Year 11 Further Mathematics — Transition Materials

The following five problems are designed to get you to think in a little bit more depth
about some mathematical concepts that you have met before. These problems will
take you a little bit longer than the short ones and will require a more detailed
solution. In some cases, they are quite open-ended.

You can attempt these problems in an order of your choice. If you would like to discuss
your progress or request a hint, please email me.

All these problems are freely available at https://undergroundmathematics.org/



https://undergroundmathematics.org/

Problem 1: A tangent is...

You will be familiar with what a tangent is from GCSE. Tangents are used a lot in A level
Maths because they represent the rate of change of a function. This all comes under
the umbrella of calculus, which you will begin to study in Year 12.

The following problem is designed to get you to think about what a tangent is and
what they look like. By working through this problem, you will improve your
understanding of tangents, which will aid your progress with studying calculus.



A tangent s ...

Problem

Here are some suggestions of how we could define a tangent to a curve at a point.

(1) “A tangent is a straight line which only meets the curve at that one point.”
(2) “A tangent is a straight line which touches the curve at that point only.”

(3) “A tangent is a straight line which meets the curve at that point, but the curve is all
on one side of the line.”

(4) “A tangent is a straight line which meets the curve at that point, but near that point,
the curve is all on one side of the line.”

Which, if any, of these proposed definitions works for a circle?

For each one, can you find or sketch an example to show that the proposed definition does
not work for all curves?

Can you come up with a better definition?



Problem 2: Scary Sum

At GCSE, you will have learned how to manipulate surds. The following problem is
designed to get you to think about how to manipulate an expression involving surds
without using a calculator.



Scary sum

Problem

Evaluate the sum

1

L s ! .
VI+vV2 V2443 V3+4 V15+4/16

(You might want to use a calculator to get an estimate of the answer, but in order to get the

exact answer you will have to do it by hand!)
Can you find a similar sum that evaluates to 5?

Can you find a similar sum that evaluates to a number that is not an integer?



Problem 3: Parabella

Coordinate geometry is a massive topic in A level Maths. The skills you have learned at
GCSE will be developed further and applied to a variety of problems.



Parabella

Problem

Take any two points A and B on the parabola y = x?

Draw the line OC through the origin, parallel to AB, cutting the parabola again at C.

Let A have coordinates (a,a?), let B have coordinates (b, b?) and let C have coordinates
(c,c?).

Prove that a + b = c.

The parabella



Imagine drawing another parallel line DE, where D and E are two other points on the
parabola. Extend the ideas of the previous result to prove that the midpoints of each of the
three parallel lines lie on a straight line.

The parabella



Problem 4: Powerful Quadratics

You will be familiar with a number of ways of solving quadratic equations. This
problem requires you to inspect an equation and to think about possible values that
could satisfy it using your knowledge of indices.

There are more solutions than you might think...



Powerful quadratics

Problem

(i) Find all real solutions of the equation

(X2 —Tx + 11)(x2—llx+30} —1

(ii) Find all real solutions of the equation

(2 _ x2){x2—3\/§x+4) — 1.



Problem 5: Two roots differ by 5

Solving equations is an important skill throughout mathematics, but in Further Maths,
we begin to think in more depth about the relationship between the roots of an
equation.

This problem is designed to get you to think about how quadratic and cubic equations
are formed from their roots. This idea will be developed considerably in the first term
of Further Maths as we consider roots of polynomials and begin to discover complex
numbers.



(i) The equation x° 4+ ax 4+ b = 0 is satisfied by the values x = 1 and x = 2. Find the
values of a and b; and find also the third value of x.

(ii) The equation x? — 12x + k = 0 is satisfied by two values of x that differ by 5. Find
these two values of x, and the value of k.



