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1. Vocabulary — make sure you know these terms:



Word

Definition

arithmetic An arithmetic sequence is a sequence of terms that increase or decrease by a common

sequence difference.

base The number raised using an index in a power is the base.

chain rule The chain rule is used to differentiate a composite function.

completing the Completing the square is the process in which a quadratic expression is written as the

square sum of a new expression that is squared, and a constant.

cubic An expression (or equation) of degree 3, with a term in x®* and one or more of terms in x?,
x and a constant, is a cubic.

curve A line that is not straight for some, or all, of its length is a curve.

definite integral

The area between the curve generated by plotting a function, one of the co-ordinate axes
and the two straight lines given by the limits of the integral is a definite integral.

degree The degree of a polynomial is the highest index to appear in a polynomial.
denominator  The denominator is the number or expression on the bottom of a fraction.
derivative The derivative is the gradient function associated with a function.
. . To differentiate is the process by which the derivative, or gradient function, of a function
differentiate . P Y 8
is obtained.
discriminant The discriminant is the value of b? - 4ac for a quadratic expression.
domain The domain is the set of numbers for which a function is defined.
exact form A number is in exact form if it has not been subject to any rounding.
expand The process of multiplying two or more algebraic expression to give a single, usually more
pa complex, expression is to expand.
exponential An exponential expression is one in which the variable appears in the index.
The factor theorem says that if x - a is a factor of f(x) = 0, then x = a is a solution of f(x) =
factor theorem 0
factorise The process of expressing a number or algebraic expression as a multiple of smaller

numbers or simpler terms is to factorise.




& function is an operation that associates each element of a domain with one element of
a ramge. Although more than one element in the domain can be mapped to an element in

nction
fu the range, a function cannot map an element in the domain to more than one element in
the range.
geometric & geometric sequence is a sequence of terms that change multiplicatively, using a
SEQUEence commaon ratio.
identity & relationship that is true for all values of x is called an identity.
indefinite The indefinite integral is the set of functions whose derivatives will equal the function
integral being integrated.
index The index is the number to which a base is raised in a power.
indices Iindices is the plural form of the word ‘indesx’.
inequality &n inequality is an expression, which superficially looks like an equation, in which one
qua side is greater than the other.
integer A whole number that does not have a fractional part is an integer.
. The process by which an integral of a function is obtained. Integration is the process of
integration .
finding the area under a curve.
& point at which two lines meet. In set theory, the intersection of two sets is the set of
intersection d "
elements that are members of both sets.
irrational &n irrational number is any number that cannot be expressed as a fraction, whose
number numerator and denominator are both integers.
linear An expression (or equation) of degree 1, with a term in x and a constant (which may be
e 0}, is linear.
The logarithm of a number, x, to a base, a, is the power to which a must be raised to
logarithm )
obtain x.
. Manipulation is th of bini brai i Il dditi
ipulation anipu g on is -E'-pl'ﬂzEESS r.um ining algebraic expressions, usually by addition,
subtraction, multiplication or division.
matural number An integer greater than 0 is a natural number.
nigrmal A normal to a curve at a point on the curve is a straight lime which is perpendicular to the
curve at that point.
numerator The numerator is the number or expression on the top of a fraction.
parallel Two or more lines whose directions are the same are parallel.
& line is perpendicular to another line, a curve at a point, or a surface, if it is at right
perpendicular angles to it.
polynomial & polynomial is the sum of two or more multiples of powers of x.
pOWer In mathematics, the power is a base raised using an index.
product rule  The product rule is used to differentiate a function obtained by multiplying two functions.
uadrati &n expression (or equation) of degree 2, with a term in x? and one or both of a term in &
q and a constant, is a quadratic.
. The rule used to differentiate a function obtained by dividing two functions is the
quotient rule by &

quotient rule.




range

The set of numbers that results from using a function to map a domain is the range.

rational number

Any number that can be expressed as a fraction whose numerator and denominator are
both integers is a rational number.

If we rationalise the denominator, we are carrying out the process in which the

Tm':::r:tﬂ:e numerator and denominator of a fraction are manipulated so that its denominator is a
: . rational number.
Real numbers are the set obtained by uniting the sets of rational numbers and irrational
real numbers
numbers.
reciprocal The reciprocal of a number is the result of dividing a number into 1.
: "d_ The derivative of the derivative is the second derivative.
derivative
sequence A sequence is a set of terms linked by a rule or pattern.
series A series is a sum of a sequence of terms.
simultaneous A set of two or more equations, each containing two or more variables whose values can
equation simultaneously satisfy both or all the eguations, is a set of simultaneous equations.

stationary point A stationary point is one at which the derivative of a function is zero.

surds

Surds are irrational square roots which are expressed in exact form, where the integer
inside the square root is kept as small as possible.

tangent

A tangent is a straight line which just touches a curve at a point.

& line approached, but never reached, by a curve, usually as the value of x or y

Symptote approaches infinity is an asymptote.
binomial A binomial expansion is the result of expanding an expression of the form (a + b) raised to
EXpansion the power n.
Cartesian co-ordinates use x and y values to identify a point on a plane (in two
cartesian ) . ) - L . ) .
dimensions) or ¥, ¥ and z values to identify a point in space (in three dimensions).
combined A combined function is the result of adding, subtracting, multiplying or dividing two or
function more functions.
composite The composite of two functions is the result of substituting one function into the other.
fum:r:;n For example, the composite function gf{x) = g(f(x)) is the result of substituting f{x) into the
function g.
proof by In mathematics, proof by contradiction can be used to disprove a statement by showing
contradiction  that the statement leads to a false result.
convergent A seguence is convergent if it approaches one particular value (a limit).
counter A counter example can be used to disprove a statement by obtaining a single value for
example which that statement is not true.
proof by Proof by deduction is the commonest type of proof, and is a step by step method for
deduction reaching a conclusion based on established principles.




In mathematics, the difference between two numbers can be found by subtracting the

difigrance emaller number from the Iarger number.
differential A differential equation iz one that includes a derivative, dy/dx, for which the solution will
equation be an equation connecting the values of x and y, and not including dy,/dx.
In mathematics, a sequence is divergent if it doesn’t approach any particular value (a
divergent limit). Such a sequence may become infinite, or it may alternate between two or more
values.
proof by In mathematics, proof by exhaustion means considering a statement for each of a finite
exhaustion number of cases and proving each case separately.
imfinity Infinity is a number greater than any assignable quantity or countable number.
i e The inverse of a function is a second function that returns each output value to its
- original input value.
i Yion Iteration, in mathematics, is repetition of a mathematical process applied to a previous
result to obtain successively closer approximations to the solution of an equation.
limit A limit, in mathematics, is a value approached by a convergent sequence. In definite
inteEmtiﬂn, the two limits are the values between which the integml is calculated.
A mapping, in mathematics, is an operation that associates each element of a given set
pping with one or more elements of a second set.
modulus Modulus is the size of a number, having no regard to whether it is positive or negative.
Raphson The Newton-Raphson method is an iterative method that, if successful, quickly converges
hod to a root of an equation of the form fix) = 0.
parametric A parametric equation uses a third parameter, often denoted t, to define the (x , y) values
equation of the points on a curve.
Partial fractions are algebraic fractions expressed as the sum of two or more simpler
partial fractions algebraic fractions whose denominators are linked to the factors of that of the original
fraction.
periodic A periodic function repeats its values in regular intervals or periods.
product The product of two numbers is the result of multiplying them.
proof Proof is the process by which the truth of a fact or statement is established.
radia Radians is a unit of angular measure. One radian is equal to the angle subtended by an
s arc whose length is equal to the radius of the circle.
rrence A recurrence relation defines a sequence using a rule that gives the next term as a
— function of the previous term (or terms). It is sometimes known as a term-to-term rule.
roots Roots are values that satisfy an equation.
sector A sector, in mathematics, is part of a circle formed by enclosing two radii and an arc.
segment A segment is part of a dircle formed by enclosing a chord and an arc.
Sigma, which is usually represented symbaolically using the upper case Greek letter I, is
sigme used to indicate the sum of a series.
sketch graph A sketch graph, while not plotted accurately, gives the shape and key features of a graph.
sum The sum of two numbers is the result of adding them.




Acceleration is the rate at which the velocity of a particle is changing with respect to

aceleration time.
at rest In mathematics, an object is at rest when its velocity is zero.
bead A bead is a particle that can slide along a wire or rod.
constant The word constant describes a guantity that does not change.
A contact force is one resulting from the contact between an object and a surface, or two
contact force ; € J !
objects.
deceleration Deceleration is acceleration that has the effect of slowing down the speed of a particle.
Displacement is the distance from, and direction to, a particle from a fixed point, or the
displacement s 3
distance and direction between two particles.
distance Distance, in mechanics, is how far a particle is from a fixed point or another particle.
Equilibrium is the state of a particle that is at rest and on which the total of the forces
equilibrium . .
being exerted is zero.
force A force is a push or pull upon an object.
friction Friction is a force resisting motion due to the contact between two rough surfaces.
ravity Gravity is the force that attracts a body towards the centre of the Earth, or towards any
g other physical body having mass.
A string is inextensible if its length does not change when a tension is exerted on the
inextensible ring et ge
string.
A lamina is an object with an area whose thickness, compared to other distances, is
lamina negligible and can be taken to be zero. It is usually taken to have a mass greater than
ZEro.
light The word light describes an object {usually a string or a rod) whose mass is so small in
comparison to other objects that it can be taken to be zero.
magnitude Magnitude is the size of a quantity.
— Mass is a measure of the amount of matter in an object. The mass of an object remains
constant, irrespective of its location.
maxima Maxima is the plural form of the word maximum.
minima Minima is the plural form of the word minimum.
The minimum is the lowest possible value of a quantity. A curve may have a “local®
mininnum minimum if it has a turming point but then takes a lower value in another part of the
curve,
The moment of a force about a point is the product of the size of the force and the
moment

perpendicular distance from the point to the line of action of the force.




Megligible refers to a quantity that is so small in comparison to other quantities that it can

negligible be taken to be zero.
Mewtons The 51 unit of force is the Mewton.
rticl A particle is an object with a mass but whose size, compared to other distances, is
pa € negligible and can be Laken Lo be cero.
plane A plane, in mechanics, is a flat surface, which may be smooth or rough.
e A projectile, in mechanics, is a particle moving freely under gravity, and not under the
project action of any other forces.
lley A pulley is a wheel around which a string passes, which acts to change the direction of a
pu force applied to the string.
1i In mechanics, a reaction is a force exerted between two objects. The direction of the
reaction between a surface and an object is perpendicular to the surface.
Resistance is a force acting against the direction of motion (or intended direction of
resistance ) i
motion) of a particle.
resultant The resultant force (or simply “resultant”) is the total of the forces acing on an object.
A rod is a straight length of wire whose thickness, compared to other distances, is
rod o
negligible and can be taken to be zero.
rough A surface is rough if there is friction between the surface and any object placed upon it.
scalar # scalar is a guantity with magnitude but not direction.
A surface is smooth if there is no friction between the surface and any object placed
smooth )
upon it.
speed The speed is the rate at which an object is travelling.
tension Tension is a pulling force in a string connecting two particles that tends to pull those
particles together.
t Thrust is a pushing force in a rod connecting two particles that tends to push those
particles apart.
If a property of an object remains constant at every part of the object, that property is
uniform ) N
zaid to be uniform.
vector & vector is a guantity with magnitude and direction.
Welocity is the rate at which the displacement of a particle is changing with respect to
SiE time. It comprises the speed of the particle and its direction of motion.
ight On the surface of the Earth, the weight of an object is the force equal to the product of
We its mass and the gravitational constant g.
A wire is a rigid piece of string whose shape does not change under the action of a force,
wire and whose thickness, compared to other distances, is negligible and can be taken to be

ZEro.




2. Reading List
Fermat’s Last Theorem (Singh)
Does God Play Dice and Nature’s Numbers (Stewart)
Easy as Pi (lvanov)
The Music of the Primes (du Sautoy)
Just Six Numbers (Rees)
In Code (Flannery)
Numbers, Sets and Axioms (Hamilton)
The Universe and the Teacup - the Maths of Truth and Beauty (K.C. Cole)
Algebra and Geometry (Beardon)
Hidden Connections, Double Meanings (Wells)
Elastic Fishponds. The Maths that Governs our World (Elwes)

The Norm Chronicles (Blastland and Spitgethaltes), Our Mathematical Universe (Max
Tegmark)

Updates for 2018 are Beyond Infinity (Cheng)
Weapons of Math Destruction (O’Neill)

lan Stewart’s 17 equations that Changed the World and Thinking in Numbers (Temmet)



3. Links to TED Talks/Articles/Documentaries/Books/Journals

www.ted.com/talks/hannah_fry_is_life_really_that _complex

www.ted.com/talks/hannah_fry_the_mathematics_of_love
(associated book) The Mathematics of Love (Fry)

www.ted.com/talks/arthur_benjamin_the_magic_of fibonacci_numbers

www.ted.com/talks/marcus_du_sautoy_symmetry_reality_s_riddle
(search BBC iPlayer for) Marcus du Sautoy ‘A Brief History of Mathematics’

www.alexbellos.com

www.theguardian.com/science/alexs-adventures-in-numberland
(look especially for ‘tube map for A level maths aims to drive smart thinking’)

www.chalkdustmagazine.com

(“a magazine for the mathematically curious”)

www.mrbartonmaths.com/students/a-level

www.mathsgenie.co.uk/alevel

www.ukmt.org.uk/individual-competitions/senior-challenge/archive

http://furthermaths.org.uk/a-level-problem-solving
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