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(a) Find the resultant force of the following system of forces acting at point P:
P
10N
6N
35o
45o
60o








20N







Resolving forces horizontally:
FH = 6cos45 + 20cos 55 – 10cos30  = 	7.05 N					(3 marks)
     = 

Resolving forces vertically:
FV = 6cos45 – 10cos60- 20cos35  = 	-17.14N					(3 marks)

Resultant force = √(FV2 +FH2)  =		18.53	N				(2 marks)


Direction of resultant force:      θ = tan-1 (FV/FH)	= - 67.64 deg or 292.36  rel to pos x axis			(2 marks)




(b) A body of mass 30kg is on an inclined plane 30o to  horizontal:
30kg



30o


i. Calculate the acceleration of the body in the inclined plane
Assume acceleration due to gravity g = 9.8 ms-2

Resolved component of weight in direction parallel to plane  is
  mgsinθ =  30 x 9.8 x 0.5  
Therefore from  Newton’s second law:
a=F/m   =  30 x9.8 x 0.5/30 = 9.8 x 0.5 = 4.9 ms-2				(4 marks)

ii. What would  the coefficient of friction be for the body to remain stationary?

Resolved component of weight perpendicular to  inclined plane is mgcosθ
For equilibrium in this direction the must be the Reaction R  of the plane to  the mass
  R=  mgcosθ
The friction force Ff = μR   where μ is coefficient of friction 
In order to the mass to remain stationary   then 
Ff=mgsinθ
i.e.     μ mgcosθ =  mgsinθ
μ= tanθ = tan30 = 0.577						(6 marks)



Q2  (Assume acceleration due to gravity g = 9.8 ms-2)

(a) A body of mass 100g is dropped from a vertical height of 4m. Calculate the speed at impact on ground.
From Conservation of Energy Law:
Initial Potential Energy  of mass =  Kinetic Energy at impact
mgh =  0.5 mv2         where  h is height of drop and v is speed at impact.
	v=  √(2gh) =  √(2 x 9.8 x 4) = √(78.4) = 8.85 ms-1  to  2 dp			(6 marks)

(b) A projectile of mass 30g penetrates a target to a depth of 0.4m. If the speed at initial impact is 600 ms-1 determine the resistive force that the body exerts on the projectile, assuming uniform resistance.

From Conservation of Energy Law:  

Initial K.E. of projectile  =  Work Done by resistive Force in stopping it.
0.5 x (0.03) x 6002   =  FR x 0.4 
FR   =  0.5 x (0.03) x 6002   / 0.4  = 13500 N				(7 marks)

(c) A body of mass 0.6 kg accelerates from rest to a final velocity of 40 ms-1 due to  a constant force applied for 20 s. Calculate the force.
From  Newton’s Second Law:
 F = (mv-mu)/t   = 0.6(40- 0)/20 =  1.2 N 						(7 marks)



Q3
A steel wire of uniform cross-section 0.4cm2 has a natural length of 1.5 m and is held vertically.  If a mass of 20 kg is attached at the lower end of the wire calculate:
i. the stress applied to  wire
Stress=  Force/Area =  20*9.8/(0.4x10-4) = 4.9x106  Pa			(8 marks)
ii. the new length of the wire.
Assume Young’s modulus of elasticity is 200x 109 Pa
		Stress=  E x Strain
		4.9x106= 200x 109   e/1.5  where e is extension
	e=  0.00003675  m
Therefore new length is e + 1.5 = 1.50003675 m					(12 marks)

Q4 A vertical spring has a mass m suspended from  one end. When the spring is displaced from its equilibrium position:
(a) Show that  x = Acos(ωt+φ) is a solution to  the resultant simple harmonic motion.

Since motion is SHM then 
Restoring Force  =  -  k x  where k is spring constant and x is displacement from equilibrium
But from Newton’s Second Law  
Restoring Force =  m d2x/dt2 

Therefore   	m d2x/dt2   = -  k x  
or			  d2x/dt2   = -  k/m  x  

If x = Acos(ωt+φ)   then on 
LHS:  we get    – Aω2 cos(ωt+φ)   
and on RHS:  we have –k/mA cos(ωt+φ)   
Therefore   x = Acos(ωt+φ)      is a solution to  this SHM problem provided
ω2  =k/m
								 			(10 marks)
(b) If the mass is 0.5kg and the spring constant is 200 Nm-1 determine the angular frequency of the motion.

From  the previous section ω2  =k/m
Therefore ω  =√(k/m)  = √(200/0.5)  = √400  = 20 rad s-1
(5 marks)
(c) If the maximum amplitude of the motion is 0.1m calculate the maximum potential energy of the system.

P.E. = 0.5 kA2   =0.5x 200x0.01 =  1 J 
(5marks)

Assume acceleration due to gravity g = 9.8 ms-2













Q5 
Two hard balls collide in a perfectly elastic collision. Determine the velocity of each ball after the collision.

10g
20g
20ms-1
10ms-1



Let v1 and v2 be velocities of 10g and 20  g masses after collision
Conservation of Momentum Law:
Momentum before collision =  momentum after collision
10 x 20   -  20x10  = 10v1  + 20 v2
0 = 10v1  + 20 v2  			[1]
 v1= -2v2				[2]				(6 marks)

Conservation of Energy Law:
K.E. before collision =  K.E. after collision

0.5 x 10 x 202   +0.5*20*102   = 0.5x10v12    +0.5x 20 v22
i.e. 
 2000 + 1000 = 0.5x10v12    +0.5x 20 v22
600 = v12    +   2 v22        				[3]			(6 marks)

Substitute for v1 in equation [3] from  equation [2]:

600= (-2v2)2  + 2 v22
600 = 6 v22
V22 = 100
V2 = +-10 ms-1  Take positive sign for physical reasons			(4 marks)

Therefore from equation [2]:  v1 = -2 v2 =  -20ms-1			(4 marks)
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