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Question 1 

For a simple pendulum, derive 𝑇 = 2π√𝐿/𝑔, where T is the period, L the length of the pendulum 

and g the gravitational acceleration constant.   

[10] 

Question 2 

 

 

 

 

 

Explain how the gear system described in the article above uses centrifugal force. What are the 

advantages/disadvantages of this system? 

 [20] 

  



Question 3 

A sling holds a stone and is spun at a rate of 500 rpm in a plane perpendicular to the ground. The 

sling is 0.8 m long and is made from rope. At time t=0, just as the stone crosses the x axis, the 

rope is cut. What are the x and y coordinates of the stone 0.01 seconds later? Neglect air friction 

and gravity. 

Show all calculations. 

 

[10] 

 

Question 4 

Compare and contrast diffusion and heat. You may refer to Ficks’ law, Fourier’s law and/or the 

laws of thermodynamics. 

[20]     

Question 5 

(a) Solve the heat equation  

𝜕𝑢 

𝜕𝑡
=  

𝜕2𝑢

𝜕𝑥2
, 0 < 𝑥 < 1,     𝑡 > 0,  

subject to the initial and boundary conditions 



𝑢(𝑥, 0) = 𝑥 − 𝑥2, 𝑢(0, 𝑡) = 0, 𝑢(1, 𝑡) = 0, 

using separation of variables.  

 [20]     

 

       (b) Interpret the solution obtained in Question 5(a) above.  

[10]  

Question 6 

Show how you would solve the heat equation with non-homogenous boundary conditions 

𝜕𝑢 

𝜕𝑡
=  

𝜕2𝑢

𝜕𝑥2
, 0 < 𝑥 < 3,     𝑡 > 0,  

subject to the initial and boundary conditions 

𝑢(𝑥, 0) = 4𝑥 − 𝑥2, 𝑢(0, 𝑡) = 0, 𝑢(3, 𝑡) = 3, 

using separation of variables.  

Do not solve the equation.  

[10] 

Total Marks [100] 
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TRIGONOMETRIC IDENTITIES

• Reciprocal identities

sinu =
1

cscu
cosu =

1

secu

tanu =
1

cotu
cotu =

1

tanu

cscu =
1

sinu
secu =

1

cosu

• Pythagorean Identities

sin2 u+ cos2 u = 1

1 + tan2 u = sec2 u

1 + cot2 u = csc2 u

• Quotient Identities

tanu =
sinu

cosu
cotu =

cosu

sinu

• Co-Function Identities

sin(
π

2
− u) = cosu cos(

π

2
− u) = sinu

tan(
π

2
− u) = cotu cot(

π

2
− u) = tanu

csc(
π

2
− u) = secu sec(

π

2
− u) = cscu

• Parity Identities (Even & Odd)

sin(−u) = − sinu cos(−u) = cosu
tan(−u) = − tanu cot(−u) = − cotu
csc(−u) = − cscu sec(−u) = secu

• Sum & Difference Formulas

sin(u± v) = sinu cos v ± cosu sin v

cos(u± v) = cosu cos v ∓ sinu sin v

tan(u± v) =
tanu± tan v

1∓ tanu tan v

• Double Angle Formulas

sin(2u) = 2 sinu cosu

cos(2u) = cos2 u− sin2 u

= 2 cos2 u− 1

= 1− 2 sin2 u

tan(2u) =
2 tanu

1− tan2 u

• Power-Reducing/Half Angle For-
mulas

sin2 u =
1− cos(2u)

2

cos2 u =
1 + cos(2u)

2

tan2 u =
1− cos(2u)

1 + cos(2u)

• Sum-to-Product Formulas

sinu+ sin v = 2 sin

(
u+ v

2

)
cos

(
u− v

2

)

sinu− sin v = 2 cos

(
u+ v

2

)
sin

(
u− v

2

)

cosu+ cos v = 2 cos

(
u+ v

2

)
cos

(
u− v

2

)

cosu− cos v = −2 sin

(
u+ v

2

)
sin

(
u− v

2

)
• Product-to-Sum Formulas

sinu sin v =
1

2
[cos(u− v)− cos(u+ v)]

cosu cos v =
1

2
[cos(u− v) + cos(u+ v)]

sinu cos v =
1

2
[sin(u+ v) + sin(u− v)]

cosu sin v =
1

2
[sin(u+ v)− sin(u− v)]




