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Section A

Answer four questions from this section.

1
A cyclist travels down an inclined road without pedalling. The angle that the road makes with the horizontal is 6.8o, as shown in Fig. 1.1.

[image: image1.png]857

Fig. 1.1





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]


(b)
The variation with time t of the velocity v of the cyclist down the slope is illustrated in Fig. 1.2.

[image: image2.png]10

20

Fig. 1.2

40

s






The cyclist reaches a constant velocity after 30s.



(i)
Use Fig. 1.2 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]



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




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





[2]



(iii)
State the magnitude of the total resistive force acting on the cycle and cyclist at time t= 308.
[1]



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

[2]


(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]


(d)
Having descended the slope, the cyclist travels 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.



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

2
(a)
(i)
What is meant by an electric current?



(ii)
Explain why power is required to maintain an electric current in a metallic conductor.
[4]


(b)
Fig. 2.1 illustrates a two-way switch.
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Such a switch enables electrical contact to be made between A and X or between A and Y.



It is required to design a circuit such that a lamp may be switched on or off independently at two different locations. Fig. 2.2 illustrates part of the circuit.
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Copy Fig. 2.2 and complete the circuit diagram using two two-way switches.
[2]


(c)
(i)
A metal of resistivity ρ is used to make an electric cable of cross-sectional area A. Show that the resistance r per unit length of the cable is given by the expression

r = ρ l A



(ii)
Some electrical appliances are used with long cables to connect them to the electrical supply. State and explain two reasons why the connecting cable should have a low value for r.
[6]


(d)
An electrical component Z has the current/voltage (I/V) characteristic shown in Fig. 2.3.
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The component is said to be forward-biased for positive values of voltage and reverse-biased when the voltage is negative.



(i)
Determine the resistance of Z when Z is




1.
forward-biased,




2.
reverse-biased (V= -1.0 V).



(ii)
Comment on the possible values of the resistance of Z when V = -1.3 V



(iii)
The component Z is connected in parallel with a resistor of resistance 50 Ω. A d.c. supply of e.m.f. 1.5 V and negligible internal resistance is connected across the parallel combination, as shown in Fig. 2.4.
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1.
Calculate the current from the supply when the component Z is forward-biased.




2.
State why it would be ill-advised to attempt to reverse the polarity of the supply so that the component Z is reverse-biased.
[8]

3
Fig. 3.1 illustrates an isolated conducting sphere which has been charged positively.
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For points on the surface or outside the sphere, the charge on the sphere behaves as if it were concentrated at the centre.


(a)
Copy Fig. 3.1 and on your diagram draw



(i)
the electric field lines (label these lines E),



(ii)
lines joining points of equal potential (label these lines V).
[4]


(b)
Measurements of the distance x from the centre of the sphere and the corresponding values of the potential V are given in Fig. 3.2.

	x / cm
	V / V

	19
	1.50 x 105

	25
	1.14 x 105

	32
	0.89 x 105

	39
	0.73 x 105

	Fig. 3.2




(i)
Without drawing a graph, use the data to verify that the potential V is inversely proportional to the distance x.



(ii)
The potential at the surface of the sphere is 1.9 x 105 V. Calculate the radius of the sphere.
[4]


(c)
Using your answer to (b)(ii), determine



(i)
the charge on the sphere,



(ii)
the capacitance of the sphere.
[4]


(d)
A source of protons is situated inside a similar positively charged sphere and these protons accelerate to earth along an evacuated tube, as illustrated in Fig. 3.3.
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For a proton accelerated from rest through a potential difference of 1.9 x 1 05 V,



(i)
calculate the change in potential energy,



(ii)
show that its speed is 6.0 x l06 m s-1.
[4] 


(e)
The protons emerge from the evacuated tube into a region of uniform magnetic field of flux density 0.18 T. The region is evacuated and the magnetic field is normal to the direction of motion of the protons.



(i)
Calculate the radius of the path of the protons in the magnetic field.



(ii)
Measurement of this radius can be used as a means of determining the kinetic energy of the protons. State and explain what happens to the radius if the kinetic energy of the protons were to be reduced.
[4]

4
A metal wire of unextended length l and cross-sectional area A is supported at one end from a fixed point and a mass of weight W is attached to its free end, as shown in Fig. 4.1.
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The wire is found to extend by a length e when the weight is attached.


(a)
(i)
Derive expressions, in terms of 1, A, W and e for




1.
the spring constant k of the wire,




2.
the Young modulus E of the material of the wire.



(ii)
Using your answers in (i), show that k is related to E by the expression

kl = EA.



(iii)
Calculate the spring constant for a wire of length 1.5 m, of diameter 1.2 mm, and made of metal having a Young modulus of 1.1 x 1011 Pa.
[7]


(b)
A car is being designed in order to break the world land speed record. One proposal for the wheels is to use metal discs but, at high speeds, the wheels may break up. Each wheel disc, made of metal of density ρ, has radius r and is rotated at angular speed ω about an axis through its centre, as shown in Fig. 4.2.
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The disc breaks up when the ultimate tensile stress σ of the metal is given by

σ = ρ r2 ω2


(i)
Explain what is meant by ultimate tensile stress.
[2]



(ii)
Use base units to check the homogeneity of the equation.
[3]



(iii)
Calculate, for a disc of radius 60 cm, constructed from steel of density 7900 kg m-3 and having an ultimate tensile stress of 5.5 x 108 Pa, the maximum possible values of




1.
the angular speed of the disc,




2.
the linear speed of the car.
[4]



(iv)
Suggest, showing your reasoning, whether discs made of an alloy of density 6900 kg m-3 and ultimate tensile stress 3.5 x 108 Pa would be a better alternative to steel discs.
[4]

5
(a)
(i)
Explain what is meant by the concept of work.



(ii)
Hence derive the equation

Ep = mgh,




for the potential energy change of a mass m moved through a vertical distance h near the Earth's surface.
[4]


(b)
(i)
The pressure p in an ideal gas is given by the expression
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State the meaning of each of the symbols in the equation.



(ii)
Using the equation in (i) and pV = nRT deduce that the internal energy of an ideal gas is given by

internal energy = 
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[7]


(c)
In a certain waterfall, water falls through a vertical distance of 24 m, as illustrated in Fig. 5.1.
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The water is brought to rest at the base of the waterfall. Calculate



(i)
the change in gravitational potential energy of 18 kg of water when it descends the waterfall,



(ii)
the difference in temperature between the top and the bottom of the waterfall if all of the potential energy is converted into thermal energy. The specific heat capacity of water is 4.2 kJ kg-1 K-1.
[3]


(d)
The mass of one mole of water molecules is 0.018 kg.



(i)
Calculate the number of water molecules in 18 kg of water.



(ii)
Assuming that all of the potential energy lost by the water as it descends the waterfall in (c) is converted into random kinetic energy of water molecules, calculate the average increase in kinetic energy of a water molecule.
[3]


(e)
(i)
Use your answer to (d)(ii) and the equation

average change in kinetic energy per molecule = 
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to calculate a value for the quantity ΔT



(ii)
Suggest why your answers to (e)(i) and (c)(ii) are not in agreement.             [3]

6 
A hydrogen lamp is found to produce red light and blue light. The wavelengths of the light are 6.6x 107 m and 4.9x 10-7 m.



(a)
(i)
State which wavelength corresponds to the red light.



(ii)
Explain why light of specific wavelengths is produced in the lamp.



(iii)
Calculate the energy change in an atom associated with the emission of a photon of the red light.
[5]


(b)
The refractive index of glass for the red light is 1.510 and for the blue light, 1.521. Light from the hydrogen lamp is incident at an angle of 30o on a glass-air boundary, as shown in Fig. 6.1.
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Calculate



(i)
the angle of refraction for the red light,



(ii)
the angle of refraction for the blue light,



(iii)
the angle between the red and the blue refracted rays.
[4]


(c)
The light from the hydrogen lamp is now directed normally on to a diffraction grating. The grating has 4.0 x 105 lines per metre.



(i)
Calculate the angle between the red light and the blue light in the first order spectrum.



(ii)
Hence suggest, with a reason, whether refraction at a glass-air surface or the use of a diffraction grating is preferable when studying the visible spectrum.
[5]


(d)
A metal surface has a work function energy of 1.80 eV.



By reference to



(i)
your answer to (a)(iii), determine whether photo-emission of electrons from this surface is possible with red light,



(ii)
the de Broglie equation, suggest whether light incident on the metal surface exerts a pressure on the surface.
[6]

Section B

Answer two questions from this section.

A question is set on each of the seven optional topics, namely,


Option A,

Astrophysics and Cosmology,


Option C,

The Physics of Materials,


Option E,

Electronics,


Option F

The Physics of Fluids,


Option M,

Medical Physics,


Option P

Environmental Physics and


Option T,

Telecommunications.

You should spend approximately 40 minutes answering this section.

Option A

Astrophysics and Cosmology
7
(a)
Define



(i)
the astronomical unit (AU),



(ii)
the parsec (pc).
[2]


(b)
The Hubble constant Ho is given conventionally in the unit of km s-1  Mpc-1.



(i)
Explain why the Hubble constant implies a finite age for the Universe.



(ii)
Show how the unit km s-1 Mpc-1 is converted into an SI base unit.



(iii)
When converted into an SI base unit, a possible numerical value for the Hubble constant is 2 x 10-18. What age, in years, of the Universe does this value imply?





[8]


(c)
The data in Fig. 7.1 refer to the planets Venus, Earth and Neptune.

	planet
	mean distance

from Sun / AU
	diameter / 103 km

	Venus

Earth

Neptune
	0.7

1.0

30
	12

13

50

	Fig. 7.1




Using these data, suggest why, from Earth, Venus appears to be much brighter than Neptune.
[3]


(d)
X-ray observations are used to help confirm the existence of black holes. Suggest, with a reason, a suitable location for an X-ray telescope.
[2]

Option C

The Physics of Materials
8
(a)
(i)
Describe briefly the use of a bubble raft to illustrate simple dislocations.



(ii)
Draw a pattern of bubbles showing a simple dislocation. Mark the position of the dislocation with the letter D.
[4]


(b)
(i)
State what is meant when a material is said to be




1.
strong,




2.
tough.



(ii)
Name a material which is




1.
strong but not tough,




2.
tough but not strong.



(iii)
Describe the molecular structure of the material you have named in (ii)2.





[6]


(c)
Fig. 8.1 represents the cross-section through the tyre of a car.
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When travelling at 100 km h-1, the tyre rotates approximately 14 times per second, and some of the car's power is lost in the tyre. It has been estimated that up to 95% of the power loss is due to hysteresis.



(i)
Suggest two regions of the tyre where hysteresis losses are likely to occur.



(ii)
For each of your answers in (i), state whether, without changing to a different tyre, the hysteresis loss could be reduced significantly and, if so, explain how.





[5]

Option E

Electronics
9
(a)
Fig. 9.1 shows the variation with frequency f of the voltage gain G, without feedback, of an ideal operational amplifier (op-amp).
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The op-amp is used in the amplifier circuit of Fig. 9.2.
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(i)
State




1.
the type of amplifier shown in Fig. 9.2,




2.
what is meant by negative feedback.



(ii)
Calculate




1.
the bandwidth of the amplifier,




2.
the peak output voltage for an input signal of peak value 0.2 V and frequency 1.0 x 105 Hz. 
[7]


(b)
Fig. 9.3 shows a system in which a warning light (LED) is operated by switches S1 and S2.
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(i)
1.
What is the logic state at A when S1 is closed?




2.
Draw and complete Fig. 9.4 for the circuit of Fig. 9.3.

	A
	B
	
	Q

	0
	0
	
	

	0
	1
	
	

	1
	0
	
	

	1
	1
	
	

	Fig. 9.4




(ii)
The circuit of Fig. 9.3 is modified so that inputs A and B are controlled by a thermistor RT and an LDR RL as shown in Fig. 9.5.

[image: image20.png]Fig. 9.5







1.
The logic state at A changes when RT is cooled. State whether RT is hot or cold for logic 1 at A.




2.
The logic state at B changes when RL is put in darkness. State whether RL is in light or darkness for logic 1 at B.




3.
Hence deduce the environmental conditions for the light-emitting diode to be conducting.



(iii)
State how the circuit of Fig. 9.5 may be modified so that the environmental conditions for the light-emitting diode to conduct may be varied.
[8]

Option F

The Physics of Fluids

10
(a)
Fig. 10.1 shows a ship floating in water and, for one angle of roll of the ship, the metacentre is at M.

[image: image21.png]Fig. 10.1






The centre of mass of the ship is at G.



(i)
What is meant by the metacentre?



(ii)
Suggest the effect on the motion of the ship if, for one angle of roll of the ship, the distance between G and M is increased.
[4]


(b)
An ideal fluid of density 790 kg m-3 flows under streamline conditions along a horizontal tube, leaving the tube at a speed of 5.0 cm s-1. At the input end, the area of cross-section of the tube is 1.2 cm2 but this narrows down to 0.5 cm2, as shown in Fig. 10.2.
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(i)
State what is meant by an ideal fluid.



(ii)
Calculate the speed of the fluid as it enters the tube.



(iii)
Using your answer to (ii), calculate the pressure difference in the fluid between the points A and B on Fig. 10.2.



(iv)
State at which point, A or B, the pressure of the fluid is greater, justifying your answer in terms of the principle of conservation of energy.
[7]


(c)
In practice, the fluid in (b) has a viscosity η of 5.4 x 10-4N s m-2.



(i)
Show that the flow of fluid in the tube is streamline.



(ii)
Suggest, with a reason, what happens to the flow conditions in the tube if the flow-rate in the tube is increased by a factor of 10.
[4]

Option M

Medical Physics

11
(a)
Outline the use of ultrasound to obtain diagnostic information about internal structures.
[5]


(b)
Give two advantages and two disadvantages of the use of ultrasound in diagnosis compared to the use of magnetic resonance imaging.
[4]


(c)
(i)
A person with defective vision cannot see clearly objects which are closer than 1.4 m from his eyes. Estimate the power of the lenses required so that the person can read normally.



(ii)
Explain why a swimmer with normal vision cannot see clearly underwater unless goggles are worn.
[6]

Option P

Environmental Physics
12
(a)
(i)
What is meant by the solar constant?



(ii)
The total power from the Sun intercepted by the Earth is 1.8 x 1017 W and the area of the disc over which the power is distributed is 1.3 x 1014 m2, as illustrated in Fig. 12.1.
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Calculate a value for the solar constant.



(iii)
The mean power P incident per unit area on the surface of the Earth varies with latitude θ (see Fig. 12.2).
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At the equator, θ = 0, and the mean power per unit area is Po. Find the relation between P, Po and θ.



(iv)
In reality, some power is absorbed in the atmosphere. State and explain qualitatively how the power absorbed by the atmosphere varies with latitude θ.





[5]


(b)
(i)
Copy and complete Fig. 12.3 to indicate whether valves to the cylinder of a four-stroke petrol engine are open or closed at each stroke of the cycle.

	stroke
	inlet valve
	exhaust valve

	induction
	
	

	compression
	
	

	power
	
	

	exhaust
	
	

	Fig. 12.3




(ii)
Fig. 12.4 is a Sankey diagram to illustrate how power is utilized in a four-stroke engine.
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1.
Suggest two outlets for the 60kW of power.



2.
Calculate the efficiency of the engine.
[5]


(c)
Many trains use electric motors to provide the driving force. In some cases, internal combustion engines on the train are used with generators to provide the electric power (diesel-electric trains). In others, the electric power is provided using overhead cables or electrified track (electric trains).



It has been stated that 'electric trains do not produce pollution whereas diesel-electric trains are dirty'. Comment on this statement.
[5]

Option T

Telecommunications
13
(a)
A radio program is to be received nationwide. It is much cheaper to achieve this using AM transmissions on the LW waveband than using FM transmissions on the VHF waveband.



(i)
Explain, with the aid of diagrams (one in each case), what is meant by



1.
AM transmissions,



2.
FM transmissions.



(ii)
State two reasons why music broadcast on VHF/FM radio generally sounds much better than the same music broadcast on LW/AM radio.



(iii)
Suggest why the LW waveband system would be cheaper than the VHF waveband system.
[7]


(b)
When a signal is transmitted along a cable or an optic fibre, the signal is attenuated.



(i)
What is meant by attenuation?



(ii)
Suggest why attenuation is a more serious problem when transmitting a signal in analogue form than in digital form.
[4]


(c)
Fig. 13.1 illustrates a satellite in geostationary orbit receiving signals from the Earth's surface for television broadcasts. These signals are re-transmitted back to Earth.



(i)
State a typical wavelength for the signal transmitted from Earth to the satellite.



(ii)
Give two reasons why the wavelength of the signal received by the satellite is made to be different from that transmitted back to Earth.



(iii)
Suggest why an aerial, situated near the Equator to receive signals from the satellite, would be inclined at a different angle to the horizontal compared with that for a similar aerial near the North pole.
[4]
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