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A Note for OCR FSMQ Students

Well done on completing the OCR Level 3 Free-Standing Mathematics Qualification

GEL)Y

The OCR Additional Mathematics FSMQ is an excellent preparation for A-Level Mathematics and Further
Mathematics. You have already encountered many topics that other students will be meeting for the first time in
Year 12.
What the FSMQ covers that connects directly to A-Level:

» Algebra and functions — factor theorem, polynomial division, algebraic fractions

» Coordinate geometry — circle equations, tangents, normals

« Calculus — differentiation and integration of polynomials, stationary points, area under curves

» Trigonometry — sine and cosine rules, identities

* Exponentials and logarithms — log laws, solving exponential equations

* Numerical methods — iterative methods, change of sign

- Statistics — probability, discrete distributions, hypothesis testing
This booklet is designed specifically for you. Section 2 will help you consolidate and extend this knowledge to A-
Level standard. Section 3 introduces you to complex numbers — an exciting new topic that builds on everything
you already know about algebra. Section 4 prepares you for the Further Mechanics and Statistics components

you will study later in Year 12 and into Year 13.

Your FSMQ background gives you a real advantage — use this summer to strengthen it further.
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Section 1a — A-Level Mathematics: Specification and
Assessment

Why You Need to Know This

A-Level Further Mathematics is always studied alongside A-Level Mathematics. In Year 12, you will begin by
studying A-Level Mathematics content before moving into the Further Maths course. The two qualifications
are deeply linked — your Further Maths work will frequently build on and extend what you cover in A-Level
Maths. Understanding both specifications from the outset will help you see how everything connects.

Edexcel A-Level Mathematics: Specification Overview

The Edexcel A-Level Maths specification is divided into three strands studied across two years:

Pure Mathematics Statistics Mechanics
| N
The core of the course. Approx. Data handling, probability Modelling physical
67% of content. and inference. Approx. 17% situations. Approx. 17% of
of content. content.
Proof, Algebra & Functions, Statistical Sampling, Data Quantities & Units,
Coordinate Geometry, Sequences & Presentation, Probability, Kinematics, Forces &
Series, Trigonometry, Exponentials Statistical Distributions Newton's Laws, Moments,
& Logs, Differentiation, Integration, (Binomial, Normal), Variable Acceleration
Numerical Methods, Vectors Hypothesis Testing, Large
Data Set

Assessment Structure — A-Level Mathematics

You will sit three two-hour examinations at the end of Year 12, each worth 100 marks (33.3% of the A-Level):

Paper 1 — Pure Paper 2 — Pure Paper 3 — Stats & Mech
| |
Any pure content from the full Any pure content from the  Section A: Statistics | Section B:
specification full specification Mechanics
2 hours | 100 marks 2 hours | 100 marks 2 hours | 100 marks
Calculator allowed. Questions Calculator allowed. Mix of Large Data Set may be used in Section
test procedural fluency and short and extended A. Section B tests mechanics
problem solving. questions. modelling.

Assessment Objectives — A-Level Mathematics

AO Description Weight

AO1 Use and apply standard techniques: accurate recall, efficient use of algebra, ~50%
correct notation

AO2 Reason, interpret and communicate mathematically: construct proofs, make ~25%
deductions, use correct mathematical language

AO3 Solve problems in maths and real-world contexts: multi-step problems, ~25%
modelling, evaluate solutions
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Key Topics You Will Study in Year 12 (A-Level Maths)

Year 12 A-Level Mathematics — Topic Overview

PURE: Algebra and functions (quadratics, polynomials, partial fractions) | Coordinate geometry (lines, circles)
| Binomial expansion | Radians | Trigonometric functions and identities | Differentiation (polynomials,
chain/product/quotient rules) | Integration (as reverse of differentiation, definite integrals, trapezium rule) |
Exponentials and logarithms | Vectors (2D)

STATISTICS: Sampling methods | Measures of location and spread | Data representation | Correlation |
Probability | Statistical distributions (Binomial) | Hypothesis testing (Binomial)

MECHANICS: Quantities, units and modelling | Kinematics (constant acceleration, suvat) | Forces and
Newton's Laws | Friction | Projectile motion

Note: As an FSMQ student, you have already met many of these topics. A-Level treatment is more rigorous,
more algebraically demanding, and will expect formal written solutions.

Important Resources for A-Level Mathematics

Resource Link / Details

Edexcel Specification Edexcel A-Level Maths Specification (2017)
Formula Booklet Edexcel Maths Formula Booklet

Past Papers Edexcel A-Level Maths Past Papers
ExamSolutions ExamSolutions — video tutorials by topic

Dr Frost Maths Dr Frost Maths — A-Level resources

Maths Genie Maths Genie — A-Level Maths

What to Expect in September — A-Level Maths

*  You will begin with Pure Mathematics — Algebra, Proof and Coordinate Geometry.

* As an FSMQ student you will find the early material familiar, but the pace and rigour will quickly
increase.

* Mechanics and Statistics will be taught in parallel with Pure across Years 12 and 13.

*  You will need a Casio fx-991 (or equivalent) scientific calculator and a graphical calculator may be
helpful for checking work.

* The Large Data Set (a real pre-release dataset used in Statistics papers) will be introduced early —
engage with it from the start.

*  Show every step of working. AO2 and AO3 marks often require clear mathematical communication,
not just a correct answer.
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Section 1b — A-Level Further Mathematics: Specification
and Assessment

Structure of the Further Maths Course

Edexcel A-Level Further Mathematics is composed of Core Pure content (mandatory for all students) plus
optional components. For this course you will study the following:

Core Pure 1 Core Pure 2 Further Mechanics 1 Further Statistics 1
| |
Proof by induction | Methods in calculus Momentum and Discrete random variables |
Complex numbers | (improper integrals, impulse | Work, Poisson distribution |
Matrices | Further mean value) | energy and power | Geometric distribution |
algebra and functions Volumes of revolution  Elastic strings and Negative binomial | Chi-
| Further calculus | | Further differential springs | Circular squared tests | PMCC and
Further vectors | Polar  equations | Series motion | Variable regression
coordinates using standard acceleration (Hooke's
results Law)

Paper 1: 1h 30min | Paper 2: 1h 30min | Paper 3: 1h 30min | Paper 4: 1h 30min | 75
75 marks 75 marks 75 marks marks

How A-Level Maths and Further Maths Relate

The relationship between A-Level Maths and Further Maths
|

Both qualifications are taught and examined simultaneously. In practice, this means:

Year 12 (first half): You will focus primarily on A-Level Mathematics content, with some Further Maths topics
introduced once your A-Level foundations are established.

Year 12 (second half): Further Maths topics introduced in parallel, particularly Core Pure 1 material (complex
numbers, matrices, proof by induction).

Year 13: Both courses taught concurrently, with Further Mechanics and Further Statistics introduced
alongside A-Level Maths Year 13 content.

Topics from A-Level Maths that are EXTENDED in Further Maths include:

» Calculus — much further in Further Pure (improper integrals, first-order and second-order ODEs, volumes
of revolution)

» Vectors (2D in AL Maths) — 3D vectors, lines and planes in space, scalar and vector products in Further
Maths

» Trigonometry — inverse trig functions, hyperbolic functions, further identities in Further Pure
» Proof — proof by induction is a brand new technique introduced in Core Pure 1

 Statistics — Binomial distribution (AL Maths) extended to Poisson, Geometric, Negative Binomial, Chi-
squared in Further Stats
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Assessment Objectives — Further Mathematics

The assessment objectives are the same as A-Level Maths (AO1, AO2, AO3) but the weightings differ slightly
and the mathematical demand is significantly higher:

* AO1 (techniques) = 50%: You must know and apply a much wider range of techniques with complete
accuracy.

+ AO2 (reasoning) = 25%: Proof by induction, rigorous argument and mathematical communication are
essential.

+ AO3 (problem solving) = 25%: Extended problems requiring mathematical modelling in Mechanics
and Statistics contexts.

Further Maths Key Resources

Resource Link / Details
Edexcel FM Specification Edexcel A-Level Further Maths Specification
Formula Booklet (FM) Edexcel Further Maths Formula Booklet
Further Maths Support Further Mathematics Support Programme (AMSP)
ExamSolutions FM ExamSolutions — Further Maths videos
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Section 2 - OCR FSMQ Consolidation Activities

The activities in this section are designed specifically for students who have completed the OCR Level 3
Additional Mathematics FSMQ. They revisit the topics you have already encountered, pushing them to A-
Level standard and highlighting where A-Level demands greater depth, rigour and algebraic fluency. Work
through them without a calculator where instructed.

Activity 1 — Algebra and Functions (FSMQ Consolidation — A-Level Standard)

You have met these topics in the FSMQ. At A-Level the treatment is more demanding — answers must be fully
simplified and reasoning clearly shown.

?() ;Jse the factor theorem to show that (x — 2) is a factor of f(x) = x® — 3x® — 4x + 12. Hence fully factorise
X).

b) Divide 2x3® + 5x2 — 4x — 3 by (x + 3) using polynomial long division.

c) Solve algebraically: (2x — 1)/(x + 3) — 3/(x — 2) = 1. State any restrictions on x.

d) Given f(x) = x® + ax®> + bx — 8 has roots 1, 2 and a third root. Find a and b without expanding.

e) Simplify fully: (x> = 4)/(x*+ x = 6) x (x> + 5x + 6)/(x2 - x — 2)

f) Express (3x + 1)/[(2x = 1)(x + 2)] in partial fractions.
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Activity 2 — Calculus: Differentiation and Integration (FSMQ — A-Level)

The FSMQ introduced calculus of polynomials. At A-Level this extends to trigonometric functions,
exponentials and logarithms, and composite functions via the chain rule.

a) Differentiate: y = 3x* — 5x® + 7x — 2. Find the gradient at x = -1.

b) Differentiate using the chain rule: y = (3x* - 1)®

c) Differentiate: y = x* ex [product rule]

d) Find and classify all stationary points of y = x® — 6x2 + 9x + 2.

e) Evaluate [;3 (2x® - 3x + 1) dx exactly.

f) Find the exact area enclosed between y = x*> - 4 and the x-axis.

g) Use integration by substitution to find [ 2x(x2+1)* dx.

h) The rate of change of the number of bacteria N at time t hours satisfies dN/dt = 0.3N. Given N=500
when t=0, find N when t=5. (Give your answer to the nearest integer.)
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Activity 3 — Coordinate Geometry and Curve Sketching

a) Find the equation of the tangent to y = x® — 4x at the point where x = 2.

b) Find the equation of the normal to y = Vx at the point (9, 3).

c) A circle has equation x* + y> — 6x + 8y — 11 = 0. Find its centre and radius.

d) Find the two points where the line y = 2x + k is tangent to the circle x* + y? = 20. Find k.

e) Sketch y = (x—1)(x+2)(x—3), showing all roots and the y-intercept.

f) Sketch y = 1/(x—2) + 3, showing all asymptotes and any intercepts.

g) The parametric equations of a curve are x = t?, y = 2t. Find dy/dx in terms of t and find the equation of

the tangent at t = 3.

h) Eliminate the parameter from x = 2cos 6, y = 3sin 6 to find the Cartesian equation. What curve is this?

Activity 4 — Trigonometry

a) Without a calculator, find the exact values of sin(60), cos(45), tan(30).

b) Prove the identity: (sin® + cosB)? = 1 + 2sinBcosH.

c) Solve for 0 < x < 21: 2sin®x — sinx — 1 = 0.

d) Using the identity sin®0 + cos?0 = 1, solve: 3cos?6 — 2sin@ — 2 = 0 for 0° < 6 < 360°.

e) Sketch y = 2cos(x — 60) for 0 < x < 360. Label the maximum, minimum and intercepts.
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Activity 5 — Exponentials, Logarithms and Mathematical Modelling

| |
a) Solve: 3x = 50, giving your answer to 3 significant figures.

b) Solve: log,(x + 3) + log,(x — 1) = 5.
c) Express log;o(a?b?®/c) in terms of log a, log b and log c.

d) The population P of a town is modelled by P = 20000 x e”(0.025t), where t is years from 2020. Find P
in 2030 and find when P doubles.

e) Show that y = Ae”\(kt) satisfies dy/dt = ky for any constants A and k.

f) A radioactive substance decays so that its mass M grams satisfies M = M, e”(—0.04t). Find the half-
life.

g) Given that y = ab”x, taking logarithms gives log y = log a + x log b. Explain how you would use this to
find a and b from a straight-line graph.

h) Data shows: when x = 1,y = 6.0; when x = 4, y = 48.2. Assuming y = ab”x, find a and b.
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Activity 6 — Numerical Methods

Numerical methods are studied in A-Level Maths but you will have met iteration in the FSMQ. These
questions push towards A-Level expectations.

a) Show that x® — 3x — 1 = 0 has a root between x = 1 and x = 2.

b) Use the iteration x,.1 = \3/(3xn + 1) with x, = 2 to find the root correct to 3 decimal places (show 5
iterations).

d) Use the trapezium rule with 4 strips to estimate [," e*(x?) dx. Give 4 decimal places.
e) Would more strips give a better estimate in d)? Explain.

f) The equation cos(x) = x has exactly one root. Use a graphical argument to justify this, then use iteration
to find it to 3 d.p.

Activity 7 — Statistics and Probability (FSMQ Recap — A-Level Standard)

a) A bag contains 5 red and 3 blue counters. Two are drawn without replacement. Find P(one of each
colour).

b) X ~ B(12, 0.35). Find P(X = 4), P(X < 3), and E(X).

c) A coin is tossed 20 times. Using a Binomial distribution, test at the 5% level whether the coin is biased
towards heads if 15 heads are observed.

d) State the conditions for using a Binomial model and assess whether they hold in part c).

e) Two events A and B satisfy P(A) = 0.4, P(B) = 0.3, P(ANB) = 0.12. Are A and B independent? Justify.

f) Calculate the mean, standard deviation and interquartile range of: 4, 7, 9, 11, 13, 15, 18, 20.
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Section 3 — Research and Explore: Imaginary and

Complex Numbers

Why complex numbers?

Complex numbers are one of the most beautiful and surprising areas of mathematics. They were
invented to solve equations like x> = —1, which has no real solution. At first they were dismissed as
'imaginary' and useless — yet they turned out to be essential in physics, engineering, signal processing,

fluid dynamics and computer graphics.

In A-Level Further Maths (Core Pure 1), complex numbers are a major topic. This section asks you to
research the ideas yourself using the provided links, then answer structured questions to consolidate

your understanding.

Work at your own pace. Not everything needs to be completed before September — the aim is for you to
arrive curious, with some familiarity with the vocabulary and key ideas.

Part A — Research Tasks

Use the links provided to research each topic. You will then use this knowledge to answer the questions in

Part B.

Research Topic Useful Links
[

1. What is i? What problem does it solve? What does
it mean to say i = V(-1)? Can you find i, i3, i*?

2. The Complex Plane (Argand Diagram) How do we
represent complex numbers geometrically? What are
the real and imaginary axes? What does modulus
mean geometrically?

3. Modulus and Argument For z = a + bi, what is |z|?
What is arg(z)? How is this related to polar
coordinates? What are the modulus-argument and
exponential forms?

4. Complex Conjugates What is the conjugate z* of z
= a + bi? What happens when you multiply z by z*?
Why are conjugates important when solving
polynomial equations with real coefficients?

5. Euler's Formula and the Most Beautiful Equation
Research Euler's formula: e?(i8) = cos0 + i sinf. What
is Euler's identity (e*(itr) + 1 = 0) and why is it
considered so remarkable?

6. Applications of Complex Numbers Research one
real-world application of complex numbers. Ideas:
AC electrical circuits, the Mandelbrot set, quantum
mechanics, or signal processing.

Khan Academy — Intro to Complex
Numbers

3Blue1Brown — Imaginary Numbers are
Real (YouTube)

Maths is Fun — Imaainarv Numbers

GeoGebra — Argand Diagram interactive
Khan Academy — The Complex Plane
AMSP Complex Numbers Introduction

ExamSolutions — Modulus and Argument
Desmos — visualising complex numbers
Maths Genie — Complex Numbers A-Level

Khan Academy — Complex Conjugates

ExamSolutions — Complex Conjugate
Pairs

Brilliant.org — Complex Conjugates

3Blue1Brown — e to the i pi (YouTube)
Maths is Fun — Euler's Formula
Brilliant.org — Euler's Formula

Veritasium — Imaginary Numbers in Real
Life (YouTube)

Numberphile — The Mandelbrot Set
(YouTube)

Plus Maths — Complex numbers in
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https://plus.maths.org/content/os/issue20/features/seymour/index
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Part B — Complex Number Practice Questions

Now use what you have researched to answer these questions. Show all working. Refer back to your
research notes in Part A where needed.

B1 - Arithmetic with Complex Numbers

a) Write down the value of i, i3, i*, i°. Describe the pattern.

b) Simplify: (4 + 3i) + (2 — 7i)

c) Simplify: (3 + 2i)(4 — i) [expand fully and simplify]

d) Find z* if z= 5 - 2i. Calculate z x z* and comment on your answer.
e) Write (3 + 4i)/(1 — 2i) in the form a + bi. Show full working.

f) Given z; =3 + 4i and z, = 1 - 2i, find z,/z, in the form a + bi.

g) Find real numbers x and y such that: (x + yi)(3 — 2i) = 12 + 5i.

h) Simplify: (1 + i)*. Can you see a pattern with powers of (1 +i)?

B2 - Solving Equations with Complex Numbers

a) Solve: z2 + 25 = 0. Give your answers in the form z = bi.

b) Solve: z2 — 4z + 13 = 0. Show that the roots are complex conjugates.

c) Solve: z2 + 2z + 10 = 0. Write the roots in the form a + bi.

d) Given that one root of z2+ pz+ q =0 (p, q real) is z = 2 + 3i, write down the other root. Find p and q.

€) A cubic equation with real coefficients has roots 3, 1 + 2i and one other. Write down the third root. Write

down the cubic as a product of three linear factors.

f) A cubicis z® — 5z + 17z — 13 = 0. Given z = 1 is a root, find the other two roots.
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g) Find all four roots of z* + 4z - 5 = 0. [Hint: treat it as a quadratic in z?]

h) Explain in words why complex roots of polynomials with real coefficients always come in conjugate pairs.

B3 — Argand Diagrams, Modulus and Argument

a) On an Argand diagram (draw on extra paper), plot: z; =3 + 4i, z, = -2 +i, zz=-3-2i, z, =4 - 3i.
b) Find |z4|, |zz| and |z3| for the values above.

c¢) Find arg(z,;) and arg(z;). Give your answers in radians to 3 s.f.

d) Write z; = 3 + 4i in modulus-argument form r(cos + i sin@).

e) Write z = 5(cos(11/3) + i sin(11/3)) in the form a + bi. Give exact values.

f) If |z = (2 + 3i)| = 4, describe geometrically the locus of z in the Argand diagram.

g) Describe the locus of z satisfying: arg(z — 2) = 11/4.

h) The point P represents z = r(cos6 + i sinB). Describe geometrically what happens when you multiply z by
i.

Page 14



A-Level Further Mathematics — Summer Bridging Booklet | Edexcel | For OCR FSMQ students

Part C — Extended Challenge

These questions are challenging and go beyond what you need to know before September. Have a go if you
are feeling confident — they will give you an excellent head start in Core Pure 1.

CHALLENGE 1: Using Euler's formula e”(i0) = cosB + i sin, verify that e?(iTr) = —=1. Hence write down
Euler's identity. Why is this considered remarkable?

CHALLENGE 2: The roots of z*> = 1 are called the cube roots of unity. One root is z = 1. Find the other
two complex roots. Plot all three on an Argand diagram. What do you notice about their geometric
arrangement?

CHALLENGE 3: De Moivre's Theorem states that (cos8 + i sinB)" = cos(nB) + i sin(nB). Use it to find (1 +
i)®in the form a + bi.

CHALLENGE 4: Research the Mandelbrot set. The set is defined by the iteration z,,, = z,2 + ¢, starting
from z, = 0. A point c is in the Mandelbrot set if this sequence does not diverge. Testc=0,c=-1,c=1+
i. Which are in the set? Write a brief explanation.

CHALLENGE 5: Use the complex exponential form to show that cos6 = (e”(i8) + e”(-i6))/2 and sinB =
(e(iB) — e”(=iB))/(2i). These are the foundations of the hyperbolic functions you will study in Core Pure 2.
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