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OVERVIEW

SYLLABUS CONTENT

MA4-PYT-C-01 applies Pythagoras’ theorem to solve problems in various contexts

Examine problems involving Pythagoras’ theorem

e Apply Pythagoras’ theorem to find the unknown length of a side in a right-angled triangle,
giving answers in an exact form or as decimal approximations

e Apply the converse of Pythagoras’ theorem to establish whether a triangle is right angled

e Solve practical problems involving Pythagoras’ theorem before exploring a variety of related

problems
SUMMARY
Solving Problems using
Pythagoras’ Theorem
A 4
4 ™\
= Do we need to
find a length?
"y
yés
v
4 ™
no—l Is there a
right-angled triangle?
A
) 4
Can we make a yes
right-angled triangle?
- no—]| —yes
Y \ 4
4
Can’t use no— Do we have lengths of
Pythagoras’ Theorem two sides?
.
I
yes
v
4 N
Use Pythagoras’ Theorem
Z4p2op? 4 M\
at®+bi=h Finding Hypotenuse ( Finding Shorter Side )
1. Write the formula o L )
2. Substitute given values 1. a®+b*=h a“+b° =h" 8 cm
3. Solve for the unknown 9 924122 — 42 2 2 4 g2 — 262
x cm -
3. 225 =% 12cm _g? _ ¥y cm
_ ) 26 cm
x “ =612
answer in exact surd form V235 = x 9 cm —
22 =612
If the square root is a 5=
non-terminating, \_ VAN /
non-recurring decimal,
leave it as a square root. Y v \
OR use a shortcut formula
h=+a?+ b a = vh?— b2
J
. /
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REVIEW OF PRIOR KNOWLEDGE
1 Square root these numbers.

a 16 b 49 ¢ /1600

2 Round these numbers to 2 decimal places.
a 32.2582 b 1.2746 c 82811

3  Round these roots to two decimal places using a calculator.

a 10 b 26 c V65

4 Evaluate these expressions. Round to 2 d.p. if appropriate.

a o b VII ¢ VIO
e VI6TO f VITT 44 g VI E

d V144
d 2722152
d 230
d V121

h 202 — 107

5 Asurd is a root that makes a non-terminating, non-recurring decimal.

Which of the following are surds?
a /3 =1.732050808... b +25=5

d V144 =1.2 e V169 =13

c V37 = 6.08276253 ...

f V11 = 3.31662479 ...

6  Write Pythagoras’ theorem a? + b? = h? for these right-angled triangles.

a b
3M A
5 m

Cc

94
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Solve these equations.
a x?=16 b x?=2 c x2=39+10

Solve these equations.
a x>+5=30 b 8+x%?2=24 c x?+18=31

d 92 + x2 =128 e x% 4+ 3% =52 f x% 4+ 8% = 122

Square roots that do not make a nice terminating decimal should be left as a root.
This is called leaving in exact form or surd form.

V225 should be simplified to 15. Leave V146 ~ 12.08304597 ... as is.

Decide whether these roots can be written as a whole number or should be left as a root.

a 9 b V11 c V121 d 20
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CALCULATING THE LENGTH OF THE HYPOTENUSE

If you have a right-angled triangle and the lengths of two sides,

then you can use Pythagoras’ theorem to calculate the length of the remaining side.
1. Write the formula a? + b? = h?

2. Substitute given values.

3. Solve for the unknown by applying inverse operations to both sides.

Example Calculate the length of the hypotenuse.

Calculate the value of x Why can we use Pythagoras’ Theorem?

1. a? + b? = h? We can use Pythagoras’ Theorem when there

2. 92 +4+12%2 =x? isa........... e, triangle.

X
12em 3. 225 = x* Which operation did we do to go from
2 — = ?
9 We ....ooocoov both sides.
o V225 = x
15 = Why do we not consider the negative
- solution?
It is not possible to have a negative ............

Find the length of the hypotenuse. Round your answer to 2 d.p.

com 1 a? + b? = h? 1. a? + b% = h?
11cm 4.2cm
2. ... 24 . 2= x? x 2. ... 24 ... 2= x?

x 3. ... + ... = x? 3. ... + ...... = x?
6.1cm

...... = x? . = X2

v o o=x v oo=x

...... =X i = X

x =12.08 cm x =7.41cm
Key ideas

1. If you have a right-angled triangle and the lengths of ......... sides, then you can use

Pythagoras’ theorem to calculate the length of the remaining side.
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1

FOUNDATION

Find the length of the hypotenuse for these triangles.

a b c
24
C
9N c 16
7
c 40
12
h? = a? + b? h? = a? + b? h? = a? + b?
yr= 24 .2 y2= 242 yr= 242
y2= ... + y2=.... + y2= ... +
y2=.... yi=.... y2=....
y=v y=v y=v
25 41 20

Jayden is finding the length of the hypotenuse in this right-angled triangle.
His working out is shown.

a? + b? = ¢
12cm_—Z\
s 52+ 12¢=Xx*

25+ 144 =x

X E— 109 = x*°

The length of x is 169 cm

What mistake has he made?

He forgot to square root

The foot of a ladder is placed 1.2 m from a vertical wall. If the ladder reaches 7 m up the wall,
what is the length of the ladder? Answer in metres to 2 decimal places.

1.2m

710 m
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DEVELOPMENT

4 Find the length of the hypotenuse for these triangles. Leave your answer in exact form.

a b c
S
& _ 6% v g +
“\\é ~ % E Q)"JJ
~ 32}
E —
bem
24km 20 mm
h? = a? 4 b?
2= ... 24 .. 2
2= ... + ..
. -2= ------
=+
V865 km V52 cm V569 mm
d 1m e 3.4 cm f

N

(o]

< o

E o ) =

VZm V19.4 cm V5 cm

5 Agateis 2.3 m wide with a height of 1.4 m.
Calculate the length of the diagonal of the gate correct to 1 decimal place.

— —
Hioos: c )

I 1Im
|l

2.7m
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MASTERY
6  This shape is made up of two right-angled triangles. Find the perimeter of this shape to 2.d.p.

39.37 cm
7 Find the perimeter of these shapes, correct to two decimal places.
a b ¢ Arc-length formula
6
10 em 6 mm I—QXZm‘
8§ mm
48.59 cm 22.25 mm 1225 m
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CALCULATING THE LENGTH OF A SHORTER SIDE

e If you have a right-angled triangle and the lengths of two sides,
then you can use Pythagoras’ theorem to calculate the length of the remaining side.
1. Write the formula a? + b? = h?
2. Substitute given values.
3. Solve for the unknown by applying inverse operations to both sides.

Example Calculate the length of a shorter side.

Calculate the value of x. What operation did we do to both sides to go
1. a’ +b*=h? fromy?+82=26%to y?=6127
& om 26cm 2 y? 482 =267 We ................. 82 from both sides.
3. —8* -8 What operation did we do to both sides to go
y y* =612 from h? = 612 to h = /6127
y =612 We ...ooooven i both sides.

a b
a’ + b? = h? a’ + b? = h?
13cm sem 2 2 2 4.5cm 2 2 2
ye+ ... = ... y ye+ ... =......
y yZ = . 9.5cm y2 = e
y=v y=v
y=12cm y =8.4cm
Key ideas
1. If you have a right-angled triangle and the lengths of ......... sides, then you can use

Pythagoras’ theorem to calculate the length of the remaining side.

2. To find a side length in a right-angled triangle:

a W............... | SPTTI foe
b, the given values.
o the equation by applying inverse operations to both sides.
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FOUNDATION

1 Calculate the side lengths of these triangles.
a 12 b Cc b
a 41
15
61
a’ + b? = h? a’ + b? = h? a’ + b? = h?
a?+ ... 2= ... O 24 2= ... 2
yi= ... yi= ...
Yy=x y =+
Y= i, Y= i
9 60 40
2 Jayden is finding the missing length in this right-angled triangle
His working out is shown.
: m a? + b? = h?
A\ | 102 + 122 = h?2
\ 10cm
13cm \ 269 = h? x
N 164 =h
What mistake has he made?
He substituted incorrectly. The hypotenuse is 13.
8 Find the length of the hypotenuse for these triangles. Leave your answer in exact form.
a 1m b ycm c o A\z,
m w 7
)
£ % o
52 ,§ 0% g 125 km
a’ + b? = h?
...... 24 .2 =..72
yi= ...
y = '\/
V= i

V84 cm V13321 km

V8 m
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DEVELOPMENT
3 Aladder 4.5 min length is placed 1.9 m from the base of a vertical wall.
How far does the ladder reach up the wall to the nearest centimetre?

4.5m ¥
l_ :
1.9m
408 cm
4  Akite is flying with 42 m of string which is anchored to the ground.
The horizontal distance from where the string is anchored is 27 m.
Find the height of the kite above the ground to the nearest centimetre.
x
O
27 m
3217 cm
5 Oliver holds the end of the string of a kite 1.2 m above the ground.
The string is 30 m long and the horizontal distance to the kite is 18 m.
Find the height of the kite above the ground.
30m .
Lk
18 m .
K [.2cm E
25.2m
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CHOOSING THE APPROPRIATE STRATEGY

These are two formulas for using Pythagoras’ theorem quickly:

[ )
Pythagoras’ Theorem Shortcuts
Finding the hypotenuse: Finding a shorter side: h
a
h =+ a? + b? a =+ h? — b?
b
FOUNDATION
1 For the following questions, determine which formula you would use to find the unknown side.
a 36 cm b c
©
; £
S & [
9.6 m
O h=VaZ+b? 0 h=VaZ+b? O h=VaZ+b?
O a=vVhZ-D2 0 a=vVhZ-D2 O a=+vhZ -2
85 cm 4m 55 mm
d e f
28.5cm
47.5 cm

X cm

O h=+va?+ b? O h=+a?+ b? O h=+a?+ b?
O a =+Vh? — b2 O a =+Vh? — b? O a =+Vh? — b?

45m 29 mm 38cm

Find x in the questions above using the chosen formula.

2
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DEVELOPMENT
3  Calculate the missing side in each of these triangles. Leave your answer in exact form.

a b c
X 16 16cm X
8cm cm
7 6cm }
e

x
6cm 12cm

10 cm 1292 cm 20 cm
d f
16cm
x 12cm N
_ 12cm X
112 cm V112 cm V112 cm

4 Consider this diagram and the unknown length x.
a Identify what we need to calculate before we can find x.

b Calculate the value c, then find x as an exact value.

c=+5x=+6
c Was it necessary to calculate the value of ¢ or was c¢? enough?
we only needed c?

d  Why should we not round off ¢ before finding the value of x?

If we rounded c to 2.24, our final answer would be 1% + 2.24% = 6.0176, which is inaccurate.

5 Use Pythagoras’ Theorem twice to find y. Leave x and the answer in surd form.

a b c
J;
g 77 cm
e
5 em 41 cm

x =+/52 + 82 = /89
y = \/132 — (v89)

Y= e

y=+80m x =+/7610, y = V10419 cm x =+/20413, y = /2989 mm
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SOLVING PROBLEMS INVOLVING RIGHT-ANGLED TRIANGLES

then we can use Pythagoras’ theorem to find the third side.

1. Identify the right-angled triangle.
2. Solve for the unknown side using the appropriate formula.

Example Solve problems involving Pythagoras’ Theorem.

If a question involves a right-angled triangle and the lengths of two sides is given,

x =+/25.5%2 — 13.72

=21.51cm

3m

w e

Worked Example

Find the value of the pronumeral,

round your answer to 2 d.p.
1.

1.5

27.4 cm

3m

w ez

Find the value of the pronumeral,

Your Turn

round your answer to 2 d.p.

v 42,6 cm
~ P

o

31.7cm

20 cm
8 x
=
=+

45 cm

p = 28.46 cm

x =47.17 cm
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1

FOUNDATION

Calculate the missing side in these triangles. Round your answer to two decimal places.

a

6.96 cm
h
- 12.5¢cm
|
11.52 cm
9.2cm ’,’l
J T .7 l4lcm 7
[ }
f
10.69 cm
18.2 cm
10.2 cm a
[
23.1 cm
8.95 cm

b -
~
\\
\\\d
2m \‘\
\\
~
[1 N
3m
3.61m
e Ll
FL O
3 \\\d -
il P
9 cm
12.73 cm
h I
18 cm

|

4 cm
23 ¢cm
26.93 cm
k
3.2cm
[T
22.6 cm
15.4 cm
o
P
19.74 cm

25.07 cm
11.6 cm
_
q 24.6 cm
27.20 cm
13.35cm
10.5 ¢cm 16.8 cm _{
19 cm
I y T
18.33 cm
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2

3

Solve for the unknown value.

a

25 cm

21cm

28 cm

DEVELOPMENT

%

<

65m

1

N
Ul
3

Find the height of these triangles. Round your answer to 1 d.p.

a

b

3----_

c
D

43m

&
& V)
0
]
13.9cm
e
g
3
— 35
'l-’z“o cm
]
18 cm
20m

85 mm

S

19m
f
47 cm

33.8cm

https://MrDingMaths.com | 260207
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40.7 cm
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4  Calculate the difference in height between these two buildings.
Round your answer to 1 d.p.

S
@'?J

57.1m

5 Two posts are 7.2 m tall and 9.6 m tall and 11 m apart on level ground.
Calculate the length of string required to stretch from the top of one post to the top of the other.
Round your answer to 1 d.p.

9.6 m

O

11m

11.3m

6 2023 HSC Standard 2 Band 5
A cylindrical pipe with a radius of 12.5 cm is filled with water to a depth, d cm, as shown.
The surface of the water has a width of 20 cm.

What is the depth of the water in the pipe?

20 cm ; 'd em

-

Cross-section of pipe

5cm

7 A20,99 and x form a Pythagorean triad. What value can x be?

101
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MASTERY
8 Find the side length of these triangles. Round your answer to 1 d.p.

I3
&)
=
38 cm
o
Q}
o

40.2 cm 36.8 55.4 mm

9 Find the value of x. Answer in exact form.

a x b 2 c X
1 7]1 71—11
1 x 2
1 1 1
V3 V2 V6
d x e X f X
2 2 2
2 1 1
1 2 1
3 3 NG
g x h 3 i 3
V2 x x
1
NG X
V2 2 x

NG 2
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10 Determine the unknown value, give your answer in exact form.
a b

125
75

[]

88 V578 cm

11 Determine the value of h in exact surd form.

1

h =10
12 Find the missing sides, then find the perimeter. Round your answer to 1 d.p.
a 7.2m b 20 cm
=
Q
I
L
32cm
x =2.8,y=45P =306 P =972cm
c d
P =112 cm P =79.6cm

https://MrDingMaths.com | 260207 Page 19 of 24



13  Aright-angled triangle has one shorter side 5 m long and its longest side is exactly v61 m long.

How long is the other side?

6 cm

14

a Find the perpendicular height of an equilateral triangle, side length 10 cm.
Answer in exact surd form.

V102 - 52 =+75¢

Find the perpendicular height of an equilateral triangle with side length x cm.

3

b

15 You are constructing a triangle with side lengths 18 cm and 22 cm.
What length do you need to make the third side so that the triangle is right-angled?
Note: there are two possible answers. Round your answers to 2 decimal places.

Possibility 1: 18 and 22 are the shorter sides.
Third side is V182 + 222 = 28.43 cm
Possibility 2: 22 is the hypotenuse
V222 — 182 = 12.65 cm
16 The diagonal of a rectangle is 10 cm long. The rectangle is twice as long as it is wide.
What are the dimensions of the rectangle? Round your answers to 2 decimal places

Let x be width.

x? + (2x)? = 10?

5x% =100

x? =20

x =20

So, the rectangle is /20 cm by 2v/20 cm; 4.47 cm by 8.94 cm
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17 The diagram shows three circles with centres A, B and C. The circles touch without overlapping.
Show that triangle ABC is right-angled.

diameter = 12cm

diameter =4 cm “‘

diameter = 8 cm AB=6+4=10,BC=2+4=6AC=2+6=8
AC*+ BC?* =100
AB? =100
Since the sides satisfy a + b? = ¢?, the triangle is right angled.
18 Asshuttle bus travels along an isolated road.
The bus passes a cell tower 14 km away from a road.
The cell tower provides signal in a 31 km radius.
For how many kilometres will people on the bus have signal? Round your answer to 2 d.p.

x =312 — 142 =+/765m
So, there will be signal for 2/765 m = 55.32 m

19 2018 HSC Standard 2 Band 4

A shape consisting of a quadrant and a right-angled triangle is shown.
What is the perimeter, in exact form?

Radius of quadrant = v/102 — 62 = 8 cm

3
Arc length = " X 2m(8) = 12m
~P=12r+8+4+6+10

= 12w + 24 cm

https://MrDingMaths.com | 260207 Page 21 of 24



20 Find the perimeter of these shapes. Answer to 1 d.p.

a 3.5km b
1
1
1
7 km}
1
< -
8.5 km
31.6 km 28.2 cm
c d
8 mm
23.3 mm 48.8 mm

21 JKML is a square. Determine the length of NK if the height of the triangle ANML is 24 cm.
Answer to two decimal places.

J K By splitting ANML vertically down the middle, we create two right-angled triangles.

Let length of NM = x
p S

2
(5) +24 =
60° 2

X
— + 242 = x*?
4+ X

3x?
247 =
4

60° 60°,

L M x =+768 cm
KS = KM — SM
=768 — 24

V768
NS = 5

“ NK = \/(m— 24)" + (?)z = 1435 cm
22 Arectangle 5 m by 24 m is cut diagonally to make a right-angled triangle and a trapezium.
The two shapes are then rearranged to form a large right-angled triangle.
Determine the perimeter of the large right-angled triangle.

To make a cut that makes a right-angled triangle and trapezium you must start from a corner of the rectangle and go to an opposite side.
The diagonal of the trapezium and the diagonal of the small right-angled triangle must form the diagonal of the large right-angled triangle.

Since the diagonal of the trapezium and diagonal of the small right-angled triangle are the same, the only way for this to work is to make the cut
connecting a vertex to a midpoint of the opposite side (two possibilities).

You can check your answer by seeing if the area of the new triangle matches the original rectangle.
60 cm or 101.26 cm

https://www.desmos.com/geometry/oi2zmkiagn

https://www.desmos.com/geometry/dhogwgka8g
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CHECK YOUR UNDERSTANDING

Finding the hypotenuse

1 This is a right-angled triangle. Work out the length of the hypotenuse.

11cm

L‘6cm

a +17cm b 157 cm ¢ +34cm d 85 cm

2 This is a right-angled triangle. Work out the length of the hypotenuse.

SCmL

a 17cm b 289cm ¢ +46cm d 23cm

15cm

3 This is a right-angled triangle. Work out the missing length.

a 21 cm b 225cm c V42 cm d 15 cm

4  This is a right-angled triangle. Work out the missing length, correct to 1 d.p.

a 27.8 cm b 38 cm c 19.5 cm d 772 cm
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Finding a shorter side

1 Work out the length of side x in this triangle, to 1 d.p.

21.7cm
123 cm
X

a 4.3 cm b 249 cm c 17.9 cm d 319.6 cm

2 Work out the length of side x in this triangle, to 1 d.p.

17.5cm
89 cm
x

a 4.1 cm b 15.1 cm c 19.6 cm d 227.0 cm

3 Work out the length of side k in this triangle, to 1 d.p.
46 cm

k
74 cm

a 87.13 cm b 3360 cm c 57.97 cm d 28 cm

4  Aladder 6 m long rests against a wall. The foot of the ladder is 1.3 m from the wall. How

far up the wall is the ladder?
HX
1.3m

a 5.86 cm b 6.14 cm c 21.7 cm d 34.31 cm
t
3
: 7

a (=V77-3 b (=733 ¢ t=7"-3 d (=yF_7

5  Which of these is the missing length?
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