	Section C : Free-Response Questions [16 marks]
	

	
	

	C1
	The Iron Claw of Archimedes was an ancient weapon devised by Archimedes to defend the seaward portion of Syracuse's city wall against sea assaults. Although its exact design is unclear, ancient historians seem to describe it as a sort of crane equipped with a grappling hook that was able to lift attacking ships partly out of the water, then either cause the ship to capsize or suddenly drop it.
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	(a)
	State which class of lever the Iron Claw belongs to. Justify your answer by labeling the diagram above. 
	[2]

	
	
	First class lever.

	

	
	(b)
	Label the perpendicular distances
	[2]

	
	
	i.
	between the fulcrum and the effort, Labeled b (i)
	

	
	
	ii.
	between the fulcrum and the load. Labeled b (ii)
	

	
	
	
	

	
	(c)
	State one way in which the design can be improved.
	[1]

	
	
	Increasing the perpendicular distance b (i)
	

	
	
	
	

	
	It is assumed that in order to successfully capsize a ship, the two oxen in the diagram need to exert a total force of 8000 N over a distance of 10 m.
	

	
	(d)
	Calculate the work done by each ox.
	[2]

	
	
	Each ox exert 4000 N.
Work done by each ox = force x distance moved in the direction of the force

                                         = 4000 x 10 = 40000 J.

	

	
	(e)
	Where did the oxen get the energy from? State the form of energy.
	[1]

	
	
	From the food it eats. Food is in the form of chemical energy (or chemical potential energy).
	

	
	
	
	


	C2
	An electromagnetic wave is a wave which is capable of transmitting its energy through a vacuum (i.e., empty space). Electromagnetic waves are produced by the vibration of charged particles perpendicular to the direction of wave motion. All light waves are examples of electromagnetic waves. 
	

	
	
	

	
	(a)
	Is an electromagnetic wave a longitudinal or transverse wave? Explain. 
	[2]

	
	
	Transverse wave. The vibration of charged particles perpendicular to the direction of wave motion
	

	
	
	
	

	
	(b)
	Explain why it is important to living things on Earth that light can travel through vacuum.
	[1]

	
	
	Living things on Earth especially plants need the light energy from the Sun. If light cannot travel through space (which is a vacuum), life cannot exist on Earth.
	

	
	
	
	

	
	A light-year or light year is a unit of measurement of length. It is the distance that light travels in a vacuum in one Earth year (365 days).
The speed of light is 300,000,000 ms-1.
	

	
	(c)
	Calculate how many seconds there are in 365 days.
	[1]

	
	
	365 days x 24 hours x 60 min x 60 sec = 31536000 s

	

	
	(d)
	Calculate the distance traveled by light in one Earth year.
	[2]

	
	
	Speed = dist/time
Distance = speed x time = 300000000 x 31536000 

                                           = 9460800000000000 m


	

	
	(e)
	The Sun is about 150,000,000,000 m away from Earth. Calculate how long it takes for light to travel from the Sun to the Earth in seconds.
	[2]

	
	
	Time = dist/speed = 150000000000 m / 300,000,000 ms-1 = 500 s
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