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6.1 Overview
Why learn this?
Whether it be the home where you live, your school or skyscrapers
in the city, you see buildings all the time. The design of buildings
is based on congruence. Congruence is an important application of
geometry. It is used to prove that two shapes are the same. For two
shapes to be congruent, they must be the same size and the same
shape. This means that the interior angles and side lengths must
all be the same. Imagine you are building a house. Think about
how many aspects of your house need to be congruent. Look at the
walls, roof and windows that form the room you are in. Are they
congruent?

All structures that are built are based on the principles of
congruence. Buildings such as the Melbourne Cricket Ground,
the Sydney Opera House or Parliament House in Canberra all use
congruence in their building design.

Understanding the principles of congruence and how to create
shapes that are congruent is important for all elements of building
and design. Occupations such as construction, architecture,
landscape design, interior design, engineering and building
surveying all use congruence.

Where to get help

Go to your learnON title at www.jacplus.com.au to access the following digital resources. The Online
Resources Summary at the end of this topic provides a full list of what’s available to help you learn the
concepts covered in this topic.

Fully worked

solutions

to every

question

Digital

documents

Video

eLessons
Interactivities

eWorkbook
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Exercise 6.1 Pre-test

Complete this pre-test in your learnON title at www.jacplus.com.au and receive automatic marks,
immediate corrective feedback and fully worked solutions.

1. MC Select the triangle that has two sides of equal length and the third side a different length.
IsoscelesA. ScaleneB. ObtuseC. EquilateralD. AcuteE.

2. MC Consider the rhombus ABCD. State the congruency relationship between ΔDEC and ΔAED.

E

CD

BA

SASA. SSSB. AASC. ASAD. RHSE.

3. Determine whether the following shapes are congruent.

4. Determine whether an equilateral triangle of side length 3 cm is congruent to an equilateral triangle of
side length 2 cm.

5. MC Select which one of the following is NOT a congruency test for triangles.
A. SAS – two sides and one angle of a triangle are equal to two sides and one angle of the other
B. AAA – all three angles of a triangle are equal to all three angles of the other
C. AAS – two angles and a side of one triangle are equal to two angles and the corresponding

side of the other
D. SSS – all three sides of a triangle are equal to all three sides of the other
E. ASA – a pair of corresponding angles and a non-included side are equal

6. Explain whether two circles with the same radius are congruent.
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7. MC Select the quadrilaterals from the following list that have two diagonals that bisect each other and
four internal triangles that are congruent to each other. Choose all the answers that apply.

RhombusA. RectangleB.

SquareC. TrapeziumD.

Irregular quadrilateralE.

8. Determine the value of the pronumeral x in the following diagram.

83°

x

9. MC Select which of the following statements are true for kites. Choose all answers that apply.
A. The opposite angles are equal.
B. The opposite sides are equal.
C. The diagonals intersect at right angles.

D. The diagonals bisect each other.
E. Two pairs of adjacent sides are equal.
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10. MC Select the rule that could be used to demonstrate that the following triangles are congruent.

4.5 

6

L

M

N

25°

4.5

R

Q

P

25°

6

SASA. SSSB. AASC.
ASAD. None of the aboveE.

11.

C

B

A

6

32°
58°

R

Q

P

32°
58°

6

ABC=PQR (ASA)
Write the correct values of angles and sides to prove the congruence of the triangles shown.

∠ABCa. BCb. ∠BCAc.

12. State the name given to a quadrilateral that has one pair of parallel unequal sides.

13. Are co-interior angles between parallel lines always equal to each other? Explain your answer.

14. MC Select the quadrilateral property that classifies a rectangle as a parallelogram.
All angles are 90°.A.
All sides have equal lengths.B.
Two pairs of adjacent sides are equal.C.
Opposite pairs of sides are parallel.D.
None of the aboveE.

15. Determine the correct relationship between the given angles.

C

A

B

∠A and∠Ca. ∠A and∠Bb. ∠B and∠Cc.
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6.2 Transformations and tessellations
LEARNING INTENTION

At the end of this subtopic you should be able to:
• understand the meaning of the terms translation, reflection and rotation
• draw the image of an object after it has been translated
• draw the image of a point that is reflected in a mirror line
• draw an object after rotation
• look at a shape and state whether it has regular, semi-regular or irregular tessellation
• tessellate a basic shape.

eles-3860

6.2.1 Isometric transformations
• A transformation occurs when an object undergoes a specific change or movement from one location to

another.
• After a transformation, the original object, O, is called the image, O′.
• Transformations that produce an image of the same size and shape as the original object are said to be
isometric.

• Figures that have exactly the same shape and size are said to be congruent (identical).
• Isometric transformations can be the result of translations, reflections, rotations or a combination of these

movements.

Translations Reflections Rotations

• A translation is the movement
of an object up, down, left or
right (U, D, L or R) without
flipping, turning or changing
size.

• A reflection is the exact image
of an object as seen in a
mirror.

• The object is reflected across
an axis of symmetry (mirror),
which sits midway between the
object and its image.

• A rotation of an object
involves turning the object
around a particular point by a
certain number of degrees.

• The point is known as the
centre of rotation. The object
may be turned in a clockwise
or anticlockwise direction. The
diagram shows a clockwise
rotation of 180°.

B

A

C

D
E

F

B'

A'

C'

D'
E'

F'

B

A

C

Axis of
symmetry

D
E

F

B′

A′

C′

D′
E′

F′

B

A

C

Centre of

rotation

D
E

F

B'

A'

C'

D'
E'

F'
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WORKED EXAMPLE 1 Determining a translation

State how shape a was translated to a′.

a

a'

THINK WRITE/DRAW

1. Select a vertex of the original object a and
label it A.
Label the corresponding point on the image a′.

a

a'

A'

A

(continued)
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2. Draw a horizontal line from A so that it ends
directly above A′. Draw a vertical line down
from this point, which ends at A′.

a

a'

A'

A

3. Count the horizontal units and the vertical
units and record the translation.

8 units right and 6 units down

WORKED EXAMPLE 2 Drawing a reflected image

For each of the following shapes, determine the reflected image in the line given.

a.
A

BC

mirror
b.

A

C

B

mirror

THINK DRAW

a. 1. From each vertex of the given triangle,
draw the lines perpendicular to and
extending beyond the mirror line.

a.

2. Points A and B are both 2 units from
the left of the mirror. Since the image is
reversed, the vertices A′ and B′ are 2 units
from the right of the mirror. Furthermore,
point C is 8 units to the left of the mirror.
The corresponding point of the image C′ is
8 units to the right of the mirror.

A'

B' C'B

C

A
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3. Join the vertices A′, B′ and C′ to complete
the image.

A'

B'

C'

B

C

A

b. 1. Draw the lines from points A and B so that
they extend beyond the mirror line and are
perpendicular to it.
(Point C of the given triangle is already on
the mirror line, so nothing needs to be done
to it.)

b.

2. Any point of the object that is on the mirror
line will reflect onto itself. So C′ will
coincide with point C, since point C is on
the mirror line.
Points A′ and B′ are the same distance
from the mirror as points A and B
respectively, but on the other side of it.
(The distances must be measured along
the perpendicular lines.)

A

C

B

A'

B'

C'

3. Join the vertices A′, B′ and C′ to complete
the image. A'

A

C

B

B'

C'
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WORKED EXAMPLE 3 Rotating an object

Show the image of the shape after a rotation of 90° (quarter turn)
anticlockwise about point P.

a

P

THINK DRAW

1. Select any point on the object and label it A.
Join point A with the centre of rotation, point P.
(In this case the points are already joined by the
side of the shape.)
Place the protractor so that its centre is on P, its
zero is on the line AP and its scale increases in an
anticlockwise direction. Measure the 90° angle.
The image point A′ is as far from the centre of
rotation, P, as point A (5 units in this case).

a
P

A

A'

90°

0°

2. Repeat step 1 for some other points. Use these
points as a guide to complete the image.
Label the image a′. (You may wish to highlight
it, using a different colour.)

a

a'

PA

A'
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Digital technology

Geometry packages can assist in building your understanding of translations, reflections and rotations,
allowing you to play with and visualise concepts. There are many free online geometry tools available, such
as Desmos or GeoGebra Classic. The following screen shows constructions of the image of a triangle that
have been reflected in a mirror line and rotated 90° anticlockwise. Use one of these free geometry packages
to explore the transformations discussed in this subtopic.

eles-3861
6.2.2 Tessellations

• Tessellations are patterns created by repeated transformations of a shape or a group of shapes so that an
entire surface is covered. Each shape shares its edges with its neighbouring shapes.

• A regular tessellation is made
up of copies of the same single
regular polygon. The honey cells
(containing regular hexagons) in
the image show an example of a
regular tessellation.

• If the same combination of
regular polygons meets at
each vertex, it is called a semi-
regular tessellation.
An example is shown in the
image of the flooring.

• Any tessellation that is not
regular or semi-regular
is classed as an irregular
tessellation. The image shows
an irregular tessellated rock
pavement located in the Bouddi
National Park on the Central
Coast of New South Wales.
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WORKED EXAMPLE 4 Identifying shapes and types of tessellations

a. Identify the shapes in the tessellation shown.
b. State whether this is an example of a regular, semi-regular or

irregular tessellation.

THINK WRITE

a. The tessellation is made up of hexagons and
triangles, which are regular polygons.

The tessellation is made up of hexagons and triangles.

b. There is more than one type of regular polygon
used, so this is a semi-regular tessellation.

This is a semi-regular tessellation.

DISCUSSION

Which regular polygons will tessellate on their own without any spaces or overlaps? Explain, using
mathematics, why not all regular polygons will tessellate.

COLLABORATIVE TASK: Making irregular tessellations

Equipment: ruler, coloured card, scissors, sticky tape

1. Measure, draw and cut out 12 rectangles with dimensions 8 cm by 4 cm.
2. Use your rectangles to create as many different tessellations as you can. Share your results with a

classmate.
3. Draw a simple shape over one of your rectangles so that the shape and the rectangle share an edge. Cut

out the shape and use sticky tape to fix it into position on the exact opposite side of the rectangle (the
changes to the rectangle are balanced). An example is shown in the diagram.

Start

Sticky tape

Finish

4. Copy your new shape onto the remaining rectangular pieces and then arrange the new shapes into a
tessellation. Draw the resulting pattern in your workbook.

5. Write a statement about how tessellations can be created from irregular shapes. Make up a tessellation
using irregular shapes of your own and share it with your classmates.
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Resourceseses
Resources

eWorkbook Topic 6 Workbook (worksheets, code puzzle and project) (ewbk-1937)

Digital documents SkillSHEET Translation of a point (doc-6596)
SkillSHEET Reflection of a point (doc-6597)
SkillSHEET Reflection of an object (doc-6598)
SkillSHEET Rotation of a point (doc-6599)
SkillSHEET Rotation of an object through 180° (doc-6600)

Interactivities Individual pathway interactivity: Transformations and tessellations (int-8339)
Transformations and the Cartesian plane (int-2368)

Exercise 6.2 Transformations and tessellations

Individual pathways

PRACTISE
1, 4, 7, 11, 12, 18, 21

CONSOLIDATE
2, 5, 8, 10, 13, 14, 15, 19, 22

MASTER
3, 6, 9, 16, 17, 20, 23

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency

Use the figures on the grid below to answer questions 1 to 3.

Object Image

j

f

j'

d'

a'

c'

h'

k'
l

l'

g

g'

e

e'

i'

i

a

c

b

b'

d

h

k'

f '

1. WE1 State the translation applied to each object a–d.

2. State the translation applied to each object e–h.

3. State the translation applied to each object i–l.
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4. Copy the following objects onto graph paper and draw the images created by the designated
transformations.

2 squares right
4 squares down

a.

3 squares left
2 squares up

b.

2.5 squares right
1.5 squares up

c.

5. Draw the following translations to the shapes shown.

a

6 left, 2 down

a.

b

2 right, 3 up

b.

c

8 right, 1 down

c.

d

2 left, 7 up

d.
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6. Translate the following objects as specified under the figures.

a

4 left, 2 down; 3 right, 4 up

a.

b

6 left, 2 down; 8 right, 3 down

b.

c

2 right, 4 down; 6 right, 3 down; 2 right, 2 down

c.

d

7 right, 5 up; 2 right, 3 up; 8 left, 2 down;
7 left, 1 down

d.

7. WE2a For each of the following shapes, sketch the reflected image in the line given.

a.

a

b.

b
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c.

c

8. WE2b For each of the following shapes, sketch the reflected image in the line given.

a

a.

b

b.

c

c.

9. Sketch the reflected image for each of the following shapes.

a

a.

b

b.
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c

c.

d

d.

e

e.

f

f.

10. Draw the image of each of the following shapes, rotated about point P.

P

a

Rotated 90° clockwise

a.

P

b

Rotated 90° anticlockwise

b.
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P

c

Rotated 180° anticlockwise

c.

11. WE4 For each of the following tessellations:

i. identify the shapes in the tessellation
ii. state whether the tessellation is regular, semi-regular or irregular.

a. b.

c. d.
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Understanding

12. Determine which of the following pairs of shapes are congruent.

a.

b.

c.

d.
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13. MC If an object is translated 3 up, 2 left; 5 right, 4 down; 6 left, its final position (related to the original one)
is:

7 up, 3 rightA. 1 up, 3 leftB. 7 up, 3 leftC. 1 down, 3 leftD. 1 down, 3 rightE.

14. Show that each of the following shapes can produce a tessellation.

a. b.

15. State whether the following statements are True or False.

a. A shape that has been translated is congruent to the original one.
b. A shape that has been rotated is congruent to the original one.
c. A shape that has been reflected is congruent to the original one.
d. A shape that has been translated and then rotated is not congruent to the original one.
e. A shape that has been enlarged is congruent to the original one.
f. A shape that has been reduced is not congruent to the original one.

16. Draw the image for each of the following objects, using the transformations specified under the figures.

a

Reflected in the mirror and then translated
2 units down and 3 units left

a.

b

Translated 3 up, 4 right and then reflected
in the mirror

b.

252 Jacaranda Maths Quest 8

PAGE PROOFS



“c06Congruence_PrintPDF” — 2021/6/9 — 0:25 — page 253 — #21

c

Translated 1 up, 4 left, reflected in the
mirror and then translated 6 up, 2 right

c.

17. Draw an equilateral triangle that has edges of 4 cm. Remove a piece from one edge of the triangle and make
the balanced change. Show that the modified shape will tessellate.

Reasoning

18. MC The diagram shows an object and its image after a certain transformation(s). Giving reasons, choose the
correct answer.

Object

Image

A. The object was reflected.
B. The object was translated.
C. The object was rotated.
D. The object was reflected and then translated.
E. The object was reflected and then rotated.

19. If the final position of an object is 3L 4U relative to the original position, describe a series of translations
that could have occurred.
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20. Determine which of the three letters in the following figure is changed after it is rotated 180° clockwise
about the point labelled P. Draw one other letter of the alphabet that is changed after rotating 180° clockwise
about the point P.

P P
P

Problem solving

21. Determine the difference between translation, rotation and reflection of an image.

22. In a game of draughts, a counter is removed from the board when another counter jumps over it. Four
counters are arranged on the corner of a draughts board as shown.

A

1

2

3

4

B C D

Use three horizontal, vertical or diagonal jumps to remove all three pink counters, leaving the single blue
counter.
Copy and complete the table to show your working.

Jump From To

1
2
3
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23. Copy the following objects onto graph paper. Draw the images created by the given transformations.

Axis of
symmetry

a

Translate 1 square right, 2 squares down and
reflect in the axis of symmetry.

a.

F

E

b

Reflect in the axis of symmetry E and then in
the axis of symmetry F.

b.

C

Axis of symmetry

E

c

Reflect in the axis of symmetry. Rotate 90°
clockwise and then 180° around point C.

c.

D

Axis of
symmetry

d

Rotate anticlockwise 120° around vertex D and
then reflect in the axis of symmetry.

d.
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6.3 Congruent figures

LEARNING INTENTION

At the end of this subtopic you should be able to:
• understand the meaning of congruent figures
• identify congruent shapes.

eles-3862

6.3.1 Identifying congruent shapes
• Congruent figures are identical in size, number of

vertices and shape.
• The transformations of reflection, rotation and

translation do not change the shape and size of a figure.
The original and transformed figures are said to be
congruent.

• The symbol used for congruence is ≡. This is read as
‘is congruent to’.

• When writing congruence statements, we name the
vertices of the figures in corresponding (or matching)
order.

• Sometimes you will need to rotate, reflect or translate
the figures for them to be orientated the same way.

Identifying congruent shapes

If, through one or more translations, rotations and reflections, one shape can lie exactly on top of another,
then these two figures are congruent.

• The figures shown are congruent. For the triangle, you can write ABC≡DEF; for the pentagon, you can
write ABCDE≡PQRST.

Mirror line

A DC F

B E

A PB Q

C RD S

E
T

Note that equivalent sides and angles are labelled with the same symbol.
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WORKED EXAMPLE 5 Identifying congruent shapes

Select a pair of congruent shapes from the following set.
a. b. c. d.

THINK WRITE

Figures a, b and c have the same shape (i.e. a semicircle). Figure d is not a
semicircle and thus is not congruent to any other figures. Figure c is larger than
figures a and b so it’ s not congruent to either of them. Figures a and b are identical
in shape and size (b is a reflection of a), and therefore are congruent to each other.

Shape a ≡ Shape b

• From Worked example 5, we can see that any two semicircles of the same size are congruent. This means
that any two semicircles with equal radii are congruent. Likewise, if any two circles have the same radius,
then they must be congruent.

WORKED EXAMPLE 6 Calculating the value o f variables

Calculate the value of the variables in the following pair of congruent triangles.

80°

35°

5 cm

A

B

C

x

65°

R

P

Q

m

y

z

THINK WRITE

1. Since ΔABC≡ΔPQR, the corresponding angles are equal in size.
Corresponding angles are included between the sides of equal length. So, by
looking at the markings on the sides of the triangles, we can conclude that:
∠BAC corresponds to∠QPR
∠ABC corresponds to∠PQR
∠ACB corresponds to∠PRQ.
So, match the variables with the corresponding angles whose sizes are given.

x = 65°
y = 80°
z = 35°

2. In congruent triangles, the corresponding sides are equal in length. Using
the markings on the sides of the triangles, observe that the unknown side PQ
corresponds to side AB. State the value of the variable (which represents the
length of PQ).

m = 5 cm
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Resourceseses
Resources

eWorkbook Topic 6 Workbook (worksheets, code puzzle and project) (ewbk-1937)

Digital documents SkillSHEET Naming angles and shapes (doc-6915)
SkillSHEET Calculating angles in triangles (doc-6916)

Interactivities Individual pathway interactivity: Congruent figures (int-4424)
Congruent figures (int-3749)

Exercise 6.3 Congruent figures

Individual pathways

PRACTISE
1, 4, 7, 10, 13, 16, 17, 20, 22, 25

CONSOLIDATE
2, 5, 8, 11, 14, 18, 21, 23, 26

MASTER
3, 6, 9, 12, 15, 19, 24, 27

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency

1. WE5 State whether the following shapes are congruent.

2. State whether the following shapes are congruent.

3. State whether the following shapes are congruent.

3 cm

1 cm

1 cm

3 cm

4. State whether the following shapes are congruent.

1 cm

1 cm

1 cm

3 cm
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5. State whether the following shapes are congruent.

6. State whether the following shapes are congruent.

7. WE6 Congruent triangles are given below. Determine the value of the pronumeral x.

A

B

C

25°

1
4

P

Q

R
x

1
4

8. Congruent triangles are given below. Determine the values of the pronumerals x and y.

P

Q R

y

x70°

A

B C

40°

70°

9. In the congruent triangles shown below, evaluate the values of the pronumerals x and y.

A

B C

D

x

y

40°

55°

10. In the congruent triangles shown below, determine the values of the pronumerals x, y and z.

x

A

B

C

D

y

z

30°

30°
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11. In the congruent triangles shown below, determine the values of the pronumerals x, y and z.

y

x

z

A

B

C

D100°

12. In the congruent triangles shown below, evaluate the values of the pronumerals x and y.

A

B C

35°

P

Q R

x

y

13. MC Determine which of the following is congruent to the triangle immediately below.

8 cm

5 cm

40°

40°

a.

8 cm 5 cm

40°

b.

85°

40°

c.

8 cm

5 cm

40°

d.

a onlyA. a and bB. d onlyC. b and dD. None of the aboveE.
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Understanding

14. Plot the following coordinates on a Cartesian plane: (1, −1),
(1, 0), (1, 1), (2, 1), (1, 2), (1, 3), (2, 3), (3, 3). Join the points with
straight lines to make the shape of the letter F.

a. Reflect this figure in the y-axis and draw the translated figure
on a Cartesian plane.

b. Translate the original figure by three units to the right and
two units down, and draw the translated figure on a Cartesian
plane.

c. Rotate the original figure 90° clockwise about the origin and
draw the translated figure on a Cartesian plane.

d. Look at the transformations in parts a, b and c. Determine
whether the shapes are congruent.

5

6

4

3

2

1

–1

–2

–3

–4

–5

–6

1 2 3 4 5 6–1
0 x

y

–5–6 –4 –3 –2

15. Determine the values of the pronumerals x and y.

y

x

A

D

B

C

30°

16. Evaluate the values of the pronumerals x, y and z.

y z

x

4 cm 4 cm

6 cm

6 cm

N

ML

K

75°

45°

17. Determine the value of the pronumeral x.

8 cm

P Q

S R

x

64° 64°

25° 25°
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18. Evaluate the values of the pronumerals w, x, y and z.

w y

z

x

7 cm 7 cm

U

VW

T

S

55°

55°

19. Determine the value of the pronumeral x.

5 cm

8 cm
x

5 cm
G

F

E

H68° 68°

20. Evaluate the values of the pronumerals x and y.

y

x

3 cm

YZ

X

W

45° 45°

45°

21. Determine the values of the pronumerals x and y.

x

y

9 cm

7 cm9 cm

9 cm

7 cm

E D

CA B

65°

60°

58°
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Reasoning

22. If two triangles look identical, determine two things that you could do to check whether they are congruent.

23. When we write a congruence statement, explain why the vertices are listed in corresponding order.

24. Discuss an example to show that triangles with two angles of equal size and a pair of non-corresponding
sides of equal length may not be congruent.

Problem solving

25. Two rectangles both have an area of 20 m2. Determine whether they are necessarily congruent.

26. Given that the right-hand triangle is congruent to the left-hand triangle in the figure shown, determine the
values of the pronumerals a, b and c.

b

c

a

58°

15cm

30°

27. Evaluate the values of the pronumerals a, b, c, d, and e in the triangles within the rectangle shown.

a

b

c3d

9e

15 cm

110°

18 cm

6.4 Triangle constructions

LEARNING INTENTION

At the end of this subtopic you should be able to:
• construct triangles using a ruler, protractor and a pair of compasses.

eles-3863

6.4.1 Constructing a triangle given three side lengths
• Using a ruler, protractor and a pair of compasses,

you can construct any triangle from three pieces of
information.

• Sometimes, only one triangle can be drawn from the
information. Sometimes more than one triangle can be
drawn.

• If the lengths of the three sides of a triangle are
known, it can be constructed with the help of a ruler
and a pair of compasses.
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WORKED EXAMPLE 7 Constructing a triangle given three side lengths

Using a ruler and a pair of compasses, construct a triangle with side lengths 15 mm, 20 mm
and 21 mm.

THINK DRAW

1. Rule out the longest side (21 mm).
21 mm

2. Open the compasses to the shortest side length (15 mm).

3. Draw an arc from one end of the 21 mm side.

21 mm

15 mm

4. Open the compasses to the length of the third side (20 mm) and
draw an arc from the other end of the 21 mm side.

21 mm

15 mm

20 mm

5. Join the point of intersection of the two arcs and the end points
of the 21 mm side with lines.

21 mm

15 mm 20 mm

eles-3865
6.4.2 Constructing a triangle given two angles and the side
between them

• If the size of any two angles of a triangle and the length of the side between these two angles are known,
the triangle can be constructed with the aid of a ruler and a protractor.

WORKED EXAMPLE 8 Constructing a triangle given two angles and the side between them

Use a ruler and protractor to construct a triangle with angles 40° and 65°, and the side between them
of length 2 cm.

THINK DRAW

1. Rule a line of length 2 cm.

2. Place the centre of your protractor on one end point of the line
and measure out a 40° angle. Draw a line so that it makes an
angle of 40° with the 2 cm line.

2 cm

40°
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3. Place the centre of your protractor on the other end point of the
2 cm line and measure an angle of 65°. Draw a line so that it
makes a 65° angle with the 2 cm line.

2 cm

40° 65°

4. If necessary, continue the lines until they intersect each other
to form a triangle.

2 cm

40° 65°

eles-3866
6.4.3 Constructing a triangle given two sides and the angle
between them

• The angle between two sides is called the included angle.
• If the length of two sides and the size of the included angle are known, the triangle can be constructed with

a protractor and a ruler.

WORKED EXAMPLE 9 Constructing a triangle given two sides and the included angle

Use a ruler and protractor to construct a triangle with sides 6 cm and 10 cm long, and an angle of 60°
between them.

THINK DRAW

1. Rule a line 10 cm long.

2. Place the centre of your protractor on one end point of the line
and mark an angle of 60°. Note: These figures have been reduced.

10 cm

60°

3. Join the 60° mark and the end point of the 10 cm side with the
straight line. Extend the line until it is 6 cm long.

10 cm

6 cm

60°

4. Join the end points of the two lines to complete the triangle.

10 cm

6 cm

60°
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Resourceseses
Resources

eWorkbook Topic 6 Workbook (worksheets, code puzzle and project) (ewbk-1937)

Interactivities Random triangles (int-2369)
Individual pathway interactivity: Triangle constructions (int-4425)

Exercise 6.4 Triangle constructions

Individual pathways

PRACTISE
1, 5, 8

CONSOLIDATE
2, 4, 6, 9, 10

MASTER
3, 7, 11

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency

1. WE7 Using a ruler and a pair of compasses, construct 2 congruent triangles with the following side lengths.

7 cm, 6 cm, 4 cma. 5 cm, 4 cm, 5 cmb. 6 cm, 5 cm, 3 cmc.
6 cm, 6 cm, 6 cmd. 7.5 cm, 4.5 cm, 6 cme. An equilateral triangle of side 3 cmf.

2. WE8 Use a ruler and protractor to construct a triangle with:

a. angles 60° and 60°, with the side between them 5 cm long
b. angles 50° and 50°, with the side between them 6 cm long
c. angles 30° and 40°, with the side between them 4 cm long
d. angles 60° and 45°, with the side between them 3 cm long
e. angles 30° and 60°, with the side between them 4 cm long
f. angles 65° and 60°, with the side between them 3.5 cm long.

3. WE9 Use a ruler and protractor to construct a triangle with:

a. two sides 10 cm and 5 cm long, with an angle of 30° between them
b. two sides 8 cm and 3 cm long, with an angle of 45° between them
c. two sides 6 cm and 6 cm long, with an angle of 60° between them
d. two sides 4 cm and 5 cm long, with an angle of 90° between them
e. two sides 7 cm and 6 cm long, with an angle of 80° between them
f. two sides 9 cm and 3 cm long, with an angle of 110° between them.

Understanding

4. a. Use your ruler and compass to draw an isosceles triangle with two sides 5 cm long and one side 7 cm.
b. Use your protractor to measure the size of the largest angle.
c. Complete this sentence using one of the words below: This triangle is an __________-angled triangle.

acutei. rightii. obtuseiii.

Reasoning

5. a. Construct a triangle with angles of 45°, 55° and 80°.
b. Determine the number of different triangles that can be constructed from this information. Justify your

answer.

6. Construct a right-angled triangle with the longest side 13 cm and one of the other sides 5 cm.
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7. Mike and Susan were constructing a triangle ABC where angle ABC= 30°, BC= 12 cm and AC= 8 cm.
Mike’s triangle was an acute-angled triangle and Susan’s was an obtuse-angled triangle. Draw both
triangles.

Problem solving

8. Use a ruler and protractor to construct triangles with the following features.

a. Angles 30° and 90° with a 3-cm edge between them
b. Angles 45° and 45° with a 2.5-cm edge between them
c. Angles 60° and 100° with a 40-mm edge between them
d. Angles 22° and 33° with a 33-mm edge between them
e. Isosceles triangle with adjacent angles of 57° and a 4-cm baseline

9. Use a ruler and protractor to construct triangles
with the following features.

a. Edge lengths of 5.2 cm and 3 cm and an angle
between them of 40°

b. Edge lengths of 2.5 cm and 2.5 cm and an
angle between them of 60°

c. Edge lengths of 28 mm and 40 mm and an
angle between them of 120°

d. Edge lengths of 63 mm and 33 mm and an
angle between them of 135°

e. A right-angled triangle with edge lengths of
4.5 cm and 2.5 cm creating the right angle

10. A forestry ranger informs the CFA that he sees
smoke rising from behind a mountain range at
40° east of due north from his park office. The
CFA chief sees the same smoke at an angle of 30°
west of due north from her station.
Trace the map shown into your workbook and
mark the location of the fire.

Alpine village

Camping

N

Park

office

CFA

Wolf Flat

11. A bushwalker is injured and cannot walk. Before
the battery of his mobile phone died, he reported
that he was equidistant from the peak of Mount
Buller and Sheepyard Flat where he parked his
car. He estimated that he had walked 6 km and
had crossed Howqua River before his fall.
At rescue headquarters, the SES captain looked
at a map. Sheepyard Flat is approximately 10 km
from Mount Buller.
Trace the map shown into your workbook and
draw the point where the SES should send the
rescue helicopter.

Mount Buller

Alpine

Village

Sheepyard

Flat

Mirimbah

10 km

Howqua R
iver
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6.5 Congruent triangles

LEARNING INTENTION

At the end of this subtopic you should be able to:
• understand the conditions required for two triangles to be congruent
• determine unknown side lengths and angles using congruence conditions.

eles-3867

6.5.1 Congruent triangles
• A triangle can be described with three pieces of information about side length and/or angle size.

• If three angles are known, an infinite number of triangles can be drawn.
For example, the triangles below have angle sizes of 60°, 40° and 80°, but they are not congruent as their
side lengths are not equal.
∴ If only three angles are known, this is not a test for congruency.

80°

60° 40°

80°

60° 40°
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• There can be two possible triangles drawn from two sides and the
non-included angle. In the following diagram, triangles ABC and
ABD both have sides of 7 cm and 4 cm, and an angle of 30° between
the 7-cm side and the unknown side.
∴ If two sides and the non-included angle are given, this is not a test
for congruence.

30°

A

7 cm

4 cm

4 cm

CD

B

eles-3868

6.5.2 Congruency tests
• There are four tests that can be used to demonstrate that two triangles are congruent.
• It is not enough for the diagrams to look the same; you need evidence.

Congruence test Example Description

Side-side-side
(SSS)

Three corresponding sides
are equal in length.

Side-angle-side
(SAS)

Two corresponding sides
are the same length and
the corresponding angle
between them is equal.

Angle-angle-side
(AAS)
Note: Any order is
accepted — AAS,
ASA or SAA.

Two corresponding
angles are equal and one
corresponding side is equal
in length.

Right angle–
hypotenuse-side
(RHS)

Two right-angled triangles
have equal hypotenuse
lengths and one other
corresponding side is equal
in length.

Note: Congruent sides in each congruent pair are the same colour.
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WORKED EXAMPLE 10 Proving congruence using congruency tests

Select the triangles that are congruent. Give a reason for your answer.

30°

A

3 cm

5 cm

B

C

30°

E

F

D

5 cm

3 cm

30°

G

J

H

5 cm

3 cm

THINK WRITE

In all three triangles, two
given sides are of equal length
(3 cm and 5 cm).
In triangles ABC and JHG, the
included angle is 30°. In triangle
EFD, 30° is not the included angle.

30°

A

3 cm

5 cm

B

C

30°
G

J

H

5 cm

3 cm

ΔABC ≡ ΔJHG (SAS)

WORKED EXAMPLE 11 Calculating the value o f variables using congruent triangles

Given that ΔABD≡ΔCBD, calculate the value of the variables.

A C

D

B

8 cm

34°

22°

4 cm

z

x

y

THINK WRITE

1. The corresponding sides are equal in length.
ΔABD≡ΔCBD
AB and CD are unknown.
AB corresponds to CB.
CD corresponds to AD.

2. The corresponding angles are equal.
∠BAD is unknown.
∠BAD corresponds to ∠BCD.

A C

D

B

8 cm

34°

22°

4 cm

z

x

y

ΔABD ≡ ΔCBD
AB = CB
x = 8 cm

CD = AD
y = 4 cm

∠BAD = ∠BCD
z = 22°
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WORKED EXAMPLE 12 Proving two triangles a re congruent using congruency tests

Prove that ΔMNP is congruent to ΔMNQ.

N

QP

M

THINK WRITE

1. Study the diagram and state which sides and/or angles are equal. NP = NQ (given)
PM = QM (given)
MN is common.

2. Select the appropriate congruency test (in this case SSS, as the
triangles have all corresponding sides congruent in length).

ΔNPM ≡ ΔNQM (SSS)

Resourceseses
Resources

eWorkbook Topic 6 Workbook (worksheets, code puzzle and project) (ewbk-1937)

Interactivities Individual pathway interactivity: Congruent triangles (int-4426)
Congruent triangles (int-3754)
Congruency tests (int-3755)
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Exercise 6.5 Congruent triangles

Individual pathways

PRACTISE
1, 4, 7, 10, 12, 15, 17, 20

CONSOLIDATE
2, 5, 8, 11, 13, 16, 18, 21

MASTER
3, 6, 9, 14, 19, 22

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency

1. WE10 For this pair of congruent triangles, state the correct congruency test and give a reason for your
answer.

2 cm

5 cm

4 cm

C

A

B

2 cm

5 cm

4 cm

P

Q

R

2. For this pair of congruent triangles, state the correct congruency test and give a reason for your answer.

2

3

4

P

Q

R

2

3

4

A

B

C

3. For this pair of congruent triangles, state the correct congruency test and give a reason for your answer.

4.5 

6

L

M

N

25°

4.5

R

Q

P

25°

6

272 Jacaranda Maths Quest 8

PAGE PROOFS



“c06Congruence_PrintPDF” — 2021/6/9 — 0:25 — page 273 — #41

4. For this pair of congruent triangles, state the correct congruency test and give a reason for your answer.

C

B

A

6

32°
58°

R

Q

P

6

32°
58°

5. Identify which of the triangles in the following figure are congruent. Give a reason for your answer.

A

B

CD

E

6. Identify which of the triangles in the following figure are congruent. Give a reason for your answer.

J H

G

K

F

7. WE11 Determine the value of the pronumeral x in the following pair of congruent triangles. All side lengths
are in centimetres.

6 3

x
6
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8. Determine the value of the pronumeral x in the following pair of congruent triangles.

83°

x

9. Determine the values of the pronumerals x, y and z in the following pair of congruent triangles.

75°

25° x

z

y

10. For the following pair of congruent triangles, determine the values of the pronumerals x and y.

25°
8

y
x

11. For the following pair of congruent triangles, determine the values of the pronumerals x, y and z.

x

y zmn

35°

Understanding

12. WE12 For each of the following, prove that:

A

ΔDBA ≡ ΔDCA

B C

Da. A

ΔABC  ≡ ΔADC 

B

C

D

b.

R

ΔPQR ≡ ΔPSR 

Q S

Pc.
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13. Draw an example of two different triangles that have two corresponding equal sides and one pair of equal
angles.

14. Draw an example of two different triangles that have three pairs of equal angles.

15. State whether the following triangles are congruent. Give a reason for your answer.
(Hint: Use Pythagoras’ theorem for this question.)

A

B
C

5

3

M

L

N

5

4

16. State whether the following triangles are congruent. Give a reason for your answer.

35°
55°

A

B

C

5

90°

55°

Q

R

P

5

Reasoning

17. Explain why triangles with two sides of equal length and a non-included angle of equal size may not be
congruent.

18. Identify an example to show that triangles with two angles of equal size and a pair of non-corresponding
sides of equal length may not be congruent.

19. All triangles have three sides and three angles. Using mathematical reasoning, including examples, give the
minimum information required to construct a unique triangle.

Problem solving

20. When using the congruency rule ASA, discuss why it is not necessary for the side to be between the two
angles.

21. Construct triangles with the following features.

a. Edge lengths of 5.2 cm and 3 cm and an angle of 45° between them.
b. Edge lengths of 2.5 cm and 2.5 cm and an angle of 60° between them.
c. Edge lengths of 28 mm and 40 mm and an angle of 120° between them.

22. In an equilateral triangle, the midpoints of the sides are labelled D,E and F. Prove that triangle DEF is an
equilateral triangle.
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6.6 Quadrilaterals
LEARNING INTENTION

At the end of this subtopic you should be able to:
• understand the properties of different types of quadrilaterals
• apply knowledge of congruence to verify the properties of different types of quadrilaterals.

eles-3869

6.6.1 Review of terms and rules
• A shape that has 4 sides is a quadrilateral. The figure ABCD is

therefore a quadrilateral.
• The sum of the interior angles at the four vertices of a quadrilateral

is 360°.
∠A+∠B+∠C+∠D= 360°

• ∠ABC and ∠ADC are opposite angles and so are ∠BCD and ∠BAD.
• BC and AD are opposite sides (sides that do not intersect) and so are

AB and CD.

A

B

C

D

• Diagonals AC and BD connect opposite angles but do not bisect each other.

Properties of quadrilaterals
• By considering triangles in quadrilaterals, the properties of quadrilaterals can be determined.

Types of quadrilaterals
• All quadrilaterals can be subdivided into two major groups: parallelograms and other quadrilaterals.
• Parallelograms are quadrilaterals with two pairs of opposite sides that are parallel.
• The table below shows quadrilaterals that belong to either of these two groups, and their properties.

Parallelograms Property: There are two pairs of parallel sides.

Square All sides are equal in length.
All angles are 90°.
Diagonals bisect each other at right angles.

Rectangle Opposite sides are equal in length.
All angles are 90°.
Diagonals bisect each other.
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Rhombus All sides are equal in length.
Opposite angles are equal in size.
Diagonals bisect each other at right angles.

Parallelogram Opposite sides are equal in length.
Opposite angles are equal in size.
Diagonals bisect each other.

Other quadrilaterals Property: Opposite sides are not all parallel.

Trapezium There is one pair of parallel sides.

Kite Two pairs of adjacent sides are equal in length.
Angles between unequal sides are equal in size.
Diagonals intersect at right angles.

Irregular quadrilateral Looks like none of the above (possesses no special properties).

DISCUSSION

Which professions would use the knowledge of angles in triangles and quadrilaterals?
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eles-3870
6.6.2 Angles and parallel lines

• Parallel lines are lines that do not intersect. They are marked with the same number of arrowheads.
• A straight line cutting a parallel line is called a transversal.

Parallel lines

b a

c
d

h
g

ef

Transversal

• Corresponding angles are equal in magnitude.
For example, in the diagram, a= e, c= g, b= f and d= h.

• Vertically opposite angles are equal in magnitude.
For example, in the diagram, a = d, b = c, f= g and e= h.

• Alternate angles are equal in magnitude.
For example, in the diagram, c= f and d= e.

• Co-interior angles (also known as allied angles) sum to 180°.
For example, in the diagram, c+ e= 180° and d+ f= 180°.

• Angles and parallel lines can be used to establish congruency of triangles in parallelograms.

WORKED EXAMPLE 13 Verifying properties of a parallelogram

When a diagonal is drawn in a parallelogram, two pairs of equal angles are formed, as shown
(alternate angles).

A

D C

B

a. State the congruency relationship between the two triangles formed, giving a reason.
b. Hence write a relationship between:

AB and DCi. DAandCBii. ∠BAD and ∠BCD.iii.

c. Draw a conclusion about:
opposite sides of a parallelogrami. opposite angles of a parallelogram.ii.

THINK WRITE

a. There are two equal angles, and BD is in
both triangles.

a. ∠ABD = ∠CDB (given)
∠ADB = ∠CBD (given)

BD is common to both.

∠ABD ≡ ∠CDB (AAS)
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b. i. AB and DC are corresponding sides in the
triangles.

b. i. AB=DC

ii. DA and CB are corresponding sides in the
triangles.

ii. DA=CB

iii. ∠BAD and ∠BCD are corresponding angles. iii. ∠BAD=∠BCD

c. i. AB and DC are opposite sides. DA and CB are
opposite sides.

c. i. AB = DC and DA = CB; therefore,
opposite sides are equal.

ii. ∠BAD and ∠BCD are opposite angles.
∠ABC and ∠ADC are opposite angles.

ii. ∠BAD=∠BCD

∠ABD=∠CDB (given)

∠ADB=∠CBD (given)

∴∠ABC=∠ADC

Opposite angles are equal.

Resourceseses
Resources

eWorkbook Topic 6 Workbook (worksheets, code puzzle and project) (ewbk-1937)

Digital document SkillSHEET Angles and parallel lines (doc-6917)

Video eLesson Parallel lines (eles-2309)

Interactivities Individual pathway interactivity: Quadrilaterals (int-4427)
Quadrilaterals (int-3756)

Exercise 6.6 Quadrilaterals

Individual pathways

PRACTISE
1, 4, 7, 10, 13, 16, 19, 22, 23, 26,
29

CONSOLIDATE
2, 5, 8, 11, 14, 17, 20, 24, 27, 30

MASTER
3, 6, 9, 12, 15, 18, 21, 25, 28, 31

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency
WE13 Use parallelogram WXYZ to answer questions 1–4.

1. State the congruency relationship between ΔWXA and
ΔYZA, giving a reason.

2. State the relationship between WA and YA.

3. State the relationship between XA and ZA.

4. State whether the diagonals bisect each other.

A

YZ

W

α

α

β

β

X
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Consider the rhombus ABCD. We know that the diagonals bisect each other, because the rhombus is also a
parallelogram. Use this information to answer questions 5–7.

5. State the congruency relationship between ΔABE and ΔBEC,
giving a reason.

6. State the relationship between ∠AEB and ∠CEB.

7. State the relationship between ∠ABE and ∠CBE.

8. Consider the rhombus ABCD. Determine the magnitude of
∠AEB.

9. Consider the rhombus ABCD. State whether the diagonals bisect
the angles.

E

CD

BA

10. Consider the rectangle PQRS.
Show that ΔPQR and ΔSRP are congruent.

11. Consider the rectangle PQRS.
Describe the diagonals of the rectangle.

P S

Q R

Use kite ABCD to answer questions 12–22.

12. Show that ΔABD and ΔCBD are congruent.

13. Describe ∠ABD and ∠CBD.

14. Describe ∠BAD and ∠BCD.

15. Describe ∠BDA and ∠BDC.

16. Describe AE and CE.

17. Describe ∠AEB and ∠CEB.

18. State whether ΔBEC and ΔDCE are congruent.

19. State whether the opposite sides in the kite are equal.
State whether the opposite angles are equal.

20. State whether the diagonals bisect each other.

21. State whether the diagonals intersect at 90°.
22. State whether the diagonals bisect the angles. D

B

E
CA

Understanding

23. The quadrilateral PQRS has opposite sides that are equal.

a. Show that the triangles are congruent.
Complete the following.

b. ∠QPR= ________
c. ∠QRP= ________
d. QP is parallel to ________.
e. QR is parallel to ________.
f. State what type of quadrilateral PQRS is.

SP

RQ
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24. In quadrilateral ABCD, AB and DC are both parallel and equal in length.

a. Identify one pair of alternate angles.
b. Show that the two triangles are congruent.
c. Hence demonstrate that BC and AD are parallel.
d. State what type of quadrilateral ABCD is.

25. Draw a quadrilateral MNOP and use 2 pairs of adjacent triangles to show
that the sum of the interior angles of a quadrilateral is 360°.

DA

CB

Reasoning

26. WXYZ is a quadrilateral where ∠XYW = ∠YWZ.
Use mathematical reasoning to determine what type of quadrilateral it is.

27. Explain why it is important to be able to show congruency using mathematical
reasoning.

X Y

ZW

28. The diagram shows five squares drawn
among a network of dots. The dots represent
a corner of a square and no two squares share
a corner, although some squares can share
part of a side. Use the network of dots below
to draw squares that follow the same rules —
that is, with corners represented by the dots
and no two squares sharing a corner.
Determine how many squares can be drawn.
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Problem solving

29. The frame of the swing shown in the following photograph is a trapezium. The diagonal sides make an angle
of 73° with the ground. Evaluate the angle, x, that the horizontal crossbar makes with the sides.

73°

x

30. The pattern for a storm sail for a sailboard is shown in the photograph. Determine the size of each
interior angle.

110°
x + 20

2x + 30

x

31. a. Prove that a quadrilateral can have no more than one interior angle that is greater than 180°.
b. If all interior angles are integers, determine the largest possible interior angle that a quadrilateral can

have.
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6.7 Review
6.7.1 Topic summary

Properties of quadrilaterals

• The sum of the four interior angles is 360°.

• Key types:

• Square, rectangle, kite, parallelogram, rhombus, trapezium

• Key properties:

• Diagonals bisect each other: square, parallelogram, rhombus, rectangle

• Diagonals intersect at right angles: square, rhombus, kite

• Opposite pairs of angles are equal: square, parallelogram, rhombus, rectangle

• Opposite sides are parallel: square, parallelogram, rhombus, rectangle, trapezium (one pair)

Angles and parallel lines

• Properties of parallel lines are used to identify 

congruency in quadrilaterals.

• Equal angles:

• Corresponding angles, e.g. a = e, d = h, b = f

• Alternate angles, e.g. d = e, c = f

• Vertically opposite angles, e.g. d = a, c = b, 

f = g, h = e

• Supplementary angles:

• Co-interior angles, e.g. e + c = 180°, d + f = 180°

CONGRUENCE
Notation

• The symbol used for congruence is 

• In congruence statements, the verices of both figures

≡. This is said as 

‘is congruent to’.

are written in corresponding order.

e.g.  ABC ≡ DEF

rotations do not change shape and size.

• Once figures have been identified as congruent,

unknown values can be found.

Congruent triangles

• Congruent triangles have the same three angles and 

corresponding side lengths. 

• There are four tests to determine congruency:

Mirror line

A DC F

B E

Congruence test

Side-side-side 

(SSS)

Side-angle-side 

(SAS)

Angle-side-angle 

(ASA)

Right angle–

hypotenuse-side 

(RHS)

Example

Parallel lines

b a

cd

h g

ef

Transversal

• Tessellations are patterns created by repeated 

   transformations of a shape or a group of shapes so that 

   an entire surface is covered.

• Transformations such as reflections, translations and

• Congruent figures are identical in size and shape.

Congruent figures
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6.7.2 Success criteria
Tick a column to indicate that you have completed the subtopic and how well you think you have understood it
using the traffic light system.

(Green: I understand; Yellow: I can do it with help; Red: I do not understand)

Subtopic Success criteria

6.2 I understand the meaning of the terms translation, reflection and rotation.

I can draw the image of an object after it has been translated.

I can draw the image of a point that is reflected in a mirror line.

I can draw an object after a rotation.

I can identify regular, semi-regular or irregular tessellations i n a picture.

I can tessellate a basic shape.

6.3 I understand the meaning of congruent figures.

I can identify congruent shapes.

6.4 I can construct triangles using a ruler, protractor and a pair of compasses.

6.5 I understand the conditions required for two triangles to be congruent.

I can determine unknown side lengths and angles using congruence
conditions.

6.6 I understand the properties of different quadrilaterals.

I can apply knowledge of congruence to verify the properties of different
types of quadrilaterals.

6.7.3 Project

Puzzling constructions

How well do you know the properties of different triangles and
quadrilaterals? This activity will challenge you to create as many
triangles and quadrilaterals as you can from three different types of
puzzles.

Follow the instructions in this activity to create your three puzzles.
Draw each shape onto a firm sheet of A4 paper. Carefully space the
puzzles so they will all fit onto one sheet.
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Three-piece triangle

• Construct an equilateral triangle with side lengths of 10 cm. Mark the centre of
each side.

• Lightly rule a line from each corner to the midpoint on the opposite side.
These lines will intersect at one point.

• From this point, rule a line to the top corner. Rule another line parallel to the
base side that goes through the centre point. Cut out the three shapes.

1. Name the three shapes created in this puzzle. List the main properties of
each shape.

2. Use any number of pieces to construct as many triangles and quadrilaterals as you can. Draw
each solution and list the main properties of each shape.

Three-piece square

• Draw a square with side lengths of 10 cm. Mark the centre of the top and right
sides.

• Rule a line from the centre of the top side to the bottom right corner.
• Rule another line from the bottom left corner towards the centre on the right side.

Stop when you meet the previous line. Cut out the three shapes.

3. Name the three shapes created in this puzzle. List the main properties of
each shape.

4. Repeat question 2 using the pieces from this puzzle.

Four-piece rectangle

• Draw a rectangle measuring 20 cm by 5 cm.
• Mark the centre of the long side and divide the rectangle into two.
• Rule a diagonal line in each smaller rectangle. Cut out the four shapes.

5. What do you notice about the shapes you created? List their main properties.
6. Repeat question 2 using the pieces from this puzzle.
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Resourceseses
Resources

eWorkbook Topic 6 Workbook (worksheets, code puzzle and project) (ewbk-1937)

Interactivities Crossword (int-2728)
Sudoku puzzle (int-3187)

Exercise 6.7 Review questions

To answer questions online and to receive immediate corrective feedback and fully worked solutions for
all questions, go to your learnON title at www.jacplus.com.au.

Fluency

1. Identify whether these shapes are congruent.

2. Identify whether these shapes are congruent.

3. Identify whether these shapes are congruent.
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4. Prove that the following triangles are congruent, giving a reason. Hence, determine the length of the
side marked with a pronumeral.

5 cm x

Q

8 cm 8 cm

A P

B

C R

105° 105°

20° 20°

5. Determine the length of the side marked with a pronumeral.

R S

QP

5 cm x

6. Determine the length of the side marked with a pronumeral.

A

B

23 mm

D

C

x

7. Triangles PQR and PST are congruent. Determine the values of the pronumerals x, y and z.

T S

R

P

z

y

x

Q

11 mm

12 mm

10 mm

TOPIC 6 Congruence 287

PAGE PROOFS



“c06Congruence_PrintPDF” — 2021/6/9 — 0:25 — page 288 — #56

8. Complete the following table summarising the properties of quadrilaterals.

Properties of
quadrilaterals Parallelogram Rhombus Rectangle Square Kite

Opposite sides
are parallel.

Opposite sides
are equal.

All sides are
equal.

All angles are
90°.
Diagonals are
equal.

Diagonals bisect
each other.
Diagonals
intersect at 90°.
Diagonals bisect
angles.

9. The following figures have not been drawn to scale and appear to be congruent. Use the measurements
given to determine whether or not they are congruent.

3 cm

6 cm

30 mm

6 cm

10. Use the measurements given to determine whether or not these triangles are congruent.

42°

42°

11. Use the measurements given to determine whether or not these circles are congruent.

10 mm 2 cm
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12. Use the measurements given to determine whether these triangles are congruent or not.

45°

Problem solving

13. State whether the following shapes are congruent. Give a reason for your answer.

b

a m

n

60° 80°

14. State whether the following shapes are congruent. Give a reason for your answer.

A

2

5

2

5

B C

G

F

E

15. State whether the following shapes are congruent. Give a reason for your answer.

q

q30°

25°

16. A classmate had two right-angled triangles and measured an angle of each. One triangle had an angle of
43° and the other had an angle of 47°. She decided that they were not congruent. Explain whether she
is correct.

17. In a quadrilateral PQRS,PQ≡RS and ∠PQR≡∠RSP. Suzie claims that the quadrilateral must be a
parallelogram. Is her claim correct? If yes, give evidence to justify the claim. If no, draw a diagram to
demonstrate how her claim is wrong.

18. In a rectangle WXYZ, M is the midpoint of WX. Show that MZ≡MY.

19. ABCD is a square. E is a point on AB. F is a point on BC. G is a point on CD and H is a point on DA.
If AE=BF=CG=DH, determine the type of quadrilateral EFGH is. Justify your answer.

20. Explain, using mathematical reasoning, whether squares and rhombuses are special examples of kites.

To test your understanding and knowledge of this topic, go to your learnON title at
www.jacplus.com.au and complete the post-test.

TOPIC 6 Congruence 289

PAGE PROOFS



“c06Congruence_PrintPDF” — 2021/6/9 — 0:25 — page 290 — #58

Online Resources Resources

Below is a full list of rich resources available online for this topic. These resources are designed to bring ideas to life,
to promote deep and lasting learning and to support the different learning needs of each individual.

eWorkbook

Download the workbook for this topic, which includes
worksheets, a code puzzle and a project (ewbk-1937) ⃞

Solutions

Download a copy of the fully worked solutions to every question
in this topic (sol-0711) ⃞

Digital documents

6.2 SkillSHEET Translation of a point (doc-6596) ⃞
SkillSHEET Reflection of a point (doc-6597) ⃞
SkillSHEET Reflection of an object (doc-6598) ⃞
SkillSHEET Rotation of a point (doc-6599) ⃞
SkillSHEET Rotation of an object through 180°
(doc-6600) ⃞

6.3 SkillSHEET Naming angles and shapes (doc-6915) ⃞
SkillSHEET Calculating angles in triangles (doc-6916) ⃞

6.6 SkillSHEET Angles and parallel lines (doc-6917) ⃞

Video eLessons

6.2 Isometric transformations (eles-3860) ⃞
Tessellations (eles-3861) ⃞

6.3 Identifying congruent shapes (eles-3862) ⃞
6.4 Constructing a triangle given three side lengths

(eles-3863) ⃞
Constructing a triangle given two angles and the side
between them (eles-3865) ⃞
Constructing a triangle given two sides and the angle
between them (eles-3866) ⃞

6.5 Congruent triangles (eles-3867) ⃞
Congruency tests (eles-3868) ⃞

6.6 Review of terms and rules (eles-3869) ⃞
Angles and parallel lines (eles-3870) ⃞
Parallel lines (eles-2309) ⃞

Interactivities

6.2 Individual pathway interactivity: Transformations and
tessellations (int-8339) ⃞
Transformations and the Cartesian plane (int-2368) ⃞

6.3 Individual pathway interactivity: Congruent figures
(int-4424) ⃞
Congruent figures (int-3749) ⃞

6.4 Random triangles (int-2369) ⃞
Individual pathway interactivity: Triangle constructions
(int-4425) ⃞

6.5 Individual pathway interactivity: Congruent triangles
(int-4426) ⃞
Congruent triangles (int-3754) ⃞
Congruency tests (int-3755) ⃞

6.6 Individual pathway interactivity: Quadrilaterals
(int-4427) ⃞
Quadrilaterals (int-3756) ⃞

6.7 Crossword (int-2728) ⃞
Sudoku puzzle (int-3187) ⃞

Teacher resources

There are many resources available exclusively for teachers
online.

To access these online resources, log on to www.jacplus.com.au.
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Answers
Topic 6 Congruence
Exercise 6.1 Pre-test
1. A

2. B

3. No, the shapes are not congruent. They have different shape
and size and, therefore, different areas.

4. These triangles, as described, have different side lengths;
they are not congruent.

5. B

6. Yes, they are congruent.

7. A and C

8. 83°
9. C

10. A

11. ∠PQRa. QRb. ∠QRPc.

12. Trapezium: a quadrilateral, with one pair of parallel unequal
sides

13. No, not always. Co-interior angles can be equal, but aren’t
always equal.

14. D

15. Vertically oppositea. Correspondingb.
Alternatec.

Exercise 6.2 Transformations and tessellations
1. 1R 2Ua: 19R 2Db:

4L 5Dc: 10Ld:

2. 2R 4Ue: 2Rf:
2R 9Ug: 11L 8Dh:

3. 4L 1Di: 6Rj:
7L 5Dk: 2L 8Ul:

4. a.

a

a'

b.

b'

b

c.

c

c'

5. a.

a

a'

b.

b'

b

c.

c'

c

d.

d'

d
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6. a.

a'

a

b.

b'

b

c.

c'

c

d.

d'

d

7. a.

a'a

b.

b'b

c.

c'c

8. a.

a'

a

b.

b'

b
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c.

c'

c

9. a.

a'a

b.

b'b

c.

c'c

d.

d'

d

e.

e'

e

f.

f'

f

10. a.

P

a'

a
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b.

P

b'

b

c.

P

c'

c

11. a. i. Quadrilaterals and triangles

ii. Irregular

b. i. Equilateral triangle

ii. Regular

c. i. Dodecagon, hexagon, square

ii. Semi-regular

d. i. Square, equilateral triangle

ii. Semi-regular

12. Congruenta. Congruentb.
Congruentc. Not congruentd.

13. D

14. a.

b.

15. Truea. Trueb. Truec.
Falsed. Falsee. Truef.

16. a.

a'

a

b.

b'

b
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c.

c'

c

17. Answers will vary. A sample response is shown.

18. D

19. Responses will vary. One example is 4R 1U, 7L 3U.

20. The letter D is changed after a rotation. Letters such as T or
V would also change after a rotation of 180°.

21. A translation involves moving up, down, left or right.
A reflection is a mirroring along an axis of symmetry.
A rotation is turning about a centre of rotation.

22. Jump From To

1 A1 A3

2 A3 C1

3 C1 A1

23. a.

Axis of

symmetry

a'

a

b.

Axis of

symmetry

E

F

b'

b

c.

c'

c
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d.

Axis of

symmetry

d'

d

D

Exercise 6.3 Congruent figures
1. These shapes are not identical and therefore they are not

congruent.

2. These shapes are not identical and therefore they are not
congruent.

3. The shapes are identical and therefore they are congruent.

4. The shapes are not identical and therefore they are not
congruent.

5. These shapes are not identical and therefore they are not
congruent.

6. These shapes are identical and therefore they are congruent.

7. x= 25°
8. x= 70°, y= 40°
9. x= 40°, y= 55°

10. x= 30°, y= 30°, z= 120°
11. x= 40°, y= 40°, z= 100°
12. x= 35°, y= 55°
13. C

14. a.

3

4

5

6

2

1

1–1 2 3
0 x

y

4 5 6
–1

–2

–3

–4

–5

–6

–2–3–4–5–6

b.

3

4

5

6

2

1

1–1 2 3
0 x

y

4 5 6
–1

–2

–3

–4

–5

–6

–2–3–4–5–6

c.

3

4

5

6

2

1

1–1 2 3
0 x

y

4 5 6
–1

–2

–3

–4

–5

–6

–2–3–4–5–6

d. Yes, they are congruent. Translations, reflections and
rotations do not change the size or shape of an object.

15. x= 30°, y= 60°
16. x= 75°, y= 60°, z= 45°
17. x= 8 cm

18. w= y= 70°, x= z= 55°
19. x= 8 cm

20. x= 45°, y= 3 cm

21. x= 58°, y= 65°
22. Check corresponding angles and side lengths.

23. To indicate which vertices match on each shape

24. Answers will vary. A sample answer is shown.

15 cm

89°20°

and 15 cm

89° 20°

25. No. For example, one rectangle could have dimensions of
2 m by 10 m and the other 4 m by 5 m.

26. a= 15 cm, b= 92°, c= 58°
27. a= 35°, b= 55°, c= 70°, d= 5 cm, e= 2 cm

Exercise 6.4 Triangle constructions
1. Sample responses can be found in the worked solutions in

the online resources.

2. Sample responses can be found in the worked solutions in
the online resources.

3. Sample responses can be found in the worked solutions in
the online resources.
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4. a. Sample responses can be found in the worked solutions
in the online resources.

b. 89°
c. Acute

5. a. Sample responses can be found in the worked solutions
in the online resources.

b. Many triangles could be drawn with the angles shown in
part a. Each triangle could be similar to the one shown;
i.e. same shape but different size.

6. Sample responses can be found in the worked solutions in
the online resources.

7. Sample responses can be found in the worked solutions in
the online resources.

8.

30°

3 cm

a.

45° 45°

2.5 cm

b.

60°
100°

40 mm

c.

22° 33°

33 mm

d.

57°
57°

4 cm

e.

9. a.
3 cm

5.2 cm

40°

b.

2.5 cm

2.5 cm

60°

c.

28 mm

40 mm

120°

d.

33 mm

63 mm

135°

e.

2.5 cm

4.5 cm

10.

Alpine village

Camping

N

Park

office

CFA

Wolf Flat
Fire

30°

40°

11.

Mount Buller

Alpine

Village

Bushwalker

10 km

6 km

6 kmSheepyard

Flat

Mirimbah

10 km

Howq ua R
iv

er

Exercise 6.5 Congruent triangles
1. ∆ABC≡∆PQR (SSS)
2. ∆ABC≡∆PQR (SSS)
3. ∆LMN≡∆PQR (SAS)
4. ∆ABC≡∆PQR (ASA)
5. ∆ABE≡∆ADE (SSS)
6. ∆FKJ≡∆GKH (SSS)
7. x= 3

8. x= 83°
9. x= 75°, y= 25°, z= 80°

10. x= 25°, y= 8

11. x= 35°, y= z= 55°, n=m= 90°
12. a. AB=AC

BD=CD
AD is common.
∆DBA≡∆DCA (SSS)

b. AB=AD
AC is common.
∠BAC=∠DAC
∆ABC≡∆ADC (SAS)

c. PQ=PS
PR is common.
∠PRQ=∠PRS= 90°
∆PQR=∆PSR (RHS)
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13. There are multiple correct answers. One possible answer is
shown.

80°

4 cm4 cm

80°

4 cm4 cm

14. There are multiple correct answers. One possible answer is
shown.

50°60°

70°

50°60°

70°

15. Congruent (SSS)
16. Congruent (ASA)
17. The third side and the other two angles can be different.

18.

and15 cm 15 cm

20° 20°89° 89°

19. There are multiple correct answers. One possible answer is
shown.
If a triangle is unique, there isn’t another triangle that has
the exact same side lengths and shape.
• For any triangle, if two angles are known, the third angle

can always be found. Having two angles will only give
shape, not size, so many different triangles can be drawn.

• If one side and two angles are known, there is only one
triangle that can be drawn (e.g. one side of 5 cm and
angles of 30° and 20°).

• If three sides are given, only one triangle can be drawn
(e.g. sides of 3 cm, 4 cm and 5 cm).

• For any triangle, given two sides and an included angle,
only one triangle can be drawn (e.g. side lengths 10 cm,
8 cm and the angle between them being 20°).

• If the given angle is not between the given side lengths,
many different triangles can be drawn.

20. There are multiple correct answers. A sample response is
given below.
When using the congruency rule ASA, it is not necessary
for the side to be between the angles because the two angles
determine the third angle, so whichever side has been given
will lock in the shape.

21. a.
3 cm

5.2 cm

45°

b.

2.5 cm

2.5 cm

60°

c.

28 mm

40 mm

120°

22. There are multiple correct answers. This is one solution for
triangle ABC with side length 6 cm. You may choose other
side lengths.
In ∆BDF:

BD=BF= 3 cm

∠DBF= 60°

∴ ∠BFD=∠BDF= 60°

∴ ∆BDF is equilateral, and DF= 3 cm.
Similarly, in ∆CEF:

CE=FC= 3 cm

∠FCE= 60°

∴ ∆EFC=∆FEC= 60°

∴ ∆CEF is equilateral, and EF= 3 cm.

EF=DF

∠DFE = 180°− (60°+ 60°)
= 60°

∴ ∆DEF is equilateral, and DE=DF=EF= 3 cm.

Exercise 6.6 Quadrilaterals
1. ∆WXA=∆YZA (ASA)
2. WA = YA; the diagonals of a parallelogram bisect each

other.

3. XA=ZA; these two lines form one diagonal.

4. Diagonals bisect each other.

5. ∆ABE=∆CBE (SSS)
6. ∠AEB=∠CEB

7. ∠ABE=∠CBE

8. 90°, as they are formed by the diagonals bisecting
each other. They are both right angles. They are also
supplementary angles.

9. Yes, diagonals bisect the angles.

10. ∆PQR≡∆SRP (SAS)
11. Triangles PQR and PSR are congruent; therefore, PR & SQ,

the diagonals of a rectangle, are equal.

12. ∆ABD≡∆CBD (SSS)
13. ∠ABD=∠CBD

14. ∠BAD=∠BCD

15. Yes, because triangles ABD and CBD are congruent:
∠BDA=∠BDC

16. AE=CE

17. ∠AEB=∠CEB= 90°
18. No, they are not congruent.

19. No. Two pairs of adjacent sides in a kite are equal, not the
opposite sides. Only one pair of opposite angles are equal
(∠BAD=∠BCD; ∠ABC does not equal ∠ADC).
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20. No. One diagonal bisects the other.

21. Yes. The diagonals intersect at right angles.

22. No. One diagonal bisects the unequal angles.

23. a. ∆QPR≡∆SRP (SSS)
b. ∠SRP

c. ∠SPR

d. RS

e. PS

f. Parallelogram

24. a. ∠BAC=∠DCA

b. ∆ABC≡∆CDA (SAS)
c. ∠BCA=∠DAC (alternate angles)

d. Parallelogram

25. All quadrilaterals can be divided into two adjacent triangles.
The interior angle sum of a triangle is 180°, so the interior
angle sum of a quadrilateral is equal to 360° (180° × 2).

26. Trapezium

27. It is not enough for diagrams to look the same.
Mathematical reasoning is evidence for congruence.

28.

Six squares can be drawn.

29. x= 107°
30. 50°, 70°, 110°, 130°
31. a. There are multiple correct answers. One possible answer

is shown.
A quadrilateral can have no more than one angle
of 180°.
For example, if a quadrilateral were to have angles
of 180°, the angle sum would be 360°, which is the
maximum interior angle sum of a quadrilateral. If it were
to have three angles of 180°, the angle sum would be
540°, which is greater than the maximum interior angle
sum of a quadrilateral.

b. 357°

Project
1. Two right-angled triangles and one trapezium with two

parallel sides

2. Some possible solutions are shown.

Equilateral triangle

with two pieces;

all angles are 60°.

Irregular quadrilateral

with two pieces; all sides

have different lengths.

3. One large and one smaller right-angled triangle, and an
irregular quadrilateral

4. Some possible solutions are shown.

Right-angled triangle

with two pieces

Irregular quadrilateral

with two pieces

Trapezium with

two pieces

Right-angled triangle

with three pieces

Parallelogram with

three pieces

Rectangle with

three pieces

5. Four identical right-angled triangles

6. There are multiple correct answers. Some possible solutions
are shown below.

Isosceles triangle

with two pieces

Parallelogram with

two pieces

Irregular quadrilateral

with three pieces

Kite with

two pieces

Rhombus with all

four pieces

Exercise 6.7 Review questions
1. Yes, these shapes are congruent.

2. No, these shapes are not congruent.

3. Yes, these shapes are congruent.

4. ∆ABC≡∆PQR (ASA), x= 5 cm
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5. ∆PQR≡∆QPS (ASA), x= 5 cm

6. ∆ABC≡∆ADC (SAS), x= 23 mm

7. ∆PQR=∆PST (SAS),
x= 10 mm, y= 11 mm, z= 12 mm

8. See the table at the bottom of the page.*

9. Congruent

10. Not congruent

11. Congruent

12. Congruent

13. No, because the included angles are different sizes.

14. Yes, SAS

15. Yes, AAS

16. She is not correct to state that they are not congruent. The
angles are the same, so if the side lengths are also equal,
they will be congruent.

17. Suzie’s claim is not correct.

S

P

Q R

This quadrilateral is also possible.
PQ≡RS and ∠PQR≡∠RSP

18. There are multiple correct answers. One possible answer is
shown below.
M represents the halfway point of WX. Drawing MZ and
MY produces two congruent right-angled triangles. The
triangles are congruent because they have two side lengths
and one angle that are similar. Therefore, MZ and MY must
be equal as well.

W XM

Z Y

19. Square.
Since AE≡BF≡CG≡DH, this means that
EB≡FC≡GD≡HA. This creates four congruent right-
angled triangles (SAS). Therefore, all the hypotenuses
of the four right-angled triangles must be equal. That is,
EF≡FG≡GH≡HE. This means that EFGH is a square.

20. There are multiple correct answers. One possible answer is
shown below.
A square and a rhombus could be considered a special form
of kite. A square has two pairs of parallel sides and four
right angles, and all four of its sides are equal. It is also a
rectangle and a parallelogram. A rhombus is defined as a
parallelogram with four equal sides. A square is also a right-
angled rhombus. Kites have two pairs of adjacent sides that
are equal.

*8. Properties of quadrilaterals Parallelogram Rhombus Rectangle Square Kite

Opposite sides are parallel. ✓ ✓ ✓ ✓ ✗

Opposite sides are equal. ✓ ✓ ✓ ✓ ✗

All sides are equal. ✗ ✓ ✗ ✓ ✗

All angles are 90°. ✗ ✗ ✓ ✓ ✗

Diagonals are equal. ✗ ✗ ✓ ✓ ✗

Diagonals bisect each other. ✓ ✓ ✓ ✓ ✗

Diagonals intersect at 90°. ✗ ✓ ✗ ✓ ✓

Diagonals bisect angles. ✗ ✓ ✗ ✓ ✗
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