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1 Write the missing word. Choose from: right, reflex, straight, complementary, acute,
revolution, obtuse, supplementary.
angles are between 0° and 90°.
A angle is 90°.
An angle is between 90° and 180°.
A 180° angle is called a angle.
A angle is between 180° and 360°.
A is 360°.
angles sum to 90°.
angles sum to 180°.

-up quiz

Match the type of triangle (A—F) with the given properties (a—f).
all sides of different length obtuse angled
two sides of the same length isosceles
one right angle equilateral
one obtuse angle acute angled
three sides of equal length scalene
all angles acute right angled

Warm

3 Find the values of the pronumerals.

b
b° 40°
e
A

><

aO
d° 60°
85°

4 Find the value of the pronumerals in these sets of parallel lines.

a b
110°
75
bO
a® /

a
d




5 How many special quadrilaterals have these properties?
a All sides equal and all angles 90°
Two pairs of parallel sides
Two pairs of parallel sides and all angles 90°
Two pairs of parallel sides and all sides equal
One pair of parallel sides
Two pairs of equal-length sides and no sides parallel

Use the angle sum formula, S = 180° x (rn — 2), to find the angle sum of these polygons
and the value of the pronumeral.

Select the option from A-E that represents:

a the tests for congruence of triangles SSS, SA, AA, RHS

b the tests for similarity of triangles S, SAS, A, RAS
SSS, SAS, AAA, RHS
SSS, SAS, AAS, RHS
SSS, AAA, RS

Complete this sentence for the given diagram. A4B[ |is congruent to Al |BD.
D

Complete this sentence for the given diagram.
AA[ D is similar to AAB[_].
D
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Chapter 7 Geometry

7A Parallel lines

e To know the special pairs of angles formed when a transversal cuts two other lines
e To know the relationship between pairs of angles formed when a pair of parallel lines are cut by a transversal
e To be able to calculate unknown angles associated with parallel lines

Key vocabulary: parallel, transversal, corresponding, alternate, cointerior, vertically opposite, supplementary

Parallel lines are everywhere — in buildings, in nature and on clothing
patterns. Steel or concrete uprights at road intersections are an
example.

Parallel lines are always the same distance apart and never meet.
In diagrams, arrows are used to show that lines are parallel.

O Lesson starter: 2, 4 or 8 different angles

Here are two pairs of lines crossed by a transversal. One pair is parallel and the other is not.

A B

e How many angles of different size are in set A?
e How many angles of different size are in set B?
e If only one angle is known in set A, can you determine all other angles? Give reasons.

® A transversal is a line cutting two or more other lines.

@ For parallel lines:
e Corresponding angles are equal.

e Alternate angles are equal.

e Cointerior angles are supplementary (sum
to 180°).
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parallel a=b Corresponding angles
- lines a=c Vertically opposite angles
d=e Alternate angles

a+e=180 Supplementary angles

transversal a+d =180 Cointerior angles

Exercise 7A

Understanding 2 2

1 Write the missing word or number.
a Supplementary angles add to
b \Vertically opposite angles are .
¢ When two lines are parallel and are crossed by a transversal, then:
i Corresponding angles are
i Alternate angles are
iii Cointerior angles are

Hint: Choose from:
180°, equal, supplementary

2 For the given diagrams, decide whether the given pair of marked angles are corresponding, alternate,
cointerior or vertically opposite.

A

3-5

Example 1 Finding angles in parallel lines

Find the values of the pronumerals in this diagram.
Write down the reason in each case.

Solution Explanation

a=180—-150=30 Two angles on a straight line sum to 180°.
The angles marked as a° and 150° are
supplementary.

b =130
The angles marked as »° and a° are Alternate angles are equal in parallel lines.
alternate. _
Continued on next page
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424 Chapter 7 Geometry

c=150

The angles marked as ¢® and 150° are  Corresponding angles are equal in parallel lines.
corresponding.

OR, the angles marked as ¢° and a° Cointerior angles are supplementary in parallel lines.

are cointerior.

d =150
The angles marked as d° and 150° are  Vertically opposite angles are equal.
vertically opposite.

Now you try
Find the values of the pronumerals in this diagram.
Write down the reason in each case. o
700 a CO

3 Find the values of the pronumerals in this diagram. Write down the reason in each case.

160°

4 Find the values of the pronumerals in this diagram. Write down the reason in each case.

80° a® c°
"

5 Find the value of x and y in these diagrams.

‘ @
o

Hint; When lines are parallel:

a .
e (Corresponding angles are equal.
e Alternate angles are equal.
e (Cointerior angles add to 180°.
d
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Problem-solving and reasoning 6, 7-8(1%), 9

Example 2 Proving that two lines are parallel

Decide, with reasons, whether the given pairs of lines are parallel.

a b
© 120°
1200\ 2 50°
Solution Explanation
a Yes — alternate angles are equal. If alternate angles are equal, then lines are
parallel.

b No - cointerior angles are not supplementary.  If lines are parallel, then cointerior angles
should add to 180°, but 120° + 50° = 170°.

Now you try

Decide, with reasons, whether the given pairs of lines are parallel.

a /66" b
103°

77°
65°

6 Decide, with reasons, whether the given pairs of lines are parallel.

a b c
/7{ 119°
° 75°
j/ 124 110°
/ 110°

/AR NN
7 S R

7 These diagrams have a pair of parallel lines. Find the unknown angle, x.

a b 20° C 80°
X
x° V
d ~ e f
. ) xo 130° &
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426 Chapter 7 Geometry

8 These common shapes consist of parallel lines. One or more internal angles are given. Find the values

of the pronumerals.
a p_™Y

a corresponding

b alternate

¢ cointerior

d vertically opposite

10 Find the unknown value, x, in each of these cases.

a
c
(2%)°
/
160°
e
xo
o xo
X © x°

Hint: One example for part a ﬁ%\

11 This diagram is of a roof truss with three groups of parallel supports.
How many of the angles are:

a 100°in size?
b 40°in size?
¢ 140° in size?

Essential Mathematics for the Victorian Curriculum
CORE Year 10

is (a, e).
‘”c:ﬂf,
b . - S
Hint: Angles on a straight line add to “
180°.
xO
)
15°
d ( 30°
(2x)°
f
(2x)°
(4x)°
— 11
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7B Triangles

To know the angle sum of a triangle

CONSOLIDATING

To know the properties of special types of triangles

To know the exterior angle theorem
To be able to calculate unknown angles inside a triangle

To be able to calculate unknown angles using the exterior angle theorem

7B Triangles

Key vocabulary: triangle, acute, right, obtuse, scalene, isosceles, equilateral, exterior angle theorem

The triangle is at the foundation of geometry, and its properties are used to work with more

complex geometry.
One of the best known and most useful properties of triangles is the internal angle sum (180°).
You can check this by measuring and adding up the three internal angles of any triangle.

O Lesson starter: Explore the exterior angle

Consider this triangle with exterior angle x°.

@ The exterior angle theorem:

Essential Mathematics for the Victorian Curriculum

CORE Year 10

Use the angle sum of a triangle to find the value of c.
Now find the value of x.

What do you notice about x° and the two given angles? Is this

true for other triangles?
Give examples and reasons.

The sum of all three internal angles of a triangle is 180°.

Triangles can be classified by their side lengths or their internal angles.

a

CO

a+b+c=180
Classified by internal angles
Acute-angled Obtuse-angled Right-angled
triangles triangles triangles
(all angles (one angle (one right
acute, < 90°) obtuse, > 90°) angle, 90°)
Equilateral /\ Not possible Not possible
triangles (three 60°
equal side
lengths) A60°  60° N\
Classified | Isosceles A s D
by side triangles
lengths (two equal x° x°
side lengths) H N
A A\
Scalene triangles
(no equal side A
lengths) c

The exterior angle is equal to the sum of the two opposite

interior angles.

ISBN 978-1-108-87859-3
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Exercise 7B

Understanding -3 3

1 State the missing word or angle size.
a The angle sum of a triangle is

b An triangle has two equal side lengths.
¢ An equilateral triangle’s interior angles are all
d An -angled triangle has one obtuse angle.
e A triangle has all sides of different length.
f An acute-angled triangle has all angles less than
2 Choose the correct expression for this exterior angle.
A a=x+b B b=x+a
C x=a+b D a+b=180
E 2a+b=2x

3 The two given interior angles for this triangle are 25° and 35°.
a Use the angle sum (180°) to find the value of c.
b Hence, find the value of x.
¢ What do you notice about the value of x and the two given interior

angles?
4-6('2)
Example 3 Using the angle sum
Find the value of the unknown angle, x, in this triangle. A
85°
AP
Solution Explanation
x+85+55=180 The sum of the three internal angles in a triangle is 180°.
X+ 140 = 180 Simplify before solving for x.
v =40 Solve for x by subtracting 140 from both sides of the ‘equals’

.. The unknown angle is 40°. S19n.

Now you try

Find the value of the unknown angle, x, in this triangle.

Essential Mathematics for the Victorian Curriculum  ISBN 978-1-108-87859-3 © Greenwood et al. 2021 Cambridge University Press
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7B Triangles 429

4 Find the value of the unknown angle, x, in these triangles. ‘%

a = b 20° Hint:
80 300 > 1500 o
x° : 5 X
»
a® c®
c . d < r a+b+c=180
A
<
e 115° f
74°
x° 775

/m
Example 4 Working with an isosceles triangle

Find the value of x in this isosceles triangle. A
40°
xo
Solution Explanation
x+x+40 =180 The triangle is isosceles and therefore the two
base angles are equal.
2x+40 =180 Collect like terms.
2x = 140 Subtract 40 from both sides.
=700 Divide both sides by 2.

.. The unknown angle is 70°.

Now you try

Find the value of x in this isosceles triangle.

5 Find the value of the unknown angle, x, in these triangles.

Essential Mathematics for the Victorian Curriculum  ISBN 978-1-108-87859-3 © Greenwood et al. 2021 Cambridge University Press
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430 Chapter 7 Geometry

Example 5 Using the exterior angle theorem

Use the exterior angle theorem to find the value of x.

a b
95°
50° 3
Solution Explanation
a x=95+50 The exterior angle x° is the sum of the two
=145 opposite interior angles.
b x+30=70 The two opposite interior angles are x° and
x =40 30°, and 70° is the exterior angle.
Now you try

Use the exterior angle theorem to find the value of x.

a b
(o]
> 40°
6 Use the exterior angle theorem to find the value of x. . @
a b Hint: /
o
x° a b°
x=a+b
c d
‘R xo
25°
952
204 155°
X
e f
86°
x° 39°
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Problem-solving and reasoning 7,8

7 Decide whether the following are possible. If so, make a drawing.

a acute scalene triangle b acute isosceles triangle

¢ obtuse equilateral triangle d acute equilateral triangle
e obtuse isosceles triangle f obtuse scalene triangle

g right equilateral triangle h right isosceles triangle

i

right scalene triangle

8 An architect draws the cross-section of a new ski lodge, which includes a very
steep roof, as shown. The angle at the top is 50°. Find:
a the acute angle the roof makes with the floor (x°)
b the obtuse angle the roof makes with the floor (3°)

9 Use your knowledge of parallel lines and triangles to find out the value of the pronumerals in
these diagrams.

160° b
o

;’

10 For this diagram, 4B is parallel to DE.
a What is the size of ZACD? Use a pronumeral and give a reason.

b What is the size of ZBCE? Use a pronumeral and give a reason.
¢ Since ZDCE = 180°, what does this tell us about «, b and ¢?

Essential Mathematics for the Victorian Curriculum  ISBN 978-1-108-87859-3 © Greenwood et al. 2021 Cambridge University Press
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= 11

11 A hydraulic platform includes a movable ‘X" shape support system, as shown. When the platform is at
its highest point, the angle at the centre (¢°) of the X" is 80°, as shown.

a Find the following when the platform is at its highest position.
i the acute angle the "X’ makes with the platform (a°)
i the obtuse angle the "X’ makes with the platform (5°)

b The platform now moves down so that the angle at the centre (¢°) of the ‘X’ changes from 80°
to 140°. With this platform position, find the values of:
i the acute angle the ‘X’ makes with the platform (a°)
ii the obtuse angle the ‘X’ makes with the platform (5°)

¢ The platform now moves down to the base so that the angle at the centre (¢°) of the X" is now 180°.
Find:
i the acute angle the "X’ makes with the platform (a°)
ii the obtuse angle the "X’ makes with the platform (5°)

Essential Mathematics for the Victorian Curriculum  ISBN 978-1-108-87859-3 © Greenwood et al. 2021 Cambridge University Press
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7C Quadrilaterals 433

7C Quadrilaterals

e To know the properties of special quadrilaterals
e To know the angle sum of a quadrilateral
e To be able to calculate unknown angles inside a quadrilateral

Key vocabulary: quadrilateral, parallelogram, square, rectangle. rhombus, trapezium, kite, diagonal, parallel

Quadrilaterals are shapes that have four straight sides with
a special angle sum of 360°. There are six special
quadrilaterals, each with their own special set of properties.

When you look around any old or modern building, you
will see examples of these shapes.

O Lesson starter: Why is a rectangle a
parallelogram?

By definition, a parallelogram is a quadrilateral with two
pairs of parallel sides.

L

> T > T
4 A
> [ > [

Parallelogram Rectangle

e Using this definition, do you think that a rectangle is also a parallelogram? Why?
e \What properties does a rectangle have that a general parallelogram does not?
e What other special shapes are parallelograms? What are their properties?

® The sum of the interior angles of any
quadrilateral is 360°.

x+y+z+w=360

® Parallelogram  Two pairs of parallel lines
Two pairs of equal length sides
Opposite angles equal
Diagonals are not equal in length

e Parallelograms are quadrilaterals with two pairs of
parallel sides. These include the square, rectangle and rhombus.

Essential Mathematics for the Victorian Curriculum  ISBN 978-1-108-87859-3 © Greenwood et al. 2021 Cambridge University Press
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Drawing

Parallelogram
Rhombus

Rectangle

Square

Other quadrilaterals
Trapezium

Kite

Exercise 7C

Properties

Two pairs of parallel lines

All sides of equal length
Opposite angles equal
Diagonals intersect at right angles
Two pairs of parallel lines

Two pairs of equal-length sides
All angles 90°

Diagonals equal in length

Two pairs of parallel lines

All sides of equal length

All angles 90°

Diagonals equal and intersect at
right angles.

Properties
At least one pair of parallel sides

Two pairs of equal-length
adjacent sides

One pair of equal angles
Diagonals intersect at right angles

Understanding

1 State the missing word or angle.
a The angle sum of a quadrilateral is

b The two special quadrilaterals which are not parallelograms are the and the

i

2 Which three special quadrilaterals are parallelograms? 4
) ) ) ) Hint: Refer to the Key ideas for help.
3 List all the quadrilaterals that have the following properties.

a two pairs of parallel sides b two pairs of equal-length sides

¢ equal opposite angles d one pair of parallel sides

e one pair of equal angles f all angles 90°

g equal-length diagonals h diagonals intersecting at right angles

CFuency BRSO
Example 6 Using the angle sum of a quadrilateral

Find the unknown angle in this quadrilateral.

ISBN 978-1-108-87859-3 © Greenwood et al. 2021 Cambridge University Press
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7C Quadrilaterals

Solution Explanation
x+ 110+ 120+ 90 = 360 The sum of internal angles is 360°.
x =40 Subtract 320 from both sides.

.. The unknown angle is 40°.

435

Now you try
Find the unknown angle in this quadrilateral. 50°
xO
100°
4 Find the unknown angles in these quadrilaterals. f%\
Hint: The angle sumofa 1~ V&™)
a Cc o o ) (¢ v
70 30 quadrilateral is 360°.
xO
20°
d f
Example 7 Finding angles in special quadrilaterals
Find the value of the pronumerals in these special quadrilaterals.
a - . b
X
Q x° 30° >
100°
60° - ~
Solution Explanation
a x+60=180 x° and 60° are cointerior angles and sum to 180°.
x =120 Subtract 60 from both sides.
-y =120 y° is opposite and equal to x°.
. z=60 : .
z° is opposite and equal to 60°.
b x+100+ 100+ 30 =360 A kite has a pair of equal opposite angles, so there are
x+230 =360 two 100° angles.
x =130 The total sum is still 360°.
Continued on next page
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Now you try

Find the value of the pronumerals in these special quadrilaterals.

Hint; Refer to the properties ‘ ~
of special quadrilaterals

for help.

d >
110°
Q 95° x° (>
9 po S
nRYa
Problem-solving and reasoning 6,7
6 Find the value of the pronumerals in these shapes. g,

Hint: (4
Angles in a revolution add to 360°.

bO
aO

a+b=360
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7C Quadrilaterals 437

7 This shape is called an isosceles trapezium.

a Why do you think it is called an isosceles trapezium?
b i When x =60, find y.

ii When y =140, find x.
¢ List the properties of an isosceles trapezium.

8 A modern hotel is in the shape of a kite.
Some angles are given in the diagram.

a Draw a copy of only the kite shape, including the diagonals.
b Find the angle that the right-hand wall makes with the ground (x°).

40°

x° Hint: ’
62° o
> b ao
a+b=180
c T d
X
115° ¢ 120°
> D
(D
—_ 10

10 The following shapes combine quadrilaterals with triangles. Find the value of the pronumerals.

da 300 [;O ao
4 CO 4
(o]
d (o)

e i

1
d 40°

bO
CO
20°
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438 Chapter 7 Geometry

7D Polygons

e To know the rule for the angle sum of a polygon

e To be able to calculate unknown angles inside a polygon

e To be able to calculate the interior angle of regular polygons
Key vocabulary: polygon, regular polygon

A closed shape with all straight sides is called a polygon. Like
triangles and quadrilaterals (which are both polygons), they all
have a special angle sum.

A hexagon

O Lesson starter: Remember the names

From previous years you should remember some of the names for polygons.
See if you can remember them by completing this table.

Number of sides

Name

N[N Wn|B|W

Heptagon

® A polygon is a shape with straight sides.
e They are named by their number of sides.

Number of sides Name

8

9

10

11

12

® The sum of internal angles (S) of a polygon is given by this rule:
S =180°x% (n—2)
where n is the number of sides

S=180°x (n - 2)
S=180°% (5 - 2)
= 180° x 3
= 540°

® A regular polygon has sides of equal length and equal angles.

regular quadrilateral (square)

(four sides)

L ——

(five sides)

{108° 108°Y
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Exercise 7D

Understanding 13 28,3

1 How many sides do these shapes have?
a quadrilateral b octagon ¢ decagon d heptagon

e nonagon f hexagon g pentagon h dodecagon

@ 2 Use the angle sum rule, S =180° x (n — 2), to find the angle sum of these polygons.
a pentagon (n=15) b hexagon (n = 6) ¢ heptagon (n="17)
d octagon (n=28) e nonagon (n=9) f decagon (n=10)

3 What is always true about a polygon that is regular?

Example 8 Finding and using the angle sum of a polygon

For this polygon, find the angle sum and then the value of x.

Solution Explanation
S=180°x (n—2) Use the angle sum rule first, with n = 6 since there
=180° x (6 — 2) are 6 sides.
=720° Find the angle sum.
x+ 100+ 150 +90 + 130 + 140 = 720 Use the total angle sum to find the value of x.
x+610=720 Solve for the value of x.
x=110
Now you try

For this polygon, find the angle sum and then the value of x.
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440 Chapter 7 Geometry

/

4 For these polygons, find the angle sum and then find the value of x. @
@

Hint: First use
S=180°x (n—2)

Example 9 Working with regular polygons

Shown here is a regular pentagon with a straight edge side length of 7 cm.
a Find the perimeter of the pentagon.

b Find the total internal angle sum (S).

¢ Find the size of each internal angle, x°.

Solution Explanation
a 35am There are five sides at 7 cm each.
b S=180°x%x(n—2) Write the general rule for the sum of internal
=180°x (5-2) angles for a polygon.
_ 1ono n =5 since there are five sides.
=180°x%x3 T
Simplify and evaluate.
= 540°
c 540°+5=108° There are five equally sized angles since it is a
x° = 108° regular pentagon.
Now you try

Shown here is a regular heptagon with a straight edge side length

of 5cm.

a Find the perimeter of the heptagon.

b Find the total internal angle sum (S).

¢ Find the size of each internal angle, x°, correct two decimal places.
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7D Polygons 441

5 Shown here is a regular hexagon with straight-edge side length 4 cm.
a Find the perimeter of the hexagon.
b Find the total internal angle sum ().
¢ Find the size of each internal angle, a°.

6 Shown here is a regular octagon with straight-edge side length 3.5 cm.
a Find the perimeter of the octagon.
b Find the total internal angle sum ().
¢ Find the size of each internal angle, 5°.

Problem-solving and reasoning 7,8,10
7 The cross-section of a pencil is a regular hexagon. y°
a Find the interior angle (x°). =

b Find the outside angle (3°).

8 Find the total internal angle sum for a polygon with: r%
Hint: Remember: W7

a 11 sides
S =180° -2
b 20 sides e

9 Find the size of a single internal angle for a regular polygon with:
a 10 sides
b 25 sides

10 A castle turret is in the shape of a regular hexagon.
At each of the six corners, find: \\ inside angle
a theinside angle
b the outside angle outside angle

11 A garden bed is to be designed in the shape of a regular pentagon and
sits adjacent to a lawn edge, as shown.
a Find the angle the lawn edge makes with the garden bed (x°).
b Find the outside angle for each corner (3°).

garden bed

lawn edge
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D
@ 12 For these diagrams, find the values of the unknowns. &
The shapes are regular. Hint: In parts b and c, the pointat Ois (™
a b v the centre.
V

* Develop the angle sum rule — 13

x

Hint: For the diagram, choose one vertex g2
and draw lines to all other vertices.

@ 13 a Copy and complete this table.

Number of Number of Total angle Regular polygon
Polygon sides Diagram triangles sum (S) internal angle (A)
Triangle
Quadrilateral
Pentagon 5 3 3 x 180 = 540 540 +5=108
Hexagon
n-gon n

b Complete these sentences by writing the rule.
i For a polygon with n sides, the total angle sum, S, is given by S = :
i For a regular polygon with n sides, a single internal angle, A4, is given by 4 =
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7E Congruent triangles 443

7E Congruent triangles

e To understand the four tests for congruence of triangles
e To be able to recognise a pair of congruent triangles using one of the four tests
e To be able to prove that two triangles are congruent

Key vocabulary: congruent, corresponding, hypotenuse

In solving problems or in the building of structures, for example, it
is important to know whether or not two expressions or objects are
identical. The mathematical word used to describe identical objects
IS congruence.

For congruent triangles there are four important tests that can be
used to prove congruence.

e Lesson starter: Why are AAA and SSA not tests for congruence?
AAA and SSA are not tests for the congruence of triangles.

e For AAA, can you draw two different triangles using the same three
angles? Why does this mean that AAA is not a test for congruence?

* Look at this diagram, showing triangle ABC and triangle ABC’. Both
triangles have a 30° angle and two sides of length 10 cm and 7 cm.
Explain how this diagram shows that SSA is not a test for congruence
of triangles.

® Two triangles are said to be congruent if they are exactly the same ‘size’ and ‘shape’.

Corresponding sides and angles will be of the same size, as shown in the triangles below.

@ |[f triangle ABC is congruent to triangle DEF, B
we write AABC = ADEF. 350
e This is called a congruence statement.
* Letters are usually written in 750 S
: 20
matching order. A c
e |f two triangles are not congruent, we D
write: AABC # ADEF. A
75°
85°(NE
20°
[y
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444 Chapter 7 Geometry

® Two triangles can be tested for congruence by considering the following necessary conditions.
1 Three pairs of corresponding sides are equal (SSS).

4 Aright angle, the hypotenuse and one other pair of corresponding sides are equal (RHS).

1-3 3
1 True or false?
a SSA s a test for the congruence of triangles.
b AAA s a test for the congruence of triangles.
¢ Two congruent triangles are the same shape and size.
d If AABC = ADEF, then triangle ABC is congruent to triangle DEF.
2 Write the four tests for congruence, using their abbreviated names. Hint: SAS is one answer.
3 Hereis a pair of congruent triangles. A B F
a Which point on ADEF corresponds to point
Bon AABC?
b Which side on A4ABC corresponds to side "
DF on ADEF? c E D
¢ Which angle on ADEF corresponds to ZBAC on AABC?
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7E Congruent triangles 445

4,5(%)

Example 10 Choosing a test for congruence

Write a congruence statement and the test to prove congruence for these pairs of triangles.

F
W 6m

D

Q

3m

E

7.2cm

7.2.cm 75°(>S

40°

Solution Explanation

a AABC = ADEF (SAS) Write letters in corresponding (matching) order.
Two pairs of sides are equal as well as the angle
between.

b AXYZ=ASTU (AAS) X matches S, Y matches T, and Z matches U.

Two angles and one pair of matching sides are equal.

Now you try

Write a congruence statement and the test to prove congruence for these pairs of triangles.

b@
N
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4 Write a congruence statement and the test to prove congruence for these pairs of triangles.

B F 2 i )
4m m Hint: AABC = ADEF is a congruence
D statement.
A 5m 5m Choose one of the tests SSS, SAS,
o m 4m AAS or RHS.
C
E
C E D c Y U S
N
30 X 7 T
A
B F

,_
«@

Y S e E
4 4 N 60°
6 QT D
X U 6 7
4 0
7 40
F
M —N R
3 II 3
0 P N Q
Example 11 Proving that a pair of triangles are congruent
lee reasons why the following palrs of triangles are congruent.
CF
10
NEZ
5
E
d F D

BT
7 4
4
i & 7
A ¢ E
F
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7E Congruent triangles 447

Solution Explanation
a AB=DE (S) First choose all the corresponding side lengths.
AC = DF (S) Corresponding side lengths will have the same length.
BC = EF (S)
. AABC = ADEF (S5SS) Write the congruence statement and the abbreviated
reason.
b AB=DE (S) Note that two corresponding side lengths are equal and
/BAC = /EDF (A) the included angles are equal.
AC = DF (S)
. AABC = ADEF (SAS) Write the congruence statement and the abbreviated
reason.
¢ ZABC = ZDEF (A) Two of the angles are equal and one of the pairs of
/BAC = ZEDF (A) corresponding sides are equal. Write the congruence
BC = EF ©) statement and the abbreviated reason.

. AABC = ADEF (AAS)

d ZBAC=ZEDF =90° (R) Note that both triangles are right angled, the hypotenuse
BC =EF (H) of each triangle is of the same length and another pair of
AB=DE S) corresponding sides is of the same length.

. AABC = ADEF (RHS) Write the congruence statement and the abbreviated
reason.

Now you try

Give reasons why the following pairs of triangles are congruent.
C B D b Y S
" 30° S U
80 10 3 )
10 o x 6 3\100 6
80 300
A F E T
z

5 Give reasons why the following pairs of triangles are congruent. g\
Hint: List reasons as in the examples to Ve

/\ V establish SSS, SAS, AAS or RHS.
2
A
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7

E
7
p D
10 F
£80°
0N ,
A E
5 2
120° 5 D
10 . 4
c

Problem-solving and reasoning

6 Identify the pairs of congruent triangles from those below.

A &
Hint: Sides with the same markings and I~
angles with the same mark are equal.
ﬁ: e I f
D
; |

7 Two triangular windows have the given 750
dimensions. 75°
ind the missi le in each triang| zm 80°
a Find the missing angle In eac trlang e. 80°
b Are the two triangles congruent? Give 5
a reason.
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8 For the pairs of congruent triangles, find the values of the pronumerals.

a 2 Hint: Given that these triangles are
a 2 congruent, corresponding sides are
4 equal, as are corresponding angles.
3

A
7

7

d | 4

A

y l
f 4 - a° b
70° 7 U
h I _| H ao
. 700__
bO
H L]
* Lawn landscaping — 9
9 A new garden design includes two triangular lawn
areas, as shown. &
. . A 8m D

a Give reasons why the two triangular lawn areas B

are congruent.
b If the length of AC is 6 m, find the length

of EF. 10m o m
¢ If the angle ABC =37°, find the angles: 10m

i ZEDF c

ii ZDFE
Y A—
F E
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450 Chapter 7 Geometry

/¥ 1 Find the values of the pronumerals in these diagrams with parallel lines, giving reasons.
a a® b 250°
70°?
b° o
@
1o

2 State, with reasons, if the following pairs of lines are parallel.

a / b

120° 72
60° 78°

/

3 Find the values of the pronumerals in these triangles and quadrilaterals.

a > b /\
100° 44°
X° 50° [
VA A aO

N
-]
O
n
n
)
-
(®))
o
bt

Q

4 Use the exterior angle theorem to find the value of z.

ZO
MO
60°

5 Find the angle sum of these polygons and then find the value of each pronumeral.
<

6 Give reasons why the following pairs of triangles are congruent and write a
congruence statement.

a 4cm 4 cm b A D E
B ¢ F qE 11cm
S 3cm 3cm
7cm 7 cm 11cm
B C F

A D




7F Similar triangles 451

7F Similar triangles

e To know what it means for triangles to be similar

e To understand the four tests for similarity of triangles

e To be able to recognise a pair of similar triangles using one of the four tests
e To be able to prove that two triangles are similar

e To be able to calculate and use the scale factor to find an unknown length

Key vocabulary: similar, scale factor, ratio, corresponding, hypotenuse

When two objects are similar, they are the same shape but of different size. For example, a computer image
reproduced on a large screen with the same aspect ratio (e.g. 16:9) will show all aspects of the image in
the same way except in size.

The computer image and screen image are said to be similar figures.

O Lesson starter: Is AA the same as AAA?

Look at these two triangles.

AV
30°

Q)140°

e What is the missing angle in each triangle?
e Do you think the triangles are similar? Why?
e |s the AA test equivalent to the AAA test?

® Two triangles are said to be similar if they are the same shape

. 5 g . 0 X
but different in size. Corresponding angles will be equal and
corresponding side lengths will be in the same ratio. 8 3
® [f AABC issimilar to ADEF, then we write
AABC||| ADEF or AABC ~ ADEF. X
L] o
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452 Chapter 7 Geometry

® Two triangles can be tested for similarity by considering the following necessary conditions.

1 All three pairs of corresponding
angles are equal (AAA). (Remember
that if two pairs of corresponding
angles are equal then the third pair of
corresponding angles is also equal.)

2 All three pairs of corresponding sides are
in the same ratio (SSS).
6_4_2_,
3 2 1

3 Two pairs of corresponding sides are in the
same ratio and the included corresponding
angles between these sides are

equal (SAS).
4 2 _
27172

e N

4 The hypotenuses and a pair of corresponding sides in

a right-angled triangle are in the same ratio (RHS).

8_6_
4=3=°2 3
® The scale factor is calculated using a pair of corresponding sides.
In the three examples above, the scale factor is 2.
1-3 3
1 Which of the following is not a test for the similarity of triangles?
SSS, SAS, RHS, SSA, AAA
2 Why is the AA test the same as the AAA test for similar triangles?
3 Consider this pair of triangles. B 140° F 140°
DE E
a Work out 1B 7 > =105
DF : A
b Work out ==.. What do you notice? 18 C

AC
¢ What is the scale factor?

d Which of SSS, SAS, AAA or RHS would be used to explain their similarity?
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7F Similar triangles

4(Y2), 5

Example 12 Proving similar triangles

Decide whether the pairs of triangles are similar, giving reasons.

C E 5 D b ¢ D
~30° 7o/ . »
70° 30° > B 7 10
- F B F
A A S T
E
A E d ¢ A D F
IN 3
2 3 575 16.5
80° 11 .
B Cp A F
45 B E

Solution Explanation
a 4BAC=ZEDF (A) Two corresponding angles are equal and
Z/ABC = Z/DEF  (A) therefore the third corresponding angle is also
equal.

ZACB=/DFE (A

.. AABC||| ADEF (AAA) /C\ A
70°_30°
70° o - =
B 30 g D E

p DE_10_, S) All three corresponding sides are in the same

AB~ 5 . ;

ratio or proportion.
EF _16 _ F
BC-38 " 2 (S) C
DF _ 14 7
or 125 S 8
AC 7 ) A 14 16
. AABC || ADEF (SSS) ASs B

D E
10
¢ PE_3_4; S) Two corresponding sides are in the same ratio

AB 2

and the included correspondlng angles are equal.
ZBAC=/ZEDF (A
DF 4_5 B 80° 3 80°
G 1.5 (S) \ /D\
s ANABC|| ADEF (SAS)

d ZBAC=ZEDF =90° (R) They are right-angled triangles with
EF 165 the hypotenuses and one other pair of
BC 11 L5 (H) corresponding sides in the same ratio.
DE _ 7.5 _ C A D I
T5- 5 =1.5 (S)
5 1.5 165
.. AABC|||ADEF  (RHS) 1 :
B E
Continued on next page
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454 Chapter 7 Geometry
Now you try

Decide whether the pairs of triangles are similar, giving reasons.

a b
C E o) D C
25 B 0°) N\
. O
A 5 7 30
95°
A
A B
4 Decide whether the pairs of triangles are similar, giving reasons. Hint: List all the equal angles and
a A F. corresponding pairs of sides, as in '
Example 12.
C
N X
B D E
b cC D E c B E
‘ 700 1
30° 2 2
A 4
1.5 D
30° C
A
A B 3
\ F
F
d c__15 E e A 3 D__ 2
A X\ 7E
B )
3 2 3
6 9 F
B c
D 45 F
f c F g9 C A 10.5
3 E———mD
Ays 10 ’
15
5 B
D 75 E
B
F
h B 34 i A D
E D E 85°
ﬁ 20°
4.3
F o
6.8 8.6 20
752 F
B C
1\
A C
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5

Example 13 Using similar triangles to find an unknown length

If the given pair of triangles are known to be similar, find the value of x.

7F Similar triangles

B E
% »
A
A 3 C 4
(WA
D X F
Solution Explanation
Scale factor=2E -4 _» First find the scale factor using a pair of
AB 2 , . -
corresponding sides. Divide the larger number
x=3x2 by the smaller number.
=16 Multiply the corresponding length on the

smaller triangle using the scale factor.

Now you try

If the given pair of triangles are known to be similar, find the
value of x. E

If the given pair of triangles are known to be similar, find
the value of x. find x.

a
X
3 6
4 .
X

b || C .
5. 7 2V .
15 @

d 1.1 e
o 6
X
4.5 x
4 3
X
3.3
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Problem-solving and reasoning

6 A skiramp has a vertical support, as E
shown. . Hint: List triangles like this: ASTU. ,
a List the two triangles that c WA
are similar.
b Why are the two triangles similar? < Support
A B D

¢ If AB=4mand AD =10 m, find the scale factor.
d If BC =1.5m, find the height of the ramp, DE, using the scale factor from part c.

7 State why the pairs of triangles are similar (give the abbreviated reason) and determine the value of x
in each case.

a b 10 iii X Hint: They all have the same reason.
2 6 ;;;
3 15
1
X

c 3.6 d \l(i\

15

1.2 \
- X >
* Triangles in parallel lines - 8
8 In the given diagram, 4B is parallel to DE. E
a List the three pairs of angles that are equal and give a reason. B
b If AB=8cmand DE =12 cm, find: c
i DCifBC=4cm
ii ACiIf CE=9cm
A
D
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7G Applying similar triangles

e To be able to identify a pair of similar triangles in a given context
e To be able to calculate and use the scale factor to find an unknown length in a real situation

Key vocabulary: similar, scale factor

Once it is established that two triangles for a particular situation
are similar, the ratio or scale factor between side lengths can be
used to find unknown side lengths.

Similar triangles have many applications in the real world. One
application is finding an inaccessible distance, like the height of a
tall object or the distance across a deep ravine.

O Lesson starter: The tower and the ruler

Franklin wants to know how tall a water tower is in his town. At

a particular time of day he measures its shadow to be 20 m long. 3

At the same time he stands a 30 cm ruler near the tower, which | I . (Not to scale.)

gives a 12 cm shadow. ,

e Explain why the two formed triangles are similar. N

e What is the scale factor? tower]| R .

e What is the height of the tower? i N “”erl \
20m 12 cm

® For two similar triangles, the ratio

of the corresponding side lengths, — >
written as a single number, is called © ‘—+ 25
the scale factor. °N\J3
YAk “\p D
4
® Once the scale factor is known, DE_10_5_,5
it can be used to find unknown AB 4 2 7
side lengths. . Scale factor is 2.5.
L EF=3%x25=75
AC=5+25=2
Exercise 7G
Understanding 1,2
1 Give reasons why the pairs of triangles in each diagram -
are similar. Hint: Think about all the corresponding ®
a b . > pairs of angles. How many equal pairs
are there?
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458 Chapter 7 Geometry

2 For the pair of triangles in the given diagram: E

a Which reason would be chosen to explain their similarity: SSS,
SAS, AAA or RHS?

b What is the scale factor? 6
¢ What is the length of BC?

3,4
Example 14 Applying similar triangles

A home-made raft consists of two sails with
measurements and angles as shown in this diagram.
a Give reasons why the two sails are similar in shape.
b Find the scale factor for the side lengths of the sails. 3.5m
¢ Find the length of the longest side of the large sail.

2m [ 4

5m
J
Solution Explanation
a AAA (there are three equal pairs Two of the three angles are clearly equal, so
of angles) the third must be equal.
b Scale factor = % =2.5 Choose two corresponding sides with known
lengths and divide the larger by the smaller.
¢ Longest side=3.5x%x2.5 Multiply the corresponding side on the smaller
—875m triangle by the scale factor.
Now you try
A vertical tent pole is held in place with two guy ropes as shown.
a Give reasons why the two triangles formed by the tent pole
guy ropes are similar.
b Find the scale factor for the guy ropes.
¢ Find the height of the tent pole.
1.2m 0.6 m
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7G Applying similar triangles 459

3 A toy yacht consists of two sails with

measurements and angles as shown in . Hint: You can’t choose SSS, SAS or RHS
this diagram. 15¢cm because only one pair of corresponding >’
u

a Give reasons why the two sails are sides is given.
similar in shape. 20 cm
b Find the scale factor for the side lengths

of the sails.
¢ Find the length of the longest side of the

large sail.

4 A tall palm tree is held in place with two cables of length 6 m and
4 m, as shown.
a Give reasons why the two triangles created by the cables are
similar in shape.
b Find the scale factor for the side lengths of the cables.
¢ Find the height of the point above the ground where the longer 6m
cable is attached to the palm tree. 4m

60° 60°

@ 5 These pairs of triangles are known to be similar. By finding the scale factor, find the value of x.

a A b <
1.1
11 %
X

Problem-solving and reasoning 6-8,10

Example 15 Working with combined triangles

A ramp is supported by a vertical stud, 4B, where A4 is at E
the centre of CD. It is known that CD =6 m and
that the ramp is 3 m high. B G

a Using the letters given, name the two triangles that are similar
and give your reason.
b Find the length of the stud 4B. c " D

Solution Explanation
a AABC and ADEC (AAA) The angle at C is common to both triangles
and they both have a right angle.
b AC=3m Since A4 is in the centre of CD, then AC is half
of CD.
Scale factor=g=2 CD=6mand AC=3m.
L AB=3+2 Divide the larger side length, DE, by the scale
=1.5m factor.

Continued on next page
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Now you try

A ‘lean—to’ shelter is made with two vertical poles AB E

and DE as shown. \B

a Using the letters given, name the two triangles that
are similar and give your reason. 6m

b Find the length CD. 4m

i ui c

D A
B P S —
10m
6 A ramp is supported by a vertical stud, 4B, where 4 is at the E
centre of CD. It is known that CD =4 m and that the ramp is
2.5 m high.
a Using the letters given, name the two triangles that are B 25m
similar and give your reason.
b Find the length of the stud 4B.
C + Lip

7 A1 mvertical stick and a tree cast their shadows at a
particular time in the day. The shadow lengths are shown

Hint; At the same time of day, the angle

in this diagram. that the light makes with the ground will

a Give reasons why the two triangles shown are similar in shape.  be the same.
b Find the scale factor for the side lengths of the triangles.
¢ Find the height of the tree.

(Not to scale)

stick shadow

tree shadow

30 m 6m

Essential Mathematics for the Victorian Curriculum  ISBN 978-1-108-87859-3 © Greenwood et al. 2021 Cambridge University Press

CORE Year 10 Photocopying is restricted under law and this material must not be transferred to another party.




7G Applying similar triangles 461

@ 8 From a place on the river (C), a tree (E) is spotted on the
opposite bank. The distances between selected trees Hint: AB correspondsto CBand AD B
A, B, C and D are measured as shown. corr.esponds to CE. o
a List two similar triangles and give a reason why they
are similar.

b Find the scale factor.
¢ Find the width of the river.

tree E
river
A 10m ]
B 2m C
ITm
D
9 At a particular time of day, Leon casts a shadow 1.3 m Hint: Draw a diagram to find the
; scale factor.
long, whereas Jackson, who is 1.75 m tall, casts a shadow

1.2 m long. Find the height of Leon, to two decimal places.

10 Try this activity with a classmate but ensure that at least one person knows their height.
a Go out into the sun and measure the length of each person’s shadow.
b Use these measurements plus the known height of one person to find the height
of the other person.

11 Mandy sets up a series of rocks alongside a straight E
section of a deep gorge. She places rocks 4, B, v
C and D as shown. Rock E sits naturally on the
other side of the gorge. Mandy then measures the ;
following distances. A

e AB=10m
* AC=10m
e CD=15m PR .
Explain why AABE||| ACDE.

What is the scale factor?

Use trial and error to find the distance across the gorge from rocks 4 to E.

Can you find the length AFE by setting up an equation?

QO T o
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7H Applications of similarity in measurement ) . ¢

Learning intentions

e To know how the length, area and volume ratios are related in similar objects
e To be able to calculate and use the scale factor to find an unknown area or volume given similar objects

Key vocabulary: length, area, volume, ratio, scale factor

Shapes or objects that are similar have a special length, area and volume ratio relationship.

For example, if the lengths on a model of a building are one-hundredth of the actual structure, then
the length ratio is 1:100. From this, the surface area and volume ratios are 12:1002 (1:10 000) and 13:
1003 (1:1 000 000), respectively. These ratios can be used to calculate the amount of material that is needed
for the construction of the building.

O Lesson starter: Cube analysis

These two cubes have a 2 cm and 6 cm side length. -
—
* -:l - 1 !I |
2 | se =il |
Eae T :
6 (I:m

What is the side length ratio when comparing the two cubes?
What are the surface areas of the two cubes?

What is the surface area ratio? What do you notice?

What are the volumes of the two cubes?

What is the volume ratio? What do you notice?

Key ideas

® \When two objects are similar and have a length ratio of a: b, then:

e lengthratio=a:b Scale factor =§ e one dimension: length :
s _Aal.ql A SABIRN i
) ratio=2":3"=2:3 2cm A
e Area ratio =a?:b? Scale factor = b—2 * two dimensions: area o
a ratio=22:32=4:9
3
e \olume ratio=a®:»* Scale factor = b—3 e three dimensions: volume
a ratio=23:33=8:27
Exercise 7H
Understanding 1,2
1 The length ratio for two objects is 2:5. Hint: g,
a What would be the area ratio? Length ratio ”2'b , -
b What would be the volume ratio? BT et
Volume ratio a3 :4°
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b

c

7H Applications of similarity in measurement

ese two rectangular prisms are similar.
What is the side length ratio?
What is the surface area of each prism?

What is the surface area ratio? What do 3cm
you notice?

What is the volume of each prism?
What is the volume ratio? What do you notice?

7.5cm

2&m

Example 16 Measuring to find actual lengths

The given diagram is a simple map of a park lake.

a

b

Use a ruler to measure the distance across the lake

(AB). (Answer in cm.)

Find the scale factor between the map and ground

distance.

Use a ruler to measure the map distance across the

lake (CD). (Answer in cm.)

Use your scale factor to find the real distance across
the lake (CD). (Answer in m.)

Solution Explanation

a 4cm Check with your ruler.

b 3000 _ 2000 Using the same units, divide the real

4 distance (80 m = 8000 cm) by the measured

distance (4 cm).

c 5cm Check with your ruler.

d 5x2000=10000cm =100 m Multiply the measured distance by the scale factor

and convert to metres by dividing by 100.

Now you try

The given diagram is a simple map of a swimming pool. D

a
b
c

d

Use a ruler to measure the distance across the pool (4B). (Answer in cm.)

Find the scale factor between the map and ground distance.

Use a ruler to measure the map distance across the pool (CD). (Answer

in cm.) A B
Use your scale factor to find the real length of the pool (CD). (Answer in m.)
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@ 3 The given diagram is a simple map of a park lake.
a Use a ruler to measure the distance across the lake (4B).

(Answer in cm.)

b Find the scale factor between the map and ground

distance.

¢ Use a ruler to find the map distance across the lake

(CD). (Answer in cm.)

d Use your scale factor to find the real distance across the

S

lake (CD). (Answer in m.)

@ 4 The given diagram is a
simple map of a children’s
play area.

a Use aruler to measure
the distance across the
children’s play area (4B).
(Answer in cm.)

b Find the scale factor
between the map and
ground distance.

¢ Use a ruler to find the
map distance across the
children’s play area (CD).
(Answer in cm.)

s Do

and the actual distance A4 B to find the

Hint: Use the measured distance 4B
scale factor. ‘

d Use your scale factor to find the real distance across the children’s play area (CD). (Answer in m.)

Example 17 Using similarity to find areas

The two given triangles are known to be similar.

Find the area of the larger triangle.

Solution
Length ratio =2!:51 =2:5

Area ratio = 22:52 = 4:25

Area scale factor = 25 _ 6.25

4

.. Area of larger triangle = 3 x 6.25
=18.75 cm?
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Explanation

First, write the length ratio.

Square each number in the length ratio to get
the area ratio.

Divide the two numbers in the area ratio to get
the scale factor.

Multiply the area of the smaller triangle by the
scale factor.
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7H Applications of similarity in measurement 465

Now you try

The two given triangles are known to
be similar.
Find the area of the larger triangle.

Area 5 m?2

@ 5 The two given triangles are known to be similar. Find the Hint: \
area of the larger triangle. Length ratio = a: b

a Area ratio = a2 : b2
b2
w Area scale factor = =
a
Area =4 cm? Area =20 m?
15m

@ 6 The two given triangles are known to be similar. Find the area of the smaller triangle.

a b 2cm
Hint: You will need to divide the larger
area by the area scale factor. .

W

3 mm

Area
=6.75 cm2
X

3cm

Example 18 Using similarity to find volume

The two given prisms are known to be similar.
Find the volume of the smaller prism, correct to two decimal
places. a
15cm
Volume = 40 cm3
Solution Explanation
Length ratio = 10':15! =2:3 First, write the length ratio and simplify.
Volume ratio = 23:3% = 8:27 Cube each number in the length ratio to
get the volume ratio.
Volume scale factor = %7 =3.375 Divide the two numbers in the volume
ratio to get the scale factor.
*. Volume of smaller prism =40 + 3.375 Divide the volume of the larger prism by
~11.85cm3 (to 2d.p.) the scale factor and round as required.
Continued on next page
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Now you try

The two given prisms are known to be similar.
Find the volume of the smaller prism, correct to two
decimal places.

2m
Volume =50 m3

Sm
@ 7 The two given prisms are known to be similar. Find the volume of _ =y s
the smaller prism (to two decimal places). Hint: Volume scale faCt0f=a—3If the ‘
a b 5 length ratio is a: b. :
2m
Vol. =
16 cm3
1cm
Vol. =27 m?
3m
2cm

E 8 The two given prisms are known to be similar. Find the volume of the larger prism.

a b
3cm
10m
25m
1cm
- 3
Vol =4 cm3 Vol. =10 m
Problem-solving and reasoning 9,10
9 The given map has a scale factor of 50000 (i.e. ratio 1:50 000). ! Hint: "
a How far on the ground, in km, is represented by these Ae ! 1 m=100cm %{
map distances? 1 km = 1000 m
i 2cm i 6cm ! @
b How far on the map, in cm, is represented by these 7
ground distances?
i 5km i 0.5km £ @
¢ What is the actual ground distance between the
two points 4 and B? Use your ruler to measure the distance
between 4 and B first.
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7H Applications of similarity in measurement 467

@ 10 Two pieces of paper are similar in shape, as shown.
a Whatis:

i the length ratio? Area =800 cm? 20 cm
ii the area ratio?

b Find the area of the smaller piece of paper.

15cm
11 Two cylinders are similar in shape, as shown. 4cm
a Find the volume ratio.
b Find the volume of the larger cylinder.
Vol. =30 cm? ~

@ 12 Two rectangular prisms are known to be similar.
a Find the following ratios.

i length
ii area 2cm=
iii volume "
: Volume = 16 cm? g
b Find the total surface area of the 3 em
larger prism. Total surface area = 40 cm?
¢ Find the volume of the larger prism.
= 13
13 A scale model of a skyscraper is 1 m tall and the volume is Hi”t:z <
3 . . 1 m= =100 x 100 ,
2 m”. The actual height of the skyscraper is 300 m tall. 5 ‘
a Find the volume ratio between the model and actual skyscraper. =10000cm
b Find the volume of the actual skyscraper.
¢ If the area of a window on the model is 1 cm?, find the area of the actual window, in m?.
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468 Chapter 7 Geometry

Pool builders and designers need to understand
many aspects of measurement and geometry to
be able to accurately undertake the task of
designing and building pools that meet the
specifications of the client. They must be able to
read plans, measure the angles, create similar
figures and work with parallel lines, especially
when they create and work from the pool plans
and drawings.

Below are the plans for a pool drawn by a designer. All lengths are given in mm. Answer the questions on
the next page relating to the design of this pool.

4 7050 i
80011000 3900 ., 2000 ‘| Joo ) .
oy 150 Screen/feature planting
3
- = == == =4
§§300] safe ga[_e 330 . / s ' . 820 [ ﬂ‘*
- 1]
— e — e+ 50
Gravel AN -I |,’ sy 7Y o“
R.LI1.35 \< dGRIm < 1000D. Spa 7 N =
S : o 1000D. ; & |3 ~y
S = Y : —
I :I\ 450D\ Spillway Ao
@ - «d Leisure ’l v @
Y N area i 4 o
uﬁinﬂ 1600D. e
A Outdoor A | 5
o|  shower ~ | z
S P 1 S Ledge : a Y
N +—+R.L10.65 - - a
Liiy !_._._.3.._} 1111 SA
Y 1| [ 2y
0 I | G50 SA
e et - oY
k10 Pool safe Pool|safe g
gate fencg
| 1900 _| 3000 , | 1700 _ o
] Sy - ‘T ¢ T 7y Zone of )
ur . . A
Residence / influence from
RLIO'SS ? boards sewer
2 1 N
1 \ b
New retaining /
wall 600H. .
! Existing
Ex. Paving {l fence
R.L10.00 l
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1 Refer to the plans to answer the following questions.

Maths@Work: Pool builder

a What is the total length of the pool when looking across the top of the plans, in metres?

How deep is the proposed spa, in metres?

b
¢ What is the height of the new retaining wall, in cm?
d

What is the area taken up by the internal dimensions of the spa? Include the seated area and give

your answer in square metres.

=n (D

What is the angle between the back fence and the right side fence?
If you walked around the outside of the pool/spa area, how many right angles would you turn?
Assume you start and finish at the same point, facing in the same direction.

2 Consider the section of the pool called Leisure area, including the two steps which are a part of

this area.

a By counting the number of outside edges, decide what is the shape of the proposed leisure area.
b What is the sum of the interior angles of the leisure area, using your knowledge of the angle sum

of any polygon?

¢ Use a protractor to measure the angles of the leisure area to check that the total is what you expect

from part b.

d Using your geometrical equipment, ruler and protractor, create an enlargement of the leisure area.
Use the enlargement factor of 4. Your drawing will be mathematically similar to the original. Add
all the labelled measurements from the original drawing.

3 Consider this pool tile, which will be used in the spa of
this pool.
a What are two shapes being used in its design?
b Are both shapes regular?
¢ What are the internal angles of the two shapes?
d

This pattern is a tessellation of two shapes. Why does there

need to be two different shapes used here? Explain.

e Design your own tessellation using two regular shapes,

ensuring they are different from the ones used here.

Using technology

T A
P & & 9
P & & &

-

-

-

b & & &
R O -

( 4 Use a geometry package, like GeoGebra, Desmos, Cabri or Geometer’s sketchpad, to come up with
Yy your own pool design. You may wish to add length and angle measurements to add detail. Here is a

simple example.

Spa

eps N

[Foaantain

©
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470 Chapter 7 Geometry

1 How many squares can you see in this diagram?

2 'l think of this when | look in the mirror.” Find the value of x in each diagram, then match the
letters beside the diagrams to the answers below.

N
E
xo
N
/
70°
C
I, N O
85° 1002

115 105 120 130 110 25 75 120 115 75
3 What is the size of the obtuse angle £4BC in this diagram? A

4 This rectangle is subdivided by three straight lines.
a How many regions are formed?
b What is the maximum number of regions formed if four lines are
used instead of three?

5 Find the distance across the river.

River ’

/
Land £
/
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Parallel lines Triangles
2/ Angle sum = 180°

€ \ Scalene Isosceles Equilateral
transversal
a= b corresponding angles
b= calternate angles
¢+ e =180 cointerior angles

a= c vertically opposite angles
\ g

Exterior angles

Congruent triangles X=a+b

Equal in size and shape

Atewwns iaydeysn

Tests: SSS, SAS, AAS, RHS

A congruence statement:
AABC = ADEF

\

Quadrilaterals
Angle sum = 360°

Similar triangles

Equal in shape and sides are in Special types include:
the same ratio e parallelogram
) e square
Tests: SSS, SAS, AAA, RHS « rectangle
e rhombus
* kite
e trapezium

A similarity statement:
AABCI ADEF

\

\

( Applications of similarity

When AABC |l ADEF, then: 7 -
DE _DF _ EF olygons

e Scale factor=— or — or —
Angle sum, S=180° x (n— 2)

AB ~ AC ~ BC
e Length ratio a: b, Scale factor =

2 Regular polygons have:
e equal side lengths
b3

* Volume ratio a*: b, Scale factor = 73 sieualiangles
G
\_

e Area ratio a2: b2, Scale factor = 2




472 Chapter 7 Geometry

A version of this checklist that you can print out and complete can be downloaded from your Interactive Textbook.

1 | can find unknown angles in parallel lines.
e.g. Find the values of the pronumerals in this diagram and give reasons
for your answers.

2 | can prove that two lines are parallel.
e.g. Decide, with reasons, whether the given pair of lines are

141°  37°
parallel.

3 | can find unknown angles in any type of triangle.
e.g. Find the value of x in this triangle.

7/

4 | can use the exterior angle theorem to find
unknown angles.

e.g. Use the exterior angle theorem to find the value of x in this 30°
diagram.
x° 35°
5 | can find an unknown angle in a quadrilateral. s

e.g. Find the value of x in this quadrilateral.

1050 100
6 | can find an unknown angle in a special quadrilateral.
e.g. Find the value of x in this kite. AN
o X
<140 102°
',

7 | can find an angle sum of a polygon and an unknown
angle in a polygon.
e.g. Find the value of x in this pentagon after finding the angle sum.

8 | can find the internal angle in a regular polygon.
e.g. Find the size of an internal angle inside a regular hexagon.

9 | can choose a test and write a congruence X U
statement for a pair of congruent triangles. Y 11
e.g. Write a congruence statement and the test to prove 4 7 4
congruence for this pair of triangles. y g T
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Chapter checklist

10

| can prove that a pair of triangles are 6

congruent. >

e.g. Prove that this pair of triangles are congruent, 4 5 4 >
giving full reasons. 6

11

| can prove that a pair of

C F E
triangles are similar. .
e.g. Prove that this pair of triangles are 2 10 1105/ 4
A 5 B D

similar, giving full reasons.

12

| can find a scale factor and use this to find an

X
unknown length. A\ Y
e.g. If the given pair of triangles are known to be similar, find the
value of x. 6
A
3 V

13

| can use the scale factor

for similar triangles to find

an unknown length in a real

context.

e.g. For the triangles formed from these 3m
yacht sails, give a reason why they are

similar then use the scale factor to find

the length of the hypotenuse on the J ] .
larger sail. 2m 5m

——

14

| can use the scale factor for similar D

triangles to find an unknown length inside
combined triangles. B

e.g. If the point A is at the centre of CD in this diagram,
find the length A B.

15

| can use measurement and the map scale factor A
to find a real distance on a map.
e.g. Use measurement and the map scale factor to find the
distance across the pool (CD). e
Scale 1 : 300

16

| can use an area or volume ratio to find  \/o|yme =30 m3
an area or volume of a similar object.
e.g. Find the volume of the larger prism if it is known
that they are similar.

2m

3m
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Short-answer questions

S
Q9
>
()
L
L .
Q
e
Q.
©
i o
@)

2 Find the value of x in these triangles.

!
X

d»e -
»
B

/) A

3 List all the quadrilaterals that have:
a two pairs of parallel lines
b opposite angles that are equal
¢ one pair of equal angles
d

diagonals intersecting at right angles

Essential Mathematics for the Victorian Curriculum  ISBN 978-1-108-87859-3
CORE Year 10

1 Find the value of x and y in these diagrams.

b
d 30° .
) y
X
f
x% .o
(2x)°
b +°
60°

(2x)° 45°

—t
7
O,
(=]
[0e]
)]
o
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4 Find the values of the pronumerals in these quadrilaterals.

ydeyp

MIIABJ 1O

6 Shown here is an example of a regular pentagon (n = 5) with side lengths 2 m.
@ * a Find the perimeter of the pentagon.
b Find the total internal angle sum (S).
¢ Find the size of each internal angle (x).

7 Give reasons why the following pairs of triangles are congruent.

a
' >
40°
D
100°
5
B
E
d
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8 Decide whether the given pairs of triangles are similar and give your reasons.

; a B E b B2 ¢ D
QD 4
S 4(\4
QJ 8 8
o £ ) N E . F
- O A
Q F
) A
Q.
© c A 3 F
o N
3 4.5
O . >
D
d a C E
B
F D
9 A skateboard ramp is supported by two vertical D

struts, BE (2 m) and CD (5 m).

a Name two triangles that are similar, using the
letters A, B, C, D and E.

b Give a reason why the triangles are similar.

¢ Find the scale factor from the smallest to the A
larger triangle.

d If the length 4B is 3 m, find the horizontal length of the ramp AC.

O == mn b

10 The shadow of Clara standing in the sunis 1.5 m
long, whereas the shadow of a 30 cm ruler
is 24 cm.
a Give a reason why the two created triangles
are similar.
b Find the scale factor between the

two triangles. N —; ——
¢ How tall is Clara? shadow shadow
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Chapter review 477

11 The given diagram is a simple map of a swamp in bushland.

a Use a ruler to measure the distance across the swamp
(AB). (Answer in cm.)

b Find the scale factor between the map and actual ground
distance.

ydeyp

¢ Use a ruler to find the map distance across the swamp
(CD). (Answer in cm.)

d Use your scale factor to find the real distance across the swamp (CD).
(Answer in m.)

M3IA3J 1D

12 The two rectangular prisms shown are known to be similar.

6 cm
9cm
\ol. =108 cm3
a Find:
i the length ratio i the area ratio

iii the volume ratio
b Find the volume of the smaller prism.
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Multiple-choice questions

1

The values of x and y in this diagram are, respectively:

A 100, 100 B 80,100

C 80,80 D 60,120 y°

E 80,60 e 80°

The unknown value x in this diagram is:

A 85 B 105 C 75

D 80 E 90 709 x° 250

A triangle has one angle of 60° and another angle of 70°. The third angle is:

A 60° B 30° C 40°

D 50° E 70°

The value of x in this quadrilateral is: 20° > 00
A 130 B 90 C 100 ( ©
D 120 E 110 s

The sum of the internal angles of a hexagon is:

A 180° B 900° C 360°

D 540° E 720°

Which abbreviated reason is not relevant for proving congruent triangles?

A AAS B RHS C SSS

D AAA E SAS

Two similar triangles have a length ratio of 2:3. If one side on the smaller triangle is 5 cm,
the length of the corresponding side on the larger triangle is:

A 3cm B 7.5cm C 9am

D 8cm E 6cm

A stick of length 2 m and a tree of unknown height stand vertically in the sun. The shadow
lengths cast by each are 1.5 m and 30 m, respectively. The height of the tree is:

A 40m B 30m C I5m D 20m E 60m

Two similar triangles have a length ratio of 1:3 and the area of the large triangle is 27 cm?.
The area of the smaller triangle is:

A 12cm? B 1cm? C 3cm? D 9cm? E 27cm?

10 Two similar prisms have a length ratio of 2:3. The volume ratio is:

A 4:9 B 8:27 C 2:27 D 2:9 E 4:27
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Extended-response questions

1 A company logo contains two triangles, as shown.
a Write down the value of x, y and z.
b Explain why the two triangles are similar.
¢ Write down the scale factor for length.
d Find the length of the longest side of the
smaller triangle.
Write down the area ratio of the two triangles. o
Write down the area scale factor of the two triangles. 30°

10 cm

ydeyd

-n (D

2 A toy model of a car is 8 cm long and the actual car is 5 m long.

Write down the length ratio of the toy car to the actual car.

If the toy car is 4.5 cm wide, what is the width of the actual car?

What is the surface area ratio?

If the actual car needs 5 litres of paint, what amount of paint would be needed
for the toy car?

<Y

1)
-
-
0
=
y)
=

L O T
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