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	A cyclist travels down an inclined road without pedaling. The angle that the road makes with the horizontal is 6.8º, as shown in Fig. 10.

[image: image21.wmf]
Fig. 10

	

	
	
	

	
	The cyclist and cycle have a combined weight of 760 N.
	

	
	(a)
	Show that the component of the weight of the cyclist and cycle down the slope is 90 N.
	[1]

	
	
	Component of weight down the slope = 
[image: image1.wmf]760sin6.8

°

= 90 N (2 s.f.)

	

	
	(b)
	The variation with time t of the velocity v of the cyclist down the slope is illustrated in Fig. 11.
	

	
	[image: image22.png]Draw and label your lot on this sheet if you want Rain Bird to plan your system. If faxing, draw in black ink.
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	Fig. 11

	

	
	
	The cyclist reaches a constant velocity after 30 s.
	

	
	
	(i)
Use Fig. 11 to determine


1.
the maximum velocity of the cyclist,

2. the initial acceleration of the cyclist,


3.

the total distance travelled before reaching constant velocity.
	[7]

	
	
	1. maximum velocity of cyclist = 11 m s-1
2. initial acceleration of cyclist = initial gradient of graph = 14 / 20 = 0.70 m s-2 (your answer might be slightly different from mine depending on how you read the graph)

3. total distance travelled before constant velocity

= 220 m (this is done by breaking the graph into several trapeziums, your answer might differ)

	

	
	
	(ii)
1.
Use your answer to (b)(i)2 to calculate the accelerating force acting on the cycle and cyclist at t = 0.


2.
Hence determine the resistive force acting on the cycle and cyclist at time t = 0.
	[2]

	
	
	1. F = ma = 760 / 9.81 x 0.70 = 54 N (2 s.f.)

2. F = component of weight down the slope – R


R = component of weight down the slope – F = 90 – 64 = 36 N


	

	
	
	(iii)
State the magnitude of the total resistive force acting on the cycle and cyclist at time        t = 30 s.
	[1]

	
	
	
v is constant at t = 30 s => Net force is zero => Resistive force = 90 N


	

	
	
	(iv)
Suggest why the total resistive force has changed between time t = 0 and time t = 30 s.
	[2]

	
	
	
Air resistance increases as speed increases. As air resistance is dependent on the (speed)2 of the car, the amount of air resistance decreases as the car slows down. It will eventually reach a point when the resistive force equals to the component of weight down the slope and the speed of the car will become constant.

	

	
	(c)
	The cycle is serviced in order to reduce friction and then the journey down the slope is repeated. State and explain what change, if any, will occur in the maximum velocity of the cycle down the slope.
	[3]

	
	
	The car is subjected to both frictional force and the air resistive force as it travels down the slope. The frictional force is constant while the resistive force is dependent on the (speed)2 of the car. Since friction is reduced, the car will start off from rest with a higher acceleration. The car will be able to reach a higher maximum velocity as the force available to overcome the air resistance is greater.

	

	
	(d)
	Having descended the slope, the cyclist travelled along a horizontal straight section of road at a speed of 7.0 m s-1. When the brakes are applied, the cyclist takes 3.5 s to come to rest.
	

	
	
	
	

	
	
	(i)
Calculate the average force opposing motion during the time that the brakes are applied assuming the cyclist is not pedalling.
	

	
	
	
Average force opposing motion, F = ma = (760 / 9.81) x [(7.0 – 0) / 3.5] = 155 N (3 s.f.)


	

	
	
	(ii)
Comment on whether the brakes are efficient enough to bring the cycle to a halt when on the inclined road.
	[4]

	
	
	
Since the braking force, 155 N is greater than the component of weight down the slope, 90 N, the brakes are efficient enough to bring the cycle to a halt.
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	[image: image24.bmp]Wind power can be used for the generation if electric power. Fig. 8.1 illustrates one particular type of wind turbine.
	

	
	




Fig. 8.1

	

	
	The wind causes the rotor blades to turn and these drive an electric generator. The generator is situated in the housing at the top of the tower, as illustrated in Fig. 8.2.
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Fig. 8.2
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Some information provided by a manufacturer of wind turbines is given in Fig. 8.3.
	

	
	




Fig. 8.3
	

	
	One such wind turbine is built near town. The local newspaper reported that the wind turbine ‘could serve 200 homes’.
	

	
	
	

	
	(a)
	Suggest reasons, one in each case,
	

	
	
	(i)
why the manufacturer specifies a nominal output power for the wind turbine.
	

	
	
	
It is the expected output that the wind turbine will give after taking into considerations of the factors that will affect the actual output.


	

	
	
	(ii)
why the report that the wind turbine can serve 200 homes is misleading.
	[2]

	
	
	
Different households will have different electrical needs.


	

	
	(b)
	Determine the minimum height of the tip of a rotor blade above the ground level.
	[1]

	
	
	Minimum height = 56 – 44/2 = 34 m


	

	
	(c)
	(i)
Use the manufacturer’s data to give values of


1.
the maximum power output.


2.
the wind speed for this maximum power.
	[1]

	
	
	
Pmax. output = 600 kW

v = 15 m s-1

	

	
	
	(ii)
Air of density 
[image: image2.wmf]r

 and speed v is incident normally on a rotor of radius r. The 
kinetic energy E of the air incident on the rotor in unit time is given by
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The air has density 1.25 kg m-3.
	

	
	
	
Calculate, for the wind turbine operating at maximum output power,
	

	
	
	1. the kinetic energy of air incident per second on the rotor (the incident wind power).

2. the overall efficiency of generation of electric power.
	[4]
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	(iii)
In addition to the power usefully transformed in the wind turbine, 10% of the 
incident wind power is lost. Calculate the power of the wind after it has passed 
through the rotor.
	[2]
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 = 2.29 x 106 W (3 s.f.)

	

	
	
	(iv)
At high wind speeds, the turbine is ‘cut out’, that is, the generator is no longer 
turned by the blades.
	

	
	
	1. Use Fig. 8.3 to determine this cut-out speed.

2. Suggest one reason why it is necessary to have a cut-out speed.
	[2]

	
	
	
1.
From graph, cut-out speed = 25 m s-1


2.
At any speed greater than the cut-off speed, the gear box will reach its operating limit whereby it is unable to take the stress of the high speed rotation of the blades.

	

	
	(d)
	(i)
State whether the generator produces direct current or alternating current, 
explaining how you came to your conclusion.
	

	
	
	(ii)
Calculate the nominal current from the generator.
	[4]

	
	
	(i)
AC. It is because in Fig. 8.3, it shows a frequency of 50 Hz.
(ii)
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	(e)
	The wind turbine must be protected from lightning strike.
	

	
	
	(i)
Suggest, with reason, which part of the wind turbine is most likely to be struck by 
lightning.
	

	
	
	(ii)
Suggest how the risk of damage by lightning may be minimized.
	[4]

	
	
	(i)
The tip of the blade. It has a pointed end and is at the highest point.

(ii)
Having a lightning rod at a higher position than the tip of the blade. Or the wind 
turbine 
can be earthed.
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	When a structural engineer is designing a building there will be occasions when a beam has to be used to bridge a gap. The width of the gap is called the span. The engineer makes calculations to ensure that the beam is strong enough to withstand any forces applied to it, to ensure that there is not too much sag in the beam. This question concerns how the choice of beam is made.
	

	
	
	

	
	Sometimes, when the loading is small, a plain wooden beam is sufficient, as shown in Fig. 51. A beam such as this, loaded at its centre, will undergo a maximum depression x given by
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	Where W is the load at the centre, a is the width and b is the depth of the beam and k is a constant.
	

	
	
	

	
	When greater loads or greater spans are required, a steel beam may be used. In order to minimize the amount of steel required the shape of the beam used is as shown in Fig. 52.
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Fig. 51





Fig. 52

	

	
	Sometimes, the loading of the beam is uniform, along its length, as shown in Fig. 53.
	

	
	
Fig. 53

	

	
	Sometimes, with complex loading (fig. 54), the moments of the forces have to be calculated.
	

	
	
Fig. 54
	

	
	(a)
(i)
State two reasons why the structural engineer has to make calculations when 

using a beam to bridge a gap.
	

	
	
1.
The engineer has to calculate to ensure that the beam is strong enough to withstand any forces applied to it.

2.
He has to ensure that there is not too much sag in the beam for a given load.


	

	
	
(ii)
Write down the reason given in the passage for making the steel beam the 

shape shown in Fig. 52.
	

	
	

To minimise the amount of steel required for a given load.


	

	
	
(iii)
The cross-sectional area of the beams shown in Fig. 55 are the same.
	

	
	

Fig. 55


	

	
	
Suggest why, for beams of the same length, one would sag more than the other.
	[5]

	
	
From the equation
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it can be deduced that by having a beam with greater depth b, it will have a lesser sag compared to having a beam with greater width a. Hence C will have a lesser sag.

	

	
	(b)
A wooden beam has width 0.050 m, depth 0.10 m and spans 3.0 m. Calculate the 
maximum load which it can support at its centre for a maximum depression of 0.010 m. 
Take k to be 3.6 x 1010 Pa for this wood.
	[3]
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	(c)
A steel beam, loaded uniformly as in Fig. 56, is allowed to sag by a maximum of 1/360 
of the gap it is spanning. A particular beam is used to carry a load of 33 000 N and to 
span a gap of 4.20 m. A quantity B, known as the bending moment for this loading 
pattern is given by
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and the depression x at the centre is given by
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where c has the value 3.35 x 108 Nm3.
	

	
	Calculate
	

	
	
(i)
the amount xmax by which the beam is allowed to sag,
	

	
	


xsag 
= 1/360 x 4.20





= 0.0117 m (3 s.f.)


	

	
	
(ii)
the bending moment B,
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(iii)
the actual amount x of sag.
	[5]
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	(d)
A beam across a gap is shown in Fig. 56, together with values of the forces acting and 
their distances from X.
	

	
	


Fig. 56


	

	
	
Calculate the total moment of the forces shown about point X.
	[4]

	
	
Total moment 
= (0.50)(10) + (1.3)(6.0) + (2.3)(22) + (3.1)(7.0)





= 85.1 kNm (3 s.f.)


	

	
	(e)
The final check on the suitability of any beam is to ensure that it is strong enough. This 
done, using a table of values, to find the allowable bending stress.
	

	
	
(i)
For the beam in (c), two constants P and Q, without units, are found from the 

dimensions of the beam and the gap it is spanning. For this beam P = 21 and 

Q = 170. Use Fig. 57 to find the allowable bending stress.
	

	
	

By interpolation,
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	Fig. 57
	

	
	
(ii)
The beam is safe to use if
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Use this relationship to determine whether the bean is safe under these 


conditions. Is the beam safe?
	[3]
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= 1.90 x 10-4 m3



< 2.0 x 10-4 m3


The beam is safe
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