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Section A

Answer any four questions from this section.

1.
(a)
What is meant by angular velocity.
[2]

(b)
A stone is tied to one end of a cork and then made to rotate in a horizontal circle about a point C with the cord horizontal, as shown in Fig. 1.1.
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The stone has speed v and angular velocity ω about C.

(i)
Write down a relation between the speed v, the length r of the cord and the angular velocity ω.

(ii)
Explain how v can be made to vary when ω is constant.

(iii)
Explain why there needs to be a tension in the cord to maintain the circular motion.

(iv)
Write down an expression for the acceleration of the stone in terms of v and r. Hence, if the stone has mass m, show that the tension in the cord is given by


T = mvω
[8]

(c)
On one particular ride in an amusement park, passengers ‘loop-the-loop’ in a vertical circle, as illustrated in Fig. 1.2.
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The loop has a radius of 7.0 m and a passenger, mass 60 kg, is travelling at 12 ms-1 when at the highest point of the loop. Assume that frictional forces may be neglected.

(i)
Calculate, for the passenger when at the highest point,

(1)
the centripetal acceleration,

(2)
the force the seat exerts on the passenger.

(ii)
The passenger now moves round and descends to the bottom of the loop. Calculate

(1)
the change in potential energy of the passenger in moving from the top of the loop to the bottom,

(2)
the speed of the passenger on leaving the loop.

(iii)
Operators of this ride must ensure that the speed at which the passengers enter the loop is above a certain minimum value. Suggest a reason for this.
[10]

2.
(a)
Define capacitance and the farad.

(b)
In the circuit of Fig. 2.1, the capacitor has capacitance C and the resistor has resistance 20 kΩ. The milliammeter has negligible resistance.
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The switch S enables the capacitor to be charged by the battery and then discharged through the resistor. The variation of the current i in the resistor with time t during discharge is shown in Fig. 2.2.

(i)
Read from the graph the current i in the resistor at the following times:

(1)
t = 10.0 s,

(2)
t = 30.0 s.

(ii)
Hence calculate the potential difference across the capacitor at each of the times listed in (b)(i).

(iii)
Using your readings in (b)(i), or otherwise, estimate the charge which has flowed from the capacitor between the times t = 10.0 s and t = 30.0 s.

(iv)
Hence, estimate the capacitance of the capacitor.
[10]

(c)
Describe how you would use the graph of Fig. 2.2 to show that the current in the resistor during the discharge of the capacitor follows an equation of the form


x = x0exp(-t/CR)
[3]

(d)
(i)
Use the values of the resistance and the capacitance to calculate the time constant τ for the discharge of the capacitor.

(ii)
Hence calculate the current in the resistor at time t = 2τ.
[2]

(e)
(i)
Read from Fig. 2.2 the time at which the current i is 0.74 mA.

(ii)
Comment on your answers to (d)(i) and (e)(i)
[3]
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3.
(a)
A long bar magnet hangs from one end of a spring, as shown in Fig. 3.1
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The magnet is displaced vertically downwards and then released. The subsequent vertical displacement x is found to vary with time t as shown in Fig. 3.2.
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(i)
State two times, apart from t = 0, at which the magnet is stationary.

(ii)
State two times at which the magnet is moving vertically upwards with maximum speed.

(iii)
State two times at which the magnet is moving vertically downwards with maximum speed.
[3]

(b)
The north pole of the magnet is now placed inside a coil of wire, as shown in Fig. 3.3.
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The terminals of the coil are connected to the Y-plates of a cathode-ray oscilloscope (c.r.o.) which may be assumed to have infinite resistance.

(i)
Sketch a graph to show how the induced e.m.f. in the coil will vary with time t when the magnet oscillates in the coil. Mark relevant times (for example, t1, t2, t3) on the t-axis of your graph.

(ii)
Use the laws of electromagnetic induction to explain the shape of your graph.
[7]

(c)
A high resistance resistor is now connected in parallel with the c.r.o. between the points A and B (see Fig. 3.3).

(i)
Draw a second graph to show how the e.m.f. will vary with time t.

(ii)
Explain, in terms of the principle of conservation of energy , why this graph is different from your first graph.

(iii)
Describe, with the aid of a sketch graph, the changes which would occur in the shape of the graph in (c)(i) if the resistance of the resistor has been reduced to a very low value.
[10]

4.
(a)
Describe, with the aid of a labelled diagram, the basic structure of a cathode-ray tube in a cathode-ray-oscilloscope (c.r.o.).

(b)
In one type of c.r.o., the electrostatic deflection system consists of two parallel metal plates, each of length 2.0 cm, with a separation of 0.50 cm, as shown in Fig. 4.1.
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The centre of the plates is situated 15 cm from a screen. A potential difference of 80 V between the plates provides a uniform electric field in the region between the plates. Electrons of speed 3.1 x 107 ms-1 enter this region at right angles to the field. Calculate

(i)
the time taken for an electron to pass between the plates,

(ii)
the electric field strength between the plates,

(iii)
the force on an electron due to the electric field,

(iv)
 the acceleration of the electron along the direction of the electric field,

(v)
the speed of the electron at right angles to its original direction of motion as it leaves the region between the plates.
[9]

(c)
Hence, by considering your answer to (b)(v) and the original speed of the electron, estimate the deflection of the electron beam on the screen.
[2]

(d)
(i)
Figure 4.2 represents the front of the screen of the c.r.o.
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Copy Fig. 4.2 on to your paper and mark on your diagram the position of the deflected beam of electrons.

(ii)
Draw similar sketch diagrams to show the trace on the screen if the p.d. across the plates is

(1)
varying sinusoidally with r.m.s. value 80 V,

(2)
a half-wave rectified sinusoidal voltage of r.m.s. value 80 V.

[5]

5.
(a)
The wavelength of the monochromatic light from a lamp is to be determined by means of a double-slit interference experiment.

(i)
Outline the experiment. State what measurements are taken and explain how these measurements are used to calculate the wavelength.

(ii)
Give approximate values for the separation of the two slits and the width of one of these slits.

(iii)
Explain briefly the parts played by diffraction and by interference in the production of the observed fringes.
[10]

(b)
(i)
State what is meant by the photoelectric effect.

(ii)
Give three of the experimental observations associated with this effect.
[5]

(c)
(i)
A lamp is placed above a metal surface which contains atoms of radius 2.0 x 10-10 m. Each electron in the metal requires a minimum energy of 3.2 x 10-19 J before it can be emitted from the metal surface, and it may be assumed that the electron can collect energy from a circular area which has a radius equal to that of the atom. The lamp provides energy at a rate of 0.40 W m-2 at the metal surface.

Estimate, on the basis of wave theory the time required for an electron to collect sufficient energy for it to be emitted from the metal.

(iii)
Comment on your answer to (c)(i).
[5]

6.
(a)
Explain how a physical property of a substance which varies with temperature may be used for the measurement of temperature.
[2]

(b)
(i)
Describe the principal features of one type of liquid-in-glass thermometer.

(ii)
Discuss the relative advantages and disadvantages of a liquid-in-glass thermometer and a resistance thermometer which may be used in the same temperature range.
[7]

(c)
A resistance thermometer is placed in a bath of liquid at 0oC and its resistance is found to be 3740Ω. At 100oC, its resistance is 210Ω. The bath is now cooled until the resistance of the thermometer is 940Ω.

(i)
What is the temperature of the bath, as measured using the resistance thermometer?

(ii)
The reading taken at the same time on a mercury-in-glass thermometer placed in the bath is 40oC. Suggest a reason for the difference between this and the value calculated in (c)(i)
[3]

(d)
(i)
What do you understand by the absolute (thermodynamic) scale of temperature?

(i)
The pressure P of an ideal gas of density ρ is related to the mean square speed <c2> of sits molecules by the expression


P = _ ρ <c2>.

Deduce an expression for the thermodynamic temperature T of the gas in terms of the mean kinetic energy <Ek> of a molecule at that temperature.
[5]

(e)
Explain, in terms of the energies of atoms, conditions under which it is possible to increase the total energy of the atoms of a substance without any change of temperature of that substance.
[3]


Section B

Answer two questions from this section.


Option C

Communications
10
(a)
Write brief notes comparing a resistor and an inductor as circuit components.
[3]

(b)
An inductor of inductance 5.0 mH is connected in series with a capacitor of capacitance 20 μF and a variable frequency sinusoidal supply, as shown in Fig. 10.1.
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(i)
When the frequency of the supply is 250 Hz, the r.m.s. current in the circuit is 230 mA. 

Calculate

(1)
the reactance of the inductor,

(2)
the r.m.s. p.d. across the inductor,

(3)
the r.m.s. p.d. across the capacitor.
[5]

(ii)
By reference to the current in the inductor and in the capacitor, state the phase of the p.d. across 

(1)
the inductor,

(2)
the capacitor.

Hence, using the values of p.d. calculated in (i), calculate the r.m.s. p.d. across the supply.
[4]

(iii)
The frequency of the supply is now increased until the current in the circuit is a maximum. The supply voltage remains constant.

(1)
At what frequency will this maximum current occur?

(2)
What, in practice, will limit the size of this maximum current?
[3]

11.
A sinusoidal signal frequency 1.0 kHz and amplitude 0.50 V is to be transmitted by means of a carrier wave of frequency 100 MHz and amplitude 50 V. The carrier wave is to be either amplitude modulated (AM) of frequency modulated (FM).

(a)
What do you understand by a carrier wave?
[2]

(b)
Describe, giving numerical values where possible, the form of the carrier wave when it is 

(i)
amplitude modulated,

(ii)
frequency modulated, the variation of the carrier wave frequency being at a rate of 8.0 kHz per volt of the modulating wave.
[8]

(c)
(i)
By reference to an amplitude modulated wave, explain what is meant by bandwidth.

(ii)
Explain the implications of bandwidth for radio reception
[5]

12.
(a)
What is meant by a digital signal?
[2]

(b)
The variation in light output from an optical fibre is sampled every millisecond and this output is converted into a 4-bit number, the most significant bit coming first. A series of consecutive 4-bit numbers is given below:

0001
0010
0100

0110

1010

1100

1010

0110

0010

0001
0001
0010
0110

(i)
Plot a graph showing the variation with time of the output.

(ii)
Estimate the frequency at which the pulses of light are being transmitted along the fibre.
[8]

(c)
An optical fibre transmission system consists of a transmitter, an optical fibre of length 30 km and a receiver. The minimum detectable power leaving the fibre and entering the receiver is 1.0 x 10-8 W.

(i)
Calculate the minimum power entering the fibre from the transmitter, given that the power P is related to the distance x along the fibre by the expression
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where P0 and a are constants and the value of a is 0.15 km-1.

(ii)
List two possible sources of power loss associated with an optical fibre.
[5]

Option M

Medical Physics
13.
(a)
Describe the mechanisms by which radiation causes damage to the cells of living matter. Hence explain the probable effects on a cell of such damage.
[7]


(b)
On the basis of your account in (a), explain why the extent of radiation damage depends on


(i)
the type of radiation to which the cells are exposed,


(ii)
the total dose of radiation,


(iii)
the dose rate of radiation
[8]

14.
A student complains that he is not able to see clearly any object unless it is more than 75cm from his eyes. The normal near point is taken as being 25cm from the eye.


(a)
(i)
Name the student's eye defect.



(ii)
State what is meant by the near point of the eye.
[2]


(b)
(i)
Copy Fig. 14.1 on to your answer sheet.
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On this, draw a ray diagram to illustrate the paths of two rays of light from a point object at the normal near point, showing how they would reach the retina of the student's eye.


(ii)
Draw a second ray diagram to show how a lens may be used to correct the defect for an object set at 25cm from the eye.


(iii)
Calculate the power of this correcting lens.
[9]


(c)
Some animals are able to change the curvature of the cornea so that they are able to see clearly both in air and in water. Explain why a change in curvature is necessary.
[4]

15.
(a)
(i)
What do you understand by basal metabolic rate (BMR)?



(ii)
Why is the BMR of a child greater than that of an adult?
[3]


(b)
A flight of stairs consists of 60 steps, each of height 20cm. A man of mass 80 kg claims to be able to run up the steps in 5.5s. Make suitable calculations so that you can decide whether the claim is justified.
[5]


(c)
When climbing the steps in (b), the body muscles are able to work with an efficiency of 17%.



(i)
Calculate the amount of energy wasted.



(ii)
Given that the specific latent heat of vaporisation of sweat is 2400 kJ kg-11 what mass of sweat must evaporate in order to dissipate this waste energy?
[4]


(d)
Discuss why, in practice, the mass of sweat excreted is likely to differ from that calculated in (c)(ii).
[3]
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