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+oreword

his Unit is called ‘Creative Graphics' and is dedicated to developing
High Resolution’ graphics programs.

Juring the course of this unit, we will be using some trigonometry such
18 Sine. Cosine and Pl. Don't worry if you don’t know what they are as
hev will be explained to you when required.

Ising the trigonometry and the commands taught during this unit, you
viil be able to desian complex shapes that will in turn help you with your
1ame writing.

Jannv Kedem & ltzhak Kalisky.
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~hapter 1

‘NTRODUCING

41GH

2ESOLUTION
iRAPHICS

Displaying Pixels

d
. Instruct the computer to execute the
ollowing line;

@ PLOT 0,0

he PLOT command can be found here:

L=y

Did something appear in the bottom left-
1and corner of the screen when you executed
his line?

-xplanation

he PLOT command is used to display dots on
he screen. Each dot is refered to as a PIXEL Pixel
Picture Element).

[ A
— In order to see the position of the pixel on
he screen, colour the border yellow.



he Origin

L=
£ /here is the pixel displayed in relation to
he screen and borders?

‘ou can see that the computer displayed the
2xel in the bottom left-hand corner of the
screen.

1 — . E—
PLOT 00 - Border

'his position is called the ORIGIN and has the Origin
:oordinates @,9.

Jdote: the coordinates of a pixel are the two
umpers specified in the PLOT command.

L. Add this line to the program:

§ PLOT 160,80
ind run the program.

k=
= Nhere did the computer display the
idditional pixel?

L=~
[

E Nhere in vour opinion will the computer
display the following pixel?

@ PLOT @,160

L..- After vou have thought about it, enter the
ine and run the program.



&=y
What coordinates must be specified in the
L OT command to complete the fourth corner
it the square?

3,188 . « (2.7)

1.0 = « 1060

]
€ Nhat coordinates would display a pixel in
he centre of the square?

‘heck vour answers on the computer.

The Coordinates of a Pixel

n order for the computer to display a pixel on
he screen. you must use the PLOT command
ind the two numbers that accompany it:

’LOT first number second number
®  "he first number specifies the horizental
yosition of the pixel.
® he second number. the vertical position
if the pixel.
hese two numbers are the ‘coordinates’ of a

nxei and together, they define the position of a
pixel on the screen.

g.8) (186.9)

tq

m

The coordinates (209,100) define pixel



£ The coordinates (20¢,0) define pixel

The coordinates (50,15@) define pixel
t  the coordinates (0,150) define pixel

Check vour answers on the computer by
idding the appropriate lines.

Task

Frase the computer's memory and write a
srogram that draws a line (a series of pixels)
rom the origin to the right-hand side of the
:creen. (Use X as your variable))

L5
£ What does X equal when the program
TORS running?

L=
£ The coordinates of the hottomn right-hand
pixeiare (2550, 0,256, 256,9).

e
the horizontal line displayed consists of
255, 256) pixels.

~onclusion
® lhe coordinates of the bottom left-hand

aixei are 9,0.

& he coordinates of the bottom right-hand
Jixei are 255,0.

® The screen’s width consists of 256 pixels.

Answer 1

Answer 2



i,
i

g
— MNow write a program that draws a vertical
ine. (Use Y as your vertical variabie.)

L After running the program, answer the
following questions:

|

b rhe vertical line consists of
= pixels,

5

E he coordinates of the top left-hand pixel
ire

“heck vour answers on the computer.

Task

Nrite a program that draws a horizontal line
icross the screen and then a vertical line.

L. Change the program so that it draws the

ollowing square:

30,150

38, 50

iask

hange the program so that a pixel is
aisplayed every & pixels horizontally and every
I pixels vertically.

; pixels space —

Answer 3

180,150

80,50

Answer 4

t

; pixels space



Task
thange the program again so that the

omputer draws the diagonals of the square.

lint: vou'll need to either increment or
iecrement both X and Y before displaying the
DIXel,

Task

Mrite a program to draw the following pyramid
wvnere the base is 100 pixels long:

-— 100 Pixels —=

f vou need a hint, look at Unit 2, Chapter 6. Answer 5

ask

rase the computer's memory and write a two
ine program which continuously displays
-andom pixels on the screen. Answer 6

Conclusion

n order to display a pixel on the screen, you
must know the pixel's coordinates. The
:oordinates of a pixel are it's horizontal and
rartical distances from the bottom left-hand
:#de of the screen.

X
0 1
n the examole beiow: Vertical | . e = oA, 73
|
i ¥
rigin | ‘

forizontal
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i

L9

E iow many pixels dces the screen consist
of?

Answer 7

Games Corner

Now that vou know how to display pixels on
the screen. we will write a simple game called
“1it the Target’.

he rules of the game are as follows:

= he computer draws a randomly
positioned circle {target} on the screen.

& he computer then asks you for the
:oordinates of one pixel inside the circle.
‘ou must estimate these coordinates

@ on entering the coordinates, the pixel is
displayed. In the example below, the pixel
nissed the target.



f vou feel confident to do this program on your
whn, do 80, however we expect most of you to
ollow the stages below:

Stage 1

I he first thing we must do in this game is to
draw a circle. In order to do this. you will need

o know the CIRCLE command: CIRCLE
] o o |
JZI_'_—TDDEEDEE_'IIDIi
1C10000C /MmO C0c |
= N EECDEEEIE ]
i i i 1accf
f.+- Execute the following command:
GCIRCLE 158, 108,58
In pressing ENTER, the computer draws a
arcle.
ML e
h
] ' ﬁ 1 SH

The first two numbers in the CIRCLE command
15@ and 10@) represent the coordinates of the
:entre of the circle.

he third number represents the '‘Radius’ of the
cireie. (The radius of a circle is the number of
nixeis from the centre of the circle to the
wiside of the circle))

-4.._ Now write a program that displays a circle

with a radius of 10 pixels in a random position
n the screen.



Note

No point of the circle can be displayed ‘off’ the
:creen. In our program, the centre of the circle
nust be at least 1@ pixels (radius) from the
jorizontal and vertical borders of the screen.

(See what happens when you try to display a

noint in the circle ‘off’ the screen.)

& Now put a GOTO command in the

arogram to display lots of random circles.

Stage 2

it this point, you need to INPUT the
soordinates of a pixel inside the circle.

Stage 3

i he final stage of the program should display
he pixel whose coordinates you input.

e It you find the game too difficult, change
the border colour so that the origin
position is visible.

e Adda PAUSE @ command to the program
:0 that on pressing any key, another circle
5 displayed at a random position.

OVER 1

‘ou may have noticed that there is a 'bug’
error) in the program. If the coordinates input
ire the same as any one of the pixels in the
circie, you will not see the pixel displayed.

For example, execute the following command:

JIRCLE 1060,100,20

Answer 8

Answer 9

Answer 10



E Mhat happens when you type in:

FLOT 128,100

15 vou can see, the pixel doesn't show
secause there is alreadv a pixel at position
20,100.

L - Now tvpe in:

LOT OVER 1:128,18¢ OVER 1

On pressing ENTER, a pixel is removed from
he circle.

L Now remove the pixels from the following
aositions on the circle:

Explanation

AMhen the computer executes an OVER 1
:ommand, it carries out the following checks:

& f there is a pixe!l at the coordinates
:pecified, it gets rid of it. i.e. the pixel is
lisplayed in the PAPER colour so it
:annot be seen,

e f there isn't a pixel there, the computer
1isplays one at the coordinates specified.
.e the pixel is displayed in the INK colour
011 can be seen.



What will happen to the position
reviousiy erased when you execute the
ollowing command?

’LOT OVER 1:12@,188

L~
£ What will the following program do?

6 CIRCLE OVER 1.18@ 160,50
6 GO TO 19

\fter thinking about it, run the program.

‘.. Chanage the program so that the circle
inanges colour each time it is displayed. i.e.

he first circle should be black, the second blue
and so on up to yellow. The process should
hen be repeated.

Jsing OVER 1 as an Eraser

Ne have seen how OVER 1 can be used to
irase pixels,

n the tasks that follow, you will see how OVER
. can be implementad in your programs.

Task

‘Write a program that moves a pixel across the
icreen trom left to right.

Note: we discussed animation in Unit 2,
Shapter 5.

Q.@

Answer 11

Answer 12

Answer 13




Task

Nrite a program that moves an arrow (a short
1orizontal line made up of 5 pixels) across the
screen.

\_/,/

Hint: add a oixel to the right of the arrow and
:rase one rom the left of it. Answer 14

L Change the OVER 1 in the program to
WER @ and see what happens. OVER @

‘ou can see that the computer does not erase
he pixels when you use OVER 8. In fact, the
:ompurter is always in the OVER @ state,
:xcept of course when you specify OVER 1.

Note
n the same way that you can write the INK

ina PAPER commands on their own. S0 you
:an the OVER command.

@ OVER 1
f vou specify OVER 1 on its own, all following

*LOT commands will do the two checks. In
:ontrast to that:

@ PLOT OVER 1,164,58

viil onlv check the position specified in the
:ommand.



A Bug

There is a bua in the pregram that moves the
irrow across the screen. If you look at the left
rand-side of the screen. you will see that an
iwanted arrow is displayed.

This is easvy to rectify with the following
:ommand:

NVERSE 1

NVERSE 1 is also used to erase pixels but it INVERSE 1
~vorks in a different way. It differs from the

WER command in that it will always display a

aixei in the PAPER colour so it cannot be seen.

‘. Add the INVERSE command to the
yrogram so that the arrow on the left of the
icreen 1s erased at the right time.,

e |
What does the following program do:

§ LET X=58:LET Y=5f

' PLOT ABS X,ABS Y

@ LET X=X+1

'§ LET Y=Y+1

@ IF Y=175 THEN LET Y=-Y
0 IF X=255 THEN LET X=-X
¢ GO TO 20

in order to understand the program, you must
<now how to use the ABS command:;

+BS means ABSolute value. ABS

Execute the following command:

*RINT ABS -6



70

L

"

E What value is displayed? (-1, -6,
317

senerally speaking, when ABS is applied to a
umber. it makes it a positive number.

Lt

¢ What happens when you apply ABS to a
positive number?

PRINT ABS 18

‘ou can see that the computer leaves the
number as it is.

Conclusion

\BS converts negative numbers to positive
aumpers, This is refered to in mathematics as
the Absolute value.

7ou should now realise why the drawing
:nanges direction when it gets close to the
sorders. (Explanation in Answer 15.)

L9

E How will changing the starting point of
‘he drawing (X=50:Y=58) efiect the shape
iigsplayed? Try it.

L~ Now add the following line:

> OVER 1

ind run the program. Why, after a few minutes,
ire the lines erased?

L= Now delete the two ‘ABS’s in line 2@ and
un the program.

'S vou can see, it makes no difference. This is
recause the computer automatically takes the
ipsolute value of the coordinates before
iisplaying a pixel.

Answer 15



L Try it by executing the following
:ommand:

PLOT -10,-20

Task
Mrite a program that displays the following

concentric circles where each radius is 10
sixeis larger than the previous one.

l_ Now change the program in memory so
‘hat the following is displayed:

Hint: whilst changing the size of the radius,
nove the centre of the circle to the right.

-olouring Pixels

[_  Erase the computer's memory and type in
ina run the fellowing line:

‘0 CIRCLE PAPER §;INK 9;168,
104,50

L n order to understand what is happening,
idd the following line:

'@ PLOT PAPER 3;INK 7,123,990

Answer 17

Colouring Pixels
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ind run the program.
Nhen the computer executed line 2@, a

nagenia coloured square (PAPER 3) with a
vnite pixel (INK 7) inside it was displayed.

|_ Now display another white pixel in the
madgenta coloured square.

ielow is an eniarged diagram of the square:

Answer 18

=i

L

‘ou can see from the diagram that the square
s consitructed from 64 small squares {pixels).

L\ We have shown you the position of one of
he pixels in the square (123,90). Now ycu
iisplay the pixels at the points marked by the
numpers 1, 2 and 3.

Note: enter the commands as program lines
ust in case you need to change them.

The magenta coloured square is actually a
:haracter position rather than a pixel position.

herefore, when you display a pixel and specify
inother PAPER colour, the whole character
20sition which the pixel is in changes colour.
i

E Mhat are the coordinates of the magenta
sguare?

L=y
What are the coordinates of the character
Josition which pixel 89,35 occupies?

Answer 19

Answer 20

Answer 21



(_. Complete the following line so that the
etter ‘A’ is displayed two character positions to
he ieft of the magenta square:

i5 PRINT PAPER 4:INK 9;AT

|.l:'l”

L Using the PLOT command, but without
ilisplaying a pixel, colour the character position
o the left of the letter A yellow.
Answer 22

L5
& Do vou now know why the circle was

irawn with squares in line 197

A Surprising Result

&
What would happen if you displayed a
1lack pixel inside the magenta sgquare?

{_ Enter a line to do this and use the PAUSE
:ommand so that you can see the result.

In doing this, you will notice that all the pixels
hat were displayed in the square, turned black.

Note: within anv square, the computer can
inly display pixels in one colour, the INK

olour.

"he last INK colour specified will be used to
lisplay the pixels in any one square.

l._, Now make the letter ‘A’ disappear using
‘he PLOT command.

Hint: the letter A is constructed from black

pixels. Answer 23



-
L. See what happens to the pixels in a

:quare wnen you display a character in it.

L=y

¢ Nhat must vou add to the PLOT

:ommand to make the pixels in the magenta

:0loured sauare disappear? Answer 24

s |
E Nhat does the following program do?

i0 LET K=p

58 FOR Y=4 TO 175 STEP 8

3@ FOR X=4 TO 255 STEP 8

"B PLOT PAPER K;INK 9:X,Y

30 LET K=K+1:IF K=7 THEN LET K=@
9 NEXT X

B0 NEXT Y

After vou have thought about it, erase the
omputer's memory and type the program in.

b=
iow can vou erase the pixe! that appears
n each square? Answer 25

Task

Nrite the program again, however, this time
sour not allowed to use the PLOT command.

Hint: use the PRINT AT command. Answer 26

L Now tvpe in and run the following
rogram;

» LET N=@
@ FOR R=18 TO 4¢ STEP 2
'8 CIRCLE INK N;125,85,R
@ LET N=N+1:IF N=7 THEN LET N=p
1§ NEXT R
Ly

¥

E Gan vou explain what happens?



L. Change the program so that the computer
araws seven different coloured circles where
:ach circle is the minimum distance apart so

is not to effect the colour of the adjacent

drcie. Answer 27

Summary

® ‘ou cannot display two pixels with
iifferent colours in the same square.

[ f vou change the colour of the PAPER
vnen displaying a pixel, the whole
:haracter position {square) will change
:olour.

® Jnlv one PAPER colour can appear in any
ne square.

L~
' The INVERSE 1 command always
:nanges the pixel's colour to that of the

:olour of the square.

L=
==

if a pixel is displayed, the OVER 1
sommana will change its colour to the
:0lour of the square.

=
E Executing OVER 1 on a blank position will

(.

:ause the pixel to change its colour to that of
he _ . colour,



Challenge

‘Nrite the following program. (The answer is not
diven.)

® v column of numbers (@ to 3} is displayed

in the right-hand side of the screen. On
he lefi-hand side of the screen. at a / ’/—w

andom height, an arrow is displayed.

2 ‘ou must estimate where the arrow will hit
he column of numbers when it moves

norizontally across the screen. //_ﬁ

& For example, we estimated 1.55:

® ninputting this number, the arrow moves
icross the screen.

® When the arrow hits the column of
wumbers, the computer displays your
:stimation and the correct value. In our
:Xampie, we estimated 1.55 and the arrow
1it the column at 1.34.

Improvements

o‘ 'he computer calculates the difference
netween the correct value and vour
:stimation {ABS).

L] he computer allows you to have 19 goes
ing at the end, displays the average
iitference.
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~hapter 2

JTIDEO PENCIL

Now vou know how to display pixels, rewrite
he Video Pencil’ orogram described in Unit 3.
“his time. a pixel should be displayed

verviime you press a cursor key rather than a
quare.

‘ou have all the knowleddae required to write

this program. (If you have difficulties with it,

ook at Chapter 2, Unit 3.) Answer 28

Note

‘ou should have a line like this in your
Jrogram:

.F INKEY$=CHR$ 9 THEN LET X=X
1

This can be shortened to the following:
ET X=X+(INKEY$=CHR3 9)
Nhen the computer executes the brackets:
INKEY$=CHR$ 9)
i checks to see if the condition is true. i.e. the
1ant cursor key has been pressed.

) f the condition is true, 1 is added to X.

® |f the condition is false, i.e. the right cursor
ev was not pressed, @ is added to X.



'8

L |
E Nhat value would the following
:xpressions produce:

(2=3)

12<3)

(2>3)
2<>3)

L Check vour answers on the computer
1sing the PRINT command. For example:

PRINT (2=3)

E Nhat do vou think the tollowing line does:

ET X=X+(INKEY$=CHRF 9)-(INKE
‘$=CHRY 8)

t increments or decrements the variable X
1iepending on whether yvou have pressed the
1ght or left cursor key.

L Now shorten the video pencil program
18ing this technigue.

onclusion

he tests that the computer makes on the
wrackets are known as TRUE and FALSE tests.

5
¥  The expression is equalto (1,9
fitis true and (1, @ifitis false.

Note: these type of test can often replace the
F..THEN tests and as we have seen, shorten
he program.

Answer 29

True and False



Task

:hange the video pencil program so that on
Jressing a key, you can move the pencil
s¥ithout drawing, allowing us to draw two

:napes independent of each other. For /’_\

sxample: [

B4

[
i

Nhen vou want to continue drawing again,
oress another key. Answer 30

Duplicating Shapes

‘ou mayv remember that in Unit 2, Chapter 4,
ve snowed vou how to copy one shape all over
he screen.

L. Change the video pencil program so that
ynen vou have drawn a shape, for example:

‘ou can copy It all over the screen on the
ress o1 a key.

‘ou will need to define two arrays that hold the
:oorginates of the shape drawn so that the
:nape can be reconstructed.

if you don't remember what an array is, look at
Shapter 3, Unit 3.)



‘rv to write the program on your own, however,

:nould vou have any difficulties, look at the
:;tages that we have set out below.

Stage 1

Tirstly, you must temporarily take out the lines

hat allow vou to move the video pencil without
irawind. The most efficient way of doing this is

viih the REM command:

REM
he REM command allows the programmer to REM
aut in his or her own REMarks. For example:
REM THIS LINE DISPLAYS PIXELS
5/ | | [
jIn[] (]
=R

R 1 A i

Ahen the computer executes a line like this, it
:ompietely ignores the whole line and moves
nto the next line. Therefore, we can use the
iEM command to take the necessary lines in
he video pencil pregram, out of action.

or example:

'8 REM PLOT OVER K:X,Y

L. Now run the program and see what
appens when you press the number ‘1.

Nothina should happen, but on pressing the

wursor kevs, you will see that the video pencil
il works.

Note: REM is also used to find bugs in
arograms. By taking lines out of action, you can
:2e wnich line is causing the problem.



Stage 2

vfter desianing a shape, if you press a key, the
:omputer clears the screen and starts 1o
iuplicate the shape.

his stage is quite complex and can be divided
ID Inio the following stages:

e set up two large arrays to hold the
:oordinates of each pixel in the shape.
he arravs should only be filled when you
aress a cursor key (PAUSE 9).

® On pressing a key, the screen clears and
the shape is duplicated. (See page 24 )

he full program is listed in Answer 31.

Note: when vou design a shape, keep it small
nherwise the computer will display the
lollowina error message when it is duplicating
ihe shape:

3 Integer out of range

vl this means is that the shape is too large to
iisplay the correct amount of times (9).

Limiting the Size of Arrays

t vou looked at the answer, you will notice that
ve nave dimensioned the X and Y arrays to
0.

This is because the Spectrum will produce the
ollowing error message it an array is too large:
! Qut of memory

Ihis means that the computer does not have
snough memory to store an array of the size
:pecified.

or example, type in:

I X(10000)

Answer 31



herefore. when you are using arrays, don't
nake them too large because the computer's
nemory 15 iimited.

Improving the Program

L- Change the program so0 that you can

‘eauce and enlarge the shape designed

instead of just duplicating it). For example, if

‘ou Input ‘3, the shape is displayed 3 times

arger. If you input 9.5, the shape is reduced by

ali. Answer 32

\ Mirror Image

{
L' Change the program so that the computer

raws a mirror image of what you are drawing.

r
“or example: 1
‘our | Ihe mirror
irawing:  image
I
|
® Nhen vou draw a line to the right, the Mirror

:ompuier draws one to the left.

® ANhen vou draw a vertical line (up or
iown}, sc does the computer.

\lso, add in a horizontal mirror where drawing

ne line causes the computer to draw three

syther lines. {Two in the horizontal mirror and

e in the vertical mirror} Answer 33

‘mprovements

@ The computer displays the amount of
Jxels used in the drawing.



Take out the REM commands in the lines
that allowed vou to move the video pencil
without drawing and correct the bugs that
ire produced from it.

Challenge

"o end this chapter, type in the following
program:

: LET N=f)
O LET X=0:LET Y=0
B LET A=208*RND+58
55 LET B=1Z@*RND+50
|B@ LET X=X+(INKEY$=CHR$ 9)-(IN
AEY$=CHRS 8)
20 LET Y=Y+(INKEY$=CHR$ 11)-(I
REY$=CHRS 18)
5@ PLOT PAPER N;INK 9;X.Y
50 LET N=(ABS(X-A)+ABS(Y-B))
A
'60 BEEP .B2,8%(7-N)
‘89 IF INKEY$="P" THEN GO TO
350
69 GO TO 1p¢
50 CLS
@@ PLOT INK 9;A B:CIRCLE A,B,5
17@ PLOT OVER 1,X,Y:PLOT OVER 1
A+1,Y:PLOT OVER 1;X+1 Y+1:PLOT
WVER 1:X,Y+]

This program is in fact a game that we have
:alled ‘Mine Detector’. You must try to find out
now the game works.
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Chapter 3
DRAWING LINES

The Draw Command

Ip until now, the only way to draw a line was
ov displaying lots of pixels. As you may have
1oticed. this process is slow.

. he Spectrum computer has the ability to draw
ines quickly and easily using one command.

L— Clear the computer's memory and change
he border colour to yellow.

L Now type in the following program and

un it:
p o e | R T S 4 g
ol II—I:FI_HTEI;’:EH’
g PLOT 109,50 e i B e
' [
'§ PAUSE 50 OOt
0 DRAW 120 8¢ DRAW

‘ou can see that the computer displays a pixel

it the position 100,59, pauses for a while and
hen draws a line.

IRAW 120, 84

'ixel 108,58




I he computer will draw a line from the last
pixei displayed. In this case, from 190@,50.

The first number in the DRAW command (120)
epresents the horizontal distance and the
;econa number (8Q) represents the vertical
iistance. (See diagram above.)

't is important to realise that these two
numbers represent distances rather than

coorainates.

L omplete the following program so that a
ine is drawn from the position 49,50 to the top
right-hand corner of the screen:

: BORDER 6
@ PLOT 48,58

'@ PAUSE 58
)0 DRAW : Answer 34

L 1dd lines to the program so that a line is
irawn from the same position (49,5@} to the
op {eft-hand corner of the screen.

rlemember that the computer draws from the
ast pixel displayed. Answer 35
= Now draw lines from position 40,50 to the

remaining two corners of the screen. Answer 38

L9
t AMhich position will the computer display
rom if vou erase the computer’s memary and
hen execute the following command:

JRAW 184, 190



Explanation

s we have already said, the computer draws
rom the tast pixel dispiayed. If no pixel is

displayed, the computer draws from the Qrigin
@.2).

Ly
=

k Mhere do you think the line in the
‘ollowing program will be drawn from?

@ CIRCLE 1@0,100,60
‘0 DRAW 5@,9

Think about it first and then run the program.

Task

Nrite a program tc do the following:

I he computer displays a pixel and then
iraws a line from this point to each corner
i the screen,

In pressing a cursor key, another pixel is
iisplayed 5 pixels away in the direction
ndicated. The computer then draws lines

1o each cormner of the screen from this
noint.

Note: use the video pencil to move the pixel.

Task

Nrite a program that fills up the screen with

sertical lines where each line is separated by 1
oixel.

Answe



Hint: use FOR.NEXT.STEP.

Ji248G ..
Answer 38
L. Now fill the screen up with horizontal
ines with 1 pixel separating each line. Answer 39
\t present, the program seems quite boring but
f you increase the STEP values atter
lisplaying lines in both directions, and add in
in OVER 1 command. you will see an
interesting effect. Answer 40
& Play with the STEP value and include
:01our into the program to produce some more
nieresting effects.
Task
b R R R L
Nrite a program that draws lines from a point
ipproximaiely in the middle of the screen to
avery third point on the top row of the screen.
Answer 41
L Now continue this process around the \\ \/ y
~hole screen. N2
i
2 i
i \

Answer 42
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mprovemenits
® lIse colour.

vdd the OVER 1 command to the program.

® ncrease the STEP value.

Nhat does the following program do?

@ DRAW 10,¢
‘0 DRAW 9,19
g GO TO 1p

Task
Arite a program to draw the largest possible

rectangle on the screen without using the
LOT command.

I Add a PAPER command to the DRAW

:ommanda so that the rectangle is displayed as
reen squares.

Task

Nrite a program that draws a black rectangle
ike the one below:

L. Now change the program so that the
'ollowing is produced:

Note: there are several solutions.

Answer 43
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Concentric Squares

Jo vou remember the concentric squares
Jrogram we geveloped in Unit 2, Chapter 67

Now write the program again, however
his time use pixels instead of squares.

Answer 46
1SK

Arite a program to do the following:

he computer draws a small square.

'he computer then draws a larger square
wer the first square in the OVER 1 mode.
he process is then repeated with larger

auares.

Answer 47

sefore we go on to developing a Golf game,
inswer the following question.

Ahich commands display which of the
ollowing lines:



L_- Check vour answers on the computer.

*LOT 125,85:DRAW 50,50
LOT 125,85:DRAW -58,58
LOT 125,85:DRAW 58,58
'LOT 125,85:DRAW -50,-50

Games Corner

Nith the knowledge acquired so far, we can
wevelop a simple game rather fike the game of
J01f.

"he program should work as follows:

® The computer displays, in random
positions, five small circles (holes),
wumbered from 1 to 5.

e starting from the origin (®,0), you must
:onnect up each hole by drawing a line
‘hat ends ‘in the hole’. {(Input two numbers
hat are then used in the DRAW
:ommanda.)

n the example below, the first attempt failed
lzut the second attempt was successful,

he aim of the game is to enter each hole

in order) in the least amount of goes. {(The

sompurer should also display the amount

it goes used.) Answer 48
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he Doodling Computer

s Write a program in which the computer
:ontinuously draws lines of random length and
-andom direction. Each line should begin
wnere the orevious one ends. (Use OVER 1 to
sroduce an interesting effect.)

Note

I he main oroblem when writing this program is
10w to ensure that the computer does not
iisplay a line off the screen, causing the
program 1o stop.

Conclusion

Nhen using the DRAW command:

|

E If the first number is negative, the
:omputer will draw a line to the _
1ant) of the starting point.

__{left,

L |

if the second number is neqative, the
:omputer will draw a line _ {above,
relow) the starting point.

Challenge
vs usual, we will end the chapter with a

:nallenge that you can do on your own.

o front of vou are three shapes. Write the
wrograms 1o display each of them.

Answer 49



’v’{!*? t’!’ * *!;*U*!-_*::l{,‘t-

LU U L U
S OE DL L L
L I LR L L
R R LI L
. .t‘ LI ] ".t

’ *




= A R T

R i i i e e i e




.i5

SINES AND
:OSINES

Ne will start this chapter off by showing you a
iraphics program which includes each of the
ollowing commands that will be discussed in

his chapter:
JIN - Sine
08 - Cosine
PIT - Pi

L vpe in the following program and run it.

@ FOR Z=@ T0 2*PI STEP PI/36
'@ PLOT 12p+6@*COS Z,90+68*SIN Z
@ NEXT Z

‘ou will find each of the new commands here
n the kevboard:

Nhat has the computer drawn on the
icreen?

\S you can see, the computer has displayed
sixels that together create a circle.

Ising these three new commands, we will
:now vou how to develop some good graphics
Jrograms.

A Background Question

-

efore we continue with the chapter, answer
he following questions:



tn
e

t Belowisa _ (right-angled,
ptuse-anagled} triangle.

L
E and . dare

aerpendicular sidesandside _ isthe
ivpotenuse.

s
b

£ “he perpendicular side opposite angle M

f vou are unable to answer these question,
‘ead Appendix A before continuing.

Sine

In the following three right-angled triangles,
151, B2 and B3 are perpendicular sides
pposiie the 3@ degree angle:

Note: 30" means 30 degrees.

L Take a ruler and measure. in millimetres,
he lengths of B1 and C1 in the smallest right-
ingled triangle. (Try to be as accurate as
10ssible in your measurements.)



7

L. Now instruct the computer to print the
:alue of B1/C1 where B1 and C1 equal the
ralues measured.

. Again, using the ruler, measure the
enaths of the following sides:

32= 2=
3= Gi=

ing print the values of B2/C2 and B3/C3.

L=
on displaying the three results, you can

:ee that they are all either very close to or

:qual to 04,05 086,0.7). Answer 50

Below is a right-angied triangle with an angle
i 30°: c

i by

Nithout measuring, can you work out the
‘elationship between the length of side B
opposiie the 30° angle and the length of the
wpotenuse C7?

e

side B is half the size of side C. This is
because the triangle has the same angle as
he one in the three triangles on page 46 and
18 we have already discovered, sides B1, B2
ina B3 divided by C1, C2 and C3 respectively,
aroauce a value of @.5 (half).

Conclusion

‘n anv right-angled triangle with a 3¢ angle,
he ratio between the side opposite the angle
ina the hvpotenuse is 3.5,



18

Note: measurements with a ruler are
‘naccurate and may well produce values only
approximately equal to §.5.

The ratio between the side opposite the

sngle and the hypotenuse is called the Sine

of the Angle.

I herefore, we can say that the Sine of 30° is
aquai to 8.5, or:

iine 30° = Side opposite angle
Hvpotenuse =1/2 =05

L |

£ llsing the previous triangles, can you

vork out the Sine of a 60° angle? i.e. a right-
ingled triangle with a 6@° angle in it.

Hint

/ou should know from Appendix A that the
ingies in a triangle add up to
legrees.

Conclusion

he sine of an angle, whatever the angle, is

:qual to the side opposite the angle divided by

he hvpotenuse.

n other words:

.ine M=B/C
vhere M is the angle in question.
Exercise

jead the auestions carefully and draw the
‘rianale on a piece of paper as it is explained
'O you,

Sine

Answer 31




] n a right-angled triangle where the length
it the hypotenuse is 10@cm, what is the
ength of the side opposite the angle if the
iine of the angle is P.37?

& n a right-angled triangle where the side
pposiie the angle is 5®cm, what is the
ength of the hypotenuse if the Sine of the
ingie is P77 Answer 52

Degrees and Radians

Ae have seen that the Sine of 3@° is equal to

=
What happens when you tell the computer
o print the Sine of 30" SIN

'RINT SIN 38

\s you can see, the computer displays the
numper -0.98803163.

5
Whyv has the computer displayed this
wmper if the Sine of 30° is 0.57 Radians

t is simply because you and the computer
nvere not speaking the same language. The
:omputer does not measure angles in degrees,
ike we do, but in RADIANS.

ielow are two anales; one represents a degree
ind one a radian:

4 _4:

. Radian 1 Degree




=0

\s with distances. angles can also be
neasured in different units. e.q. distances
:an pe measured in kilometres and
-entimetres etc.

herefore, in order to display the value of Sine
107, we must convert 30° into radians.

here are 18@° in a straight line. (Look at
‘opendix A)

(|
How many radians are there in a straight

iine?
Radian :
: 1 Radiars
Radian
-
rom the diagram above, we can see that
here are between {2 and 3, 3 and 4,
i and 5) radians in a straight line.
n fact, the computer can give you a more
accurate answer. Tvpe in;
PRINT PI PI
0c 1 o
[aEkkaEEhEEy
o o P o [ e )
(iSRS ]
e i 060

In pressing ENTER, the following number is
lisplayed:

:.1415927

:na this is the exact number of radians in a
traight line (189°).



‘ou mav be wondering why there is a key to
aroauce this number. The reason for this is that
'l is a very useful number and is used in many
aspects of mathematics.

JNow that you know Pl radians is the same as
8@°, answer the following questions:

L4
E \n angle of 99° is equal to (P1/3,
/4, Pl/2, PI/6) radians.

Ly
An angle of 60° is equal to ~—{RI/3,

/4, Pl/2, P1/6) radians.

=

E in angle of 45° is equal to
‘adians.
2

An angle of 30° is equal to
adians.

‘ou should now know how te display the value
it Sine 30°.

'RINT SIN ()
‘ou should have put PI/6 in the brackets.
Note: you have to use brackets now so that

he computer doesn’t print the Sine of the first
wumber it finds (P1).

Task

‘Nrite a program that allows you to input a
iumbper in degrees and on pressing ENTER,
iisplays both the value in degrees and in
‘adians.

Call the degree variable M and the radians Z.)

Answer 53

Answer 54

Answer 55



&

L. Now improve the program in memory so
‘hat the results appear as follows:

=60
=PI/3 Answer 56

L. Now, again improve the program so that _
he Sine of the angle input is displayed. Answer 57

SINQ

L. “ellthe computer to print the value of
Sine Q.

£ Whvis 0 displayed?

Explanation

Below is a right-angled triangle: C
B
Z
s mentioned before, Sine Z=B8/C
Jow imagine that the triangle is getting
imailer and Z is getting closer to @°.
¢ C
2 - ¥ i




‘ou can see that as the angie gets smaller, so
ioes the side opposite the angle. When the
ingie is @°, side B is @ in length, which is why
he Sine of @° equals 0.

iine §°=0/C

Jine @ therefore equals 0.

SIN(P1/2)

& Teil the computer to print the value of
sine {P/2).

L=

k Nhv was the value 1 displayed?

magine that angle Z is nearing P!/2 radians
9@7).

he nearer angle Z gets to Pl/2 radians, the
doser the lenaths of the hypotenuse and the
ide opposite the angle become. When 2
:quals Pl/2, sides B and C are the same
endths, e.g.

sine (PI/2)=100/100

Exercise

A Lsing the diagram below, instruct the Gl
:ompurter to display the length of the e B
wpotenuse (B). A—’\




=4

Cosine

f vou have understood Sine, it won't be too
iifficult for you to understand Cosine. C

he Cosine of angle £ is the adjacent side to
he angle (A} divided by the hypotenuse {C}. In
sther words:

wasine Z=A/C

Lising the right-angled triangles on page
i7. work out the Cosine of the 39° angle. We
iavise vou to use the largest triangle in order
0 get the most precise measurements.

E an you guess what the Casine of 697 is?

08 6@°=A/C= CcOoS

L Now tell the computer to print the Cosine
f 6@° remembering to convert degrees to
‘adians.

he COS command can be found here on the
eyboard:

E On pressing ENTER, the computer

iisplays the number_ _ which is the
;ame as the Sine of 39~



his is because a right-angled triangle with

yne angle equal to 30° means that the other
inqie is equal to 8@°. (If your not sure why, look 60"
it Appendix A.) C

;ine 30°=Cosine 6@°

e
e

E Jo you know what the values of the
ollowing Cosines are:

COS. B =
0S(PL/2)=____

Hint: think about what happens to the
nvpotenuse and the side adjacent te the angle
n auestion.

L. Check vour results on the computer.
Exercise

& What is the length of side A if Cosine
=Q.37

® Nhat are the lengths of sides A and B in
he following triangle:

Answer 59

Jrawing Angles

5 Draw a line 10@ pixels long from position
10,29 at an angle of 29°.



Note: the angle in question (297} is called the
Anale of Inclineg’

ingle of Incline

lask

Arite a program to do the following:

& he computer displays a random size
ingie between @ and 99 degrees.

®  The base line should be permanently
isplayed on the screen whilst the
ivpotenuse changes depending on the
ingle of incline. You have to guess what
he angle of incline is.

®

In entering your guess, the correct angle

7 incline is displayed with the guess next
o it.

L. imorove the game so that the angle of
nciine is between @ and 360 degrees.

Hint: change line 2¢.

t mav surprise you that the computer can work
wit Sines and Cosines of angles greater than

1@°. (If you want to know how, look at Appendix
1)

Answer 60

Answer 61



Task

‘Nrite a program that displays six lines from a
lixed position {(100,10@) where each line is 70
nxeis long. The angle of incline should start at
12" and increase by 29° for each line drawn. The
snape drawn should look like a fan.

Answer 62

Now change the program so that a line is
drawn every 3° through a whole circle (360°).

L. Make the STEP 1° and include an OVER
command in the program to produce an
nieresting effect.

Combining the Video Pencil
:nd the Fan

o Write a program that allows you to move
he position from which the lines are drawn
with the cursor kevs, (Use the video pencil
rom page 27.)

Ne advise you to shorten the lines to about 20

axeis in length., Answer 63

sames Corner

. writea program to do the fellowing using
he program in memory:



® The computer displays two parallel lines
chimney) on the screen where the
nstance between them is slightly smaller
han the fan (chimney sweep).

r or example, the chimney is 4@ pixels wide and
he chimney sweep is 30 pixels wide.

@  Vou must move the chimney sweep
hrough the chimney without it touching
he sides of the chimney.

In the example below, the player has lost
aecause the chimnev sweep went over the
:himney:

Note: use the OVER 1 command so you can
see wnen this happens.

'mprovements
@
Make the chimney narrower,
&
he chimney sweep rotates faster.
Increase the STEP value.)
E

Jse a winding chimney instead of a
straight one.

The Circle Program

‘ou should now understand how the circle
srogram at the start of this chapter works. If
s0U don't, we suggest that you read the
:napter again. If you do, continue reading.



i
- (CGhanage the program on page 57 so that a
sxei is displayed every 47 in a circle whose

:entre is at 120,9¢ and whose radius is 80
oixels.

A

“hallenge

L. Write the programs that display the
‘cllowing shapes using SiN, COS and PI:

At
A

1Y 200
Y ALYy
Wi e

b

Note: the answer is not given.
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~hapter 5

iEGULAR
'OLYGONS

Nould it surprise you to know that the diagram
selow:

w~as constructed from one of the following
HEGULAR POLYGONS:

\ /-""\ B P

\\ 7 : / \
X \ ! {
/ |'~ ;} '...r f’

f \\ "’ \\—/

RN eE RN, S T
Z 3 4
L=
E »an vou guess which one of them it was?

E AMhat is a reqular polygon? Regular Polygons

Polygon is the name given to any shape that
1as sides and angles. A regular polygon has all
ingies equal and all sides the same length.
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Polygons
| ets see what polygons you know.

'n the diagram above:

Ly

b Polvgon is called a TRIANGLE.
Ly

- Polygon is called a SQUARE.

e

£ Polygon is called a PENTAGON.,
o |

; Polvgon is called a HEXAGON.

n this chapter, we will show you how to
:onstruct different shapes using regular
20lygons.

Task

ANrite a program that draws lines of equal N
enath where each line displayed is at a
areater angle of incline than the previous one.

or examnple, the first angle of incline is 0", the
:econd is M7, the third is 2*M" etc.

) i ir_st line

Note

Hefore the computer draws the polygon, it asks
you:

® How manv lines are to be drawn. {Call the
tariable N



a3

® The length of the lines. (Call this variable
)

® "he size of angle M in degrees.
Hemember, degrees must be converted
o radians.)

Nhen the computer has received the input, it
wraws the lines on the screen.

{int: look at the ‘Fan’ program on page 58.
he main difference is that in the fan program,
x¥nen a line is drawn, the computer returns to
he centre of the fan before drawing the next
ine.

‘nvestigating the Program

-ven if vou don’'t know how the program works,
ninputting the required data, a shape is
sroauced. However, we want to display regular
solygons.

Creating Squares

Trv to create a square using this program. We
idvise vou to draw a square on a piece of
raper and then decide what the values of N
ina M should be.

Creating Triangles

ee if vou can create a triangle. Again, work on
xaper before inputting the data.

Hint: a reqular triangle is called an equilateral
rianale. {If you don't know what one is, lock at
ippendix A)

Answer 64

Answer B5

Answer 66



G4

A Formula for Creating
‘olygons

I o create a trianale, N must equal 3 and
M, 120.

@ 1o create a square, N must equal 4 and M,
90.

9
E san vou see any connection between the

raiues of N and M in both of the above
wamples?

f vou can't, look at the following question:

b |
E Nhich of the following expressions is true
lor both the triangle and the square:

legrees Radians

4=368/N 2=2*PI/N

4=180/N Z=PI/N

=N/ 360 =N/ 2*P1 Answer 67
| ask
Now that vou know the formula for creating
J0lygons, draw a hexagon (6 sided shape). Answer 68
Task

'f there is always a connection between two
ralues, in this case N and M, we need not input
soth values.

~hange the program so that the computer only
reqguests data for the number of sides (N} and
the length of the sides (L). Answer 69



In making this change, see what different
J0lygons you can produce.

A Challenge

L=y
Is it possible to create a circle using this
arogram? Try it,

Task
‘hanae the program in memory so that is _/f/ X
rEmal

lisplays shapes in the following way: iy \\\“
I\' "\ <J r"‘)

.\\ e / gj
e

"'\-—-..__f'
\ Hexagonal Snail
Note: vou should also be able to display the
nall as a pentagon or a square etc. Answer 70
Task
hanae the program so that the lollowing is A
lisplayed. "Jr"_r—-—»(“ 5
r’f! "1/\3\
' “;7)\
\"\\-..I' -'f \\ .‘,a':r(f:lf
\:‘.‘}:i {J \\ w‘pg

Note: no input is required at this point.

5
t Do all the polygons have the same length

(des? Answer 71

iotating Polygons

v changing the program in memory, we can
rotate’ (move about a point) a polygon.

"he program shoutd work as follows:



%  The computer draws a square, for
cxample, on the screen.

Rotating point —

® he computer then draws another square
n top of the first one however, this time, '
‘he base line has an angle of incline (C). \

@ he computer then continues to draw
sguares through 3697, i.e. the angle of \
nciine should equal 360 when the \
yrogram stops. \
&
Base lime—= i

Answer 72

Changing the Program

Viake the following changes to the program in
arder to produce some more shapes:

® Alter the rotating angle (C).

9 :horten the length of the sides whilst the
\nape rotates.

L. See if vou can produce the shapes below:




ask

shange the program so that the rotating point
3Iso moves in a circle as the polygons are
irawn producing the following effect:

Answer 73

\ Surprise Result

Add the following line to the program:

09 DRAW 10*COS(C+Z) ,1@*SIN(C+7)

;iha run the program.

Challenge

iee if vou can write the program that displays
‘he following shape:

‘We have called this the ‘Shutter’ drawing
Jecause it resembles the shutter in a camera.

“his is quite a difficult shape to draw so in the
ollowing booklet, Unit 5, we have designated a
~nole chapter to its construction.
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SUMMARY INDEX

Jelow is a list of the commands and techniaues taught during this unit.

30 over each one of them and check if you remember them.
Explanations are given on the pages stated in the brackets.)

Pixel {7) REM (30)
Origin {8) DRAW (35)
CIRCLE (14) Sine (48)
(VER 1 i16) SiN {(49)
OVER @ {18) Radians (49)
'NVERSE 1 {19} Pl (50)
\BS {19) Cosine (54)
solouring Pixels  (21) COoS (54)
rue and False (28) Regular Polygons {61)
conclusion

"

ou have now completed Unif 4 in the Spectrum series. The next booklet,
:alled ‘Journeyv inte Memory', goes inte more detail about how the
:omputer works and shows you how to design your own characters etc.
More details can be found on the back cover of this unit.)
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\ppendix A

ANGLES AND
RIANGLES

n arder to understand Sine and Cosine, you
nil need to know a little bit about
riconometry.

Angles

o : ,

PI ra:dians Obtuse-angle Right-angle Acute-angle

- fow manv degrees are there in a right-
inaie? (45, 99, 180)7

Nhich of the following would be classified
18 an optuse-angle? (45°, 99", 18077

Note PI radians
i
|

8199
'019¢ _Q_

’| radians is the same as two right-angles.

L
Ahat value (1 or @) would be displayed for
vwacn of the following expressions:



Note: If you don’'t remember what an
1xpression is, iook at page 35.

|l radians > right-angle
'l radians < cbtuse-angle
(Jbtuse-angle > right-angle

Hight-angle > acute angled Answer 74

Vertex Angles

Helow are two lines which cross each other.
One of the angles is equal to 25°. A

5

- #Nhat do vou think the other angle (M)
:quals?

Two angles such as these are called vertex
ingles and they are equal. Therefore, M also
quals 25°

=

v San you see two other vertex angles in
this diagram?

Parallel Angles

Relow are two parallel lines, L and K.

Note: parallel lines are at least two lines that
:tay the same distance apart, like railway lines.



3

s third line (I} crosses the two parallel lines.

A

“here are two angles shown in this diagram.
he tor angle equals 59°.

L5
E ¥hat do vou think angle M equals?

Two angles such as these are called paralle!
ingles and they are also equal. Therefore, M
:quals 5@°.

L. Look at the diagram below:

Lo fow

P /

Jsina the knowledge acquired so far, work out
‘he value of angle M in each of the above
diagrams.

Transformed Angles

n the previous exercise, there were two angles
=ucn as the following:

““x\




74

he anales, which are called transformed
ingies, are in fact equal. (Parallel and Vertex
ingles.)

9
Can vou find any more transformed
inates in this diagram?

Triangles

'n anv triangle, the sum of the angles is 180",

Nhy?
P

Helow is a triangle:

=

M

A

The triangle has three angles; M, N and P. B W
P
/ \

i

s

L N
FaliB e S
)

if vou draw a line {B) parallel to side A that hits
he top angle in the triangle, the sum of the
ingles at the top equals a straight line (180%:

+P+T=180"

L=

Now. because sides A and B are parallel,
ingle Sisthesameasangle (M, N)
ind angle T is the same as angle (M,
N).

Iheretore, the angles in a triangle equal 180"

Equilateral Triangles //\

ielow is an Equilateral triangle; a triangle with N
il sides and all angles equal:; Y\
= M




ach angle in the triangle is equal to 60°
3*60=189).

b herefore, what does angle M equal?
e 60°, 120°7?
Isosceles Triangles

\n Isosceles triangle is a triangle with two
:1des (B and C) equal:

L9

E f the angle that these two lines create
rauals 597, what are the values of the other
wo angles? __ (7@°,65° 13077

Note: -he two angles in question are always
cqual in an isosceles triangle.

Right-Angled Triangles

A right-angle triangle is a triangle in which one
¥ the angles equals 807 Mo

e |

t Nhat is the value of andgle M in this right-
inaled triangle? Answer 75

Note

wo of the sides in a right-angled triangle are
rerpendicular to each other. In this triangle,
iides A and B are perpendicular.

The third side, which is always cpposite the
1aht-angle, is called the hypotenuse.



s
¢ Side (A, B, C)is the hypotenuse

n this triangle.

L=
- How many right-angled triangles can you
l

=

lind in the following diagram:

L9
E Do all the triangles have the same

ingies ie. is angle Z equal to angle M?

Ihe answer to this question should be yes.



\ppendix B

“he Sine and
-osine of Angles
areater than 90°

Sine

ook at the following diagram in order to
ingerstand how sine values are determined for

ingles greater than P1/2 radians (807):

R B
b
The Radius ‘R’ (hypotenuse) is at an angle of Z2°
o the horizontal diameter.
f we drop a line from the point where the
-adius (R) touches the circle, we have created
4 right-angled triangle.
L. Comblete the following equation to give
he sine of angle Z:

e Answer 76
?

AN 7=



L. What does angle Z equal in the following

iiaqralll, (Use d prOTraCtor.]
m
-Z

Note: an angle is always measured in an

inticlockwise direction. In this case, the angle
s greaier than 99°.

SIN 2= Answer 77

L instruct the computer to print the value of

sine 120°. (Remember to convert degrees to
radians.)

L=
[

The computer displays the value

he result of B/R should be similar to the value
lisplayed.

L=
.

E AMhat is the sine of an angle that is
reater than 18@°, For example:
I
W
Aqain, the sine of the angle is B/R.

L

What do you think the sine of 225" is?



In executing PRINT SIN(PI/4*5), the computer
iisplays a negative number.

his is because side B is below the horizontal
ilameter of the circle. In other words, a
redqative value is displayed for an angle
areater than 1867,

L9
k Nhich of the following angles has a
iegative sine value:

20°, 260°

-

007, 1597

L=y
t Nhat haopens with angles greater than
2607

\s vou can see in the following diagram, the
riangle returns to the same position as an
acute-angled triangle.

E “he sine of which acute-angle is equal to
the sine of 4957

he answer is 45° (405-360).

L=
t Nhich of the following angles will produce
: negative sine value:

1667, 578°

i60°, 756°



Cosine

First of all, let's look at acute-angles:

he cosine of angle Z is the side adjacent to
he angle divided by the hypotenuse.

08 Z=A/R

gy

o low do you work out the cosine of an
ingle that is greater than 99" such as the
ollowing:

-irstly, you have to drop a line at the point
vnere the hvpotenuse (R) touches the circle.

‘ou then work out the cosine in the normal
Nay:

L0S Z=A/R

18 with sine values, cosine values can also be
1eqative, however, a negative value is only
iigsplayed when side A is on the left of the
arele.

o~
Negative

;051nes



\ote
Negative sine and cosine values can be useful

i vou are using the DRAW command. For
xampie, when the computer executes:

'LOT 106, 96 DRAW 7@%COS (25¢*PI/]
i), 70*SIN(258*P1/186)

vnich of the following lines is displayed:

AN / A
X

W 100,90)

hS

© Check vour answer on the computer.
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Ainswers

inswer 1

@ BORDER 6
‘9 LET X=p

0 PLOT X,
1§ LET X=X+l
@ GO TO 30

\nswer 2

The width of the screen is 256 pixels (@ to
'55), Therefore, when X reached 256, the
~omputer displayed the following error
nessage:

B Integer out of range

neaning the computer could not display a
pixei whose width coordinate is 2586.

inswer 3

¢ BORDER 6

"6 FOR X=B TO 255
.6 PLOT X,p

1§ NEXT X

.0 FOR Y=@ TO 175
30 PLOT 8,V

0 NEXT ¥
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Answer 4

BORDER 6

FOR X=80 T0 188

PLOT X,50

NEXT X

FOR Y=50 TO 158

PLOT 188,Y

NEXT Y

)0 FOR X=180 TO 8¢ STEP -1
'@ PLOT X150

69 NEXT X

116 FOR Y=150 TO 5§ STEP -1
20 PLOT 86,Y

130 NEXT Y

mTEaT s o

nswer 5

0 LET A=1@:LET B=110:LET Y=1§
' FOR X=A TO B

g PLOT XY

1§ NEXT X

;0 LET A=A+1:LET B=B-1:LET Y=Y
+]

@ IF A>B THEN STQP

g GO TO 29

\nswer 6

@ PLOT RND*255,RND*175
‘9 GO TO 19

Answer 7

he screen consists of:

'56*176=45056 pixels



Answer 8

¢ CIRCLE 235*RND+18,155*RND+10, 10

Answer 9

idd the following line:

§ INPUT "X=";X,"Y=",Y

Answer 10

idd these lines:

¢ PLOT X,Y
20 PAUSE 0
50 RUN

Note: running a program clears the screen.
Answer 11

NMhen vou first run the program, the screen is
:lear so a circle is dispnlayed. When the

:omputer tries to display a circle for a second

ime, it sees that a circle is already displayed
ind instead, erases the circle.

Answer 12

Note the STEP @.5. This is used because we
niv want 1o colour every other circle, e.g. the

irst colour will be black (@}, the second colour
@.5) doesn’'t matter because the circle is

rrased, the third colour will be blue (1) etc.

; FOR K=@ TO 6 STEP §.5

@ CIRCLE INK K;QVER 1;198.10¢
)

J@ NEXT K
0 GO TO 5



Answer 13

@ FOR X=B TO 255

'? PLOT X, 85

@ PLOT OVER 1;%-1,85
g NEXT X

Answer 14

g FOR X=@ TO 258

g PLOT X+5,85

6 PLOT OVER 1;X-1,85
1§ NEXT X

Answer 15

Ne will explain the left and right movements
if the screen. (The up and down movements
wil be similar)

NMhen the computer tries to display a pixel off
he left-hand side of the screen, X becomes
1egative (@, -1, -2 etc). However, because we
1ave used ABS in the PLOT command, X is
Josiive (@, 1, 2 etc).

Ahen the computer tries to display a pixel off
he riaht-hand side of the screen, X has a
salue greater than 255 (2586). When this
1appens, line 6@ sets X 1o -256. X is then
incremented;

H6+1=-255

Answer 16

g FOR R=26 TO 6@ STEP 10
'8 CIRCLE 125,85,R
8 NEXT R
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Answer 17

vdd these lines:
:» LET X=100
'@ FOR R=20 TO 6@ STEP &
‘g CIRCLE X,85,R
'S LET X=X+6
'@ NEXT R
Answer 18

33 PLOT INK 7:125,93

Answer 19
ig PLOT INK 7:120, 88

;0 PLOT INK 7,127 88
i PLOT INK 7;127 95

Answer 20

ihe purpie square is positioned at 1,15.

Answer 21

17,7

Answer 22

37 PLOT PAPER 6:INK 6,108, 90

Answer 23

30 PLOT INK 4:185,99
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inswer 24

'3 PLOT INK 3:123,98

Answer 25

“hange line 79 to:

@ PLOT PAPER K;INK KX Y

Answer 26

10 LET K=g

B FOR Y=g T0 21

i FOR X=f TO 31

@ PRINT PAPER K:AT Y X;" "

10 LET K=K+1:1F K=7 THEN LET K
4
' NEXT X
B0 NEXT Y

Answer 27

Shange line 1@ to:

6 FOR R=1¢ TQ 7@ STEP 1@

Answer 28

@ LET X=125:LET Y=85
g OPLOT XY
8 IF INKEY$=CHRE 9 THEN LET X=
vl
1@ IF INKEY$=CHR® & THEN LET X=
(-1
:§ IF INKEY$=CHR$ 1@ THEN LET Y
._1“1
58 IF INKEY$=CHR$ 11 THEN LET Y
Y+]

6g GO TO 20



=
w3

Answer 29

\dd these lines:

B LET X=X+(INKEY$=CHRY 9)-(INK
Y§=CHRY 8)

1§ LET Y=Y+(INKEY3=CHRE 11)-(IN
{EY$=CHRS$ 18)

ag GO TO 20

ind delete lines 50 and 6.
Answer 30

» LET K=f

4 TF INKEY$="1" THEN LET K=l
‘6 IF INKEY$="@" THEN LET K=0
'8 PLOT OVER K:X,Y

Answer 31

: LET K=0
» LET I=1
DIM X(50@):DIM Y(588)
@ LET X=125:LET Y=85
‘@ PLOT XY
'2 IF INKEY$="P" THEN GO TG 158
"4 REM TF INKEY$="1" THEMN LET
=1
U6 REM IF INKEY$="8" THEN LET
=0
'8 REM PLOT OVER K:X.,Y
'Y LET X(I)=X:LET Y(I)=Y:LET I=
+1:PAUSE @
@ LET X=X+{INKEY$=CHR$ 9)-(INK
Y3=CHR} 8)
1@ LET Y=Y+ (INKEY$=CHRY 11}-(IN
(EY$=CHR$ 1()
@g GO T 20
5¢ CLS:FOR X=5@ TO 158 STEP 5@
6 FOR Y=50 TO 158 STEP 50
‘@@ FOR J=1 TO I-1
“18 PLOT X{1)-125+X, Y(J)-85+Y
58 NEXT )
6@ NEXT Y:NEXT X
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Answer 32

\dd these lines:

'3 IF INKEYS$="C" THEN GO TO 30f

169 CLS:INPUT "P=";P:FOR J=1 TO
-1

1@ PLOT 125+(X(J)-125)*P 85+(Y
1)-85)*P

150 NEXT J

166 PAUSE 9:G0 TO 399

Note: if vou enlarge the shape, it will be
aisplayed as dotted lines. This is because the
listance between each pixel is increased
iepending on how many times larger you want
he shape.

Answer 33

1dd this line:

'l PLOT 255-X,175-Y:PLOT 255X,
v:PLOT X,175-Y

Answer 34

'@ DRAW 215,125

Ihis is because:

75-50=125
'55-4§=215

Answer 35

vdd these lines:

1§ PLOT 48,50
'3 DRAW -48,125



Answer 36

\dd these linas:

8 PLOT 48,50
@ DRAW —48,-58
3@ PLOT 48,58
@ DRAW 215,-50

\nswer 37

(@ LET X=125:LET Y=85

1§ PLOT X,Y:DRAW 255-X,175-Y

2@ PLOT X,Y:DRAW -X,175-Y

33 PLOT X,Y:DRAW -X, -Y

g PLOT X,Y:DRAW 255-X,-Y

3 LET X=X+5*{INKEY$=CHR§ 9)-5*
INKEY$=CHR$ 8)

@ LET Y=Y+5*(INKEY$=CHR} 11)-5
*(INKEY$=CHR} 16)

gg GO TO 40

Answer 38

@ FOR X=@ TO 255 STEP 2
‘B PLOT X,@:DRAW §,175
B NEXT X

Answer 39

idd these lines:

'@ FOR Y=g TO 175 STEP 2
:8 PLOT @,Y:DRAW 255,08
3 NEXT Y
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Answer 40

Add these lines:

& LET IK=2:0VER 1
@ FOR X=p TO 255 STEP K
i@ FOR Y=f TO 175 STEP K
@ LET K=K+1:G0 TO 10

Answer 41

@ FOR X=@ TO 255 STEP 3
@ PLOT 125,85

'8 DRAW X-125,9¢

1 NEXT X

Answer 42

vdd these lines:

8 FOR Y=175 TO @ STEP -3

@ PLOT 125,85:DRAW 130,Y-85

@ NEXT Y

0 FOR X=255 70 @ STEP -3

!§ PLOT 125,85:DRAW X-125,~85
P9 NEXT x

19 fOR Y=0 TO 175 STEP 3

20 PLOT 125,85:DRAW -125,Y-85
3@ NEXT Y

Answer 43

0 DRAW 9,175
') DRAW 255, 0
)0 DRAW @1,~175
|8 DRAW -255,0
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inswer 44

'@ FOR X=58 TO 15§
§ PLOT X,40:0RAW 0,56
@ NEXT X

Answer 45

\dd this line:

'5 PLOT X,50:DRAW OVER (X>6@ AN
) X<148) ;4,38

Answer 46

¢ LET A=1:LET B=1§

i FOR X=80 10 @ STEP -1f
ag PLOT X, X

;0 DRAW §,B:DRAW A, {:DRAW @,-B:
JRAW -A. 0
50 LET A=A+20:LET B=B+20

@9 NEXT X

Answer 47

@ OVER 1

'8 LET A=128:LET B=139:LET Y=8§
'@ FOR N=1 TO 16

:@ FOR X=A TO B

i PLOT X,Y:DRAW 8,B-A

g NEXT X

a@ LET A=A-5:LET B=B+5:LET Y=Y-
5

)8 NEXT N
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Answer 48

@ LET K=1

il FOR N=1 TO 5

38 LET A=RND*24@+5:LET B=RND*16
+h

3@ CIRCLE A,B.5

§i PRINT AT 21-B/8,A/8+1;N
3@ NEXT N

1§ PLOT 8,0

@@ INPUT "X=".X "y=":Y

14 DRAW X,Y

20 PRINT AT 0,0;K:LET K=K+1
36 GO TO 149

Answer 49

' OVER 1

@ LET A=125:LET B=85

if PLOT 125,85

5@ LET X=INT(RND*188)-50:LET Y=

INT(RND*108)-50

§ LET A=A+X:LET B=B+Y

98 IF A>255 OR A<@ OR B>175 OR

j<@ THEN LET A=A-X:LET B=B-Y:GO
0 50

0 DRAW X,Y

39 GO TO 50

Answer 50

'f yvour measurements were precise, the
wmpers displayed should be approximately
N5,

Answer 51

f in a right~angled triangle, one of the angles
s 30°, the other angle will be 60";

86-(90+30)=6@"



"herefore:
Sine 6@°=A/C=0.87

Answer 52

'f the lenqgth of the opposite side is X:

1.3=X/10p
herefore, X=30
f the length of the hypotenuse is X

1.7=5@/X

=50/8.7=71.4

Answer 53

in angle of 80° is equal to Pi1/2 radians.

Answer 54
wn angle of 69° is equal to PI/3 radians.
in angle of 45° equals Pl/4 radians.

\n angle of 39" equals PI/6 radians.

Answer 55

¢ INPUT "M=":M:CLS
‘0 PRINT AT 5,5;"M=":N
'@ PRINT AT 7,5;"Z=":M*P1/18f
GO TO 19
Answer 56

Shange line 30 to:

@ PRINT AT 7.5;"Z=PI1/";18@/M
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Answer 57

Add the following line:
35 PRINT AT 9.5;"SIN Z=";SIN{M*
PI/188)

Answer 58

'RINT 58%SIN(35%PI/18@)

~hich equals 28.68

Answer 59

\/1@@9=C0S 7=0.37

Therefore:
\=37

In order to find B:
IN 4@=B/30
3=30*SIN 44

JB*SIN(40*PI/180)=19 .28

n order to find A;
:US 4["}:Af{3ﬁ

\=3¢*C0S 40=22 .98

Answer 60

@ PLOT 4¢, 28
'@ LET Z=28*P1/188
'@ DRAW 160%COS Z,188*SIN Z
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inswer 61

@ PLOT 129,20:DRAW ~-30,0
'0 LET M=RND*90

0 LET Z=M*PI/180

'0 DRAW 100%C0S Z,108*SIN 2
29 INPUT "N=";N

38 PRINT AT 3,5;"M=":M

@ PRINT AT 5,5;"N=";N

38 PAUSE 8:CLS:GO TO 18

Answer 62

@ FOR M=0 TO 199 STEP 28
0 PLOT 109,100

0 LET Z=M*PI/180

'0 DRAW 70+COS Z,70*SIN Z
8 NEXT M

Answer 63

40 LET M=@:LET X=125:LET Y=85
30 LET X=X+(INKEY$=CHR$ 9)-(INK
Y$=CHRS 8)

30 LET Y=Y+ (INKEY$=CHR$ 11)-(IN
(EY$=CHRS 1§)

g PLOT X,Y

0 LET Z=M*P1/180

)6 DRAW 28%C0S Z,20*SIN Z

60 LET M=M+1Q

20 GO TO 50

Answer 64

19 INPUT "N=":N
;@ INPUT "L=";L
W INPUT "M="M

@ LET Z=M*PI/180

i@ PLOT 198,20

@ FOR I=1 TO N

@9 DRAW L*COS((I-1)*Z),L*SIN((
[-1)%7)

10 NEXT I
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Answer 65

nout the following to display a square:

N=4 M=90

Answer 66

nput the following to display a triangle:

N=3 M=120

Answer 67

1=360/N Z=2*PI/N

Answer 68

n order to display a hexagon, input the
ollowing values:

=b M=6f

Answer 69
Change line 70:
g LET 7=360/N*PT1/188

and delete line 60.

Answer 70

\dd these lines:

20 FOR I=1 TO 6*N
#a LET L=L-1



Answer 71

Add these lines:

'@ LET L=4§
@ FOR N=3 T0
!0 FOR I=1 TO
20 NEXT N

8
N
and delete line 195.

Answer 72

sdd these lines:

i@ INPUT"L=":L

8 INPUT"N=":N

;0 FOR C=p TO 2*PI STEP PL/6

30 PLOT 125,85

09 DRAW L*COS(C+(I-1)*z),L*SIN
C+(1-1)%2)

20 NEXT ¢

Answer 73

\dd these lines:

58 FOR C=p 70 2*PI STEP PI/12
30 PLOT 125+28*COS C,85+26*SIN

IJ

Answer 74

— — ED) —
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Answer 75

The sum of the angles in a triangle equals
'80°. Therefore:

4=180-(96+37)=53

Right-angle

Answer 76

SIN 7=B/R

Answer 77

SIN Z=B/R
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