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PREFACE

The purpose of this guide is to assist students in their preparation for tests and examinations in the
new Mathematics course—‘Mathematics Applications’. The structure is such that students will be able
to make use of the book throughout the year.

The Syllabus Checklist indicates to the students the skills they need to have and the objectives they
need to satisfy under each of the major headings of the course.

The Introductory Notes given at the start of each chapter detail all the key ideas associated with each
aspect of the course. These notes should be read in conjunction with those given by the classroom
teacher.

The Worked Examples are presented in a very detailed manner and are often accompanied by brief
notes and explanations to enhance students understanding of the particular question types.

The Problems to Solve section gives students a wide range of problems and the opportunity to check
their understanding of each of the topics. Fully worked solutions are also provided.

The Trial Tests are an additional source of questions and can be used when preparing for classroom
tests. Suggested times are given for the tests and it is important that students try to work within

the stated time constraints. Fully worked solutions are given for these tests and a marking guide

is also provided so that students can receive some concrete feedback on their performance. Tests
are provided for both the resource free (no calculator) and the resource rich (calculator allowed)
components of the assessment.

The Examination Style Questions are provided enabling students to practice questions similar to
those found in examinations. A wide variety of resource free and resource rich questions on each of
the topics in this course are available for students. A fully worked set of solutions are given for each of
these questions.

I hope that this study guide will help students to better understand the concepts they will encounter
and to achieve greater success in the subject.

Greg Hill
May 2020






PERCENTAGES

Syllabus Checklist

By the end of this chapter, you should be able to:

[] apply percentage increase or decrease in contexts, determine the impact of
inflation, calculate percentage markups and discounts, calculate GST and calculate
profit and loss.

FORMULAE AND DEFINITIONS

Profit and Loss

A profit is the money made on the sale of goods.

Profit = Selling Price - Cost Price.

profit

———x 100%
cost price

Percentage profit =

A loss is when the cost price exceeds the selling price.

Loss = Cost price - Selling price.

Percentage loss = 10755_ x 100%
cost price

‘Break even’ is when:

Cost Price = Selling Price

Discount

A discount is a reduction in the price of an item usually given as a percentage.

Commission

A commission is a payment to a salesperson usually as a percentage on the value of goods sold.

Real estate and car salespeople are examples of those who earn commissions. A salesperson may
also be paid a flat or base salary called a retainer.

Inflation

Inflation is the rate at which the level of prices for goods and services is rising.

Goods and Services Tax (G.S.T.)

The Goods and Services Tax is a value added tax of 10% in Australia on most goods and services
transactions. 1



Worked Examples

1.1 Find the following:

a) 25%of $120.
123% of 45 grams.
¢) Convert 11 marks out of 25 as a percentage.

—_ o~ N ~
=)
=

d) If 40% of an amount is $12, find the amount.

(@ 25%of $120

25
= WX 120

= $30

(b) 123% of 45g

12.5
100

X 45

= 5.625 grams

(c) % as a percentage (multiply by 100)

11
- 100
25

= 44%

(d) 40% of an amount is $12

40
ﬁx x=12
100
=12x—=
X X 20
x=30

The amount is $30

1.2 (@) Increase 250 by 30%
(b) Decrease 120 by 25%

(c) A 300g box of Rice Bubbles contains 3% sugar. Determine the amount of sugar contained
in the box.

(d) Morgan jumped a height of 185cm at the high jump competition. This was an increase of
13.5%. Determine the original height he jumped.

(@ 250x1.3 1.3 increases an amount by 30%
=325 1.06 increases an amount by 6%

(b) 120 x0.75 0.75 decreases an amount by 25%
=90 0.95 decreases an amount by 5%

(c) Sugar 3% of 300g

3
mx 300

=9g



(d) 1.135 x original height = 185
.. . 185
original height = 1135

Morgan’s original height = 163 cm

1.3 Shoes bought by a store for $60 were sold at $100.
Determine:

(@) the profit.
(b) the percentage profit.

(a) Profit = Selling price - cost price
= $100 - $60
= $40

(b) % profit __ profit o 60%
cost price

40
= 22«1
60 x 100

2
= 66—%
3

1.4 A motorbike sold for $1500, a loss of 25%. Determine the cost price of the motorbike.

Cost price x 0.75 = 1500 decrease of 25%
. $1500
Cost =
ost price 0.75
Cost price = $2000

1.5 Jeans bought by a local store cost $40 and are sold with a profit margin of 62%.
Determine the selling price of the jeans.

$40 x 1.62 increase of 62%
$64.80

Selling price




1.6

1.7

1.8

1.9

1.10

1.11

A sofa is marked at $1999 with a discount of 30%.
Determine:

(@) the discount.
(b) the discounted price of the sofa.

. 30
(a) Discount = mx $1999

= $599.70

$1999 - §599.70
$1399.30

(b) Discounted price

A light is marked down from $270 to $195. Determine the percentage discount.

Discount = $270-5%195
= $75
% discount = 27—750 x 100

= 27.7%

Over the past week a salesman has sold properties worth $625 000. If he is paid a commission
of 2% on sales plus a weekly retainer of $250, determine his weekly earnings?

Commission = 2% x $625000
= $12500

Weekly earnings = $12500 + $250 retainer
= $12750

A lounge suite is priced at $4350 today. If inflation is 2.5% p.a. determine the price of the
lounge suite next year.

$4350 x 1.025 increase of 2.5%
= $4458.75

A television costs $2250 plus 10% G.S.T. Calculate the selling price of the television.

$2250 x 1.1 increase of 10%
= $2475

A car costs $22 500 inclusive of G.S.T. What was the price of the car before the G.S.T.
was included.

Original Price x 1.1 =$22500
22500
Original price =11

= $20454.55




PROBLEMS TO SOLVE
Chapter 1: Percentages

1. Calculate:

(@ 70% of 42

(b) 125%of 25 L

(© 33%of $14

(d) 17.8%of 15.2 kg

2. Find the quantity if:

(@ 70%is $14
(b) 55.5%is72.15 g
() 133%is 11.96 mL

3. A car was purchased for $29 990 on sale at a 25% reduction. What was the original
price of the car?

4. Determine the following:

(@) Increase $500 by 5%

(b) Increase 725 g by 23%

(c) Increase 16 L by 124.6%
(d) Decrease $120 by 6%

(e) Decrease 40 cm by 34%

(f) Decrease 7.85 mL by 50.5%

5. Jerry’s house is valued at $625 000. He decides to reduce the price by 12%%. Determine
the new price of the house.

6. Fiona earns $72 000 p.a. She receives a 4%% pay rise. Determine her new yearly salary.

7. Determine the percentage change if there is:
(@) an increase of 10% followed by a decrease of 10%
(b) a decrease of 25% followed by an increase of 25%
(c) an increase of 5% followed by a decrease of 4%.
8. Abi’s salary of $56 000 p.a. is to increase by 3%, 4% and 6% over three years.
(@ What is her salary at the end of the third year?
(b) What is the percentage change in Abi’s salary for the three years?
9. A sale discount of 20% was offered on the price of all shoes. Find:

(a) the discount on shoes valued at $240.

(b) the sale price of the shoes.

AA10S Ol SINT190dd



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

A shirt marked at $80 sells for $58. Determine the percentage discount.

George is a car salesman who is paid 1.5% commission.
Calculate how much George will be paid if he sells a car worth $230 000.

Melissa works for a real estate agency. The agency pays
commissions of 4% on the first $300 000 and 2 % there-
after.

If Melissa sells properties worth $525 000 calculate the
commission she would receive.

For each of the following items determine:

- the profit or loss.
- the percentage profit or percentage loss.

Cost Price Selling Price
(@) $20 $25
(b) $75 $50
(0 $110 $203.50
(d) $150 $56.25
(e) $1.12 $1.25

Find the selling price for each item below:
(@) Chairs costing $45 each are sold with a profit of 70%.
(b) A fridge costing $1200 is sold at a loss of 35%.

Geoff sold a DVD for $12.50, at a profit of 25%. At what price should Geoff have
sold the DVD in order to make a profit of 35%?

John works selling coffee machines and is paid via commission at a rate of 22 %%.
If John earns a commission of $731.43, what was the value of his sales for the week?
A used car salesman earns a weekly retainer of $225 plus 2% commission on the first

$7500 of sales and 1;% on the remainder. If he sells cars in a week valued at $33 000
calculate his weekly income.

By selling computer games for $235, a profit of 25% was made by John.
How much did the computer games cost John?

The selling price of a bike is $250 and its cost price is $150. If the salesman sells the
bike at a discount of 15%, what profit will be made?

A computer store operates on a profit margin of 75%. How much would the computer
store have paid for a computer which sells for $3027.50 ?



If the average annual rate of inflation was 2.5%, and the cost of a dozen eggs currently
sell for $5.50, calculate the cost

(a) in one year
(b) in two years
(c) in five years

(d) lastyear

If a dishwasher was marked at $1950 plus 10% G.S.T. and was reduced by 35%, calculate
the sale price inclusive of G.S.T.

If the G.S.T. on a pair of jeans was $24.95, determine the price of the jeans inclusive of
G.S.T.

If the inflation rates for 4 years were 5% p.a., 7.2% p.a., 3% p.a. and 4.6% p.a. determine
the cost of a loaf of bread in 4 years time, which currently costs $5.25.




ALGEBRAIC SKILLS

Syllabus Checklist

By the end of this chapter, you should be able to:
[] substitute numerical values into algebraic expressions and evaluate

[] determine the value of the subject of a formula

FORMULAE AND DEFINITIONS

Simplify To expand brackets, collect ‘like’ terms and reduce the expression.
Solve To find all solutions to an equation, inequality or system of equations.
Factorise To remove the highest common factor (HCF) outside a set of brackets.
Inequalities These contain the signs >, <, <, or =.

Worked Examples

2.1 If x=2, y=-3, and z = 4 calculate:
(@ 2xy
(b) 3yz-x
(© Y2 +2x°z

(@ 2xy
= 2(2)(-3)
= -12
(b) 3yz-x
= 3(-3)4) - (2)
=-36-2
= -38

()  y?+2x%z

(-3)% + 2(2)%(4)
9+24)4)

9+ 32

=41



2.2

2.3

2.4

A pendulum on a clock swings from side to side. The time (T seconds) to complete one cycle

(left to right and back to left again) is

T= 2:\/z where
g

¢ =length of the swing (cm)
g = gravitational acceleration.
Find T if:

(@) ¢=6.2,g=4

(b) ¢=30,9=8.5

(@ T= 27:\/?
g

271'%

4

7.82 seconds

by T= 271\/370
8.5

= 11.80 seconds

Simplify the following:
@ 4x+2t+x-t
b) 3xgxg’xsx?2

() 14r
21s

O———
(@ 4x +2t +Xx -t remember to add or subtract ‘like’ terms
@—®

5x +t

b)) 3xgxg®>xsx2 remember when multiplying p x p = p*

6g3s
214y
521s

_z2r
3s

(c)

Expand and simplify the following:
(@ 4(p-2)

(b) -3x(x+4p)

(c) 4Ra-5)-2Ba+1)

Brackets mean multiply

X4

(@ 4(p-2)

x—1

X9

(b) -3x(x+4p)
[

(¢ 4(a-5)-23Ba+1)

4xp-4x%x2
4p - 8

(-3%)(x) + (-3x)(4p)

-3x% - 12px

8a-20-6a-2
2a - 22

collect ‘like’ terms



10

2.5

2.6

2.7

Expand and simplify:
@ x+4x+3)
(b) (2t-1)

(c) -2(a+6)a-3)

Multiply the terms

— 00— © o ® ®
@ &+4)x+3) = (x.X) + (x.3) + (4.X) + 4.3)

= x2+3x+4x+12

= X2+ 7x+12

—o—0
(b) (t-1)2 = Qt-1)R2t-1)
=412 -2t-2t+1
=412 -4t +1
——0—0
(0 -2(a+6)a-3) = -2(a®-3a +6a-18)

= -2(a® + 3a -18)
= -2a°-6a + 36

Factorise the following:

(@) 6-18p
(b) -18x+ 12y
(c) -10ab - 20ac

Remove the highest common factor out the front of a bracket.

(@) 6-18p = 6(1 - 3p)
HCFis 6 divide & S Uivide Lor
(b) -18x+12y = -6(3x - 2y)
HCFis 6 t sign changes as a negative value is
removed out the front of the bracket
(c) -10ab - 20ac = -10a(b + 2¢)
HCF is 10a L be careful !!

Solve each of the following without a calculator:

(@ 4p-7=21

b) 2a+ 3 _3
5

() % +2=-1

Remember

- Variables to the left : numbers to the right.
- Change side : change sign.



@ 4p-7 =21 © %+2=-1
4p =21 +7 add7 %: -1-2 subtract 2
4p = 28 n
28 R
p = 4 divide by 4
n = -3x5 multiply by 5
p=7
n=-15
b —24+3 4
5
2a+ 3 = 3 X5 multiply by 5
2a+3 =15
2a = 15 -3 subtract 3
2a = 12
12 -
a = 5 divide by 2
a==6
2.8 Solve the following without a calculator:
(@A) 6-24p+5)=10
5x+2 2x-3
b -
(b) 3 )
() w+2:4(g_6)
(a) 6 -2(4p +5) = 10 expand brackets (b) X+ 2 = 2x-3 cross multiply

6-8p-10 =
_Sp_4:

_8]9 =

_8]9 =

g+12g
13g

3 4

10 collect like terms

4(5x +2) = 3(2x - 3)

10 20x+8 = 6x-9

10+4 20x - 6x = -9-8

14 14x = -17

-~ _ a7
14

= 4(g - 6) expand brackets

4g - 24

4g - 24 - 2 collect like terms

4g - 26

3(4g - 26)

12g - 78

78 +3

81

81

13



2.9 Write an equation and solve it.

I think of a number, double it, add 5 and divide the answer by 3.
If the result is 5, what is the number?

Let n be the number

dogb»leZn;S _s
2n+5 =15

2n =10

n=>5

The number is 5

2.10  Solve the following inequalities:

(@ 4x-5<27
(b) 5@2x+1)>43x-2)

(a) 4x -5 < 27
4x <
4x < 32

A
N
<
+
vl

(b) 5(2x + 1) > 4(3x - 2) expand brackets
10x+5 > 12x -8
10x-12x > -8-5
-2x > -13 when dividing by a negative value change the inequality sign

-13
< R
-2

13
<7
2

2.11  Solve the following without a calculator.

(@ 2x%=32

() 5x%+4=40

() 3%=27

(d 8*l=16

(a) 2x% = 32

32

2 _ 04
=5
x2 =16
x =16

X = x4 remember - two solutions

12



(b) 5x2+4 =40

5x% =40 -4
5x% = 36
36
2 _ 36
X =7
36
x =\75
x =xL
() 3% = 27 change both values to the same base
3x = 33
x =3
(d) 8l = 16
(23)x+1 = p4 multiply 3 by (x + 1)
23x+3 _ 24
So3x+3 =




PROBLEMS TO SOLVE

PROBLEMS TO SOLVE
Chapter 2: Algebraic Skills

1. Ifm=-2,n=-6,p=4
evaluate
(@ 2mn-3p
(b) m?+n?-p?
(c) 3 - (mnp)
(d -2n-3mp

() 4m?-(3n+p-6)

2. The compound interest formula is A = P (1 +ﬁ)r where
A = amount in the account
P = principal
r% = interest rate p.a.

t = time in years

Find the value in the account if:

(@) $4000 is deposited for 4 years at 6% p.a. compounded annually
(b) $12000 is deposited for 6 years at 7.25% p.a. compounded annually

3. The formula for the surface area of a cylinder is S = 2nr? + 2nrh where:
r = radius
h = height

Calculate the surface area of a cylinder if
(@) radiusis 7 cm and height is 10 cm

(b) radiusis 10 cm and height is 0.2 m

4. Converting temperature in degrees Fahrenheit (F) to degrees Celsius (C) is given by:
5
C=—(F-32).
9 ( )
Convert the following to degrees Celsius:
(@) 42°F
by O°F

() 100°F

5. The formula to calculate the length of the hypotenuse on a right angled triangle is



c=+a’+b?

o

b

Calculate the length of the hypotenuse when:
(@ a=6m,b=8m
(b) a=25cmb=4cm

Write an algebraic expression for:

(a) Four times the number p is subtracted from twelve.

(b) The number n is divided by three times the number t.

(c) The sum of six and the number f is multiplied by negative two.

(d) The difference between the number p and the number q is divided by the product
of p and g.

For each of the following state an algebraic expression:

(@) A rectangular block of land measures 35 metres by 20 metres.
A road is constructed of width x metres as shown in the diagram below.
Determine the total area of the land which includes the road.

I 35m 1 x|

m

el

20m land g
Em road

(b) Sam buys a container with m marbles.

i. If she equally divides them amongst p people how many marbles will each
person receive?

ii. Sam decides to keep % of the marbles and divides the remaining ones
amongst t people. How many marbles will each person receive?

15



16

10.

11.

12.

13.

14.

(c)  For an 8 hour work day Sydney uses the car for ‘h’ hours. Her brother Tom uses it
for % of the remaining time. Determine how long Sydney and Tom use the car over
an 8 hour day.

Simplify the following algebraic expressions:
@ m+m+m-n-n

(b) t+6t

() 5m?-m?

(d) 4x%2-2x+5-6x-8+ 3x2

Simplify the following:
(@ -3ax-5abx-10abc

(b) (-3xy)?
6ab
(© -12a
-25m
(@ -35n

If a =6 and b = -2 find the value of:

(@ ab
(b) 3a-2b
() a-b?

Expand the following:

@ 5(-6)

(b) -2x(4-3f
(¢ 3h(2h-5g)
(d -GBp+29)

Expand and simplify each of the following:
(@ 7(a-5)-4a

(b) 3@2p-1)+2(p+6)

(c) 5(Be-2)-2(4-e)

(d) -3x(2x-3)-2x(5x+1)

Expand and simplify the following:
a (p-2Pp-9

) -3y -7)*

c) Bw-3)(2w-3)

d) -2(5c-4)3c-2)

(=3

(
(
(
(

Factorise the following:
(@ 7-21b

(b) -16-12y

(c) 15pg-25ps

(d x*-10x



15.

16.

17.

18.

19.

Solve each of the following equations without a calculator:

(@ x-6=10

(b) 2y=12
p__

(c) > 3

d 9-t=5

Solve each of the following equations without a calculator:

(@A -9x+5=86

Solve each of the following without a calculator:

@ x-9=12-2x
(b) 2(z+4)+4z=-32

(c) -3dm-5)+6m=9

15-b

(d) 5

+3=12

Solve the following without a calculator:

@ 7@2x+3)-63x-1)=-1

(b) 3X_7=x+5
2

© 4x+5 2x+7
3 2

(d 59-2=8-(10-9)

Write an equation for each of the following and then solve it:
(@) 1Ithink of a number, multiply it by three, add five and the result is negative ten.
(b) Three is subtracted from one quarter of a number and the result is seven.

(c) Twice a number is subtracted from eight and the answer divided by seven giving
a result of four.

(d) A man travels ‘k’ kilometres on the first day. On each of the next two days he
travels twice as far as he did on the first day. On each of the two remaining days
he travels 10 more kilometres than what he did on the second day. If the total
journey is 524km, how far did he travel on the first day?



Solve each of the following inequalities without a calculator:

(@ 8+3x=-13

(b) 2x-1<5x+7

(¢c) 6(3x-1)<54x-3)
5-2x

(d) 5 -7

Solve the following equations without the use of a calculator:

(@ 9x2=25

(b)

© 6(p*-1)=37
(@ -203+4=132

Solve the following equations without a calculator:

(@) 3*1l=27

(b)

5X
=125
() 3

(d) 10%=0.0001

Solve the following equations using a calculator correct to 2 decimal places.

(@) 2%=7

(b)

()




MATRICES

Syllabus Checklist

By the end of this chapter, you should be able to:

[] use matrices for storing and displaying information

[] recognise different types of matrices and determine their size

] perform matrix addition, subtraction, multiplication by a scalar, multiplication
and a power of a matrix

L] use matrices to model and solve problems

FORMULAE AND DEFINITIONS

A rectangular array of numbers is called a MATRIX. The numbers in a matrix are called ELEMENTS. In
a matrix there are horizontal rows and vertical columns. If a matrix has ‘m’ rows and ‘n’ columns then
the order of the matrix is ‘m x n’.

Row matrix

A row matrix has one row.

42 6 |isalx3mamix

Column matrix

A column matrix has one column.

1 is a 3 x 1 matrix

Square matrix

A square matrix has the same number of rows as columns.

4 1
is a 2 x 2 matrix
3 5

1 0
0 . is a 3 x 3 matrix. This matrix is also called a diagonal matrix as
0 0 4 the elements are all zero except for the leading diagonal (shaded) -




Zero matrix

A matrix in which all elements are zero.

0 0
Lo o | 0 0
0 0

Identity matrix

A square matrix with leading diagonal all ‘1’s and ‘0’s elsewhere.

1 0 O
1 0
0 1 0
01
0 0 1
Scalar multiplication

2 3
If A =
-1 4
2 3
Then 3A = 3
-1 4

Matrix multiplication

Two matrices can only be multiplied if the number of columns in the first matrix is equal to the
number of rows in the second matrix.

Matrix X: Order 4 x 2
Matrix Y: Order 2 x 3

XY: (4 X2)x((2xX3)

t 4

same

order of resulting
matrix
=4 X3

Matrix Addition/Subtraction

Matrices can be added or subtracted if they are of the same size.
Position of elements in a Matrix
Given A = 1 2.5
0 -3 4
then a;; represents an element of matrix A where i is the row number and j the column number.

Powers of Matrices

A matrix can only be raised to a power if it is a square matrix.



Worked Examples

3.1

3.2

3.3

State the order of the following matrices.

@ | 1 3 2 ]
® [ 2 3 6 2|
5 1 0 -4

(a) 1 . 6

3 columns

1 3 2 | elrow

Order: ‘m’ rows by ‘n’ columns

=1x3
(b)
-2 3 6
5 1
T T T
Order: 2x4
i 1 7 3 |
If x= -3 -4 0
-2 4 6 -1
determine
@ x5
(b) Xy,

(C)  Xg4+Xp5

(@ x5 = 3

(b)  x,, = 2

(© Xgu+X,, = -1+7
= 6

If A

I
o =
= w
L

(@] [o~]
1] Il
o —
o Ul
WO

2}“
_4 -

TOWS
T columns
row 1 column 3
row 2 column 2
row 3 column 4
row 1 column 2

21



Determine each of the following. If they cannot be determined state this and give the
reason why.

@ A+D
b) 3B-2C
(¢ D+ 3C
@ 2D
@ A+D
add
©®» O
M
. C14+(2) 345
- 0+1 4+4
i 18 |
(b) 3B-2C multiply multiply
~— < <X A
-® 1 5 3] -®@] 0 2 3 |

Wl)tmct
O® O - [0 ® 6 |

30 15-(4) 9-6 |

3 19 15

(co D+3C
_i 451 +3[0 -2 3]

(d 2D
-2 5
2
1 4
-4 10
2 8




3.4

If

Determine each of the following. If any cannot be calculated state the reason why.

()
(b)
(0)
(d)

(@)

Il
\ \
(RN

|
w N
L

XY

YX

YZ

X2

XY

(2x2)x((2x3)

= (2 x 3) resulting order of matrix.

N

-2

|
S W
w
| |
w =
S v

*

@x1)+(2x3) * =

*

4 x5)+((-2x0) * w

20

20

20

-2

@ X -2)+ (-2 x -1) J

6

20 -6
Ox1)+@3x3) * =

20

¥*

(0x5)+((3x0)

20
0

20
0

20

-6

20 -6

L1

°

-6
Ox-2)+(3x-1)

= |

23



24

(c)

(d)

YX
2x 3 )x(2 x2)

not possible since the number of columns in matrix Y does not equal the number of rows

in matrix X.

YZ
2x3)x(3x1)

= (2 x 1) resulting order of matrix.

3 I —
[1 5 —2} 1 Ax3)+Gx1)+(2x2)
3 0 -1 - *
2 — —
_ [ 3 B - -
1 5 =2 4
1 =
L3 0 —1J ) (3><3)+(0><1)+(—1><2)W
B - 4
- 7

XZ
= XX
2x2)x(@2x?2)

= (2 x 2) resulting order of matrix.

BRI

or use CAS calculator.

Matrices can be used to model road maps, networks and social interactions.

3.5 The map below shows roads connecting three towns; A, B and C.

(@)
(b)
(c)

B

Construct a matrix M representing the number of one-step paths.
Determine M? and interpret the result.

How many two-step paths exist from town A to town B?



S O = M

‘1’ represents the

1 direct path from C to A ‘0’ represents no direct
path from C to B

)

@ o
1

(e}
—
—

This matrix represents the number of two-step paths for the road map.
The ‘2’ represents the number of two-step paths from Town A to Town A.

(c) There is 1 two-step path from town B to town B. i.e. Town B — Town A — Town B.
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PROBLEMS TO SOLVE
Chapter 3: Matrices

State the order of the following matrices.
@ [2 4]

(b)

© [ -1]

Determine the value of the variables in each of the following:

SRR

-1

| 2x -3 +y

(@) 0 -1

0

8 -2a

(d)

a-2b
d

|

12
-2
-p

10
21
5

7
4z +y

3
a+b

|

10
4t -q
5

|
i

-3x
2

3t-6
-2
2q + 5t
-4 B
2 |=

y - X
2z -3

Determine each of the following:

(@)

(b)

)
7

X

|

2y
| 3y +1

-10
3

| x+1 2x-2 3

5
1

J+

-6
2

EEE

2
-2

3-X

)

0 X+ 2

|

_Y_S
2y -3

4x

3
-1
-5

}_

[ 3y +1
L 2y -5

-y
-y+4

J

Find matrix p in each of the following:

(@)

(b)

-2
3

e
|

17
-3

}_

5
6




Determine each of the following:

2 -1

The order of matrices X, Y, and Z are 2 x 1, 2 x 2, 1 x 3 respectively.

State the order of each of the following matrix products, if it exists.

(@) XZ
(b) YZ
(© Y?

Determine the following matrix products. If the product does not exist state the
reason why.

@ [2 -1] {_; J

(b)

Find the value of the variables in each of the following:

(@ |x+y x-y|=]-2 10|

a 3b - 2c
(b) b+2c | = -b+c
b-c db+c+4




Given P

Q

R

determine:

(@@ P+Q+R
(b) 2P-Q+R
(c) 2Q-2(P-3R)
@ P+2R-—0Q)

If A=

determine:

(@) A?
(b) BAZ
() Cif C + B=BA?

1
2

IfT={

determine:

(@ T?

(b) T

(© T

(d) an expression for the matrix T", where n is a positive integer.
(e) T using your expression in part (d)

(f)  the value of k if the matrix

1 0
k _
T_{64 1}




Determine:
(@ (1) @B-AA
i) B+AC
(b) ) the order of matrix X when AX =D

(i) matrix X

a+b
2a+2b and
2a-5b

c
-2a+2b are equal
4a-3b+6

determine:

(a) thevalues of a,b and ¢
(b) 2X-4Y

© KkifkX+R2k-7)Y=0
where 0 is a zero matrix of order 3 x 1

1 0

Let1:={1 1}

Calculate:
(@)
(b)
(©)
(d)

(e) Is there a relationship between the terms in the Fibonacci sequence and the
elements in the above matrices?

Given A { g

2
-5
determine:

(a) AB
(b) C, such that

1 0
ac=| b

If A2B2 = (AB)? and whether this applies to all 2 x 2 matrices.
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16. Write down a matrix to represent each of the following diagrams:

(@)

(c)

P Q
S R
—
"
/K
YA Y
XD

17.
(@) For the diagram above, determine the one-step matrix A.
(b) Determine the two-step matrix.
(c) Calculate A2 and compare your answer to part (b)
(d) Hence determine the three-step matrix.
18. The number of ways 4 school friends can directly communicate with each other is

shown in the diagram below:

Fred ——— > Gerry

Shane «—— > [saac



19.

20.

(@ Construct a matrix M to represent the number of ways each person can directly
communicate with another person.

(b) Calculate M?. What does this represent?

(c) Calculate M3, What does this represent?

The diagram below shows a road system between towns A, B and C. The arrows
indicate directions of travel.

(@) Complete the one-step matrix below:

To
B

>
=
(]

From B

(b) Determine the two-step matrix for this road system.

The table below shows the weekly sales of flavoured milk in three different sizes, in the
school canteen.

Small Medium Large
Chocolate 10 7 14
Vanilla 15 4 8

Small milk sells for $1.20, medium $1.50 and large $2.00.
(@) Construct a 3 x 2 matrix M, representing weekly sales of flavoured milk.

(b) Construct a 1 x 3 matrix P, representing the price of the three different sizes of
flavoured milk.

() Calculate PM and interpret your answer.

) Letx{ } }

Calculate PMX and interpret your answer.
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21.

22.

The College Production will be held over 3 nights; Wednesday, Thursday and Friday.
Ticket prices are Adult Reserve $35, Adults $25, Children $15, Concession $10.

The number of tickets sold for each night is given in the table below:

Adult Reserve Adult Children Concession
Wednesday 45 160 100 80
Thursday 60 150 120 90
Friday 90 210 180 140

(a) State two matrices and using matrix multiplication determine the total amount of

ticket sales for each of the three nights.

(b) Use matrix multiplication to determine the total ticket sales for the College

Production.

Boxes of cupcakes and muffins are produced on Thursdays and Fridays by a local baker.

The table below shows the ingredients and quantity to make each box of muffins and
cupcakes. Cost of each ingredient is also given in the table.

Flour Eggs Sugar Vanilla Butter
Box of cupcakes 200 g 4 100 g 1 teaspoon 300 g
Box of muffins 400 g 3 200 g 1 teaspoon 400 g
$0.10/
Cost $2.50/kg $0.50/egg $1.25/kg teaspoon $3.00/kg

The table below indicates the number of boxes sold each day.

Thursday Friday
Cupcakes 30 50
Muffins 10 65

Boxes of cupcakes are sold at $15 each and muffins $20 each.

(@) Use matrix multiplication to find how much of each ingredient is required on
Thursday and Friday.

(b) Find the total cost of the ingredients each day using matrix methods.

(c) If all boxes are sold on each day, use matrix methods to calculate the total revenue

for Thursday and Friday.

(d) Hence determine the total profit each day.




FINANCE

Syllabus Checklist

By the end of this chapter, you should be able to:

calculate weekly or monthly wage from an annual salary, wages from an hourly
rate including overtime, allowances, commission and piecework

calculate payments based on government allowances and pensions
prepare a personal budget for a given income
compare prices and values using the unit cost method

use currency exchange rates to convert between currencies

[ T R I e

calculate the dividend paid on a portfolio of shares and compare share values
by calculating a price to earnings ratio

FORMULAE AND DEFINITIONS
Best Buy

A best buy is the best value for money based on a per unit cost.

Currency Exchange Rates

To exchange Australian currency for currency in another country a currency exchange rate is used.

The table below is an example of currency exchange rates for foreign currencies based on
$1 Australian.

Currency $1 Australian buys
United States dollar 0.9306
Japanese yen 95.49
European euro 0.6963
Singapore dollar 1.1619
UK pound sterling 0.5519
NZ dollar 1.1035
Thai baht 29.94
Indonesian rupiah 10939
Hong Kong dollar 7.2126
Malaysian ringgit 2.9802
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Shares
People invest money in companies by purchasing shares.
A shareholder is a person who owns shares in a company.

The process of purchasing or selling shares involves going through a stockbroker.

Dividend

A dividend is the profit distributed to shareholders based on the number of shares held. The cash
dividend paid is expressed as cents per share.

Brokerage

Brokerage is a fee (commission) imposed by stockbrokers when trading shares. This can be a flat fee or
a percentage of the value of the shares traded.

Portfolio

A portfolio is all the shares an investor owns in various companies.

Price to Earning Ratio (P/E)

Price per share

P/E =
Yearly Earnings per share

P/E is a ratio of a companies share value to its earnings per share. A P/E of 8 means that - every $8 of
share value will earn a dividend of $1.

It is useful to compare P/E ratios of companies in similar industries. A company with a lower P/E is
usually the better investment.

GOVERNMENT ALLOWANCES AND PENSIONS

There are many government allowances and pensions that are administered by Centrelink. Examples
are included below.

Newstart Allowance

Financial help for individuals looking for work. Payments are made to those 22 years or more. Payment
rates are:

Status Fortnightly payment
(nosciﬁﬁtltleren) $510.50
(with dependesriwrt]ilheild or children) $552.40
agedséi:(])gcl)? over $552.40
Partnered (each) $460.90

Newstart Allowance customers can each earn an income but this reduces the total fortnightly payment
according to the following table.

Income per fortnight

Reduction in fortnightly payment

$100-$250

50 cents in the dollar

More than $250

60 cents in the dollar




Age Pension

The age pension is used to support seniors aged 65 or over in their retirement. Payment rates are:

Status Fortnightly payment
Single $766.00
Couple

(each) $577.40

Age pensioners can earn an income but this reduces the fortnightly payment according to the following
table:

Status Income per fortnight L
payment

Single over $160 50 cents in the dollar

Couple over $284 50 cents in the dollar

Youth Allowance

Youth Allowance gives financial aid to people aged 16 to 24 studying full time, training, looking for
work or sick. Payment rates are:

Status Fortnightly payment
Single less than 18 years
living at home $226.80
Single less than 18 years $414.40
not living at home '
Single older than 18 years
living at home $272.80
Single older than 18 years $414.40
not living at home '
Single with children $542.90

Youth Allowance students can earn an income but this reduces the fortnightly payment according to
the following table:

Income per fortnight

Reduction in fortnightly payment

over $415 to $498

50 cents in the dollar

over $498

60 cents in the dollar

Assistance for Isolated Children Scheme

Assistance for students who cannot attend school due to isolation, disability or special health needs.

Payment rates are:

Allowance

Maximum payment

Boarding allowance

$9133.00
per year

Second home allowance

$223.31 per fortnight per
student (max 3 students)

Distance Education
Allowance

$3833 per year

The assistance for isolated children Additional Boarding Allowance is income tested. This allowance

decreases by $1 for each $5 of parental income over $48837.

—Basic $7667
—Additional $1466
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WAGES, SALARIES AND PIECEWORK

Employees are paid a wage by an employer. This might be fortnightly or weekly. Employees might also
earn bonuses through overtime and receive bonuses for clothing, food etc.

An employee might also be paid a fixed amount per year. This is a salary and can be paid at regular
intervals such as fortnightly or monthly.

Piecework is a type of employment where employees are paid a fixed piece rate for each unit produced
regardless of time.

Worked Examples

4.1 Which jar of vegemite is the best buy?

(a)
(b)
(0)

Convert each to the price per weight, i.e. cents/gram

(@)

80g at $1.75
150g at $3.25
225g at $4.10

175 cents

i = 2.1875 cents/gram
302 /8
% = 2.16 cents/gram
410 :
555 = 1.82 cents/gram

Best value for money is the 225¢g container of vegemite.

4.2 According to the currency exchange table $1 Australian is equal to 0.6963 Euro.

Determine:

(@)
(b)

(a)

How many Euros can be bought for $500 Australian dollars.
How many Australian dollars (AUD) can be purchased for 1200 Euros.

$1 Australian dollar = 0.6963 Euro
$500 AUD = 0.6963 x 500
= 348.15 Euro
$1 AUD = 0.6963 Euro
1200
$ AUD = m Euro
$ AUD = $1723.40

4.3 David purchases 6000 shares in Westcom @ $3.75 per share. A dividend of $0.30 per share was
paid by Westcom. Brokerage fees of 2.5% were charged by the stockbroker.

Calculate

(@)
(b)
(c)

(@)

the total cost of purchasing the shares (include brokerage fee).
the total dividend paid.
the total earnings if David sells all 6000 shares @ $4.00 per share, at the end of one year.

Cost of shares = 6000 x $3.75

= $22500
Brokerage fee = 2.5% x $22500

=  $562.50
Total cost = $22500 + $562.50

= $23062.50



4.4

4.5

4.6

(b)

(c)

Dividend = 6000 x0.30

= $1800
Selling price = 6000 x $4
of shares = $24000

Brokerage fee $600

Earnings = $24000 - $600 + $1800 - $23062.50

$2137.50

Determine the P/E of a company with a share price of $15.50 and annual earnings per share

of $2.50.
PJE - Price I?er share
Yearly earnings per share
_ $15.50
$2.50
= 6.2

Price to earnings ratio is 6.2.

Use the tables on pages 34 and 35 for Examples 4.5 and 4.6.

Calculate the Assistance for Isolated Children payment for each of the following:

(a)

(b)

(0

John boards at a city school; parents combined income is $70000 p.a.
Jenny boards at St Xavier’s School; single parent earns $35 000 p.a.

Jack completes school via Distance Education.

Boarding Allowance: Basic $7667

Additional: Nil (Parents income too high)
Boarding Allowance: Basic $7667

Additional: $1466

Total: $9133.00

Distance Education Allowance $3833.00

Calculate the Newstart Allowance for each situation below.

Scotty, aged 23, no children, earning $3120 p.a. on various part-time jobs.
Davina, aged 25, dependant child, has no income.

Craig and partner Chloe, both aged 24, combined income of $16900 p.a. on odd jobs,
no children.

3120
Scotty: Income 55 fortnight

$120
$510.50 - 0.5 x ($120 - $100)

Payment

$500 per fortnight.

As Scotty earns $20 over $100 his payment is reduced by 50 cents in the dollar.

37



38

4.7

4.8

(b) Davina:
Payment: $552.40 per fortnight

(c) Craig and Chloe:

16900
Income: 5 =88450 each
8450
Income per fortnight: = ~ 5™
=$325

Fortnightly Payment will reduce by 60 cents in the dollar above $250.
Payment: = $460.90 - 0.6 ($325 - $250)
= $415.90 per fortnight.
Chloe and Craig will each receive $415.90 per fortnight.

Catherine earns $25.00 per hour. She is paid time and a half for Saturday and double time for
Sundays. A meal allowance of $12.50 per day is also paid. Calculate Catherine’s total earnings
for the week for the hours shown in the table below.

Day Hours worked
Monday 8
Tuesday 9
Wednesday 12
Thursday 8
Friday 10
Saturday 4
Sunday 5
Normal time: $25/hour

Time and a half: $25 x 1.5 = $37.50/hour

Double time: $25x2 = $50/hour

Earnings

Monday-Friday: 47 x $25 = $1175

Saturday: 4 x $37.50 = $150

Sunday: 5% $50 = $250

Meal Allowance: 7 x $12.50 = $87.50
Total: $1662.50

For delivering the local paper, Matt is paid 10 cents per paper.

(@) How much will Matt earn for delivering 2250 papers.

(b) If he wishes to earn $475, how many papers must he deliver.

(@) Total earnings = 2250 x $0.10
= $225.00
(b) Number of papers = $475
$0.10
= 4750




PROBLEMS TO SOLVE
Chapter 4: Finance

1. Which size Weetbix is the best value for money?

1kg cost $6.95
500 g cost $3.99
375g cost $2.65

2. Determine which are the ‘best buys’ for each of the following:
(@ Yoghurt
i. 6x200gtubs: $6.34
ii. 1 kg tub: $4.49
(b) Steak
i. 1.068 kg: $14.94
ii. 224 g $3.15
(c) Batteries
i. 10 Pack: $15.03
ii. 4 Pack: $7.06
(d) Toilet Paper
i. 2 Rolls: $2.36
ii. 6 Rolls: $4.59
iii. 9 Rolls: $5.61
iv. 12 Rolls: $8.49
3. Cola soft drink is sold in various size containers. Determine which size is the best
value for money.
600 mL cost $2.87
6 x 375 mL cans cost $6.87
15 x 375 mL cans cost $12.99
24 x 375 mL cans cost $14.66
1.5L cost $2.55
2L cost $3.26
4. Milk is sold in four different size containers:

500 mL cost $1.07
1L cost $1.96
2L cost $3.17
3L cost $4.77

Determine which size container is the best buy.

Milk at a local deli has a ‘best before’ date printed on the container of 2 days
from the date of purchase. If Morgan consumes on average 500mL per day of
milk should he purchase a ‘2L’ container or ‘2 x 500mL’ containers as the

1 litre container has sold out?

AA10S Ol SINT190dd
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10.

Convert the following using the currency exchange rate table included in the formula
and definitions section (page 33)

(@) $2000 Australian dollars to Singapore dollars

(b)  $550 Australian dollars to UK pound sterling

(c) 4500 Thai baht to Australian dollars

(d) 7000 Hong Kong dollars to Australian dollars.

(a) Sarahis travelling to Japan and decides to convert her Australian currency to
Japanese Yen. How much Japanese Yen will she receive for $2500.

(b)  On her return journey to Australia, Sarah decides to convert her remaining 19098
Japanese Yen back to Australian currency. How much Australian currency will she

receive?

Alex decided to purchase a new computer from Malaysia. The cost of the computer was
3400 Malaysian ringgit. How much did Alex pay for the computer in Australian dollars?
(Answer to the nearest dollar).

On a round the world trip Jenny accumulates various amounts of different currencies.
These amounts are:

40

50

75

125

45000

British pounds sterling
Singapore dollars
United States dollars
New Zealand dollars

Indonesian rupiah

Jenny decides to convert these to Australian dollars. How much in total will she receive?
(Answer to the nearest dollar.)

Dorothy has the following portfolio of shares.

Company Number of shares Share value per share Dividend per share

Ajax 8500 $0.72 $0.10

Glass 7000 $5.90 $0.35

Pac 500 $24.00 $1.50
Determine:

(@) the total value of the portfolio.
(b) the total dividend.

A company has 3.2 million shares and makes an after tax profit of $7.5 million. The
company agrees to pay a dividend of 12% on the profit.

What is the dividend paid per share?



11.

12.

13.

14.

15.

The brokerage fees charged by a stockbroker are:

Share value Up to $15000 Over $15000

Brokerage $69.95 0.40% of the trade value

Determine the brokerage fee for the following:

(a)
(b)

2000 shares @ $7.50 per share
7500 shares @ $5.25 per share.

Victoria purchases 8000 shares in Zedform.

Shares are $7.25 each
The company pays a dividend of 4.5% of the share price.
A brokerage fee of 3% is paid to the stockbroker.

Determine:

(a)
(b)
(©)

the total cost of purchasing the shares (including the brokerage fee).
the total dividend paid.

the total gain if Victoria sells all 8000 shares at the end of one year @ $9.05
per share.

Otus Mining shares are valued at $16.50. A dividend of $0.80 per share is paid and 20%
of Otus’ yearly earnings were paid as a dividend.

Determine:

(a)
(b)

the total yearly earnings per share.

the price to earning ratio (P/E).

Use the tables on pages 34 and 35 to complete the following questions.

Calculate the Youth Allowance for each of the following:

Gerry, single, 17 years old, living at home, earning $10000 p.a. on part time jobs
and studying full time.

Deanna, 19 years old, living at home, has a daughter and studying full time.

Richard, 21 years old, not living at home, studying full time and working part time.
His yearly income was $13520.

Calculate the Age Pension for each of the following:

(a)
(b)

(©)

David, aged 75, has no partner and no income.

Lois, aged 81, has no partner and receives a yearly income of $4000 from
investments.

Mark and Leonie both aged 76, earn a combined income of $100 per week cleaning
a friend’s house.
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16.

17.

18.

19.

20.

21.

22.

Calculate the Newstart Allowance for each situation below:

(a) Kai, unemployed, single with two children.
(b) Sally, unemployed, married with one child.

(c) Tom, unemployed, single, no children and earns $60 per week mowing the
neighbour’s lawn.

Simon is paid a salary of $92 000. How much does he earn:

(@) per week?
(b) per month?
(c) per fortnight?

Fran is paid $14.50 per hour for a 36 hour week, time and a half for the first 3 hours
overtime and double time thereafter. How much does she earn in a week if she worked
from 8 a.m. to 5 p.m., Monday to Friday?

Which of the following earn the most?

e Coleen: Salary $47515
e Sam: $856 per week

e Pam: $23 per hour, 40 hour week

Gordon is paid $5.70 per kilogram picking apples. For any additional kilograms of
apples picked over 100 kg in a week, the rate increases by 40%. If Gordon picks 150 kg
of apples in a week, what is his total earnings?

Floyd is paid $7.50 per pizza delivery.

(@ How much does he earn delivering 36 pizzas?

(b) How many pizzas must be delivered for Floyd to earn $20007?

Debbie worked the following rate and hours.

Normal rate: 35 hours
Time and a half: 4 hours
Double time: 6 hours

Her total earnings was $1934.50.

What was Debbie’s normal rate of pay?



23. Determine the total weekly earnings for each person below.

(@) Zac - $17.40 per hour. Details of work completed are shown in the table below.

Days Rate Hours
Monday-Friday Normal 36
Saturday Time and a half 6
Sunday Double time 5
Overtime Double time 7

A meal allowance of $10.75 per day and a remote living allowance of an
extra 1.5%.

(b) Penny - $15.80 per hour

Normal Rate: Monday to Friday

Time and a half: Saturday

Double time Sunday

Overtime: Any additional hours above an 8 hour day paid at time and
a half.

Clothing allowance: $120 per week

Listed below are Penny’s weekly details.

Day Hours Breaks
Monday 8.30 a.m.-5.30 p.m. 1 hour
Tuesday 8.00 a.m.—6.00 p.m. 1 hour
Wednesday 7.00 a.m.—6.00 p.m. 30 minutes
Thursday 8.30 a.m.—9.00 p.m. 30 minutes
Friday 8.30 a.m.=5.00 p.m. 30 minutes
Saturday 10.00 a.m.-5.30 p.m. 1 hour
Sunday 10.30 a.m.-6.00 p.m. 45 minutes




PYTHAGORAS

Syllabus Checklist

By the end of this chapter, you should be able to:

[] Use Pythagoras’ theorem to solve practical problems in two dimensions and for
simple applications in three dimensions.

FORMULAE AND DEFINITIONS
Pythagoras

Pythagoras’ theorem states that the length of the hypotenuse squared is equal to the sum of the
squares of the lengths of the other two sides.

C hypotenuse

c?=a’+b?

Worked Examples

5.1 Find the value of x correct to 2 decimal places.

Xm
(@) (b)
Xm
7m 20.5m 12.3m
10m
() x2 =72+10%
xnfyfnj’nm x2 =49+ 100
7m x2 = 149
x = /149
10m x =12.21m
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5.2

(b)

Find the value of x correct to 2 decimal places in the following diagram.

6cm

6cm

Xm
- 205m 12.3m
hypotenuse
20.5%2 = x2+12.32
x2 = 20.52-12.32
x? = 268.96
X = 1/268.96
X = 16.40m

13cm

Xcm

Draw a horizontal line to
form a right angled triangle.

13cm
" x%2 =132+ 82
x? = 233
X = V233
Xx = 15.26cm

14cm

8cm

6cm
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5.3 Is the following triangle right angled?

Smm

10mm

If the longest side squared is equal to the sum of the squares of the other two sides,
then the triangle is right angled.

102 = 62 + 82
100 = 36 + 64
100 = 100

The triangle is right angled.

5.4 A hiker leaves camp and travels north for 7.6km and then travels east 6.3km. How far from
camp is the hiker?

Hint: Draw a diagram

N x? = 7.6%+6.3°
6.3km x% = 97.45
T/
X = +/97.45
7.6km "
) x = 9.87
hypotenuse
w r The hiker is 9.87km

from camp.




5.5

Calculate the length of the longest rod that will fit inside the cylinder below:

YN

12cm
TN
X 12cm
______ X =122+72
. []
___ X2 = 144 + 49
7cm X2 =193
X = 193
x = 13.89cm

The length of the longest rod in the cylinder is 13.89cm
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PROBLEMS TO SOLVE
Chapter 5: Pythagoras

Find the value of x in each of the following, correct to 2 decimal places where necessary.

(b)
N 0O




Using Pythagoras find the distance between the coordinates marked on the grid below,
correct to 2 decimal places.

(a)

For each of the following triangles, find the length of the missing side.
(@) AB=4.7cm

AC = 5.6cm

ZBAC =90°

XY =15m
YZ=11.4m
ZXZY =90’

Determine whether or not the following triangles are right angled.

(a) p b)) A 13mm
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10.

11.

An explorer walks 7.6km due East from base camp and then 8.3km due South.
How far is the explorer from base camp?

A gate 1.2m wide by 2.7m high needs a diagonal brace for support. Calculate to
2 decimal places the length of wood required for the brace.

A shadow of length 26m is cast by a tree of height 13.5m. Determine the distance
from the end of the shadow to the top of the tree.

A rhombus has diagonals of 14mm and 5mm respectively.
Determine:

(@) The length of the rhombus.

(b) The perimeter of the rhombus.

A square has an area of 144m°. Determine the length of the diagonal.

For safety reasons a 120m long television antenna requires 4 support wires. Two
of the wires are placed one third of the way up the antenna and the remaining
two one sixth of the distance below the top of the antenna. All four wires are
positioned on the ground floor 30m from the foot of the antenna. Determine the
total length of the wire needed to support the television antenna.

Find the value of x, correct to 2 decimal places, in the following, by using Pythagoras’

theorem.

(@ (b) 7

2X

~o|

3x




12. A cherry picker is used to clean gutters on buildings and is elevated on a 4m vertical
pole on a 3m moving arm. If the vertical pole is 4m from the base of the 6m high
building, how far is the cherry picker from the building?

Cherry Picker

Moving arm
3m
6m Building
Vertical

pole

4m
- [ 4m :

13. A paddock is divided into 4 main areas according to the following diagram.

Each area must be fenced and this will cost $18.50 per metre length.
Determine the cost of fencing the paddock

4m
[11]
L]
7m
14. A pendulum of a clock swings 3cm horizontally either side of vertical. If the pendulum

is 14cm long, determine how far vertically the tip of the pendulum will rise.

15. A pole 15m long is placed against a brick wall with the following safety condition:

The distance the pole reaches up the brick wall must be twice the distance the foot
of the pole is from the brick wall.

Determine how far up the brick wall the pole must be placed.
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16. Find the length of the longest rod that will fit inside the shapes below:
(@)

N




TRIGONOMETRY

Syllabus Checklist

By the end of this chapter, you should be able to:

[] use trigonometric ratios to determine the length of an unknown side, or the size of
an unknown angle in a right angled triangle
. . . 1 . . ,
[] determine the area of a triangle using Area = = ab sin ¢, by using Heron’s rule and
solve practical problems
[] solve problems involving non-right angled triangles using the sine rule and the
cosine rule

FORMULAE AND DEFINITIONS

Trigonometric ratios

To calculate the lengths or angles in a right angled triangle use trigonometric ratios.

sing = —pr
H_ypotenuse P
Opposite cosg = 24
hyp
0 tanf = %p,
. adj
A_dJacent

Angles of elevation and depression

Angles of elevation and depression are always measured from the horizontal.

o

Angle of elevation

building

alngle of
elevation
—————————— S————————————————————-A——— horizontal ——--

Angle of depression

———))- ————J——gn—gTe—o—f —————————————————— horizontal ----

depression
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Bearings

Bearings can be expressed as either:

- An angle using three digits clockwise from North
e.g. 042°, 157, 248’

- The number of degrees East or West from North or South
e.g. N32°'W, S15°E

The bearings (left) could be described as:
- the bearing of B from A is 060"

- the bearing of A from B is 240"

Non right angled triangles

Sine rule

a _ b _c
sinA sinB sinC

Using the sine rule requires
* two side lengths and a non-included angle or

* one side length and two angles

Cosine rule (for finding a length)

a’ = b+ c® - 2bccos A
Cosine rule (for finding an angle)

b+ct-a
2bc

COSA =



Using the cosine rule requires

* two side lengths and an included angle or

* three side lengths

Area of a triangle

Area

= ab sin C

bc sin A

ac sin B

N N S

Using Heron’s Rule

Area =/s(s-a)(s-b)(s-0¢)

a+b+c

where s =

Worked Examples

6.1 For each of the following find the value of x correct to 2 decimal places.

(@)

X Ccm

(a)

X cm
opposite

(b)

13° 0

(b)

15cm

u 52°

15cm

hypotenuse
2 4

7
%
.
.
.

1 ’ 52°

xm adjacent

12m
opposite

xm (c)
13° 0
12m 20mm
Opposite and hypotenuse - use sin
sing = opp
hyp
X
in52° = —
sin 15
x = 15 x sin52°
x = 11.82cm
Opposite and adjacent - use tan
opp
tanf = ——
0 adj
tanl3’ = 12
Y- 12
tanl3’
x = 51.98m

15mm
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(©)

Adjacent and hypotenuse - use cos

coso = adj
hyp
hypotenuse & COS X = E
20mm 20
adjacent use Inv cos or cos™! or A cos to find the angle
15mm

- v cos (3
X = Inv cos 20

41.41°

bd
1

6.2 A ladder 15m long rests against a wall and makes an angle of 22° to the horizontal.
How far up the wall does the ladder reach?

Hint: Always draw a diagram

7 sin22" = -~
15
15m x = 15 x sin22°
opposite xm hypotenuse X = 5.62

The ladder reaches up the wall 5.62m.

\

6.3 From a cliff the angle of depression to a ship out to sea is 37". If the ship is 1.1km from the
base of the cliff, determine the height of the cliff.

Hint: Always draw a diagram

angle of depression / tano = %dl?
is from the horizontal aaj
X tan53° = Lxl
Cliff
adjacent X = 1.1
~ tan53°
x = 0.83
Ship Cliff is 0.83km high.
1.1km
opposite

6.4 Two ships leave port at the same time. Ship A travels for 30km on a bearing of 41° while ship B
travels for 45km on a bearing of 131".

Determine:
(@ The distance from ship A to ship B.
(b) The bearing of ship A from ship B.

Hint:
- Always draw a diagram.
- Use compass directions to assist.



Ship A

N 30km
41"

Port

45km

Ship B

(b)

54.08km

both angles
are the same

45km

‘ bearing required

6.5 Find the size of angle A in the triangle shown below

A

Bearings are from North
in a clockwise direction.

The angle between ship A
and ship Bis (131°- 41°) = 90°

use pythagoras

(@ x2%=1302+452

x2 = 2925
x = /2925
X = 54.08

Distance between ship A
and ship B is 54.08km.

Bearing of ship A from ship B.

Place compass directions on B

Find x°
tan x° = @
45
x" = 33.69°

Bearing is calculated from North
in a clockwise direction

ji.e. 270"+ 41" + 33.69°
= 344.69°
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6.6

6.7

Using the sine rule

6 8
sin A = sin50°
6 sin50°
sinA = 8
A = 35.07

In this course we only consider acute angles.

Find a in the triangle shown below

63’

Using the cosine rule

a? 82 + 62 -2(8)(6) cos 63°

a 7.51

Find the area of each triangle below

(@)

L
102°
5cm 6cm
M N
(b)
X
4cm 5cm
Y Z
6cm
(@) Area = % MN sin L
- % (5)(6) sin 102"
= 14.67 cm?



(b) Using Heron’s rule

Area =\/s(s-a)(s-b)(s-¢)
a+b+c
S =
2
4+5+6
S=
2
§=7.5

Area =4/7.5(7.5-4)(7.5-5)(7.5-6)
=9.92cm?

6.8 In the diagram below

100m

ZBCD = 35", ZBDC =40, CD = 100m. The angle of elevation of A from C is 42°.

Determine:
(@) BD
(b) BC
(c) AB
(d) the angle of elevation of A from D.
@ BD B 100
sin35°  sinl05°
100 sin35°
BD = sin105°
BD = 59.38m
BC 100
(b) sind0"  sinl05°
100 sin40°
BC = sin105°
BC = 66.55m
. AB
() tan42° = 66.55
AB = 66.55 x tan4?2’
AB = 59.92m
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AB

d tanD = 28
(d) tan D
59.92
tanD =
an 59.38
D — tan,l 59.92
59.38
D - 4526

Angle of elevation of A from D is 45.26".

Two hikers set off from base camp X. Hiker A travels 42km on a bearing of 310" from X.
Hiker B travels 37km on a bearing of 65° from X.

Determine
(a) the distance between the two hikers A and B
(b) the bearing of hiker A from hiker B.

Draw a diagram

(a) A

Use cosine rule

X2 = 422 +37%-2(42)37) cos 115°
X’ = 4446.50

x = /444650

X = 66.68km

alternate
angles




Use sine rule to find 6

4?2 _ 66.68
sin 0 sinl15°
] 4?2 sinl15°
sinb = 6668
0 = 3481

Bearing of A from B is
180" + 65" + 34.81°

=279.81"
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PROBLEMS TO SOLVE

PROBLEMS TO SOLVE
Chapter 6: Trigonometry

1. Use your calculator to find correct to 2 decimal places the values of:
(@) sin35°
(b) cos72°
(c) tan68.5".
2. Use your calculator to find the acute angle x in degrees correct to 2 decimal places.

(@) sinx" =0.2381

7
(b) cosx = 3

(c) tan x"=1.4672.

3. In each of the following determine the value of x correct to 2 decimal places.
(@) sin40° = %
(b) 2l cosl2’
X
46" = .
(c) tan46 10
4. For each of the following find the value of x correct to 2 decimal places.
(a) (b) 15cm (0)
v
51°
xm 12m 17cm 25m xm
O 42N\ /0O
5. Find the values of the pronumerals correct to 2 decimal places for each of the following:
(a)
ym xm
46° 21°

I 15m |



(b)
36°

17cm

y cm

(0)

z
3
£

A ladder leans against a wall inclined at an angle of 27" to the horizontal.

If the ladder reaches 7.5m up the wall, what is the length of the ladder?

A ramp has a steady gradient of 1 in 12.

(@) What angle does the ramp make with the horizontal ground?

(b) If a trolley is pushed from the start of the incline for 4 metres, how high

vertically will it be?

A ship sails from port due South for 17km and then due East for 8km. Find the ships
bearing from port?

Two fishing boats depart port at the same time. Pegasus travels South at 8km/h while
Atlantis travels in a westerly direction at 10km/h. Find:

(@) The distance the ships are apart after 2.5 hours

(b) The bearing of Pegasus from Atlantis at this time.
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10.

11.

12.

13.

From the top of a cliff, ship A is observed at an angle of depression of 15°, 35m from
the base of the cliff. At the same time ship B is observed 12m from ship A as shown
in the diagram below. Determine:

(@) The height of the cliff
(b) The angle of elevation from ship B to the top of the cliff.

cliff

A B
I 35m | 12m ——

An off road rally vehicle leaves a checkpoint on a bearing of 46°, travelling at
120km/h for 1 hour. The vehicle then changes direction and travels on a bearing of
316° for 40 minutes at 150km/h. Find the distance and bearing of the rally vehicle
from the checkpoint.

A new desktop lamp is shown in the diagram below

The lamp can swivel at point B and is positioned on a stand at point C. The light can
be moved up and down at point A. Calculate the vertical distance from point A to the
top of the stand at point C.

A flagpole 6m high sits on top of a hill inclined at an angle of 7° to the horizontal.
Determine the angle of elevation of the sun if the length of the shadow of the
flagpole is 4.2m.

F ,\4.2111




14. Find the value of x in each of the following:

X

15. In AXYZ, x=10cm, z=3cm and £X = 135". Find £Y.

-

Find the values of x and y.




A I_D

Find the values of x and 6.

18. Find the value of x in each of the following:

(@) Y

19. In AABC, a = 7cm, b= 6cm and ¢ = 4cm. Find the smallest angle.




20.

Q
- 9
y
] X
P S
R
< 10 >
Find the values of x and y.
21. Find the area of the following:
(a) A (b) P
50°
8cm 4.1cm
D 700 R
B 43 C Q 5.8cm
10cm
(0 T (d) >
7.1cm
7cm 8cm
47 R
U Vv 50
L0cm 9.5cm

22. A triangle has an area of 767.69cm?. The lengths of two of the sides of the triangle are
43.1cm and 38.7cm. Find the size of the angle between these two sides.

23. Find the area of a regular decagon inscribed in a circle of radius 10cm.

24. A flagpole stands vertically on a building. LM = 25m, LN = 20m, and ZMLN = 15".

building




Calculate:

(a) the height of the building
(b) the height of the flagpole
(c) area of ALMN.

z L Y
fF———23cm ——

In rectangle WXYZ, XK = 10cm, KL. =12cm, YZ = 23cm and £ WKL = 40°.
Calculate:

(a) WK

(b) WL

(c) WZ

(d) Area AWKL.

Ship A leaves port P travelling 120 km west. Ship B leaves port on a bearing of 215°
travelling 120km.

Find:

(@) the distance between the two ships
(b) the bearing of ship A from ship B
(c) the bearing of ship B from ship A




A square based pyramid is drawn below.

Determine:

(@ SR
PS
(c0 PU
PV
(&)
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PERIMETER, AREA, SURFACE AREA & VOLUME

Syllabus Checklist

By the end of this chapter, you should be able to:

[] solve practical problems requiring the calculation of perimeters and areas of
circles, sectors of circles, triangles, rectangles, parallelograms and composites

[] calculate the volumes of standard three dimensional objects

] calculate the surface areas of standard three dimensional objects

FORMULAE AND DEFINITIONS

Perimeter

The perimeter is the distance around the outside of a two dimensional object.

Specific Types

— Square 1
+ + P=4¢
¢
— Rectangle .
+ +w P=20+2w
— Circle
C =2zwror
C=md



— Sector of a circle

0
‘ arc Arc length = — X 2mwr
length & 360 "

. 0
P =—— X 2wr+2r
erimeter 360 a

Area

The area is the number of square units covering a two dimensional object.

Specific Types

— Square
1 4 A=y
¢
— Rectangle .
+ = W A=4€XW
— Triangle
-1
A—beh
[1
«—ph—
— Parallelogram
A=bXxXh
b
— Trapezium
«— g ——>
_1
A= 5 (a + b).h
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— Circle

— Sector of a circle

.
_ 0
A—360><1ﬂ’2
»

The surface area of a three dimensional figure is the sum of the areas of the faces.

Surface area

Specific Types

— Cylinder SA = 2mtrh + 2mTr?
T curved J k 2 circular
surface ends

h
— Cone SA = 1rrs + mr?
curved J t circular
surface end
N
— Sphere SA = 47rr?



Volume

Volume is the amount of space an object occupies.

— Prisms

front face h /
(base)

— Pyramids

Specific Types

— Cylinder B
h
— Cone
h
— Sphere

General formula

Volume = area of the front face (base) x height

General formula

area of the base x height
3

Volume =

Volume = wrh

wrh

Vol =
olume 3

Volume = %1‘”’3
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Worked Examples

7.1 Find the perimeter of each of the following giving answers correct to 2 decimal places.

(@) (b)

10cm

(@) Circumference = 2xr
= 2XmX7

= 43.98cm

(b) P = 6 X 2wr + 2r
360

_ ;600 % 2m(10) + 2(10)

= 26.98cm

7.2 Calculate the cost of fencing the field below, including the central pond, if fencing costs
$30 per metre.

120m

Length of both ends forms a circle
c = wxd

S X 60

= 188.50m

Length around pond

C = Txd
= wx 20
= 62.83m

Straight lengths

P S 2x120
= 240m

Total length = 188.50 + 62.83 + 240
= 491.33m
Total fencing cost = 491.33 x $30

= $14739.90



7.3

Calculate the areas of each of the following giving answers correct to 2 decimal places, where

appropriate.

(@)

(c)

(@)

(b)

(c)

(d)

(b)

30°

7cm

Area triangle

Area circle

Area sector

Area trapezium

(d)

% base x perp. height

1
- (8)x(10)

40cm?

X P2

% (7.5)2
176.71cm?

0
X mr
360
30

72
360 <™

12.83cm?

%(a+b)><h

1
?(7+11)><5

45cm?

5cm

7cm

Y

gy
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7.4 Find the area of the shaded region between two concentric circles as shown in the diagram
below.

\/

2

Area large circle = @r
= w(10)?

Area small circle = mr?
= mw(5)?

Area shaded region = = (10)? - = (5)2
=  235.62cm?

7.5 Find the area of the shaded region below.

14m

Area rectangle = {XWwW
= 14x5

= 70m?

Area sector = 8 o ar?

360

-2 n(12)
360

= 31.42m?

Area shaded region = 70-31.42
= 38.58m?



7.6 Calculate correct to 2 decimal places the volume and surface area of the following shapes.

(@) (b)

2m
8m 10m
6m 10m J

(@)

Volume

area base x height

6x2)x10
2m 120m?
. 10m  ~ Surface area
h
- top/bottom 2(6 x 10)
120m?
front/back 2(6 x 2)
24m?
side/side 2(10 x 2)
40m?
Total surface area 120 + 24 + 40
184m?
. 4
radius T .3
(b) radis Volume sphere 3 wr
- Volume hemisphere 3 3
slant Volume Cone + Hemisphere
height 8m 10m  height )
‘h’ S wr-h . 2 r3
3 3
m(6)%(8) | 2 3
X +— (6
3 3 w(6)
753.98m?>
Surface Area
Cone = wr? + mrs
ropj L curved surface

Sphere = 4xr?

Hemisphere = 2xr?

SA = Cone (no top) + hemisphere (no base)

wrs + 2mr?

w(6)(10) + 2m(6)?

= 414.69m?
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7.7

7.8

(©)

height of side
e, T 5cm

height of
pyramid
=3cm

Volume pyramid =

area base x height

3

_ (8x8)x3
3
= 64cm3

SA pyramid Area Base = 8 x 8

= 64cm?

1
4><(§><8><5)'\

area of triangular side

Area 4 sides

80cm?

Total surface area = 64 + 80

= 144cm?

Find the volume and surface area correct to 2 decimal places for the shape below.

cylinder radius = 2m

3 tennis balls each with a radius of 2cm
are stored in a cylindrical tin as shown in
the diagram below.

(a)

(b)

(©)

Calculate the volume of all
3 tennis balls.

Calculate the volume of the
cylindrical tin.

Calculate the amount of unused
space inside the cylindrical tin.

If the material to make the tin costs
$1.25/cm?, calculate the cost of the
cylindrical tin.

Volume = Cube - Cylinder

SA

(Area base) x height - wr2h
(10 x 10) x 10 - w(2)? (10)
874.34m3

= Cube - 2 circles + curved surface cylinder
= (Area square X 6) - 22 + 2wrh

= (10 x 10 x 6) - 2m(2)? + 2mw(2)(10)

= 700.53m?

(W W)



7.9

12cm

radius of
tennis balls
=2cm

diameter of
tennis balls
=4cm

(@) Volume (tennis balls)

=3 (émﬁ’)
= X 3

4 3)
=3 x (31T(2)
= 100.53cm3

(b)  Volume (tin)
= wr’h
= m(2)%(12)
= 150.80cm?

(c)  Volume (unused space)
= Volume (tin) - Volume (balls)
= 150.80 - 100.53
= 50.27cm?

(d) Surface area (tin)
= 2wr? + 2nrh
= 2m(2)% + 2mw(2)(12)
= 175.93cm?

Cost: 175.93 x $1.25 = $219.91

Calculate the radius of a sphere if the volume is 219.27cm3.

Note: This is an inverse problem.

Volume of sphere

Find the cube root of r

Radius is 3.74cm.

w

219.27

219.27

(5m)

219.27

[SSIIN
3
SN—"

Wk Wl

~

3.74

79



PROBLEMS TO SOLVE

Chapter 7: Perimeter, Area, Surface Area & Volume

Find the perimeter of each of the following giving answers correct to 2 decimal places,
where necessary.

Find the perimeter of the following composite shapes expressing answers to 1 decimal
place.

(a)




Calculate the areas of each of the following, giving answers correct to 2 decimal places.

(@) (b)

M-

Find the area of the following:

(a)




82

5.

6.

7.

Find the shaded area for each of the following:

(@)

(b)

7cm

(0)

A piece of jewellery (shown below) of side 4cm has four semi-circles and four quarter
circles, each of radius 1cm, removed from a square. What is the perimeter of the piece
of jewellery?

Part of a backyard consisting of a shed, four garden beds, a lawn area and a surrounding
path is shown in the diagram below:

15m
A
Garden beds ///I:I — I:I
1.75m X 1.75m
Shed [3m 10m
\D lawn area I:l
Path 1m wide —/——> ¥

Calculate:

()
(b)
(©)
(d)

the area of the path
the shaded area
what fraction of the backyard is not covered by lawn

the cost of the lawn area if lawn costs $12.50 per m?.



8. A floor measuring 27m x 20m is to be tiled. The tiles used are rectangular and measure
1.5m x 1m and cost $5.50 per tile.

Determine:
(@) the area of the floor
(b) the number of tiles required

(c) the total cost of tiling the floor.

9. John has installed a pool in his backyard surrounded by decking. Fencing and a child
proof gate are to be installed around the decking as shown in the diagram below.

11m
8m
Pool
Decking
12m Fence

(@) Calculate the length of fencing required (exclude gate).

(b) Determine the cost if fencing is $80/m and gates are $12/m.

10. A new discus pitch is to be installed on a school oval as shown below.

1.25m

1.25m

The surface is to be covered in non-slip tiles each measuring 4cm x 6cm. An extra 10%
more tiles will be needed to cover breakage and for areas requiring cut tiles.

Calculate:
(a) the area of the pitch

(b) the number of tiles required for the pitch.
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11. Calculate the volume and surface area of each of the following solids.
Answers correct to 2 decimal places where appropriate.




12.

13.

14.

15.

16.

A cylindrical pipe of length 40cm
has an outer diameter of 15cm

and a thickness of 3cm. Find: 3cm7(_\
(@) The outer curved Q T
surface area

(b) The inner curved
surface area

[«——15cm ——

()  The volume of the pipe. 40cm

A cylindrical can of baked beans has a base diameter of 14cm and a total surface area
of 900cm?. Find it’s height.

A horizontal drinking trough on a
cattle station is 3m long.
Determine the amount of water
in cm? it will hold when full.

2cm width

A letterbox in the shape of a tetrahedron is 10cm high. If the base triangle measures
6cm with a height of 5cm, determine the volume of the letterbox.

Before each lawn bowls regatta, the ‘green’ must be prepared by rolling the lawn with
a cylindrical roller. Determine:

(@) The curved surface of the roller

(b) How many revolutions are required to roll the lawn if the green measures
170m by 50m?
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17.

18.

The height of a cylinder is 15mm and the curved surface area is 1220mm?.
Determine the base area of the cylinder.

A company makes playground equipment out of wood in the following designs.
Calculate:

(M)
(ii)

The volume of the shape in m?3

The cost of painting each piece of equipment if paint costs $6.50 per square metre.

radius = 1.2m

(0)

Wigwam tents are constructed in the shape of a cone with height 4m and
diameter 6 m. If the material to make the tent cost $9.60 per square metre,
determine the cost of making the tent (including the base).

Teepee tents are made of the same material but have a diameter of 8m. If the
material costs the same as Wigwam tents and in total the cost of making the
Teepee tent is $1085.73, determine the height of the tent.




20. A rectangular tank 4m long, 2m wide and 1m deep is filled with water to a depth of
%m. How many bricks measuring 20cm x 12.5c¢cm x 10cm can be put into the tank
before the water overflows?

21. Single tennis balls are sold in /\

cylindrical tubes. The tennis ball
is stored so as to touch all sides of
the tube as shown in the diagram
below. If the empty space in the
cylindrical tube is 18wcm? find the
radius ‘7’ of the tennis ball.

22. A piece of cheese with radius 5cm and thickness 4cm stands on a shop counter.
A slice representing % of the shape is removed by cutting vertically downwards.

Determine:
(@) The volume and

(b) The total surface area of the remaining piece of cheese.

23. A rectangular fish tank is built in the backyard measuring 3m by 1.5m and 1.2m high.

(a) Black plastic must line the walls and floor of the fish pond. If it costs $4.25 per
square metre, how much will it cost for the black plastic?

(b) Water is added at a constant rate of 0.2m3 per minute. How deep will the water
be after 9 minutes?

24. Lead spheres of diameter 10cm are melted down to form spherical fishing weights of
radius 0.5cm. How many spherical fishing weights are formed from 1 lead sphere?
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LINEAR RELATIONSHIPS

Syllabus Checklist

By the end of this chapter, you should be able to:

identify and solve linear equations

develop a linear formula from a word description and solve the resulting equation
construct straight line graphs

determine the slope and intercepts of a straight line graph from both its equation
and its plot

construct and analyse a straight line graph
interpret, in context, the slope and intercept of a straight line graph
solve a pair of simultaneous linear equations graphically or algebraically

solve practical problems that involve determining the point of intersection of two
straight line graphs

sketch piece-wise linear graphs and step graphs

I Y 0 Y O

interpret piece-wise linear and step graphs used to model practical situations

FORMULAE AND DEFINITIONS

General equation of a straight line

General form : Yy =mx+c
m = gradient ’;;S}‘; J L vertical Intercept
X 1 2 3 4 5
y 5 8 11 14 17

3 3 3 3 1st difference pattern

A constant 1st difference pattern indicates the relationship is linear.
The 1st difference pattern is the gradient of the linear function.
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Line parallel to the x axis

Equation: y=a

Line parallel to the y axis

b
Equation: x=b
x=>b
Gradient of a line given two points
— YoM rise
A(x;, ¥ B(x,y,  gradient m = oox " run
Types of gradients
Gradients can be positive, negative, zero or undefined.
Examples of lines with these gradients are drawn below:
Positive gradients Negative gradients
y y
4
- X —
Zero gradients Undefined gradients

y
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Intercepts

x intercept is found when y =0

y intercept is found when x =0

Distance or length formula between two points

A (xli yl) B (x2| )’2)

d = \/(Xl = x2)% + (y1 = y2)?

Simultaneous equations

To find the intersection of equations either algebraically or graphically.

Direct proportion

If two quantities are directly proportional to one another then the graph of one against the