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Overview
CambridgeMATHS NSW Stage 6 Advanced Year 12 is a comprehensive mathematics textbook
designed specifically for students undertaking the Advanced Mathematics course in Year 12 of
the New South Wales Stage 6 curriculum. It meticulously covers all topics prescribed by the NSW
Education Standards Authority (NESA) syllabus, providing a structured and in-depth approach to
learning complex mathematical concepts. The book aims to equip students with a strong
theoretical understanding, practical problem-solving skills, and thorough preparation for their
Higher School Certificate (HSC) examinations.

The textbook is characterized by its clear explanations, numerous worked examples, and a wide
array of practice exercises ranging in difficulty. It systematically builds upon foundational
knowledge, guiding students through calculus (differentiation and integration), trigonometry,
series, probability, and financial mathematics. Each chapter is designed to foster conceptual
understanding before moving to application, ensuring students can not only perform
calculations but also comprehend the underlying principles. Its pedagogical approach
emphasizes active learning and critical thinking, making it an indispensable resource for
students and teachers alike in navigating the demanding Year 12 Advanced Mathematics
curriculum.

Key Takeaways
• Master foundational concepts thoroughly before attempting complex problems to ensure a
strong understanding.

• Utilize the numerous worked examples as a guide to problem-solving techniques and
presentation of solutions.

• Regularly practice the exercises provided, varying difficulty levels to solidify understanding
and build confidence.

• Pay close attention to the syllabus dot points and NESA requirements, as the textbook is
explicitly aligned with them.

• Review and revise previous topics consistently to maintain proficiency and connect new
concepts to existing knowledge.
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• Develop strong algebraic manipulation skills, as they are fundamental to success across all
topics in Advanced Mathematics.

• Actively engage with the textbook's explanations and diagrams to visualize and internalize
mathematical ideas.

• Use the textbook as a primary resource for exam preparation, focusing on past paper
questions and challenging problems.

Chapter Summaries
Chapter 1: Functions

This chapter revisits fundamental concepts of functions, including domain, range, and various
types of functions such as polynomial, rational, and piecewise functions. It delves into graphing
techniques, transformations of graphs, and the concept of inverse functions, including how to
find their equations and graph them. Specific examples include determining if a relation is a
function using the vertical line test, finding the inverse of functions like y = x^2 (with restricted
domain) or y = (ax+b)/(cx+d), and understanding the relationship between the graph of a
function and its inverse (reflection in y=x). The chapter also covers composite functions and their
domains.

Chapter 2: Trigonometric Functions

This section extends the study of trigonometry beyond basic ratios, focusing on advanced
trigonometric identities, including compound angle formulas (e.g., sin(A±B), cos(A±B), tan(A±B))
and double angle formulas (e.g., sin(2A), cos(2A), tan(2A)). Students learn to prove identities and
solve complex trigonometric equations over specified intervals, often requiring the use of these
identities. The chapter also introduces inverse trigonometric functions (arcsin, arccos, arctan),
their domains, ranges, and principal values, along with their graphs. Applications involve solving
real-world problems related to periodic phenomena, such as oscillations and wave patterns.

Chapter 3: Differentiation Techniques

Building on Year 11 calculus, this chapter introduces advanced rules for differentiation. It covers
the product rule for differentiating functions like u(x)v(x), the quotient rule for u(x)/v(x), and the
chain rule for composite functions f(g(x)). The chapter also extends differentiation to implicit
functions, where y is not explicitly defined in terms of x (e.g., x^2 + y^2 = r^2), and covers the
derivatives of exponential functions (e^x) and logarithmic functions (ln x). Examples include
differentiating y = x sin x, y = (x^2+1)/(x-1), and y = e^(2x+1), as well as finding the derivative of
functions like y = sin^n(ax+b).

Chapter 4: Applications of Differentiation

This chapter applies differentiation to solve a variety of problems. It covers finding the equations
of tangents and normals to curves at specific points. Students learn to determine rates of change
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in various contexts, such as related rates problems involving changing volumes or distances
(e.g., water flowing into a cone, ladder sliding down a wall). A significant portion is dedicated to
curve sketching, using the first derivative to find stationary points (local maxima, minima,
horizontal points of inflexion) and intervals of increasing/decreasing, and the second derivative
to determine concavity and points of inflexion. Optimisation problems, finding maximum or
minimum values in practical scenarios, are also a key focus.

Chapter 5: The Primitive Function and Indefinite Integrals

This chapter introduces the concept of anti-differentiation, which is the reverse process of
differentiation. It defines the primitive function and the indefinite integral, denoted by �f(x) dx.
Students learn basic integration rules for polynomial functions (e.g., �x^n dx), exponential
functions (e^x), and trigonometric functions (sin x, cos x). The importance of the constant of
integration, 'C', is emphasised, and methods for finding this constant given initial conditions
(e.g., a point the original function passes through) or a rate of change are explored. Examples
include integrating x^n, e^(ax+b), and finding the original function given its derivative and a
point it passes through.

Chapter 6: Definite Integrals and Applications

This chapter focuses on definite integrals, which have specific limits of integration. It introduces
the Fundamental Theorem of Calculus, linking differentiation and integration, and demonstrates
how to evaluate definite integrals. Key applications include calculating the exact area under a
curve between two x-values, and finding the area enclosed between two curves (e.g., y=x^2 and
y=x). The chapter also covers calculating volumes of revolution, where a region bounded by
curves is rotated about an axis (typically the x-axis or y-axis) to form a 3D solid, using the disc or
washer method. Examples include finding the volume of a sphere or a cone.

Chapter 7: Logarithmic and Exponential Functions

This chapter delves deeper into the properties and applications of logarithmic and exponential
functions. It revisits the laws of logarithms and exponentials, and focuses on their differentiation
and integration. Students learn to differentiate and integrate functions involving e^x, e^(ax+b), ln
x, and ln(ax+b). A major application is modelling natural growth and decay phenomena, such as
population growth, radioactive decay, and compound interest, using the differential equation
dy/dx = ky and its solution y = Ae^(kx). The chapter also explores solving equations involving
these functions and interpreting their graphs.

Chapter 8: Series and Sequences

This chapter introduces the concepts of sequences and series. It covers arithmetic progressions
(APs), including finding the nth term (Tn = a + (n-1)d) and the sum of the first n terms (Sn = n/2 [2a
+ (n-1)d] or Sn = n/2 [a + l]). Geometric progressions (GPs) are also explored, with formulas for
the nth term (Tn = ar^(n-1)) and the sum of the first n terms (Sn = a(r^n - 1)/(r - 1)). A crucial
concept is the sum to infinity for convergent geometric series (S� = a/(1 - r) for |r| < 1), with
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various applications including recurring decimals and financial calculations. Problems often
involve finding specific terms or sums given certain conditions.

Chapter 9: Probability

This chapter covers advanced probability concepts. It begins with permutations (arrangements
where order matters) and combinations (selections where order does not matter), using factorial
notation and formulas like nPr and nCr to solve counting problems. The chapter then moves to
binomial probability, calculating the probability of a specific number of successes in a fixed
number of independent Bernoulli trials (e.g., P(X=k) = nCk p^k (1-p)^(n-k)). Conditional
probability, P(A|B) = P(A � B) / P(B), is thoroughly explained, along with the concept of
independent events and the use of tree diagrams and Venn diagrams to solve complex
probability problems involving multiple events.

Themes
• Mathematical proficiency

• Problem-solving skills

• Conceptual understanding

• Exam preparation

• Curriculum alignment

Frequently Asked Questions
What is CambridgeMATHS NSW Stage 6 Advanced Year 12 about?

It is a textbook designed for the New South Wales Stage 6 Advanced Mathematics Year 12
curriculum. It covers all syllabus topics, including differentiation, integration, trigonometry,
series, probability, and financial mathematics, providing explanations, worked examples, and
practice exercises for exam preparation.

Is CambridgeMATHS NSW Stage 6 Advanced Year 12 worth reading?

For students undertaking the NSW Stage 6 Advanced Mathematics Year 12 course, it is an
essential resource. Its comprehensive coverage, clear explanations, and alignment with the NESA
syllabus make it highly valuable for understanding concepts, practicing skills, and preparing
effectively for the HSC examination.

Who should read CambridgeMATHS NSW Stage 6 Advanced Year 12?

This textbook is specifically for Year 12 students in New South Wales studying the Advanced
Mathematics course. It is also a valuable resource for teachers of the subject, tutors, and anyone
seeking a thorough understanding of the NSW Stage 6 Advanced Mathematics curriculum.
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How long does it take to read CambridgeMATHS NSW Stage 6 Advanced Year 12?

Reading the instructional text of the entire book, without fully working through all examples and
exercises, might take approximately 900 minutes (15 hours). However, to fully master the
content and complete the practice problems as intended for a Year 12 course, it would require
hundreds of hours of study over an academic year.

Questions & Answers
How does the CambridgeMATHS NSW Stage 6 Advanced Year 12 textbook introduce the
concept of differentiation?

The textbook typically introduces differentiation by first exploring the concept of the gradient of
a tangent to a curve. It builds upon the idea of finding the gradient of a chord between two
points and then allowing the distance between these points to approach zero, leading to the
definition of the derivative from first principles. This foundational approach helps students
understand the geometric interpretation of the derivative before moving on to rules for
differentiation.

What methods does the textbook present for solving trigonometric equations?

The textbook presents various methods for solving trigonometric equations, including algebraic
manipulation to isolate the trigonometric function, using inverse trigonometric functions, and
applying trigonometric identities to simplify equations. It emphasizes finding general solutions
using periodicity and then specifying solutions within a given domain, often utilizing the unit
circle or graphs of trigonometric functions to visualize the possible angles.

How does the textbook explain the relationship between a function and its derivative in
terms of increasing and decreasing intervals?

The textbook explains that the sign of the first derivative, f'(x), indicates whether a function f(x) is
increasing or decreasing. If f'(x) > 0 over an interval, the function is increasing in that interval. If
f'(x) < 0, the function is decreasing. This concept is crucial for sketching curves and analyzing the
behavior of functions, particularly in identifying local maxima and minima.

What is the primary focus of the 'Financial Mathematics' chapter in this textbook?

The 'Financial Mathematics' chapter primarily focuses on applying sequences and series to
real-world financial scenarios. It covers topics such as compound interest, annuities (future value
and present value), loan repayments, and superannuation. The emphasis is on developing
formulas and using them to solve problems involving regular payments and investments over
time, building on the understanding of arithmetic and geometric progressions.

How does the textbook approach the topic of 'Vectors'?
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The textbook introduces vectors as quantities with both magnitude and direction, contrasting
them with scalars. It covers vector notation, operations such as addition, subtraction, and scalar
multiplication, both geometrically and algebraically. Key concepts include position vectors,
displacement vectors, unit vectors, and the scalar (dot) product, which is used to find the angle
between vectors and determine perpendicularity.

What is the significance of the 'second derivative test' as explained in the textbook?

The second derivative test is explained as a method to determine the nature of stationary points
(local maxima or minima) of a function. If f''(a) > 0 at a stationary point x=a, it's a local minimum.
If f''(a) < 0, it's a local maximum. If f''(a) = 0, the test is inconclusive, and other methods like
analyzing the sign of the first derivative around the stationary point must be used. It provides an
efficient way to classify turning points.

How does the textbook explain the concept of 'related rates' in calculus?

The textbook explains 'related rates' as problems where two or more quantities that vary with
time are related by an equation, and the rates of change of these quantities are also related. The
typical approach involves identifying the variables, finding an equation that relates them,
differentiating both sides of the equation with respect to time (using the chain rule), and then
substituting known values to solve for the unknown rate.

What are the main applications of integration covered in the textbook?

The textbook covers several main applications of integration. These include finding the area
under a curve, the area between two curves, and the volume of solids of revolution. It also
introduces integration as the reverse process of differentiation, allowing for the recovery of a
function from its derivative, and solving simple differential equations related to rates of change.

How does the textbook differentiate between permutations and combinations?

The textbook clearly differentiates between permutations and combinations by emphasizing the
importance of order. Permutations are arrangements where the order of selection matters (e.g.,
arranging letters in a word), while combinations are selections where the order does not matter
(e.g., choosing a committee from a group). It provides distinct formulas for calculating each and
illustrates their application with various examples.

What is the role of the 'chain rule' in differentiation as presented in the textbook?

The chain rule is presented as a fundamental rule for differentiating composite functions, i.e.,
functions within functions. It states that if y = f(u) and u = g(x), then dy/dx = dy/du du/dx. The
textbook demonstrates its application extensively, showing how to differentiate complex
expressions by breaking them down into simpler, nested functions, which is crucial for many
advanced calculus problems.

How does the textbook explain the concept of 'logarithmic differentiation'?
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The textbook explains logarithmic differentiation as a technique used to differentiate functions
that are products, quotients, or powers of other functions, especially when direct application of
standard rules is cumbersome or impossible (e.g., functions of the form f(x)^g(x)). The method
involves taking the natural logarithm of both sides of the equation, using logarithm properties to
simplify the expression, and then implicitly differentiating with respect to x.

What are the key properties of definite integrals highlighted in the textbook?

The textbook highlights several key properties of definite integrals, including linearity (the
integral of a sum is the sum of integrals, and constants can be factored out), the property that
reversing the limits of integration changes the sign, and the additive property for adjacent
intervals. These properties are essential for manipulating and evaluating definite integrals
efficiently, especially in problems involving areas and volumes.

How does the textbook introduce and apply the concept of 'mathematical induction'?

The textbook introduces mathematical induction as a powerful proof technique used to establish
the truth of a statement for all positive integers. It outlines the three steps: the base case
(proving the statement for n=1), the inductive hypothesis (assuming the statement is true for
n=k), and the inductive step (proving it is true for n=k+1). It applies this to prove identities,
inequalities, and divisibility statements.

What is the textbook's approach to solving problems involving 'inverse functions'?

The textbook's approach to inverse functions involves first defining what an inverse function is (a
function that 'undoes' another function) and the conditions for its existence (one-to-one
correspondence). It then demonstrates how to find the inverse function algebraically by
swapping x and y and solving for y, and graphically by reflecting the original function across the
line y=x. It also covers the relationship between the derivatives of a function and its inverse.

How does the textbook explain the concept of 'implicit differentiation'?

The textbook explains implicit differentiation as a technique used to find the derivative of a
function that is not explicitly defined in terms of x (i.e., y is not isolated). It involves differentiating
both sides of the equation with respect to x, treating y as a function of x and applying the chain
rule whenever a term involving y is differentiated. This method is crucial for finding gradients of
curves defined by complex equations.

What is the significance of 'critical points' in curve sketching according to the textbook?

According to the textbook, critical points are points on a curve where the first derivative is either
zero or undefined. These points are significant because they are potential locations for local
maxima, local minima, or points of inflection. Analyzing the behavior of the first and second
derivatives around these points is fundamental for accurately sketching the graph of a function
and understanding its turning points and concavity.
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How does the textbook explain the 'fundamental theorem of calculus'?

The textbook explains the fundamental theorem of calculus as a crucial link between
differentiation and integration. It presents two parts: the first part states that differentiation and
integration are inverse operations, and the second part provides a method for evaluating
definite integrals using antiderivatives. This theorem simplifies the process of calculating areas
and accumulated change, making it a cornerstone of calculus.

What are the main types of 'differential equations' covered in the textbook?

The textbook primarily covers first-order ordinary differential equations, focusing on those that
can be solved by separation of variables. It introduces the concept of a differential equation as an
equation involving a function and its derivatives. The emphasis is on finding general solutions
and then particular solutions using initial conditions, often in contexts like population growth,
decay, and rates of change.

How does the textbook explain the concept of 'concavity' and 'points of inflection'?

The textbook explains concavity in terms of the second derivative: if f''(x) > 0, the curve is concave
up (like a cup); if f''(x) < 0, it's concave down (like a frown). A point of inflection is where the
concavity changes, and typically occurs where f''(x) = 0 or is undefined, provided the concavity
actually changes sign. These concepts are vital for detailed curve sketching and understanding
the shape of a function.

What is the textbook's approach to solving problems involving 'exponential growth and
decay'?

The textbook approaches exponential growth and decay by establishing the differential equation
dN/dt = kN, where N is the quantity, t is time, and k is the constant of proportionality. It then
shows how to solve this to obtain the general solution N(t) = N0 e^(kt). Problems involve finding
N0, k, or t given initial conditions and rates, applying these models to population dynamics,
radioactive decay, and compound interest.


