
University of North Dakota University of North Dakota 

UND Scholarly Commons UND Scholarly Commons 

Theses and Dissertations Theses, Dissertations, and Senior Projects 

8-1986 

Computer Aided Drafting Computer Aided Drafting 

Lou Shi-Jer 

How does access to this work benefit you? Let us know! 

Follow this and additional works at: https://commons.und.edu/theses 

Recommended Citation Recommended Citation 
Shi-Jer, Lou, "Computer Aided Drafting" (1986). Theses and Dissertations. 6293. 
https://commons.und.edu/theses/6293 

This Independent Study is brought to you for free and open access by the Theses, Dissertations, and Senior 
Projects at UND Scholarly Commons. It has been accepted for inclusion in Theses and Dissertations by an 
authorized administrator of UND Scholarly Commons. For more information, please contact 
und.commons@library.und.edu. 

https://commons.und.edu/
https://commons.und.edu/theses
https://commons.und.edu/etds
https://und.libwizard.com/f/commons-benefits?rft.title=https://commons.und.edu/theses/6293
https://commons.und.edu/theses?utm_source=commons.und.edu%2Ftheses%2F6293&utm_medium=PDF&utm_campaign=PDFCoverPages
https://commons.und.edu/theses/6293?utm_source=commons.und.edu%2Ftheses%2F6293&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:und.commons@library.und.edu


COMPUTER - AIDED DRAFTING

by

Lou, Shi- Jer

Bachelor of Education, Nationar Kaohsiung Teachers, college,
Kaohsiung, Taiwan, Republic of China, L9g2

An Independent Study

Submitted to the Graduate Faculty

of the

University of North Dakota

in partial fulfillment of the requirements

for degree of

Master of Education

Grand Forks, North Dakota

August

1_986

þ-



This Independent Study submitted by Lou, Shi- Jer in
partial futfillment of.the requirements for the degree

of Master of Education in the university of North Dakota,

is hereby approved by the committee under whom 'the work has

been done.

( Chairperson )

( Advisor )

ii



TABLES OF CONTENTS

LIST OF FIGURES

LÏST OF TABLES . .

ACKNOWLEDGEMENTS

CHAPTER I. TNTRODUCTION

CHAPTER II.

CHAPTER III.
CHAPTER IV.

CHAPTER V.

APPENDIX.

BTBLIOGRAPHY

REVIEV'T OF LITERATURE

PROCEDURES

PRESENTATION

SUMMARY, CONCLUSIONS,

LTST OF CREATE PROGRAM

aaaa

aaat

aa

aa

RECOII{MENDATTONS

aa

AND

iv
vi

vii
1

6

L8

2L

.92
96

1- 1L

111



LIST OF FIGURES

Figure

1. 1".

2.L.

¿. ¿.

2.3.

3.1.

3.2.

4.L.

4.2.

4.3.

4.4.

5.1.

5.2.

6.1.

6.2.

6.3.

7.L.

8.1-.

8.2.

9.1-.

Low Resolution Screen

High Resolution Screen

The Boundary Limits of High Resolution

Varled Colors on The High ResoluLion Screen

Page

.24

.28
Screen.3l-

Flags on Mixed Screen

F1ags on FuI1 Screen

Plot of Robot on Page

Plot of Robot on Page

Included

Plot of Ellipse : .

Diagram of Ellipse
The Shape of Parabola

Diagram of Parabolã

l-

2

31

35

36

40

40

4L

4L

46

46

49

50

5l-

53

54

56

57

60

6L

Plot of Robot on Page 1 Changed from

Plot of Robot on Page 2 Changed from

Diagram on Graphics Screen

Diagram on Text Screen

CircIe Measure

Plot of a Circle

Plot of Several Circles

Plot of Square

Page 2

Page 1-

7.2. Plot of Square with Correction Factor

9 .2.

l_v



r-0.1-.

L0.2.

l_l_. l-.

LL.2.

l-l-.3.

12. L.

l-3.1_.

L3.2.

L4. L.

L4.2.

15.1.

t5.2.

l-5. 3.

The Shape of the Hyperbola

Diagram of Hyperbola

Design the Shape

Design the Vectors

Diagram of the Shape

Manipulating Shapes

Scaling the Four- Leaf Curve

Reflecting the Heart Curve

Shear the Three- Leaf CurVe

Rotate the Three- Leaf Curve

PIot of Cylinder 1 .

Plot of Cylinder 2 .

Plot of Cylinder 3 .

64

65

69

69

7t

75

79

80

83

84

90

90

9L

v



LIST OF TABLES

TABLE

1.1.

2.L.

3.L.

4.1,.

5. 1.

1L.1.

LL.2.

1-l_.3.

LL.4 .

L2.L.

Color Numeral

PAGE

24

29

34

38

44

67

68

70

70

74

Color Numeral

Location of Memory

Location of Memory

Location of Memory

Action of Symbol

Shape Table Byte

Convert the Binary

Byte Configuration of the

lable of ROT and SCALE

Shape

t

va



ACKNOWLEDGEMENTS

The writer wishes to express his appreciation to
Dr. Myron Bender and Dr. VüiJ.liam Estrem for their
dedication, guidance and encouragement during the
preparation of this study

The writer also wishes to appreciate hj-s parents

and wife, Chwei for their moral support and

encouragement.

vl- a



CHAPTER I

INTRODUCTION

. Tt is our nature as human beings to build tools that
extend the capabilities of our bodies and minds. Ífe strj-ve

to design these tools to meet our needs and mold them to
match our skills. Computer technology has enabled us to
create tools that are more sophisticatedr more powerful, and

more useful than ever before. rn itself the computer is
simply a machine, in creative hands it becomes a companion,

assistant, and communic.aron medium. And as technology

pushes beyond today's limits, computer graphlcs is often
playing a leading ro1e.

Computers communicate with the ',real world" through

various devices designed for the input and output of data.

Many sophistícated techniques are employed which foster
greater sensitivity of the machine to its environment and

synergism with human users. computer graphics extends our

eyes with new image-making capabì-litiesr oLlr hands with
interactive design too1s, and our minds through non-verbal

communi-cation.

No technological advance in the past three decades

has impacted so profoundly on the occupation of drafting as

the advent of computer-aÍded drafting / design (CAD).

computer-aided drafting can be done in aIl drafting fields,
1
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from the architectural to mechanical drafting. Therefore,

the coming age of computer-aided drafting represents a

serious chal lenge in the area of occupational skir ls
requi-red for updating Technology Education instructors.

One of the major goals of Technology Education is to
expand students knowledge and understanding of industry and

the technology it uses. Thus, the use of computer-aided

drafting in Technology Education classes should rapidly
expand. rf we provide the opportunlty for Technology

Education instructors to learn the cAD. Then they wirl
realize that cAD can be integrated into many Technology

Education classes as an aid to teaching and learning. rn

some cases, it will be used to reinforce conventional

educationar methods, and it will be a completery new tool in
teaching and experience j_n learning.

Statement of the Problem

The problem of this independent study is to develop

course materials on the fundamentals of computer-aided

drafting that may be used to assist secondary school

Technology Education instructors in updating their
computer-aided drafting knowledge.
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1. Review literature and

Obj ectives

computer- aided

CAD concept in

drafting system

Technologyapplicable for

Education.

2.,' Identif ied and

teaching

structured content into fifteen uni_ts.

3. Developed and tested labortary

fifteen content units.
4. Develop a model computer program

experiments for the

technology teacher with computer-

that witl aid the

aided drafting.

Purpose of the Study

The purpose is to develop a teacher manual that will
include:

l-. General computer information.

2. Computer- aided drafting systems.

3. The basic mathematical and programming techniques

of computer- aided drafting.

The need for this has become evident because many

secondary Technology Education instructors have a difficult
tlme grasping neb¡ concepts used in the modern day

computer-aided drafting system

The study was designed to assist teachers by provid-
ing material, resources, and alternatives, and guidance

necessary to CAD courses directed towards the future.
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1

Limitation of the Study

This study is limited to:
The available computer- aided drafting
Industríal Technology Department at the

North

2. The

Dakota.

course material was

equipment in the

University of

basis of an

the mathema-

designed on the

for introduci.ngmicrocomputer

programming techniques of computer- aided

assumed that the Technology Education
j-nstructors possess an understanding of BASIc language,

microcomputer and mathematical concepts that are invorved

i-n the course materials'.

Definitlon of Terms

AppIe-I Ie

tical and

drafting.

It was

. The following terms

independent study:

Ivlicroeomputer. A

circuit, coupled to

interfaces.

Program. A

cause a specific task

Hardware. The

are defined for use in this

CPU within a slngle

input

integrated

/ outputsome memory and

series of computer instructions that
or group of tasks to be

acutual computer itself
performed.

and peripheral
devices or machines.
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Software. All non-mechanical computer-aided draft-
:-ng components.

CRT. Cathode ray tube. Visua1 display device on

which drawings may be called up from memory and displayed

on the screen. Drafters interact with the CRT through its
keyboard or with a digiti zer.

CPU. Central Processing Unit. The part of a com-

puter where j-nstructions are decoded and executed.

Plotter. A hardware device resembling a drafting
table that actually plots the drawings based on commands

from the computer.

Digitizer. A hardware device that allows drafters
to

them

electronically trace sketðhes or drawings and commit

on the computer's memory

Printer. A device that prints computer output on

paper.

Graphics Processor. A central processing unít used

for computer-aided drafting system.

Hard Copy Unit. A special device designed to make

copies of drawings and printed matter.

Turnkey System. Computer hardware and instructions
integrated to complete a specifÍc task or application,
sold to the user as an integrated system.
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Review of Literature

What is " Computer graphics ?" The term is widely

used, yet it has a variety of meanj-ngs. The computer, s

ability to draw or to display information certainly fal1s
within the domaj-n of computer graphics. " Computer graphics

is the use of computers to produce pictorial representations

of information " ( Scott L984 P.1-0 ). " The computer is a

kind of drafting tool or time saving device to help

drafters perform their jobs more rapidly and effectj-ve1y,, (

Goetsch l-981- P.2 )." computer graphics alJows communication

through pj-ctures, charts, and diagrams " ( Harrington

1-983 P.1- ). Thus, computer graphics might best be defined

as the communj-cation of graphic data to or from the

computer.

For an effective dialogue to occur between the human

and the computer, the. communicatj-on media must be fast,
comprehensiver ând comfortable to use. Computer graphics

provides this communication language. It is much easier to

understand a picture than a verbal or numericar description
of the same information. Vte live in a visual world. We

take in most of our information through our eyes. The

6



7

amount of information obtained visually far surpasses the

amounts obtained by our other senses. For Donald Greenberg

stated: " A picture is worth L024 words " ( Greenberg

L982 P.l ).
The use of computers to draw pictures j_s not new.

ENIAC, the first digital computer, began operating in Lg46.

Early applications in computer- aided design ( CAD ) were

primarily computational, with no graphic output. Solutions

to dif ferential equations \^/ere being displayed at MIT's

Lincoln Laboratory on a cathode ray oscirloscope in the

early fifties. The impetus for interactive computer

graphics can be traced to rvan sutherland's sKETcHpAD

system, developed at MIT in L962 ( Greenberg LggZ ). By

the mld-sixties there \^rere several cAD systems in use at
large companies such as General- Mòtors and Boeing, but there

were no standard graphics programs. Each system was a

special ized design and requirea a large ,, ma j-nf rame ,

computer to support it.

. These early systems hlere used for sophisticated
design and analysis as well as for generating graphic

imagines and drawings. several industries, began to develop

and use interactive computer graphics as part of their
computer-aided design systems. significant advances in
computer technology made minicomputer-based cAD systems

possible. Vendors began offering ,, Turnkey ,, systems.
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The systems allowed companies without large data processing

departments to install a system and be assured of support.

Turnkey systems gave CAD a new meaning- computer-

aided drafting. The minicomputer cAD systems could not
perform the sophisticated design and analysis of a mainframe

system, but they could speed up the design and drafting
process and increase the productivity of drafting
departments

Soon companies using computer-aided drafting systems

began to rearize the wealth of informatj-on contained in a

set of architectural plans or an engineering drawing. It
didn't take long before computer- aided design and drafting
became the new phase with sophisticated graphics and

analysis capabilities. ( Scott L9B4 ).
Since the l_970s, the microprocessor chip has

increased incredibly in por^¡er. The newest sixteen and

thirty-two bit microprocessors are equat in computational

speed to the large minicomputers of a few years ago. This

has made possible microcomputers with graphics capabilities
that can run ful1- featured cAD software. Micro-based cAD

is a relatively low-cost, high performace, mostly two-axis

design and drafting technology that utilizes a personal

computer with medium-to high resolution graphics for its
CPU. The present-day use and future potentiat of micro-

bomputer- based cAD technology is phenomenal. close to
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25,000 systems have been installed in just the last two and

one-half years ( V'lohlers l-985 ).
The future also promises " intelligent ,' machines,

or artificía1 intelligence ( AI ), rising from the study of

knowledge and decision engineering. Recent Japanese and

I¡üestern commitments toward the " 5th generation ,'..of

computing ( the first four were tubes, transistors, LSI,

and VLSI ) will commercially apply AI techniques, producing

intelligent machines that interact with people naturally.
These machines will be easy to use, responding to our

questions and instructions with informative graphics and in
our oh/n language. Computer graphics presentations will be

automatically generated, showing the information we want, in
the context we request

Intelligent non-verbal communications between man

and machine will utilize the computer graphics techniques

developed today. Expert advice and problem-"otning methods

will be encoded and packaged into " knob/ledge-bases ,,, a

future commodity that will be very big business. And

computer graphics will be a primary vehicle through which

information and knowledge are transferred ( Scott Lg84 ).
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Computer- Aided Drafting in Industry

Applications for computer aided drafting ( CAD ) are

growing constantly in i.ndustry. Computer displays provide a

means for automating engineering drawings, architectural
plansr or manufacturing processes. Drafting plans using CAD

methods can produce an outline or rendering of a machine

part from viewing angle by specifying the dimensions of the

part to the computer graphics system. Using similar graphics

methods, tlie manufacturing layouts for a part are drawn and

displayed. These layouts can be used to show the path to be

taken by machine tools over the part surfaces during the

manufacturing of the part. Numerically controlled machine

tools are then set up to produce parts according to the

layout patterns.

Automobj-Ie, aircraft, and aeroapace design engineers

use CAD techniques to help in designing surface contolrs.
Wire frame drawings can be displayed on a video screen to
test the appearance of body shapes for automobiles,

airplanes, or spacecraft. These drawings can be created to
display the entire surface outline or individual sections.

More detail can be added to the computer- generated

displays at each stage of the design process. A final,
realistic rendering of the object allows the designer to see

what the finished product will look like ( Hearn 1983 ).
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Electrical and electronic circuits are designed with

CAD methods. Starting with pictorial symbols that
represent the different components, an electronics designer

can build up a circuit on the screen by adding components

one at a time. With a video display of a building layoutr ân

electrical desígner can experiment with different arrange-

ments for electrical outlets or fire warni,ng systems.

CAD in architecture is more than presentation

graphics. V'fhile the design of a building wins contracts

and awards, The practical elements of architecture make

a building serve its purpose. The computer provides new

graphic and analytical tools for facility planning,

environmental analysis, heat load calculations, and

construction cost estimating. Architects can use the same

three-dimensional shaded surface programs that show the

exterior of buildings to create realistic images of office
interiors, down to papers on the desk and plants j-n the

corner. They can mix and match colors and light sources,

and select from standard furniture and fixtures. Open

design concepts give facility planners tremendous

flexibility. With CAD, planners no longer have to move

cardboard cutouts around blueprintst CAD allows them to
rearrange entire floors graphically. They can give check

points of various arrangements to their clients orr with a

three-dimensional system present a simulated walk through
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the building ( Scott L984 ).
Computer graphics in design and production is

bringing about basic changes in how drawings are prepared in
industry. The manual skills of drawing and lettering are

being replaced by workstation operation and keyboard typing.
As CAD systems became more. powerful , engj-neers and

architects will work directly with them. These changes

will mean job displacement: A job dealing with the

production and handring of engineering and architectural
drawings will ¡e replaced by information processing jobs.

CAD is certainly becoming more popular in industry.
No recent breakthrough or scientific discovery has made

this possible. It is simply that CAD expanded the tools hre

have available and provided mankind with the creative

freedom we have never known before.

Computer- Aided Drafting in Education

The noticeable efforts of comput,er-aided drafting (

CAD ) will be in educati-on. Educational applications like
simulation, games always utilize computer graphics. pictures

and graphs are used to explain the operation of various

systems.

Simulations enable a teacher to present artificial
versions of real-life situations that are too costly, time-
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consuming, dangerous, or complicated to recreate in a

classroom. rn this sort of instruction the computer is
able to simulate the conditions of an experiment or

si-tuation. The student can set conditions . and make

decisions, and the computer will show or demostrate their
implicati-ons. One well-known computer simulation, the

flight simurator, has been used for years in training pilots
to fly commerciar and military aircraft. Ftight simulators

work quite well and provide valuable training before actual
flights, without risking aircraft or life.

There is considerable flexibility regarding how

computers can be used in simulatlons. They can control
mechanical movement, or graphics displays, or text shown on

CRT screens. To help convey an j-dea of the range of possi-
bilities for computer simurations, some applications risted
as illustrating chemistry, biology, physics experiements,

designing manufacturing processes etc, are all instructional
simulations ( Bramble l-985 ) .

There is one area of CAD with which everyone

is familiar video games. Their fascination lies in a

mixture of bright changing colors, simpre electronic sounds,

and an instant response to buttoms, joysticks, and

trackballs. while these games may be entertaining, thej-r
educational value is doubtful. However ¡ ã number of
attempts have been made to harness the motivatj-onar powers



L4

of games for educational purposes by presenting instruc-
tional problems in game format. The student performs a

task of educational value in order to do well in the game.

According to Bramble, ( 1985 ), there are several benefits
of computerized educational games which would apply in most

situations:

1. Educational games motj-vate students.

2. Educational games can help increase a student's

attention span.

3. Games can provide driIl and pratice painlessly.
4. Educational games may be designed to foster the

higher congni-tive levels of instruction.
Educational simulations and games can work best when

they are integrated into a planned seguence of learning,
which includes textbooks, writing exercises, various media,

and teaching strategies. As the guality of educational

programming for mÍcrocomputers improves, educational

simulations and games have great potential for enchancing

instruction in complex intetlectual tasks.

Computer- Aided Draftin in Technical Education

adopted

to CAD

Computer-aided drafting
by industry. More and

( CAD ) has been widely

more industrj-es are turning

product ivity, 9üâ I ityfor its potential to increase
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and promote standardization.

Businesses' industries, and educational institutions
are responding to the need for cAD education and training.
several companies have initiated in-house training programs

for their employees, but there seems to be no people

knowledgeable enough to develop and conduct training on a
wide scare. And although a few experts in industry and

education are acting as consultants to organi-zations seeking

informatj,on and formal training, there are not enough of
them either.

Fortunately, many schools are offering formal

instruction. Two-year vocational / technical schoors are

beginning to conduct courses for the purpose of developing

qualified operators. Public schoors are slow in responding

to this need, however, primarily due.to a lack of teachers

and computer lab facilities. Micro-based cAD in lower

schools is desperately needed to meet the future demands of
industry, and high school graduates shourd be made aware of
career opportunities in CAD.

As Forrest John, head of Oklahoma State Tech's

Drafting Technology Department, predicts that " drafting
technology educators in the l-980s will have two choj-ces:

make the transition to CAD or abolish thelr programs ,,.

Thus, the Technology Education instructors must cope with
the rapid changes and introduce the new technologies into
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the classroom.

New competition and continuous

advances are rapidly making CAD education

schools an affordable reality. The time to
students for CAD is noh/.

technol ogi ca1

and training Ín

start preparing

Summary

Nothing in the last half-century has affected our

lives and the world we live in more than two inventions: the

television and the computer. Computer graphics is the

artf ul and scientif ic f usion of these t\¡ro. Computer

graphics has been applied to industry, bu!iness, medicine,

education, scientific research, engineering and so forth. It
is the most important and useful tool in the modern society.

Computer- aided drafting ( CeO ) as parts of computer

graphics has also grown at a phenomenal rate. The result of
a l-983 study on CAD uses in Houston, Texas revealed that
57.L percent of the corporations surveyed were using CAD at

the present and another 58.3 percent of the corporations

that were not using CAD at the present plan to do so in 3 to
5 years. Also 64.3 percent thought that CAD should be

taught at the secondary level of education ( Becker 1,985,

P.r-6 ).
With these statistics in mind it seems reasonable and
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necessary that rechnology Education instructors should

familiarize students with cAD. cAD shourd be implemented
j-nto the industrial technology education programs since it
is becoming more. demanded by industries of aI1 sizes.
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CHAPTER III

PROCEDURES

Development of Research Materials

The following materials were used:

Library resource materials

l-. Text books: a. Computer Graphia

b Microcomputer Graphics for

The Apple Computer

c. Microcomputer Graphics

d. Computer Graphics and

Appl ications

e. Computers in Schools

f. other related books

2 . Related periodÍcals :

a

b

c

d

e

School Shop

The Technology Teacher

Computer Graphics Vùor1d

Educational Technoloqy

Industrial Education

f. other related periodicals

3.Government documents on computer-aided drafting

systems.

l-8
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B.Review related literature

C.Develop course material that can

computer- aided drafting class.

and analyze information.

be integrated into a

Design of Instructional tr4aterials

The computer-aided drafting manual on the following

pages was written in a form that related to the inservice

Technology Education instructors and is explained for easy

understanding language. The eLements identified.for the

manual included: (1) title, (21 objective (s) , (3)

content(s): related information of each experiment, (4)

procedures: activity steps in each experimentr (5) program

list: necessary programs for each experiment, (6)

exerci-se.

The computer-aided drafting system used for the study

is the APPLE IIe microcomputer which is made by APPLE

Computer, Inc, California. Each experimental set-up is

actually run and tested by the researcher. Procedures are

listed in each experiment.

In addition to this manual, the following instruc-

tional tools can also be used to reinforce the information

being cover: Super Pilot lesson disk

Overhead transparencies

Film strips and records
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Demonstration mock- ups

Video tape presentatj-ons

Periodically throughout this manual the student will
have specific duties to perform in the order of job sheets.

These job sheets will reinforce the material covèred and

also let the instructor know j-f the student is understanding

the computer- aided drafting. AL the end of the course a

comprehensive test will be given.



CHAPTER IV

PRESENTATION

General Introduction

This chapter is a presentation of each experiment.

The fifteen laboratory experiments hrere selected and grouped

in a sequential order based on the library resource

materials, related literature and information. The

components for each experiment are: (1) title, (21

objective (s) , (3) content (s) , (4) procedures, (5)

program list, (6) exercise.

List of Laborary Experiments

This chapter consists of fifteen laborary experiments

as listed:

l-. Fundamental Low Resolution Commands.

2. Fundamental High Resolution Commands.

3. Mixed and Full Screen on Page 1-.

4. Drawing on Page l- and Page 2.

5. Switching between Text and the Graphics Screen.

6. Draw a Circle.

2L



7.

8.

9.

l-0.

l-i_.

1,2.

13.

L4.

15.

22

Draw a Rectangle.

Draw a Ellipse

Draw a Parabola.

Draw a Hyperbola.

Making a Shape using a Shape Table.

Manipulate the Shapes.

Matrix Representation of Transformations.

Matrix Shear and Rotation.

Animating Pictures.
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Experiment l-

Title: Fundamental Low Resolution Commands

Object.ives:

At the completi-on of this unit you will be able to:

1. Explain the functions of 1ow resolution commands and use

them properly.

2. Write a simple graphic program using the low resolution

commands.

Contents:

4.

GR: The GR commands converts the screen to low resolu-

tion mixed graphics mode. The display consists of a 40

* 40 graphics matrix with four lines of'text at the

bottom of the screen illustrat:ed in Figure l-.1-.

COLOR = expr.: The COLOR command sets the color for
low resolution graphics that specified by the value of

expression ( expr. ). Expr. = 0 through 15 are used to

obtain the various hues iltustrated in Table 1.1.

PLOT expr. I, expr. 2 : The plot command displays a

rectangular " brick " of a specified color on the screen

at a particular column and row whose X coordinate is (

expr.l- ) and whose Y coordinate is ( expr.2 ).
HLIN : The HLIN command is used to draw horizontal

2

3

lines on the

VLIN : The

screen in Iow resolution graphics

used to draw vertical lines5 VLIN command AS

23
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on the screen in low resolution graphics.

6. TEXT : The TEXT command can return the screen to fuII

screen text mode from graphics mode.

7. HOME : The HOME command can clear the text window,

removing the typing of the RUN command.

Table l-.1. Color Numeral

COLOR NUMERAL

Black
Magenta
Dark blue
Purple
Dark green
Gray 1

Medium blue
Light blue
Brown
Orange
Gray 2
Pink
Light green
Yellow
Aqua
White

o
1

2
3
4
5
6
7
I
I

10
11
12
13
14
15

o
O Columns 39

Graphics

Text Window

Rows

39
47

Figure 1-.1-. Low Resolution Screen
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Procedures:

l. In program 1.1:-- draw some lines with HLIN and VLIN

commands to display the boundary of the low resolution
mixed graphics screen.

2. In program 1".2.-- draw fifteen vertical lines with

different colors to show the varied colors for low

resolution graphics.

Program List:

Proqrram 1.1.

f REFI ¡ The layc,r-rt and bc,¡.rndar-y I
irnits r¡f .the rnixed graphics
SCFeefr

GR
TN
trfLBR= 1rZ,

HLIN t,sg åT Êrzl
VLTN rä! 39 ÊT Ërzt

CtLCIR= 14
FILïN ür,39 ÊT tzr

VLIN rA,39 AT Eg
HLIN ra,3g AT 39
VLIN rã,39 frT rA

F.RÏNT " THË FCIUNDÊRY ÚF THE FI

TXED GRAPHICS SCREEN II

4Ql

l tzt

t8
Ërzl

Srzt

45
Stzt

Ëü
7ø
8tA
9e¡
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Program L.2.

*J ËtËlYi I T'ne cc' l c,r s c,f 1c,w rego 1 r.tt
i c,n gråph i eE rr

Ë ütYlN
l rzr ËR
Êüt CtL0Ë=
3'Z' CÛLûR=
4rzt tûlüR=
5'A tCIL0R=
årz' ctLüR=
7ø ËtLflR=
åIZI CTLÛR=
gØ ËtLtR=
l rzrrzr ÛBLUt<=
l llzt ttl-tR=
l,tt2' Ëüt-üR=
f StZt CüLOR-
14rä üÛLtR=
15'¿t CCILOR=
1ê,tZ' ËfJLClR=
17û COLER=
Iå'ã FRIñT

tZt: VLIN
1¡ VLIN
Ë¡ VLIN
3: VLIN
4r VLIN
S: VLIN
å ¡ VLIN
7 t VLIN

tär StZl

ta,3¡a
l¿lr 3gr
rar 3E
rzrr 3¿l
ø, SrZl

ür SrZl

E,3ül

ATË
ËtT +
ËIT Ë
F¡T å
ÊrT l rzl

ÊT 1Ê
É{T 14
AT 1Ë,

8 t VL IN üt, 3gl
9t VLIN rä, SrZl

l rZr ¡ VL I N t¡r ãrzt
1L: VLIN ür 3rA
1Ë¡ VLIN t¿rrSrZl

13¡ VLIN ür3ü
14 : VLIN ør 3¿l
1ã¡ VLIN ø?3rA,. THË ËÜLOR FT

ON GRAtrHTGS IISOLUTT

Write a program

different colors

also writing the

window.

AT 1Ë
ÊT Ërzl

AT ËÊ
ñT ¡T+
ËT ÊË
ÊT ¡3s
åT 3r¿l

RT 3E
R LOh, RE

to draw a rectangle with

in the low resolution

Exerci-se:

message GR TEST " inil

screen,

the text



Title: Fundamental

Obj ective:

Experiment 2

High Resolution Commands

l-

At the

Explai-n the

commands.

completion of

meaninqs and

this unit you will
functions of high

be able to:
resoLution

2. Identify the differences between Iow and high resolu-
tion commands.

3. Write a simple graphic program using the high resolu-

tion commands.

Contents:

l-. HGR : The HGR command converts the screen t.o high

resolution mixed graphics mode. Figure 2.L. displays
the layout and boundary limits of the mixed graphics

screen. l{hen HGR is executedr the graphics portion of
PAGE I is cleared to black, with a four text window at
the bottom of the page.

2. HCOLOR = expr. : Set color. Sets the high- resolution
graphics color to that specified by the value of expr-

ession ( expr. ) , which must be in the range 0 to 7.

Table 2.L. def i-nes the available color codes. Notice

the use of H ín HGR and HCOLOR for high resolution
mode, in contrast to the use of GR and COLOR for 1ow

resolution mode.

27
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3. HPLOT expr. l-, expr. 2. t Plot a dot. Plots a high-

resolution dot whose X coordinate is ( expr.l- ) and

whose Y coordinate is ( expr.2 ). The color of the dot

is determined by the most recently executed HCOLOR

statement. Expresbion expr.l- must be in the range of 0

through 279 while expression expr.2 must be in the range

of 0 through LgL.

4. TEXT : The TEXT command can return the screen to fulI

screen text mode from graphics mode.

5. HOME : The HOME command can clear the text window,

removing the typing of the RUN command.

O Columns 279
o

Rows Graphics

Text Window
159
191

Figure 2.L. High Resolution Screen



Table 2.L

29

Color Numeral

Procedures:

In program 2.L.-- draw a réctangle within the high

resolution screen with HPLOT TO commands to show the

boundary and limitation of screen. AIso display text
window, a VTAB X ( where X = 2L, 22, 23, 24 ) is

necessary for messages from PRINT statement to appear

on the screen illustrated in Figure 2.2.

In program 2.2.-- draw several lines with different

colors while background color is black to show the

varied colors for high resolution graphics illustrated
in Figure 2.3.

1-

2

COLOR NUMERAL

Black 1

Green
Violet
White 1

Black 2
Orange
Blue
White 2

0
1

2
3
4
5
6
7
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Proqram List:

Program 2.L

iür

T5
¡3rzt

3ür
4Et
StZr

6tzt

Program 2.2.

5

g
1ül
Ëü'

3ül

4El

Srzt

6rzl

7ø

gtzt

grUt

l AilZt

REIYI : The lavout and boundar"Y
lirnits t¡f the high restrlLttic'
rr rn i xed gr'aPh i cs Scl^eerr

HËR
HCüLOR= 3
HF.LCIT IAI BIA Tü Ë79' 8EI

HF,LEJT 14r4, rzr TÉ l4rztr lSg
HF,L0T rz¡rrzr Tt ë79rû T0 Ë79! 159

Tc) rär lEg T0 tâo ü
F.RINT ''THE BTUNÞñRY TF THE HÏ

ËH RËSSLUTITN FITXEÞ ËRÊF'HITs
SCRËËN tI

ftEM lBaekqr'altnd colc'r=tZtt The va
rrred cc, Ic,rs for drawinn

0lYlN
HËR
HËtLtR= lZl¡ HF'LÛT 3Ct!tzt T0 Srzrr 1

5t¿l

HCtLtR= I ¡ HF,L$T Ërã, gt TB 6t¿lr I
Srzl

HCCILtR= Ë¡ HË,LOT grztrtzr T0 gür, I
Stzt

HË0L0R= 3: HF,LÛT lat¡r.t¡ Tt 1ËrA

; 15'zt
HËÛLBR= 4¡ HpLtT 15târrzr TB 15lA

r l5lzl
HËOLüR= 5: HF,LC¡T 1gülrä T0 l8r¿l

r 151¿l

HlltLClR= 6l HF,LÛT Êlrzlrtzt T0 Ë1rA

, 15la
HCÛLüR= 7 ¿ HF,LÛT Ë4üt, tzr TO Ê4tzl

r l5ü
PRINT ,'BËËKE¡ROUND ËTLËIR=IZI , T
HE VARIED ËTLTRS FOR DRÊWTNG
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Figure 2.2. The Boundary Limits of High Resolution Screen

Figure 2.3. Varied Colors on The High Resolution Screen
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Exercise: write a program to draw a triangle with different
colors on the high resolution screen, â1so write
the message " HGR TEST " displaying in the text
window.



Experiment 3

Title: Mixed and Full Screen on Page 1

Objectives:

At the completion of this unit you wiLl be able to:
1. Describe the functions of mixed and fu]l screen.

2. Switch the mixed and fulI screen with POKE command.

Contents:

1. HGR command causes PAGE l- of the high resolution screen

to be cleared to black and put into the mixed graphics

mode. The screen defaults to an organization of 280h *

160v ( 280 horizontal columns by l-60 vertical rows )

with a four-line text scrolling window at the screen

bottom

2. The text window can be removed with a POKE command to

.become a ful1 screen with an increased graphics format

of 280h * L92v.

3. APPLE SOFT allows for fulI screen

POKE - l- 6 3 02 | 0 command af ter the

-16301-r0 command switches the

back to mixed screen.

graphics by

HGR command.

fuI1 screen

usr_ng a

The poke

graphics

4 The number -l-6301- is a symbol of memory location 49235

( i.e. -16301- = 49235-65536 ) which is used in integer
BASïC and is often used in APPLE SOFT. Similarly, POKE

-l-6302,0 and POKE 49234,0 are equivalent. POKE -1,6301

33
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-l-6302 as " soft switches illustrated iniland POKE

Table 3.1.

Table 3.1. Location of Memory

MEMORY LOCATION

- 't6301 - 1 6302

49235 49234

MIXED SCREEN FULL SCREEN

ON OFF

OFF ON

STATUS
OF

SWITCH

Procedures:

1. In program 3.1-.-- draw a pair of white flags on mixed

screen and black flags on fuIl screen with HPLOT TO

command. Then we use POKE -f6301-rO command to display

white flags on mixed screen and a text on the four-line
text window as illustratecl in Figure 3.1. Also use POKE

-1-6302,0 command to change the mixed screen into full

screen displaying the black flags as illustrated in

Figure 3.2.
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Program List:

Program 3.1-.

5

I rzl

1Ë
15
etzt

Stzt

35

REM r$witching fYtIXED and FULL
ËCì-eel.i

HgMË
REM ;Mixed Sreerr
HËR
F,ÛKE 1Ë3tzr1, lA

HË0LÛR= 3
HPL0T rA, rä Tü 'ê79, 

'ä TCI e79, 15?
Tt ra, 159 Tü er, ür

HpLüT gütf gü Tü ËrzilA.! gta T0 elzrrzl.,

1ÊrZ' T0 16ür, tgrz' Tü 16tzr, glzr¡ HÞLOT
1ÊlZ¡, Ët¿t Tt lËrzt,4tzt TE 8r¿tr4rzr Tt
åt¡f gtzt

VTåF ÊÊ¡ F.RINT ',MIXED ËÊREEN
DRåt^lINË"

GET f]$
RËM ¡FuL1 Sr"een
PüHE 1639t;3r lzl

HFLTT grzrf glA Tt Ët¡rzr, årzr Tt Êüuå,
4tzr TB 16tzr,,4üt Tt 16rä, &t¿tt HF,L0'r
LËla, grzt Tü 1¡3i¡, 1Ë'¡I Tt ålzr., 1Arä Tt
glzrr å€l

FC¡R Y = 4û T8 gA¡ HF,LüT låü¡rY
Tt ËØrZr,y: NEXT y

F0R 7 = 8ü Tt lÊtZt¡ HFLST årArZ
T0 1Ërzr, Zt NEXT Z

4Vl

45

Srzt

55
Ëü'
7ø

7ã

gt¿l

Figure 3 .1-. Flags on Mixed Screen
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Exercise:

Figure 3.2. Flags on FulI Screen

Write a program which draws an outline of a

dj-agram on Lhe mixed and ful1 screen and uses

POKE command to switch them.



Experiment 4

Title: Drawing on Page I and Page 2

Obj ectives :

At the completion of this unit you will be able to:
1. Describe the function of PAGE 2.

2. Explain the differences between PAGE l- and PAGE 2.

3. Switch the PAGE l- and PAGE 2 with POKE command.

Contents:

l-. HGR 2 command can clear the entire screen to black and

switch to PAGE 2 of high resolution graphics. HGR 2

creates a full screen graphics mode, rather than a

mixed graphics screen.

The POKE -1-6300,0 command sets screen for the display

of PAGE l-. The POKE -L6299,0 command displays PAGE 2

on the screen. Memory locations -L6299 and -L6300

coordinate as another one of several " soft switches rr

used to control the screen display in APPLE SOFT

illustrated in Tab1e 4.L.

3. The content of memory location 230 determines which

graphics page is to be used for drawing. POKE 230,32

identifies PAGE L for drawing while POKE 230, 64

identifies PAGE 2. If the POKE 230,- command is not

used, the page used for drawing is determined by the

most recently used HGR or HGR 2 command.

37



STATUS
OF

SWITCH

38

Table 4.L. Location of Memory

MEMORY LOCATION

- 1 6300 - 1 6299

49236 49237

PAGE 1 PAGE 2

ON OFF

OFF ON

Procedures:

l-. In program 4.L.-- draw a robot with closed eyes and

mouth usíng I.ÍPLOT TO command on PAGE 1 illustrated in

Figure 4.L.

AIso draû a robot with closed eyes and opening mouth

using the same command on PAGE 2 i|lustrated in figure

4.2.

Then, change PAGE 2 into PAGE 1- using POKE -1-6300,0 and

POKE 230, 32 commands and draw a pair of left-watching

eyes for robot illustrated in Figure 4.3.

Then, use POKE -L6299,0 and POKE 230,64 commands to

alter PAGE l- to PAGE 2 and draw a pair of right-

watching eyes for robot illustrated in Figure 4.4.

2.

3

4
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Program List:

Program 4.L.

3 RËf4 I Cc,nt i nr-tc,tts clr"aw i ng Ë'rr pÊË

E l SF'AI3EÊ
lrzr HtMË
ÊtZ' H6R ¡ HttLUR= 3
SrZr HF,LOT B5f 4l¿l Tü ttSr4lzt¡ HFLO]-

1651 4rzl Tt 1g5r 4rzl

35 HFLTT 1Ëü, åül TO gü, 6tA Tt Br¿r, S

ü Tü 1Ê14, ¿¡rzr TC] 1Ëü.' Ërzl

4Ø HF,LOT 1Ê,rzr, åøt T0 Ëtztütr gü Ttf i:¡Z¡tZt

, Ë8 Tü l6lzlr Ërzr T'ü 1Ël¿¡, SrZl

5rA HF,LOT l4rArBrZt Tt 14t¿rr9lzr¡ HFt-tÏ
135, gtzl Tt 145' gül

53 HË,L0T IÊtã, 1Êü T0 1614, 1Ëü
ËIZI FTR ËI = 1 TO 4üIIZI¡ NËXT å
ËË HF,LüT tarla Tü Ë7grlä Tt g7g, 159

Tt r¿1, 159 Tt tzlr tzl

63 tåET GS
7ø H6RË
gür HF,LST å5, 4rA T{f L 15r 4lzr ¡ HFLOT

165, 4lZ' Tt 193' 4lA
å5 HF,LÛT IËfA, 6tzt TË Ët¡, Ëriâ TÛ ålzl, å

ür TCI 1Ëør åtA TO 1Ëlzl,6¡¿l
9Ø HF'LOT l,4r¡' SrZr TB 1'4û'r3ø ¡ HËLOT

135'.'9lA Tt 145f 9lzl

35 HFLOT lËrar.1Ërzr Tt lÊrar 1Ë5 Tü I
6t¿, 1Ë5 Tü l6tar 1Ê!A T0 lArär 1Êl¿l

1üllzl HtrLtT grzlø.'6rA TB 1Ë,14.'6ü T0 1å
ü, gta T0 gr¡'zr; åta TÛ ËlaÈr 6l¿l

FtR fl = I Tt 4Øüt NËXT Ê
HF,LoT tA, tA T0 ¡379r ra T0 '¿7gr Ig
ø Tt ø, lgrä Tt ü' lzl

ËËT ers
F,0HE 163ürrã, tZtl F,8KE Ê3rã,3Ê

F0R Y = årã TO ålA¡ HF'LüT gr¿lrY

Tü irznar Y¡ NEXT Y

F0R Y = årA T0 åZ': HF'LET l6lat
Y T0 lêü¡'Y¡ NEXT Y
F0R B = 1 TË 4ØØz NEXT Él

HF,LÛT ürü Tt e7grû Tü ¡379, 15
I TO tzr, 159 T0 lä, rUl

F,trKË 16Ë99, tZtl F,0KE Ë31¡, Ë4

FtR Z = 6tZt Tt SrZr¡ HF,LOT lraÈrt

7. 'ft 1¡314, Z¡ NËXT Z

FtR Z = Ë,ür TCI glzr¡ HtrLtT lgrât
Z TE ÊtZtBr Z I NËXT 7"

FtR S = I Tt 4tätã¡ NEXT B
HF.LüT IZI, IA TÜ ë791ø TÉ E7E,T9
tzr T0 l¿r, 19râ Tt ü, rA

EET ü$¡ ËOTt lel

x 1rã
11Ê

113
r.aE

13tZ'

l4tZ'

I SrA

15Ë

16ta

L7û

l SlA

1gql
195

ÊrZilä
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I

Figure 4.t. Plot of Robot on Page 1

I

FiEure 4.2. Plot of Robot on Page2



4t

I

Fi-gure 4.3. Plot of Robot on Page l Changed from Page 2

1

Figure 4.4. Plot of Robot on Page 2 Changed from Page 1



Exercise:

42

V'lrite a program to
and PAGE 2. Then,

between pages with

draw some diagrams on

try to switch back and

POKE commands.

PAGE I

forth



Experiment 5

Title: Switching between Text and Graphics Screen

Objectives:

At the completion of this unit you will be able to:
l-. Describe the function of text page.

2. Coordinate the alternate vì-ewing of Lhe text page and

the high resolutj,on pages

Contents:

1,. Text ,and low resolutj-on graphics share the same memory

locations. Both.of these modes can not be functioning
at the same time, except for mixed screen.

2. HGR established a mixed screen, high resolution graphics

mode. The text window for the high resolution PAGE l-

also resides in the bottom four lines of low resolution.
While the HGR 2 command establishes a ful1 screen

graphics on high resolution PAGE 2.

3. The POKE -1-6304,0 command sets screen for the display

of graphics screen. The POKE -l-6303,0 can clear the

entire screen to text, losing Lhe picture altogether
illustrated in Table 5.1.

43
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Table 5. i-. Loêation of Memory

MEMORY LOCATIONS

STATUS
OF

SWITCH

Procedures:

1,. In program 5.1-.-- draw a camera on PAGE 1 and print a

text " GRAPHICS SCREEN " in the bottom text window area

illustrated in Figure 5.1.

2. Then, use TEXT or POKE -16303,0 command to clear the

whole screen to text screen. In this case, print a text
rr TEXT SCREEN " at the center of text screen illustrated

in F igrure 5 .2 .

- 1 6303 - 1 6304

49233 49232

TEXT GRAPHICS

ON OFF

OFF ON
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Proqram List:

Program 5.1

5

l tzt

15
Ëra
Srzl

35

gø
93
1lZilZt

I 1t¿l

1ÊtZ'
13rA
14r¡

4tzl

45

Stzl

Ëtzf

7ø

Ë'a

REFI :Switehing betweerr TËXT ån
d GRåFHICS screlerr

HOiVIE
REFI GRñF.HTTS $TREEN
HBR
HCüLûR= 3
HF,LüT üf rzr T0 eTgrw lü Ê7gr 159

Tt rzr, 158 Trf ûrü
HË,LET 1Ërä,55 T0 lË¡Zt,75 TG 1årzl

,75 T0 L6ra!äg T0 1Ëü155
t:gR Y = 5Ëi Tü 73t HË'LOT lËr¿lt, Y

Tt 1ÊrA,Y: NEXI' Y
HF,LOT' 1Ëülråüt Tt 175rå'¿t T0 175

? 7rZ¡ Tt 16rð! 7rA Tt 16¿11 6tA
HF,L0T 139,75 T'0 14Ëf 75 T0 14A
,8ü T0 13år gra Tt 13år 75

HF,LET 14ø,'åü TO IÍZIIZ¡, 1Ëø¡ HF'LüT
L 4lä, 8rA T0 14ø, lÊtzr ¡ HF LBT 14'A
, êrzr 'rü lgtztr 1Ëü

VTÊB Ë1: F,RTNT " GRñPHICS SÊR
EËN"

ËET GÈ
REIVI TEXT ËCREËN
TËXÏ
H0MË ¡ VTåËt 1Ê¡ HTËEI 14
Ë'RINT ,. TEX.T SCRËEN ¡I

ËET G$
GTTü lIZ'
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Figure 5.1-, Diagram on Graphics Screen

TËHT

Figure 5.2. Diagram on Text Screen



Exercise:

47

Write a menu program which

diagrams that are to be

resolution pages.

permits you to view

displayed on high



ExperÍment 6

Title: Draw a Circle

Objectives:

At the completion of this unit you will be able to:
l-. Describe the geometri-c concept of a circle.
2. Write a graphic program to draw a circle.
Contents:

l-. A circle is described

at a fixed distance (

Algebraically, we have

For a circle wiirr its
becomes X^2 + Y^2 = R^2

2. The relation X^2 + Y^2

as the set of all points ( xry )

R ) from the center ( HrK ).
(x Hl^2 +(Y Kl^2 =R^2.

center at ( 0,0 ) , the equation

decomposed into the

2l and Y2 =rSQR
graphic program.

x^2+Y^2 = R^2

)andY=ft*SIN
circle illustrated

3

R^2 may be

lwo functions Yl- = SQR ( R^2 X^

(R^2 X^2 ) which can be used in
From trigonometry, the relation
may be changed into R * COS ( e

( e ) while a point (X, Y) is on the

in Figure 6.1.

48
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4. In the degree system, a straight angle is defined as

having measure l-80 degrees. In the radian system, a

straight angle is defined as having measure PI = l. I4L6

radians, which is precisely one half the circumference

Iength of a circle of radius one. In most computer

languages the COS and SIN must be evaluated for the

radian measure of the ang1e.

Figure 6.1. Circle Measure

Procedures:

Y

Y)

x

1 In program 6.1-.-- input the radius and the center

and determj-ne the radians and increment, then use

command draw a cj-rcle, as shown in 'Figure 6.2.

point

HPLOT



Proqram List:
Program 6.1.

50

Srzl

Ë*F'T

Ê1) ./ N
TT AÉ $TEP

(ï) rY o R

1ü
15
Ëü

4Ø
Srzl

6t¿t

7û
åü

REM
HËR

Prr
Xl !ã

FI r=

ñ1 .â

lrl =
TNC

FOR
X

¡DRåIJ Ël CIRTLË
¡ HCÛLüR* 3

3t¡
6r¿t

13ürYl
s. 1.41Ë
ütrÊ¡Ë *

1 ürzt
Ë (åË-

I =ñ1
SIN

TNE
.* COS

9¿t M

1rZ(Ut

t4û
l5tzt
1ËtZt

!ÊR¡*
(1)
æ Xl
HF.LTT
BTO
HpLt'r
NEXT
ËT}Tü

+X¡N=Yl+Y
rzlr gr TE Ë79, rzr TCI Ë79, 13

tzt, 159 T0 tzlr ü
MtN

T
gtzl

Figure 6.2. Plot of a circle



Exercise:

5l-

I¡ürite a program using

several ci-rc1es with

shown in Figure 6.3.

Fi-gure 6.3. Plot of severaL Circles

FOR NEXT

different

loop to draw

radiúses as

Ê-



Experiment 7

Title: Draw a Rectangle

Ob j ecti-ves :

At the completion of this unit you will be able to
l-. Describe the geometric concept of the rectangle.
2. Write a graphic program to draw a rectangle.

Contents:

1. Drawing rectangles requires that we pick the four corners

and place them in a HPLOT TO statement.

2. As shown in Figure 7.L, can find that this is not a true
square, that is, the sides do not look equal on the

screen even though we know they are. The reason is that
an increment on the X axis is not the same as an

increment on the Y axis.
3. Take out a ruler and measure the sides of the squre. If

x - p inches and y = e inches. we can divide y by x

to get the ratio, Y / X = F. This ratio says that one

step in Y gives about F times the same step in the X.

The trick is to adjust our program by multiplying X by

F before we do the actual plotting.

Procedures:

l- In program 7.L

screen using

draw a square 1-00 * l-00 units on the

correction factor of L.2L2 to remove

52
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distortion and make

variable as shown in

53

the shape size and the start corner

f igure 7.2.

Figure 7 .L. Plot of Square

Program List:

Program 7.L.

1I¡ HËR ¡ HËELTR=
15 F = 1.Ê1Ë
Sr¡ XS = l¡ZilA * F
Sø yS = lrzil¡
4rztf-XS/ë.tY=
SrAf=l4rZt¡J=åtl
6l¡ HF,LÛT T - Xo J

Y Tü I + XoJ
Y Tü I - XrJ

Ë5 HtrL0T ün ü T0
Tt rð., 159 TB

7ø END

Yg/e
Tü I + XrJ
T'0 I - XrJ +

e7Ë, lzr Tn Ë7'ä., 159
tZr, ü

3

+Y
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Figure 7.2. Plot of Square with Correction Factor Included

Exercise: 9'frite a program using FOR NEXT loop to draw 5

rectangles with differents sides.
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Experiment B

Title: Draw an

Obj ective:

El 1 ipse

At the completion of thj-s unit you will be able to:

1-. Explain the concept and function of the ellipse.

2. !ürite a graphic program to draw an e1lipse.

Contents:

1". An ellipse is the set of points for which the sum of

the distances from two fixed points ( the thumbtacks )

is a constant ( the length of the string ). Each

of the fixed points is called a focus of the ellipse.

In the ellipse as shown in Figure 8.1, it is conven-

tional to identify the coordinates of point C ( the

center ) as ( HrK ); the distance AC ( =BC ) is usually

designated by A; and the distance EC ( - CD ) is

usually identified as B. With the motion, the ellipse

is represented algebraicáf1y by ( x-H l^2 / l^2 + ( Y-K

l^2/B^2=1.
We may simplify the algebra by working with ellipse

centered at the point ( HrK ). Equation then becomes

)(= A* COS(O) + H and Y= B* SIN(0) + K.

3

55
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A B

x

E

Figure 8. l-. Plot of El lipse

Procedures:

l-. In program 8.1-.-- draw an ellipse with the equation

x- A't cos(e) + H and l= B * sIN(e) + K while centere

at the point ( 140 ,90 ); the distance A is 100; and

the distance B is 60, as shown in Figure 8.2.

Y

D

c(H, K)
a



Program List:

Program 8. 1-.

1,ø

Ëtzt H
3t¿l

4rA Ê
5¿t X

6ül
7ø
73

åt¿t

= Ê.* CtS (TH)
ËIN ('l'H) + 9rzl

HF,LoT X, Y
NËXT TH
HF,LÛT Ørû T0 Ê79

Tü rA, 159 T0 rA,

ËNT)

57

+ l4tZt ¡ Y Er*

rØ
tzt

Tü ¡37Ë, 159

HËR r HtûLtR= 3
= 14tZ¡:K = 9tä

FtR TH = tA Tt 6. i3å STËF, üt. tztl

= 1¡ätZt¡B !Ê 6t¿t

Figure 8.2. Diagram of Ellipse
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Exercise: 9'Irite a p,rogram to draw an ellipse at the point

( 100, 1-00 ) with A= 80 and B= L20.



Experiment 9

Tit1e: Draw a Parabola

Objectives:

At the completion of

l-. Explain the concept of the

2. !{rite a graphic program to

Contents:

this unit you will be able to:

parabola.

draw a parabola.

I The parabola is a curve which has many physical

applications. The equation Y = ( X^2 I / ( 4*P )

identifies points of the parabola as shown in Figure 9.1.

The origin ( 0,0 ) is the vertex of the parabola; the

focus is at the point ( 0,P ). The line containing the

focus and the vertex is refered to as the axis of the

parabola. The value of P determined the relative
position of the focus and the vertex, and the shape

of the parabola. The tine segment AB, which conients

the focus and is perpendicular to the axis of the

parabola, has length 4* P.

The equation Y= ( X^21 / ( 4*P ) will identify the points

of a parabola, a formulation is the set of parametric

equationX= 2* P*TandY=P *T^2

2
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F(O, P)

B

Figure 9.1. The Shape of Parabola

Procedures:

In program 9.1-.-- draw a parabola with the equation X =

2 * P * T and Y = P * T^ 2. The vertex is at the point
( L25r180 ) and the value of P is 20, as shown in Figure

9 .2.

Y

A

x

l-



Program List:

Program 9.1.

5
lrA
eül

F,

X

6L

+ L3ü¡V = F,*

3ü'
4rA

ãøl

RËtYl rDr*aw a Ë'arabc, Ia
HËR : þlCtLtR= 3
HF.LTT ËC¡, åü Tü Ë€IIZI' åüI; HF.LüT

139r, 1tä T0 134r, lStZl
FOR T !E - 3 TB S $TEF, ü'. ürl

6
Ë *F*T

T+êrä
6ül
7û
gtzl

T*
HF'LüT
NËXT
ENÞ

X,Y
T

Figure 9.2. Diagram of Parabola
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62

Write a program to draw a parabola with P

the vertex is at the point ( l-40,80 ).

40 and



Experiment l-0

Title: Draw a

Obj ective :

Hyperbola

At the completion of this unit you wí1I be able to:

1. Describe the concept of the hyperbola.

2. Write a graphic program to draw a hyperbola.

Contents:

l-. The ci-rc1e, the el lipse, parabola, and hyperbola are

called conic sections because they are curves formed by

the intersection of a cone and a plane.

2. The hyperbola is represented by the equation ( X^2 / n^Z

) - ( v^2 / g^Z ) - 1-. The shape of the hyperbota

obviously is contiolled by the choice of values for A and

B. The parametric equations of the hyperbola is X = A*

SEC (e ) and Y = B* TAN (e ) as shown in Figure 1-0.1,.

Procedures:

1 In program l-0.1. --
[= A* SEC (0) and Y

is at ( L40,95 ) and

L0.2.

hyperbola with the equation

(0) while the center point

B- 30, as shown in Figure

sketch a

B* TAN

[= 50,

63
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HËR
HtlfLtR- S
FüRT= I

ñ * 5¡ã:B = 3tAx;Êt Ëüs
(T)

HFLOT 14@ +
HF,L0T 14tA -
HËLÛT 14räf rzl

rã! g5 T0 Ë79
ÞrN

Tt I STEF, tA. rAI

(T)¡Y = Ë * TAN

l-tF,r-tï ûn ü T0 Ë79, 
'¿r 

Tt Ê79, 159
Tt ü, I5g Tt ü,16

ENT}

Y

x

Figure l-0.1 The Shape of the Hyperbola

Program List:

Proqram 10.1.

1ül
Ëtzl

Srzl

4û
4S

3t¿l

Ëlzl
7û

1øt¡

+Y
+Y

4ürr I

g5
95

I
95

I
tt

x
x
T
,

r NËXT 'l'
59 ¡ HË'LCIT

&ü
9Ø
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Figure L0.2 Diagram of Hyperbola

Describe the differences of equations among the

circle, the ellipse, the parabola and the

hyperbola.

a

Exercise:



Experiment l-1

Shape Using a Shape TableTitle: Making a

Objective:

At the completion

1. Describe the steps for

figure.

2. Write a program to

resolutj-on graphics

Contents:

of this

creating

unit you w111 be able to:

a shape table for a shape

design and create a shape in high

mode.

l-. The use of shapes provi-des another alternative for
drawing diagrams on the high resolution screen rather

than using HPLOT commands. A high resoluti-on shape is
created by executing a sequence of instruction codes

known as " plotting vectors ". each vector indicate's

movement either up, down, right t ox left. Vectors can

either be " plotted " or " not plotted ", which gives

a combination of eight vector outcomes or actions.

2. Each vector action is represented symbolically in binary

code as a 3 bit entity. The left most bit is used to
define whether the vector is to be plotted or not. The

remaining two bits are used to indicate direction.

Table 1-l-.1-. summarizes these vectors by indicating the

vector symbol, its resulting action and its correspond-

ing binary code. The heavily dot at the tail of the

66
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arro\,'ú to indicate a plotting vector and the absence of

the dot to indicate a non-plotting vector.

These vectors are assembled into a sequence of bytes,

converted to equivalent decimal numbers, and finally

POKE into designated memory locations as DATA in

coordination with a READ statement. Table LL.2.

illustrated the byte configuration, where at the most

three vectors can define a byte. Section A is used to

represent the first vector, section B the sêcond, and

the section C the third

Table l-l-.1. Action of Symbol

Symbol Action Binary Code

I

I

I

I

Move up without plotting
Move right without plotting
Move down without plotting
Move left without plotting
Move up with plotting
Move right with plotting
Move down with plotting
Move left with plotting

000

00 1

010

011

100

101

110

111



B¡t
Section C Section B Section A

7 6 5 4 3 2 1 0

D = Direction bit
P = Plot/No plot bit

D D P D D P D D

6B

Table LL.2. Shape Table Byte

DD=00
DD=01
DD=10
DD = 11

move up
move right
move down
move left

do not plot
do plot

P:0
P:1

Procedures:

1-. Design the shape: The grid paper v¡as used to draw the

outline of the figure as illustrated in Figure 11.1.

This drawing is translated into a series of plottíng

vectors as illustrated in Figure LL.2

2. Convert vectors to hex: Using the key shown in Tab1e

l-1.3, convert the vectors i-nto a table of binary bytes

and then convert these to hex values as shown in Tab1e

LL.4

3. Add the header: Since up to 255 shapes can be placed

in a single shape table a header must be added to

indicate how many shapes are stored and where the first
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shape begins. This header indicates there is one

shape and it starts four bytes from the table beginning

( See Program 1-1.1-. Line 50,60 ). We also must add a

zero byte to the end of the shape to indicate the end

of the shape.

Load the table into memory: There are 17 pieces of
data to be entered from lines 50 and 60 by poking

memory locations 37888 to 37904. The data in line 60

are the decimal numbers from Table LI. . Line 300

contains data to set initial conditions for the shape

as shown in Figure l-l-.3

M_

B-
Figure 11-.1-. Design the Shape Figure L1".2. Design the

Vectors

o o o

ooi i

o ¡
t

¡
o o o o o

:

i
¡

o o

o o o i
ì
t
i
o o o

o o

o o o
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Table 1-1.3. Convert the Binary

Table LL.A. Byte Configuration of the Shape

Vector Action Binary Rep. Vector Action Binary Rep.

A
B

c
D

E

F

G

H

I

J
K

L

I
t

t
t

t
t

11i
111

100
100
111

111

100
100
101

101

100
100

M
N

o
P

o
R

S
T
U

V
W
X

I
¡

I
I

I
I

101

101

110
110
101

101

110
110
111

111

110
110

Byte # Section C Section B Section A Bin. Rep. Hex. Rep. Dec. Rep

1

2

3

4
5

6

7

I
9

10

11

12

B

D

F

H

J
L

N

P

R

T
V
X

A
c
E

G

I

K

M
o
o
S

U
W

001

001

001
001

001

001

11111
00100
11111
001 00
01 101

001 00
01101
101 10

01101
101 10

11111
101 10

00
00
00
00
00

1

1

1

1

1

100

3F
24
3F
24
2Ð
24
2D
36
2D
36
3F
36

63
36
63
36
45
36
45
54
45
54
63
54
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Program List:
Program l-1".1-.

5 RËM rMakinq å 5håpe
tü F,ËKË Ë33, 14å: Ë,EPiË Ë3Ëf r¿l

Ëü FtR I = S7åê8 Tt 37912'3
3IZ' REÊÞ J
4r¿r PÊHE IoJ
5ü DATÊ I, rztr 4, fJ

6'Z' ÞffTÊ Ê3r 3å, å9,3åf 45'3Ë,45r 34
, 4S,54! 63, ã4

7ø NEXT T

åtZ¡ MN
gØ )ç = 1481¡Y = 6rä
I'A'A SCÊLE!ã 1

I 1r¿¡ RUT= I
1Ëü' XDRÊhl I ÊT X, Y
l3rzr ËND

Figure 1l-.3. Diagram of the Shape



'Exercise: Write

which

60 to

72

a program that draws a

determine the DATA for

obtain the shape.

shape using vectors

Program 11.1. line



Ex eriment 1,2

Title: Manipulate the Shapes

Objectives:

the completion ofAt

i-. Explain

variety

2. Wrlte a

Contents:

how shapes can be

of positions.

program to display

this unit

enlarged

you will be able to
and rotated in a

1

and manipulate the shape.

Shapes are drawn on the screen by using either the

DRAVü or xDRAlv command. Both commands require a high

resorution pagg color be estabrished first¿ âs well as

values for a scALE and Ror command. The parameters {ot
DRAW and XDRAW include a number for the shape to be

displayed and a ( X,y ) coordinate for its 1ocation on

the screen.

The primary distinction between the DRAW and XDRAW

commands is that DRAVT plots the shape in the 1ast

defined color, while XDRAVí plots the shape in the

complement of the color found.

The scALE command controls the size of the shape. scALE

- l- draws the shape i-n the same size in which iL was

created. If SCALE - 2 is used, the size of the shape is
doubled. Possible values for the scALE command extend

to 255.

The Ror command has the effect of rotating the shape

73

2

3

4.
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shape

74

clockwise direction

to some

but usually distorts the

acceptable values for ROT =

the SCALE command. Table

l"

depend on the

degree. The

value used in

L2.L. lists the

values.

possible ROT values for various SCALE

Procedures:

In Program L2.L.-- draw the shape at the center of

screen first,then use FOR NEXT loop to change the value

of SCALE and ROT to enlarge and roLate the shape as

shown in Figure L2.L.

In line L20 and l-30, use two XDRAVT commands. The

first XDRAW command plots the shape, while the second

XDRAW command has the effect of erasing the shape.

Table L2.L. Table of ROT and SCALE

2

ROT:

SCALE 0 4 8 12 16 20 24 28 32 36 40 4 48 52 56 60 6rl

1 00 450 90" 135" 180" 225" 270e 31 5" 360"

2 0" 22.5" 45'67.5" 90'112.5'135"'157.5'190'202.5'225.247.5. 270.292.5" 315" 337,5.360.

3 ROT can be assigned any value divisible by 2

4 ROT can be assigned any integer value 0 through 64
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Program List:

Program L2.t.

1üt
Ër¡t
Srzl

4lfr
5rä
Ërã

7üt
åtzl
g'A

1¡ZilA

1üã
1 1rã

115
1. 17
1ËrA
13rA
14ül
148
l.5lZ¡

REIYI I RÛI'ISSËñLË
F,0KË ;:33, 146¡ F0KE Ë3Ër(r
FER f = S7gå8 Tü 379'¿13
REÊÞ J
F,oHË I o J
ÞÊTÊ t,Ør4,û
DñTÊ 63,3Ër 631 3Ë.,45r 36,45,54

! 48, ã4r Ë3,54
f\¡ËxT I
HËR ¡ HE0LÛR= ã

lcl.4lZr¡Y-öüt
ËËËLE= I
ËüR B = t Tü lrA
FCIR Ê Es I Tü 64
SËALE= Ët

ROT= Ë
xDRât^, 1 AT Xo Y
xDRñt"J 1 åT X, Y
NËXT A
NËXT B
güTü å'Zl

Fi-gure L2.L. Manipulating Shape



Exercise: Write

0, L6,

76

a program to display 4

48,and 64 on the high

shapes while ROT

resolution screen.



Experíment 13

Title: Matrix Representation of Transformations

Objectíves:

At the completj-on of this unit you will be able to:
1,. Describe the f unctions of matri-x for transformation of

points in a .two dimensional p1ane.

2. Describe the concepts of scaling and reflection.
3. Write a program to scale and reflect the figure.

Contents:

1. Transformations of points in a two dimensional plane

may be represented as products of points with 2 * 2

matrices. May transform a point ( XrY ) to a new point

( Xl-,Yl- ) as follor¡rs: - ( XrY ) ( A / C, B / O ) - ( A

* X + C * y , B * X + D * y ) = (Xl, yl- ) Thus, for

each point ( X,Y ), identify a transformed point

( X1rY1 ) - ( A * X + C * Y ,B * X + D * Y). The effect
oþ a transformation is determined by the cholce of

values for A, B, C, and D.

2. Scaling may be controlled by a dj-agonal matrix.
(X'Y) (A/0,0/O )=(A*X,D*Y) The

diagonal entries of the matrix may be used to

provide independent scaling in the direction of each

of the coordinate axes.

3. Ref lecti-on of an object through the Y axis or X axis

77



78

refers to the

the object on

Transformation

generating a mirror image of

side of the respective axis.

origin ( 0,0 ) is repre-

x,Y)(-1"/0,0/-t )-sented by

(-4,-D)

process of

the opposite

through the

matrix (the

1

Procedures:

In Program l-3.l- . -- draw

Iine90 keepC=$and

shown in Figure 13.1-.

In program L3.2.-- draw

keepA-l-andD=-fto

axis r ërs shown in Figure

a four- leaf figure, then in

- 5 to enlarge the figurer âsD

2 a heart curve, then

reflect the object

L3.2.

in line 70

through X

Program List:

Program l-3.1.

5 REM rb"*1ing å For-tr-leaf Ëttr"ve

1¡A HGR : HÊtLtR= 3:FI = 3. 141Ë
ÊtZl Ê1 = ¡lt:AË = Ë * FI
StZtN=9rZt¡Ê=lltl
4Ø INC = (fìË - l1t, / N

5'Z' FtR t = Ê1 T8 ñË STËtr INC
Ëtzr R = f,¡ .* EüS (Ë * I)
7rA fi = R.F SIN (I)¡Y = R ¡* CtS

(I)
åø HF,LST 14Ø + X, ðüt + Y
g5 REIYI rËcaling the tunve
qlA Ë = 5lÞ = $
l¡zilzr xl = c * x¡Yl = Ð * Y
11f¿r HË,L0T l4rzl + Xlrgür + V1
1ËIZ' NEXT Ï
1Ê5 HF,LÛT tzrrrä T0 E7g1Ø T0 479' 13

I Tü rA, 159 Tû tzrr rzr

13¿I END
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Program L3.2.

5

l tzr

Êü'

3tZ'

4tzt

Srzl

6rzt

årZr

Ëra
I rZilZr

I rzrS

1lrzl

-tø

RËM : Ref l.eet ing the Hear*t Ëur"v
õ

HËR ; HËûL0R= 3
HFLTT Ëø,ðtzr T0 ;lrZrrZr,åErI I{F,LËT

13r;lr,, 1.rA Tü l3fzlr l5rzl
FCIR I = l¿¡ Tü Ë. ¡3å gTËF, 

'4. 'ä1X = ËrZr .* (1 + EjIN (I)) .* ËüS
(I)¡Y = ÊrZr * (t + 51N (I)) *
ËïN {ï)

HF,L0T 13rA + X?8tA + Y
RËfYi ¡Ref leeting the Ër-rr"ve

ft = L¡Þ = t
Xl = f.r * XtYl. = Þ * Y
HF,L0T 13rzr + XlrårA + Yl

NËXT Ï
HF,LÛT Ørú Tü Ë79, r¿r Tt Ê79r 15
I T0 ¿r, 139 Tt tZtr¡ð

END

Figure l-3.1- Scaling the Four- Leaf Curve



80

Figure L3.2. Reflecting the Heart Curve

Write a program to scale and reflect a ellipse
figure.

Exercise:



Experíment L4

Title: Matrix Shear and Rotation

Objectives:

At the completion of this unit you will be able to:

L. Describe the functions and concepts of shear and

rotation. 
.,i

2. Write a program to shear and rotate a figure.

Contents:

l-, The effect of the matrix ( I / 0, B / t ) on the points

of the figure can be used to shear. Algebraically,
(Xl-'Yl, ) - (X,Y )( 1, / 0, B / t ) = (X, B * X + Y ).
The transformation is refered to as a Y shear. An X

shear is represented by matrices of the form: ( L / C,

o / 1 ).
2. The points of an image may be rotated counter clockwise

by multiplying the points by the matrix:
( cos(e) / - srN(e) , srN(0) / cos(e) ') .
( xl,Y1 ) = ( X,Y ) ( COS (e)/ SIN(O) , SIN(e)/ CoS (e) )

= ( x * COS(e) - Y * SIN(O), x * SIN(O) + Y * COS(0) ).

Procedures:

In Program L4.t.-- draw a three- leaf curve first, then

use the equation Xl-= X and Yl-= B * X + Y while keeping

B = $ to shear the curve in the direction of Y axisr âs

8t-

I

t
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B2

shown in Figure L4.L.

In Program L4.2.-- also draw a three- Ieaf curve first,

then in line 80 and 90 multiply the points by the matrix

( CoS(e) / -SIN(e) ' SIN(e) / COS(0) ) to rotate the

curve 60 degrees r âs shown in Figure 1,4.2.

Program List:

Program 1,4.L.

5 REM r$hear the Thr"ee-Leaf Ëltrv
e

I 'Zr HËR
ÊtA HCOL0R= 3
3Ø HF,LOT 6rzt, grzt TB ËrZrrZr, åür I

13rzrr 1tã Tt 1ãtzrr 15tA
4ø FOR [ = rZ' Tt 3. 15 ËTEF,
5ra | = Êrzt * tOS (3 * I) {r

I) ¡Y = etzt * CtS t3 *
(I)

Ërä HF,LüT l3rzr + X, åü + Y
7Ø REM rV Shear.
grzr tYlN
gûX!=X¡Yl=B*X+Y
ltzrür HË,LÛT 13¡Zr + Xlrgrzl + Y1
1 1'¿" NEXT T

115 HF,L0T ütrtã Tt e7?rtz' TF
g Tt tzr, 159 Tt ün ü

1Ê'å ËNl)

HF,LTT

Ë79, 15

'ã. 
ü1

cts (

T¡ * sIN
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Program 1,4.2.

5 fi¡ËM rR,:,tåte the Three-Leaf Ëur
ve

t t¿t HËFi
Ëra HCÜL0R= 3
38 HF,LL]]" Ëür, 8rA Tû ËrZr.rZro SrZr I

1 Srilr! I rzr Tfl I 3ú.à . 1 Sr¿l

4Vt FtR I = rã Tt 3. 15 STËF,
5üt f, = 4rzr * t05 (3 * 1) *

1):Y = 4ü .* CüË (3 *
(I)

Ë'zt HpLËT 13'Z' + X.' gü + V
7ø REM :R*tating the Curve

glneE|S
grz¡ Ê Ë l.tä:t
gØ Xl=X* Ë0StÊ) Y'*

ñ)lYl = X * sIN (Ét) +
(Ê)

lrzrrzr HF,LÊT l3rzr + XI, glzr + Y1
1 1ü NEXT T

115 HF,LÛT ürr¿r TB ë7grø T0
I Tü rZT, 159 Tü ü, Ø

1Êü' END

HF,LTT

rUr, r¡ 1

tts (

ll * 5IN

ËtZ¡ De

STN (

Y rÊ CtS

Ë79, 15

1
¡lI
T

!,

Figure 1,4.1. Shear the Three- Leaf Curve
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Figrure L4.2. Rotate the Three- L,eaf Curve

Exerci,se: program to rotate a

and shear the curve

Write a

degrees

X axis.

hyperbola figure 90

in the direction of



Title: Animating Pictures

ob ectives:

At the completion of

1. Describe the techniques

screen.

Experiment l-5

this unit you will be able to:
for moving di-agrams on the

2. Write a graphic program for computer- aided instruction.
Contents:

1-. Computer animation is the process of moving pictures

around the screen either horizontally, vertically or

diagonal 1y.

2. The effect of animation is accomplished by successively

drawing the pícture , then removing it after some

approprì-ate pause, and drawi-ng it again in a new

position by ej-ther incrementing or decrementing a

variable designated for controlling the location of the

obj ect

3. Using HGR or HGR 2 command can remove previous draw.ing,

and then draw a new object on either of the two pages.

4 The effect of drawing an object in a color,then drawing

it again in the background color in the same posì-tion

after an appropriate delay, and looping this procedure

offers a more satisfactory animation effect.
5. The quick display of complex diagrams occurs by drawing

85
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the picture on page L while page l- of text is being

viewed. The combination of POKE . L6304, 0 and POKE

-l-6300,0 establÍshed a graphics mode and the viewing of

page 1. The same function of POKE -1,6304, 0 ,.POKE

-L6299,0 and POKE -1-6302,0 established a graphics mode

and the viewing of page 2.

Procedures:

2.

In Program 1,5.l-. -- the Pascal 's Law can be displayed

to show how fluids transmit power. In page l- a

cylinder is drawed filled wíth liquid and an input

force working on the surface of pistonr âs shown in
Figure 1-5.1-. This is further illustrated on page 2 by

drawing the force being applied throughout the contaíner

r âs shown in Figure L5.2. Than on page L, the figure

can be changed to show the force acting on the large

side of piston that produces a powerful output force,

as shown in Figure l-5.3 .

In the program HGR and HGR 2 commands can be used to
remove and redraw the force , fluid movement and

cylinderr âs listed in line L5, L40 and 257.



Pr ram List:
Program l-5.1.

Ê*,
I rzt

¡iJ

Ërzl

Srzr

4tA
Srzt

Stzl
gt

l. rzrrzl

13tzl
135
13å
14tzt
15tZ'

REM llvlaving fiÊr-tre
HTfYIE
REM : F'ÊEiE 1

HËR : HCÛLüR= 3
f, = j.4lZt:Y = 1Ëtä

EÛSUET Ê5rZ'
HF,LûT X - Sr¡rY 94 TB
rY - å4r HF,LtlT X - 4ê,
T0 x - ä4rv å4 T0

Y * 8rA Tt X - 46rY
HF,LÛT X - ËrArY 35 Tt
.,Y - 33 Tt X - 4rðrY
x - 6rzt,, Y 3¿' Tü X -
35

HF,LBT X - SA'Y 7ø Tt
rY - 35 Tt X - 4årY
X - 4grY - 7rzr Tt X
7ø

MN
HË.LüT X

,Y - StZt

X+EË,
5gl
FtRG=
x-Ëü,

87

Y-StZrTgY+
ü T0 X - 4rZr, G;

+ 5ÊrY SrZr Tü X + 5å
T0 X + 58rY I5 Tü

Y 15 Tü X + 5ÊrY -

X

,Y
X-

5g'
84

6g'

7ü

5üt
e4
x-4gr
3rA T0

6tZ¡, y -

x-5Ë
35 TO

5Ë, Y

15 ¡ HF,LüT
NEXT T¡

1Ir¡ FtR [! = X - 4ür T0 X + 4tä¡ HF,LBT

1Ê'ã
G, Y Tt G, Y + 15¡ NEXT
FÛRG=Y+15TOY

1¡ HtrL0T X + 4¡4, ü
7ØrG¡ NEXT E

195 HF,LUT X + 55rY - ËrA Tt
5oY 7ût HF,LüT X + 5¿r
rz' TB X + 6ørY - 7Ø Tt
,Y - 7å Tt X + 5ür.,Y
FTRÊ=lTOITüI¡Z¡INEXT
REIYI ¡ F'ÊGE E
ËET OS
H6RT
ËoSUg Ë5rZ'

Ët

l tzt

TC! X

x+E;
?Y 7
X+5:;
7ü

Ê

STEF.
+
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155 HF,LüT X - SrArY - å4 Tti
ürY - 74¡ HFLBT X - 4â
4 Tü X - 54rY - 74 T0

x-
rY -x-

l6tiil

t7ü

1gü

tâü

Ëüuzl

Ë3'¿'

Ë5¡Z'

+ sËrY
TOX
- glzl

'YHF.LTT X

BrY Ê5
x - Ër3rY
Ë5
HF.LTT X

ËrY - Ê5
x - 4grY
6tzl
HPLTT X

ü, Y - ¡tta
x + 4EtrY
Ëta
HF.LTT X

êrY - 55
x + 5ËrY
s5
FERQ=
x - Ëürr&

ï'û x - 4ürY 74
6tA,Y Ë5 Tg X - 4

Tü X - 4rArY Ë'A TËl

- ËrA T0 X - 6l¡r, V

TT

5Ë

TO

4tZ

TT

5
7

5t¿l

x-ã
E5 Tü
,,Y

- 5ÊrY - 6tzt
Tü X - 4grY
-ËarT0x-

+ 4EtrY - Êtzr

Tü X + 7ûrY
15T0X+

x+7
15 TTJ

,ry

15: HF.LTT
NËXT O

+5å rY
+TO

55 x+5
- Étz' T0
5Ë, Y

Y

X

ËürTCIY+
x - 4rZrrGlTT

Ë1ü' F0R I = X - 4e' Tt X + 4rZr¡ HF,L0T. GrY T0 GrY + 15¡ NËXT Gt

ËÊIZI FER & = Y + 1ã TT Y 15 STËF.
1¡ HFLoT X + 4ü, {l ]'E X +

TerrG¡ NEXT &
eÊ5 HtrLET X + 55rY - 65 Tcl

SnY 73r HF,LBT X + 5rA
E T0 X + 6¡ZrrY - 75 T0
rY - å3 T0 X + ElUtrY 73
FgR Ê = 1 T0 ËtãtZ¡¡ NEXT Fl¡ ËtTÊ
Ë57
HF,LüT X - 6er,Y 4Ø TE N - 4
ürY - 4tzr T0 X - 4{¿lrY T0 X +
4VtrY TE X + 4gt, Y 4ür TC¡ X +
7ØrY - 4rA T0 X + 7ûry + 15 T0
X 6ûrrY + f5 Tt X - åqrry
4ø

X+3
'Y ' 7
x+85



Ë5ã

È55
Ê5Ë
e57
Ê5S

Ëåtzt

e7û

ggrzl

Ë9'Zl

3ürzl

31Ur

3Ë'Z'

3Ë5

33|a
34tUt

89

HFLST ü, Et Tü Ê79, t¡ Tt Ë79, 15
I Tü tð, 159 T0 ar, ü
RËTURN
ciET 8S
ËËT Ëlt3 r HËR I ËBSUË Ê5rzl
HFL0ï x - SrArY 74 10 x -
EroY - Ë41 HF,LCIT X - 46ry
4 Tt X 54rY - Ë4 T0 X -
fY Ëü' TË X - 4ËrY 64
HF,LtrT X - 6rZ"Y - lF 10 X -üoY 15 T0 X - 4grry ltzl
X - 6rzrrY - ler TF X - Ëtäry
{Ë
HF,L0T X - 5ÊrY - 5ü T0 X -ÊrY 15 Tt X - 4grY 15 TËl
x - 4grY - 5ø Tt X - 5ËrY -
5ül
HF,LÛT X + 4tzrrY - 3¡Zr TO X + z
6rY - 3rA Tt X + 7ûrY - tE T0
x + 4ürY Ë5 T0 x + 4etry
Srzl
HF,L0T X + SÊrY - 63 Tt X + F
8nY - 65 T8 X + 5årY - gø Tü
x + SarY 3U¡ Tü X + 5ËrY
65
FT]R G = Y 1IZI TCI V + 15: HF.LOT
X - 6tArG TO X - 4räoG: NEXT B

FoR & = x - 4ø T0 x + 4rar HË,LBT
ürY TB GrY + t5: NEXT G¡

FËRß=Y+15TûY-ËggTËF,
I ¡ HF,LCIT X + 4rA, fï 1B X +

7Er, G¡ ¡ NEXT ü
HPLúT X + SS'Y - 75 T0 X + g
5oY Ë51 HFLTT X + SgrrY - å
5 T0 X {- 6rArY - g5 T0 X + SS
,Y 93 Tt X + SrAf Y åg
FtR Ê = 1 T0 l5rZrs NEXT Ë
GET Gg¡ 6tTt 1ül

E;

6
5fr

4
TT
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Figure l-5.1- Plot of Cylinder I
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Figure L5.2. Plot of Cylinder 2
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Figure 1,5.3. Plot of Cylinder 3

Exercise: V'Irite a

circuit

program to animate a simple electric

diagram for computer- aided instruction.

t
¿



CHAPTER V

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

ResLatement of the Objectives

The purpose of this study is to develop course

materials that will assist secondary school Technology

Education instructors in updating their computer- aided

drafting knowledge. In order to fulfill this purpose, it

was necessary to meet the following objectives:

1. Determine what content is important and easily unders-

tood by reviewing the library resource, related litera-

ture, and information.

2. Select content and develop fifteen laboratory experi-

ments on the fundamentals of computer- aided drafting

for the secondary school Technology Education

instructors.

3. Develop a model computer program ( CREATE ) that will

aid the Technology Education in the implementatj-on of

computer- aided drafting.

Summary

In the past few years computer-

) has gror^rn at a phenomenal rate. No

92

aided drafting (CAD

recent breakthrough



93

or scientific discovery has made this possible.

Applications are achieved to a large ranges. In

industry, engineers, technicans, and architects are incre-
asingly usi-ng CAD to design and analysis. CAD systems are

destined to become a major industrial tool. In education,

CAD is used by the simulation and games. Simulation is a

powerful technique that may be used to imitate or repli-
cate some aspect of the world. Its purpose is to help

students build a useful mental model of part of the world,

and to provide an opportunity to test it safely and

efficiently. Games are becoming more popular in the

instructional setting because of their potential for
motivating students to learn. In technical education, CAD

will be practiced in mechanj-ca1, electrical, architectual,
or structual drafting courses. Students should be taught

and trained CAD skills and knowledge to be better prepared

the desire of industry and business. So the Technology

Education instructors be ahrare and competent in CAD to
bridge from the current drafting technology to the future
developments in industry

Instructional materials must be prepared that will
assist the secondary,school Technology Education instruc-
tors to cope with the CAD trend. It was the purpose of
this study to develop course materials which should be

available to instuctors concerning the concepts, functions
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and programming techniques of CAD. The content was grouped

into the fifteen units. These units were arranged in
sequential order essential for the delivering of an

instructional program in Industrial Education. laboratory

experiments were designed and developed for each of the

units

The experimental environment of the study was

limited to CAD equipment available in the Industrial

Technology Department at the Universi-ty of North Dakota.

Conclusions

The following
of the literature

conclusions

and results

\^rere based on

of the actual

the revi-ew

performance

testing of the experiments.

1-. CAD is a faster method of creating

2. CAD systems give designers more

drawings.

time to

designs that might otherwise

experiment

have gonewith new

untested.

3. CAD eliminates the drudgery of the drawing procêss¡

4. CAD offers control and flexibility in drawing creation.
5. The memory capabilities of APPLE computer is not

adequate to deal with complex drawings

6. The high resolutj-on graphics of the APPLE computer

does not permj-t text to be displayed concurrently with
graphics.

7. Requirements for program entry should include computer
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language and technical mathmatics.

The activities in each experiment were flexíblermodifi-
cations and changes may be needed for special purpose.

The CREATE CAD program can provide an effective and low

cost instruction to the field of computer- aided draft-
ing.

Recommendations

Based upon the results of the study, it $¡as

recommended that:

i-. Further modif icati-ons and / or ref inements to the

laboratory experiments could be designed and tested.

2. More research be needed on the effects of CAD with

students of special needs.

3. There is a tremendous need for in-servj_ce training on

the uses and potential of the CAD. The development of
simpler programmlng techniques will provide Technology

Education instructors with greater control over the

content of CAD materials.

4. Technology Education instructors be encouraged to share

CAD experiences in their classes; Lhis could be accomp-

Iished th'rough the establi-shment of a net work.

5. Further investlgation be done on the advancements which

have been used or will be used in CAD programs and

systems.



APPENDIX

APPLE TIe

COMPUTER - AIDED DRAFTING

CREATE PROGRAM
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Ê

1ø
15
?ø
3ø
4ø
5ø
6ü
7ø
årA
9Cl
1øü
11ø
1e6
r3ø
t4û
l9r¿l
16ü
t7ø
l8ü
190
eûü
elü
eaü
e3ø
E6ø
eåo
p9ø
3øt
3rø
3åü

REftl ¡ÌtlA
TEXT ¡
PRI NT
PRINl
F.RINT
trRINT
PRINT
PRINT
trRINT
PRINT
trRTNÍ

PR¡NT
trRINT
PRINT
PRINT
PR¡NT
PRINT
¡NFUT

IN ÈIENU
HT]ME
TAB( 17);"MAIN MENU"

: trRINT
"I.DRAW THE PICTURE f

"9. ADD TEXT"

"3. FIDD DIMENSISNStr

"4. SRVE THE DRAITING¡'I

.5. F,RINT OUT"

,6. QUIT"

IF
IF
IF
IF
IF
IF
IF

"SELECTINB THE NUMBER YOU TJANT TO Dg. o-) " ¡ I
I THEN PRINT CHR3. (4)¡"RUN CREATE"
E THEN PRINÏ CHRT¡ (4) ¡ "RUN TEXTLNE''
3 THEN trRINT CHR¡ (4) ; "RUN DIIIENSION"
4 THEN EAO
5 THEN 4Tø
6 THEN 5øü
0ORII -7 THENg

ONERR GOTO 36G¡ HBME : VTAB (ee)
FRINT "INSERT THE WORK DISK"
PRINT ¡ trRINÏ ¡ INPUT "TYPE IN THE FILE NAME!..;f|!i
HOME ¡ VTAA (ee) ¡ HTAB (1O) ¡ PRINT "BAVING THE DRAI¡ING"
trRINT CHR3 (4) ¡ "BSFIVE" iAt¡ r, AieøOør LÊeøtør
HOFIE ¡ VTAB (Êe)¡ INVER$E ¡ FLfISH ¡ trRINT trINSERT THE ÌIASTER DISK"¡

trR¡NT úPRESS I RETURN KEY' TO CONTINUEX
INtrUT XT
BOTO 1û
REÌt TERROR ROUTINE

f, r FEER (eA¿)
IF E - 9 THEN FRINT trD¡SK FULLtr¡ FOR ÉI T I TO 16IåO: NEXT A¡ BOTO ã
IF E - 4 THEN FRINT "tlR¡TE PROTECTI¡ FOR B - t TO lOOØ¡ NEXT B¡ 60TO
5
trOKE ê16, O: REFI CLOSË ERRUR RtrUTINE
HOME
VTåË 5r HTAB 5¡ trR¡NT r 1. EPSON 9CREEN DUIÍF tr

VTâB 1O¡ HTAE 5¡ FRINT n 2. PARâBRAPH SCREEN DUMP"
trRINT : INPUT ilg¡ELECT þfrlf r=-)¡t¡pll
¡F trT ¡ "1" THEN PRINT CHR; (4}ItrRUN EPSON SCREEN DUIItr"
IF Ft - r'Ê'¡ THEN FRINT EHR9 (4) ¡ " RUN FARAÊRAtrH SCREEN DUiltr "
GOTO 1ø
HOÈIE
PRINT TAB( ¿gI) ¡ INVERSE ¡ FLASH "BE SURE THE DRAWINE I9 SAVED. IF NOT

TYPE I N' 6T] BACK TO MENU TO SAVE THE DRAWINE¡. I.¡ NORIIAL
VTRE (e3) ¡ HTAB (1O) ¡ INtrUT "ARE YOU SURE (Y./N)?r'¡Jr
.IF Jt r 'rYrr THEN 55ù
IF Jt E ¡rN¡' THEN tø
PRINT : trRINT "END OF THE PROGìRAM'I

I
I
I
T

I
I
I

NORMâL

33ø
340
35A
355
360
370
3Sü

3?ø
53ü
340
s50

39ø
4øø
41ü
4ea
44ø
45ø
4AA
4êø
serø
510
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Apple IIe Computer Create Program Continued

HGR ¡ TÊXT
FR¡NT CHRt (4)i"BLOAD SHAFE åLPHâBETTA¡Båø"
POKE e3ër0r POKE e33r8
REM ¡CREATE DRAFTINS trROGRAM FOR AtrF'LË COITItrUTER
HOltlE ¡ PRINT ' CREATE PROGRAIü ,,

trRINT ¡ PRINT ¡ PRINT "SELECT THE AFFROFIRIATE NUFIBER I.JHICH YOU LIKE TO
DO. "

PRINT ¡ FRINT ¡ trRINT II.CREATE A NEW DRÊIJ¡NG ¡¡

FRrNT ¡ trRrNT ¡ trRrNT "Ê. MODIFY AN oLD DRAIJING sAvED ¡N THE DISK "FIRINT : PRINT ¡ trRINT ..3' CONTINUE N DRAWING I.¡H¡CH STILL SAVED IN THE TTI

EMORY
PRINT ¡ trRINT ¡ INtrUT "trH¡CH Qllf =ee=).'¡frl

eø
3ø
4ø

5ø
6ø
7ø
8ø
9t
99
10ù

I tù
L?ø
136
14G
l3ø
16ø
t7È
L7e
17:
lSt
18Ê
re5
l9ü

IF
IF
IF
IF

N-1
N-Ê
N-3
N)

THEN EOSUB 5üøO
THEN 6OSUB 5Eøø
THEN BOSUB 54I¡6

T4ORNEøTHEN10
POKE - l6SOlrOt HCOLOfl- 3r SCËlLEr 1¡ ROTr O
vrAB Ëer HCoLoR- 3¡ PRINT "t.L¡NE a.crRc 3.ARc 4.REcr g.ELLrtraE 6.D¡ñ

7. TEXT 8. FRINT 9. 8âVE 10. iIENU 1I. EX IT II ,

INPUT "FIRESS THE NUÈtBEfilr*-)[¡fl
IFA-ITHENÊet
IF
IF
IF
IF
IF
IF
IF
IF
IF
¡F

60T0 7

A-?
A-3
A-4
Fl-5
A-6
Aa7
A-å
Fl-9
fl=lO
A s lt

THEN 175ü
THEN EOST
THEN ÊA5O
THEN 33SÜ
THEN 387Ð
THEN 3E5T
THEN 3åTø
THEN 3È9ø
THEN TEXT
THEN 333O

195
e0ø
e:¿t
e3¡¡
3.4ø

a5ø
Ë60
e7ø
esü
"¿9ø
3øt
310
3eo
33È
35'à
36ø
37ø
3Aø
390
395

INVERSE T FLASH ¡ PRINT "UNRECOBNIZABLE ELEüENT TYF,E.TRY AGAIN!I,¡ NORMAL

PRINT CHRI (7} ¡ FCIR I . O TO 1OTO¡ NEXT I
60T0 løø
REM ¡DRAI.J â LINE
ONERR BOTO =tgøø! REFI ERROR DETECTE
HOHE ¡ VTAB (¿E)¡ trRINT "FREgS THE NUMBER I.LINE E.VEH 3.HOR 4.PAL 5.
L&A 6. POINT 7. G¡UIT f
¡NPUT A¡
¡F At É rl'r THEN 397
¡F Ai = t'?" THEN 6gt
IF Êt¡ E 'rB' THEN 9fø
IF At E 14" THEN 1ø4ü
IF At - 'r5'¡ THEN 135ø
lF A¡ E r'6rr THEN 1856
IF fl$ s "7" THEN 1ørä
IF A'¡ E ¡¡6" OR A¡ 

' 
"7" THEN ÊÊø

REM ¡DRÊIJ CONTINUOUS LINE
HOltlE ¡ VTAB (¿r): PRINT ISELECT THE METHOD OF INPUT ¡,'
PRTNT "I.COORDINATE METHOD "
FRINT xg. CURSOR IIIETHOD "
PRINT '3. EXIT"
¡NPUT "ENTER THE NUMBEf,I -eer)"¡fl: RETURII
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Apple IIe Computer Create Program Continued

6.¿ø
630
6,4ø

60suE 360
IFA-tTHEN46G
IF ll - e THEN 67gl
IFA-STHENAeO
INtrUT "INF.UT THE FIRST POTNT (XIIYI)...iXIIYI
INtrUT xINpUT THE SECOND ÞOINT (XÊ¡YÊ)- "¡Xê'YÉ
GOSUB seo
RETURN
GOSUE 430
HPLOT XlrYt TO XÊrYe
INPUT "1.OK E.ERASE SELECT ONE .-),'iN
IFN-1THEN5ø0
lF N g S THEN HCOLOR- &r BOTO 465
HCOLOR¡ 3¡ EOTO 397
¡FXl (tTHENXl-Ø
IF Xl , 279 THEN Xl - 279
¡FYl (tTHENYI-O
IF Yl ) lEg THEN Yl : 159
IFXÊ(OTHENXÊ-O
IF Xe , e79 THEN Xe ¿ 2?9 ì

IFY:c(øTHENYAÊO
IF Ye ) 159 THEN YA - 159
RETURN
HOFIE ¡ VTAB el¡ PRINT "INFUT THE FIRST POINT (XlrYl)"¡ FOR â r l TO I
OAO¡ NEXT A
6(tsuB 60ü0

Xl-VT¡Yl-HT
VTAB Êtr trRINT nINtrUT THE SECOND POINT (XÊrYe) "¡ FOR B - I TO IOOG¡ NEXT
B
BOSUB 6øù0

Xê-VTIYÊrHT
RETURN
BOSUB 6Iø
GOSUB 450
HÊOLOR- 3¡ HtrLOT XlrYl TO XerYÊ¡ 6OT0 47O
REttl ¡DRâl.l VER LINE
BOSUB 360
IF Fl ¡ I THEN 770
IFÊ-eTHENA4O
IFA-BTHENee€r
GOSUB 43O
HPLOT XlrYl TO XlrYe
T NF.UT ' I . OK E. ERÊS¡E 6ELECT ONE rr} I, 

I N
IF N - t THEN HCOLOR- 3¡ BOTO 69û
IF N - A TÞ{EN HCOLOR¡ Or 6OTO 8Ot
GOSUB 6tø
60suB 45ø
60T0 8ø0
REM ¡DRAI.J HOR LINE
BOSUB 360

397
4e'O
41ù
4eø
438
44ø
4Jø
455
46ø
465
47ø
4eø
49ø
5øø
3?ø
s3ø
340
s50
56Ë
57û
5Bø
590
6Crû
6tù

650
660
665
67û
675
676
6Aø
69ø
74ø
73ø
76ø
776
søo
glø
a?,ø
s3ø
84ü
850
86ù
9rø
9?ø
93ø
94tà
950
960
97ø
9gt

I
I
I

FAE
FFI¡
Ffl-

I T|{EN 960
A THEN 1ø1O
3 THEN AÊü

GOSUB 43ø
HpLOT XtrYl TO XerYl
INPUT "1.OK e.ERASE SELECT ONE--)'riN
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Apple IIe Computer Create Program Continued:

99ø
16øø
tø1ø
tüeo
I ø30
1ø40
105ø
rû60
1er7ø
1ø8ø
1ø9ø
1 100
rtlø
I 130
I t40
1 15ø
I l6ø
Lt7ø
1ta6
1t9ü
I l9A
I 195
leø0
L?tø
rÉaû
1e30
le4gl
Lesø
taÉø
ta7ø
7e7S
1e6t
1ess
L?,9ø
r3üt
13ø5
13ÊA
1330
135ø
136ø
137A
l3aù
r390
l4ørâ
t4tø
r4et
I 430
t44ø
1450
1460
t47û
1486
t49ø
13øø
15 1Ð

IF N = 1 THEN HCOLOR= 3¡ GOTO 9Êû
IF N ¡ e THEN HCOLOR- O¡ 6OTO 97O
BOSUB 610
60suB 45û
BOTO 97C¡
REITI ¡DRAI.I PAL LINE
GtosuB 360
IFAElTHENIB9CI
IFA-ETHEN13Û5
IFÊ=3THENEE¿I
GOSUB 43ü
HPLOT XlrYl TO XerYe
INFIUT ÍINFIUT THE DISTANCE FROM THE ORIEINâL LINE (+/-
IF Yl - YÊ THEN P - Yl + D¡O E YE + DI EOTO 1E3O

M-Xl+D¡N-XA+D
IFM(OTHENlÊ1ø
IF M ) Ê79 THEN IA1O
IFN(OTHENTA1O
IF N ) 879 THEN rElO
HÞLOT ¡t, Yl TO Nr Ye
INtrUT XI.OK ¿.ERASE SELECT oNE r.} ,.IN
IF N r I THEN HCOLORT 3¡ BOTO IOSO
lF N - A THEN HCOLOR- 0¡ 6OTO tl4OpRINT "X ¡S OUT OF SCREENTTRy âBAIN"
GOTO ll lB
¡Ftr(øTHENtegCl
IF p ) r59 THEN 'tegø
IFQ(øTHENIEgT
IF O ) 159 THEN IEgO
HPLOT XlrP TO XerO'
INPUT trl.OX e.ERASE SELECT ONE --)ütN
IF N r 1 THEN HCOLOR- 3¡ BOTO 1OFO
IF N ¡ e THEN HCOLORT 6¡ BOTO tt30
PRINT rY IS OUT OF SCREEN, TRY RBAIN
EOTO lt10
609U8 Érø
GOSUB 4SO
60T0 lror
REM ¡DRA!.| LINE trITH L&â
GOSUB 360
IFA-lTHEN146û
IF Fl - e THEN 151ø
IFATSTHEN¿AÐ
IN?UI "¡NpUT Tl{E FIRST pOtNT OF THE LINE (Xry)r ¡'f Xf y
INPUT trINPUf THE LENGTH OF THE LINE L. ..IL
IFLTOTHEN14Ðø
IN'UT xINtrUT ANËLE fl_ ,, lA

!- -A/ 36G*6.eg3e
Xl - X + L * COS (I)¡Yt r t + ! r SIN (¡t

GOSUE sPO
HPLOT XrY TO XlrYl
I NPUT " I . OI( A. ERASE SELEcT ONE¡¡} .. 

I NIF N g 1 THEN HCOLORT 3¡X r Xlry r yt¡ GOTO 136O
IF N = e THEN HCÍILOR- 0¡ BOTO t4Z0
HOME ¡ VTAB ÊÊ¡ trRINT TINtrUT THE FIRST FOINT (Xry)tr

D)--) ,, lD
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Apple IIe Computer Create Program continued:

l5eø
1530
79.4ø
155ø
156C1
1570
l5sø
1596
15ø¿l
161û
1640
t63e
t64A
165ø
1664
l67rò
16Sø
1690
17ûqr
171t
t7eø
173ø
174ø
1756
t7€;û
177ø
tTao
179ø
taoø
t81G
1AAø
tg3ø
184ø
145ü
146ü
187ø

GOSUB 6ør¿8r
X¡VT¡Y-HT

BOTft 1410
REM rDRAW POINÎ
GOSUE 36ø
IFA.lTHEN16üø
IFA=¿THENtTlø
IFR=3THENeet
INtrUT TINPUT trOINT (XrY)r ";XrY

A o X - 1¡B - X + l¡C - Y- llD r y + I
¡FA(üTHENAoØ
IFB) eTgTHENBt?79
IFC(0THENC-O
IFD) IS9THEND.159
HpLOT Í1, Y TO Br Y
HtrLOT X, D TO Xf C
I NÊIUT { 1. OK É. ERNSE SELECT ONE--) ,. 

¡ N
IFN-lTHEN1560
IF N ¡ e THEN HCOLOR- €t¡ GOTO 156O
HOME I VTAB Ae! PRINT nINtrUT THE POINT
BOSIJB 6aeûl

X-VT¡YrHT
GOTO 16tO
REll ¡DRAtl â C¡RCLE
ONERR 6T]T0 55Èør REIrI ERROR I'ETECT
GOSUB 36ø
IFA=lTHENlê10
IFA¡eTHEN199ü
IFA-3THENltlA
¡NPUT 'lNtrUT THE CENTER trOINT (Xt¡yllr
TNFUT "INPUT THE RADIUS R- ''tRtrI - 3. 1416

â1 -O¡FlÊ!e*PI
Nrl0O
INCr(Ae-Ar)/N
FOR ¡ r fll .TO Ae STEtr INC

(xr Y)

" ¡Xlr Yl

1SgüXrR*
t89Q 1{ - Xl
t90ø IF M (
191ü ¡F fi )
r9Ê0 IF N (
193ø IF N )

SIN(t)*1.êrYrR*
+XrN-Yl+Y
OTHENII-O
Ê79 THEN ì4 - ë79
OTHENN:O
t59THENNr159

cos (t)

l94O HtrLOT ìt, N
I95ø NEXT I
f96ø ¡NPUT ùt.OX Ê.ERASE SELECT ONE ¡-) ,,lN
197ø lF N E I THEN HCOLOR- B¡ GOTO t77O
194Ð IF N E e THEN HtrOLORs el 6OTft lB3ø
t99o HOME ¡ vrAB eer trRINT_ "tNpur rHE CENTER troINT (xlryt) tr
eøøø BOSUB 6ø0ø
PølO Xl ' VT¡Y1 r HT
?øeø BoTO råËü
EOST RE¡I ¡DRAI.I A ARC
ÊO6G PRINT "ARC Ì'IETHoD pLoTTING¡{

"ø7ø 
INtrUT x(1). 3 POTNTS (er.e.B.Ë.R (3r. EXrr cHOOSE ONE "¡Tl
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ÊQAø
eø9ø
e095
e1ø0
ettS
el tø
At eüt
el3û
?14ø
?t3ø
416ø
et7ø
2.La'6
Ê1 9ø
eÊørâ
e?tø
EEEø
e¿3ø
?,e4rò
ee50
e?6ø
ee,7û
eeaø
Ëg9rã
e30t
a31t
aset
e33ø
?34ø
e350
e36|a
e37ø
4380
É39A
2,4øø
e4ret
24?ø
e438
3.44¡à
e45ø
e46ø
e47ø
E4Bø
?49ø
Ê5CtCt
e51ø
e3?û
e53A
?34ø
e55ø
Ê560
eg80
e59ø
e6øø
?6rø

IF TT
IF T3
IF T3
IF T'
ONERR
6OSUB
TFA
¡FA
IFA
INPUT
INPUT
INtrUT

- r¡1rl
E rreI
E Í3¡¡
) "3r

BOTO
360

THEN g1üB
TI.IEN Ê5gT
THEN IOø
THEN EfåsÙ
550ül REfrl ERROR DETECT

Tr{EN 4156
THEN Ê47CI
THEN Êø5ø

NPUT THE CIRCLE CENTER trOINT (Xtr¡YC)r ,,¡XCTYC
NFUT THE BEBINNINGì trOINT (XBTYB): .r¡XB¡YB
NtrUT THE ËND trOINT (XETYE)- ";XE¡YE

INF,UT "INPUT ANBLE INCREMENT (DEBREE, r¡¡DFH!
DPHI ¡ DPHI * 3.14f6 / lBø
A-XB-XC¡BrYB-YC
RÉ= SOR(A*ñ+B*8,
[rXrÉl/RE:UY¿B/RB
ÂrXE-Xtr¡BEYE-YC
RE- SOR (A*ßl+B*B)
VX=Ê/RE:VYaB/RE
A-UX*VY-UY*VX

IF å - ü THEN lrlZ - 1¡ 6OTO ?Ê9O
t{Z - (UX * VY - UY * VX) / gOR ((t¡X * Vy - Uy * VX) ^ e)
NX- -l.lZ*gy
NY-lrlZ*UX
DEF FN AC{A) o - ANT(A / SOR ( - â * A + 1)) + 1.9769

Ê.UX*VX+UYTVY
F,T - FN RC(A)
R-(RB+RE)/e,
FT=trT*l.øf
HPLOT XB, YE
FOR PHI ¡ G 'l'O FT STEF DPH¡

FIA-R* COS(PHl)
EE.R* SIN(trHI,
XrXC+âATUX+BB*NX
Y-YC+AfI*UY+BB*NY
HtrLOT TO X, Y
NEXT PH¡
INPUT "1. OK Ê. ERNSE SELECT ONEr-}..IN
IF N - I THEN HC[]LOR- 3¡ GOTO ?11O
IF N e e THËN HCOLOR- G¡ 60TA Êt90
Þ.IOfIIE T VTAB Pê¡ PRINT "INPUT THE CENTER POINT (XCIYC,
aosuB 6øøt

XC-VT¡YCTHI
VTAB ê3¡ F.RINT xINtrUT THE BEGINNINB PO¡NT (XBTYB) rl

BOSUB 600ü
XE*VT:YETHT
VTAB e4¡ PRINT rlNtrUT THE ENl, POINT (XErYErx
BOSUB 60ø0

XE-VT¡YE.HT
GOTO e160
REFI rC. B. E. R
ONERR BOTO SSOCI
60suB 36ø
IFA¡tTHENe640

Bl
-Ð
rt

,,r
fI
x¡

ü
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IFREgTHENegG€t
IFA¡STHENeøSt
INPUT "INtrUT THE CIRCLE CENTER (Xtr¡YC)= "¡XC,YC
INtrUT ,'RFIDIUS- ,' 

¡ RAD
INtrUT úINPUT THE EEG¡INN¡NG ÊNGLE (DE6REE) "¡Pl
¡NF,UT XINPUT THE END fINBLE (DE6REE) ..iPÈ
¡NtrUT "INtrUT FINGLE ¡NCREMENT (DEGREE) .,¡DPHI

DPHI - DFHI * 3. 1416 / l$rà
Fl = Pl * 3.1416 / tBù¿P? - F? * 3. l4t6 / LBû
R-RAD
FOR F.HI = PT TO FÉ STEF DPHI

x - R * cos ( - FHI) * 1.Ê:y r R r S¡N ( - pHl)
X-XC+XrY¡YC+Y
HtrLOT X, Y
NEXT PHI
TNtrUT "T.OK A.ERASE SELECT ONE I-) ..IN
IF N ¡ I THEN HtrOLOR- 3¡ GOTO Ê6û0
IF N - e THEN HCOLORg A¡ 6OTO ?7ÊG
HOME r VTAB ÊÊ¡ PRINT rtNtrUT THE CIRCLE CENTER (XC, YC) "
GOSUE 6c'0ø

XC=VT¡YC-HT
BOTO Ê65ø
REM ¡DRâI.I A RECTÊNGLE
I NtrUT " I . RECTÊNGìLE e. BORDER 3. ÉX ¡ T CHOOSE Qllf, are) ,, 

¡ flf
IF AS E rrl'r THEN egetl
IF At E 'ra'¡ THEN 314ø
IF A$ B 'r3" THEN 16ø
IF AT ) II3tr THÉN 885ø
oNERR 6t]T0 55üO
GOSUB 36ø

e6?ø

"63øp,64ø
Ê65ø
e6Ê'å
?87ø
-¿68ø
¿69ü
'¿7t¿ø
2,7 tø
'É,7eø
e73ü
:Ê74ø
e73û
p76t
?77ø
P78û
e79ø
2.g'øø
eara
es?ø
ea30
Ê85ø
?47ø
ê8åü
a8ggl
e9üø
g9ltl
e9eû
e93gl
e?4ø
e95ü
Ê96r¡
e97vt
Ë9Sü
-¿9gliì
3GGø
3t¿r r cr

3øÊø
3ø3|¿
3ta4t
305'A
3Cr6r¡
3ü7û

IFA
IFA
IFA
¡NPUT

-1
a'¿

=$,'I

THEN e97ct
THEN 3er7ü
THEN ESTO

NPUT THE ORIGINAL POINT (XtrYl¡: r.¡Al¡El
¡NtrUT "INtrUT THE OPPOSITE trOINT (XerYÊ)r ',¡48¡BÈIF A1 - A3 THEN 3G5Ø
IF 81 . BË THEN 3O5üI
HtrLOT AlrEt TO âlr8e TO AetB,e TO A?rËl TO ÊtrBl
INPUT '1.OK e.ERAgE SELECT ONE ¡-) ,,tN
IF N ¡ 1 TI{EN. HCOUOR= 3¡ BOTO Ê93û
IF N - e THEN HCOLOR- O¡ GIOTO 3t16
F.RINT ÙTHE Th'IJ trO¡NTS ARE IN THE SAME LINE ,1RY ABAIN. tr

GOTO e93t
HOME : VTAB ÊEI PRINT I. INPIJT THE ßRIGINAI. POINÎ (XT.YT)r

3øðO 60SUB 6ø00
3er9ø Êl e VT¡B1 r HT
3t6Er VTAB ÊÊ: FRINT "INtrUT THE OPtrOS¡TE POINT {XerYe) ,.

3lt0 60suB 6gøø
3lAA AA - VT¡BÊ o HT
313G GOTO e990
314¿t REM ¡BORDER
315ü HCOLOR¡ 3
316ø HpLOT OrO TO e7øtt TO ?7O, r59 TO Or159 TO OrO
3I7ø HtrLOT tgtf 13O TO e70,13ø
318û HPLOT 18øf t4ø TÐ ?7r\14ø
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HFLOT l8ûr 150 TO Ë7ø, lst
HPLOT 1åå,13û TO tgt,159
INtrUT " 1. OK e. ERASE SELECT ONE -=) " iN
IF N - I THEN HCOLOR- 3¡ GBTO Ê87ùt
IF N - e THEN HCULOR- O¡ BOTO 316t
REM:TEXT
PRINT CHRt (4)¡"RUN TEXTLNËÍ
REFI ! D¡M
FRINT CHRt (4) ¡"RUN DIFIENSIONI
REM rSflVE
trRINT CHR' (4) ¡r'RUN ilAIN !|ENU.'
REM ¡FRINT
PRINT CHRa (4) IIRUN MâIN FIENU'I
REM ¡EXIT
trRINT CHRÛ (4) ¡"RUN lilAlN mENU"
REftl ¡DRA].| AN €LLItrSE.
60suB 36A

THEN 34Oø
THEN 3540
THEN 1øO

NtrUT THE CENTER FOINT (XtfYl)'r¡CXTEY
NPUT THE SElttIitâJOR A- ', lft

¡NPUT 'INtrUT THE SEMIMINOR B. ..IB
HCOLORT 3

SC - l.16
FOR TH - e TO 6. /r STEtr 0. I

X ¡ A * COS (TH,sY I B * sIN (TH)
SX=SC*X+CX¡SYTCY-Y
¡F SX ( ø OR SX ) e79 OR SY ( t OR SY ) 159 THÉN FL - O¡ GOTO 35tO
HpLoT SXrglY
NEXT TI{
INFUT '1.OK e ERâSE SELECT ONE --),rlN
IF N ¡ 1 THEN HCOLOR! 3¡ BfiTO 3356
lF N r e THEN HCOLUR- Or 60T0 343ø
HOME ¡ VTÊE Ê?¡ PRINT IINPUT THE CENTER POINT (X1,Yl)"
GOSUB 6øøø

CX-VT¡CY.HT
GOTO 341ø
REII ¡CREFITE A NEt¡ DRâL|INB
HGR ! HCOLOR- 3¡ RETURN
REM ¡MODIFY nN OLD DRÊIIINB SAVED IN THE DISK
HOME : VTAB lÊ.. FRINT IINSìERT YOUR DRAWINB trORK DISK"
INPUT IPRESS' RETURNTTO CONTINUE"¡Êt3
PRINT CHRi (4) ¡ "CATALOG|'I
PRINT I trRINT "I^IHAT IS THE FILENAHE OF THE DRAiTIN6?"r INFUT ât
HGR ¡ VTAB ?3: HOlrlE ¡ VTâB ÈÊ¡ trRINT "LOAD DRAI.¡INC¡"
FRINT CHRt (4) ¡,'BLOAD', iflr¡l ", Ít!åËøøø'
POKE - 163Èürû¡ FOKE - 163ü110¡ trOKE - LÊeg7t0: POKE - 163t4rgl
RETURN
POKE - 1630ürü¡ FOKE - 163ø116: FOKE - 16,?97rû¡ POKE - 1630410
RETURN

f, e ç,EE}4 I?g,E) ¡ RE]TI ERROR ROUTINE
IF E ¡ 53 OR E - Ê54 OR E - Ê55 THEN rAO
F'OKE 816,6l REm :CLflSE ERROR ROUTINE
RESUME

319ü
3eqro
3eeø
3escl
3Ê4ø
3e5ø
3e6ø
3e70
3EAø
3e9û
33ørA
33tO
33Êø
333t
334ø
335ù
336C1
3370
33ðO
339t
34øø
3416
34eø
34e5
3430
344ø
345ø
346ø
347t
34gO
3510
39eø
3530
3535
394Ð
354ã
3550
356ø
5üøt
5Gr0
5eøø
5A1A
ã.ce,ø
533r4
3?4ø
5e5ø
52€ø
5¿7ø
5¿SA
54øe
5410
53rA
55r6
55et
8530

IFA
IFå
¡FA
INPUT
¡NPUT

-t
t'¿

r!
'I,,r
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FRINT "MOVE THE CURSORT
trRINT "USINGì IrJfKrM. FRESS Z TO SET THS trOINT (X¡Y) re)"¡
HCOLOR- 3¡P - 3¡O - 3
GET Af ¡Pl - P:Gll - O
XDRAT¡ 11 AT FtfG¡l¡ HCOLORT 3
IF At - ÙI'r THEN C - Gl - 3¡

6$Oû
6tr0
66Èt
6ci3ù
6ø4ø
6450
6ü60
Éø7ø
60ao
6ü9ø
6roø
611ø
61et
613r
6r4ø
6150
616ø
6t7ø
6190

IF A3
IF A3
IF AT
IF AÊ
tFp
IFO
lFp
IFO

r ilMr.

- .rJ.r

- IK¡r

- .t2,.

THENOTO
THENFrP
THENF.P
THEN BOTO

6f]T0 6100
EBTO 61ùCl
GOTO 6røt
BOTO 61OCl

+3¡
-?.+3¡
al7ø

r!
=tp:
[lr

(r
(r
)r
)r

3 THEN Þ
3 THEN C
876 THEN
156 THEN

etÉ
156

XDRAW lt AT tr.Or HOME
VTAB Êl ¡ HTAB Ê7¡ PRINT
60T0 6ø3r

Fnr¡+S¡Gl-.O-3
VT r P¡HT r O¡ HPLOT.PTOT

,X- ,, lFl" xf t'Y- ü¡Q¡tt

RETURN
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5 REH r TEXT trROGRÊFl
lÐ POKE - 163AA'O¡ trOKE - 163ü1rt¡ FOKE - l6,e97tÐ¡ trOKE - 163rã4rÐ
ET REM ¡TEXT LNÊ
3ø trRINT CHR$ (4)¡"8LtrAD SHAtrE ALFHRBETTRSSüø0
4t POKE e3e, FEEK (43634): POKE Ê33, PEEK (43635)
50 HOFIE ¡ HEOLORÈ 3
60 HOftlE : VTRB Êf : FRINT "SELEeT.THE ñETHOD !,,¡ FOR A - I TO tAøü! NEXT Ê

7ø
ACI

90
tøû
rtø
lAt
t3r
L4ø
190

160
t7ø
1Aø
190
-¿øø

ero
eeø
?3ø
?,41À

e50
e6ø
?7ø
eaa
a9ø
3Crü
3Ëø

34ø
345
35S
360
37râ
38ü
39e
4ltø
4tø
42ø
43ø
44ø
43t
46,ø
47ø
480
49ø
5tø
510
5eü

VTAB ?Ê¡ PRINT "l.COORDINåTE hETHOD!
trR¡NT "8. CURSOR ITIETHOD "
FRINT '3. EXIT"

INPUT IENTER THE NUÍIIBER r--r),, lfl
THEN 1SÛ
THEN 34O
THEN FRINT CHR| (4) ¡'|RUN FIâIN MENU.
ORA)4THEN6ü

¡NVERSE : FLâSH ¡ PRINT "UNRECOGNIZABLE ELEñËNT TYPE.TRY nGiAIN."¡ NORñFIL

¡
I
I
I

FArl
FA-ê
FA¡3
FÊl-O

PRINT CHR. (7) ¡ FCIR I . ID TO ¡OTø¡ NEXT I I

6[1T0 6ø
REM ¡COORDINATE IqETHOD
HOME ¡ VTAB Ê1¡ INPUT "ENTER !flpf[-tfær-).,¡STt
INFUT "INF.UT SCÊLE (1)-,. Ig
INPUT NINFUT ROT (ø). ., ID
INPUT 'INPUT LAEEL trOSlTIUN (X¡Y)- rr¡HT,VT
IFHT ( a7 THEN3eO.
IFVT < -7 THEN3eø
IF HT I I ?6,8, TI.IEN 3Eø
lF VT ) - 15Êl THEN 3eø
ÊosuB 6ø0
INPUT "1.OK ?.ERASE SELECT ONE B¡r) ,,lN
IFN-lTHEN60
IFNTATHEN BOTOÊeü
HQfiE ¡ VTFß et ¡ FRINT "COORDINATE ISN' T ntrpRUPRfATË | TRy ACiAlN. ,,:
f r t TO 1øø0 STEP ø.5¡ NEXT I¡. GOTO t9t
RE¡I ¡CURSÍ¡R ÍIIETHOD
HOFIE ¡ VTAB A1l ¡NPUT "ENTER !flBf,lgi rrr) ., lST!¡
INPUT trINPUT SCALE (l)s ,,;S
¡NPUT "INPUT ROT (O)- "¡D
HOME ¡ VTßB el¡ PRINT "INPUT LABEL POSITION (X¡Y)a ¡.

trRINT 'ITIOVE THE CURSOR "
PRINT "USINGi IrJrKrFl.trRE6g Z TO SET THE POSITION (XrY) --),,1
HCOLOR¡ 3¡F r 5¡O ¡ 5
6ET Êt¡tr! = P¡Ol ¡ O
XDRAI, 11 AT PlrG¡l¡ HCBLOR¡ 3
IF A3 E 'rI, THEN O r Q - E¡ BOTO 48O
¡F At r '¡l4rr THEN O - O + 5¡ GIOTO 4Brâ
IF Ê:t = 'J' THEN F t p - Ít¡ GIOTO 48ü
IF AI Ê "KII THEN P r P + 5I GOTO 48ø
¡F ßt - '2" THEN 60Tf1 55ü
IFP( o5THENtrr5
¡FO ( =5Ì¡IENO-5
IFP) -?74 THENP-e74
IFO) El54THEN[lrl54
XDRAW 11 AT tr,O¡ HOME

FT]R
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VTAB Al¡ HTAB Ê7¡ trRlNT ..Xr r.¡p¡rt tf ,'Y- ,, l6li,, .¡

GOTO 410
HT r P¡VT - O¡ HtrLOT PrO

BOSUB 60ø
I NtrUT " I . OK g. ERßSE BELECT Sfrlf rrr) " I N'IFNrlTHEN60
IFNTeTHEN 60T(leAü
RE¡l ¡TEXT
HCOLOR- 3¡ SCALET 8¡ ROTI D
FORITITO LEN(STr)

CH r AE¡C ( hIDö (STtr¡rtr, - 3e
¡F CH r O THEN 6Eû
xDRAh, cH â1 HT'VT

HT¡HT+7
NEXT I
SCALE- 1¡ ROT- O
RETURN

530
540
550
560
37¡ò
sst
590
6øO
605
6rt
fáAü
630
6.4t
6ãø
6,6ø
665
67ø
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5 REM ¡ DImENSIoN PROGIRRM
lO trOKE - t63QørO¡ FOKE - 163ø110¡ POKE - tÉe97t0¡ trOKE - 163t4rø
3ø FRINT CHRi (4) ¡ "BLBÊ|D E¡HAPE ALtrHßBETr Atgøt"
4rã POKE e3er FEEK (436341 r POKE Ê33, PEEK (43635)
50 HOÍIIE ¡ HCOLORT 3¡ SCâLE- 1¡ ROT¡ G
6Cr HOtttE ¡ VTâE Sl¡ PRINT "SELËCT THE üETHOD ¡,'! FOR å - t Tü tOOÐ¡ NEXT ff

7ø
8û
9ø
1üS
l1ø
1Aü
130
14ü
1ge
16ø
r65
Llt
l8r
r90
Êt¡¡
?tø
Eeú
'¿eg

È3ø

e4ú
Ê50
e6Ûô

?7ø
eaø
e9rà
3øË
310
3ÊS
34ø

345
350
36ü
37ø
3å0

4øø
4ø.g

4lt
4eø
43¡å
44t

45ø
4Éø

PRINT "1.LINEAR DIMENSIIIN"
PRINT "A. RFID¡AL DIñENSION''
PRINT "3. EXIT"

¡NF,UT "ENTER THE NUFtBEfiI**)r,¡fi
IFA-lTHENtSt
IFA-eTHENESù
IF Él - 3 THÊN PRTNT CHRC (4)¡r'RUN hAIN frtENU"
IFA-OORA) 4THEN6ø
HOhE ¡ VTAB el¡ FRIflT trt.HORIZONTAL DIÈIENSION"
PR¡NT "8. VERTICAL DIMENSIONtr
FRTNT '3. EXTT' I

INPUT "hrHICH ONE ? rrrr) ,. 
¡Jrl

IFN-ITHENeAO
IFNreTl.lEN4Otä
IFN¡3THEN60
IFNTOORN}3THENl5CI
REÈ,l IHOR DIM
FLASH ¡ PRINT "FROm LEFT TO RTGHT SIDE.FROñ UPPER TO EOTTOIT|,,¡ FOR A r
I TO 1IA6ø STEF O.5I NEXT A¡ NORMAL
F.RINT "INPUT THE LEFT ENTITY LOCATION DI..! FOR B - I TO lOOa sTEp ø.
5: NEXT B
60suB 7Êo

MrF¡N-O
PRINT nINpUT THE R¡BHT ENTITY LOCAT¡ON D? ,,¿ FOR B - I TO tü$0 STEP
O.5¡ NEXT B
GUSUS 7eO

flrtr¡B¡O
FRINT "INPUT THE LOCRT¡ON'OF THE D¡ñENSION "
GftsuB 7eo

X¡trrY-G¡¡HT-X¡VT-Y
I - A - lvt¡T - ABS (I) * ø. là!?tF - INT (T r 160 + 0.5) / ltàø
HPLOT itrY - 5 TO FlrY + 7t HPLOT Ary - 5 lO Arv + 7r HFLCJT X - sry TO
M'Yr HPLOT X + e6rY TO flrYr HtrLOT lrlrY TO M + SrY - 3¡ HFLOT å - 3rY -
3 TO ÂrY
VTAB ?Ê¡ PRINT "DIM("lF¡")'l'-'¡ INPUT STt
GOSUB 9eø
VTAB Ê3 ¡ INFUT ., 1 . OK ¿. ERA6E SELECT QIrIf, :Ir) II 

¡ II
lF N - 1 THEN HCOLORT 3¡ GOTO 6O
IF N I ¿ THEN HCOLOR- O¡ PRINT..INÞUT THË FOSIT¡ON OF THÉ DIFIENSION("iXl"r"lYl")r'¡ INPUT X¡Yl HOIIE ¡ GOTO 3llü
RÉM ¡VËR DIM
FLASH ¡ PRINT 'FROM LEFT TO RI6HT SIDE. FROÞl UptrER TO BOTTOM,,¡ FOR â o
1 TO løøt STEF 0.5¡ NEXT A¡ NORIIAL
HOME r VTåB Êê¡ fiRINT "INtrUT THE UPPER ËNTITY LOCATION D1,': FER ft o
I TO 1øøO STEF 0.5! NEXT A
BOSUB 7¿ü

M¡P:NcGl
trR¡NT "TNPUT THE Ëorrttn ENTITY LocAT¡oN DÊ r'r FoR n r t To lGoo srEF
O.5¡ NEXT A
G¡OSUB 7EG

AoÞ¡B¡Gl
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47ø FRINT.'"INPUT_THE LOCåÎÏEN OF'TFÉ-bIhENSÏOii¡_bÊ"i_'FOR fI - 1'-TO TOøø STEtr

ü,5¡ NEXT A
GOSUB 7ÉO

x-F¡Y-O¡HTrl-s¡vT-Y
I-B-N¡T- ABS(I)*O.O4
ft r ¡NT (T * tøÐ + ø.5) / tøø
HPLOT XrY - fO TO XrNr HF,LOT X + BrN + 3 TO XrN¡ HPLOT X - ErN TO X +
5tN
HPLOT' .T 3rB - 3 TIf, X,ts¡ HtrLOT X - s,Er To x + 3,8: HtrLoT X,Y + 8 Tr]
XrB
VTAE ÊÊ¡ trRINT xDIll("iRl")'.I-¡, I INPUT STt
BOSUB 9e8
VTAB ÊB¡ INtrUT,l.OK ¿.ERASE EELECT efilf, nc).,¡frl
lF N r I THEN HCOLOR- 3¡ 60TO 6O
IF N I É THEN HCOLOR- OI PRINT 'INPUT THE POSITION OF THE D¡ilENsIoN("lXl"rrrfY¡")[¡ INPUT XrYr HOME ¡ BOTB 4grå
REM ¡RÂDIAL DIÌII
HOME r vrflB ¿1 r FRINJ "INpur rHE CENTER poINT flF THE crRcLE ct',¡ FoR
fl - 1 TO 1900 STEF O.5r NEXT A
BOSUB 7EO

XrFrY¡O
PRINT "ITOVING¡ K KEY TO THE ENTTTY LOCATION, PRESS Z KEy TO ËET TH€ trOS
ITION"¡ FOR A. 1 TO 1OøI¡ STEtr T.5! NEXT A
aosuB 75r

C¡P¡DrO
I r C - XrT r flBS (I) * ø.ùe7tF - INT (T * tOø + 0.5) / ltùø
HTrC+lO¡VT-D-19

HPLOT C + 6rD - A TO C,DI HPLoT C + ÊID - 7 To cID
VTAE ÊÊ¡ FRINT '.DIfi (R,,¡F¡Í) x.r.-tr¡ INPUT STt
GìASUB gEO
VTåB Ê3 ¡ INPUT ' I . OK e. ERåSE SELECT ONE -¡l) ., 

¡ fllF N E 1 THEN HCOLOR- 3¡ BOTO 6O
rF N - g rHEN HCoLoR- o¡ PRrNT "rNpur rHE ENTrry LocåTroN (,,¡c¡,,r,,iD
f ")"r INtrlJT CrDr HOlrrE ¡ 68TO 64t
REt'l ! lrrOVE THE CURSOR
PRINT I'MOVE THE CURSORX
PRINT trlJSINGì IrJrKrlq. PRESS Z TO SET THE POSITION (Xry) --),,
HCOLORT 3¡P - 3¡O ¡ 3
BET åt¡Pl ¡ PrOl ¡ O
XDRAT¡ 11 AT Plr0l¡ HCOLORT 3
IF Ai r '1" THEN & r Q - 3¡ 6OT0 g3O
IF A$ - 'lfu THEN O : O + 3¡ GOTO AB0
IF A¡ r trJr' THEN p a p - 3¡ BOTO êBt
IF Ai r 'K¡r THEN P r F + 3¡ GOTO 63ü
IF Ai - "Z'r THEN GOTO 9t&
IFF ( -3THËNPr3
IFtr( -3THENGI=3
IFF) -e7É THENP-E?E
IF0) rlS6THENG¡-156
XDRât,l 11 AT PrOl HOME
VTAB et ! HTAB Ê7¡ PRINT ùXr ü iPl ¡r .r ¡ r¡YE ,, lOi,' ..

60T0 76ø

48ø
49&
5ør¡
51ø
515

5eo

5e5
53ø
54ü
55ø
56t

5AO
596

6øü
6to
6,e,ø

63Ë
64ø
6gr
665
67ø
675
6gø
69r
7øø
7Lø

7et
73ø
74ø
75Íò
76rô
77ø
7€ø
79tô
800
a1ø
aeâ
a3Ð
g4ø
450
gË0
87ø
å6rô
9rôø



rtlr tF
lüeo rF
1030 IF
lø4ø
to50

Apple IIe Computer Create
gfOP-P*3¡O-O-3
915 HPLOT PrOr RETURN
9et REltl ¡ÎEXT
985 GOEUB t|¿tø
93ü HCOLORT 3r BCALE- tr ROTI t
94T FOR I È T TO LEN (BTT}
9ãO CH r åSC ( ÌlIDt (STt, ¡f 1) ) - 3e
960 ¡F CH ¡r O Îl{EN g60
97ø XDRAi, CH ÊT HT|VT
9AOHT¡HT+7
99O NEXT I
IÛOT RETURN

l- 1-0

Program Cont j-nued:

End of Program

HT(
HT)
vT(
vT)

TTTHENHTTT
- ?6? THEN HT - ?68
¡TTHENVf-7
¡ 158 ÎHEN VT r 158IF

RETURN

¡
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