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CHAPTER Lines and Angles

q What will you learn?

« Lines and Angles

- Angles related to Intersecting Lines

+ Angles related to Parallel Lines and
Transversals

Lines and angles

constitute the basic

knowledge in geometry

and construction. Discuss the
objects around you that involve
the knowledge of lines and angles.

Lines and angles are used in various fields.

In engineering, lines and angles provide the
visual beauty and stability to the structure

of a building. In visual arts, lines and angles
produce stunning patterns. How are lines and
angles used in photography?




Euclid of Alexandria
(325 B.C. - 265 B.C.)
was a mathematician
who had contributed
much to geometry.
He wrote a set of books Euclrd of Alexandria
entitled “The Element.

In the books, Euclid | For “‘0_“1‘
defined points and lines 'Mformation:
as the fundamentals [E2

in geometrical

constructions.

http://goo.gl/mhn3oT
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Open the folder downloaded from page vii
~ for the audio of Word Link.
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8.1 Lines and Angles

Lines and angles exist in our surroundings. For instance,
coconut leaves which resemble lines at certain angles
exhibit the beauty of art in nature.

o What are congruency of line segments and

“». LEARN
congruency of angles? \&"

De:ermine and explain
the congruency of line

&p’ﬂf atiorl ACfﬁﬂ.fy 1 éﬁ} segments and angles.

Aim: To determine congruency of line segments and
congruency of angles.
Instruction: * Explore by yourself before the lesson begins and discuss in groups
of four during the lesson.
* Open the folder downloaded from page vii.

1. Open the file Congruent segments angles.gghb using GeoGebra.
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2. Click and drag the points in both explorations displayed.

3. Discuss with your friends what you have observed.

From the results of Exploration Activity 1, it is found that

(i) in Exploration 1, the two line segments displayed always have the same length. Line
segments having the same length are known as congruent line segments.

(ii) in Exploration 2, the two angles displayed always have the same size. Angles having
the same size are known as congruent angles.

A line segment is denoted using capital letters at both ends of the segment. For instance,

Q

Gocm

Thus, PO =6 cm.
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An angle is denoted using the symbol *£" and capital letters at the vertex and at the ends
of the two arms of the angle. For instance,

i Thus, ZPQR =40° or ZRQP = 40°
or POR=40° or  ROP =40°
et R or £0 = 40°

Self Practice 8.1a

1. Explain whether line segments PQ and RS in each of the following diagrams are
congruent:

(a) (b) R (c)
P

F_____E,EEL-H“ Q 4.2 ¢m
P B \ 0
2cm
R .
N ,/3'311../1'1;/-(3 4.2 cm S
P /
5 R

5

2. Explain whether ZPOR and ZABC in each of the following diagrams are congruent:

p g & p ) (c)
& \}é'f,l R o
A

: w

o B o
| =y ,J% :

Q A ¢ c ﬂ
o How do you estimate and measure the length LEARNING
of a line segment and the size of an angle? STANDARDS
Estimate and measure

The length of a line segment can be estimated by comparing  the size of line segments
the length with objects of a known length. For instance, if an and angles, and explain
eraser is known to have a length of 4 cm, then the length of how the estimation

line AB below can be estimated as approximately 10 cm. is obtained.
. ERASER . ERASER . E'.RASER
4ecm 2 cm—--

The length of a line segment can be measured more accurately by using a ruler.
P Q

(The length of line segment | =z
| PQis exactly 6 cm. .| Oem 1 2 3 4 5 (i1

Lines and Angles
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The size of an angle can be estimated by recognising the right angle first. An angle that
appears more than a right angle has an angle greater than 90°. An angle that appears less
than a right angle has an angle less than 90°, For instance,

Right angle = 90° An angle less than 90° An angle greater than 90°
P
£ POR appears slightly less than a right angle.
Thus, ZPQR can be estimated at about 80°,
Q R

From what you have learnt, the size of
an angle can be measured more accurately
using a protractor.

(size of ZABCis |
| exactly 135°, |

Self Practice 8.1b

1. Estimate the length of each of the following line segments. Explain how you would
do the estimation.

(a) T\ (b) (//,/’E

B P

2. Measure each of the following line segments.
(a) (b)
. e
B P

3. Estimate the size of each of the following angles. Explain how you would do the
estimation.

(@) (b) /Q\ (c) \O//

4. Using a protractor, measure each of the following angles accurately:

m 77 0 e W




o What are the properties of the angle on a straight line, a reflex angle

and the angle of one whole turn? e Hm“us
FlashbackQ) .

Recognise, compare and

Explain the meanings of an acute angle and an obtuse angle. explain the properties of

angles on a straight line,
reflex angles, and one

Exploration Activify 2 &) o

Aim: To explain the properties of the angle on a straight line, a reflex angle and
the angle of one whole turn.
Instruction: * Explore by vourself before the lesson begins and discuss in groups
of four during the lesson.
* Open the folder downloaded from page vii.

1. Open the file Angles straight line.ggb using GeoGebra.
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2. Select ‘Exploration 1°. Click and drag the red point and observe the change of
the angle displayed.
(i) Click and drag the red point so that the angle is on a straight line. What is
the size of the angle displayed?
(i) Click and drag the red point so that the angle goes through one whole
turn. What is the size of the angle displayed?

3. Click and drag the black points to change the position of the angle for
further exploration.

ﬂ HALdVHD

4. Discuss with your friends, then compare and explain the meanings of the angle
on a straight line, a reflex angle and the angle of one whole turn.

5. Select ‘Exploration 2’
6. Explain how vou would determine the sum of the angles displaved.

7. Click and drag the black points and click on the button displayed on the screen
for further exploration.

8. Select ‘Exploration 3* and repeat Steps 6 and 7.

9. Discuss with vour friends and state all the conclusions that can be made
regarding your explorations.

Lines and Angles
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From the results of Exploration Activity 2, it is found that

(i) the angle on a straight line is 180°. Thus, the sum of angles on a straight line is 180°.
(ii) a reflex angle is an angle with a size more than 180° and less than 360°.

(iii) the angle of one whole turn is 360°. Thus, the sum of angles at a point is 360°.

Self Practice 8.1c

1. For each of the following angles, state whether the angle is an angle on a straight
line, a reflex angle or an angle of one whole turn.

(a) ﬁ (b) (c) p

2. Copy each of the following diagrams. Identify and mark (i) the angle on a straight
line, (ii) the reflex angle and (iii) the angle of one whole turn. Explain how you
obtained your answers.

(a) (b)
78°
728
78
. % » LEARNING
o What are the properties of complementary > STANDARDS
angles, supplementary angles and conjugate Describe the properties
angles? of complementary angles,

supplementary angles
Exploration Activity 3 &), a1 conjugataangies

Aim: To describe the properties of complementary angles, supplementary angles
and conjugate angles.
Instruction: * Explore by yourself before the lesson begins and discuss in groups
of four during the lesson.
¢ Open the folder downloaded from page vii.

1. Open the file Complementary angles.ggb using GeoGebra.
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2. Select ‘Exploration 1. Determine the sum of the two angles displayed. What
do vou observe?

3. Click and drag the black points and repeat Step 2. Discuss with your friends
and state a conclusion.

4. Repeat Steps 2 and 3 for ‘Exploration 2’ and ‘Exploration 3’.

5. State the conclusions that you can make.

From the results of Exploration Activity 3, it is found that

(i) in Exploration |, the sum of the two angles is always 90°.
These angles are known as complementary angles.

(ii) in Exploration 2, the sum of the two angles is always 180°.
These angles are known as supplementary angles.

(iii) in Exploration 3, the sum of the two angles is always 360°.
These angles are known as conjugate angles.

Self Practice 8.1d

1. Explain whether each of the following statements is TRUE or FALSE.
(a) 60° is the complement of 30°.
(b) 125°% is the supplement of 45°.
(c) 300° and 60° are conjugate angles.
(d) 142° and 38° are supplementary angles.
(e) If angle A is the conjugate of angle B, then A = 360° - B.

ﬂ HALdVHD

o How do you solve problems?

. LEARNING
oy 1 ot
Solve problems involving
complementary angles,
supplementary angles
and conjugate angles.

In the diagram, p and 54° are
complementary angles. It is given
that p and ¢ are supplementary angles
and the angle conjugate to r is 260°.
Calculate the values of p, g, r and s.

Solution ‘Complementary | - 4 TS|
p+54° = 90° = angles r+ 260° = 360° = Conjugate angles |
Thus, p=90°-54°  Thus, r=360°-260°

= 36° . . = 100° (The angle h

p+q=180° < supplementary | 4 100° + 144° + 36° + 54° = 360° < of one ‘

36° + g = 180° -_& - s + 334° = 360°  whole turn
Thus, g = 180° - 36° 5 = 360° - 334°

= 144° =26°

Lines and Angles
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Self Practice 8.1e

1. In the diagram, @ and 46° are complementary angles. It is given
that @ and b are supplementary angles and the angle conjugate

to ¢ is 283°. Calculate the values of a, b, ¢ and d.

2. Itis given that p and ¢ are supplementary angles such that p = g. If the difference

ﬁ between p and g is 52°, calculate the values of p and g.

. < . LEARNING
@ How do you perform a geometrical construction? \)" STANDARDS

Logos, house plans or technical
designs are drawings that require
accurate  measurements. These
drawings can be done with the
help of compasses and straight
edge tools only, any geometrical
tool such as set squares, rulers or
by using geometry software.

The work of using geometrical tools or geometry
software to do drawings of accurate measurements is known
as a geometrical construction.

(i) Line segments
A section of a straight line with a fixed length is known as a
line segment.

Construct the line segment AB with a length of 8 em using
only a pair of compasses and a ruler.

Construct

(i) line segments,

(i) perpendicular
bisectors of line
segments,

(iii} perpendicular line to
a straight line,

(iv) parallel lines

and explain the rationale

of construction steps.

¢
SMAET ¥ Tip,,
Use a sharp pencil while
performing geometrical
construction and

do not erase all
construction lines.

Why is the construction

Solution
of a line segment using
© only a ruler less accurate?
0 \ Explain,
A B
p |
Fem 1
@ Draw aline and mark @ Measure a distance © From point A, with the distance
paint A on the line. of 8 cm on the of 8 cm on the compasses,

COMPasscs.

mark point 8 on the line.



Scan the OR Code or visit https://youtu.be/EIKif-Hy2mA to watch the video [=] E—,

of the construction of a line segment. Then, explain the rationale of the

construction steps. O A 3
(ii) Perpendicular bisectors A
If line AB is perpendicular to line segment CD and C
divide CD into two parts of equal length, then line AB
is known as the perpendicular bisector of CD. D

B

Construct the perpendicular bisector of line segment PQ using only a pair of compasses
and a ruler.

Solution

o/|e

-
uj
o
ﬂ HALdVHO

ﬁ\ r'b

@ Adjust and set the @ Construct two arcs @ Without altering @ Draw aline joining

compasses o a from P, one above the distance on the points of
distance slightly and one below PQ. the compasses, intersection of the
more than half the construct Iwo arcs arcs constructed in
length of line PO. from (3, one above Steps 2 and 3.

and one below PO.

[l

Scan the QR Code or visit https://youtu.be/P6M50r8Mblk to watch the video of
the construction of a perpendicular bisector. Then, explain the rationale of the
construction steps.

e

Lines and Angles
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In the construction of perpendicular bisector,

(a) if the distance measured on the compasses is less than half the length
of PO, what will happen? Discuss.

(b} is the perpendicular bisector of PQ, which is RS, the axis of symmetry
of triangle POR? Discuss and explain.

(iii) Perpendicular line to a straight line

Flashback Q)

{Example
If a line is perpendicular

Using only a pair of compasses and a ruler, construct the to line PQ, then the
perpendicular line from point M to the straight line PQ. line is known as

Solution

|/ ;

perpendicular line to
M line PQ.

Referring to the
construction of a
perpendicular line in
Example 4, what is the
relationship between the
construction methods of
a perpendicular line and
a perpendicular bisector?

@ With the same distance on @ With the same distance © Draw a line joining M and
the compasses from M, on the compasses from the point of intersection of
construct two arcs from M R and from 5, construct the arcs.
intersecting P, Label the an arc from K and from §
two points of intersection respectively so that the
as R and §. arcs intersect,

Scan the QR Code or visit https://youtu.be/Raz8EGkax0Y to watch the video of the =+ E |
construction of a perpendicular line to a straight line passing through a point. Then,
explain the rationale of the construction steps. [=]




Using only a pair of compasses and a ruler, construct the perpendicular line to PQ

passing through point N.

Solution

@ With the same distance
on the compasses.
construct two arcs from N
intersecting P, Label the
two points of intersection
as K and 5.

€& Widen the compasses to a distance
more than NR or NS, and with the
same distance from R and from § on
the compasses, construct two arcs
above and below PQ respectively
50 that the arcs intersect.

Referring to the
construction of a
perpendicular line in
Example 5, what is the
relationship between the
construction methods of
a perpendicular line and
a perpendicular bisector?
Discuss and explain.

ﬂ HALdVHD

© Draw a line joining
N and the points of
intersection of the arcs
constructed in Step 2.

Scan the QR Code or visit https://youtu,
be/FoxcZUBP7JA to watch the video of
the construction of a perpendicular

line to a straight line passing through a
point on the straight line. Then, explain
the rationale of the construction steps.

A

I Scan the QR Code or visit https://youtu.be/

KowB8PWTwIRM to watch the video of the
construction of a perpendicular line to a straight
line using a set square. Hence, construct the
perpendicular line in Example 4 and Example 5
by using only a set square and a ruler,

o

Lines and Angles



(iv) Parallel lines
Flashback Q)

‘Example 6
. Lines that will never

Usm.g only a pair of compasses and a rulfar, construct the line meet even when they
that is parallel to PQ passing through point R. are extended are known
R as parallel lines,
=0 Q Explain how the
construction of
. parallel lines relates
Solution to the construction of
P parallelogram PQSR.
o — R
o = e ; ;
P Q
Q
., {-——AL
= '—.t—lll-l-——L
@ With the distance @ Keeping the © With the distance @) Draw a line joining
on the compasses same distance on on the compasses R and the point
equals to the the compasses, equals to the of intersection
length of PR, construct an arc length of PQ. constructed in
construct an arc from . construct an are Step 3.
from P passing from R intersecting
through R. the arc constructed
in Step 2.
Scan the QR Code or visit https://

Scan the QR Code or visit
https://youtu.be/ youtu.be/J8Im4RzSpoc to watch
Xwad4Y|HcCg to watch the [a]% > E] the video of the construction of

video of the construction parallel lines using a set square,
of parallel lines. Then, Ok Hence, construct the parallel lines

explain the rationale of the in Example 6 by using only a set
canstruction steps. square and a ruler.

180
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Self Practice 8.1f

1. Construct each of the following line segments:

{a) AB=6cm (b)y PO=5.4cm (c) RS=73cm
2. Copy and construct the perpendicular bisector of each of the following line segments:
(a) _, : (b)
P 0 -1-—--""_'_-_-_-_-_-_-5-

A

3. For each of the following, copy and construct the perpendicular line to line segment
PQ passing through point M.
(a) — ! (b)

P Q
e

M

4. For each of the following, copy and construct a line parallel to line PQ passing
through point M.

(@) 3 ; (b) M &
P Q . =
f -
. m
M s
¢ &z
o How do you construct angles and angle bisectors?
(i) Constructing an angle of 60° > "unnns
Other than using a protractor to construct an angle, an angle Construct angles and
of 60° can be constructed using only a pair of compasses angle bisectors, and

explain the rationale

and a ruler based on the concept of interior angles of an ;
of construction steps.

equilateral triangle, The construction of three line segments
of equal length forms a triangle with interior angles of 60°.

Using only a pair of compasses and a ruler, construct line PQ so that ZPQOR = 60°.

B

Q

Lines and Angles



Solution

R

@ Construct a long arc from € Keeping the same distance on © Draw a line joining point

() intersecting QR. Mark the compasses, construct an P and point . Thus,
the point of intersection arc from 8 intersecting the arc LPOR = 60°,
as 8. constructed in Step 1. Mark the

paint of intersection as P.

u HILAVHD

(ii) Angle bisectors

If a line divides an angle into two equal angles, the P
line is known as an angle bisector.

For instance, line OS is the angle bisector of ZPOR. A0

‘Example 8

Using only a pair of compasses and a ruler, construct p
the angle bisector of ZPQOR.

Chapter 8




Solution I Scan the OR Code or visit https://
youtu.be/9-X-WDvdfFl to watch the

video of the construction of an angle
bisector. Then, explain the rationale of

the construction steps.
EIAE
| Ghias
»
a a &
@ Construct a long arc from @ With the same distance on © Draw a line joining point
( intersecting both arms the compasses, construct @ and point §. OF is the
OF and QR. Mark the two an arc from M and from N angle bisector of £POR.
points of intersection as M respectively so that the arcs
and N. intersect. Mark the point of

intersection as S.

It is found that £LPQS = £Z50R = 30°, We have actually constructed an angle of 30°.
Beginning with the construction of an angle of 60° and the knowledge of an angle
bisector, we can construct other angles accurately using only a pair of compasses and a G
ruler. For instance,

HALdVHD

{a) What is the rationale for the construction of angles of 1207 90° and 15° as shown above?
(b) Discuss and state other angles that can be constructed by using only a pair of compasses and
a ruler,

Self Practice RE:B

1. For each of the following angles, explain briefly how you would construct the
angle using only a pair of compasses and a ruler. Then, construct the angle.
(a) 90° (b) 45° (c) 75° (d) 105°

Lines and Angles
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: . Open the folder downloaded from page vii for extra
Mastery o 8.1 %ﬁ questions of Mastery O &.1.

1.

Determine whether each of the following statements is TRUE or FALSE.

(a) A reflex angle is greater than the angle on a straight line.

(b) The sum of an obtuse angle and an acute angle yields a reflex angle.

(¢) Two adjacent angles on a straight line are supplementary angles.

(d) The sum of two conjugate angles is the angle of one whole turn.

(e) If m and n are conjugate angles, then either m or n is a reflex angle but not both
of them.

It is given that p and ¢ are congruent angles and also complementary angles. State
the values of p and ¢q.

Itis given that PO =7 cm. If PQ and RS are congruent line segments, state the length
of line segment RS.

If p and ¢ are supplementary angles and the difference between p and ¢ is 30°, find
the values of p and g such that p = q.

If p and g are conjugate angles and the size of ¢ is four times that of p, find the
values of p and q.

(a) Using only a ruler and a pair of compasses,
(i) copy the given line segment PQ and construct a triangle POR beginning
from the line PQ such that OR = 6 cm and ZRPQ = 60°,
(ii) then, construct the perpendicular line to PR passing through point (J.
(b) Based on your construction in (a), measure the perpendicular distance from Q to
line PR.

The diagram shows a triangle ABC. Using only a ruler C

and a pair of compasses,

(a) copy the given line segment AB and construct
triangle ABC according to the given measurements
beginning from straight line AB. 307

7cm

{b) then, construct the perpendicular bisector of line AC. The perpendicular bisector
intersects line AC at point P and intersects line BC at point Q. Measure £ZPQC.




8.2 Angles related to Intersecting Lines

\}*?'LEMHIHG
STANDARDS

o What are vertically opposite angles and adjacent  gentify, explain and
angles at intersecting lines? draw vertically opposite

angles and adjacent
angles at intersecting

E\'p’ﬂf afioq ‘dﬂfffy 4 éii lines, including

perpendicular lines.
Aim: To explore angles at intersecting lines.

Instruction: * Explore by vourself before the lesson begins and discuss in groups
of four during the lesson.
* Open the folder downloaded from page vii.

1. Open the file Angles intersecting lines.ggb using GeoGebra.
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2. Select ‘Exploration 1°. The screen displayed shows two intersecting lines. G

Click at *Show vertically opposite angles’ and ‘Show adjacent angles’.

4. Discuss with your friends and explain the meanings of vertically opposite
angles and adjacent angles at intersecting lines. Then, state another pair of
vertically opposite angles and another pair of adjacent angles.

5. Select *Exploration 2°. Click and drag the black points and observe the displayed
angles.

6. Discuss with your friends and explain the properties of vertically opposite
angles and adjacent angles at intersecting lines.

7. Select ‘Exploration 3°. The screen displayed shows two lines perpendicular to
each other. What conclusion can you make about the angles at the intersecting
lines?

8. Discuss with your friends and make an overall conclusion about angles at
intersecting lines.

Lines and Angles



From the results of Exploration Activity 4, it is found that i

(i) vertically opposite angles at intersecting lines are equal. Y
(ii) the sum of adjacent angles at intersecting lines is 180°, b
La=Lc La+ Ld=180F Le+ Lb=180°
Lb=td Ld + Lo =180° Lb+ La=180°

(iii) if two intersecting lines are perpendicular to each other, then all angles at the
intersecting lines have the same size of 90°.

‘Example 9

The diagram shows two intersecting lines. Identify and state

(a) the vertically opposite angles. >’?§<
(b) the adjacent angles at the intersecting lines. :

Solution
(a) Angles p and r are the vertically opposite angles.
(b) Angles p and g, g and r are the adjacent angles at the intersecting lines.

Self Practice 8.2a

1. For each of the following diagrams, identify and state
(i) the vertically opposite angles.
(ii) the adjacent angles at the intersecting lines.

(a) p (b) . (c)
r il
vtj 'I'i

2. Copy each of the following diagrams, mark and label
(i) the angle y if angles x and y are vertically opposite angles.
(ii) the angle z if angles x and z are adjacent angles at the intersecting lines.

(a) (b) (c)
>
A
% X

o How do you determine the values of the angles at intersecting lines?

u HILAVHD

1 . LEARNING
‘Example 10 &V‘ STANDARDS
In the diagram, PSQ, RSTU and R Determine the values
PTV are straight lines. Find the of angles related to

intersecting lines,
given the values of
other angles.

values of x and y. Q




Solution

x+ 135° = 180° = i'_:Aﬂjacent angles at intersecting lines |
x=180~ 135 ‘
=45°

y = 62° -s— Vertically opposite angles "

Self Practice 8.2b

1. Inthe following diagrams, PO, RS and TU are straight lines. Find the values of xand y.

(a) (b) 0

How do you solve problems? . LEARNING
o Y " \}f STANDARDS
Solve problems
- invalving angles
In the diagram, POR and related to

TOQ are straight lines. Find
the values of x and v.

intersecting lines.

Solution -
LPOT =72° . . LTOR+7Z = 180" < — L0 E0N,
r+60°=72° = ;ﬁ:ﬂ‘;rﬂ;c:lﬁ'ﬂﬂﬂ LTOR = 180° = 72° | at intersecting lines.
e ?Zn - 60 opposite angles. - ]ﬂBn
=12 v+y =108
2y = 108°
y =54°

Self Practice 8.2c
1. In the diagram, POR and QOT are 2. In the diagram, QOS and ROU are

straight lines. Find the values of x straight lines. OT is the bisector
and y. of LAUOS. LPOQ and ZQOR are
complementary angles. Find the values
Q of xand y.
847 X
U SSU T
P =\/ 3 E. P by
40
T (@
€ Q
R

Lines and Angles
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Open the folder downloaded from page vii for extra
Mastery 0 % questions of Mastery Q 8.2,

In the diagram, POS and UOR are straight lines.

v T
0Q is the bisector of ZPOR. £POU and LUOT are P \x
complementary angles. Find the values of x and v. 25
Y s
Q R

In the diagram, POS, QOT and UOR are straight lines.
Find the value of y.

P

5
/ﬂ{:’
oy
Q R
In the diagram, POS, QOT and ROU are straight lines

: U
Find the value of x. F i T
40°
0
9] 5
R

8.3 Angles related to Parallel Lines and Transversals

o What are parallel lines and transversals?

L

- LEAR
@ 'm NDARDS

; . Recognise, explain and
Parallel lines can be denoted using dra:gpam“:mnﬁ

arrow heads ‘=" as shown in the and transversals:
photograph.

A straight line that intersects two or more straight lines is
known as a transversal. For instance, straight line AB shown in
the photograph is a transversal.

Self Practice 8.3a

Copy the following objects. Draw and mark parallel lines on the copied objects.

(c)

Chapter 8



Copy each of the following diagrams and label the transversal as AB. Then draw
another transversal and label the line as PQ.

S S

For each of the following diagrams, determine if the line labelled as PQ is a
transversal or not, and make justification.

(a) p (b) e) p
p /
Q /
Q Q

o What are corresponding angles, alternate angles 5. LEARNING

and interior angles? STANDARDS
Recognise, explain and

Exploraffoq ‘dfyf’y 5 é draw corresponding

angles, alternate angles
and interior angles.

Aim: To explore angles related to parallel lines.
Instruction: * Explore by yourself before the lesson begins and discuss in groups

&y tn

of four during the lesson.
¢ Open the folder downloaded from page vii.

Open the file Angles parallel lines.ggh using GeoGebra. F2=5

Click and drag the points on the screen displayed ===  E=assss
and identify the parallel lines and the transversal. - — e

Select ‘Show corresponding angles 1’ and ‘Show | === .~
corresponding angles 2’ to explore the properties of - L'I-' =

corresponding angles.

Click at ‘Show sizes of angles’ and drag the points on
the screen displayed if necessary.

State another pair of corresponding angles.
Discuss with your friends and explain the properties of corresponding angles.

Select ‘Show alternate angles’ and ‘Show interior angles’ and continue exploring
alternate angles and interior angles.

State another pair of alternate angles and another pair of interior angles.

Discuss with your friends and explain the properties of alternate angles and
interior angles.

10. State the conclusions that can be made from your explorations.

Lines and Angles
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From the results of Exploration Activity 5, it is found that when a transversal intersects
two or more parallel lines,

(i) the corresponding (ii) the alternate angles (iii) the sum of the interior
angles are equal. are equal. angles is 180°.
il /
c = A
b / b 2 d
Thus, La= 4Lb Thus, £b= L Thus, Zc + £Ld = 1807

Self Practice 8.3b

1. Copy each of the following diagrams. Explain and state whether the two angles
labelled as a and b are corresponding angles, alternate angles or interior angles. Then
label another pair of angles of the same type with ¢ and d.

(a) (b)

{c) (d)
b
‘ b d % b
[

2. Copy each of the following diagrams and label
(i) angle pif a and p are corresponding angles.
(ii) angle g if b and ¢ are alternate angles.
(iii) angle r if ¢ and r are interior angles.

(a) r (b) >

o How do you determine whether two straight
lines are parallel? &LEMHI

\Example 12 Determine whether

two straight lines are

In each of the following diagrams, determine whether straight parallel based on the
line PO and straight line RS are parallel. properties of angles
(a) (b) ; related to transversals.
42° ¢
g 128° g




Solution
{a) PQ and RS are parallel. =

-E:.The corresponding angles, 48°, are equal. |

(b)y 42° + 128° = 1 70°
# |80° =

(The sum of the interior angles should be
| 180° if PQ and RS are parallel.

Thus, PQ and RS are not parallel.

Self Practice 8.3c

1. For each of the following diagrams, determine whether line PQ and line RS are

parallel.

@ (b) e © ,
: Q p 85°

o BTN o S R
S 0 a5

o How do you determine the values of angles related to parallel lines

and transversals?

In the diagram, PQ. RS and
TU are parallel lines. Find the
values of a, b and c.

Solution

a = 60° h=118°
A A

| Alternate angles |

-

Corresponding angles

8.3d

1. In the diagram, EF and GH are straight
lines. Find the values of a. b. ¢ and d.

Self Practice

E G
a b
A B
76° 110°
[ D
/ \d
F H

. LEARNING
STANDARDS
Determine the values of
angles related to parallel
lines and transversals,
given the values of
other angles.

ﬂ HALdVHD

b+c=180° -.--;_'-lnteriur angles' |

118° + ¢ = 180°
c=180°-118°
=62°

2. In the diagram, find the values of a
and b.

Lines and Angles



o What are angles of elevation and depression?

< T NDARDS

The concept of angles is very
: : ) Recognise and represent
important in land surveying. A land angles of elevation and

surveyor uses angles to determine angles of depression in
the distance. The two types of angles real-life situations.
used are the angle of elevation and

the angle of depression.

Exploration Activify & &)

Aim: To recognise the angle of elevation and the angle of depression.

Instruction: * Explore by vourself before the lesson begins and discuss in groups
of four during the lesson.
* Open the folder downloaded from page vii.

1. Open the file Angles of elevation and depression.ggb using GeoGebra.

2. Select ‘nglc of elevation’. The screen displayed E"U*““"" -
shows point A and point B at different levels. T

_:H.lu._.u

u HILAVHD
e

Click at the button on the screen to explore the

: Ay
angle of elevation.

4. Observe the animation on the screen and explain *n
in general the meaning of the angle of elevartion.

5. Click and drag point A or point B to different positions and click the button
on the screen for further exploration about the angle of elevation.

6. Select *Angle of depression” and repeat Steps 3 to 5 to explore the angle of
depression.

7. Discuss with your friends the angle of elevation and the angle of depression.
(a) How are the positions of A and B related to the angle of elevation and the
angle of depression?
(b) If A is at a higher level than B or vice versa, explain the angle of elevation
or the angle of depression berween A and B.

8. Discuss with your friends and state the conclusions that can be made about the
angle of elevation and the angle of depression.




From the results of Exploration Activity 6, it is found that

(i)

When a person sees an object which
is at a higher level, the angle between
the line of sight and the horizontal line
is known as the angle of elevation.

Horizontal line

E——

Angle a is the angle of elevation of
the bird from the sight of Jefri.

(ii) When a person sees an object which is

at a lower level, the angle between the
line of sight and the horizontal line is
known as the angle of depression.

Horizontal line
_________________________ v

Angle b is the angle of depression of
the cat from the sight of Kim.

. Let's Discuss

When we figure out the angle of elevation and the angle of “The angle of elevaticn
depression between two objects at different levels, and the angle of
(a) is the angle of elevation always the same as the angle of depression are always
depression? acute angles.’
(b} what is the relation between the angle of elevation and Is this statement true?
the angle of depression? Discuss.
‘Example 14
The diagram shows the positions of Devi and Umi at B
two buildings on a horizontal ground. Draw and label me
(a) angle a to denote the angle of elevation of Umi
from Devi.
(b) angle b to denote the angle of depression of Devi
from Umi. Devi
Solution

(a)

Umi

Devi

-

(b)

Drevi

Lines and Angles
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Self Practice 8.3e

1. Jasni is standing on top of a hill observing an Aeroplane
aeroplane and a rock. Represent the situation by »
drawing and labelling
(a) angle @ which represents the angle of elevation

of the aeroplane from Jasni.
(b) angle b which represents the angle of depression
of the rock from Jasni.

o How do you solve problems?

(Bampie 15~ ST
STANDARDS

In the diagram, POT, QOU, POR and

VOR are straight lines.

(a) Find the value of x.

(b) Assuming PV is a horizontal
line and ZPVO is the angle of
depression of O from V., find the
angle of elevation of P from O.

Solve problems involving
angles related to parallel
lines and transversals.

u HILAVHD

Solution i
(a) £00S = lﬁlf{;gﬂ +—{_ﬁ.itemate angles_x_l 2 ﬁ:l;?hemaﬂcs
= Photographers and
LOOR = LPVR -!—{__Cnrre*sponding angles ___I videgsra;hers tsa
= 62° the knowledge of
Thus.x = 110° - 62° lines and angles to
= 48° help them capture
- photographs and
(by £00V + 62° = 180° = ;_The sum of the interior angles_J record videos skilfully.
£L00V = 180° - 62° '
= 118°
LPOQ =118°-175°
= 3"

Thus, the angle of elevation of P from O is 43°.

Self Practice 8.3f

1. In the diagram, POR and QTU are straight lines.
(a) Find the values of x and y.

(b) Assuming WV is a horizontal line, find the
angle of elevation of V from T.

Chapter 8




- Open the folder downloaded from page vii for extra
Mastery o 8.3 questions of Mastery Q 8.3,

1.

In the diagram, POR and UTS are straight lines.
Find the values of x and v.

In the diagram, PORS is a straight line. Find the U T
values of x and y. % 52%

In the diagram, QRST is a straight line. Find the
values of x and y.

The diagram shows a hexagonal wooden frame
PORSTU resting on a horizontal ground.

(a) State the angle of elevation of @ from 0.
(b) State the angle of depression of T from O.

In the diagram, VUTS and POR are straight lines.

(a) Find the values of x and y.

(b) Find the reflex angle QWU.

(c) Assuming VUTS is a horizontal line, find the
angle of depression of R from T.

The diagram shows the positions of Kamal,
Cindy, Adila and David in two condominiums.
The angle of elevation of Cindy from David is
15°, the angle of elevation of Adila from Cindy
is 187 and the angle of depression of Adila from
Kamal is 40°. Find the values of x and y.

Lines and Angles
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" LINES AND ANGLES

Line 'Perpendicularﬁ 'Perpendicuiar\ Parallel | [ Construction | Angle h
segment bisector line lines of 60° bisector
| T L A | <
I t = E ...': ‘ 1'I ) 7 .
r » . r r 7
e anglﬂ Reflex gt Complementary| Supplementary || Conjugate
a on a straight of one
= line angle beohiole tiien angles angles angles
5 .
m
= 180° 3607 ]
D - el e |iw / b \fﬁ)
F N » \ r % 7 N 7 5 r

v i . '

Angles related to ' Angles related to parallel » Angle of elevation
intersecting lines lines and transversals

d Transversal
b 4/ ~r

3
= Vertically opposite angles

Lasdeand Lb= £d

* Adjacent angles at SEOREsONNg MIKies

intersecting lines Lp=Ls
La+ Ld=180° * Alternate a_ng]gs
e =l . ﬁifﬂiﬂiiﬂglcs
Lo+ Lb=180°
Lb+ La=180° Lg+ Ls=180°
\ ] | 1 | j
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determine and explain the congruency of line segments and angles.

estimate and measure the size of line segments and angles.

recognise, compare and explain the properties of angles on a straight line, reflex
angles, and one whole turn angles.

describe the properties and solve problems involving complementary angles,
supplementary angles and conjugate angles,

construct line segments, perpendicular bisectors of line segments, perpendicular
line to a straight line, parallel lines and explain the rationale of construction steps.

construct angles and angle bisectors and explain the rationale of construction steps.

identify, explain and draw vertically opposite angles and adjacent angles at
intersecting lines, including perpendicular lines.

determine the values of angles and solve problems involving angles related to
intersecting lines.

recognise, explain and draw parallel lines, transversals, corresponding angles,
alternate angles and interior angles.

determine whether two straight lines are parallel.

ﬂ HALdVHD

determine the values of angles and solve problems involving angles related 1o
parallel lines and transversals.

recognise and represent angles of elevation and angles of depression in
real-life situations.

4" Test Yourself T

1. In the diagram, x and 25° are complementary angles. Find
the values of x and y.

Lines and Angles
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2. The diagram shows a straight line POR. Find the
values of x and y.

3. Using only a pair of compasses and a ruler, construct a line segment AB with a
length of 8 cm. Then construct point C such that ZABC = 60° and BC = 5 cm. Then,
construct the perpendicular line from C to AB.

4. TSR is a straight line as shown in the diagram. U

Find the values of x and y. x s R
86°
135°

Q
S. If x and y are supplementary angles and x : y = 2 : 3, find the values of x and y.

6. (a) In the diagram, find the values of x and y.
“ (b) Hence, using only a pair of compasses and a
' ruler, construct the trapezium PQORS such that
PO =4 cmand PS5 =6 cm.

¥ Challenge TT

7. PS and QT are straight lines as shown in the
ﬂ diagram. Find the values of x and y.

8. In the diagram, UTS and POR are straight lines.
a Find the values of x, v and z.

9. The diagram shows two straight lines, WOS and
“ ROV, Find the values of x and v.

198

Chapter 8




10. The diagram shows the positions of three friends. Hui -

& Li is on a hot-air balloon, Kamala is on a horizontal THm Li
ground and Rizal is on top of a hill. The angle of Lo

depression of Kamala from Hui Li is 78°. Based on

the information given in the diagram, find ' 38“1:3 .

(a) the angle of depression of Rizal from Hui Li. s 'lR‘“i

(b) the angle of elevation of Rizal from Kamala. L it

Hafeeza is assigned to take photographs during her elder sister’s wedding. Explain
how the knowledge of lines like parallel lines and perpendicular lines as well as the
knowledge of angles like angle of elevation and angle of depression can help Hafeeza
solve problems like positioning the cameras, choice of lenses, perspective issue
and composition issue of subjects in the photographs and others. Write a report and
present your finding during the lesson.

ﬂ HALdVHD

Exploring &' MATHEMATICS

Open the folder downloaded from page vii. Open the file Angle of 120.ggb using
GeoGebra. The screen displayed shows the construction of 120° using only |§ A
in GeoGebra. Explain the rationale behind the construction.

Using only ? Ej .* k& _in GeoGebra, and e
beginning with a given line segment AB, construct each
of the following:

(a) The perpendicular bisector of AB.

(b) The line perpendicular to AB passing through a given [ amiie
point. Ay
(c) An angle of 30° such that AB is one of the arms of
the angle.

Present your work in class during the lesson by explaining the rationale behind the
constructions that you have done.

Lines and Angles



