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Preface

Welcome, aspiring mathematician, to a journey designed to demystify the formidable
challenge of securing a place at Cambridge University to read Mathematics, and to
conquer the subsequent hurdle of the STEP examinations. This book is born from
a deep understanding of the unique demands of these processes and a passion for
empowering students to not just succeed, but to genuinely enjoy the intellectual pursuit

they entail.

Why This Book?

The path to Cambridge Mathematics is often shrouded in mystery and can feel over-
whelmingly competitive. Many excellent students are brilliant at solving problems,
yet struggle to articulate their thoughts under pressure or grasp the subtle nuances
of what interviewers are truly seeking. This book aims to bridge that gap. It is more
than a collection of problems; it is a guide to cultivating the mathematical mindset
that Cambridge cherishes — one characterized by curiosity, resilience, and the ability to

think creatively and critically.

The ”Thinking Aloud” Philosophy

At the heart of our approach lies the ”Thinking Aloud” method. The Cambridge
interview is not merely about arriving at the correct answer; it is fundamentally about
your journey to that answer. Interviewers want to witness your raw problem-solving
process, your struggles, your insights, and your ability to adapt. This book will metic-
ulously train you to verbalize your mathematical reasoning, to turn your internal
monologue into a powerful communication tool, and to engage interactively with

complex ideas. We believe that by mastering the art of thinking aloud, you will not

13
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only excel in interviews but also deepen your mathematical understanding itself.

What You Will Gain

* Insider Insights: Understand the Cambridge admissions philosophy, the inter-

viewers’ evaluation criteria, and the specific skills they prioritize.

* Core Mathematical Tools: Sharpen your foundational mathematical thinking
through dedicated chapters on algebraic structure, functions, proof, and problem

decomposition.

* Guided Problem Solving: Tackle a diverse bank of interview-style problems, each
accompanied by detailed, ”think aloud” solutions that illuminate the problem-

solving process.

* STEP Pathway: Seamlessly transition your interview preparation into a robust
strategy for tackling the challenging STEP examinations, crucial for many condi-

tional offers.

* Psychological Edge: Develop strategies for managing pressure, cultivating effec-

tive practice routines, and maintaining a calm, focused mindset.

Who Is This Book For?

This book is for ambitious A-level (or equivalent) students worldwide who aspire to
study Mathematics at Cambridge or other top universities that value similar rigorous
mathematical thinking. Whether you’re just starting your preparation, are in the thick
of interview practice, or are looking ahead to STEP, you will find invaluable guidance

within these pages.

A Personal Note

Mathematics is not just about numbers and equations; it is about patterns, logic, and
the profound beauty of abstract thought. My hope is that through this book, you will
not only enhance your chances of admission but also deepen your love for mathematics
itself. Embrace the challenge, enjoy the intellectual journey, and remember: every
problem solved, every concept grasped, brings you closer to realizing your academic

dreams.
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Chapter 1

What Cambridge is Actually Looking

For

Cambridge University, with its centuries-old tradition of academic excellence, is renowned
for attracting the brightest minds from around the globe. For prospective mathematics
students, the application process can seem daunting, often leading to a misconception
that only flawless grades guarantee admission. While exceptional academic achievement
is undoubtedly a prerequisite, Cambridge seeks something more profound: a genuine
intellectual spark, a proactive approach to problem-solving, and a deep-seated passion
for the subject that extends far beyond the confines of the syllabus. This chapter aims
to demystify the Cambridge admissions process, revealing the specific qualities and

aptitudes that the university truly values in its mathematics applicants.

1.1 Beyond the Grades: The Holistic Review

It’s a common misconception that Cambridge admissions are purely about achieving
straight A*s or perfect scores in pre-interview assessments. While strong academic
records are essential prerequisites, they are merely the entry ticket. The university
employs a holistic review process, carefully scrutinizing every aspect of your application
— your UCAS form, personal statement, school reference, pre-interview assessment
scores (like TMUA or ENGAA Section 1, if applicable), and crucially, your interview
performance. They are building a cohort of future mathematicians, not just grade-

€arners.

19



20 CHAPTER 1. WHAT CAMBRIDGE IS ACTUALLY LOOKING FOR

1.1.1 Academic Excellence: A Baseline, Not the Entire Story

* High Achiever: Naturally, a stellar academic record in mathematics and related
subjects (like Further Mathematics, Physics) is expected. This demonstrates your

capacity to grasp complex concepts and perform consistently at a high level.

* Breadth and Depth: Involvementin additional maths challenges (e.g., Olympiads,
Maths Circles) or self-study of topics beyond the curriculum can signal a deeper

engagement.

1.2 Intellectual Curiosity: The Driving Force

Perhaps the most crucial quality Cambridge seeks is genuine intellectual curiosity. This
isn’tabout being able to answer every question; it’s about wanting to understand *why*
things work, to explore implications, and to delve deeper into mathematical concepts

out of intrinsic interest.

* Asking "Why?”: An ability to question assumptions, explore alternative ap-

proaches, and not be satisfied with superficial answers.

* Independent Exploration: Evidence of engaging with mathematics outside of
schoolwork. This could be reading advanced textbooks, exploring online lectures
(e.g., from Gresham College or MIT OpenCourseWare), participating in mathe-

matical discussions, or pursuing personal projects.

* Love for Learning: A demonstrable passion for mathematics, not just as a means

to an end (like getting into university), but as an exciting field of study in itself.

1.3 Problem-Solving Prowess: Thinking on Your Feet

The Cambridge Mathematics course is highly demanding and research-led, requiring
students to tackle novel and challenging problems regularly. Admissions tutors are
looking for individuals who relish such challenges and possess strong problem-solving

capabilities.

* Analytical Rigour: The ability to break down complex problems into smaller,

manageable parts.

* Logical Deduction: Constructing clear, coherent arguments and identifying

logical flaws.



1.4. INDEPENDENT THOUGHT AND CRITICAL ENGAGEMENT 21

* Creative Thinking: Approaching problems from multiple angles, trying different

methods, and not being afraid to experiment or make an educated guess.

* Resilience and Adaptability: The willingness to persist when faced with diffi-
culty, to learn from mistakes, and to adjust your approach when an initial strategy
fails. This is particularly evident in interview settings where you might be guided

towards a solution.

1.4 Independent Thought and Critical Engagement

Cambridge values independent thinkers who can engage critically with ideas, form
their own perspectives, and contribute actively to academic discourse. This is reflected
in the tutorial system, where students are expected to lead discussions and articulate

their understanding.

* Formulating Ideas: Expressing your mathematical ideas clearly and precisely,

both verbally and in writing.

* Critical Evaluation: Assessing the validity of different mathematical statements

or solutions, including your own.

* Collaborative Learning (Subtly): While interviews are individual, demonstrat-
ing an openness to guidance and building upon suggestions from an interviewer

shows a mature approach to learning.

1.5 Communication Skills: The Art of Thinking
Aloud

This cannot be overstated, especially for the interview. Cambridge mathematics is

highly collaborative, and effective communication is key.

* Verbalizing Thought Processes: The ability to articulate your reasoning step-
by-step, even when you’re unsure of the final answer. This is the essence of the
”Think Aloud” method discussed in later chapters.

* Listening and Responding: Engaging in a dialogue with the interviewer, taking

on board hints, and responding constructively to questions or challenges.

* Clarity and Precision: Using appropriate mathematical language to convey your

ideas accurately.



22 CHAPTER 1. WHAT CAMBRIDGE IS ACTUALLY LOOKING FOR

1.6 Conclusion: The Cambridge Ideal Candidate

In essence, Cambridge is looking for future mathematicians who are not only aca-
demically gifted but also intellectually vibrant. They seck students who are genuinely
excited by mathematics, who are unafraid of challenges, who think deeply and cre-
atively, and who can communicate their thoughts effectively. Your grades open the
door, but your intellectual personality, problem-solving journey, and ability to think
aloud will ultimately determine your success in the rigorous selection process. The
chapters that follow will equip you with the tools and strategies to showcase these

qualities and thrive in your application.



Chapter 2

Timeline and Admission Process

Navigating the Cambridge admissions process can feel like a complex journey with
numerous checkpoints and deadlines. This chapter serves as your comprehensive,
practical guide, detailing the step-by-step timeline from your initial UCAS application
to receiving an offer. Understanding each stage, knowing the key deadlines, and
preparing the required documents strategically will significantly enhance your chances

of success.

2.1 The UCAS Application: Laying the Foundation
(June - Early October)

Your journey officially begins with the UCAS (Universities and Colleges Admissions
Service) application, which is the standard platform for applying to UK universities.
For Cambridge and Oxford, the deadline is notably earlier than for other institutions.

2.1.1 Key Actions and Deadlines

* Summer before Year 13 (or equivalent):

— Research Colleges: Cambridge is collegiate. Research different colleges
to find one that aligns with your preferences (e.g., size, location, academic
focus, accommodation). You can apply to a specific college or make an open

application, letting the university assign one.

— Consider Course Choices: Ensure you are applying for Mathematics
(G100) or Mathematics with Computer Science (G101) or similar, and
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understand the differences.

— Draft Personal Statement: Start drafting your personal statement early.
This is your opportunity to showcase your passion for mathematics beyond

the curriculum.
* Early September - Mid-October (UCAS Submission):

— Complete UCAS Form: Fill in personal details, academic history (predicted

grades are crucial here), and employment history.

— Refine Personal Statement: Ensure it’s engaging, demonstrates intellec-
tual curiosity, and highlights relevant mathematical experiences (e.g., maths

challenges, wider reading, projects).

— Teacher Reference: Your school will submit a reference outlining your aca-
demic potential, work ethic, and suitability for a demanding course. Ensure

your teachers know your ambitions and can write a strong, detailed reference.

— UCAS Deadline (Typically October 15th): Submit your application well

before this date to avoid last-minute stress.

2.1.2  Strategic Advice for UCAS

* Be Authentic: Your personal statement should genuinely reflect your interest and

personality.

* Quantify Where Possible: If discussing projects or extra-curriculars, mention

speciﬁc achievements or skills gained.

* Proofread Meticulously: Errors can undermine an otherwise strong application.

2.2 Pre-Interview Assessments (October - Early Novem-

ber)

For Mathematics, applicants are often required to sit a pre-interview admissions test.
The specific test can vary slightly by college or year, but commonly it’s the Test of
Mathematics for University Admission (TMUA).
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2.2.1 Key Actions and Deadlines

* Registration: You must register for the test through your school or a test centre,
often in early to mid-September. Check the official Cambridge admissions website

for precise dates.
* Preparation:

— Understand the Format: Familiarize yourself with the structure, question

types, and time limits of the TMUA (or relevant test).

— Practice Papers: Work through past papers under timed conditions. This

is crucial for improving speed and accuracy.

— Review Core Concepts: The tests typically assess mathematical thinking

and problem-solving skills based on A-level (or equivalent) content.

* Test Date (Late October/Early November): Sit the examination.

2.2.2 Strategic Advice for Pre-Interview Assessments

* Start Early: Don’tleave test preparation until the last minute. Consistent practice

is key.

* Focus on Concepts and Speed: These tests are designed to be challenging under

time pressure. Develop mental agility and quick problem-solving strategies.

* Don’t Panic: If a question seems impossible, move on and come back if time

permits.

2.3 The Interview Stage (Late November - Early De-

cember)

If your application, personal statement, school reference, and assessment results are
strong enough, you will be invited for an interview. This is often considered the most

critical part of the application.

2.3.1 Key Actions and Deadlines

* Interview Invitation (Mid-November): Invitations are typically sent out a few

weeks before the interview dates.



Appendix B

Model Interview Dialogues

Transcripts of realistic interview scenarios, showcasing effective “think aloud” responses
and common interviewer interactions.

This chapter presents several model dialogues designed to illustrate effective com-
munication and problem-solving strategies during a Cambridge mathematics interview.
Each dialogue features an interviewer posing a question and a student responding,
demonstrating the think aloud” method, handling difficulties, and engaging construc-

tively with prompts.

B.1 Dialogue 1: Exploring a Function’s Properties

Interviewer: Good morning. Let’s start with a problem involving functions. Consider

the function f(z) = a® — 32% + 2. Can you tell me something about its roots?

Student: Good morning. Okay, so we have f(z) = 2* — 32% + 2z. To find the roots,
I need to solve f(z) = 0. I can see that there’s a common factor of z, so I can factor
that out: z(2% — 3z 4 2) = 0. Now, the quadratic factor can be further factorized.
I’'m looking for two numbers that multiply to 2 and add to -3. Those would be -1 and
-2. So, it becomes x(z — 1)(z — 2) = 0.

Interviewer: Excellent. So what are the roots?

Student: The rootsare x = 0, x = 1, and © = 2. These are distinct real roots.
Interviewer: Can you tell me where the local maxima and minima occur?

Student: To find local extrema, I need to look at the derivative of the function, f'(z).

So, f'(x) = L(z® — 32% + 22) = 3% — 6z + 2. To find critical points, I set
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f'(x) = 0: 32* — 62 +2 = 0. Thisisa quadratic equation I can use the quadratic

—(—=6)£+/(—6)2—4(3)(2 __ 643624 T = 6112
2(3) 6 YT T 6

T = 6i2\[ r=14 ‘[ . So the critical pointsarex = 1 + ‘[ andzx =1 — \/?g To

determme if they are maxima or minima, I can use the second der1vative test. f(x) =
L3260 +2) = 60— 6. Acw =1+ Y% " (14+F) =6 (14 ) —6 =
6 4+ 2v/3 — 6 = 24/3. Since 2¢/3 > 0, this is a local minimum. Atz = 1 — ?3
(=) =6(1- %) =6 =6-2v3— 6= ~2v3. Since ~2v/3 < 0, this
is a local maximum. I can also observe that 1 — i A~ 1 — Li32 732 ~1—0.577 = 0.423,

and 1 + \/?g ~ 14+ 0.577 = 1.577. The local maximum occurs at z ~ 0.423 and the

local minimum at z =~ 1.577.

formula to find the values of z: x =

Interviewer: Very good. What if T asked you to sketch the graph of f(x)?

Student: Okay, so I know therootsareat(, 1, 2. The function is a cubic with a positive
leading coefficient, so it will start from negative infinity, go up to a local maximum,
then down to a local minimum, and then up to positive infinity. The local maximum
isatx =1 — \/?g (around 0.423) and the local minimum isatz = 1 + \/?g (around
1.577). I should calculate the y-values at these extrema, but for a sketch, knowing
their approximate positions relative to the roots is probably enough. The local max is
between 0 and 1, and the local min is between 1 and 2. I'd draw a coordinate plane,
mark the roots 0, 1, 2. Then draw a curve passing through these points, going up
from below the x-axis, peaking between 0 and 1, crossing 1, dipping between 1 and 2,

crossing 2, and continuing upwards.
Interviewer: Could you quickly estimate the values of the local max and min?

Student: Let’s try. For the local maximumatz =1 — V3,

P8y = (1-9) (1-9) ~1) (- 5) -2)

(=) (-9) (1-4)

= (1 — \/?g) ‘/Tg + g) this looks messy...

Let me use the expanded form for f(x). f(z) = z(x — 1)(z — 2).

The local maximumisatx; = 1 — \/75

The local minimum isatxy = 1 + \/Tg

Notice that 1 + 29 = 2and x129 = (1 — ‘/?3)(1 + ‘/?g) =1-2=1-
Let’s plugin x;:

f(z1) = 23 — 323 + 2. Since 323 — 621 + 2 = 0, we know 3z% = 6z, — 2.

So f(z1) = 23 — (6x1 — 2)x1 + 221 = a7} — 622 + 221 + 221 = 23 — 6] + 4xy.

This is not simplifying as easily as I hoped.

2
3
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— Did I avoid careless errors?

Score: 1 2 3 4 5

4. Proof & Justification:

— If a proof was required, was it logically sound and complete?
— Did I justify all significant steps and assumptions?

— Were any counterexamples considered?

Score: 1 2 3 4 5

5. Review & Verification:

— Did I check my answer for reasonableness or consistency?

— Could I find alternative methods to solve the problem and compare re-

sults?

— Did Ilearn from mistakes made during the solution process?

Score: 1 2 3 4 5

Reflective Questions:

* Which part of the problem-solving process do I find most challenging?
* How can I improve my initial strategic thinking?
* What common errors do I make, and how can I prevent them?

* Am I consistently checking my work, or do I rush to the end?
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