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About UNSW Mathematics Society 

UNSW Mathematics Society is a society at 

UNSW which creates a community for students 

who study mathematics or anyone who is 

interested in mathematics.  

About the UNSW School of Mathematics and Statistics 

As Australia’s largest and highest ranked school of mathematics and statistics, UNSW 

Mathematics and Statistics provides comprehensive coverage of modern mathematics, 

underpinned by leading teaching and research. 

For the last three years, we have been the highest ranked university in Australia for 

Mathematics and Statistics. (Academic Ranking of World Universities 2014, 2013 & 2012) 

We can also boast the highest number of academic papers published by any Australian 

school of mathematics between 2003 and 2013. (Thomson Reuters Essential Science 

Indicators). 

About Gary 

Gary Liang is the President of UNSW MathSoc for 2014, and 

studies Economics and Advanced Mathematics. He 

graduated from Sydney Boys High in 2012 with an ATAR of 

99.95, and state rankings in five subjects – 3rd in 

Mathematics Extension 2, 7th in Mathematics Extension 1, 

and 3rd in Mathematics (when he was in Year 11).  

He also runs a high school tutoring company called 

Keystone Education which provides tailored classes 

specially designed for each student. 
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Introduction 

This document was written mainly by Gary Liang, with reference to previous versions 

from Peter Ayre, Johann Blanco, Varun Nayyar, Colin Zhang, Daniel Le, Anne Rong and 

Georgia Tsambos. The suggestions made are those of the authors, and are not officially 

endorsed by UNSW Australia, the School of Mathematics and Statistics or the Faculty of 

Science. 

Good luck with your studies! 
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How to do well in high school mathematics 

Doing well in HSC mathematics comes down to two things: 

1. Understanding 

2. Perfecting 

Understanding means you know why. If someone asks you why you do something in 

maths, you need to be able to justify it. Maths is not about rote learning all the types of 

questions. Inevitably, there will be questions you have not seen before. Here are some 

ways to help you understand: 

 Always question “Why?”. Don’t just accept what you are being told. (However, 

sometimes in maths, certain things are true “by definition”.) 

 Go back to the fundamentals. The number one reason why you won’t understand 

a concept is not knowing what underlies it. For example, differentiation won’t be 

fully understood if gradients and limits are not understood properly.    

 Teach others. This is by far the best test to see whether you truly understand 

something or not. As Einstein said, “If you can’t explain it to a six year old, you 

don’t understand it yourself.” 

Perfecting means actually getting all the marks from understanding your content. This 

involves practising a lot so that any careless mistakes are eliminated. A great example is 

the index laws – so many students “know” them, but not to a point where they are second 

nature, and as a result, marks are lost that didn’t need to be lost. Practice to an extent 

where you hardly have to think about what you are doing.  

 Do every question. Homework is extremely important. The truth is, you might 

understand a concept, but in order to get all the marks from it, you need to know 

how to do questions essentially without even thinking. Make sure you do every 

question (even if your teacher only tells you to do half the exercise!) and make sure 

you do all the easy questions and try the hard ones. 

 Do past papers. Past papers are the most important way to do well in maths. Past 

papers expose you to a variety of different question types that could be asked 

during an exam. When doing past papers, do them in exam conditions so that you 

get used to the time limits and the exam pressure, so when the time does come, 

you won’t be as nervous. 

 Work on your basic algebra. Why a lot of students get questions wrong is lack of 

skill in basic algebra. Most students don’t know their index laws, their expansion 

methods and factorisation to a point where they don’t need to think about it. If 

there is one thing to work on in year 11 and below, it is basic algebra, because it 

makes everything else so much easier.  
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Calculator tricks 

Using the ANS button 

The ANS button stores the previously calculated answer. This is particularly useful when 

combined with the up arrow ↑, which returns to the previous expression calculated. 

Example 

Say you needed to solve 𝑥3 + 4𝑥2 − 9𝑥 − 36 = 0. 

One such method is to use the factor theorem and plug in the factors of 36: 

±1, ±2, ±3, ±4, ±6, ±9 ± 12, ±18, ±36 until a root is found. 

With the ANS button, you can test all of these 10 times faster. 

1. Type out the function you need to substitute in with ‘ANS’ as the variable: 

𝐴𝑁𝑆3 + 4 × 𝐴𝑁𝑆2 − 9 × 𝐴𝑁𝑆 − 36 

2. Now press ‘=’ and ‘AC’ to clear it. 

3. If you wanted to test 1, we can type 1 and hit = to store it as ‘ANS’.. 

4. Press ‘↑‘ to return the previous expression 𝐴𝑁𝑆3 + 4 × 𝐴𝑁𝑆2 − 9 × 𝐴𝑁𝑆 − 36. 

5. Press ‘=’ and this expression will compute again, but with 𝐴𝑁𝑆 = 1. 

6. Repeat the process for as many numbers as you wish. 

Using the storing function 

You can store arbitrary values into the different letters of your calculator. After getting a 

value in your calculator, you can press SHIFT and then RCL to use the STO function to 

save that number into a particular letter on your calculator (A, B, C, D, X, Y, M). This value 

can later be accessed by pressing ALPHA and then the respective letter. 

This is useful when you have computed a number with a lot of decimal places and you 

need it later. 

The numbers are stored even after the calculator turns off. 

(Extension 2) Complex number simplification 

Type SHIFT and '+', then type in the 𝑥 and 𝑦 values of your complex number 𝑥 + 𝑖𝑦 

separated by a comma. (The comma can be found by pressing SHIFT and the right 

parenthesis button.) After pressing '=', you will get the respective 𝑟 (the modulus) and 𝜃 

(the argument) values of your complex number. 

This is useful for checking your answer. We would not recommend this as the sole 

method for converting complex numbers to mod-arg form. 
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Long division… without the long 

Sometimes, there are rational functions that you use might long division to simplify such 

as: 

𝑥3

𝑥 − 2
 or 

𝑥2 − 1

𝑥2 + 4
 

When working with polynomials in maths, you want to avoid long division as much as 

possible. It is time consuming and very prone to mistakes. Here are some techniques you 

can use to get around it. 

Remainder theorem 

We have included this because it is surprising how many students forget this. When you 

are dividing by a linear factor, you should use the remainder theorem to find remainders. 

When you divide 𝑃(𝑥) by (𝑥 − 𝛼), the remainder is 𝑃(𝛼). 

Do not go through the whole long division process to find the remainder. 

Algebraic manipulation 

As mentioned earlier, it helps a lot to be able to do basic algebra with ease. For 

Mathematics Extension 2 students, these techniques are crucial to saving time in exams. 

The trick with simplifying fractions is to add and subtract terms so that terms can cancel 

out. Let’s go through some examples. 

Example 1 

Evaluate 

∫
𝑥2 − 1

𝑥2 + 4
𝑑𝑥 

 

For those of you who have not learnt integration yet, there is a problem here with 

simplifying this fraction. 

The trick here is to add and subtract something to the top of the fraction so that terms 

cancel out like so: 

𝑥2 + 4 − 5

𝑥2 + 4
=

𝑥2 + 4

𝑥2 + 4
−

5

𝑥2 + 4
 

You can see now that it can simplify: 

∫ (1 −
5

𝑥2 + 4
) 𝑑𝑥 = 𝑥 −

5

2
tan−1

𝑥

2
+ 𝐶 
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Example 2 

What is the quotient when 𝑥3 is divided by 𝑥 − 2? 

 

Essentially we are looking at this fraction: 

𝑥3

𝑥 − 2
 

The trick is to add/subtract something to the top that will make it cancel with the bottom. 

Because there is a 𝑥3, I remember the difference of two cubes so: 

𝑥3 − 8 + 8

𝑥 − 2
=

𝑥3 − 8

𝑥 − 2
+

8

𝑥 − 2
=

(𝑥 − 2)(𝑥2 + 2𝑥 + 4)

𝑥 − 2
+

8

𝑥 − 2
 

So this simplifies to: 

𝑥2 + 2𝑥 + 4 +
8

𝑥 − 2
 

So the quotient is 𝑥2 + 2𝑥 + 4. 

Example 3 

Here is a harder one which we will do without explanation. See if you can work it out! 

3𝑥3 − 5𝑥2 + 𝑥 + 1

𝑥2 − 2𝑥 + 3
=

(3𝑥3 − 6𝑥2 + 9𝑥) + 𝑥2 − 8𝑥 + 1

𝑥2 − 2𝑥 + 3
 

=
3𝑥(𝑥2 − 2𝑥 + 3)

𝑥2 − 2𝑥 + 3
+

(𝑥2 − 2𝑥 + 3) − 6𝑥 − 2

𝑥2 − 2𝑥 + 3
 

= 3𝑥 +
(𝑥2 − 2𝑥 + 3)

𝑥2 − 2𝑥 + 3
+

−6𝑥 − 2

𝑥2 − 2𝑥 + 3
 

= 3𝑥 + 1 +
−6𝑥 − 2

𝑥2 − 2𝑥 + 3
 

Problems 

You can try it yourself. 

1.  
𝑥

𝑥 − 2
 

2.  
3𝑥 + 4

𝑥 − 1
 

3.  
𝑥2

𝑥2 + 1
 

4.  
𝑥3 − 1

𝑥 + 1
 

5.  
𝑥3 − 2𝑥2 − 2𝑥 + 2

𝑥 − 1
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(Extension 2) Complex number square roots 

Finding square roots of complex numbers is a tedious process. For example, let’s try to 

find the square root of 3 + 4𝑖: 

We let 3 + 4𝑖 = (𝑥 + 𝑦𝑖)2 for 𝑥, 𝑦 ∈ ℝ. We then expand and take real and imaginary 

parts so: 

 

3 + 4𝑖 = 𝑥2 − 𝑦2 + 2𝑥𝑦𝑖 

3 = 𝑥2 − 𝑦2 and 4 = 2𝑥𝑦 

 

Then most people do a substitution to solve these two simultaneously: 𝑦 =
2

𝑥
. 

3 = 𝑥2 − (
2

𝑥
)

2

 

3𝑥2 = 𝑥4 − 4 

𝑥4 − 3𝑥2 − 4 = 0 

(𝑥2 − 4)(𝑥2 + 1) = 0 

𝑥 = ±2 

We then substitute to find that 𝑦 = ±1, so we get 2 + 𝑖 and −2 − 𝑖. 

 

This process can be shortened. 

Taking the modulus 

One thing we can do is simplify the simultaneous equations we need to solve. Right now, 

we end up solving a quartic equation. 

Instead what we should do is take the modulus of both sides of the original equation 3 +

4𝑖 = (𝑥 + 𝑦𝑖)2 and we get 5 = 𝑥2 + 𝑦2. We can now solve this set of equations: 

𝑥2 − 𝑦2 = 3 … (1) 

𝑥2 + 𝑦2 = 5 … (2) 

2𝑥𝑦 = 4 … (3) 

We can add (1) and (2) to get 2𝑥2 = 8 and solve to get 𝑥 = ±2, and then substitute these 

answers back into (3) to get our original answers. Substituting it into (3) ensures we get 

the signs right. 
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Completing the square 

With some complex numbers, you can complete the square and find square roots in a 

couple of lines. This was in my trial HSC, and saved me a few minutes. 

For example, with 3 + 4𝑖: 

3 + 4𝑖 = 4 + 4𝑖 + 𝑖2 

3 + 4𝑖 = (2 + 𝑖)2 

∴ Roots =  ±(2 + 𝑖) 

You can do this with many other complex numbers: 

±2𝑖 = 1 ± 2𝑖 + 𝑖2 = (1 ± 𝑖)2 

8 ± 6𝑖 = 9 ± 6𝑖 + 𝑖2 = (3 ± 𝑖)2 

15 ± 8𝑖 = 16 ± 8𝑖 + 𝑖2 = (4 ± 𝑖)2 

You can also do it with complex numbers that are derived from these. For example: 

𝑖 =
2𝑖

2
=

(1 + 𝑖)2

2
⟹ Roots = ±

1

√2
(1 + 𝑖) 

4 + 3𝑖 = 𝑖(3 − 4𝑖) = 𝑖(4 − 4𝑖 + 𝑖2) = 𝑖(2 − 𝑖)2 

∴ Roots = ±
1

√2
(1 + 𝑖)(2 − 𝑖) = ±

1

√2
(3 + 𝑖) 

The trick is here is to do a little bit of practice, and recognise when you can use it. It does 

not work all the time. 

Modulus-argument form 

Taking the square roots of some numbers are more easily done if the argument is easily 

found. For example, let us find the square roots of 1 + √3𝑖. The trick is to add 2𝑘𝑖. 

1 + √3𝑖 = 2 cis (
𝜋

3
+ 2𝑘𝜋𝑖) 

Hence, using de Moivre’s theorem, the roots are equal to: 

(2 cis (
𝜋

3
+ 2𝑘𝜋𝑖))

1
2

= √2 cis (
𝜋

6
+ 𝜋𝑘𝑖) 

= √2 cis
𝜋

6
, √2 cis (−

5𝜋

6
) 

= √2 (
√3

2
+

1

2
𝑖) , √2 (

√3

2
−

1

2
𝑖) 
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(Extension 2) Quick partial fractions 

What partial fraction decomposition involves is decomposing a rational expression into 

simpler rational expressions. For example: 

3𝑥 + 11

(𝑥 − 3)(𝑥 + 2)
=

4

𝑥 − 3
−

1

𝑥 + 2
 

This is useful for integration. Now going from right to left is easy – all you need to do is 

put it under the same denominator. However, going from left to right is considerably more 

difficult and time consuming. 

Here is the normal method of partial fraction decomposition. 

Say we have a fraction that want to decompose 

3𝑥 + 11

(𝑥 − 3)(𝑥 + 2)
 

We know we want to get it into the form 

𝐴

𝑥 − 3
+

𝐵

𝑥 + 2
 

So we write 

3𝑥 + 11

(𝑥 − 3)(𝑥 + 2)
≡

𝐴

𝑥 − 3
+

𝐵

𝑥 + 2
 

 

Our aim is to find 𝐴 and 𝐵. One important thing to note is that this identity is true for all 

values of 𝑥. We multiply both sides by (𝑥 − 3)(𝑥 + 2) to make things easier. 

 

3𝑥 + 11 ≡ 𝐴(𝑥 + 2) + 𝐵(𝑥 − 3) 

 

Now we can do it by substituting in certain values of 𝑥. Let’s choose 𝑥 = −2 and 𝑥 = 3. 

 

5 = −5𝐵 ⟹ 𝐵 = −1 

20 = 5𝐴 ⟹ 𝐴 = 4 

 

Certain types of partial fractions can be solved with a lot less effort, specifically fractions 

where the denominator is a monic quadratic and the numerator is a constant. 
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Example 1 

Reduce 
3

𝑥2−4
 to the form 

𝐴

𝑥−2
+

𝐵

𝑥+2
. 

 

One thing to remember about fractions where the denominator is a monic quadratic and 

the numerator is a constant, is that A and B will the same number but different in sign, so 

let’s “guess” something: 

1

𝑥 − 2
−

1

𝑥 + 2
 

Hopefully, in your head, you can see that if you combine this into one fraction, then the 

numerator will be 4. So we will add a “fudge factor”. 

3

4
(

1

𝑥 − 2
−

1

𝑥 + 2
) 

So 𝐴 =
3

4
 and 𝐵 = −

3

4
 

Example 2 

Reduce 
1

(𝑥−2)(𝑥+5)
 into partial fractions. 

 

Once again we will guess: 

1

𝑥 − 2
−

1

𝑥 + 5
 

Which will have a numerator of 7 when expanded, so we add the fudge factor. 

1

7
(

1

𝑥 − 2
−

1

𝑥 + 5
) 
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Example 3 

Evaluate the following integral, where 𝑔 and 𝑘 are constants. 

∫
1

𝑔 − 𝑘𝑣2
𝑑𝑣 

This integral is from resisted motion, and the bottom is a difference of two squares. 

1

𝑔 − 𝑘𝑣2
=

𝐴

(√𝑔 − √𝑘𝑣)
+

𝐵

(√𝑔 + √𝑘𝑣)
 

Once again, we will guess: 

1

√𝑔 − √𝑘𝑣
+

1

√𝑔 + √𝑘𝑣
 

Notice that this time I guessed them both to be positive, because the denominators are 

switched around. The numerator is now 2√𝑔, so we add the fudge factor: 

1

2√𝑔
∫

1

√𝑔 − √𝑘𝑣
+

1

√𝑔 + √𝑘𝑣
𝑑𝑣 

=
1

2√𝑔
∫

1

−√𝑘

−√𝑘

√𝑔 − √𝑘𝑣
+

1

√𝑘

√𝑘

√𝑔 + √𝑘𝑣
𝑑𝑣 

=
1

2√𝑔
(−

1

√𝑘
log(√𝑔 − √𝑘𝑣) +

1

√𝑘
log(√𝑔 + √𝑘𝑣)) + 𝐶 

=
1

2√𝑔𝑘
log (

√𝑔 + √𝑘𝑣

√𝑔 − √𝑘𝑣
) + 𝐶 

 

General form  

In general, if you have 
1

(𝑥−𝑎)(𝑥−𝑏)
, it reduces to 

1

𝑎−𝑏
(

1

𝑥−𝑎
−

1

𝑥−𝑏
), but I would not recommend 

remembering this formula. 
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General exam tips 

Use reading time well 

Make sure that you thoroughly read all the questions during reading time, especially the 

ones at the back. One of the most common mistakes made in an exam is not reading the 

question properly. Slow yourself down and make sure you are reading every word. 

Also, don’t bother doing multiple choice during reading time – there’s a higher chance of 

you getting it wrong when you are doing it in your head, and reading the later questions is 

a better use of time. 

Attempt every question 

Don’t go into an exam with the mentality “I’m not going to bother looking at the last 

question.” Consider 2010 HSC, Question 8, part (j) for example – a simple 1 mark 

question, just taking the limit to infinity of the expression given in (i). 

(HSC 2010, 8 (i)) Use part (e) to deduce that 

𝜋2

6
−

𝜋3

8(𝑛 + 1)
≤ ∑

1

𝑘2

𝑛

𝑘=1

<
𝜋2

6
 

(HSC 2010, 8 (j)) What is 

lim
𝑛→∞

∑
1

𝑘2

𝑛

𝑘=1

? 

Induction conclusion 

While doing a proof by mathematical induction, there’s no need to say “Since the 

statement is true for 𝑛 = 1, then it is true for 𝑛 = 2, then it is true for 𝑛 = 3 and so on. 

Hence it is true for all integers 𝑛 ≥ 1”. 

In reality, mathematical induction is an axiom of mathematics and it is simply enough to 

write “Hence, by mathematical induction, the statement is true for all integers 𝑛 ≥ 1.” 

However, many teachers mistakenly force their students to write it all out and even 

deduct marks for not doing so, so make sure you confirm with your teacher during your 

internal exams. For the external HSC exam, there is definitely no need to write it all out. 


