OCR A-Level Core Maths Summary
(based on Cambridge Advanced Mathemetics, by Hugh Neill and Douglas Quadling)

CORE 1
Chapter 1 – Coordinates, Points and Lines


The distance between the points
them is



The mid-point of the line segment joining

and



The gradient of the line joining

is



The equation of a line or a curve is a rule for determining whether or not the point with coordinates
lies on the curve



The equation of the line with gradient m through the point (0, c) is

and

to

which is the length of the line segment joining

has coordinates

To find the y-intercept of a straight line, put x=0 and solve for y
To find the x-intercept of a straight line, put y=0 and solve for x


The equation of the line through point



If a line has gradient m, the gradient of the line perpendicular to it is
Two lines with gradient

with gradient m is

are perpendicular if

Chapter 2 - Surds


If x and y are positive numbers, then
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The difference of two squares



If x and y are positive numbers, then



To remove the surd



To rationalise the denominator in



To rationalise the denominator in

from the denominator of a fraction, multiply by

to get

Chapter 3 – Some Important Graphs


For
, all the graphs have the same general shape, which is called a parabola.
These parabolas have a vertical axis of symmetry. The point where a parabola meets its axis of
symmetry is called the vertex.
Changing c moves the graph up and down in the y-direction.
Changing b moves the axis of symmetry of the graph in the x-direction. If a and b have the same
sign, the axis of symmetry is to the left of the y-axis; if a and b have opposite signs, the axis of
symmetry is to the right of the y-axis.
If a is positive, the vertex is at the lowest point of the graph; if a is negative, the vertex is at the
highest. The larger the size of a, the more the graph is elongated

Chapter 4 - Quadratics


The factors of

The factors of

are given by

are given by

The sum of the two squares,

www.reigatetutors.com

, has no factors

Page 2



Completing the square



The solution of

Chapter 5 - Differentiation


The gradient of a curve at any point is the gradient of the tangent to the curve at that point



If



If



The derivative of



If y is a function of x,



If the curve

denotes the derivative
has a tangent at (p, f(p)), then its gradient is

This quantity is called the derivative of f(x) at x=p; it is denoted by f’(p)
In general the derivative is f’(x), where



The derivative of f(x) at x=p is

Chapter 6 - Inequalities


These four expressions are equivalent
a is greater than b
b is less than a



These expressions are equivalent
a is greater than or equal to b
b is less than or equal to a
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Summary of operations on inequalities
o You can add or subtract a number on both sides of an equality
o You can multiply or divided an inequality by a positive number
o You can multiply or divide an inequality by a negative number, but you must change the
direction of the inequality



For inequalities in the form
are called critical values



If a>0, then these statements are equivalent



If a>0, then these statements are equivalent

, the points at which f(x)=0

Chapter 7 – Index Notation


The multiplication rule



The division rule (if m>n)



The power on power rule



The factor rule



The negative power rule



Other rules



If n is a rational number and A>0, the positive solution for the equation



If m is an integer (positive, negative or zero), and a is a positive number, then



If q is an integer (positive, negative or zero), and a is a positive number, then
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If

Chapter 8 - Graphs of the nth power functions


If



If

Chapter 9 - Polynomials


An expression consisting of a sum of multiples of non-negative integer powers of x is called a
polynomial in x.
Thus
polynomials in x

., where a,b,c and d are numbers, are




When you multiply two polynomials, the degree of the product polynomial is the sum of the degrees
of the two polynomials

Chapter 10 – Transforming Graphs


Replacing y by (y-k) in the equation of a graph produces a translation of k units in the y-direction



Replacing x by (x-k) in the equation of a graph produces a translation of k units in the x-direction



Replacing y by (y/c) in the equation of a graph produces a stretch factor c in the y-direction



Replacing x by (x/c) in the equation of a graph produces a stretch factor c in the x-direction



Replacing y by (-y) in the equation of a graph produces a reflection in the x-axis



Replacing x by (-x) in the equation of a graph produces a reflection in the y-axis

Chapter 11 – Investigating the Shapes of Graphs


On the graph of
at a point Q with coordinates (q, f(q)), is a maximum point if f(q) is greater
than the value of f(x) at all the other points in an interval of the values of x around q. Then f(q) is
called a maximum value of f(x)
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If f’(x) is positive in an interval of values of x, then f(x) is an increasing function in that interval.
If f’(x) is negative in an interval of values of x, then f(x) is an decreasing function in that interval.



On the graph of
, if
in an interval to the left of q, and
right of q, then (q,f(q)) is a maximum point



On the graph of
at a point Q with coordinates (q, f(q)), is a minimum point if f(q) is less
than the value of f(x) at all the other points in an interval of the values of x around q. Then f(q) is
called a minimum value of f(x)
If
in an interval to the left of q, and
minimum point



in an interval to the

in an interval to the right of q, then (q,f(q)) is a

To find the minimum or maximum points on the graph

:

Step 1 Find an expression for
Step 2 List the values of x for which
Step 3 Taking each of the values of x in turn, find the sign of
right of that value

in intervals to the left and to the

Step 4 If these signs are – and + respectively, the graph has a minimum point. If they are + and -, it
has a maximum point. If the signs are the same, it has neither.
Step 5 For each value of x which gives a minimum or maximum, calculate


If

, the derivative of

is called the second derivative of f(x) with respect to x, and is

denoted by
If
interval

is positive in an interval of values of x, the graph of

If
is negative in an interval of values of x, the graph of
that interval


is bent upwards at that

is bent downwards at

Another way to determine maxima and minima of
Step 1 Find an expression for
Step 2 List the values of x for which
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Step 3 Find an expression for
Step 4 For each value in Step 2, find the sign of . If the sign is +ve, the graph has a minimum
point; if –ve, a maximum. If the value is zero, follow the first procedure above.
Step 5 For each value of x which gives a minimum or maximum, calculate

Chapter 12 – Applications of Differentiation


If x and y are the independent and dependent variables respectively in a functional relationship,
then
represents the average rate of change of y with respect to x over an interval of values of x
represents the instantaneous rate of change of y with respect to x for a particular value of x

Chapter 13 - Circles


The equation

represents a circle, centre (-g, -f) and radius
, provided that



The general equation of a circle is given by:
with centre (a, b) and radius r



The circle which has (a, b) and (c, d) as the ends of its diameter is
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CORE 2
Chapter 1 – Trigonometry


The exact values of basic trig functions are:

0

(rad)
0

0

1

0

30
45

1

60
90



1

0

undefined

The functions cos and sin have the following properties

Periodic property:
Even/odd property:
Translation property:
Supplementary property:



The function tan has the following properties

Periodic property:
Odd property:
Supplementary property:


Solving equations like
Step 1 Find
Step 2 Use the symmetry property

to find another root

Step 3 Add or subtract multiples of 360 to find the roots in the required interval
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Solving equations like
Step 1 Find
Step 2 Use the symmetry property

to find another root

Step 3 Add or subtract multiples of 360 to find the roots in the required interval


Solving equations like
Step 1 Find
Step 2 Add or subtract multiples of 180 to find the roots in the required interval



For all values of :

, provided that

Chapter 2 – Sequences


The sum of all the natural numbers from 1 to r is



Factorial r is defined by 0!=1 and

For

is the product of all natural numbers from 1 to r



The general definition of a Pascal sequence, whose terms are denoted by



The arithmetic sequence with first term a and common difference d is defined recursively by



An arithmetic series of n terms with first term a and common difference d has nth term

, is

and sum
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Addition rule



Multiple rule For any number k,

Chapter 3 – The Binomial Theorem


The binomial theorem states that, if n is a natural number,



The binomial coefficients are given by

Chapter 4 – Sine and Cosine Rules


The area

of a triangle ABC is given by

where the unit of area corresponds to the units for the sides


The sine rule for a triangle ABC is



In any triangle ABC, if A>B, then a>b and if a>b, then A>B



The cosine rule for triangles has one of the three forms:
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The three forms of the cosine rule used for finding angles are



Solving the triangle
o If you know one side, the opposite angle and one other fact (a side or an angle) then begin
by using the sine rule
o If you know two sides and an angle between them, or three sides, begin by using the cosine
rule
o Once you know two angles, you can find the third by the fact that the sum of the three
angles is 180
o Once you know three sides and an angle, you can find another angle either by using the
cosine rule or the sine rule. If you use the sine rule, it is better to find the smaller angle
o Don’t approximate prematurely, or you will lose accuracy; keep the full values in the
calculator memory until the end of the calculation

Chapter 5 – Integration


The indefinite integral of a function made up of the sum of multiples of
corresponding sum of multiples of
, together with an added arbitrary constant



To find the area under the graph
Step 1 Find the simplest integral for
Step 2 Work out
Step 3 The area is out

is the

:
; call it

and
-





If

If

tends to a finite limit as s

, but
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Chapter 6 – Geometric Sequences


The geometric sequence or geometric progression is a sequence defined by

The constant r is called the common ratio of the sequence


The ith term of a geometric sequence with first term a and common ratio r, is



The sum of a geometric series



For a given sequence



If -1<r<1, the sum of the geometric series with first term a and common ratio r tends to a limit

terms is

the sum sequence

is given by

and

as the number of terms tend to infinity.
The infinite series is said to be convergent
is called the sum to infinity of the series


If -1<r<1,

Chapter 7 – Exponentials and Logarithms


An exponential function is a function of the form
. The number b is called the base.



If x is a real number and y is a positive real number, the statements

, where b is a positive real number and

are equivalent


For any base b,



For any base b,



For any positive real numbers p and q, any real numbers x, and logarithms to any base;
The multiplication rule
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The division rule
The multiplication rule


The nth root rule



For logarithms to base b>1, if p>q, then

Chapter 8 – Factors and Remainders


The factor theorem for quadratics
If



Factorising a quadratic
Step 1 Use the factor theorem to find one factor
Step 2 Use the factor you have found to identify the second factor



The extended factor theorem for quadratics
If



If
This is called equating coefficients



Factorising a polynomial
Step 1 Use the factor theorem to find one factor
Step 2 Use the method of equating coefficients to find the second factor



When a polynomial p(x) is divided by a linear polynomial (sx-t), there is a quotient q(x) and a
remainder R such that

The degree of the quotient is one less than the degree of p(x)


The remainder theorem
If a polynomial p(x) is divided by a linear polynomial (sx-t), the remainder is
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Chapter 9 – Radians

To convert degrees to radians, multiply by
To convert radians to degrees, multiply by


The length of a circular arc with radius r and angle



The area of a circular sector with radius r and angle



Symmetry properties

Periodic property:
Even/odd property:
Translation property:
Supplementary property:

Chapter 10 – The Trapezium Rule


The trapezium rule with n intervals states that

Where
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CORE 3
Chapter 1 – Some Preliminaries and Successive Transformations


The modulus of x, written

is defined by

Chapter 2 - Functions


The composite function gf is applied by operating on an input number with the function f, then
operating the result with the function g. That is, for any input number x,

In general, the composite functions gf and fg are different functions.


To form the composite function gf, the domain D of f must be chosen so that the whole of the range
of f is included in the domain of g. The function gf is then defined as



A function f defined for some domain D is one-one if, for each number in the range R of f there is
only one number
such that
. The function with domain R defined by
where
is the inverse function of f.



If f is a one-one function, the graphs of
line

and

are reflections of each other in the

Chapter 3 – Exponential Growth and Decay


Exponential sequences. In a discrete situation, a sequence represents the value of a quantity
after t units of time, where t is an integer and t
. If
for t = 0, 1, 2, 3, ....
The sequence represents
Exponential growth if r > 1
or Exponential decay if 0 < r <1
The sequence can be described by the formula
for t = 0, 1, 2, 3, ....
The increase or decrease in the value of the quantity between times t and t+1 is r-1 times the value
at time t: that is
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Exponential variation. In a continuous situation, a function f(t) represents the value of a quantity
after t units of time, where t is a real number and t
. If
the function
represents
Exponential growth if b > 1
or Exponential decay if 0 < b <1

Chapter 4 – Extending Differentiation and Integration


If a, b and n are constants, and



If a, b and n are constants, and if
Then

, then




here f(x) is the simplest integral of g(x)



If



Stretching a graph by a factor of

, then

So if

in the x-direction multiplies the gradient at every point by a.

, then

Chapter 5 – Differentiating Exponentials and Logarithms


For the general exponential function
where b
, the derived function is
= constant x , where the value of the constant which depends on the base b, is equal to



For the (natural) exponential function,

or exp x



For the (natural) exponential function,

or exp x



The natural logarithm function,
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The continuous exponential equation can be written in the form

where a is the initial value of y and c is the constant. This represents exponential growth if
exponential decay if


A quantity Q growing (or decaying) exponentially according to the law
(or decay) equal to c (or –c) times its current value.



For

,



For

,



For

,



And so generally, for

and

has a rate of growth

,

Chapter 6 - Trigonometry



π rad =180 degrees
provided that



provided that



except where

or is undefined





For all angles A and B,
sin(A+B) = sin A cos B + cos A sin B,
sin(A-B) = sin A cos B - cos A sin B,
cos (A+B) = cos A cos B - sin A sin B,
cos (A-B) = cos A cos B + sin A sin B
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Note that these identities have no meaning if tan A or tan B is undefined, or if either denominator is zero.







If a and b are positive,

And

Where

and

with

Chapter 7 – The Modulus Function


The modulus of x , written

and pronounced ‘mod x’ is defined by

and



To sketch
; sketch
the x-axis in the x-axis



If a and b are real numbers,

then reflect any part of the graph

which lies below

And

(provided that

)



The distance between points on the number line with coordinates a and b is



If



If



If x is any real number,



If x is any real number,
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and
If

Chapter 8 – Solving Equations Numerically


The sign-change rule: If the function f(x) is continuous for an interval
of its domain,
and if f(p) and f(q) have opposite signs, then there is at least one root of f(x) = 0 between p and q



If the sequence given by the recursive definition
to a limit l, then l is a root of the equation



If the equation
has a root, then a sequence defined by
close to the root will converge if the gradient of the graph of
large (roughly between -1 and 1)



The smaller the modulus of the gradient, the fewer steps will be needed to reach the root to a given
accuracy



If the gradient is negative the terms will be alternately above and below the root; if it is positive, the
terms will approach the root steadily from one side



If the function F is one-one, and if
has a root, then usually one of the sequences
and
, converges to the root, but the other does not.

with some initial value

converges

with a starting value
at around the root is not too

Chapter 9 – The Chain Rule


The chain rule:



If

and

are the same curve, then

Chapter 10 – Differentiating Products


The sum rule: If u and v are functions of x, and if y = u + v , then



The product rule: If u and v are functions of x, and if y = uv, then
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In function notation, if



, then

The quotient rule: : If u and v are functions of x, and if y = u/v, then

In function notation, if

, then

Chapter 11 – Volumes of Revolution


When the region under the graph of y = f(x) between x = a and x = b (where a < b ) is rotated about
the axis, the volume of the solid of revolution formed is



When the region bounded by the graph of y = f(x) , the lines y = c and y = d and the y –axis is rotated
about the y- axis , the volume of the solid of revolution formed is



If two graphs, y = f(x) and y =g(x), intersect at x = a and x = b, and f(x)> g(x) in the interval
then the volume of the solid of revolution formed by rotating the region between the graphs about
the x-axis is

Chapter 12 – Simpsons Rule


Simpson’s rule with 2n intervals (or 2n+1 ordinates) is

Where
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CORE 4
Chapter 1 – Differentiating Trigonometric Functions


If
As



In a circular sector, as the angle at the centre tends to 0, the ratio of the chord and the arc tends to 1








Chapter 2 – Integration


Integration by parts



Integration by substitution is equivalent to the chain rule in differentiation
First make a substitution x=u, then find



. Rearrange in terms of u, then integrate

Integration by reverse substitution. Sometimes one can see that an integral happens to look like
the following, in which case:
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Chapter 3 – Parametric Equations


If x=f(t) and y=g(t), where f and g are functions of a variable t defined for some domain of values of t,
then the equations x=f(t) and y=g(t) are called parametric equations, and the variable t is a
parameter



If x=f(t) and y=g(t) are parametric equations of a curve C, and you eliminate the parameter between
the two equations, each point on the curve C lies on the curve represented by the resulting Cartesian
equation



If a curve is given parametrically by the equations for x and y in terms of a parameter t, then

Chapter 4 – Vectors


The position vector of the point A with coordinates (u, v) is



The displacement vector



The position vector of the mid-point M of AB is given by



Points on a line through A in the direction of p have the position vectors
variable scalar. This is called the vector equation of the line.



The lines with vector equations
and
have the same direction if p is a multiple
of q. If in addition b-a is a multiple of q, the lines are the same; otherwise they are parallel



If two lines in 3-dimensions are non-parallel but do not intersect, they are skew. The test is to
match
components of direction the two vector equations above. Intersecting lines will
yield values of s and t that work for all the 3 components; skew lines will not yield values of s and t
that work for all 3 components.

is given by

, where t is a

Chapter 5 – The Binomial Expansion


When n is rational, but not a positive integer, and
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Chapter 6 – Rational Functions


An expression in the form



An expression in the form



An expression in the form



When a polynomial p(x) is divided by a polynomial a(x), called the divisor, there is a quotient q(x)
and a remainder r(x) such that

can be split into partial fractions of the form

can be split into partial fractions of the form

can be split into partial fractions of the form

where the degree of the remainder r(x) in less than that of a(x). The degree of q(x) is the difference of
the degrees of p(x) and a(x)

Chapter 7 – Differential Equations


If



Solving Problems

, where c is a non-zero constant, and

when t=0, then

o

Step 1 Find some “rate” which is proportional to a variable, e.g.

o

Step 2 Use some boundary or initial condition to work out the value of k, the constant of
proportionality

o

Step 3 Rearrange the differential equation so that both sides can be integrated

o

Step 4 Integration gives an equation relating x and t plus a constant of integration

o

Step 5 Using another boundary or initial condition, determine this constant to give the full
equation
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Chapter 8 – Curves Defined Implicitly


To find

from an implicit equation, differentiate each term with respect to x, using the chain rule to

differentiate any function f(y) as

Chapter 9 – Scalar Products of Vectors


The scalar product, or dot product of vectors p and q is the number (or scalar)
, where
is the angle between the directions of p and q. It is written p.q and pronounced ‘p dot q’



(p.p is sometimes written as

)

If neither p nor q is the zero vector,


For the basic unit vectors i, j, k,
i.i=j.j=k.k=1



and

j.k=k.i=i.j=0

In component form, the scalar product is

Combining the definition of scalar product gives

or

Extra Formulae


Volume of a cone =



Area of cone = area (sloping surface + base) =



Area of cylinder =



Volume of a cylinder =



Area of sphere =



Volume of a sphere =
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