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Core Chapter 1: Vectors 1   

Form the vector equation of a line in three dimensions where a is the position vector 
of a point A on the line and d is the direction vector of the line: 𝒓 = 𝒂 +  𝜆𝒅  

 

Form the Cartesian equation of a line in three dimensions with direction vector 𝒅 =

 (
𝑑1
𝑑2
𝑑3

) passing through point A with position vector 𝒂 =  (
𝑎1
𝑎2
𝑎3

): 𝜆 =
𝑥−𝑎1

𝑑1
=

𝑦−𝑎2

𝑑2
=

𝑧−𝑎3

𝑑3
   

Know the different ways in which two lines can intersect or not in three dimensional 
space 

 

Find out whether two lines in three dimensions are parallel, skew or intersect  

Find the point of intersection of straight lines, if there is one  

Find the angle between two lines, by finding the angle between their direction vectors  

Find the point of intersection of a line and plane by substituting for 𝑥, 𝑦 and 𝑧 in the 
equation of the plane to find 𝜆, and then substituting 𝜆 back in 

 

Find the angle between a line and plane by finding the angle between the direction 
vector of the line and the normal to the plane, then subtracting from 90 
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Core Chapter 2: Matrices   

Find the determinant of a 2 ×  2 matrix 𝑀 = (𝑎 𝑏
𝑐 𝑑

) using  det𝑀 = 𝑎𝑑 −  𝑏𝑐 and 

explain the geometrical significance 
 

Find the inverse of a non-singular 2 ×  2 matrix 
1

𝑎𝑑 −𝑏𝑐
 ( 𝑑 −𝑏

−𝑐 𝑎
)  

 

Know the terms minor, cofactor, adjoint/adjugate in relation to M = (
𝑎1 𝑏1 𝑐1
𝑎2 𝑏2 𝑐2

𝑎3 𝑏3 𝑐3

) 

The minor of a1 is |
𝑏2 𝑐2

𝑏3 𝑐3
| =  𝑏2𝑐3 − 𝑐2𝑏3  

The cofactor A1 = +|
𝑏2 𝑐2

𝑏3 𝑐3
|is a minor with its associated place sign, with signs given 

by (
+ − +
− + −
+ − +

)  

The adjoint or adjugate is a matrix of cofactors Adj M = (
𝐴1 𝐴2 𝐴3

𝐵1 𝐵2 𝐵3

𝐶1 𝐶2 𝐶3

) 

 

 

Find the determinant of a 3 × 3 matrix and explain the geometrical significance 

Det M = 𝑎1 |
𝑏2 𝑐2

𝑏3 𝑐3
|  - 𝑎2 |

𝑏1 𝑐1
𝑏3 𝑐3

|  + 𝑎3 |
𝑏1 𝑐1
𝑏2 𝑐2

| 
 

Find the inverse of a non-singular 3 × 3  matrix 

M-1 = 1

𝑑𝑒𝑡 𝑀
(

𝐴1 𝐴2 𝐴3

𝐵1 𝐵2 𝐵3

𝐶1 𝐶2 𝐶3

) 
 

Know that a matrix is singular if the determinant is zero, and all points are mapped 
to straight line (2D) or plane (3D) 

 

Know that a matrix is non-singular is the determinant is non-zero, and then  
AA-1 = A-1A = I 

 

Use matrices to solve simultaneous linear equations  

Use matrices to determine how three planes intersect in three dimensions  
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Core Chapter 3: Series and Induction   

Sum a simple series using standard formulae for ∑𝑟, ∑𝑟2, ∑𝑟3  

Sum a simple series using the method of differences  

Sum a simple series using partial fractions  

Construct and present a proof using mathematical induction for a formula for the 
nth term of a simple sequence 

 

Construct and present a proof using mathematical induction for the sum of a simple 
series 

 

Construct and present a proof using mathematical induction for the nth power of a 
matrix 

 

Construct and present a proof using mathematical induction for a divisibility result  
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Core Chapter 11: Vectors 2   

Use the vector product in component form to find a vector perpendicular to two given 
vectors 

 

Know that 𝑎 × 𝑏 = |𝑎||𝑏| sin 𝜃  𝑛̂ , where 𝑎, 𝑏 and 𝑛̂, in that order, first a right-handed 
triple 

 

Use sin 𝜃 =  
|𝑎×𝑏|

|𝑎||𝑏|
 to find the angle between vectors 𝑎 and 𝑏  

Find the shortest distance from a point P to a line with direction vector 𝒅 and 

passing through the point 𝐴, using 
|𝐴𝑃 ⃗⃗⃗⃗⃗⃗  ⃗× 𝒅|

|𝒅|
 

 

Find the shortest distance from a point 𝑃(𝑥1, 𝑦1) to a line 𝑎𝑥 + 𝑏𝑦 + 𝑐 = 0  using 
|𝑎𝑥1+𝑏𝑦1+𝑐|

√𝑎2+𝑏2
  

Find the shortest distance from a point 𝑃(𝑥1, 𝑦1 , 𝑧1) to a plane 𝑎𝑥 + 𝑏𝑦 + 𝑐𝑧 + 𝑑 = 0  

using 
|𝑎𝑥1+𝑏𝑦1+𝑐𝑧1+𝑑|

√𝑎2+𝑏2+𝑐2
  

Find the distance between two parallel lines by picking a point on one lone and 
finding the shortest distance to the other line 

 

Find the shortest distance between two skew lines with position vectors 𝑎1 and 

𝑎2 and direction vectors 𝑑1 and 𝑑2, using | 𝑑1 × 𝑑2

|𝑑1 × 𝑑2|
. (𝑎1 − 𝑎2)| 
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Mechanics Chapter 1: Kinematics  

Understand and use the terms: distance, displacement, position, speed, velocity, 
acceleration and their SI units 

 

Know that displacement, position, velocity and acceleration are vector quantities with 
magnitude and direction 

 

Know that distance, speed and time are scalar quantities with magnitude only  

Calculate average speed by dividing total distance by total time taken  

Calculate average velocity by dividing displacement by time taken  

Calculate average acceleration by dividing the change in velocity by time taken  

Draw and interpret distance-time and displacement-time graphs 
• Use the gradient to find speed and velocity 

 

Draw and interpret speed-time and velocity-time graphs 
• Use the gradient to find acceleration 
• Use the area under the graph to find distance and displacement 
• Use the area below the axis for negative displacement 

 

Use the constant acceleration equations (suvat) in problem solving  

Use differentiation in kinematics problems with variable acceleration: 

𝑣 =  
𝑑𝑠

𝑑𝑡
 and 𝑎 =  

𝑑𝑣

𝑑𝑡
= 

𝑑2𝑠

𝑑𝑡2 
 

Use integration in kinematics problems with variable acceleration: 
𝑣 =  ∫ 𝑎 𝑑𝑡 and 𝑠 =  ∫ 𝑣 𝑑𝑡  
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Mechanics Chapter 2: Forces and Motion   

Draw a diagram showing the forces acting on a body  

Apply Newton’s laws of motion to problems in one or more dimensions 
• Every object continues in a state of rest or uniform motion unless acted on by 

an external force 
• Resultant force = mass x acceleration or 𝑭 =  𝑚𝒂 
• When one object exerts a force on another there is always a reaction force 

equal and in the opposite direction to the acting force 

 

Resolve a force into components having selected suitable directions for 
resolution 𝐹 = 𝐹 cos 𝜃 𝒊 + 𝐹 sin 𝜃 𝒋 

 

Find the resultant of several concurrent forces  

Realise that a particle is in equilibrium under a set of concurrent forces 
if and only if the resultant force is zero 

 

Know that a closed polygon may be drawn to represent the forces 
acting on a particle in equilibrium 

 

Formulate equations for equilibrium by resolving forces in suitable 
directions 

 

Formulate the equation of motion of a particle which is being acted on 
by several forces 

 

Know that the contact between two surfaces is lost when the normal 
reaction force becomes zero 
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Mechanics Chapter 3: A Model for Friction  

Understand that the total contact force between surfaces may be expressed in terms 
of frictional force and normal reaction 

 

Be able to draw a force diagram to represent a situation involving friction  

Know that a frictional force acts in the direction to oppose sliding  

Model the frictional force as 𝐹 ≤  𝜇𝑅 where 𝜇 is the coefficient of friction 
𝐹 <  𝜇𝑅 when there is no sliding except in limiting equilibrium 
𝐹 =  𝜇𝑅 in limiting equilibrium (at the point of sliding) 
𝐹 =  𝜇𝑅 when sliding occurs 

 

Know how to apply Newton’s laws of motion to situations involving friction  

Know the size of the normal reaction, and possibly friction, is affected by any other 
force with a component perpendicular to the surface on which sliding may occur 

 

Be able to derive and use the result that a body on a rough slope inclined at angle 𝛼  
to the horizontal is on the point of slipping if  𝜇 = tan𝛼  

 

Know that the angle for which a body is about to slide down a slope is called the 
angle of friction, often denoted by 𝜆 where tan 𝜆 =  𝜇 

 

 

 

 

 

Core Ch 1: Vectors 1  

Core Ch 2: Matrices 

Core Ch 3: Series & 
Induction  

Core Ch 11: Vectors 2  

Mechanics Ch 1: 
Kinematics  

Mechanics Ch 2: 
Forces & Motion 

Mechanics Ch 3: A 
Model for Friction 

Mechanics Ch 4: 
Moments of Forces  

Mechanics Ch 5: 
Work, Energy, Power 

Mechanics Ch 6: 
Impulse, Momentum  

Mechanics Ch 7: 
Centre of Mass 

Mechanics Ch 8: 
Dimensional Analysis 

Core Ch 4: Further 
Calculus 

Core Ch 5: Polar 
Coordinates 

Core Ch 6: Maclaurin 
Series 

Core Ch 7: Hyperbolic 
Functions 

Core Ch 8: Appl’ns of 
Integration 

Core Ch 9: First 
Order Differential Eq 

Core Ch 10: Complex 
Numbers 

Core Ch 12: Second 
Order Differential Eq 



Specification: OCR Further Mathematics B (MEI) H645 

 

  



Learning Journey: Year 13 Further Maths      Personalised Learning Checklist (PLC):  Year 13 Further Maths

   

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mechanics Chapter 4: Moments of Forces  

Draw a force diagram for a rigid body  

Calculate the moment of a force about a point or axis using the product 𝐹𝑑 where 𝑑 
is the perpendicular distance from the 𝑂 to the line of action of the force 

 

Calculate the moment of a force acting by first resolving the force into components 
and finding the product of that component which does not go through O and its 
distance from O  

 

Be able to find the resultant of a set of parallel forces  

Know how different types of lever work 
• Class 1 where the fulcrum is within the lever (eg scissors or see-saw) 
• Class 2 where the fulcrum is at one end of the lever (eg wheelbarrow or 

bottle opener) 

 

Know the meaning of the word couple – a pair of forces with zero resultant, but non-
zero total moment, therefore causing rotation 

 

Know that an object is in equilibrium if the resultant of all the applied forces acting 
on it is zero and the sum of their moments about any point is also zero 

 

Be able to identify how equilibrium can be broken by sliding or toppling  

 

 

 

 

Core Ch 1: Vectors 1  

Core Ch 2: Matrices 

Core Ch 3: Series & 
Induction  

Core Ch 11: Vectors 2  

Mechanics Ch 1: 
Kinematics  

Mechanics Ch 2: 
Forces & Motion 

Mechanics Ch 3: A 
Model for Friction 

Mechanics Ch 4: 
Moments of Forces  

Mechanics Ch 5: 
Work, Energy, Power 

Mechanics Ch 6: 
Impulse, Momentum  

Mechanics Ch 7: 
Centre of Mass 

Mechanics Ch 8: 
Dimensional Analysis 

Core Ch 4: Further 
Calculus 

Core Ch 5: Polar 
Coordinates 

Core Ch 6: Maclaurin 
Series 

Core Ch 7: Hyperbolic 
Functions 

Core Ch 8: Appl’ns of 
Integration 

Core Ch 9: First 
Order Differential Eq 

Core Ch 10: Complex 
Numbers 

Core Ch 12: Second 
Order Differential Eq 



Specification: OCR Further Mathematics B (MEI) H645 

 

  



Learning Journey: Year 13 Further Maths      Personalised Learning Checklist (PLC):  Year 13 Further Maths

   

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mechanics Chapter 5: Work, Energy and Power   

Understand the language related to work, energy and power  

Know that kinetic energy is the energy a body possesses due to its motion (scalar)  

Calculate kinetic energy using: 𝐾𝐸 = 1

2
𝑚𝑣2 where 𝑣 is the speed  

Know that work has the same units as energy, and is a measure of the change in 
energy due to a force (the force has done work) 

 

Calculate the work done by a force which moves either along its line of action or at 
an angle to it: Work done = constant force x distance moved in that direction 

 

Know that potential energy is the energy a body possesses due to its position – a 
stored energy (scalar quantity) 

 

Calculate gravitational potential energy using 𝐺𝑃𝐸 =  𝑚𝑔ℎ where 𝑚 is the mass and 
ℎ is the height above O 

 

Know that GPE is the work done against the force of gravity in raising a body  

Understand and use the work-energy principle: 
The total work done by all the forces acting on a body is equal to the increase in 
kinetic energy of the body 

 

Understand and use the principle of conservation of energy – mechanical energy (KE 
+ GPE) is conserved when no forces other than gravity do work 

 

Know that power is the rate of doing work and = 𝐹𝑣   

Know that average power  = 𝑡𝑜𝑡𝑎𝑙 𝑤𝑜𝑟𝑘 𝑑𝑜𝑛𝑒

𝑡𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 𝑡𝑎𝑘𝑒𝑛
  

Know that the SI unit for energy is the joule and for power is the watt  
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Mechanics Chapter 6: Impulse and Momentum  

Be able to calculate the impulse of a force as a vector and in component form: 
Impulse 𝑱 =  𝑭𝑡 where 𝑡 is the time for which is acts 

 

Understand and use the concept of linear momentum and appreciate that it is a 
vector quantity: Momentum =  𝑚𝒗 where 𝑚 = mass and 𝒗 = velocity 

 

Understand and use the impulse-momentum equation: 
Impulse = final momentum – initial momentum  or Impulse =  𝑚𝑣 −  𝑚𝑢  

 

Know how to apply the principle of conservation of momentum to direct impacts – 
where no external force acts, total momentum is constant 

 

Understand Newton’s law of impact and know the meaning of coefficient of 
restitution, 𝑒: 𝑒 =  

𝑠𝑝𝑒𝑒𝑑 𝑜𝑓 𝑠𝑒𝑝𝑎𝑟𝑎𝑡𝑖𝑜𝑛

𝑠𝑝𝑒𝑒𝑑 𝑜𝑓 𝑎𝑝𝑝𝑟𝑜𝑎𝑐ℎ
   or speed of separation = 𝑒 × speed of approach  

Know and use the fact that 0 ≤  𝑒 ≤  1  

Understand the implications of values of 0 and 1 for the coefficient of restitution  

Know that for perfectly elastic collisions there is no energy loss  

Know that for perfectly inelastic collisions the energy loss is the largest it can be  

Understand that when the coefficient of restitution is less than 1, energy is not 
conserved during an impact 

 

Be able to find the loss of kinetic energy during a direct impact  
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Mechanics Chapter 7: Centres of Mass  

Know that the centre of mass of a body has the property that the moment, about any 
point, of the whole mass of the body taken at the centre of mass is equal to the sum 
of moments of the various particles comprising the body  
𝑀𝒓̅ =  ∑𝑚𝑖𝒓𝒊 where 𝑀 = ∑𝑚𝑖 

 

Know that in one dimension 𝑀𝒙 =  ∑𝑚𝑖𝒙𝒊  

Know that in two dimensions 𝑀 (𝑥̅
𝑦̅
) =  ∑𝑚𝑖 (

𝑥𝑖
𝑦𝑖
)  

Know that in three dimensions 𝑀 (
𝑥̅
𝑦
𝑧̅
̅) =  ∑𝑚𝑖 (

𝑥𝑖
𝑦𝑖
𝑧𝑖

)  

Find the centre of mass of a system of particles given position and mass  

Know the positions of the centre of mass of a composite body  

Find the centre of mass of a simple shape  

Know how to use symmetry when finding a centre of mass  

Know the positions of the centres of mass of a uniform rod, a rectangular lamina and 
a triangular lamina 
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Mechanics Chapter 8: Dimensional Analysis   

Find the dimensions of a quantity in terms of mass 𝑀, length 𝐿 and time 𝑇  

Use [𝑑] to denote dimension of quantity 𝑑  

Use the dimensions of a quantity to determine its units  

Change the units in which a quantity is given  

Understand that some quantities are dimensionless, such as angles, coefficient of 
friction, coefficient of restitution 

 

Use dimensional analysis to check a relationship for consistency  

Use dimensional analysis to determine unknown indices in a proposed formula  

Use a model based on dimensional analysis  
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Core Chapter 4: Further Calculus   

Evaluate improper integrals where either the integrand is undefined at a value in the 
interval of integration or the interval of integration extends to infinity 

 

Differentiate inverse trigonometric functions  

Use the method of partial fractions in integration, including where the denominator 
has a quadratic factor of the form ax2 + c and one linear term 

 

Recognise integrals of functions of the form (a2 – x2)-1/2 and (a2 + x2)-1 and be able to 
integrate related functions by using trigonometric substitutions 
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Core Chapter 5: Polar Coordinates  

Understand and use polar coordinates  

The principal polar coordinates (𝑟, 𝜃) are those for which 𝑟 > 0 and −𝜋 <  𝜃 ≤  𝜋  

Convert from polar to Cartesian coordinates and vice versa 
𝑥 = 𝑟 cos 𝜃 and 𝑦 = 𝑟 sin 𝜃 
𝑟 =  √𝑥2 + 𝑦2 and 𝜃 = arctan

𝑦

𝑥
 (±𝜋) if necessary 

 

Sketch curves with simple polar equations in the form r = f(θ)  

Find the area enclosed by a polar curve-   
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Chapter 6: Maclaurin Series   

Find the Maclaurin series of a function, including the general term  

Know that a Maclaurin series may converge only for a restricted set of values of x  

Recognise and use the Maclaurin series of standard functions: ex, ln(1 + x), sin x, cos x 
and (1 + x)n 
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Chapter 7: Hyperbolic Functions   

Know the definitions of the hyperbolic functions and their domains and ranges, and 
be able to sketch their graphs 

 

Understand and use the identity cosh2x – sinh2x = 1  

Differentiate and integrate hyperbolic functions  

Understand and use the definitions of the inverse hyperbolic functions and know their 
domains and ranges 

 

Derive and use the logarithmic forms of the inverse hyperbolic functions  

Recognise integrals of the form 1

√𝑥2−𝑎2
 and 1

√𝑥2+ 𝑎2
 and be able to integrate related 

functions by using substitutions 
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Chapter 8: Applications of Integration   

Derive formulae for and calculate volumes of solids generated by rotating a plane 
region about the x-axis and y- axis 

 

Evaluate the mean value of a function on a given interval  

Recognise integrals of functions of the form (a2 – x2)-1/2 , (a2 + x2)-1, (x2 – a2)-1/2 and (x2 
+ a2)-1/2 , and be able to integrate related functions by using trigonometric or 
hyperbolic substitutions 
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Chapter 9: First Order Differential Equations   

Formulate a differential equation from verbal descriptions involving rates of change  

Use differential equations in modelling  

Know the difference between a general solution and a particular solution  

Find a particular solution to a differential equation by using initial or boundary 
conditions 

 

Recognise differential equations which can be solved by separation of variables  

Use separation of variables to solve a first order differential equation, to find both 
general and particular solutions 
𝑑𝑦

𝑑𝑥
= 𝑓(𝑥)𝑔(𝑦) leads to ∫

1

𝑔(𝑦)
𝑑𝑦 =  ∫ 𝑓(𝑥)𝑑𝑥 

 

Recognise differential equations which can be solved using an integrating factor 
𝑑𝑦

𝑑𝑥
+ 𝑃𝑦 = 𝑄 where 𝑃 𝑎𝑛𝑑 𝑄 are functions of 𝑥 only 

 

Find an integrating factor and use it to solve a first order linear differential equation, 
to find both general and particular solutions 
To solve 𝑑𝑦

𝑑𝑥
+ 𝑃𝑦 = 𝑄 you multiply throughout by the integrating factor 𝑒∫𝑃 𝑑𝑥 
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Chapter 10: Complex Numbers   

Find the modulus and argument of a complex number  

Multiply and divide complex numbers in modulus-argument form  

Understand the effect of multiplication by a complex number in an Argand diagram  

Sketch loci of the form |z – a| = r, arg (z – a) = θ   and |z – a| = |z – b| in an Argand 
diagram 

 

Use de Moivre’s theorem to simplify expressions involving powers of complex numbers  

Find the nth roots of a complex number  

Use de Moivre’s theorem to find multiple angle identities  

Use the exponential form of a complex number 𝑧 =  𝑟𝑒𝑖𝜃  

Sum series using de Moivre’s theorem  
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Chapter 12: Second Order Differential Equations   

Be able to solve differential equations of the form 𝑑
2𝑦

𝑑𝑥2 + 𝑎
𝑑𝑦

𝑑𝑥
+ 𝑏𝑦 = 0 using the 

auxiliary equation method 
 

Understand and use the relationship between different cases of the solution and the 
nature of the roots of the auxiliary equation  
2 distinct real roots 𝜆1 and 𝜆2 ⇒ complementary function is 𝑦 = 𝐴𝑒𝜆1𝑥 + 𝐵𝑒𝜆2𝑥 
Repeated root 𝛼 ⇒ complementary function is 𝑦 =  𝑒𝛼𝑥(𝐴 + 𝐵𝑥) 
Complex roots 𝜆 =  𝛼 ±  𝛽𝑖 ⇒ complementary function is 𝑦 =  𝑒𝛼𝑥(𝐴 sin 𝛽𝑥 + 𝐵𝑐𝑜𝑠 𝛽𝑥) 

 

Be able to solve the equation for simple harmonic motion, 𝑑
2𝑦

𝑑𝑥2 = −𝜔2𝑥 and be able to 
relate the solution to the motion. 
The solution is 𝑥 = 𝐴𝑠𝑖𝑛 𝜔𝑡 + 𝐵𝑐𝑜𝑠 𝜔𝑡 or 𝑥 = 𝑎 sin (𝜔𝑡 +  𝜀) 
Period of motion is 2𝜋

𝜔
 and the amplitude is √𝐴2 + 𝐵2 

 

Be able to model damped oscillations using second order differential equations   

Be able to interpret the solutions of equations modelling damped oscillations in words 
and graphically 
𝑑2𝑥

𝑑𝑡2 + 𝛼
𝑑𝑥

𝑑𝑡
+ 𝜔2𝑥 = 0 where 𝛼 > 0 is damped harmonic motion 

𝛼 = 0 gives no damping 
𝛼2 − 4𝜔2 > 0 gives overdamping 
𝛼2 − 4𝜔2 = 0 gives critical damping 
𝛼2 − 4𝜔2 < 0 gives underdamping 

 

Be able to solve differential equations of the form 𝑑
2𝑦

𝑑𝑥2 + 𝑎
𝑑𝑦

𝑑𝑥
+ 𝑏𝑦 = 𝑓(𝑥) by solving 

the homogeneous case and adding a particular integral to the complementary 
function 

 

Be able to find particular integrals for cases where f(x) is a polynomial, trigonometry 
or exponential function, including cases where the form of the complementary 
function affects the form required for the particular integral  

 

Know that if the trial function for a particular integral is the same as one of the 
complementary functions, you multiply the trial function by 𝑥 

 

Solved coupled first order simultaneous differential equations involving one 
independent variable and two dependent variables 
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