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WELCOME TO VCE STUDIES AT NQT EDUCATION.
Let us tell you a little about our classes and
what you can do to maximise your learning with us.

NQT Education currently oﬀers classes in the following VCE subjects:
- VCE English for years 11 & 12
- VCE Mathematical Methods for years 11 & 12

NQT Education’s VCE curriculum follows closely in line with the Victorian Curriculum and Assessment Authority (VCAA’s) Study Designs so that what you are learning topics in line with what you are
studying at school. However, given that each school is diﬀerent and it is likely you may be covering
Areas of Study diﬀerent to that of your peers, the material covered in NQT classes may be pre-taught
or revisional in nature.
The work is divided into weeks and each cover sheet outlines clearly the Area of Study you will be
undertaking as well as the key Outcomes for the diﬀerent Areas of Study. It is important that you
stick to the allocated weeks in this book and you are encouraged to complete all activities for homework if unable to complete all tasks in lesson.

VCE English at NQT Education

It is highly likely that your classmates are studying diﬀerent text(s) from you. It is also likely your
tutor may not be necessarily familiar with the texts you are studying. HOWEVER, the focus of VCE
English classes at NQT is about gaining essential skills that will help you prepare for your SACs,
assessment tasks and / or exam(s).
At NQT Education, we understand that in order to achieve your very best at VCE English, you will
need to develop and hone your writing and analytical skills and with the help of our worksheets and
your tutor’s expertise, you should be able to achieve your very best. Ensure that you bring in any
relevant work, texts, notes, assessment tasks, draft SACs, sample exams, etc. to supplement your
studies. You are also strongly encouraged to bring in any drafts or writing tasks for your tutor to look
over as they will also be able to provide invaluable advice and feedback.

VCE Mathematical Methods at NQT

It is essential that you bring in your CAS calculator each week as well as your notebook as there will
be substantial workings out that will need to be completed in addition to the work within this book.
Each week, there is clearly explained theory, deﬁnitions of key terms as well as worked examples.
This is then followed up by series of activities that progress in diﬃculty to allow you ample practice
in new topics and concepts. Again, your tutor is there to help should y0u also require assistance with
your own VCE Mathematical Methods coursework.

NQT EDUCATION
AR

11

YE

VCE MATHS METHODS
UNIT 1 TERM 2 WORKBOOK
K

E
WE

9

Higher Order Polynomials:
Factorising and Solving Cubics
Factorising and Solving Quartics
CAS Solving Cubics and Quartics

(All materials contained within remain copyrighted property of NQ Corp Pty Ltd).

What you need to know about Mathematical
Methods: Unit 1
Students are expected to apply techniques, routines and processes involving rational and real arithmetic, algebraic
manipulation, equation solving, graph sketching, differentiation and integration.
It is assumed students taking the program are familiar with determining the equation of a straight line, basic
factorisation, Pythagoras theorem, indentifying and manipulation of quadratic and exponential functions and
sketching graphs of basic functions. Basic concepts of probability are also assumed.
There are four study areas you need to satisfactorily complete in order to accomplish Unit 1:
AREA OF STUDY 1
Functions and graphs
 Define key features of functions and ability to manipulate them.
 The effects of function transformations
 Application of matrices to transformations
 Graphing polynomial functions up to degree 4
 Solving simultaneous equations
AREA OF STUDY 2
Functions and Relations
 Qualitative interpretation of graphs and their families
 Drawing graphs that are not functions, including inequalities
 Calculating key points of functions, such as turning, midpoints, intercepts, etc.
 Determining the rules of functions with given information
AREA OF STUDY 3
Rates






of Change
Determining the rate of change of linear functions
Finding the approximate rate of change of polynomials of degree 2 and above
Finding instantaneous rate of change – determination of f’(x)
Graphs of functions and their f’(x) and indentifying their relations
Use of motion graphs and applications to rates of change

AREA OF STUDY 4
Probability
 Probability as an expression o long run proportion
 Use of lists, grids, Venn diagrams, karnaugh maps and tree diagrams
 Rules for Independent and conditional events
This document is for staff use only. No student is to view the contents within.
The purpose of this document is for tutors to FACILITATE the learning of students.
It is not to be regarded as a means to “Spoon-feed” answers.
You may, provide solutions after students have attempted the questions, as a means of giving feedback to their
responses
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Factorising and Solving Higher Order Polynomials
Using the Factor Theorem leanred last lesson, we can use this to help us factorise 3 rd degree and higher
polynomial equations. By Combining the factor theorem, a few rules and our previous knowledge of
factorising quadratic equations we can factorise and solve many equations without a calculator.
Factorising and solving polynomials is an essential task, as this is highly examinable and can be applied to
many real life applications. In year 11, we will learn most of what will also be covered in year 12 as well.

Cubics
Example. Find linear factors of f(x) = 10x3 – 5x2 – 80x + 75
f(x) = 5(2x3 – x2 – 16x + 15)
P(x) = 2x3 – x2 – 16x + 15
P(1) = 0
2x 3 – x 2 – 16x  15
x 1
P(x) = (x – 1)(2x2 + x - 15)
P(x) = (x – 1)(x + 3)(2x – 5)
f(x) = 5(x – 1)(x + 3)(2x – 5)

Take out common factor remove the 5 outside the brackets for now
Define the term inside the bracket, lets call it P(x)
Use the factor theorem to find one factor, in this case (x – 1)
Set up for long division
Solve the long division product
Solve the quadratic part
Redefine f(x), remember to reinsert the common factor of 5

Sum and Difference of Cubes
There are two cases whose factorisations are worth remembering that are similar to the sum and difference
of two squares learned previously:

a3  b3  (a  b)(a 2  ab  b 2 )
a3  b3  (a  b)(a 2  ab  b 2 )
Example. Factorise 1000 + x3
103 + x3
let a = 10, and b = x
(10 + x)(100 – 10x + x2)

Redefine to suit the sum of two cubes rule
Define a and b
Apply the rule, cannot factorise further

Harder example. Factorise 3(t + 1)3 – 81
3[(t + 1)3 - 27]
let a = t + 1, and b = 3
3[(t + 1) - 3][(t + 1)2 + 3(t + 1) + 32]
3(t + 1 – 3)(t2 + 2t + 1 + 3t + 3 + 9)
3(t – 2)(t2 + 5t + 13)

Take out common factor of 3, focus inside square brackets 3 3 = 27
Define a and b
Difference of cubes rule
Expand where applicable
Simplify, cannot fatorise any further
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Solving Cubics
Solving is fairly straightforward one you know how to factorise a cubic. Just like with quadratics, we simply
apply the null factor law to find solutions
Example. Solve 10x3 – 5x2 – 80x + 75 = 0
We have already factorised this from the previous example as:
5(x – 1)(x + 3)(2x – 5) = 0
Divide each side by 5
(x – 1)(x + 3)(2x – 5) = 0
Now we apply the null factor law
x–1=0
x+3=0
2x – 5 = 0
Therefore x = 1, -3, 5/2

Factorising and Solving Quartics
The process of factorising and solving quartics is the same as cubics, only that you have to do some extra
factor theorem and long division. It will be long and tedious, but as stated previously, this is highly
examinable and important that you understand this thoroughly now.
Example. Solve 2x4 + 5x3 – 26x2 + x + 30 = 0
f(-1) = 0
2x 4  5x 3 – 26x 2  x  30
x 1
3
= (x + 1)(2x + 3x2 – 29x + 30)

Factor theorem, thus (x + 1) is a factor

let g(x) = 2x3 + 3x2 – 29x + 30
g(2) = 0
2x 3  3x 2 – 29x  30
x2
= (x – 2)(2x2 + 7x – 15)

define the cubic
Factor theorem, thus (x – 2) is a factor

= (x – 2)(x + 5)(2x – 3)

Solve the quadratic by inspection, now we bring back the (x + 1)

= (x + 1)(x – 2)(x + 5)(2x – 3)

Expression factorised, now we apply null factor law

Use long division to find product
We have a product, now focus on the cubic

Use long division
We have a product, now focus on the quadratic

(x + 1)(x – 2)(x + 5)(2x – 3) = 0
x+1=0
x–2=0
x+5=0
2x – 3 = 0
x = -1, 2, -5, 3/2

We have now solved 2x4 + 5x3 – 26x2 + x + 30 = 0
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Testing Understanding
1. Find the linear factors of the following – show all working of factor theorems and long divisions
a. x3 + 9x2 + 23x + 15

b. x3 – 3x2 – 4x + 12

(x + 1)((x + 3)(x + 5)

(x – 2)(x + 2)(x – 3)

c. x3 – 10x2 + 23x – 14

d. x3 – 10x2 + x + 120

(x – 1)(x – 2)(x – 7)

(x + 3)(x – 5)(x – 8)

2. Factorise and Solve the following – Show all working of factor theorem and long divisions
a. x4 + 3x3 – 3x2 – 11x – 6 = 0

b. –x4 – x3 + 19x2 – 11x – 30 = 0

(x + 1)2(x – 2)(x + 3)

(x + 5)(x – 2)(x + 1)(x – 3)

x = -1, 2, -3

x = -5, 2, - 1, 3

3. Use the sum and difference of cubes rule to factorise the following

x3
8
216

a. 1000 – 27x3

b.

(10 – 3x)(100 + 30x +9x2)

x
x2 x
(  2)(   4)
6
36 3

c. 4(p + 5)3 + 500

d. 16(z – w)3 – 54(z + w)3

4(p + 10)(p2 + 5p + 25)

-2(z + 5w)(19z2 + 10zw + 7w2)
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Extended Answer
4.a. Factorise 64a3 + 8b3 fully
8(2a + b)(4a2 – 2ab + b2)
b. Factorise 2(x + 1)3 – 54 fully
2(x – 2)(x2 + 5x + 13)

64a3  8b3
4a 2  b 2
c. Use the results from questions 5a & b to simplify

( x  2)(16a 2  8ab  4b 2 ) 2( x  1)3  54

4( x 2  5 x  13)
2a  b

Cas Solving Cubics and Quartics
This exercise is just as a warmup for next lesson, which will focus on graph sketching. Using your CAS
calculator is useful to check your answers or when you are asked to use it, but don’t rely too much on your
CAS. While exams may allow the use of graphics calculators, they are more to supplement your
understanding of mathematical concepts, not replace them.
So before we delve into graph sketching again, lets practice some graph sketching with the aid of a
calculator.
Example. Use CAS to find solutions for x4 + x3 – 2x2 + 3x = 4
You should know how to draw a graph on your graphics calculators. Before doing so, make sure you
rearrange the equation to equal zero.
Therefore x4 + x3 – 2x2 + 3x - 4 = 0
Now input x4 + x3 – 2x2 + 3x – 4 using the CAS Graph function. Ensure that you set the window size large
enough that you can see the general shape of the curve, as there could be several intersections.
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From there, select MATH (which is usualy F5), then select “zero”
You will now get a reticule that follows the graph on your screen. Select an appropriate lower and upper
bound that is close to an x-intersection point.
Write your answer to a suitable degree of accuracy. Three decimal places is usually standard. Do the same
for each x-intersection point.
For the above example, your
calculators should give 2
approximate solutions of:
x = -2.518
and
x = 1.141
*see graph on right

CAS Practice
5. Use your CAS to find solutions for x, give your answer correct to three decimal places. Sketch the
general shape an annotate just the x-intercepts.
a. 3x3 – 3x + 4 = 0

b. -2x3 – 5x2 + 3x – 6 = 0

Page 7 of 8

c. 3 = x4 + 3x2 – 3x + 11
d. 2x4 – 3x3 + 2x2 – 4x = 9
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Higher Order Polynomials:
Basic Cubic Sketching
Basic Quartic Sketching
Polynomials in the form y = a(x – h)n + k
(abridged)

(All materials contained within remain copyrighted property of NQ Corp Pty Ltd).

Cubic Quartic Sketching
This lesson we will be expanding on some of the concepts learned from quadratics and apply them to cubic
and quartic graphs. We will only delve into the basics, as you continue to develop an understanding of how
equations look like on a graph. What you learn this year will be expanded more thoroughly in year 12.
For the standard cubic form of y = ax3 + bx2 + cx + d


If a > 0 then the basic shape is



if a < 0 then the basic shape is

NOTE: There must also be at least one x-intercept, but no more than 3 x-intercepts
When sketching parabolas, we can easily find the turning point due their symmetry. However a cubic or
quartic equation isn’t necessarily symmetrical and therefore we need to employ a different method to find
turning point coordinates. The best we can do for now is use our CAS calculators to help us find these.
Later on, when we start learning about calculus, we will be able to find exact values for turning points.

Example – Factorised Form
Sketch the graph of y = (x + 1)(x + 5)(x – 2) showing all intercepts
Degree of polynomial is 3 because when expanded will give x3, it’s a cubic.
Basic shape is

because when expanded a is positive.

Find y-intercept by letting x = 0
y = (0 + 1)(0 + 5)(0 – 2)
y = -10
Therefore y-int = (0, -10)
Find x-intercepts by letting y = 0
0 = (x + 1)(x + 5)(x – 2)
x+1=0
x+5=0
x–2=0
x = -1, -5, 2

Null Factor Law

Therefore x-ints are (-1, 0), (-5, 0), (2, 0)
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Sketch the graph

Another example. Sketch y = (x – 1)2(2 – x)
showing all itnercepts
Degree is 3
basic shape is
because (x2).(-x) = -x3
therefore a is negative
y-intercept

y = (0 – 1)2(2 – 0)
y=2
Therefore y-int is (0, 2)
x-intercept
0 = (x – 1)2(2 - x)
x–1=0
2–x=0
x = 1, 2
Therefore x-ints are (1, 0) and (2, 0)
Because we have a repeated factor (x – 1)2,
the graph will touch the x-axis and turn
around. In this case, the x-intercept of (1, 0) is also one of the turning points.
Sketch the graph
*see right

Using CAS to help Sketch
Previously, we learned how to find intercept using CAS. Your calculators can also help you give
approximations for turning points as well. These functions can be found in the F5 menu (usually called
MATH).
 Selecting the ZERO function from the menu will allow CAS to find intercepts
 Selecting Minimum or Maximum will allow CAS to find turning points
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Your schools will expect you to be able to use those CAS functions for tricky expressions that would
otherwise be very hard to do by hand. However, as stated before, use it as a tool to supplement your
understanding and not rely on it too heavily unless asked specifically to use the CAS.

Polynomials in the form y = a(x – h)n + k
A few lessons ago, we learned how to use the above polynomial standard form to assess quadratic
transformations and sketching. The same principles can also be applied for cubics and quartics. Below is a
summary of how each variable works in the standard form and an example to reinforce your learning.
For y = a(x – h)2 + k, where n = 3 or 4








a is the dilation factor and is calculated as 1/a
If a > 0, graph is upright
If a < 0, graph is inverted
Positive h moves the graph to the right
Negative h moves the graph to the left
Positive k moves the graph upwards
Negative k moves the graph downwards

Trick questions like y = (h – x)n often
throw students off. If you see
something like this, it means the
graph is translated h units to the
right, not left.
It is recommended while practicing
to use CAS to confirm your answers.

To sketch the graphs in this form, follow these steps:
1. Determine the basic shape of the graph
Cubics:
Quartics:

if a is positive.
if a is positive.

if a is negative
is a is negative

2. Translate the general shape from the point (0, 0); it should now be at (h, k) which will often be the
turning point or point of inflection due to its repeated factor
3. Calculate x and y-intercepts if any
4. Sketch the graph
Example. Sketch y = 2(x – 3)4 + 1
Basic shape of graph is
because a is positive and is a quartic. Also has dilation factor of ½, which
means it is “squeezed” in from the standard x4 graph.
Translates 3 units right and 1 unit up. (3, 1) is also the turning point
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y-intercept
y = 2(0 – 3)4 + 1
y = 2(-3)4 + 1
y = 2 x 81 + 1
y = 163
Therefore y-int is (0, 163)
x-intercept
0 = 2(x – 3)4 + 1
-½ = (x – 3)4
Cannot take the 4th root of a negative
number. Therefore there’s no x-intercepts for
this equation.
Sketch the graph
*see right
Example. Sketch y = -3(x + 1)3 – 1
Basic shape is
because a is negative. Dilation factor of 1/3, “squeezed” in. Translated 1 unit left and 1
unit down. (-1, -1) is also the new point of inflection.
y-intercept
y = -3(0 + 1)3 – 1
y = -3(1)3 – 1
y = -4
Therefore y-int is (0, -4)
x-intercept
0 = -3(x + 1)3 – 1
1
  ( x  1)3
3
1
1  3   x
3
1
Therefore x-int is (1  3  , 0)
3
Sketch graph. *see right
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Testing Understanding
1. Sketch graphs of the following and show all x- and y-intercept where applicable
a. y = (2 – 3x)(5 + x)(x – 4)

b. y = (3x + 2)(x + 4)2

c. (x + 3)2(x – 4)2

d. (x + 3)(2x – 3)(x + 1)(x – 4)
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2. Use your CAS to help sketch the following. Label all turning points (or inflections) and intercepts to 2
decimal places.
a. y = x3 – 7x2 + 14x – 8

b. y = -x3 – 5x2 – 7x - 3

c. y = -2x4 + 3x3 – 2x2 + x + 5

d. y = x4 + 3x3 – 7x + 2
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3. Sketch graphs of the following. State their transformations and show all relevant features with
working.
a. y = 2x3 – 3

b. y = -2x4 + 1

c. y = -2(x – 3)3

d. y = 3(x – 1)4 + 2

Page 8 of 10

4. Using the standard polynomial form, assess the graphs below and state the expression to match.

a.

b.

y = (x – 4)3 + 1

y = (x + ½)3 - 3

c.

d.

y = -(x + 2)4 – 2

y = -(x – 3)4 + 4
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Extended Answer – Show all working
5. A portion of a water slide is modelled by the function y = a(x – h)3 + k. The slide has a height of 12
metres with a point of inflection at (5, 8).
a. Find the values of a, h and k
a = -4/125
h=5
k=8

b. What horizontal distance does this portion of the slide cover?
11.3m

c. What happens to the height and horizontal distance of this portion of the slide if a changes to 
Provide your answers correct to 2 decimal places - Show working.

Height increases to 13 metres
Horizontal distance decreases to 10.85 metres
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Higher Order Polynomials:

Domain and Range
Polynomial Models – Finite Difference Tables
Polynomial Models – Simultaneous Equations

(All materials contained within remain copyrighted property of NQ Corp Pty Ltd).

Domain and Range
The domain of a function is the set of all possible input values (normally x-values), whilst the range is the set
of all possible output values (normally ), whilst the range is the set of all possible output values (normally yvalues)
Throughout these lessons, we can see that cubics can take the general forms:

In both situations we can see that domain and range are unristricted. Therefore for any cubic function the
maximal domain and range is the set of real numbers. Domain of f is R and Range of f is R

Quartic functions have unristricted
domains, but a restricted range (see
sketch on right).
For any quartic function the maximal
domain is the set of real numbers but
the range will always be restricted.
You will need to sketch the graph to
check the range restrictions or use
calculus, which we will learn in later
lessons.
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Restricted domains
When modelling many real life situations, we only need to consider certain values to apply. Generally these
are positive values of x, such as functions involving height, weight, volume, length, etc. It wouldn’t make
sense if these variables were negative and thus we need to impose domain restrictions, which may affect
the range of the function as well.
For example. State the domain and range of the function f : R {0}  R where f ( x)  ( x  1)3  1
The domain has already been stated to us in formal notation
Domain is R   {0} . Note that the symbol  is another way of saying “including.”
You can also say domain is x ≥ 0
From here you need to sketch the function with the restricted domain and from the graph find the range of
possible y-values.

We can see from the graph above that the possible set of range values are positive and including zero.
Therefore Range is R   {0} or y ≥ 0
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Using CAS
Until we learn calculus, we will need to use our CAS calculator to help us find the domain and ranges for
some functions
If we were to enter the previous equation f ( x)  ( x  1)3  1 from above with the restricted domain into
CAS. We would enter y = (x – 1)3 + 1 | x ≥ 0
Another example where using CAS is useful is y = (x2 – 1)(x2 – 4), x ≤ 0
First sketch the graph by inputting y = (x2 – 1)(x2 – 4) | x ≤ 0 into CAS
You should see a graph that looks something like below. Make sure you set the window appropriately to
ensure you see all key features on the graph.

Using the MINIMUM function from the CAS menu, you should get an answer approximately (-1.58, -2.25).
Because the domain was already stated in the equation, our answer should be:
Domain: x ≤ 0
Range: y ≥ -2.25
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Testing Understanding
1. State the domain and range of the following. You may use CAS to help
a. y = 3x3

b. y = 2x3 + 5

R, R

R, R

c. y = (x + 3)3 + 3, x > 0

d. y = -2(x + 3)3 – 1, x ≤ 0

x > 0, y > 30

x ≤ 0, y ≥ -55

e. y = 2(3 – x)4 – 2, x < 5

f. y =

x < 5, y > -2

x < 2, y > 1

g. f: [0, 10]  R where f(x) = 3x + 1

h. f: R-  R where f(x) = 3x4 – 6x3 + 2x2 – x + 1

[0, 10], [1, 31]

R-, (1, )

1
(2 – x)3 + 1, x < 2
2

2. Use your CAS to find the range correct to three decimal places where appropriate
a. f: R+  R where f(x) = x3 + 3x + 7

b. f: R-  R where f(x) = 5 + 3x – x3

y>7

y≥3

c. f: (0, 3)  R where f(x) = -2x4 + 6x2 + x – 5

d. f: [4, 2]  R where f(x) = 6x2 + 3x – 5x4

(-110, 0.745]

[-1196, 4.288]
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Extended Answer
3. A museum manager determines that the number of people (in thousands) that visit is given by the
function: P(x) = -0.25x3 + ax2 + 21.25x + b. Where x represents the end of a given month. I.e. x = 1 is the
end of January, whilst x = 12 is the end of December.
a. Find the values of a and b if 42,000 people (i.e. (1, 42)) pass through in January and 132,000 in May.
a = 1.5
b = 19.5

b. Find the number of people that visited in August.
157,500
c. Find the range of the function if 0 > x ≤ 12
(19.5, 157.93]

d. During which month did the attendance drop dramatically
December

e. If there are fewer than 100,000 visitors in a given month, the museum manager cuts back on staff. On
which months does this occur?
January, February, March, December

Polynomial Models
Any occupation that uses polynomials often require to find a connection between quantities from their
collected data. These quantities are often used to formulate a polynomial model to help predict future
events related to their work or research.
To determine a polynomial model, we must first work out what degree of polynomial would be suit the
data. To do this we must set out a finite difference table. Lets take it step by step and you will soon see a
pattern emerge.
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The goal of a finite difference table is to determine the degree of the polynomial. Take a linear model for
this example using the general formula y = ax + b
x
1
2
3
4
5

y
a+b
2a + b
3a + b
4a + b
5a + b

First Difference
2a + b - (a + b) = a
3a + b - (2a + b) = a
4a + b - (3a + b) = a
5a + b - (4a + b) = a

Because we ended up with a constant term after calculating the difference just once, we call this the “first
difference,” which is what should always happen for linear data.
Lets see a finite difference table for a quadratic using the general formula y = ax2 + bx + c
x
1
2
3
4

y
a+b+c
4a + 2b + c
9a + 3b + c
16a + 4b + c

First Difference
3a + b
5a + b
7a + b

Second Difference
5a + b - (3a + b) = 2a
7a + b - (5a + b) = 2a

Now for a cubic with the general formula y = ax3 + bx2 + cx + d
x
1
2
3
4
5

y
a+b+c+d
8a + 4b + 2c + d
27a + 9b + 3c + d
64a + 16b + 4c + d
125a + 25b + 5c + d

First Difference
7a + 3b + c
19a + 5b + c
37a + 7b + c
61a + 9b + c

Second Difference
12a + 2b
18a + 2b
24a + 2b

Third Difference
6a
6a

You can see in this example that we have to calculate the difference between successive y-values twice
before we started getting constant values for quadratics and three times for cubics. These can be identified
in the “second difference” and “third difference” respectively.

You will need to remember the first row of each finite difference table for calculations
Example. Find the rule describing the relationship between x and y.
x
y

1
6

2
17

3
32

4
51

5
74

First we set up a finite difference table to determine the type of polynomial.
x
1

y
6

First Difference
11

Second Difference
4
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2
3
4
5

17
32
51
74

15
19
23

4
4

We get constant terms from the second difference, therefore it is a quadratic function.
Next we need to bring in the first row of the quadratic difference table to aid in our calculations (see
previous page)
x
1

y
a+b+c

First Difference
3a + b

Second Difference
2a

x
1

y
6

First Difference
11

Second Difference
4

From here, just simply substitute the values of the first row of the question with those from our finite
difference table from the previous page.
2a = 4
3a + b = 11
a+b+c=6
Now solve for a, b and c
2a = 4
a=2

3a + b = 11
3(2) + b = 11
6 + b = 11
b=5

a+b+c=6
2+5+c=6
7+c=6
c = -1

Since we know the general quadratic formula to be y = ax2 + bx + c, our equation for the above data is:

y = 2x2 + 5x - 1
The exact same method apply for other types of polynomials, provided that the x-values are sequential (i.e.
1, 2, 3, 4, etc.). If there are gaps, then you will need to use simultaneous equations.

Modelling Using Simultaneous Equations
Finite difference tables are a good way of determining polynomial models, but only if the data is provided in
a sequential manner. This is not always the case, as data will often have “gaps” in them, but are required to
fit a particular polynomial model. In cases where there are gaps, we need to resort to using simultaneous
equations, which you should all be familiar with by now. For quadratic models, you need at least 3 data
points, cubic models need at least 4, and so on.
Example. Establish a cubic model for the relationship between s and p
s
p

1
4

2
10

5
16

6
4
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Substitute the given information into the general cubic equation y = ax 3 + bx2 + cx + d
(1, 4):
4=a+b+c+d
---(1)
(2, 10):
10 = 8a + 4b + 2c + d
---(2)
(5, 16):
16 = 125a + 25b + 5c + d
---(3)
(6, 4):
4 = 216a + 36b + 6c + d
---(4)
Solve the equations simultaneously:
(2) – (1):
6 = 7a + 3b + c
(3) – (1):
12 = 124a + 24b + 4c
(4) – (1):
0 = 215a + 35b + 5c

---(5) Eliminate d
---(6) Eliminate d
---(7) Eliminate d

(6) – 4*(5):
(7) – 5*(5):

---(8) Eliminate c
---(9) Eliminate c

-12 = 96a + 12b
-30 = 180a + 20b

3*(9) – 5*(8): -30 = 60a
a = -½

Solved for a

96(-1/2) + 12b = -12
-48 + 12b = -12
12b = 36
b=3

substitute a into equation (8)

7(-1/2) + 3(3) + c = 6
1
5 +c=6
2
c=½

substitute a and b into equation (5)

-½ + 3 + ½ + d = 4
d=1

substitute a, b, and c into equation (1)
Solved for d

Solved for b

Solved for c

1
1
Therefore our cubic model for the data is p   s3  3s 2  s  1 .
2
2

It can be tedious work, but as always keep practicing!

Testing Understanding
4. Find the relationship between the two variables for the following using finite difference tables
a.
b.
r
d

2
3

d = -2r + 7

3
1

4
-1

5
-3

6
-5

x
y

1
4

2
11

y = x2 + 4x - 1
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3
20

4
31

5
44

c.

d.
t
p

2
2

3
-10

4
-28

5
-52

p = -3t2 + 3t + 8

6
-85

z
r

3
-5

4
-29

5
-73

6
-143

7
-245

r = -z3 + 2z2 – z + 7

5. Find a quadratic model for the following data – Show all working
a.

h
P

1
4

3
2

5
-8

b.

p = -h2 + 3h + 2

w
t

2
4

3
8

5
19

t = w2/2 + 3w/2 - 1

6. Find a cubic model for the following data – Show all working

w = -3z3 + 4z2 + 7z + 5
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z
w

-2
31

-1
5

1
13

2
11
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Advanced Functions:

Hyperbola and Truncus
Square Root Functions
Advanced Function Transformations

(All materials contained within remain copyrighted property of NQ Corp Pty Ltd).

Hyperbolas
Power functions are graphs of y = xn where n is a negative or a fraction. This lesson we will just look at the
basic properties of power functions to develop a better understanding of what they look like. We will
investigate different types of power functions and how to transform them.
For negative odd values of n in power functions, we call them hyperbolas. The simplest of hyperbolas is y =
x-1 or 1/x.
For the hyperbola y = 1/x you should soon realise that there are some limiting values that x can take. We
cannot define a function by dividing by zero, therefore x can be any real value except for zero.
Lets see how the output of the function changes for different values of x. Fill out the table below:
y = 1/x
x
-3
-2
-1
-0.5
-0.25
0
0.25
0.5
1
2
3
y
What do you notice as negative x approaches zero?
What do you notice as positive x approaches zero?
What happens when x approaches negative infinity?
What happens when x approaches positive infinity?
What happens if we change it to y = -1/x?
The region where the graph gets very close but never reaches is called the asymptote.
 If y = 1/x, x = 0 we call it the vertical asymptote
 If y = 1/x, y = 0 we call it the horizontal asymptote
Using the table, sketch the graph of y = 1/x. State the domain and range and identify the asymptotes:

The Truncus
For negative even values of n in power functions, we call them Truncus’. Lets investigate the properties of a
truncus. For this task, we will be using the simplest one y = 1/x2
Fill out the table below:
y = 1/x2
x
-3
-2
y

-1

-0.5

-0.25

0

What do you notice as negative x approaches zero?
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0.25

0.5

1

2

3

What do you notice as positive x approaches zero?
What happens when x approaches negative infinity?
What happens when x approaches positive infinity?
What happens if we change it to y = -1/x2?
For increasing values of n, how does this affect the shape of the hyperbola/truncus?




If y = 1/x2, x = 0 we call it the vertical asymptote
If y = 1/x2, y = 0 we call it the horizontal asymptote

Using the table, sketch the graph of y = 1/x2. State the domain and range and identify the asymptotes:

Power Function Transformations
It is important that you develop a good understanding of graph transformations, as it will contibute a
significant portion in your exams. For this lesson we’ll be learning the transformation calculations for
power functions.
There are many similarities between transformations of polynomial and power functions. So you should be
able to apply many of the concepts learned previously to these types of graphs.
The following transformations will be from the base equation of 1/x and 1/x 2
Translation – left/right
Just like polynomials, power functions can be translated up/down and left/right. To identify the change of
position from the base equation, consider the graphs below.
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1
translates the graph left/right along the x-axis. If h is positive, the
xh
graphs moves to the right. Hence the graph will move to the left if h is negative.

Hyperbolas: The graph of y 

h also expresses where the vertical asymptote lies

1
translates the graph left/right along the x-axis. If h is positive, the
( x  h) 2
graphs moves to the right. Hence the graph will move to the left if h is negative.
Truncus’: The graph of y 

h also expresses where the vertical asymptote lies
Translation – up/down
Consider the graphs below

1
 k translates the graph up/down along the y-axis. If k is positive, the
x
graph moves up. Hence th graph moves down if k is negative
Hyperbolas: The graph of y 

k also expresses where the horizontal asymptote lies
1
 k translates the graph up/down along the y-axis. If k is positive, the graph
x2
moves up. Hence th graph moves down if k is negative

Truncus’: The graph of y 

k also expresses where the horizontal asymptote lies
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While translations are generally the easiest to learn, keep in mind what the values of h
and k are and try not to get confused with negative values.

1
this translates the graph 3 units left, because
3 x
the h in this example is still considered to be negative even with the x and h
terms being swapped around.
For example, if you saw y 

Reflections
Consider the graphs below

When changing the sign to negative before the base equation, the graph is reflected about the x-axis or in
other words “turned upside down.”



The base equation 1/x is called a positive hyperbola
The sign change into -1/x is called a negative hyperbola




The base equation 1/x2 is called a positive truncus
The sign change into -1/x2 is called a negative truncus

NOTE: whether the hyperbola or truncus is reflected or not, does not change the way it translates. Some
students get confused and think that if a hyperbola/truncu’s is negative, then the translations of h and k are
swapped around too. This is not the case.
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1
. Most students would say it is a negative
hx
hyperbola, but you must consider the rest of the equation and manipulate accordingly. By
rearranging the equation to the standard template form we get:
WARNING: Consider the hyperbola y  



1
1
1
therefore the hyperbola is actually positive. Just be careful, as


h  x ( x  h ) x  h

tests like to throw in these “trick” questions to see if you truly understand transformations!

Dilations
Consider the graphs below

a
a
or y  2 is dilated by a factor of a along the x-axis. While the general shape of the
x
x
graphs look similar, to curves “spread out” a bit more the larger a becomes.

The graph of y 

Domain/Range and asymptote summary
Hyperbolas:
a
if f ( x) 
k
xh
 The line x = h is the vertical asymptote
 The line y = k is the horizontal asymptote
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 If a < 0 the graph reflects about the x-axis
 Therefore Domain: R\{h}
 Therefore Range: R\{k}
Truncus’:
if f ( x) 





a
k
( x  h) 2

The line x = h is the vertical asymptote
The line y = k is the horizontal asymptote
if a > 0, then dom: R\{h} and ran: y > k
if a < 0, then dom: R\{h} and ran: y < k

Square Root Function
The function f ( x)  a x  h  k has the following transformation rules
Translation:
 if h is positive the graph is translated to the right
 if h is negative the graph is translated to the left
 if k is positive the graph translates upwards
 if k is negative the graph translates downwards
Reflection:
 f ( x)   x is the reflection of f ( x)  x about
the x-axis
 f ( x)   x is the reflection of f ( x)  x about
the y-axis
Dilation:
 the graph of f ( x)  x is dilated by a factor of a
units along the y-axis (or from the x-axis)
Domain/Range:
 if a > 0 then dom: x ≥ h and ran: y ≥ k
 if a < 0 then dom: x ≥ h and ran: y ≤ k
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This may seem like a lot to remember, but many of
the rules applied to other types of transformations
also relate to power functions. The key here is to
practice and use your calculators to check your
answers.
So don’t panic at the amount of information. Once
you start practicing some questions you will be
able to see a pattern and eventually be able to
draw graphs quickly with proper annotations. Just
be mindful of the template expressions and be on
the lookout for those “trick” questions.

Testing Understanding
1. Sketch the following functions, state all asymptotes and give their domain and ranges – Show all
working, but you may use CAS to assist
a. y 

1
x2

Dom: R\{2}
Ran: R\{0}
c. y  

1
3x  6

b. y 

1
1
x 3

Dom: R\{3}
Ran: R\{1}
d. y 
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1
2
( x  2)2

Dom: R\{2}
Ran: R\{0}
1
e. y 
1
2( x  4)2

Dom: R\{2}
Ran: y > 2
2
f. y 
2
3( x  4)2

Dom: R\{4}
Ran: y > -1

Dom: R\{4}
Ran: y < 2
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2. State possible equations for the following graphs.
a.

y

b.

1
2
x4

y

1
1

2
( x  1) 2

3. Find the function if f ( x)  x has undergone the following transformations
a.

Dilation factor of 3
3 units left.

b.

f ( x)  

f ( x)  3 x  3

d.

Dilation factor of 4
3 units left
2 units down
f ( x)  4 x  3  2

Dilation factor of 0.5
Reflection about x-axis
3 units up

e.

c.

1
x 3
2

Reflection about x-axis
3 units up
2 units right
f ( x)   x  2  3
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3 units left
4 units up

f ( x)  x  3  4

f.

Dilation factor of 2
Reflection about y-axis
1 unit up
f ( x)  2  x  1

4. State possible equations for the following graphs
a.

b.

f ( x)  x 

f ( x)   x  2  3

1 3

2 2

or
f ( x)  ( x  2)  3

Extended Answer
x2
1
can be written as y 
 1 using polynomial long division or some other
x 1
x 1
algebraic technique.

5.a Show that y 

Check student’s working out
b. Use the same technique to sketch the graph of y 

2x  5
. State asymptotes and calculate x and yx2

intercepts. – Show all working.
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6. A water slide is modelled by the equation h  a x  c where x is the horizontal distance in metres
from the start and h is the height above water.
a. Determine a and c if the slide starts 6m above water and spans 9m across
a = -2
c=6

b. Find the height of the slide 3m from the end correct to 3 decimal places
1.101m
c. Find the equation of the slide if it was to start 3m higher and have the same shape
h  2 x  9
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d. How many metres across would this slide be from the height in question c?
20.25m

e. Sketch both slides and state their domain and range
Smaller slide
Dom: 0 ≤ x ≤ 9
Ran: 0 ≤ y ≤ 6
Larger slide
Dom: 0 ≤ x ≤ 20.25
Ran: 0 ≤ y ≤ 9
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Advanced Functions:
Circles
Inverse Functions
Modulus Functions

(All materials contained within remain copyrighted property of NQ Corp Pty Ltd).

Circles
On a graph, a circle is definied as the set of
points equidistant from a fixed point. In other
words, the radius is always constant, even
though x and values are changing.
Because the distance r is constant, we can use
Pythagoras’ Theorem to express the function of
a circle.

r

x2  y 2  r 2
Therefore, the graph that you see to the right
has the equation:
x 2  y 2  22
x2  y 2  4

because radius = 2

If we tried to draw this in CAS, it won’t work. This is because CAS is designed to take rules of the form “y =”
Thus we will need to transpose the above circle equation into the form that a CAS calculator can accept.

x2  y 2  r 2
y2  r 2  x2

Remember that square roots lead to two solutions, hence the ± sign

y   r 2  x2
So on CAS, you will need to enter two equations, one for the positive root and one for the negative. Also be
sure to adjust the window size to be equidistant, as your circle may look like an elipse.

Circle Translations
This standard circle form works for circles with its centre of origin of (0, 0). When circles translate, we need
to incoporate some translation values into the standard form.
The equation of a circle with radius r and its centre (h, k) is:

( x  h)2  ( y  k )2  r 2
Example. State the equation of a circle of radius 7 with centre (2, 5)
r=7

h=2

k=5

Therefore: (x – 2)2 + (y – 5)2 = 49
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Circles in Expanded Form
Sometimes you get an equation given in expanded form. If the equation containes both an x2 and y2, you
should suspect that it’s a circle. For these cases we will need to rearrange the equation and use the
complete the square method, like you learned previously for quadratics.
Example. Sketch the graph of x2 + y2 – 6x + 4y – 12 = 0
x2 – 6x + y2 + 4y – 12 = 0

Rearrange the x and y terms together

(x2 – 6x + 9) + (y2 + 4y + 4) – 12 – 9 – 4 = 0

Complete the square for each variable, brackets to just
illustrate, but aren’t needed

(x – 3)2 + (y + 2)2 – 25 = 0

Factorise accordingly

(x – 3)2 + (y + 2)2 = 25

Equation now in the form ( x  h)2  ( y  k )2  r 2

Radius = 5, Centre: (3, -2)

State the key features for the graph

Sketch the Graph

Be sure to double check
your answers on CAS.
Remember to transpose
to make it y =….
If you have forgotten how
to complete the square,
make sure you learn it first
before attempting this
worksheet.
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Inverse Functions
An inverse function can be found by swapping the x and y in their original function. The function notation
for the inverse is f 1 ( x) and is not to be confused with raising something to the power of -1.
An inverse function can only exist if the original function has a one-to-one relation. That means every xvalue must have a unique y-value. A straight line is a good example of a one-to-one.
However other functions like quadratics cannot be inversed on their own. They must have their domains
restricted first. For a parabola, you need to restrict the domain to one side of the turning point and
including the turning point will make it into a one-to-one function. You will see this more clearly after a few
examples.
Example. Find the inverse relation of y = 2x + 3
x = 2y + 3
Swap the x and y eith each other
x – 3 = 2y
Start rearranging to make y the subject
y = ½(x – 3)
Solved
Example. Find the inverse relation of y = x2 + 1
x = y2 + 1
x – 1 = y2
y =  x 1
or
y =  x 1

Swap x and y
Start rearranging to make y the subject
Two answers for the inverse

Because the quadratic example gives
two solutions, we need to restrict the
domain to reflect which solution to use
(if we were to graph this). In this case of
the function y = x2 + 1, we either restrict
the original function’s domain to (-  , 0]
or [0,  ).
The range of the original function is y ≥ 1
You can see on the right that the domain
of the original becomes the range of the
inverse, and the range of the original
becomes the domain of the inverse.
So for inverse functions
 x and y swaps
 domain and range swaps
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Approximating the Inverse
The inverse of a function can be found graphically. This is because the inverse of a function is reflected in
the line y = x. As usual, the original funcion’s domain may need to be restricted to be one-to-one for an
inverse to exist.
When approximating the inverse, simply draw the line of y = x and try to make a mirror image of the
original function.

Try this one yourself.
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Modulus Functions
The modulus is another way of stating the magnitude of x and is denoted by |x|. Because it represents the
magnitude (size) of x, it must always be positive or zero.
For example |10| = 10, |-10| = 10. We can also express |x| as

x 2 but only taking the positive root

If we have an equation like y = |x – 2|, we can tabulate the values for y to see how the modulus of this
function operates
x
y=x-2
y = |x - 2|

-4
-6
6

-3
-5
5

-2
-4
4

-1
-3
3

0
-2
2

1
-1
1

2
0
0

3
1
1

4
2
2

When graphed, you can see |x - 2| is a reflection of
x – 2 for values of x < 2.

Lets try y = |(x – 2)2 - 5|
When graphing modulus functions. It is
recommended that you tabulate your values
initally until you are comfortable with the
calculations.
To graph these using a CAS calculator you need to
accuss MATH > NUM > abs() and there you can
input the function.
Modulus functions are a fairly small part of the
Math syllabus, but it is expected that you can draw
the linear type of modulus functions.
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Testing Understanding
1. State the equation of the following circles
a. radius 5 with centre (3, 6)

b. radius 2 with centre (-4, -2)

(x – 3)2 + (y – 6)2 = 25

(x + 4)2 + (y + 2)2 = 4

c. radius 2.6 with centre (-5, 3)

d. radius 4.4 with centre (-3, -2)

(x + 5)2 + (y – 3)2 = 6.76

(x + 3)2 + (y + 2)2 = 19.36

2. Rearrange the expression into standard form, then sketch the following circles – show all working
a. x2 + y2 + 8y – 6x + 9 = 0

b. y2 + x2 – 4x – 8x + 15 = 0

radius 4, centre (3, -4)

radius
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5 , centre (4, 2)

3. Find the inverse relation of the following
a. 2x + 3y = 6

b. y = x3 – 2

3
y   x3
2

y  3 x2

c. y = (x + 3)2 – 5

d. y = x2 + 2x + 1

y   x 5 3

y   x 1

4. Approximate the inverse of the following graphs on the same set of axes
a.
b.

c.

d.
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5. Find the inverse function of the following and graphically represent, restricting the domains
appropriately
a. y = (x + 2)2 – 3

b. y = x2 – 4x - 5

y  x3 2

y  x9 2

6. Sketch the following absolute value (modulus) functions
a. y = |x| + 2

b. y = |-x – 2|
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c. y = |x2 - 3|

d. y = |2(x – 3)2 - 4|

Extended Answer
7. Find the x- and y-intercepts of the following circles
a. radius 7 with centre (2, 4)

b. radius 6.5 with centre (-3, -5)

x-ints: 2  33

x-ints: 3  17.25

y-ints: 4  3 5

y-ints: 5  33.25
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8. Find the values of x that satisfy y 
2
2
 3
x 3 x
2
3x  2

x 3
x
2 x  (3 x  2)( x  3)

2
and its inverse using the substitution method
x 3

Skipped some steps, but from
here you should hint students
to use the quadratic formula

3x 2  9 x  6  0
x 2  3x  2  0

x

3  17
2

9. Sketch the graph of:
a. y = |x2 - 5|

b. y = |x2| - 5

c. Explain the difference between the two graphs and why they occur
The -5 outside of the absolute value sign means the graph in question b is just a translation of y = |x2|. This
is why it is possible for the graph to have parts below the x-axis.
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Probability:

Experimental Probability
Theoretical Probability
Expected Numbers
Set Theory
(All materials contained within remain copyrighted property of NQ Corp Pty Ltd).

Probability – Simple Experiments
Probability is the study of chance and is an incredibly vital part of many disciplines in life. Probability can be
used in almost any profession or study to some degree, and is considered one of the most important
mathematical concepts for people. Yet unfortunately, it is also largely misunderstood or misinterpreted
and many professionals still misuse/miscalculate probabalistic data, which can often lead to misinformation
or even be disastrous.
In this topic, we will be learning some simple applications of probabilities. One of the first aspects of
probability is that all probabilities lie in the range of 0 to 1 inclusive. A probability of 0 is said to be
impossible, while a probability of 1 is guarenteed.

Experimental Probability
First, we will look into experimental probability. This is where we look at sets of data to determine the
outcome of a particular event based on what we see. This doesn’t necessarily mean that this is the true
probability of an event occurring. In fact, experimental probability rarely does reflect the true probability
(A.K.A. theorectical probability), but can be useful to determine if there’s significance or bias, which we
won’t delve into this section.
Example. A six-sided die is rolled 50 times and the following results are obtained. State the experimental
probability of each event occurring.
Number on die
Number of times

1
5

2
8

3
11

4
7

5
9

6
10

The experimental probability formula is as follows:
Pr(event) = number of successful outcomes
total number of trials
Therefore, using this data we can create a neat table of the experimental probability of each outcome.
Ensure that you also simplify where applicable.
Number on die
Experimental Pr.

1
1/10

2
4/25

3
11/50

4
7/50

5
9/50

6
1/5

When assigning probabilities, unless stated
otherwise you should always express them as a
fraction. This is because fractions are exact
answers, whereas decimal answers are
sometimes approximations.
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Theorectical Probability
While experimental probability gives us a practical way of reaching conclusions about real-life events,
mathematicians are also interested in finding a more precise way of expressing probabalistic outcomes.
What we do is assign probabilities to events based on previous knowledge of the situation. Whether the
previous knowledge is in fact accurate or not, it provides us with a foundation to predict the outcome of an
event occurring before it happens.
Therefore, theorectical probability uses a rule that is similar to the one used for experimental probabiliy:
Pr(event) = number of favourable outcomes
total number of outcomes possible
When we say “favourable outcomes,” it is one that produces the outcome that we are seeking. Doesn’t
neccesarily mean a good thing!
Example. A fair die is rolled once. Find the probability of an even number:
Let A = obtaining an even number

Define the events

Pr(A) = number of ways to obtain an even number
total number of outcomes possible

Use the rule of probability

Pr(A) = 3/6 = ½

Simplify where applicable

Expected Numbers
We can also used theorectical probabilities to help help predictions about how many times an even will
occur over x numbers of trials. This is called the expected number.
Expected number = probability of an event x the number of trials
Expected numbers are usually tied in with theorectical probabilities, and are frequently used to make
important decisions. Try to think of things where expect numbers are useful, it’s almost limitless!
Example. A lightbulb manufacturer knows that the probability of producing a defective lightbulb is 0.02.
If the manufacturer produces 10,000 lightbulbs, how many are expected to be defective?
Pr(defective) = 0.02 = 1/50
Number of trials = 10,000

Express in fraction form

Expected number = 1/50 x 10,000
= 200

Apply the rule

To better engage students, it is
recommended to go through some reallife applications of probability. While
only oversimplified, it will form the
foundation of their learning.

Therefore, we would expect that out of 10,000 lightbulbs produced, 200 of them will be defective.
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Set Theory
Before exploring Venn diagrams and multi-variable events, we must learn the basic concepts of set theory.
You need to familiarise yourselves with the notations and symbols used to express set information.
Universal
First is the universal set, denoted by the symbol  (epsilon) is the set of all elements. For example, if we
had the numbers 1, 2, 3, 4, 5, 6 then  = {1, 2, 3, 4, 5, 6}
 From the Universal Set, lets say A = {numbers less than 3} = {1, 2} and B = {even numbers} = {2, 4, 6}
Elements
These are just the numbers in the set and be be expressed as  . The symbol  basically means “is an
element of.” The symbol  means “is not an element of”
 Therefore the number 1  A, but 1  B
Complement
Now that we’ve established set A and B, we can now talk about their complements. The complement is the
set of numbers that are part of the universal, but not in the set we’re working with. We use a ‘ to indicate
the complement.
 Since A = {1, 2} then A’ = {3, 4, 5, 6}. Since B = {2, 4, 6} then B’ = {1, 3, 5}
Intersection
We can also see that the sets A and B both share the element 2. When sets have a common element, we
say there’s an intersection. The notation for intersection is denoted by  .
 So for our example we write A  B = {2}. Also A’  B’ = {3, 5}
 Intersection is often indicated by the use of the word “and”
Union
Two or more sets can be combined to form their union. A union contains all the elements of the sets. The
notation for union is denoted by 
 Therefore, A  B = {1, 2, 4, 6}. A’  B’ = {1, 3, 4, 5, 6}. When writing the elements for a union, you
only need to write them once, there’s no need to repeat common elements.
 Union is often indicated by the use of the word “or”
Null Sets
Sometimes a set contains no elements. For our universal  = {1, 2, 3, 4, 5, 6} if we definied C = {negative
numbers} then we have no elements that match this description. Therefore C is said to be a null set or
empty set. It is denoted by the symbol  or simply { }
 For this example we would say C =  or C = { }. DO NOT write C = {  } as this is NOT a null set!
Subsets
Using the same universal set, lets say C = {4, 6}. Looking at set B, we can see that all the elements in C are
also contained in B and is denoted by the symbol  .
 Therefore we can say C  B. This means that set C is a subset of set B
 Also if C = {2, 4, 6}, then it is exactly the same as set B. We would then say C  B, which is saying
that set C is a subset or equal to B.
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Testing Understanding
1. A six-sided die was thrown 40 times and these were the following outcomes:
5
5
4
6

1
3
4
6

4
6
2
3

4
5
5
1

4
6
3
4

5
1
4
1

6
6
6
3

6
4
1
3

3
5
5
2

4
1
3
6

a. Construct an experimental probability table of the die outcomes
Number on die
Number of times
Experimental Pr.

1
6
3/20

2
2
1/20

3
7
7/40

4
9
9/40

5
7
7/40

6
9
9/40

b. Based on the data, what is the probability of an odd number showing?

½

c. Based on the data, what is the probability of a number greater than 3 showing?

25/40 = 5/8

d. Based on the data, if the die was rolled 1000 times, how many occasions would you expect the number 2
or 5 to occur?
225 times for either 2 or 5
2. A spinner is divided into 4 sections: red, blue, green and yellow. The following was obtained.
Colour
number of times

red
320,000

blue
450,000

green
260,000

yellow
370,000

a. What are the total number of trials? 1,400,000
b. Based on the data, construct a number of times table if there were 2.1 millions trials
Colour
number of times

red
480,000

blue
675,000

green
390,000

yellow
555,000

c. Assuming the data is accurate, state the percentages correct to 2 decimal places of each colour coverage
for the entire spinner. – Show working.
red:
blue:
green:
yellow:

22.86%
32.14%
18.57%
26.43%
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3. A die in the shape of a tetrahedron has one red face, one blue and two orange.
a. What is the probability of a red face down?

¼

b. What is the probability of an orange face down?

½

c. If this die was rolled 250 times, what is the expected number of either a red or blue face down?
125 times
4. You have an ordinary pack of 52 playing cards
a. What is the probability of drawing an ace?
1/13
b. What is the probability of drawing a heart?

1/4

c. What is the probability of drawing the ace of hearts?

1/52

d. What is the probability of drawing a two or a king?

8/52 = 2/13

e. What is the probability of not drawing a spade?
¾
5. A bag contains 5 red marbles, 6 blue marbles and 9 black marbles.
a. What is the probability of drawing a red marble?

5/20 = 1/4

b. What is the probability of drawing a blue marble?

6/20 = 3/10

c. What is the probability of drawing a red or black marble?
d. What is the probability of drawing a white marble?

14/20 = 7/10

0

e. What is the probability of drawing a white or black marble?

9/20

6. A manufacturing process has the probability of 0.007 of producing a defective toy. It takes $4 to
produce each toy and the manufacturer sells the item for $10.
a. Express the probability in fraction form 7/1000
b. If 3000 of these toys were produced, how many are expected to be defective?

21 toys

c. If the manufacturer sells 5000 toys but has to refund $10 for each defective, what is the expected profit
overall?
$50,000 – $20,000 - 35 * $10 = $29,650
 = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10}
7.

A = {1, 3, 5, 7, 9}
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B = {2, 4, 6, 8, 10}

C = {2, 4, 6}.

Choose the best set theory symbol to replace the ……. in each of these.
a. 1 ……. B


b. C ….... B


c. 5 ….... A


d. Even numbers < 12 ….... B


e. A …....


g. A’ ….... B = { }


h. B’ ….... A’ =




f. A  B = …….
{ } or 



i. B  ……. = {2, 4, 6}
C

8. A pack of 16 cards has one of each number from one through to sixteen. The defining sets are:
A = {even numbers}
B = {numbers less than 10}
C = {square numbers}
Find the probabilities that a random card selected will be in:
a. A  B

b. A’  C’

c. A  (B  C)

13/16

3/8

5/8

d. A  B  C

e. (A  B  C)

f. (A  B)’  C

1/16

3/16

0

9. A, B and C are sets. Write the following in set notation

These answers are not
necessarily unique.

a. not A
A’

b. A or B
AB

c. neither A nor C
(A  C)’

d. not A, B or C
(A  B  C)’

e. A and C
AC

f. A or not C
A  C’

g. A or not B, and not C
(A  B’)  C’

h. B and not A
B  A’

i. A and not B and C
A  B’  C

Extended Answer
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10. A store manager is deciding whether to hire a security guard to deter theft of goods from the shop.
Below are the average items remaining of the store. They do a stocktake at the end of each day.
Day
Items
remaining

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

Sunday

750

800

700

650

300

250

450

Assume that every day the store opens with 1000 items on sale. The average retail pricetag of each item is
$50 and all items are equally likely to be stolen. On average, 62 items are stolen every week.
a. Given the information above, what is the probability that an item that leaves the store is stolen?
3100 items sold
62 items stolen = 1/50
b. If the average wholesale price of each item that the store bought/manufactured was $30, what is the
expected monetary loss per week?
62 * $30 = $1860 loss p/week
c. What is the overall profit for the week? Take into account that the store needs to spend money to
replenish stock.
Revenue = (3100 – 62) * $50 = $151,900
Replenish = 3100 * 30 = $93,000
Overall profit = 151,900 - $93,000 = $58,900
X-Security company charges a flat rate of $800 per week, and can reduce theft to only 1 item for every 200
that leaves the store.
d. If the store uses X-Security, what is the expected extra profit that the store will make per week than if
they didn’t use them?
15.5 items stolen. So store sells an extra 46.5 items than before, each with $20 profit margin.
Therefore extra profit = 46.5 * $20 = $930 per week

e. Is this a worthwhile investment for the store manager? If so, what will the extra profit be for the entire
year?
Yes it is worthwhile. Store will make $130 (have to pay the security guard) per week profit, which
translates to an extra $130 x 52 = $6760 extra profit than if they didn’t use the security company.

Page 8 of 8

NQT EDUCATION
AR

11

YE

VCE MATHS METHODS
UNIT 1 TERM 2 WORKBOOK
K

E
WE

15

Probability:
Venn Diagrams
Karnaugh Maps
Tree Diagrams

(All materials contained within remain copyrighted property of NQ Corp Pty Ltd).

Venn Diagrams
Last lesson we learned the different symbols and how to use them in set theory. We will no expand on that
knowledge to produce Venn Diagrams, which are used extensively in real life to convey sets of information
visually.
In Venn digrams, a rectangle is used to represent  and circles are used to represent various sets. These
circles can often overlap or even inside one another depending on the type of information. We will learn
how to interpret and draw these.
Have a look at the example diagram below:



A

B
1

5

2

3 4

6

Here you can see that:
  = {1, 2, 3, 4, 5, 6}
 A = {1, 2}
 B = {2, 3, 4}
Because circles A and B overlap to include 2, we can say that A  B = {2}. The numbers 5 and 6 are not
included in sets A or B by being outside the circle, but because they are part of the universal set, they are
still inside the rectangle.
from the Venn diagram in this example, how would you express?
A’
B’
AB

Be sure to test students to help link
set theory to Venn diagrams. Give
other examples, or make up your
own.
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Calculating Probabilities
By visually representing sets, we can also use this information to determine probabilities of interest.
Example. A spinner with labels 1 – 12 is spun, find the probability of of it landing on:
a.
b.
c.
d.

an even number
a multiple of 3
an even number and a multiple of 3
niether even nor a multiple of 3

First we need to define the sets that exist. Keep in mind that when defining sets, we want to use those that
are very general. More specific information like question (c) and (d) are likey to fit within/outside (a) and
(b).




 = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12}
A = {even numbers} = {2, 4, 6, 8, 10, 12}
B = {multiples of 3} = {3, 6, 9, 12}

Then we need to draw the Venn diagram that represents the information given:



A

B
2

4
6
3

8

10

1

5

9

12

7

11
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Draw this slowly and step by step.
Students often find it difficult to
draw Venn diagrams correctly the
first time. It is perfectly normal to
adjust the diagram frequently.

This may look daunting at first. A tip is to just focus on sets A and B, then look at the more specific ones and
adjust your Venn diagram accordingly. It is recommended that you use a pencil when drawing, as you are
likely to make adjustments to match the information.
Now that we have the Venn diagram, we can use it to calculate the probabilities of interest.
a. The set of even numbers is A, we can see there are 6 elements within. There’s a total of 12 elements in
the universal set.
Pr(even) = 6/12 = ½
b. The word “or” means the same as union. In set theory this is A  B, which are all the numbers in the
two circles.
Pr(even or multiple of 3) = 8/12 = 2/3
c. The word “and” mean intersection. It is basically asking for A  B, which are the nnumbers 6 and 12.
Pr(even and multiple of 3) = 2/12 = 1/6
d. These are the elements that are not in set A or B. In other words, (A  B)’ = {1, 5, 7, 11}
Pr(niether even nor multiple of 3) = 4/12 = 1/3

Subsets

If you see a circle within a
bigger circle; the smaller is
a subset of the larger. This
example shows that B  A

Aside from being examinable, Venn diagrams are
not just used for calculating probabilities. They
are very useful to represent other types of data
like categorizations.
Lots of Venn diagrams are used in science and
commerce, as it provides a quick and visual way
for people to view data.

A
1

B
2

5

You may be thinking about what’s the point in
using Venn diagrams to calculate simple
probabilities?

3 4

Venn diagrams also come in handy when you
have more than 2 sets to calculate or interpret.

6
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Karnaugh Maps
These are more commonly known as probability tables and are useful when there are only two possibilities
involved. These tables are valuable for finding missing values or probabilities with only partial information.
Just like Venn diagrams, Karnaugh maps are versatile and are commonly used in many disciplines, one
example is using them to determine the risk or probability that a newborn child will have a particular trait,
given the partial information of its parents genetic data.
Example. On a cloudy day, the probability of rain is 0.7, while the probability of having thunder is 0.6 The
probability of rain and thunder is 0.5, while the probability of no rain nor thunder is 0.2. Draw a Karnaugh
map to represent all the information.
Construct the map like below, filling in the information given.

Thunder
No Thunder

Rain
0.5

No rain
0.6
0.2

0.7

1

You can see that at the bottom right corner is the number 1. This is because there are only two possibilities
and they must add up to one. The other probabilities need to add up to the total at the end of its row or
bottom of its column.
Try using the term “Karnaugh Map”
instead of probability table. This is
because an examiner is more likely
to use “Karnaugh Map” to test
students if they know what it is

We have enough information to fill in the gaps. See in bold.

Thunder
No Thunder

Rain
0.5
0.2
0.7

No rain
0.1
0.2
0.3

0.6
0.4
1

From the completed Karnaugh Map, you can then answer any probabilities related to the scenario. For
example if you were asked to find the Pr(No Thunder) then your answer is 0.4.
Likewise:
 Pr(No rain but have thunder) = 0.4 or 2/5
 Pr(Rain but no thunder) = 0.2 or 1/5
 Pr(No rain) = 0.3 or 3/10
Quite simple, yet effective!

Sometimes you may be asked to
draw a Karnaugh Map with more
elements, such as heads/tail coin
toss with a dice roll. In this case
you would have a 2 x 6 Karnaugh
Map.
The same concepts still apply, so
you shouldn’t have any issues.
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Tree Diagrams
When more than two events occur together, a tree diagram is a good method to represent the sample
space. This helps us to list the full range of outcomes and their probabilities.
To obtain the probability, we need to multiply together the individual probabilities on each part of the
branch to reach a particular outcome.
Example. Use a tree diagram to represent the different combinations of clothing you could wear:
 Yellow, Green or Red Hat
 Checkered or Black Coat
 White, Tan or Maroon shoes
Solution

Hats

Coats

Shoes

Sample space
YCW

C

W
T
M
W

YCM

T
M

YBT

W

GCW

T
M
W

GCT

B

T

GBT
GBM

C

M
W
T
M
W

RCM

T
M

RBT

Y
B

C
G

R
B

YCT
YBW
YBM

GCM
GBW

This will be significantly
easier if students draw
their own tree diagrams.
You can use a simpler one
than this, but in general
many students would
have seen these before.

RCW
RCT
RBW
RBM

As you can see from the tree diagram, all 18 combinations are listed
With your tutor, add the following probabilities to the tree diagram above along the appropriate brances:
 Hats: Y, G and R are all 1/3
 Coats: C = 1/4 and B = 3/4
 Shoes: W = 1/2, T and M are both 1/4
Then find the probability of each combination being picked. For example the first one (YCW) would be:
1/3 x 1/4 x 1/2 = 1/24
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Testing Understanding
1. For the Venn Diagram shown, list the following sets
a. 
{1, 2, 3, 4, 5, 6, 7, 8, 9, 10}
b. A  B
{1, 3, 7}
c. A  B  C
{1, 7}
d. (A  B)  C
{1, 2, 3, 6, 7, 8, 9}
e. A  (B  C)
{1, 2, 3, 7}
f. A’  B’
{2, 4, 5, 6, 8, 9, 10}
g. C’  (A  B)
{1, 3, 4, 5, 7, 10}
h. A’  B’  C’
{2, 3, 4, 5, 6, 8, 9, 10}
2. If  = {2, 4, 6, 8, 10}, A = {2, 4} and B = {2, 8}. Draw a Venn Diagram to represent these sets.
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3. A survey of cricketers revealed that 86% throw right handed, 85% bat a throw right handedand 12%
bat and throw left handed. Draw a Karnaugh Map (probability table) and use it to find the probability of.
a. Throw right handed and bats left handed
0.01
b. Bats right handed and throws left handed
0.02
c. Bats left handed
0.13
4. Two coins are tossed and then one die is rolled. Draw a tree diagram to represent the outcomes and
from it, find the probability of:
a. At least one head and an even number
3/8
b. Exactly one tail and a prime number
1/4

c. Two tails
1/4

d. A head and a tail
1/2

e. A head, a tail and a number less than 5
1/3
f. Two heads and a 4
1/24
Page 8 of 10

5. If Pr(A  B) = 0.4, Pr(B’) = 0.3 and Pr(A) = 0.6, draw a Karnaugh map and use it to find:
a. Pr(A’  B)
0.3
b. Pr(A’)
0.4
c. Pr(B)
0.7
d. Pr(A  B’)
0.2

Extended Answer
6. Using set notation, assign a name for each of the following sets. There may be more than one correct
description.
a. {p, t, z}
AB
b. {a, k, m, n, p, q, t, z}
B
c. {c, j, s, w}
(A  B)’
d. {a, c, j, k, m, n, p, q, s, t, w, z}
A’  B
e. {r, x, y}
A  B’
f. {a, c, j, k, m, n, p, q, r, s, t, w, x, y, z}
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7. A Gambler plays a game of chance 5 times. He either wins $1 or loses $1 each game. The gambler
start with $3 and stops before the fifth game if he loses all the money.
a. Draw a tree diagram to show the number of ways the game can proceed. Also indicate on the diagram
the amount of money the gambler has at the end of each branch.

b. How many ways can the
game proceed to the end of
the fourth game?
14

c. What’s the probability of
the gambler going broke
before the fifth game?
1/8

d. What is the probability of
the gambler finishing with:
i. more than $3
1/2
ii. Exactly $3
0
iii. less than $3
1/2
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Probability:

Addition Rule
Conditional Probability (Multiplication Rule)
Independent Events

(All materials contained within remain copyrighted property of NQ Corp Pty Ltd).

Addition Rule
When calculating the probabilities of event that satify either of two given conditions, sometimes we use the
addition rule. The addition rule for probability is written as:

Pr( A  B)  Pr( A)  Pr( B)  Pr( A  B)
which can also be transposed to

Pr( A  B)  Pr( A)  Pr( B)  Pr( A  B)
Common phrases to know when the addition rule is used are when you see “less than x or” and “either x
or.” Basically you will be asked to solve the probability of an event where there are two given conditions,
but only one of them needs to be satisfied.
Example 1. If Pr(A) = 0.7, Pr(B) = 0.2 and Pr(A  B) = 0.15, find Pr(A  B)
These types of questions are very straightforward and only require you to plug in the values into the
equation. Therefore:
Pr(A  B) = 0.7 + 0.2 – 0.15 = 0.75
Example 2. A 12-sided die is thrown. What is the probability of getting a prime number or a number less
than 9?
First we should identify the sets:
  {1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12}
 A = {prime number} = {2, 3, 5, 7, 11}
 B = {numbers less than 9} = {1, 2, 3, 4, 5, 6, 7, 8}
 (A  B) = {2, 3, 5, 7}
 (A  B) = ? This is what we’re trying to find out
From here we can evaluate the probabilities of each even occurring on its own, you can leave these
unsimplified for now:
 Pr(A) = 5/12
 Pr(B) = 8/12
 Pr(A  B) = 4/12
Now that we’ve established each probability, we simply plug them into the addition rule:
5 8 4 3
Pr( A  B)    
12 12 12 4
Therefore the probability of obtaining either a prime number or a number less than 9 is

3
.
4

Conditional Probability
Conditional probability is when we have been given some information about an event that has already
occurred and has a bearing on an event of interest to us. Unlike the addition rule where you only have to
satisfy one of two possible event, conditional probability requires you to satisfy both. Because you have to
satisfy both criteria, this essentially reduces the set of possible events.
This type of probability utilises the multiplication rule. The notation for this is Pr( A | B) , which means “the
probability of A given that B has occurred.” The formula is as follows:

Pr( A  B)  Pr( A | B)  Pr( B)

Pr( B  A)  Pr(B | A)  Pr( A)

transposed to

Pr( A  B)
Pr( A | B) 
Pr( B)

transposed to

Pr( B  A)
Pr( B | A) 
Pr( A)

Example 1. If Pr(A) = 0.5, Pr(B) = 0.7 and Pr(A  B) = 0.3, find Pr(A|B) and Pr(B|A)
Just simply plug the numbers into the equation. Therefore:
Pr(A|B) = 0.3/0.7 = 3/7
Pr(B|A) = 0.3/0.5 = 3/5
Example 2. If Pr(A) = 0.6, Pr(B) = 0.5 and Pr(A  B) = 0.9, find Pr(A|B)
We first need to determine Pr(A  B) by using the addition rule:
Pr( A  B)  Pr( A)  Pr( B)  Pr( A  B)
= 0.6 + 0.5 – 0.9
= 0.2

Now we can use our answer for Pr(A  B) to find Pr(A|B):
Pr( A | B) 

= 0.2/0.5
= 2/5 = 0.4

Pr( A  B)
Pr( B)

In conjunction to conditional probability,
you may be required to also draw out a
Venn or Tree Diagram; both of which may
play a role to using the multiplication
rule.
Even though you may learn many
different ways of calculating probabilities,
just realise that many of them are the
same thing, just in a different format.
Your task is to understand how each
works and not to get too confused. Be
sure to read worded questions carefully!

Independent Events
When knowing something about one event has no impact of the outcome of the next event, it is said to be
independent. Classic examples are the toss of a coin or the roll of a dice. It doesn’t matter whether the
first outcome is heads or the number 2, it won’t affect the outcome of the next throw or dice roll.
We previously learned that Pr( A  B)  Pr( A | B)  Pr( B) . However if Pr(A|B) = Pr(A), then:

Pr( A  B)  Pr( A)  Pr( B)
This is the expression satifies when events A and B are independent, it is generally used to confirm whether
there is independence between two events or not.
Example. A coin is tossed 3 times, find the probabilities of:
i. First toss is heads
ii. Second toss is tails
iii. Two tails tossed in a row
iv. Which of these combinations are independent events?
First we state the different sets:
  ={HHH, HHT, HTH, HTT, THH, THT, TTH, TTT}
 A = {First toss is heads} = {HHH, HHT, HTH, HTT}
 B = {Second toss is tails} = {HTH, HTT, TTH, TTT}
 C = {Two tails in a row} = {HTT, TTH}
Now convert these sets into probabilities, this will answer part i, ii and iii:
 Pr(A) = 4/8 = 1/2
 Pr(B) = 4/8 = 1/2
 Pr(C) = 2/8 = 1/4
Work out the set intersections of each combination to answer part iv.
 (A  B) = {HTH, HTT}
 (A  C) = {HTT}
 (B  C) = {HTT, TTH}
Check for independence using the formula:
Pr(A  B) = 1/4
Pr(A) x Pr(B) = 1/4
Same answers so A and B are independent
Pr(A  C) = 1/8
Pr(A) x Pr(C) = 1/8

Same answers so A and C are independent

Pr(B  C) = 1/4
Pr(B) x Pr(C) = 1/8

Different answers so B and C are NOT independent

Testing Understanding
1. If Pr(Q) = 0.3, Pr(Q  R) = 0.1 and Pr(Q  R) = 0.65, find Pr(R)
0.45

2. A 10-sided die is thrown once. Find the probability that the face up number is:
a. less than 10 or even numbered

b. odd or greater than 5

1

0.8

c. divisible by 4 or divisble by 3

d. prime or a square number

0.5

0.7

3. if Pr(A) = 0.7, Pr(B) = 0.2 and Pr(A  B) = 0.85, find Pr(B|A)
First find Pr(A  B) = 0.05
Then find Pr(B|A) = 1/14

4. From the Venn Diagrams, find both Pr(A|B) and Pr(B|A):
a.

b.

Pr(A|B) = 1/3
Pr(B|A) = 1/17

Pr(A|B) = 4/9
Pr(B|A) = 4/13

5. A pair of fair dice are rolled. Find the probability that both numbers are odd given that the first die
shows a number less than 4.
1/3
6. A tetrahedron die numbered 1, 2, 3, 4 is rolled twice. The following events are defined:
 A = an even number face down on the first roll
 B = at least one even number face down on the two rolls
 C = the number 3 face down on the second roll
Determine mathematically if the following combinations are independent:
a. A and B

b. A and C

c. B and C

No

Yes

No

7. Three archers, A, B and C have probabilities of

2 3
4
, , and respectively of hitting a bullseye. Find
3 4
5

the probability that:
a. A and B both hit and C misses

b. All three hit

1/10

2/5

c. all three miss

d. Exactly two of them hit the target

1/60

13/30

Extended Answer
8. If Pr(T) = 0.3, Pr(V) = 0.8 and Pr(T  V) = 0.25, find Pr(T  V)’

0.15
9. Bob has a 60% chance of winning a game of tennis. Find the probability of:
a. Him winning two sets in a row
0.36
b. Wins 2 out of 3 games
0.648

c. Out of three games, wins the first and third
0.84

d. Out of 3 games, wins the last two given that he loses the first
0.36
e. Best out of 5 games (so needs 3 wins only), given that he wins the first
0.8208 or 0.821

10. There are 20 archers in a tournament, 8 of which are left handed and remainder are right handed.
a. Find the probability that an archer chosen at random is left handed
2/5 or 0.4
b. If a pair of archers were randomly chosen, what’s the probability that exactly one is left handed?
12/25 or 0.48
Due to poor weather, a left-handed archer only has 0.7 chance of hitting the target, while a right-handed
archer has a 0.9 chance of hitting.
c. Find the probability that a random archer is left handed and hits the target
7/25 or 0.28
d. Find the probability that an archer chosen at random hits the target
41/50 or 0.82
e. If an archer hits the target, find the probability that the person was right handed
27/41 or ~0.66
f. Find the probability that two archers chosen at random are the same hand and both hit the target
0.37

g. Draw up a table that shows the probability for each outcome possible for two randomly chosen archers
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[VCE Mathematical Methods Unit 1: Week 17 Solutions]

Semester 1 Revision – Part 1 of 2
Most of you will have upcoming tests or exams at school. For this lesson and next, we will provide you with
a revision quiz covering some of what we have learned so far in semester 1. This revision should help you
with any upcoming math test and should help you identify what areas you are proficient, and areas that
need to be worked on.
Tests encourage you to show working out, as this is the most important contributor to scoring well. Use
this opportunity to practice under test conditions, it will be valuable experience for the real thing and
getting more comfortable under pressure.
Question 1
Solve the following: 3x – 2y = 7 and y = 2x – 5
3x  2(2 x  5)  7
3x  4 x  10  7
 x  10  7
x3

y  2(3)  5
y  65
y 1

Please try to run this under test conditions. It is an
important exercise, and will also teach them a lot
about managing time. Students purely studying
may not necessarily be the most effective way to
prepare for tests, and must put themselves under
time pressure; that is what is going to count.
Once completed, you are to spend ~35min to run
through the solutions on how you should show
working out to score full marks allocated.

/2

Question 2
Find the equation of the line that passes through the points (-1, 3) and (5, 1)

1  (3)
m
5  (1)
2
m
6
1
m
3

1
y   xc
3
1
1   (5)  c
3
5
1  c
3
8
c
3

1
8
Therefore y   x 
3
3

You may give small hints along the
way. Better that students attempt
questions than do nothing because
they’ve forgotten.
It is better that they make mistakes
now that on the real thing at school.

/2

Question 3
Find the midpoint of the line joining (-2, 3) and (4, 5)
 2 4 35 
,


2 
 2
 (3, 4)

/1

[VCE Mathematical Methods Unit 1: Week 17 Solutions]

Question 4
Sketch 3x – 2y = 7
*see right
2 marks for correct
intercepts
1 mark for graph

/3
Question 5
A bicycle manufacturer has overhead expenses of $15,000 per year. In addition, it costs $45 to manufacture
each bike.
a. Write a rule that determines the total cost $C for manufacturing n bicycles per year.
C = 15,000 +45n

/1
b. If the annual production is 5000 bicycles, what is the overall cost per bicycle?
C = 15,000 + 45(5000)
C = 15,000 + 225000
C = $240,000

Therefore cost per bike

= $240,000/5000
= $48 each

/2
c. How many bicycles need to be produced so that the overall cost is $49?
49n = 15,000 + 45n
4n = 15,000

n = 3750 bicycles needed to be produced

/2
d. The company sells their bicycles for $135 each. Find the minimum number of bikes they need to sell to
make a profit.
15,000 + 45n = 135n
90n = 15,000
n = 166.67
So they need to sell 167 bikes to start making a profit

/2
e. Write a rule that determines the profit $P for any number of bicycles sold.
$P = 90n – 15,000 (equation based off question d)

/1

[VCE Mathematical Methods Unit 1: Week 17 Solutions]

Question 6
Factorise x2 – 7x + 3 by completing the square
49 
49
 2
 x  7x    3 
4 
4

2

7  37

x  
2
4

2
7   37 


 x    
2   2 


2


7  37 
7  37 
x

 x 


2 
2 



/3
Question 7
If y = x2 – 6x + 11 is changed to the form y = a(x – h)2 + k. Find the values of a, h and k
y  x2  6x 

36 36
  11
4
4

y   x  3  2

Therefore

a = 1, h = 3 and k = 2

2

/3
Question 8
Using the quadratic formula, find the solution to the equation 3x2 – 2x + 1 = 0

b  b 2  4ac
2a
Plug in the numbers and you’ll find there’s no solutions

/2
Question 9
Find the value of c when the graph of y = 2x2 – 5x + c will have two x-intercepts. Hint:   0

25  8c  0
  (5)2  4(2)(c)
  25  8c

8c  25
Therefore

8c  25
c

25
8

/2

[VCE Mathematical Methods Unit 1: Week 17 Solutions]

Question 10
Sketch the graph of y = (x – 3)2 + ½, label any intercepts and the turning point

*see right
2 marks for key points
1 mark for graph

/3
Question 11
Find the solutions to the following: y = x + 3 and y = x2 + 3x – 12
x  3  x 2  3x  12
x 2  2 x  15  0
( x  5)( x  3)  0
x3
x  5

/2
Question 12
Use the factor theorem to find all factors of x3 + x2 – 4x – 4 = 0
f (1)  0
f (2)  0

Therefore the factors are (x+1), (x+2) and (x-2)

f (2)  0

/3

[VCE Mathematical Methods Unit 1: Week 17 Solutions]

Question 13
2 x3  9 x 2  14 x  20
x 3

Use long division to find
5
x 3
3
2
x  3 2 x  9 x  14 x  20
2 x 2  3x  5 

(2 x3  6 x2 )
3x2  14 x
(3x2  9 x)
5x  20
(5x  15)
5
Therefore answer is 2 x 2  3x  5 

5
x 3

/3
Question 14
Find the rule that satisfies the table of x and y
x
y

1
2

2
9

3
22

y
a+b+c

1st Diff
3a + b

2nd Diff
2a

4
41

Hint:
x
1

First draw a table to determine what kind of polynomial
x
1
2
3
4

y
2
9
22
41

1st Diff
7
13
25

2nd Diff
6
6

It’s a quadratic relationship, will use the first row in this example to determine the general formula of
y = ax2 + bx + c
2a = 6
a=3

3a + b = 7
3(3) + b = 7
b = -2
Therefore, the rule connecting x and y is: y = 3x2 – 2x + 1

a+b+c=2
3–2+c=2
c=1

/4

[VCE Mathematical Methods Unit 1: Week 17 Solutions]

Question 15
State the range of the function y = x3 + 5x – 2 when x ≤ 0
Students should use their calculators for this one and should conclude the range y ≤ -2. Can also aquire
answer purely by inspection of the function.

/1
Question 16
The volume V of a cylinder is given by V   r 2 h
a. Transpose the formula to make r the subject

r

V
h

/1
b. Find the radius r when the height h is 6cm and the volume is 622 cm3. Give your answer to two decimal
places.
r

622
 (6)

r  5.74cm

/1
Question 17
Find the remainder when 2x3 + 8x – 6 is divided by x + 2
f (2)  2(2)3  8(2)  6
 2(8)  16  6
 16  22
 38

/1
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Semester 1 Revision – Part 2 of 2
Question 1
Sketch the graphs of the following and label any key features such as asymptotes and intercepts.
a. y  

1
x5

b. y 

1
2
( x  4)2

/3
c. f ( x)  x  3  2

/3
d. y   | x  4 | 2

/3

/3

e. x2  y 2  8x  2 y  15  0

f. Inverse of y = (x – 1)2 + 3

/3

/3

Question 2
Sketch the inverse function below on the same graph, restricting the domain where appropriate

restrict domainor original to
x≥0

/3
Question 3

A fruit bowl contains three oranges, four bananas, seven apricots and two apples. If a piece of fruit is
selected from the bowl at random, find the probability that it is:
a. an anpricot

b. an apple or banana

7/16

3/8

/1

/1

c. not an orange

d. neither an apple nor an apricot

13/16

7/16

/1

/1

Question 4
Given  = {2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37}, A = {3, 11, 31} and B = {2, 3, 5, 7}, list the following sets.
a. A  B

b. (A  B)’

{3}

{13, 17, 19, 23, 29, 31, 37}

/1

/1

c. A’  B’

d. A  B’

{13, 17, 19, 23, 29, 37}

{11, 31}

/1

/1

Question 5
A manuacturer knows that a box of matches has a probability of 0.025 to contain fewer than 47 matches in
a box. If the manufacturer has a shipment of 5000 boxes made, how many would be expected to contain
fewer than 47 matches?
Pr(< 47 matches) = 0.025 = 25/1000
trials = 5000

25
 5000
Expected 1000
 125


Therefore we expect 125 boxes to contain less than 47 matches in a shipment of 5000

/2
Question 6
For the Venn Diagram shown, list the following sets

a. A

b. A  B

{a, b, c, x, y}

{x, y}

/1
c. A’

d. (A  B)’

{d, k, p, w, z}

{d, k, w}

/1

/1

/1

Question 7
Andrew and Bob frequently play tennis. Andrew has a 0.65 chance to win on non-clay and 0.45 chance to
win if the game is played on a clay court. Seventy five percent of matches are played on non-clay courts.
a. Draw a tree diagram to represent the situation for Andrew. Use C and C’ for clay/non-clay and A and A’
for Andrew wins/loses.

/3
b. Find the probability that Andrew wins on a clay surface.
0.1125

/1
c. Find the probability that Andrew wins
the next game when we don’t know the
surface.
0.1125 + 0.4875
= 0.6

/2
Question 8
The probability that a student has fair hair is 0.6, while the probability of blue eyes is 0.7. The probability of
having fair hair and blue eyes is 0.5. With this information, fully construct a Karnaugh Map and find the
probability of having niether fair hair nor blue eyes.
Pr(Not fair Not blue) = 0.2

/4

