MATHEMATICS AND EXTENSION 1 COURSE STUDY TIPS
Students often ask me about the best way to study. There is no right way, as everybody is different, but I have put together some general notes to supplement the study skills guidelines in my Maths in Focus books. These come from many years of teaching this course, and I hope they help in some way.

While there is no specific number of hours a week for study, having a regular pattern will help to learn new work while revising previous topics. This includes revising Preliminary work while you learn HSC topics.

In the senior mathematics courses, the Preliminary course is just as important as the HSC course:

· Preliminary work is the foundation of the HSC work

· Preliminary work is included in the HSC examination (up to 20%)

Imagine you are a musician preparing several pieces for a concert. You learn a new piece each week and put it aside while you learn the next piece, and so on until all pieces are learnt. You then go into the concert and wonder why you don’t play the earlier pieces as well as the ones you learnt last!

Imagine you are a tennis player who practises serves one week, forehands the next, backhands the next week and so on. You then play a tennis match. Do you feel properly prepared?

Learning Mathematics is just the same as learning anything else. Regular practice is essential if you want to remember what you’ve learned.

This can be overwhelming sometimes, especially with other subjects to revise as well. Not everyone is automatically good at studying and you will become better as you go along. Small, frequent sessions are more effective than saving up major blocks of time, as your concentration levels may not last the distance.

While you need to know everything in each topic, you can prioritise and concentrate on the most important parts. I hope these notes will help you to do this.  

These notes include both Mathematics and Extension 1 course work. Whenever the Extension 1 work is shown in these notes, I show this in a box. I don’t always mention the Extension 1 work in a topic, which means you need to know this work but it does not stand out as needing explanations in my notes. 

PRELIMINARY COURSE

Chapter 1: Basic arithmetic

The most important part of this chapter is the work on indices, especially the negative and fractional indices.

These results are used extensively in calculus and other topics later on in both the Preliminary and HSC courses. Quite often students who can do calculus quite well find trouble with questions involving these indices.

The results that you may need to concentrate on practicing further are:
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Chapter 2: Algebra and surds

Algebra is the foundation of all other topics. Without a good understanding of algebra, you will find yourself struggling in this course. You may need to keep revisiting this chapter as algebra comes up in other topics.

For example, in the topic of locus and the parabola, you will need the results for perfect squares: 

(a + b)2 = a2 + 2ab + b2
(a – b)2 = a2 – 2ab + b2
Surds obey the same results as for algebra, which is why they are in this chapter. They also occur in other topics such as trigonometry.

Chapter 3: Equations

Equations are needed in practically every topic so it is important that you revise this chapter regularly if you are having trouble with equations.

In particular, quadratic equations occur quite often. These are generally fairly simple ones that will mostly factorise, so you may need to look these up from time to time.

Ext 1 Further equations are treated here using the number line. They can also be solved using other methods that you will find in later chapters

Chapter 4: Geometry 1

The mathematics of geometry is generally quite easy, but many students find the proofs/explanations difficult. The key to proving things is to know names so you can use these to give reasons for each step in your proofs.

E.g. vertically opposite angles, base angles of isosceles triangles etc

Corresponding angles are only equal if there are parallel lines, so in your proof you should say something like: 
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The same applies to alternate and cointerior angles – you must mention parallel lines when specifying these results.

Usually you can see angles or lines that are equal or have some other relationship. The trick is to write down on paper why they are. This is all a proof is, together with a statement at the end.

Chapter 5: Functions and graphs

The main aim in this topic is for you to recognise the type of a graph from its equation and then draw a reasonable sketch of its shape, showing the main features.

Here are some of the main graphs you will see in this course. Can you recognise their shape?

3x – 2y – 6 = 0

y = x2 – 2x – 3 
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x2 + y2 = 9
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y = x3 + 1

y = 5x
This chapter also introduces function notation y = f(x) which is used in later topics such as calculus.

Ext 1 Further graphs use limits to find both vertical and horizontal asymptotes. For limits as x tends to infinity, divide top and bottom by the highest degree.

e.g. 
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However, if the degree of x is higher on the top, this will give a zero in the denominator. Divide by the degree of x that is one less than this.

e.g. 
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This means that the graph will tend towards the line y = x as x becomes larger.
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Chapter 6: Trigonometry

This chapter revises right angle triangle results and also looks at non-right angled triangle results. These can both be revised while practising applications involving angles of elevation and depression and bearings. Many students find these applications tricky, especially if a diagram is not included with the question.

This chapter also looks at various trigonometric identities and you may be asked to simplify or prove some expressions involving these. Looking at past HSC exam papers will show that these form just a small part of the course, so while they may be a little difficult, they are not worth spending a huge amount of time on. The same goes for angles of any magnitude, which takes a lot of explanation for a small section of this topic. These sections will be looked at again while studying radians in the HSC course, which will help you revise them.

Ext 1 There are more trig identities that can be simplified or used in proofs. They can also be used to solve further trig equations. Practical applications of trigonometry extend to 3 dimensional situations, and the diagrams for these can be quite tricky, so need further practice.

Chapter 7: Linear functions

If you can learn the formulae in this chapter, you will be able to do the work in this topic. For some reason, the main formula that students find difficult to remember is the perpendicular distance formula 
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. This finds the distance between the point (x1, y1) and the line ax + by + c = 0.

There are some formulae that are optional, such as the two-point formula for the equation of a straight line. Instead, you can use the formula y – y1 = m(x – x1) for all questions. If your memory is not great and you only want to learn essential formulae, look out for these optional formulae.

Chapter 8: Introduction to calculus

Differentiation uses the gradient of a straight line to apply to gradients of tangents to a curve. The main concept used to understand this topic is the sign of the gradient.


Positive

Negative

Zero
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You should be able to draw the graph of the derivative (gradient) function of a general curve as this question occurs in the HSC exam from time to time.

Differentiation from first principles shows you where the short methods come from and how limits are used in calculus. However, this has been asked rarely in HSC exams, so while it is good to practise how to do this, don’t spend a lot of time on it. It is much more important for the HSC topics later on to have a good grounding in the short methods of differentiating.

Don’t worry too much about the questions on the product and quotient rules that involve lots of simplifying and factorising. As long as you know these rules well, they will be applied to simpler questions in the HSC course once you learn new basic rules.

The most important concept in this chapter is that the derivative 
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gives the gradient of the tangent to a curve. You could be asked to find the gradient or equation of a tangent or normal (perpendicular to the tangent).

Ext 1 Chapter 9: Properties of a circle

The main aim in this chapter is to know the descriptions of the circle properties so you can use these in proofs.

Chapter 10: Quadratic function

The main underlying concept in this chapter is that the x-intercepts of the parabola 

y = ax2 + bx + c occur at the roots (solutions) of the quadratic equation 

ax2 + bx + c = 0. The symmetry of the parabola is also used.

This helps in finding the equation of the axis of symmetry, the minimum or maximum value of the function, solving quadratic inequations etc.

The formula 
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 for the roots (solutions) of the quadratic equation is also examined in this chapter, with the discriminant b2 – 4ac being the part that enables us to see how many and the type of roots that a quadratic equation has.

Chapter 11: Locus and the parabola

Generally, we can find the locus of a point P(x, y) that moves according to a certain pattern using the formulae from Chapter 7, the Linear function. Most often, this involves a distance, with the formula d2 = (x2 – x1)2 + (y2 – y1)2 . Sometimes other formulae such as gradient or perpendicular distance may also be used.

The circle is defined as the locus of a point moving so it is always r units from a fixed point. This fixed point is the centre of the circle and the distance r its radius. Formulae are given for circles with the centre at (0, 0) and (a, b).

The parabola is also defined as the locus of a point moving so it is equidistant from a fixed point (focus) and a fixed line (directrix). Formulae are given for parabolae with the vertex at (0, 0) and (h, k). As well as looking at concave up and down parabolae, there are formulae for parabolae turning to the left and right.

Diagrams are very useful to see where the locus is, especially with questions on the parabola. A parabola turns away from the directrix, so if you are given the focus and directrix, you can draw a sketch to see which way the parabola turns.


Ext 1 Chapter 12 Polynomials 1

The concept of a general polynomial is introduced in this chapter, although you have already seen the quadratic function which is a polynomial of degree 2.

This chapter explores the understanding of a polynomial and its factors, as well as a general understanding of its graph.

Ext 1 Chapter 13 Permutations and combinations

This chapter introduces some ways of counting the number of outcomes, which will be used in probability in the HSC course. Simple probability is revised briefly as an introduction to the concepts of permutations and combinations.

Permutations are used when order is important.

e.g. the number of ways that the 1st, 2nd and 3rd speakers in a debate are chosen from a class of 25 people.

 Combinations are used when order is not important.

e.g. the number of ways of selecting a committee of 3 people from a class of 25.

There are two different notations for combinations and both tend to be used in HSC exams. They are 
[image: image12.wmf]n

C

r

 and 
[image: image13.wmf]n

r

æ

è

ç

ö

ø

÷


HSC COURSE

Chapter 1: Geometry 2

This chapter revises the Preliminary topic of geometry and applies this to more general questions. It also takes the Preliminary work on the linear function and applies it to geometrical questions involving the number plane.

Chapter 2: Geometrical applications of calculus

This is an important chapter as it extends the basic understanding of calculus from the Preliminary course and applies it to finding turning points and other features of functions and sketching curves. The main concepts are maximum and minimum turning points and horizontal inflexions that occur when 
[image: image14.wmf]d

y

d

x

=

0


The second derivative is introduced in this chapter which describes the concavity of a curve. All types of inflexions occur when 
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This work is applied to practical problems using maximum and minimum values. Many students find this the hardest part of this topic, as all questions look different and you are often asked to derive a formula. However, they all use the same principles for how to find minimum or maximum stationary points.

In the HSC exam there is usually a question on sketching a curve showing stationary points, and also a question on a maximum or minimum problem. There is sometimes a question on showing that you know the shape of a function from the first and second derivatives.

So this chapter is quite an important one, both in the concepts learned and its importance in the HSC exam.

The final part of the chapter explores the primitive function, which leads on to integration.

Chapter 3: Integration

Integration is the inverse of differentiation, or the primitive function. The rules you learn are simpler than for differentiation – there is no product or quotient rule, and just a simplified function of a function (composite function) rule.

Because of this, there are functions that cannot be integrated directly. There are two ways to find approximations to integrals – the trapezoidal and Simpson’s rules. These both have similar formulae.

You could learn a simple formula for these rules and use it several times if an interval is broken up into several subintervals.

Trapezoidal rule: 
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Simpson’s rule: 
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There is also a more general rule for both where the interval is divided into n subintervals.

Trapezoidal rule: 
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Simpson’s rule: 
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where 
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There is no need to learn both types of formula for each method. Some students prefer the simpler version while others prefer to learn the more general formulae.
When integrating using short methods, you can sometimes get negative answers or zero. It is important that you know the difference between integrating and finding the area under a curve.

If you are asked to find an area, you will need to draw a sketch of the function to see if any or all of the area is below the x-axis (or to the left of the y-axis) as these areas are negative.

To find the area, we take the absolute value to give a positive area. Sometimes you may need to add or subtract areas.

For volume, there is no need to worry about negative results as you will generally need to square the function to put it into the volume formula. 

For areas and volumes about the y-axis, you will need to change the subject of the function to x in terms of y.

e.g.    y = x3 + 1

   y – 1 = x3
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For volume, you then find x2:
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In index form this is 
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Chapter 4: Exponential and logarithmic functions

The important parts of this chapter are in the calculus - the rules for differentiating and integrating exponential and log functions.

These rules can be added to the basic rule of differentiating and integrating y = xn and combined with the product and quotient rules. These are often asked in the HSC exam.

e.g. Differentiate x3 ex
Using the product rule:
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      = ex.3x2 + x3.ex
      = x2ex(3 + x)

Integration and logarithms is probably the most difficult rule as it sometimes requires you to adjust the constants.

e.g. Find 
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We use the result 
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If f(x) = x2 – 3, then 
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Instead of 2x, we have 5x so we need to adjust this as follows:
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Some students find the log rules such as the definition of a logarithm, the log laws and change of base difficult, but these just need a little practice. HSC questions tend to be based more on calculus than these rules, with just an occasional log question asked.

Don’t become mixed up between 
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 as these are quite different.

Chapter 5: Trigonometric functions

Radians are introduced as an alternative to degrees. Radians are based on the length of an arc, so are easier to plot on a number line. This makes sketching graphs easier. Radians also give simpler circle formulae than degrees, such as arc length and the area of sectors and segments.

All the trigonometric results from the Preliminary course can be completed using radians. While it is better to do these using radians, you can always do them using degrees and then convert your answer into radians.

Calculus also uses radians. The results for sin x, cos x and tan x can be added to the rules for xn, ex and ln x, giving just 6 basic rules for differentiation and integration in the course.

Ext 1 The integrals of sin2 x and cos2 x use the result cos 2x = cos2 x – sin2 x from Chapter 6 in the preliminary course.

Chapter 6: Applications of calculus to the physical world

A rate of change is the derivative of a function.

e.g. If the volume V of a balloon is changing over time, then the rate of change is 
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 which we write m/s or ms-1
Ext 1 Combinations of rates of change are used, which involve the result 
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Exponential growth and decay involves a quantity Q where the rate of change of Q is proportional to the quantity itself.

i.e. 
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This gives the formula Q = Aekt
If k is positive, it is exponential growth and if k is negative, it is decay.

Ext 1 There are other models for exponential growth and decay. A second one in this course is 
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 which gives the equation Q = P + Aekt
Motion of a particle in a straight line uses calculus to find the displacement, velocity and acceleration of a particle.

Displacement x
Velocity        
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Acceleration 
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If you start with velocity or acceleration and want to go back to find the displacement, you integrate. Don’t forget to find the constant by using any given information. 

Make sure you understand what zero displacement, velocity and acceleration means. These can also be positive or negative. 

Ext 1 Velocity and acceleration can sometimes be in terms of x rather than t. 

If 
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 then we take the reciprocal 
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 which can then be differentiated with respect to x.

If 
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, we use the result that 
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Projectiles look at motion in two planes – the vertical and horizontal, giving equations for displacement in both x and y 

We start with acceleration. There is no horizontal acceleration, so 
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. The only acceleration on the particle is gravity which acts in the negative direction (up is positive and down negative). This gives 
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Initial horizontal and vertical velocities are 
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 where u is the initial velocity of the particle and 
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 is the angle at which the particle is projected.

You must be able to derive the equations for velocity and displacement rather than just memorizing them.

Simple harmonic motion (SHM) can be described as an oscillation around an equilibrium or centre point. We can use the equation 
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. Make sure you know what the displacement, velocity and acceleration is doing at the centre and at the endpoints of the motion. 

If the displacement is given instead as 
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, you need to know what is happening at the centre and endpoints.

Ext 1 Chapter 7 Inverse functions

This topic explores what an inverse function is, and how its graph relates to the original function.

Inverse trigonometric functions are a special case of inverse functions and you will need to know their properties, and particularly how to differentiate and integrate using them.

Chapter 8: Series

There are two main types of series studied in this topic – arithmetic and geometric. There are formulae for the nth term and the sum of the first n terms for both types of series. The geometric series also has a limiting sum, or sum to infinity. Most questions involve substituting values into these formulae. 

Some questions involve applications of series, which you may need to practise. The first thing to look for is whether it is an arithmetic or geometric series, then whether you need to find out something about a term or a sum. You can then use the formulae that you have learned in this topic.

Remember the compound interest formula and make sure, if interest is not paid annually, that you adjust both the interest by dividing by the number of times interest is invested (e.g. 12 for monthly) and multiply the number of time periods by that amount.

Applications of the geometric series to compound interest seem difficult, but for long and involved questions such as annuities or loan repayments, there is a pattern. If you can find the pattern, then these questions are not so hard.

Annuities: These include superannuation. Take each annual amount separately and find the amount after compound interest is added on for the number of months or years each is invested for. Then find the total of all these amounts by using a geometric series.

Loan repayments: The pattern is that each amount owing is the amount owing from the previous month or year, with interest for that month or year added in using the compound interest formula. Then the repayment is subtracted from this amount.

e.g. A1 = P(1 + r)1
       A2 = A1(1 + r)1 – R 

       A3 = A2(1 + r)1 – R and so on

The trick is then to substitute in the previous amount, remove brackets and factorise to see the pattern.

The last amount owing should be zero.

If there is a period where there is no repayment, then simply leave it off until it comes in.

e.g. A loan has a 3 month repayment free period.

A1 = P(1 + r)1
A2 = A1(1 + r)1
A3 = A2(1 + r)1
A4 = A3(1 + r)1 – R

A5 = A4(1 + r)1 – R and so on

Ext 1 Mathematical induction is a particular type of proof that uses the same process each time. It is used when integers are involved, such as terms of a series. The steps are:

1. Prove true for n = 1 (or the first value of n given)

2. Assume true for n = k
3. Prove true for n = k + 1 (or k + 2 in the case of odd or even values of n)

Then we can say that it is true for n = 1 so it must be true for n = 2. It is true for n = 2 so it must be true for n = 3 and so on. Then it is true for all n 
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Ext 1 Chapter 9 Polynomials 2

The root of an equation P(x) = 0 is the x-intercept of the graph y = P(x). Sometimes this can be found and at other times there is no exact value of this root.

There are two methods given for finding an approximation to the root of an equation.

The method of halving the interval uses signs of the function value to give closer and closer approximations.

e.g. If f(a) < 0 and f(b) > 0, then the root lies between x = a and x = b
Newton’s method is generally fairly accurate, and can give good results with one application. However, there are some occasions where it does not work. These are described in the textbook.

Ext 1 Chapter 10 The Binomial theorem

The relationship between combinations (studied in Chapter 13 of the Preliminary course) and the coefficients of (a + b)n are explored in this chapter.

Make sure you can write binomial products in both expanded form and in sigma notation.

The most difficult part of this chapter is finding the greatest coefficient. You can use the formula 
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 for the expansion of (a + b)n, but you may be asked to derive this result.

There are some proofs that you may be asked to do. These are sometimes as simple as substituting a value of x into the equation.

e.g. In the expansion of (1 + x)n = 
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Substitute x = 1:

(1 + 1)n = 
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In other cases, you may need to differentiate or integrate before substituting in a value for x.

Differentiating 
[image: image57.wmf]n

0

æ

è

ç

ö

ø

÷

 gives zero and differentiating 
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 so look out for an expansion starting with 
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 and ending with a term of xn – 1 

For integration , look out for an expansion with a term xn + 1 
Chapter 11: Probability

The key to doing well in probability lies in drawing good diagrams. The main challenge with probability is counting. We can use tables or diagrams to help find the total number of possible outcomes when doing one or more things such as tossing 3 coins or rolling two dice.

Sometimes the probability changes after the first event, such as selecting raffle tickets where the winning ticket is not replaced. Here we can put the probabilities on the tree diagram to form a probability tree.

If there is overlap, a Venn diagram may help. e.g. if there are 30 students with 20 studying history and 21 studying geography!

Ext 1: Further probability revises the work on permutations and combinations that you did in Chapter 13 in the Preliminary course.

It also looks at binomial probability which uses the work from Chapter 10 on the binomial products.

The probability of r successes in n independent events is nCr prqn-r where p is the probability of success and q is the probability of failure.
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