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For example: B The letters A, B and C identify the
points.
We can make statements like:
C “the distance from A to B is .....” or
A “the angle at B measures .....”.
FIGURES AND VERTICES
A figure is a drawing which shows points we are A B

interested in.

The figure alongside contains four points which have
been labelled A, B, C and D.

These corner points are also known as vertices. D

Vertices is the plural of vertex, so point B is a vertex
of the figure.

Vertices is the
plural of vertex.

A straight line, usually just called a line, is a continuous infinite collection of points with
no beginning or end which lie in a particular direction.

STRAIGHT LINES

B (AB) is the line which passes through points A and
/ B. We can call it “line AB” or “line BA”. There
is only one straight line which passes through both A
and B.

A B [AB] is the line segment which joins points A and
— B. We call it “line segment AB” or “line segment

BA”. 1t is only part of the line (AB).
B [AB) is the ray which starts at A, passes through B,

A/

then continues on forever in that direction.

If three or more points lie on a single straight line,
we say that the points are collinear.

>
w
O
O

The points A, B, C and D shown are collinear.

If three or more /ines meet or intersect at the same

point, we say that the lines are concurrent. ~ L
. . B

The lines shown are concurrent at point B. /\
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PARALLEL AND INTERSECTING LINES

In mathematics, a plane is a flat surface like a table parallel
top or a sheet of paper. It goes on indefinitely in
all directions, so it has no boundaries.

Two straight lines in the same plane may either be
parallel or intersecting. Arrow heads are used to
show parallel lines.

Parallel lines are lines which are always a fixed distance apart and never meet.

EXERCISE 2A

1 Give two examples in the classroom of:
a a point b aline ¢ a flat surface

2 Describe with a sketch the meaning of:

point of
intersection

a a vertex b an angle ¢ a point of intersection

d parallel lines e collinear points f concurrent lines

3 Give all ways of naming the following lines: c

a b
9 L

4 Name the point of intersection of:
a line 1 and line 2
b line 2 and line 3
¢ (AB) and [MN].

5 ABCD is a quadrilateral. The line segment [BD] is called a diagonal.
a Name the four sides of the quadrilateral. B
Name the two diagonals of the quadrilateral. A
At what point do the diagonals meet?
How many line segments meet at A? X
What can be said about points A, X and C?

What can be said about the line segments [AB],
[DB] and [CB]? D c

6 How many different lines can you draw through:
a two points A and B b all three collinear points A, B and C
¢ one point A d all three non-collinear points A, B, C?
7 Draw a different diagram to fit each statement:
a Cis a point on (AB). b (AB) and (CD) meet at point X.
¢ Point A does not lie on (BC). d X, Y and Z are collinear.
e Line segments [AB], [CD] and [EF] are concurrent at G.
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8 a Name line (AC) in two other ways.

b Name two different lines containing point B. B

¢ What can be said about:

i points A, B and D

ii lines (BF) and (AD)

iii lines (FE), (CD) and (AB)?

9 When drawing lines through three different points, there are rwo possible cases:

;‘ ; 3 different lines / 1 line, as the points are collinear

a How many different cases can we have for four different points? Illustrate each

case.

b Draw the cases for five different points.

NG AND CLASSIFYING
ANGLES

Whenever two lines or edges meet, an angle is formed
between them. In mathematics, an angle is made up angle arm
of two arms which meet at a point called the vertex.

vertex

The size of the angle is the amount of turning or arm

rotation from one arm to the other.

THE PROTRACTOR

Alongside is a protractor placed with its

centre at B and its base line on [AB]. The

amount of turning from [AB] to [BC] is 110

degrees.

We write ABC = 110° which reads ‘the
angle ABC measures 110 degrees’.

ABC is called three point notation. We
use it to make it clear which angle we are

referring to.

A

B

[\
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A

centre base line

For example, if we want to talk about the shaded
angle in this figure, we cannot say the angle at D, as
there are three such angles.

The shaded angle is ADB or BDA.
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CLASSIFYING ANGLES
Angles are classified according to their size.
Revolution Straight Angle Right Angle
One complete turn. % turn % turn
One revolution = 360°. 1 straight angle = 180°. 1 right angle = 90°.
Acute Angle Obtuse Angle Reflex Angle
Less than a % turn. Between % turn and % turn. | Between % turn and 1 turn.
An acute angle has size An obtuse angle has size A reflex angle has size
between 0° and 90°. between 90° and 180°. between 180° and 360°.

EXERCISE 2B

1 Match the names to the correct angles:

a ABC b CAB ¢ BCA d CBD

A B C D
C C

B . B
A >>c
B D c A

2 Draw and label each of the following angles:

a DEF b zZXY ¢ XYz d PQR e reflex RPQ
3 Find the size of these angles without your B A
protractor: 35°
a ABC b DBC 35°\ 24°
¢ ABD d ABE
C
E D

4 Use your ruler and protractor to draw angles with the following sizes:
a 35° b 131° ¢ 258°

Get someone else to check the accuracy of your angles.
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5 Draw a free-hand sketch of:

a acute angle BPQ b right angle NXZ ¢ straight angle QDT
d obtuse angle CPT e reflex angle DSM f revolution E.
6 Use a protractor to measure the named angles:
a | PMN i OPL b i VIU i reflex VST
iii PON iii reflex TVU
S
F/Q
M
L T
N O Vi U

7 Kim hits the billiard ball so

that it follows the path shown.
What acute angle will it make
with the edge of the table?

A golfer completing his back swing holds the
golf club behind his body. What is the size of
the reflex angle between his body and the club?

9 For each figure find the total number of:

i right angles ii acute angles
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10
0 < has one acute angle at O.

has 3 acute angles at O. These are A6B, A6C, and BOC.

a A How many acute angles can we identify at O

B given the 4 vertices A, B, C and D?

0 C
D

b Draw a diagram with 5 vertices A, B, C, D and E like the one in a. How many
acute angles are at O in this case?

¢ Copy and complete: Number of vertices | Number of acute angles
2 1
3 3
4
5

d Without drawing them, predict the number of acute angles for:
i 6 vertices il 10 vertices.

For any angle ABC, what is the difference in size between ABC and reflex
ABC?

These angles are angles at a point.

There are
360° in one
complete turn.

Angles at a point add to 360°.

These angles are angles on a line.

- C Angles on a line add to 180°.

Angles which add to 180 are called supplementary angles.

These angles are angles in a right angle.

Angles in a right angle add to 90°.

Angles which add to 90¢ are called complementary angles.
Lines which meet at 90° are said to be perpendicular.
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For example:

52°

N 38 P s 79 1}01 N

MNO and MNP are complementary STU and UTV are supplementary
because 52° + 38?2 = 90°. because 79° + 101° = 180°.

[ON] and [NP] meet in a right angle, so they are perpendicular.

Two angles are equal if they have the same size or degree measure.

=) Self Tutor

Are angles with sizes 37° and 53° complementary?

o o

What angle size is the supplement of 48°?

379 4+53° =90°. So, the angles are complementary.
The angle size is 180° — 48° = 132°.

o o

m ) Self Tutor

Find the value of the unknown in:
a b
xO
xO
58° 72°\/ 78°
a The angles 58° and z° are b The three angles add to 180°
complementary. s, x=180—-"72—-178
xz =90 — 58 2 =30
7%= 3

) Self Tutor

Find a in: The sum of the five angles is 360°
° .. the three equal angles add to
a’ 360° — 90° — 120° = 150°
120° \ g°

So, each must be 150° +~ 3 = 50°
a = 50.
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EXERCISE 2C
1 Add the following pairs of angles and state whether they are complementary,
supplementary, or neither:
a 20°, 70° b 309, 150° ¢ 110°, 40°
d 47°, 43° e 107°, 63° f 35°, 55°
2 Find the size of the angle complementary to: a 30° b 5° ¢ 85°
3 Find the size of the angle supplementary to: a 100° b 5° ¢ 90°
4 Classify the following angle pairs as complementary, supplementary or neither:
a BOC and COD B c D
b AOC and COE
¢ COD and DOE
d AOB and BOE A E

5 Copy and complete:
a the size of the complement of z° is ..........
b the size of the supplement of y° is ..........

6 Find the value of the unknown in:

a b C

147° b°

d
12°

33° 38°

aO
25°
V
g h i
32°
go (e} o
g a8°|”
h° 74°
oS
520 500
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7 Find the sizes of the unknown angles:

b <
y
» o

X

8 Find the values of the unknowns in:

a b
109°\121°
pO
d e
138°

5] GEOMETRIC CONSTRUCTION

In geometric constructions we use a ruler and compass to accurately draw diagrams. When
you perform geometric constructions, do not erase the construction lines.

In previous courses you should have learnt how to construct:

o triangles with known side lengths e angle bisectors
ZV\ angle bisector
4cm
DEMO DEMO

However, if necessary you can click on the icons to review these constructions.

CONSTRUCTING A 90° ANGLE TO A LINE

A right angle or 90°angle can be constructed without a protractor or set square. Consider
the following example:
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=) Self Tutor

Construct an angle of 90° at P on the line
segment [XY].

X Y

Step I: On a line segment [XY], draw a

P
semi-circle with centre P and
convenient radius which cuts [XY] at

M and N. XM P N Y
Step 2:  With centre M and convenient radius
larger than MP, draw an arc above P.
X M P N Y

Step 3:  With centre N and the same radius draw

oW
an arc to cut the first one at W. m

Step 4: Draw the line from P through W.
WPY and WPX are both 90°.

<
]
zZ

In the example above, in some cases the point P may
be close to one end of the line segment, or be the end
of the line segment. In these cases you may need to
extend the line segment.

For example, in the construction alongside, Y and P
are the same point. We say they coincide. We can
still construct a right angle at P, but we need to extend
the line segment first.

CONSTRUCTING A PERPENDICULAR BISECTOR

The red line on this figure is the perpendicular
bisector of line segment [AB].
A NI B It is at right angles to [AB] so it is perpendicular,
M and since M is midway between A and B we say M
bisects [AB].
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We can use a perpendicular bisector to locate the midpoint of a line segment. We will see
this in the following example.

|_Example 5 ) Self Tutor

[AB] has length 4 cm. Locate the midpoint of [AB] by construction using a
perpendicular bisector.

Step 1: With centre A and radius more than
2 cm, draw an arc of a circle to cut
[AB] as shown.

Make sure that the first arc is crossed
twice at C and D.

4 7
Step 2:  Repeat Step I, but with centre B. K
%

A B
Step 3:  With pencil and ruler, join C and
D. &
The point where (CD) and [AB] meet
is the midpoint M.
(CD) and [AB] are perpendicular. A M B
D

CONSTRUCTING A PERPENDICULAR TO AN EXTERNAL POINT

If we are given a line (AB) and a point P not on the 'P
line, we can construct the perpendicular to P from
the line. This is useful because PN is the shortest
distance from P to the line (AB).
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) Self Tutor

Using a compass, ruler and pencil only,
construct a perpendicular from the line to an
external point P.

Step 1: With centre P, draw an arc to cut the <P
line in two places A and B.

Step 2:  With centre A, draw the green arc - P
shown.
With centre B draw the red arc to
cut the other one at C. A B

Step 3: Join P to C. We let N be the point P
of intersection with the original line.
[PC] is perpendicular to the original u
line and PN is the shortest distance
from the line to P.

Do not erase any
construction lines.

EXERCISE 2D

1 a Use your protractor to draw accurately ABC of size 50°.

b Use a compass and ruler only to bisect ABC.
¢ Use a protractor to check the accuracy of your construction.

2 a Use your protractor to draw accurately PQR of size 122°.

b Use a compass and ruler only to bisect PQR.
¢ Use a protractor to check the accuracy of your construction.

3 a Draw any triangle ABC and carefully bisect its three angles.
b Repeat with another triangle DEF of different shape.

¢ Check with other students in your class for any observations about the three angle
bisectors.

ER)

d Copy and complete: “The three angle bisectors of a triangle ...... .
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0 an O o

Use a set square or a protractor to draw an angle of 90°. Let this angle be PQR.
Bisect PQR using a compass and ruler only. Check that each angle measures 45°.

Using a compass and ruler only, construct an angle measuring 22%0.

[XY] is a line segment 5 cm long. At X an | v
arc is drawn to cut [XY] at A. Keeping the
same radius another arc is drawn with centre
A to cut the first arc at B.

[AB] and [BX] are then joined by straight
line segments.

Explain why triangle ABX is equilateral.
What is the size of angle AXB?

Perform the construction in a. Use it to construct angles of size:
i 30° i 15°.

B

Accurately draw the line segment [AB] as
shown. Mark on it the points A, B and C. A 3cm C 5cm B

Use a compass and ruler construction to draw right angles at B above the line
segment [AB], and at C below [AB].

Draw a line segment [XY] of length 8 cm.

At X use a compass and ruler to construct a z P

90 angle. Q

Draw [XZ] of length 5 cm and join [ZY] as 5 cm

shown.

Measure [ZY] to the nearest mm. /

Bisect ZXY using a compass and ruler only. X scm Y

Find by measuring:
i the length of [QY] i the size of XQY.

Draw line segment [AB] of length 4 cm.
At A use a compass and ruler to construct a 90° angle.

Locate the point C so that CAB = 90° and the length of [AC] is 3 cm.
Join [BC] and measure its length.

Use a protractor to measure angle CBA.

Draw a circle of radius 3 cm. Select a point A on it.
Keeping the same radius, with centre A draw an arc
meeting the circle at B. With centre B and the same
radius, draw an arc meeting the circle at C. Continue
this around the circle to obtain D, E and F.

If you have done this very accurately, a final arc will
pass through A, the starting point.

Explain why ABCDEF is a regular hexagon.
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10 a Accurately construct the isosceles triangle A
illustrated. Use a compass and ruler to do this. 5 em
b Bisect ACB using a compass.
¢ If the bisector in b meets [AB] at point X, C 4cm
measure:
i the length of [AX] ii the length of [BX] 5cm
i the size of ACB iv the size of AXC B

11 a Draw a line segment [PQ] where PQ = 5 cm.
Use a compass and ruler to construct the perpendicular bisector of [PQ].

¢ If the perpendicular bisector of [PQ] meets [PQ] at Y, measure the lengths of [PY]
and [QY].
12 a Draw any triangle ABC and construct the perpendicular bisectors of its three sides.
b Repeat with another triangle PQR of different shape.
¢ What do you observe from a and b?
d Copy and complete: “The three perpendicular bisectors of the sides of a triangle
13 a In the figure alongside, the line segment B

[AB] has been perpendicularly bisected.
Repeat this construction with AB = 4 cm.

b Choose P on the perpendicular bisector such
that the length of [MP] is 3.5 cm. - P

¢ Measure the lengths of [AP] and [BP]. What M
do you notice?

d Measure APM and BPM with a protractor.
What do you notice?

14 [AB]is a line segment. The point P is 3 cm from it. A

a Construct the perpendicular from [AB] to P using a compass and ruler only.

b Explain why the length of the perpendicular must be the shortest distance from [AB]
to P.

E] ANGLE PAIRS

We have already seen how lines drawn in a plane are either parallel or intersecting.

For example,

point of
intersection

parallel intersecting

When we are dealing with several lines in a plane, we can identify a number of angle pairs.
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VERTICALLY OPPOSITE ANGLES

Vertically opposite angles are formed when two straight lines intersect.
The two angles are directly opposite each other through the vertex.

AOC and DOB are vertically opposite.
AOD and COB are vertically opposite.

For example:

GEOMETRY
PACKAGE

=

Measure the pairs of vertically opposite angles carefully. You should conclude
that vertically opposite angles have the same size.

Consider the following diagram:

a+b=180 {angles on a line}
and ¢+b=180 {angles on a line}

SO a=c and these are vertically opposite.

When two straight lines intersect, pairs of vertically opposite angles are equal in size.

CORRESPONDING, ALTERNATE AND CO-INTERIOR ANGLES

If a third line crosses two other straight lines we
call it a transversal.

When two or more straight lines are cut by a

transversal, three different angle pairs are formed:
transversal

Corresponding angle pairs Alternate angle pairs Co-interior angle pairs

X X X

/

The angles marked e and
x are corresponding angles
because they are both in
the same position. They
are on the same side of
the transversal and the same
side of the two straight
lines, in this case both above
the line.

\

The angles marked e and x
are alternate angles. They
are on opposite sides of the
transversal and between the
two straight lines.

\

The angles marked e and X
are co-interior angles. They
are on the same side of the
transversal and between the
two straight lines.
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=) Self Tutor

Name the following angle pairs:
e/€ a aandd b aandb
b4 ¢ dande d aandc
a
/
a a and d are co-interior angles b a and b are alternate angles
¢ d and e are vertically opposite angles d a and c are corresponding angles

EXERCISE 2E

1 In which of the following diagrams are a and b alternate angles?

P e

2 Which angle is alternate to angle r?
a b d

R
S S s

4 Which angle is corresponding to angle r?
a b

lﬁf%ﬁﬂ
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5 In which of the following diagrams are a and b co-interior angles?
a b <

# % X o

6 Which angle is co-interior with angle r?
< d

a b
N l/m
n\Jt n/p r [|m r
r np Zm
r n\p

7 Classify the following angle pairs as either
corresponding, alternate, co-interior, or

vertically opposite: b/
a d q r
a aandp b rand w ¢ randx /s X
d zands e bandgqg f aandc Wz

g zand z h wand s i candp

A PARALLEL LINES

INVESTIGATION GLE PAIRS ON PARALLEL LINES

‘& What to do:

S
“%a 1 Print this worksheet from the CD so that you can write ~WORKSHEET

directly onto it. (ﬁ)

2 In the following five diagrams, [ and m are two lines.
The other labels refer to angles. In each diagram measure the angles
marked and answer the related questions in the table below:
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< d
a
/ c\d
e\/
m
e
l Supplementary
angles add to 180°.
a /
©
d
e/f
m
. Are the Are the Are the co-interior
Are the lines .
. corresponding|  alternate angles d and f equal?
Diagram [ and m
arallel? angles a and | angles ¢ and If not, are they
p ' e equal? f equal? supplementary?
equal | supplementary
a
b
<
d
e
) ) ) GEOMETRY
3 Discuss the results of the table and write your conclusions. PACKAGE

- > 4
& Click on the icon to further investigate angle pairs on parallel lines. I )

From the Investigation you should have discovered some important facts about special angle
pairs.

When parallel lines are cut by a transversal:

e corresponding angles are equal in size
e alternate angles are equal in size

e co-interior angles are supplementary, or add up to 180°.

SN

With these geometrical facts we can find unknown values for angles on parallel lines.
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Find the value of the unknown, giving a brief reason for your answer:
b
/{40°
121°\ 5° o
s -
a s=121 b Using co-interior angles
{equal corresponding angles} s+ 140 = 180
s =40
TESTS FOR PARALLELISM GEOMETRY

PACKAGE
The facts about parallel lines and special angle pairs give us tests for - ﬁ)
finding whether lines cut by a transversal are parallel.

e If pairs of corresponding angles are equal in size then the lines must be parallel.
o If pairs of alternate angles are equal in size then the lines must be parallel.
e If pairs of co-interior angles are supplementary then the lines must be parallel.

) Self Tutor

Decide if the figure contains parallel lines, giving a brief reason for your answer:
a / b /
50° 100°
50°
/ 60°
/
a These alternate angles are equal so b These co-interior angles add to 160°,
the lines are parallel. so they are not supplementary.
The lines are not parallel.

EXERCISE 2F

1 Find, giving brief reasons, the values of the unknowns in alphabetical order:

a b / <
° 49°
126 > g1°
a® / o
a o
/ a

A
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d e f
bO
50°
aO
o 720
60° @ v
115° . .
= 135 b
bO
b a®  106°

2 Find, giving brief reasons, the values of the unknowns in alphabetical order:
a b

& Working in alphabetical order, find the
values of the unknowns.

40°

Give a reason for each answer.
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5 The following figures are not drawn to scale. Does each figure contain a pair of parallel
lines? Give a brief reason for each answer.

b <
68°

’ /
125°
85° “95°
1250 680

d e \ 120° f
430 143° \ 112
112°
\60°

KEY WORDS USED IN THIS CHAPTER

e acute angle e alternate angles e angle

e co-interior angles e collinear e complementary angles
e concurrent e corresponding angles e diagonal

o figure e intersecting lines e line

e line segment e obtuse angle e parallel lines

e perpendicular e perpendicular bisector e point

e protractor e ray o reflex angle

e revolution e right angle e straight angle

e supplementary angles e three point notaion e transversal

e vertex e vertically opposite

<2 | STAINED GLASS WINDOWS

=1

LINKS Areas of interaction:
click here Human ingenuity, Approaches to learning

REVIEW SET 2A

1 a State the complement of 41°.
b What is the size of one revolution?

¢ Determine the measure of ABC.

A -

B
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6

Consider the given figure alongside.
a Find the angle number corresponding to:
i BDA ii DCB iii BAC
b Classify the following angles as acute,

obtuse or reflex:
i 3 i 1 iii 4

Find the value of the unknown in:
a b <

n°® / 119° X

»° | 100°
140°

How many points are needed to determine the position of a line?

Draw a diagram to illustrate the following statement:
“Line segments [AB] and [CD] intersect at P.”

a Name line (RS) in two other ways.

b Name two different lines containing point P.
¢ What can be said about:

i points P, Q and R

ii lines (PQ) and (RS)?

Use your protractor to draw an angle of 56°. Bisect this angle using your compass.
Check that the two angles produced are each 28°.

Name the angle:
a corresponding to a

7b b alternate to a
s ¢ co-interior to e
8/ f d vertically opposite f

Find, giving a reason, the value of m in the following:

a b <
A
46T " @ B 3
m 615 82 me C
116°
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10 In each of the following, state whether (AB) is parallel to (CD). Give reasons for
your answers.
a b A
A B 910
71° B

11 In any triangle a line from a vertex to the
midpoint of the side opposite is called a
median.

a Draw any triangle ABC. Use a compass and
ruler construction to find the midpoints of
all three sides.

b What do you notice about the three medians?

12 Use a compass and ruler to construct an angle of 15°.

REVIEW SET 2B

1 a Draw a diagram to illustrate an obtuse
angle. P

b If ABC and DEF are equal angles and
the measure of ABC is 72°, find the

measure of DEF. §
¢ Determine the measure of reflex PQR. A
2 Match the angle name to the angle 16
number:
a ADC b BAC ¢ ABD W N
Cc
a What is the complement of 63°? b What is the supplement of 70°?

4 Find, giving a reason, the value of y in each of the following:

b <
yo
131° "\
123° ' »° 5

2

Copy and complete: “Points are collinear if ...... .

6 Draw [AB] of length 4 cm. Construct an angle of 90° at B using a compass and ruler
only. Draw [BC] of length 3 cm and perpendicular to [AB]. Draw in and measure
the length of [AC].



56  ANGLES, LINES AND PARALLELISM (Chapter 2)

7 Find, giving reasons, the value of x:
a b <

07 x° 78° x°
Ko . 110 37°

/

8 Write down a statement connecting the unknowns. Give reasons for your answers.
b

9 In each of the following, state whether [AB] is parallel to [CD]. Give reasons for
your answers.

a o b
A 114 A

114° D 298°

10 Using only a compass and ruler, construct a rectangle with sides 4 cm and 2.5 cm.
Show all construction lines.

NG SQUARES

I:l consists of 1 square.

3 consists of 4+ 1 =05 squares, 4 with sides one unit and 1 with
sides 2 units.

What to do:

a Investigate the total number of squares in a:

i 3 Dby 3 square
ii 4 by 4 square
iii 5 by 5 square.

b Can you determine, without drawing figures,
the total number of squares in a:

i 6 by 6 square
ii 20 by 20 square?






