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Mechanics 1 [Scalars & Vectors] 
© www.FairlightTuition.org 

1. Scalar quantities have magnitude not direction (e.g. distance, speed, time, mass, energy, 
temperature, power). 

2. Vector quantities have magnitude and direction (e.g. displacement, velocity, 
acceleration, force, moment, momentum, current). 

3. Distance/Displacement (|x|/ x )  metres [m]    (/+ direction) 

4. Speed/Velocity (|v|/ v )   metres per second [m s-1]  (/+ direction) 

5. Scalar Addition:  Magnitude = Σ values. 

6. Vector Addition:  Magnitude = Σ values (parallel) or Pythagoras’ Theorem (perpendicular).  
  Direction = Sign (parallel) or Trigonometry (perpendicular). 

7. Components: Through the angle = cosine. Away from the angle = sine. Perpendicular 
vectors are mutually independent. 

Mechanics 2 [Statics & Dynamics] 
© www.FairlightTuition.org 

1. Newton’s First Law (Inertia Law): When not experiencing an external resultant force, the 
acceleration vector of a body is zero (ΣF = ma = 0 ∴ body in translational equilibrium). 

2. Newton’s Second Law (Acceleration Law): When experiencing an external resultant force, 
the acceleration vector of a body is directly proportional to that of the applied force 
(ΣF = ma).  

3. Newton’s Third Law (Reciprocity Law): When body A exerts a force on body B, body B 
exerts a force of the same magnitude and type in the opposite direction on body A. [✸ 
type/of/on ✸] 

4. Newton’s Third Law Criteria: (1) same magnitude; (2) same line of action; (3) same type; (4) 
same duration; (5) opposite direction; (6) opposite bodies.  

5. Resultant Force (ΣF)   newtons [N]    + direction 

6. Mass (m)     kilograms [kg] 

7. Acceleration (a)    metres per second squared [m s-2]  + direction 
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Mechanics 3 [Falling Bodies] 
© www.FairlightTuition.org 

1. Free-fall: The only force acting on a body is its weight (ΣF = W ∴ ma = mg ∴ a = g). 

2. Apparent weightlessness: Weight is experienced as a support force. A body in free-fall has 
zero support force and therefore ‘feels’ weightless (e.g. in a falling lift, in an orbiting 
satellite). 

3. Bodies falling in a fluid (such as air) do not experience free-fall because they are subject to 
drag. 

4. Drag is proportional to the square of velocity and therefore increases as the body 
accelerates downwards (provided fluid viscosity and the body’s drag coefficient remain 
constant). 

5. This decreases the external resultant force on the body, which is the vector sum of the 
(constant downwards) weight and (increasing upwards) drag. 

6. The acceleration of the falling body therefore reduces (according to Newton’s Second 
Law) until weight and drag are equal in magnitude, the resultant force and acceleration 
are zero, and the body reaches terminal speed (obeying Newton’s First Law). 

7. Bodies subject to drag therefore experience a lower average external resultant force, and 
hence a lower average acceleration, than bodies in free-fall. 

      
       

Mechanics 4 [Kinematics] 
© www.FairlightTuition.org 

1. Initial velocity (u)    metres per second [m s-1]  + direction 

2. Final velocity (v)    metres per second [m s-1]  + direction 

3. Newton’s Equations for Uniformly Accelerated Motion: 

      

4. Describing Graphs: [zero/+/–] ∴[uniform/changing] ∴ [increasing/decreasing] ∴ gradient. 

5. Displacement-time (x-t) graphs:  gradient = velocity   area = N/A 

6. Velocity-time (v-t) graphs:   gradient = acceleration  area = displacement 

7. Acceleration-time (a-t) graphs:  gradient = N/A   area = velocity 

v2 = u2 + 2ax x = (u + v)(t)
2

a = v ! u
t

v = u + at!

a = g ! ( D
m )

x = ut + 1
2 at2
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Mechanics 5 [Projectiles] 
© www.FairlightTuition.org 

1. Projectiles are generally treated as being in free-fall (i.e. drag is considered negligible).  

2. The path of a mass projected perpendicular to a uniform gravitational field is parabolic as 
the component of the velocity perpendicular to the field remains constant but its parallel 
component is accelerated by the field. The angle between the force and velocity vectors 
therefore reduces with motion. 

3. Vertical and horizontal components are perpendicular and therefore have no effect on 
each other (but are linked by the same time value). 

4. The vertical component of motion is uniformly accelerated by gravity (NII), and therefore 
solved using xuvat. 

5. The horizontal component of motion is unaccelerated (NI), and therefore solved 
using x = ut. 

6. Maximum height: Substitute v = 0 vertically. 

7. Maximum range: Substitute x = ± final vertical displacement above or below plane of 
projection.  

Mechanics 6 [Moments] 
© www.FairlightTuition.org 

1. Principle of Moments: For a body in rotational equilibrium, the vector sum of the moments 
about any axis is zero (Στ = 0). 

2. Moment (𝝉)    newton-metres [N m]   + direction 

3. Moment Definition: The moment (τ) of a force is the product of its magnitude (F) and the 
perpendicular separation of its line of action from the axis of rotation (d). 

      

4. Couple Definition: Two equal but opposite forces that produce rotational torque but no 
linear acceleration. 

5. Stable Equilibrium: When displaced, a body returns to its equilibrium position (as its centre 
of mass is directly below the supporting pivot when in equilibrium). 

6. Unstable Equilibrium: When displaced, a body moves away from its equilibrium position (as 
its centre of mass is  directly above the supporting pivot when in equilibrium). 

7. Toppling: A body will topple if the line of action of its weight acts outside its base. A wider 
base (in the direction of tipping) and lower centre of mass increase the stability (toppling) 
angle. 

! = Fd
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Mechanics 7 [Work, Energy & Power] 
© www.FairlightTuition.org 

1. Principle of Conservation of Energy: Energy cannot be created or destroyed, only 
transformed from one form to another. 

2. Energy/Work Done (E/W)  joules [J] 

3. Kinetic Energy depends on motion. Potential energy depends on position (in a field). 

4. Work Done Equation:       

       [✸ where ‘x’ is the displacement in the direction of the average force ✸] 

5. Power (P)     watts [W]  

6. Power Equation:    
     

 

7. Efficiency Equation:   
                             

[x 100 for %] 

Mechanics 8 [Momentum] 
© www.FairlightTuition.org 

1. Principle of Conservation of Linear Momentum: In the absence of external forces, the total 
linear momentum of a system remains constant (i.e. Σpfinal  = Σpinitial). 

2. Momentum (p)   kilogram metres per second [kg m s-1 or N s] + direction 

3. Momentum equation:    

4. Impulse (J)  newton-seconds [N s or kg m s-1]   + direction 

5. Impulse equation:         

6. Cushioning increases impact time, decreasing the impact force needed to reduce the 
moving body’s momentum to zero (NII). This reduces the damage to both bodies involved in 
the impact (NIII).  

7. Elastic collisions conserve kinetic energy, inelastic collisions do not. (And relative speed of 
approach = relative speed of separation.) 

W = Fx [ = mg!h]

P = W
!t [ = Fv]

[ = (mv2)
2 ]

[ = !E
!t ]

p = mv

J = F!t [ = !p] [ = !(mv]

! =
Puseful!output

Ptotal!input [ =
Euseful!output

Etotal!input ]
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Mechanics 9 [Materials : Quantities & Equations] 
© www.FairlightTuition.org 

1. Tensile Stress( σ )    pascals [Pa] 

2. Tensile Strain ( ε )    [no units] 

3. Young Modulus ( Y [ or E ] )  pascals [Pa] 

4. Tensile Stress Definition: The ratio of applied tensile load to unit cross-sectional [or contact] 
area. 

5. Tensile Strain Definition: The ratio of extension to unit original length.  

    

6. Young Modulus Equation:   

7. Elastic Potential Energy:   
   

 

Mechanics 10 [Materials : Concepts] 
© www.FairlightTuition.org 

1. Hooke’s Law: Within the proportional limit, the extension of a material is directly 
proportional to the applied load (F ∝ ∆l ∴ F = k∆l). 

2. Elastic Limit: Material has permanent strain (deformation) and now behaves plastically 
(does not return to its original dimensions when load is removed). 

3. Ductile material: Can be drawn into a wire. Beyond the yield point, large change in tensile 
strain results from small change in tensile stress (e.g. copper, steel). 

4. Yield point: Arrangement of atoms is altered and non-reversible (and subsequent work 
done is therefore non-recoverable). 

5. Brittle materials: Break at elastic limit, without exhibiting plastic behaviour (e.g. glass, 
ceramics). 

6. Stiff materials: High Young Modulus ∴ steep σ-ɛ gradient (Y). 

7. Net work done in loading-unloading cycle is area of (hysteresis) loop (on F-x graph).

! = F
A

Y = !
"

[ = F2

2k ]E
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= !"V
2

! = !l
l0

[ = F!l
2 ] [ = k(!l2)

2 ]
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