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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.
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[VCE Mathematical Methods Unit 2: Week 28]

What you need to know about Mathematical
Methods: Unit 1 & 2
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 & 2:
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 of 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

[VCE Mathematical Methods Unit 2: Week 28]

Logarithmic Laws
Today we will learn some basic logarithmic laws, which you have been introduced to by one of the
extension questions from the previous lesson. Below are the following rules that you will need to know for
year 11.
These are fairly easy to remember, but your tutor should run through some examples before you work on
any questions.

Addition – To add logarithms with the same base, multiply base numerals

log a m  loga n  log a (m  n)
Subtraction – To subtract logarithms with the same base, divide base numerals

m
log a m  log a n  log a
n
Powers – A constant in front of a logarithm can be removed by raising the base numeral to
the power of that constant

n log a m  log a mn
Same Base – When the base and the base numeral are the same the logarithm is equal to 1

a1  a therefore log a a  1
also, log a 1  0

Be sure to emphasise that the bases
need to be the same for these
simplifications.

Logarithmic expressions cannot be added or
subtracted when there is a constant in front of
the logarithm.
Remove this constant by raising the base numeral
to the power of the constant.

[VCE Mathematical Methods Unit 2: Week 28]

Solving Logarithmic Equations
Logarithms to the base 10
These kinds are called common logarithms and can be evaluated using the log function on your CAS,
normally found in the CATALOG menu. Some calculators may even have their own “log” button.
Sometimes you will see log10x as just logx in a textbook or an exam question, so if you ever see a log
function that is missing a base value, assume it always to be a log10 unless stated otherwise.
Example – Solve for x if log10 5  x , giving your
answer correct to three decimal places
Use your CAS to find the solution either with the
LOG button or from the CATALOG menu.
Then simply press ENTER to get an approximate
answer.
If you have problems evaluating the log function
on your calculator, consult your tutor as you may
have a different model or method.

Logarithms to a base other than 10
Calculators are useful to directly evaluate common logarithms and logarithms to base e - also known as
natural logarithms, or ln on a CAS. Applications involving natural logarithms won’t be covered here, but will
be investigated in units 3 and 4.
For other logarithmic equations, we need to follow the steps below:


Simplify the equation using logarithmic laws



Express the equation in index form



Solve by:

- using a calculator
- equating powers
- equating bases
- raising both sides of the indicial expression to the power of the reciprocal if the base
is unknown (see example)
The logarithm of a
number less than or equal
to zero is undefined.

[VCE Mathematical Methods Unit 2: Week 28]

Example 1 – Solve x for log x 256  4
Write equation in equivalent index form
log x 256  4
 x 4  256

When base is the unknown, raise to the power of the reciprocal of the existing power
1

  x 4  4   256  4
1

x  4
Example 2 – Solve x for log 2 5  x to three decimal places
Write equation in equivalent index form
log 2 5  x
 2x  5

Use CAS to approximate solution *see right
 x  2.322

Example 3 – Solve x for log 2 x  log x ( x  1)  2
Use logarithmic laws to simplify expression
log 2 x  log x ( x  1)  2
 log 2

x
2
x 1

Express in equivalent index form
x
22 
x 1
Simplify and solve for x
x
4
x 1
4( x  1)  x

4x  4  x
3x  4
4
x 
3

While the working out may seem
more tedious for an obvious
answer, the point of the exercise is
for students to get into the habit of
showing working out.
Be sure to remind students of this.

[VCE Mathematical Methods Unit 2: Week 28]

Testing Understanding
1. Simplify:
a. log8  log 3

b. log3 x  log3 2 x

c. log y  log 5

log24

log32x2

log

d. log3 18  log3 6

e. log4 8  log3 4  log4 3

f. 2log 2  4log 3

1

log424 – log34

log324

g. 3log5 3  2log5 2

h. 2log( x  1)  log( x 1)

i.

log[( x  1)( x  1)2 ]

2

log 5

j.

27
4

log(1  3x)3
log(1  3x)

3

k.

log x 25
log x 125

2
3

l.

y
5

log 5 x
log 5 x

2 log 3 125
log 3 25

3

2. Express as a single logarithmic term:
a. log3 27  1

b. log 2 8  3

c. 2  3log x

log3 9  2

log 2 64  6

log100x3

d. 3log 2 4  2

e. 2log 4 3  log 4 23  1

f. log x  2log( x  1)  2

log 2 16  4

log 4 18

log

100 x
( x  1) 2

[VCE Mathematical Methods Unit 2: Week 28]

3. Solve for x, correct to three decimal places
a. log 2.5  x

b. log 6.9  x

c. log5 ( x  1)  2.7

0.398

0.839

76.129

d. 3log3 2 x  1

e. log5 200  x

f. log3 0.05  x

0.721

3.292

-2.727

b. log x 8  3.5

c. 2log x 3  4

4. Solve for x
a. log3 27  x

2
7

3

8

d. log3 243  2 x  1

e. log(2 x  1)  log3  2

f. log5 3x 2  log5 27

3

299
2

3

g. log3 x  log3 ( x  5)  log3 (5x  9)

3

h. 2log5 x  log5

1
1
x

1
3

3

5

i. log(2 x2  3x  3)  log(1  2 x)  0

j. 2(log x)2  log x  6

1
 , 2
2

1
, 100
10 10

[VCE Mathematical Methods Unit 2: Week 28]

Extended Answer
5. A sample dissolving concentration of solution C in M (moles per litre), at time t minutes is modeled by
the equation C = log20.35(t + 3.4).
a. Find the concentration at t = 0 in exact form.
C = log21.19

b. When the concentration of the solution is equal to 2M, it is dissolved. Find the time that this occurs.
After 8 minutes

c. Another sample has a concentration of C = log20.3(t – 4). At what time, if at all, will the concentrations of
the two samples be the same?
The concentrations are never the same
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Graphing Logarithmic Functions
Exponential Applications
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[VCE Mathematical Methods Unit 2: Week 29]

Graphing Logarithmic Functions
Previously we learned how to sketch exponential graphs.
For the logarithmic function, where f(x) = logax is the
inverse function of an exponential graph with equation
f(x) = ax.
In other words, the two curves are mirror images in the
line y = x. For the year 11 syllabus, we will only consider
graphs of functions where a > 1.

Dilation (Steepness)
Consider the graphs of y = log2x and y = log10x shown
below

The two curves share the same x-intercept at (1, 0) and they never cross the y-axis. We say that the line
x = 0 is an asymptote.
Notice that the speepness of the curves is determined by the value of the base a. As a increase in
magnitude, the graph of logax rises more steeply for values of x less than 1 and less significantly for values
of x greater than 1.
Any logarithmic function in the form f(x) = logax where a > 1 and x > 0 will share the following properties.


an x-intercept at (1, 0)



an asymptote at x = 0



domain is R+



range is R

[VCE Mathematical Methods Unit 2: Week 29]

Translations
Consider the translated graphs below; you should notice some similarities with other types of
transformations learned in previous topics!

Horizontal
The graph of f(x) = loga(x – b) is obtained by translating f(x) = logax to the right by b units
The graph of f(x) = loga(x + b) is obtained by translating f(x) = logax to the left by b units, where b represent a
positive number

Vertical
The graph of f(x) = logax + c is obtained by translating f(x) = logax up by c units
The graph of f(x) = logax – c is obtained by translating f(x) = logax down by c units, where c represents a
positive number

[VCE Mathematical Methods Unit 2: Week 29]

Reflections
In the y-axis
Reflections in the y-axis are indicated by the sign in front of x. We reflect in the y-axis when this sign is
negative. For example, y = log10(-x) is the graph of y = log10x reflected in the y-axis.

In the x-axis
We reflect in the x-axis when the constant in front of the logarithm is negative. For example y = -log10x is
the graph of y = log10x reflected in the x-axis.

[VCE Mathematical Methods Unit 2: Week 29]

Exponential Applications
Exponential functions can be used to model many real-life situations. To conclude this topic, you will use
everything that you have learned so far to solve several application questions that apply to real life contexts
and are good questions that examiners like to use.

Testing Understanding
1. Sketch the graphs of the following curves and state the asymptote, x- and y- intercepts.
a. y = log(x – 1)

b. y = logx – 2

c. log(1 – x)

d. y = -log(x + 3)

[VCE Mathematical Methods Unit 2: Week 29]

e. y = -log(x + 2)

f. y = -log(-x) + 1

g. y = log2(x + 1) + 5

h. y = -log2(3 – x)

[VCE Mathematical Methods Unit 2: Week 29]

Extended Answer (Applications)
2. The population of protected birds is increasing exponentially. The changes in population are given
below.
Time (yrs)
Population

0
1000

1
2000

2
4000

3
8000

4
16000

a. Find the rule describing the population P at any time t (years)
P = 1000 x 2t
b. Sketch the graph of the bird population as a function of time (years), stating the domain and range.

Domain: t ≥ 0, Range: P ≥ 100
c. What is the bird population at 7 hours?
128,000
d. At how many years is the population 10,000?
3.32 years
3. A car depreciates in value by 25% per year. The purchase price of the vehicle is $42,000
a. State the rule describing the value of the car (V) at any time t (years)
V = 42,000 x 0.75t
b. What is the value of the car after 5 years?
$9966.80

[VCE Mathematical Methods Unit 2: Week 29]

c. The owner decides to trade the vehicle in and purchase a new car when its value is half the purchase
price. When should the owner trade the car in?
2.41 years
d. What is the average rate of depreciation during this period?
$8715.79 per year
4. The mass of a radioactive element is described by M = M0(10)-kt where M represents the mass in grams
after t years. The initial mass is 800 grams and the mass after 15 years is 200 grams.
a. Find the value of M0 and k
M0 = 800, k = 0.04
b. Find the amount remaining after 100 years
0.08g
c. Find the time taken for the mass to decrease by 80%
17.47 years
5. Bob invests $500 in a term deposit account. The value of his investment to the nearest cent after t
years is given below.
Time (t) (years)
Investment (I) ($)

0
500

2
583.2

4
680.24

6
793.44

8
925.47

a. State the rule describing the value of the investment at any time (years). Hint: let

I  500 1.1664

I  I0  a

t
2

b. Find the value of the investment at 5 years
$734.66
c. Find how long Bob must invest his money before its value becomes $1500
14.27 years

d. Find how much Bob needs to invest if the investment is to be worth $1500 after 5 years.
$1020.87

t
2
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Probability Applications:
Factorials
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[VCE Mathematical Methods Unit 2: Week 30]

Factorials
With many types of probability questions, we are basically figuring out the number of desired outcomes
and comparing it to the total number of outcomes. We use techniques such as tree diagrams or just simply
counting in our heads. However, real life applications are not as simple as that and often include many
variables and outcomes where simple counting and diagrams are no longer practical.
To assist us in solving these probability applications, we must first learn the basics of calculating different
combinations, also know as combinatorics. The first is the factorial, which involves multiplying a sequence
of intergears in decending order, denoted by the number followed by the symbol “!”.
For example. 10! (or 10 factorial) = 10 x 9 x 8 x 7 x 6 x 5 x 4 x 3 x 2 x 1
The factorial ! sign is normally found under MATH and then PROBABILITY on your CAS calculators.
Example – Simplify
10  9  8  7!
7!
 10  9  8
 720

10!
7!

You do not need to expand the entire factorial. The 7! cancel each other

Permutations
One way factorials are useful is determining the number of ways something can be arranged. Think about
the numbers 1, 2, 3, 4, 5 and how many ways those five numbers can be arranged. In this case, the number
of different ways those numbers can be arranged is 5!, which equal to 60 combinations. Each combination
is known as a permutation (can also be called an “arrangement”).
However, what if out of those five numbers we only want to select three and without using the same
number twice (such as 5, 2, 3 or 1, 4, 2)? Then we need a formula to help us resolve this question.
A shorthand representation for the number of permutations of n objects taking r at a time is nPr, where n is
the total number of objects and r is the number of objects we are taking.
n

Pr 

n!
 n  r !

So using the example above, we are taking three numbers from a pool of five. Therefore the total number
of permutations is

5!
(5  3)!
5! 60
 
2! 2
 30 permutations

5

P3 

The n Pr formula can also be
found under MATH, then
PROBABILTY on your CAS.

[VCE Mathematical Methods Unit 2: Week 30]

Counting with Restrictions
Sometimes difficulties arise when trying to distinguish various arrangements, primarily due to duplicate
objects in the sample.
Consider the letters HIPPOPOTAMUS. There are 12 letters, but there are three letter P’s and two letter O’s.
The fact there are duplicate letters in our sample restricts the number of arrangements we can make with
those 12 letters.
The number of different ways of arranging n objects, when we have n1 of type 1, n2 of type 2, ..., nr of type r
is:

n!
n1 !n2 !...nr !

where n1 + n2 + … + nr = n

Don’t get too confused with the above formula; example 1 below should help clarify what it means and we
will also show how to tackle other kinds of restrictions.
Example 1 – Find the number of different arrangement of the letters of the word HIPPOPOTAMUS
12 letters
HIPOTAMUS
PO
P

Most year 11 students will find combinatorics the
most confusing topic. It’s not so much the concept
of how it works, but it’s mainly due to the lack of
understanding in what the question is asking.

So we have 3 P’s and 2 O’s, now apply the rule

12!
Number of arrangements 3!2!
 39,916,800


Students MUST learn how to comprehend and read
the question carefully, as it has been shown that this
topic in the curriculum is what causes the most
mistakes due to lack of understanding of key words,
particularly in restriction questions.

Example 2 – Find the number of way the letters in EMPLOYEE can be arrange if each letter must be used
and the E’s must be together
Another type of restriction is if items of a particular type must be placed next to each other. In such cases
we can treat these item as if they are a single object.
8 letters
The E’s must be together so they represent one object, there are no other repeat letters. Therefore there
are now 6 different objects to arrange.
Number of arrangements

 6!
 720

[VCE Mathematical Methods Unit 2: Week 30]

Example 3 - A bookstore has 5 different written by author A, 4 written by author B and 2 written by
author C. How many way are there to arrange these books on a shelf:
a. If there are no restrictions
b. If the books by author A must be together
c. If the books by each author must be kept together
This is a slight variation to example 2 where certain object must be placed together. However the objects
are distinguishable (each book is different even if same author) and they themselves can be arranged within
those restrictions.
a. 11 books, no restrictions. 11!  39,916,800
b. 5 books by author A = 1 object
6 books by the other authors = 6 objects
Therefore 7 objects. 7!  5040
However the books within author A can be arranged too, so we multiply this with 7! to get our final answer.
 7! 5!

 5040 120
 604,800
c. Each author must be together = 3 objects
Therefore 3! = 6
However each author can arrange their own books, so we multiply all these with 3! to get our final answer.
 3! 5! 4! 2!

 6 120  24  2
 34,560
Example 4 – 4 boys and 3 girls are seated in a line. How many ways can they sit if the girls are not all to
sit together in the group?
This restriction is when we don’t want certain events to occur as a result of our arrangements
7 objects, no restrictions. 7!  5040
Calculate the number of arrangements if all the girls sat together
3 girls must be together = 1 object.
4 boys, no restrictions = 4 objects.
5 objects in total. 5!  120
However each girl is distinguishable, so they can also be arranged, so we multiply these with 5!
5! 3!  720
Since this is when they are together, we simply need to minus this value from the total unrestricted
arrangements.
5040  720  4320 ways for seating to be arranged with the girls not all together

[VCE Mathematical Methods Unit 2: Week 30]

Testing Understanding
1. Calculate
10!
6!
5040

a.

d. 12!  4!
479,001,624

4!
8!
1/1680

c. 6!  5!

e. 10P7
604,800

f. 15P2
210

b.

600

2. The 100m dash has eight competitors. How many different ways can the first, second and thirds place
medals be distributed?
336
3. Find the number of different arrangements of the letters in the word VICTORIA if all letters are to be
used once only
20,160
4. Find the number of different arrangements of the letters in the word VALUATION can be arranged if
each letter must be used and:
a. there are no restrictions

b. The A’s must be together

181,440

40,320

5. There are six different books about Asian cooking, four Italian cooking and three French cooking. Find
the number of ways one can arrange the books on a shelf if:
a. There are no restrictions

b. The Asian cookbooks are to be kept together

6,227,020,800

29,030,400

c. The books for each type of cuisine are to be kept together
622,080
6. If you have the digits 2, 4, 6, 7, 8, 9 and the digits cannot be repeated, find the number of possible:
a. Six-digit numbers
720

b. Five-digit even numbers
480

c. Four-digit numbers greater than 7000
180

d. Six-digit odd numbers greater than 800,000
72

[VCE Mathematical Methods Unit 2: Week 30]

Extended Answer
7. There are 5 women and 4 men deciding on how to stand in line for a photograph, find the number of
possible ways this can be done if:
a. There are no restrictions

b. The men and women are to alternate

362,880

2880

c. The men are to be together and the
women are to be together

d. There are to be two men together at each end

5760

2880

8. Consider the word COMMITTEE. If all letters are to be used, find the number of ways the letters can
be arranged if:
a. There are no restrictions

b. It must start with one of the duplicate letters

45,360

30,240

c. It must start and end with the same letter

d. It must start and end with a letter that appears only
once

3780

3780

9. Four-letter words are to be formed from the letters of the word MONKEY. If each letter can be used
only once, find how many there are that:
a. Begin and end with a vowel.

b. Contain no vowels

24

24

c. Begin and end with a consonant

d. Contain the letter M

144

240

e. Start with K and include Y

f. Begin with N and end with a consonant

36

36

NQT EDUCATION
AR

11

YE

VCE MATHS METHODS
UNIT 2 TERM 4 WORKBOOK
K

E
WE

31

Probability Applications:
Arrangements in a Circle
Combinations and the nCr Formula

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

[VCE Mathematical Methods Unit 2: Week 31]

Arrangements in a Circle
Continuing on from calculating arrangements, another complication arises when objects are placed in a
circle. This has relevance to questions dealing with the seating of people at a round table, especially if we
want to keep them apart!
n!
When n different objects are to be arranged in a circle this can be done in:
 (n  1)! distinct ways
n
Example 1 – How many ways can either people be seated in a circle?
n=8
 (n  1)!  (8  1)!
 7!
 5040

Example 2 – A family of the mother, father, two daughters and one son can be seated at a circular table.
If the parents must sit together, how many seating arrangements can be made?
parents together – 1 object
kids – 3 objects
using formula:
n=4
 (n  1)!  (4  1)!
 3!
6

Remember parents can also be arranged in 2! ways
 6  2!  6  2
 12
Example 3 – Using the same family from example 2, find the number of ways if the parents are not to sit
together
without restrictions – 5 objects
n=5
 (n  1)!  (5  1)!

 4!
 24
Since we know from example 2 that there are 12 ways for the parents to be together, we simply minus this
value from the one without restrictions
 24  12
 12

[VCE Mathematical Methods Unit 2: Week 31]
n

Combinations and the Cr Formula
When we were dealing with permutations (arrangements), the order of the objects was important. An
example like chosing two numbers from the set 1, 2, 3, 4 we know that there are 12 permutations when
using all four numbers.
However for many practical purposes, the arrangement 1, 2 is no different from 2, 1. Think of a lotto game,
it doesn’t matter which number is drawn first, as long as you have the numbers drawn you win. Since 1, 2
and 2, 1 are considered the same in this basic example, you should realise that there can never be more
combinations than permutation for particular values of n and r.
Therefore in cases like this where order is not important, we call these combinations or selections

Thus, if we want to find the number of combinations of n objects chosen r at a time:

number of permutations n Pr
Cr 

r!
r!
n!
n(n  1)

(n  r )!r ! Can also be written as
r!
n

You can use your CAS to find the number of combinations by accessing the probability tab in your MATH
menu. Try calculating 5C2 and 5C3. Then try 8C3 and 8C5. Notice anything with these pairs?
You should see that each pair results in the same answer. If we look at the values of r in each pair, they add
together to make the value of n.

Thus we can generalise this result as:

n

Cr n Cnr

Example 1 – Find the number of combinations of 6 objects if 4 are chosen at a time.
n=6
6
C4
6

C4 

r=4

6!
(6  4)!4!

6!
2!4!
6  5  4!

2  1 4!
 15


There are 15 combinations possible
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Example 2 – Find the vallue of t in 8 C3 

8

P3
t

write the rule
n
P
n
Cr  r
r!
Since we can see r as 3 we can write
8
P
8
C3  3
3!
Therefore t  3!
NOTE: Be aware that the answer is 3! and not 3
Example 3 – Find the value of n if n C2  36
Rewrite in factorial format
n(n  1)
 36
2!
n 2  n  72

n 2  n  72  0
(n  9)(n  8)  0
n  9 or  8
Only the positive solution makes sense since n cannot be negative. Thus n = 9
Example 4 – Find the value of r if 7 Cr  21
It’s generally easier to use trial and error when finding r in these cases.
try r = 3
7
C3 = 35

doesn’t match

try r = 2
7
C2 = 21
the required value
Remember when finding r there will usually be two solutions
7
C2 = 7C5 = 21
therefore r = 2 or 5
Example 5 – 4 members are to be selected from a group of 6 boys and 8 girls. How many combinations
can the group be made if it is to consist of 2 boys and 2 girls?
2 boys can be selected in 6C2 ways
2 girls can be selected in 8C2 ways
Events are independent, so simply multiply these together
6 C2 8 C2  15  28
= 420 ways
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Testing Understanding
1. how many ways can the following number of people be seated at a circular table?:
a. ten people?

b. six people?

362, 880

120

c. thirteen people?

d. t number of people?

479,001,600

(t – 1)!

2. A twelve-member commite, three of whom form the leadership team are seated around a circular
table. In how many ways can the committee be arranged if:
a. There are no restrictions?

b. The leadership team are to sit together?

39,916,800

2,177,280

3. In how many ways can six objects be selected from:
a. 8

b. 6

c. 12

28

1

924

4. Find the value of the unkowns
a. 6 C2 

6

P2
z

z = 2!

c.

d

Ce 

b.

y

C5 

8

P5
w

y = 8, w = 5!

11

Pk
6!

d = 11, e = 6, k = 6

d. b C7 

10

P7
h

b = 10, h = 7!
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5. A committee of four is to be selected from twelve members. In how many different ways can this be
done if:
a. There are no restrictions

b. Bob must be on the committee

495

165

c. Bob and Jill must be on the committee

d. Either Bob or Jill, but not both on the committee

45

240

6. Find the pronumeral in each case
a. 8Cr = 70

b. nC4 = 35

c. nC6 = 210

r=4

n=7

n = 10

Extended Answer
7. Find the number of ways five boys and five girls can sit around a circular table if:
a. There are no restrictions

b. No boy is to sit next to a boy

362,880

2880

c. The boys together and girls together

d. Bob must sit next to Jill

14,400

80,640

8. A tennis team of four males and four males is being selected from a pool of 7 males and six females.
a. How many ways can the male players be selected?
35
b. How many ways can the female players be selected?
15
c. How many different teams can be chosen?
525
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d. How many different teams can be chosen if Bob (male) and Jill (female) must be selected?
200

9. In an exam there are seven questions of which five must be answered. How many ways can a student
choose five questions if:
a. There are no restrictions

b. Question 1 must be attempted

21

15

c. at least two of the first three questions
are attempted

d. No more than two of the first three questions
may be attempted

18

15

10. A Lotto company operate a number of different games.
In “lucky 2” you are required to choose two numbers from 1, 2, 3, 4, 5 and if you win you receive double
your money.
In “lucky 3” you are required to choose three numbers from 1, 2, 3, 4, 5 and if you win you receive triple
you rmoney.
a. Which game gives you the better chance of making profit?
lucky 2 has an expected return of -70 cents per dollar. lucky 3 is -85 cents. Therefore lucky 2 is better
(although still quite bad return)

Division 2 prizes are also awarded as follows:
1
In “lucky 2” you receive 1 times your money if you correctly select one of the two numbers
2
In “lucky 3” you receive double you money if you correctly select two of the three numbers

b. Which would you choose if there was a second prize in each game?
lucky 2 now has an expected return of -20 cents. lucky 3 is -55 cents. So lucky 2 is still the better choice.

NQT EDUCATION
AR

11

YE

VCE MATHS METHODS
UNIT 2 TERM 4 WORKBOOK
K

E
WE

32

Revision:

Rates of Change
Circular Functions
Exponential and Logarithmic Functions

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

[VCE Mathematical Methods Unit 2: Week 32]

Revision
This lesson will be mainly focused on content covered during semester 2. By now many of you are having
exams and may have already had your math one. This revision will be shorter than a normal lesson and
won’t cover everything, and should provide you with additional time to focus on content specific for you.
Use this as a general guide to help you plan for your exams and year 12 VCE. Much of the content here are
just extractions from previous weeks, so please be sure to revise those worksheets too for more detail if
you think it is necessary. Probability Applications won’t be covered, as you just did them a few weeks ago.
Rates of Change
The rate of change of a linear function is equal to the gradient of the line.

When describing distance, it is always
expressed as a positive value. This is
because distance doesn’t take direction into
consideration. When distance includes a
direction, we call it displacement.
Most questions use North, South, East,
West, up/down, left/right,
forwards/backwards. Displacement is
always measured from a point of origin and
usually adopts the symbol “s,” distance is
just “d.”
Tutors should explain each part of this
displacement-time graph. Remember
negative displacement is just going away in
the opposite direction from the origin. Walk
around the classroom to demonstrate this

y y2  y1

x x2  x1
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Can you describe this v vs. t graph?
The body is initially moving to the right
and is also increasing its velocity. After 2
minutes the body is still moving to the
right, but maintaining constant velocity (it
is not stationary!).
At 4 minutes the body is still moving to
the right, but it is decreasing it’s velocity
until v = 0 at 6 minutes.
The body then turns around at 6 minutes
and is now travelling to the left (and also
increasing speed). At 7 minutes it is
moving left at constant velocity and at 9
minutes the body slows down and comes
to rest at 10 minutes.

Even though the lines on this graph look exactly the same as the displacement vs. time graph on the
previous page, it tells a very different story. You must be careful an inspect the axes so that you can make
the correct interpretation.
Using inequalities, we can also sketch hybrid functions to determine if they are discontnuous or not.
Consider the equation

x 1
1,
f ( x)  

 x  2, x  1
As you can see, using inequalities
we have sketched the graph of a
hybrid function.
While the domain of the hybrid is
continuous, the range is not.
Because there is a “jump” where
x = 1, this means that this hybrid
function is discontinuous.
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Derivative of First Principles

f '( x)  lim
h 0

f ( x  h)  f ( x )
h

Polynomial Differentiation
The derivative is obtained by multiplying each term by the power of x and then reducing this power by one

If

f ( x)  ax n

then

f '( x)  ann1 , n  0

If n = 0, then the term is a constant and thus f’(x) would be zero.
Equations of Tangents and Normals
To find the equation of a tangent or normal at a given point, we need to utilise the formula
y  y1  m( x  x1 ) , which is just a rearrangement of the gradient formula that you should be very familiar
with.
Types of Stationary Points

To determine the nature of a stationary point,
you must consider the sign (either negative or
positive) on either side of that point.

indefinite integral or general antiderivative.

Remember Antidifferentiation is a very small part of year 11. Only the very
basics are taught this year. In year 12 it will be much more in depth.
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Radians

θ

0

30

45

60

90

180


6


4
1
2
1
2


3
3
2


2



1

0

0

-1

1

3

undefined

0

c

θ
sin θ

0

c

0

cos θ

1

tan θ

0

1
2
3
2
1
3

c

c

1
2

c

The angles of the unit circle (going anti-clockwise) is shown left. The table from the previous page covers
only the top-right quadrant of the unit circle (quadrant 1). However, the circle is symmetrical and we can
extend all exact values to cover all 4 quadrants
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Graphing Trig Functions

The graph of f ( x)  a sin x has an amplitude of

a . If a is negative, the graph is reflected in the
x-axis

The graph of f ( x)  sin nx has an
2
amplitude of 1 and a period of
n

The graph of f ( x)  sin x  k has a median value of k. The
median is the middle value of y, between the minimum and
maximum y values.
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The graph of the function f ( x)  cos x is shown.
This graph is very similar to that of y  sin x , only
that it has been shifted


units along the x-axis.
2

The general form of the cosine function is

f ( x)  a cos nx  k

and share the
same a, n and k characteristics as the sine
function.

The right shows the standard graph of y  tan x
Like other trig functions, tan also has periods, but
is discontinuous due to having vertical asymptotes
at  intervals.

In year 11, we will only investigate the period
transformation, which is the variabl n in
y  tan nx . For tangent functions, the period will
“stretch” or “squeeze” the standard shape of the
graph, as demonstrated on the left.
 x
solid line: y  tan  
2

The graph of y  tan nx has a period of

dotted line: y  tan(2 x)


n
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Trig Identities

(sin  )  (cos  )  1
2

2

and

tan  

sin 
cos 

Trigonometric Equations
1

Finding x , given sin x  looks relatively simple. We know that in this case x  . However, the solution
2
6

x



6

is only one of the solutions. Trig functions can have multiple, if not infinite solutions for x.

So for our solution x 




6

, it has equivalent angles of:

5
) which is in quadrant 2
6
6
7

) which is in qudrant 3
  (or
6
6

11
) which is in qudrant 4
2  (or
6
6



(or

Since sin x is positive, the second quadrant angle provides a second solution; x 


6

or

5
6

This only covers one rotation in the unit circle. If we went anticlockwise through one full rotation, the
answer 2 



6

, two rotations would be 4 



6

Going clockwise one full rotation would give



6



6

 2 , two rotations



6

 4 , three rotations

 6 , etc.

1
, there is an
2
infinite number of solutions. Writing out
infinite solutions would not just be impossible,
but pretty boring too!
So for something like sin x 

So we want a neat way to express a general
solution that can algebraically express all
solutions. If you haven’t noticed already, each
subsequent solution is exactly 2 away in
either direction.

, three rotations 6 



6

and so on.
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Index Laws
An indicial or exponential is a number raised to the power of another number. For example 2 3 or an

To multiply term with the same base, add the powers:

a m  a n  a m n
To divide term with the same base, subtract the power:

am
 a mn
n
a
To raise a term to a power, multiply the powers:
m

(a m )n  a m  n  a mn

(ab)m  a m  bm  a mbm

am
a
   m
b
b

Any number or term (except 0) when raised to the power of 0 is equal to 1:

a 0  1 where a  0
A term raised by a negative power is moved from the numerator to the denominator or vice versa. As a
result, the sign of the power also changes:

an 

1
, a0
n
a

Use the following steps when simplifying indicial
expressions.





Remove brackets if any using appropriate
rules
Collect terms with the same base
Simplify by using appropriate index laws and
by removing common factors
Rewrite the answer with positive powers

Be aware of trick questions. Examples are:

2 x0  1 , it equals to 2, but (2 x)0  1

2 x3  (2 x)3 it equals to 8x3
And the trickiest one that even university
student still get wrong:

12  1 , it just equals -1, but (1)2  1
Be very mindful how you use/interpret brackets,
it makes a big difference! An exam will penalise
you just for having the wrong sign.
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Rational Exponents
Rational exponents are expressions raised to the power of a rational number, generally a fraction.
The same index laws from the previous page can be applied here. There are also some additional rules that
are outlined below.
The square root of a number is the same as the number raised to the power of

a a

1
2

, where

a0

The cube root of a number is the same as the number raised to the power of
3

a a

1
:
2

1
:
3

1
3

To summarise, the nth root of a number is the same as the number raised to the poewr of
m
n

1
:
n

1
n m

a  (a )  ( n a ) m  n a m
Indicial equations
An indicial equations is an equation that involves indices, such as 2x = 8.
In order to solve indicial equations in the form a x  y , we express each side to the same base to determine
an equivalent power. In other words, if the bases are the same, then the powers must be equal.
m
n
If a  a then m  n

Example – Solve 32x – 2(3x) – 3 = 0
(3x )2  2(3x )  3  0

Rewrite it like a quadratic equation

Let A = 3x
 A2  2 A  3  0

Let indicial expression equal A

(A – 3)(A + 1) = 0
A = 3 or A = -1

Solve for A

3x = 3
3x = 3 1
x=1

or

3x = -1
no solution for 3x = -1
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Graphing Expoenential Functions

The graph of y = ax – b is obtained by
translating y = ax to the right by b
units
The graph of y = ax + b is obtained by
translating y = ax to the left by b
units, where b represents a positive
number

The graph of y = ax + c is obtained by
translating y = ax up the y-axis by c
units
The graph of y = ax – c is obtained by
translating y = ax down the y-axis by c
units, where c represents a positive
number
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Reflections
Two types of reflections:
Dilations are not covered
in the year 11 curriculum.

The first is a reflecting in the
y-axis. By changing the sign
of the index, we can reflect
the graph in this manner.

The second is a reflecting in
the x-axis. By changing the
sign of the base, we can
reflect the graph in this
manner.
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Logarithms

Any equation in the above form can be written in logarithmic form by using the following rule:

If y  a then log a y  x
x

Logarithmic Laws

Addition – To add logarithms with the same base, multiply base numerals

log a m  loga n  log a (m  n)
Subtraction – To subtract logarithms with the same base, divide base numerals

log a m  log a n  log a

m
n

Powers – A constant in front of a logarithm can be removed by raising the base numeral to
the power of that constant

n log a m  log a mn
Same Base – When the base and the base numeral are the same the logarithm is equal to 1

a1  a therefore log a a  1
also, log a 1  0

Be sure to emphasise that the bases
need to be the same for these
simplifications.
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Graphing Logarithmic Functions

For the logarithmic function, where f(x) = logax is the
inverse function of an exponential graph with equation
f(x) = ax.
In other words, the two curves are mirror images in the
line y = x. For the year 11 syllabus, we will only consider
graphs of functions where a > 1.

Dilation (Steepness)
Consider the graphs of y = log2x and y = log10x shown
below

The two curves share the same x-intercept at (1, 0) and they never cross the y-axis. We say that the line
x = 0 is an asymptote.
Notice that the speepness of the curves is determined by the value of the base a. As a increase in
magnitude, the graph of logax rises more steeply for values of x less than 1 and less significantly for values
of x greater than 1.
Any logarithmic function in the form f(x) = logax where a > 1 and x > 0 will share the following properties.

an x-intercept at (1, 0)

an asymptote at x = 0

domain is R+

range is R
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Translations
Consider the translated graphs below; you should notice some similarities with other types of
transformations learned.

Horizontal
The graph of f(x) = loga(x – b) is obtained by translating f(x) = logax to the right by b units
The graph of f(x) = loga(x + b) is obtained by translating f(x) = logax to the left by b units, where b represent a
positive number
Vertical
The graph of f(x) = logax + c is obtained by translating f(x) = logax up by c units
The graph of f(x) = logax – c is obtained by translating f(x) = logax down by c units, where c represents a
positive number
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Reflections
In the y-axis
Reflections in the y-axis are indicated by the sign in front of x. We reflect in the y-axis when this sign is
negative. For example, y = log10(-x) is the graph of y = log10x reflected in the y-axis.

In the x-axis
We reflect in the x-axis when the constant in front of the logarithm is negative. For example y = -log10x is
the graph of y = log10x reflected in the x-axis.
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For your final lessons, we will just be doing various questions picked from year 12 topics (just the basics).
One thing about year 12 Mathematical Methods is that just about everything you’ve learned this year will
be needed in year 12.
Thus, the preparation questions given here are to test your current understanding of current year 11 topics,
which will definiately be needed next year. We are nearing the end and if you’ve made it this far, well
done!
The best way to structure this lesson is for you – the student, to really understand your strengths and
weaknesses. Therefore these preparation lessons will be shortened so you can focus on your individual
needs with your tutor.

Year 12 Preparation Questions
1. Solve for x
a.

2x  9 9  x

5
4

81/13

b.

9
4
2  5x

-1/20

2. Factorise
a. 6y2 + y – 2

b. 11d + 10d2 – 6

(2y – 1)(3y + 2)

(2d + 3)(5d – 2)

3. Use interval notation i.e. [a, b], (a, b) etc. to describe the following
a. 2  x  10

b. x  0

[2, 10)

[0,  )

4. Express the following using function notation, i.e. R, R+, R+  {0} etc.
a. x can be any real number except for 3

b. x can be any real positive number

R\{3}

R+

5. Illustrate the following on a number line
a. (5, )

b. [0,5)
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6. Factorise over R using the difference of two squares
a. (x + 2)2 – 12

b. (2y – 1)2 – 8

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

(2 y  1  2 2)(2 y  1  2 2)

7. Factorise using the rules of perfect cubes
a. x3 – 27

c. (x – 1)3 + 64

(x – 3)(x2 + 3x + 9)

(x + 3)(x2 – 6x + 21)

8. If posible, factorise over R by completing the square
a. x2 + 5x + 11

b. 3x2 – 5x – 10

5
19
( x  )2 
2
4

5
145
5
145
3( x  
)( x  
)
6
6
6
6

9. Solve for x
a. x2 + 3x – 5 = 0

b. 0 = 2(x – 3)2 – 8

3  29
2

1, 5

10. Sketch the following linear functions
a. 2x – y = 4

b. 3x – 2y + 6 = 0
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11. Simplify the following
a. a2b x a3b7

b. 3x0 + 50

c. (r5s2)3

a5b8

4

r15s6

a. 8x – 2 = 0

b. (x + 1)(x – 4) = 0

c. –x2 + 5x – 6 = 0

0.25

-1, 4

2, 3

12. Solve for x

13. Sketch the following curves
a. y = 8(3 – x)2

b. y = 4 – 2(1 – x)2

14. Solve the following simultaneous equations
a. x5y = -128
x = -2, y = 4
or
x = 2, y = -4

xy = -8

b. 5 = a(3 – b)
a = 5, b = 2

20 = a(2 + b)
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15. Simplify
a.


3



3
4

b. 3 

13
12





3
12 2


5
4

16. Simplify, leaving in terms of  where appropriate
a.

180 

 8

b.

2 180

3 

120

45
2



17. Solve
a.

2
3
n

n

b.

2
3

n

8 2

3
n
3
4

18. Find the distance between the points
a. (2, -3) and (5, 1)

b. (-2, -3) and (-4, 1)

5 units

2 5 units

19. Find the general solution for the following
a. sin x 

x  2n 

or

1
2


6

b. tan x  3

x  n 


3

c. cos x 

x  2n 

or

2
2


4

x  2n 
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5
6

x  2n 

7
4

20. Find the values of the pronumerals
a.

b.

7.128m

43.34o

or

0.7565c

21. Draw the graph of the following functions, clearly identifying any asymptotes and intercepts
a.

y  loge x

22. For f ( x) 

b.

y  x 1

y  x3  2

c.

3
 2 , find each of the following
x4

a. f(2)

b. f(a)

c. f(a2)

-1.5

3
2
a4

3
2
a 4
2
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23. Rearrange each of the following equations to make y the subject
a. x  log10 y  3

b. 3x  4 y 2  5

y  10x 3

y

3x  5
2

c. x  y  3

y  x2  3

24. Find the equation for each of the following graphs
a.

b.

y = x2 + 1

y = sin2x + 1
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Year 12 Preparation Questions – Part 2
1. Expand
a. (2x + 3)3

b. (x2 – 1)2

c. (5 + x2)2

8x3 + 36x2 + 54x +27

x4 – 2x2 + 1

25 + 10x2 + x4

2. Express as a single logarithmic term
a. 2loge(x + 1) + loge3x

b. 3logex – 2loge2x

loge[3x(x+1)2]

x
log e( )
4

3. Find the exact value of x
a. loge(x + 2) = 5

b. 2logex – loge(2 – x) = 0

e5 – 2

1

4. Solve for x across [0, 2 ]
a. sin x 

3
2

 2
3

,

3

c. 7sin( x   )  3

b. 2sin 2 x  1

 5 13 17

3.5845, 5.8403

, ,
,
12 12 12 12

5. Solve the following simultaneous equations
x
 y 8
a. 4
2 y  x  2

b.

(12, 5)

(9, -1)

x  6  3y
y  2 x  19
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6. Simplify
a. e2 x (e3 x 

1
)
ex

e5x + ex

b.

e 7 x  e3 x
e2 x

e5x – ex

7. Find the derivative with respect to x
a. (x + 3)(2x – 1)

b. x2(x + 3)3

4x + 5

(x + 3)2(5x2 + 6x)

8. Find the linear equation, given that the line passes through:
a. (3, -1) and is parallel to the line 2x – y = 5

1
b. ( ,3) and is perpendicular to the line 2y + 3x = 5
2

y = 2x – 7

3y – 2x – 10 = 0

9. Sketch the following graps over the given domain
a. f(x) = -x2 + 5x + 2, x > 0

b. f(x) = 15 – x3 + x2 + 17x, -3 ≤ x ≤ 5
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10. Find the instantaneous rate of change of y with respect to x for the function:
a. y = 3x4 – 2x3 + 5x at the point x = -3

b. y = 2x3 + x2 – 7x – 5 at the point x = 2

-373

21

11. Expand by hand
a. (ex – e2x)2

b. (e x 

e2x – 2e3x + e4x

e2 x 

1 x 1
)(e  x )
ex
e

1
e2 x

12. If a box contains eight black marbles and six green marbles, what is the probability that a marble
drawn at random is black?

4
7
13. A multiple choice test consist of five questions, each of which has three options. What is the
probability that you can guess all the correct answers?
1
243

14. A coin is tossed three times. What is the probability that exactly two heads are obtained, given that
we know the first toss resulted in a head?
1
2
15. Spinner A has four equal sections:
 1 blue, 1 black, 1 green and 1 white.
Spinner B has six equal sections:
 3 blue, 2 black and 1 white

A biased coin with Pr(heads) = 2Pr(tails) is tossed. If it lands heads, Spinner A is spun once; otherwise
Spinner B is spun once.
a. Draw a tree diagram to represent this scenar
b. Pr(blue)

c. Pr(green)

