
“The Knowledge” FOR MECHANICS MAJOR - Answers 

 

The equation for Fmax in terms of the coefficient of friction 

 

Fmax= 𝜇𝑅 

 

The meaning of a couple 

 

A set of forces with zero resultant force but a non-zero total moment 

 

The definition of Work Done by a force 

 

Work Done = Force x Displacement in the direction of that force 

 

The Work-Energy Principle (WEP) 

 

Initial Energy + Work Done = Final Energy 

 

The two definitions of Power 

 

𝑃 = 𝐹𝑣 =
𝑊𝐷

𝑡
  

 

The definition of Impulse 

 

Impulse = 𝐹𝑡 

 

The Principle of Impulse 

 

Impulse = 𝑚𝑣 − 𝑚𝑢 (change in momentum) 

 

 

The definition of the coefficient of restitution, its bounds, and the significance of it attaining 

these bounds 

𝑒 =
separating speed

approach speed
 , 0 ≤ 𝑒 ≤ 1.  

When 𝑒 = 1, the collision is perfectly elastic and no kinetic energy is lost. 

When 𝑒 = 0, the collision is inelastic and the bodies coalesce. 
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The x-coordinate of the centre of mass of a uniform solid of revolution rotated about the x-

axis 

= 
2Vx xy dx , where = 

2V y dx  (and just switch x and y if rotated about the y-axis) 

 

The relationship between tangential velocity and angular velocity 

𝑣 = 𝑟𝜔  

 

The relationship between tangential acceleration and angular acceleration 

𝑎 = 𝑟
𝑑2𝜃

𝑑𝑡2 = 𝑟𝛼  

 

Two expressions for centripetal acceleration given circular motion 

𝑎 =
𝑣2

𝑟
= 𝜔2𝑟, where v is tangential velocity and 𝜔 =

𝑑𝜃

𝑑𝑡
 is angular velocity 

 

Three different ways of expressing acceleration as a derivative 

𝑎 =
𝑑𝑣

𝑑𝑡
= 𝑣

𝑑𝑣

𝑑𝑥
=

1

2

𝑑

𝑑𝑥
(𝑣2)  

 

Tension in a string or spring in terms of stiffness or modulus of elasticity 

𝑇 = 𝑘𝑥 =
𝜆𝑥

𝑙
, where x is extension and l is the natural length 

 

Elastic potential energy in terms of stiffness or modulus of elasticity 

𝐸𝑃𝐸 =
𝑘𝑥2

2
=

𝜆𝑥2

2𝑙
, where x is extension and l is the natural length 

 

How to find the bounding parabola of a projectile 

Get the equation of the trajectory, treat as a disguised quadratic in tan 𝜃, and set the 

discriminant equal to 0 

 



The differential equation for simple harmonic motion and general solutions 

𝑑2𝑥

𝑑𝑡2 = −𝜔2𝑥 and 𝑥 = 𝑎 sin(𝜔𝑡 + 𝜖) or 𝑎 cos(𝜔𝑡 + 𝜖) or 𝑃 sin(𝜔𝑡) + 𝑄 sin(𝜔𝑡) 

 

Given simple harmonic motion, the expression for the time period and frequency of 

oscillations 

𝑇 =
2𝜋

𝜔
 and 𝑓 =

𝜔

2𝜋
 

 

Given simple harmonic motion, the relationship between velocity and displacement 

𝑣2 = 𝜔2(𝑎2 − 𝑥2)  

 

Given simple harmonic motion, the maximum velocity and maximum acceleration, and 

where the occur 

𝑣𝑚𝑎𝑥 = 𝜔𝑎 (occurring at equilibrium position) and 𝑎𝑐𝑐𝑒𝑙𝑚𝑎𝑥 = 𝜔2𝑎 (occurring at maximum 

displacement) 

 

The (approximate) differential equation for a pendulum given a small angular displacement 

𝑑2𝜃

𝑑𝑡2 = −
𝑔

𝑙
𝜃 where l is the length of the string 


