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1
(a)
Explain what is meant by the three terms conduction, convection and radiation when applied to the transfer of thermal energy.

conduction…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

convection…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

radiation……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………






[7]


(b)
A heater filament in a hair drier uses energy at a rate of 1000W. When in normal use the temperature of the heater coil is 900 K. As a result of an air stream being blown past the heater coil, 850W is dissipated by forced convection.


(i)
State how the other 150W is lost from the heater coil when the hair drier is in normal use.



……………………………………………………………………………………………..
[1]

(ii)
Suggest how the heater coil temperature and the amount of forced convection would alter if the air inlet were to become partially blocked. Give reasons for your answers.

…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
[3]
2
(a)
State the two conditions necessary for a body to be in equilibrium.

……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
[2]

(b)
A cylinder of mass 160 kg is at rest on a slope which is at 25o to the horizontal. A rope wrapped round the cylinder prevents it from moving, as shown in Fig.2.1. All the forces acting on the object are shown on Fig.2.1 and in a force diagram, Fig.2.2.
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(i)
Calculate the weight of the cylinder.






weight = ………………………



(ii)
Draw a vector triangle to scale and use it to calculate the value of the tension T in the rope. State the scale you use.






scale: 1 cm represents ……………………….N






tension = ………………………….N






[5]


(c)
The device in (b) is sometimes used for rolling a barrel up a slope out of a cellar. Assuming friction to be negligible, calculate the work done in moving a barrel of mass 160 kg through a distance of 3.0 m up this 25o slope.






work =………………………J [2]
3
(a)
An object travelling at a constant speed in a circular path is said to have a centripetal acceleration. Explain, using a diagram,



(i)
why there is an acceleration even though the speed is constant,



(ii)
the direction of the acceleration.
[4]
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………


(b)
A motorway designer plans to have motorists leaving one motorway and joining another by constructing a circular link road, as shown in Fig. 3.1.
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Fig. 3.1




In order to use as small an area of land as possible, the designer proposes a speed limit of 25 ms-1 for cars on the circular link road.



(i)
Calculate the minimum radius for the circular link road, given that the maximum sideways force between a car and the road is 0.80 W, where W is the weight of a car.






radius = m………………………………[3]


(ii)
Suggest why lorries may have to go at a slower speed than the 25 m s-1 limit for cars.

……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
[2]
4
(a)
The variation with time of the displacement of a body is sinusoidal and is shown in Fig. 4.1. The amplitude of the motion is A.
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(i)
On the lower set of axes on Fig. 4.1, draw a line to show how the acceleration of the body varies with time.
[2]


(ii)
On Fig. 4.2, show how the velocity of the body varies with its displacement.
[3]
[image: image4.png]fevscssaan=

apmmuscsmsnmva

|||||||||||||||||||||||||||||||||||||||||||||||||

A

displacement

—Ab-eameeee-
0

A
0

‘acceleration

+A displacement

velocity A

Fig.4.2





(b)
(i)
Explain what is meant by resonance.

…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………...
[2]


(ii)
A washing machine has a drum which can rotate at high speed. Suggest why a concrete block, fixed in the base of the machine, helps to reduce the possibility of resonance.

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….
[2]
5
Fig.5.1 shows a linear variable resistor of resistance 500 Ω in use as a potential divider to supply a variable potential difference across a circuit.
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(a)
Determine the potential difference across the circuit when the slider is



(i)
at A,






potential difference with slider at A = …………………………..V



(ii) at B.






potential difference with slider at B = …………………………V






[2]


(b)
The circuit has resistance 250 Ω. Calculate the potential difference across the circuit when the slider is half-way between A and B.






potential difference with slider at half-way position = ……………………V [3]

(c)
On Fig. 512, sketch how the potential difference across the circuit varies as the slider is moved from A to B.
[2]
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6
Some plant seeds are very small and can easily become charged by friction.


(a)
Explain what is meant by charging by friction.

……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
[2]

(b)
A small spherical seed is an insulator and has charge +e. The seed is attracted to the skin of an animal as illustrated in Fig. 6.1.
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Fig. 6.1




A charge -e is induced on the skin. The seed has mass 9.0 x 10-14 kg. Calculate the distance x between the positive charge and the skin of the animal, for the force of attraction between the charges to be equal to the weight of the seed.






x = ………………………….m [4]
7
(a)
Describe the phenomenon electromagnetic induction.

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….
[2]

(b)
State Lenz's law and explain how it is directly related to the law of conservation of energy.

……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
[2]

(c)
Electromagnetic induction necessitates that switches designed to turn off a direct current are large and complex. Suggest why this is so.

……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
[3]
8
(a)
Calculate the energy of a photon of ultra-violet radiation of wavelength 250 nm.






energy = ……………….J [2]

(b)
The work function energy of magnesium is 4.5 x 10-19 J.



(i)
Calculate the maximum kinetic energy of photoelectrons from magnesium when illuminated with ultra-violet radiation of wavelength 250 nm.






kinetic energy = ………………….J [2]


(ii)
Suggest why not all photoelectrons have this maximum energy.

…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………...
[1]


(iii)
Suggest how the maximum possible energy of photoelectrons could be determined.

…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………....
[3]
9
In a Swiss railway station, the timetable for trains running between towns is given in the form of a distance-time graph. A modified part of the graph for the times between 0800 hrs and noon is shown in Fig. 9.1. Trains run between town A and town H with six intermediate stations. Use the graph to answer the following questions.


(a)
For complete journeys between A and H shown in Fig. 9.1, identify the trains which do not stop at intermediate stations.



………………………………………………………………………………………………
[1]

(b)
Draw up a
conventional time-table for train U.



Station

H
departure time
……………………….



Station

…………….
arrival time
……………………….







departure time
……………………….



Station

A
arrival time
………………………..
[2]

(c)
Calculate the average speed of train U over its entire journey.






average speed = ……………………….[2]

(d)
(i)
State the two stations between which train U is moving at the maximum speed.




……………………………
………………………………..



(ii)
Calculate the maximum speed.






maximum speed = ……………………km h-1





[3]


(e)
Suggest why all trains from D to E go slowly but trains from E to D go quickly.

…………………………………………………………………………………………………………………………………………………………………………………………………
[1]
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(f)
The altitude of the track alters between A and H.



(i)
Suggest, stating any assumptions you make, which parts of the track are flat and which parts have an upward gradient.

…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….



(ii)
On Fig. 9.2 make a sketch showing your conclusions.
[6]
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(g)
In fact, trains cannot follow the graphs in Fig. 9.1 exactly. State one respect in which the journeys are idealised in relation to



(i)
speed,

…………………………………………………………………………………………………………………………………………………………………………………………



(ii)
acceleration.

…………………………………………………………………………………………………………………………………………………………………………………………






[2]


(h)
Trains are travelling on a single track and can pass one another only in stations. Add a line to Fig. 9.1 for an additional train from A to H.
[3]
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