programmed by the computer manufacturer or
erased and programmed by an individual computer operator,
and the INTEL 8022 is typical of highly specialized microcompu-
ters on a chip designed with analog conversions to control
devices such as microwave ovens that require temperature
sensing.

General /O chips

A 110 chips send and receive data to and from peripherals in two ways:
1. Parallel
2. Serial

A parallel handling device will take an entire 4, 8, or 16-bit word all at once
internally

A serial handling device will take the bits in a word one at a time whether
sending or receiving

One timing cycle (clock cycle) will take an entire word in parallel

One timing cycle (clock cycle) will take only one bit of a word in serial

(NOTE: Because serial handling is asyncronous with system timing, it runs
slower than system timing, serial data transfer is safer for data transmis-
sion because only one bit of a word can be lost at a time, but with parailel
data transfer, the whole word or several words may be lost.)

Specialized 1/O chips

A Often include timing for specific functions such as data transfer and
realtime (clock timing) functions

Example: The IEEE-488 GPIB, General Purpose Interface Bus, was specifi-
cally designed interfacing between laboratory instruments and
computers
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B. Add-on controls or integrated peripherals

1. Floppy disk controller

2. Data communications devices such as MODEMs
3. Video controller chips

4. Printer and keyboard interfaces (Figure 4)

FIGURE 4

5. Memory control

C. Provide coprocessing capability such as a math coprocessor like Intel’s
8087 which works much faster than the microprocessor and also frees the
microprocessor for other program functions

(NOTE: Memory cards perform special functions, but they are such gener-
ally used parts and manufactured by so many manufacturers that they are
not specialized in the sense that chip families are.)

XVIH.  Directions in chip family evolution (Transparency 2)

A. The production of larger word length microprocessors

Example: INYELs 8088 is internally a 16-bit microprocessor, but it can
accept 8-bit words off the traditional 8-bit data bus, and this
microprocessor is the heart of IBM and IBM lcok-alike com-
puters
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The production of more sophisticated microprocessors to fill industrial and
commercial needs

Example: INTEL has produced a 32-bit microprocessor called the IAPX
which means Intel Advanced Products Experimental, and is a
good indication of how chip manufacturers will continue to
experiment and enhance both chip functions and capabilities

(NOTE: As you advance In troubleshooting skills you will confront most of
the major chip families which include INTEL, Motorola, Tl, National, MOS
Technology, MOSTECK, Rockwell, Fairchild, and Zilog.)

Functions of an operating system program

A.
B.

To power up computer
To read the keyboard and generate a video display

To accept operating signals from the hardware and relate them to whatever
level of software is being used

To knit together the hardware and software functions to permit a user to
operate a computer system

Types of operating systems

A.
B.

Disk operating systems
Nondisk operating systems

(NOTE: Nondisk operating systems may be on tape or may be in ROM so
that the computer comes up “smart” shortly after the computer is turned
on.)

Characteristics of disk operating systems

A.
B.
C.

Part of the operations still take place in ROM
Must be able to do the same tasks an operating system normally does

Must also be able to handle storage and retrieval of information on the
mass storage disk

Typical disk operating systems and their uses

A

Apple DOS — Used with Apple computers

(NOTE: Apple DOS is a trademark of Apple Computers.)
TRSDOS — Used with TRS (Tandy Radio Shack) computers
(NOTE: TRSDOS is a trademark of Tandy Radio Shack.)

71



INFORMATION SHEET

C. PCDOS — Used with the IBM personal computer
(NOTE: PCDOS is a trademark of IBM.)
D. MSDOS — An operating system developed by MicroSoft Corporation

(NOTE: Microsoft is a registered trademark and MS is a trademark of Micro-
soft Corporation.)

E. CPIM — Control Program for Microcomputers, the first attempt to make a
generic DOS that would work with any computer

(NOTE: CP/M is a registered trademark of Digital Research, Inc.)

F UNIX — A sophisticated multi-task/multi-user DOS that requires a 16-bit
microprocessor and is typical of the coming generation of operating sys-
tems

(NOTE: UNIX is a trademark of AT&T Technologies, Inc.)
G. Z-DOS — Used with \he Zenith Z100 microcomputer

(NOTE: Z-DOS is a trademark of Zenith Data Systems.) .
XXll.  Identification of disk operating systems

A. First generation DOS’s normally have a single number followed by a dot
and a zero

Example: DOS 1.0

B. Major modifications of the DOS retain the number before the dot, but
change the number following the dot

Example: 1.1 is the first revision of DOS 1.0

C. Minor modifications of the DOS retain the number before the dot and the
number after the dot, but add second or even third digits after the dot to
indicate further minor changes

| Example: DOS 1.123

D. When the operating system undergoes a complete change, the number in
front of the dot is changed

Example: DOS 2.0
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Importance of DOS identification in troubleshooting

A. An upgraded DOS is designed to correct problems in an operating system,
and a customer not using a properly updated DOS may be having problems
that have already been corrected with the DOS change

B.  When troubleshooting, make sure you are using the same DOS the cus-
tomer has been using, and that it is the proper DOS

C. Computer customers should be encouragec to register their computers at
the time of purchase because some manufacturers automatically send
notification of DOS modifications

Types of printers and thelr characteristics

A. Dot matrix — Versatile printers in that they can reproduce standard type-
writer symbols plus graphics, but limited in that the quality of reproduction
is less than excellent even on the best types

(NOTE: Earlier dot-matrix printers did not produce letter-quality print, but
newer models do, and some of them rival the performance of their letter-
quality cousins.)

B. Letter quality — Reproduce typewriter symbols with superior quality by
using a strike-on head, printer ball, or a daisy wheel, but cannot reproduce
graphics

C. Ink jet — Reproduce quality typewriter symbols with excellent quality
because the jet-spray pattern closes chara:ters well, and also capable of
good graphics

(NOTE: The ink jet printer, although relatively new, is highly accepted not
only because of its quality, but its near silent operating characteristics.)

D. Laser — Ultra high-speed printers that produce a quality that only profes-
sional printing can rival, but their cost is prohibitive and their use is limited

Types of disk drives

A. Floppy — Operates with a soft pliable oxide-coated disk in standard sizes
of 8”,5 14", and 3 2"

B. Hard — Operates with a hard oxide-coated disk that comes in a variety of
styles and sizes, but the 5 /4" size is most common because it can replace
a floppy disk of the same size and work at a much faster speed

(NOTE: Hard disks are attractive for some applications because of their
great storage capacity which can sometimes be one hundred times greater
than a floppy of the same size.)
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Modems and their characteristics

A

Modems are devices which permit one computer to communicate with
another computer via a phone line or direct wire

Modems «re mostly manufactured with dedicated IC chips and have rela-
tively few serviceable components

8ecause inodems are electronic transmitting devices, they are strictly con-
trolled by FCC regulations, and some modern repair is restricted only to
holders of an appropriate FCC license, and the fines for violation of FCC
rules are severe '

Video displays and their characteristics

A.

Monochrome — May be black and white, green, or amber, and may be inte-
grated with the computer system or an add-on

Composite color — Usually an add-on video display less expensive than an
RGB, but lacking the high resolution of an RGB and may not be capable of
an 80-column display

RGB — A color monitor that separates red, green, and blue for quality high
resolution, and can handle an 80-column display and still retain a clear dis-

play

(NOTE: Both composite color displays and RGB displays are usually add-
ons and sometimes require printed circuit card changes for proper opera-
tion))

Specialized peripherals

A.
B.
C.

Speech generators
Real time clocks
Spoolers for printing
1. Supplies data to the printer while the computer is still running

2. Frees computer memory so computer can continue in use while data
is being printed

Plotters for charts, graphs, and other special graphic and drafting applica-
tions

Graphic input devices
1. The mouse
2.  The light pen

3. Graphics pads or tablets of several varieties
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Specialized applications cards such as robotic controls and communica-
tions controls for phone answering devices

(NOTE: Most specialized peripherals are not serviced and some are not
serviceable at all because they use large IC's that can be replaced only by
the ranufacturer)

Levels of language and their orders

Machine language — The first or lowest language level
Assembler language — The second or next lowest language level
Program language — The next to highest language level

(NOTE: These languages include BASIC, FORTRAN, COBOL, PASCAL, and
many others.)

Applications language — The highest language level

(NOTE: These languages consist of already programmed items such as
spread sheets and word processing programs that permit the user to cause
some operation to occur by simply entering data as opposed to program-
ming the computer)

Characteristics of machine language

A.

Requires that the computer operator specify actual memory addresses in
the computer along with machine codes that are understood by the com-
puter control section

Requires data necessary for the operation at the level the computer can
understand which is typically bin.ry or hexidecimal

Requires that an operator know the codes and the addressing modes of the
instructions for a specific microcomputer chip because each chip has a dif-
ferent set of codes

In servicing computers, there are times when machine language routines
are the only way to operate the system

(NOTE: In fact, if communications to the outside are not functional, this is
the only way to get the microprocessors to respond.)

Most system troubleshooting routinus are written in machine language

Is the slowest to program of all language, but runs the fastest
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Characteristics of assembler language

A.

B.

G.

Replace machine codes with mnemonics or “memory devices”

Mnemonics are usually thres or four-letter codes and are usually abbrevia-
tions for the operation to be performed

Example: ADC means add with carry, LDA means load the accumulator,
and ROR means rotate right

Addressing in assembly langiiage is done by “labeling” rather than giving
specific machine addresses

After a program is written in assembly language, the mnemonics and labels
must be run through a program called an “assembler”

The assembler program will in turn generate the machine code which in
turn will operate the computer

Assembler language is easier to learn than machine language because it is
more generic in nature and does not require learning specific codes for a
given chip

(NOTE: This generic quality of assembly language means that a program
couid be done on a host computer, in other words, written on one brand of
computer and used on another brand of computer that might use a dis-
tinctly different brand of chip.)

Is about ten times faster to write than machine larguage

Characteristics of traditional high leve! languages

A

These programs are highly structured, but once the operator learns the
rules, programming in a high level language such as BASIC or PASCAL
becomes a relatively easy job

The computer deals with a high level language by translating the language
into machine language through an interpreter or a compiler

With an interpreter, the BASIC command along with line number and data is
fed into the interpreter ROM which then sends the interpreted machine lan-
guage instructions to the microprocessor

1. Interpreters are built into most home computers

2. Since the interpreter must look up every BASIC instruction, the pro-
cess is slow, but the interpreter is still the most common way of han-
dling high level languages
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D. With a compiler, the high level BASIC commands are fed into a compiler
program which interprets and compiles data directly into machine lan-
guage

1.  Compilers are not part of basic computer systems and have to be
purchased as add-ons

2. Since the compiler translates high level languages into machine lan-
guage, it is much faster than an interpreter

XXXIll.  Characteristics of applications languages

A. Extremely user friendly in that they permit an cperator to complete a rou-
tine by simply entering data, but no formal programming is required

B. Some applications languages such as spread sheets and word processing
programs offer menu choices and even “help” options to assure that errors
will be avoided

(NOTE: Do not confuse an applications program with the language that
makes it function because the program is designed around a special appli-
cations language that makes the program work.)

‘ XXXIV.  Characteristics of applications software

A Applications software is almost always “dedicated” to performing one spe-

cific functicn

Example: Process controls, robotic controls, and analytical laboratory
controls

B. Because most applications software is tied-in to sensor input, no operator
input is required

Example: Applications software that operates the fuel-ignition system in
an automobile receives input from various sensors as well as
the accelerator, interprets all inputs, and selects the correct fuel
mixture and ignition timing for the most efficienit operation at
any given speed

XXXV.  Numbearing systems and their structures (Transparency 3)

A. Decimal — A numbering system with a base of 10 that uses the digits 0
through 9 to represent all numbers in the system

Example: Most numbers used in every day life and business are decimal
numbers
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B. Binary — A numbering system with a base of 2 that uses only the digits 0
and 110 represent all numbers in the system

Example: Moving left, each place value in the binary system doubles in
value, and that is what is meant by a base 2 nu.nbering system

X2 X2 X2 X2 X2 x2 X2
128 64 32 16 8 4 2 1
When a 0 appears in a place value, there is no numbar value,
but when a 1 appears in a place value, the number valv is
equal to the place value and the number value is the total of all
the place values that have a 1 in them
1024 512 256 128 64 32 16 8 4 2 1
0o 0 0 0 O0O0OOT1TOCT1T O=10
0 0 1 0 0 0 0 0 0 0 0=25
0 0 1 11 1t 1 1 1 0 0=2508
(NOTE: In other words, in the binary system, oniy one of two things can hap- ‘
pen, a 1 will indicate a given place value and a 0 will indicate no value, and

this basic idea of only one of two things happening is the heart of computer
logic systems where things are either “on” or “off” or “high” or “low”.)
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Hexadecimal — A numbering system with a base of 16 which uses the dig-
its 0 through 9 to represent the numbers 0 through 9 and the letters A
through F to represent the numbers 10 through 15

Example: Since place values in a 16-base numbering system are multi-
plied by 16 instead of 2 as in a binary system, they're fairly easy
to figure out. To find the hexadecimal value of 3E8, start right or
left and add the totals; starting from left to right it would work
as follows:

8 + (E x 16) + (3 x 256) =
8 + (14 x 16) + (3 x 256) =
8 + 224 + 768 = 1000

(NOTE: The binary form for 256 is 1 0000 0000, but the hexadecimal form is
100, so in effect, the hexadecimal form “crunches” numbers to make them
easier for a computer user to read and use, and the computer can readily
convert hexidecimal n