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1995
1.
(a)
What is meant by a vector quantity?
[2]

(b)
A ball is thrown into the air and, at one instant, it is moving upwards with a speed of 5.0 m/s at an angle to 60o to the vertical.

(i)
Using a scale such that 1.0 cm represents a speed of 1.0 m/s, draw a line, starting at 0 on Fig.  1.1, to represent the velocity of the ball at that instant.
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(ii)
On Fig.  1.1, construct lines to represent the vertical and the horizontal components of the velocity of the ball.  Hence, from your drawing, determine

1.
the vertical component of the velocity,

2.
the horizontal component of the velocity.
[5]

(c)
The ball in (b) rises into the air and then returns to the ground.  Neglecting air resistance, describe qualitatively what happens during this motion to the magnitude of 

(i)
the vertical component of the velocity.

(ii)
the horizontal component of the velocity.
[3]

2.
A particle in a medium is oscillating because of the passage of a transverse wave T1 of intensity I.  Fig.  2.1 shows the variation with time t of the displacement of x of the particle.  The amplitude of the oscillation is A.
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A second, similar transverse wave T2 has the same frequency but the amplitude of the oscillation due to T2 alone is 3A/2.

(a)
Calculate

(i)
the frequency of the waves,

(ii)
the intensity, in terms of I, of the wave T2.
[3]

(b)
State two conditions which are necessary for the waves T1, and T2 to interfere.
[2]

(c)
(i)
What additional condition must be satisfied when the waves interfere if the resultant intensity is to be a minimum?

(ii)
Calculate, in terms of I, this minimum intensity.
[4]

3.
(a)
You have several capacitors, each of capacitance 10 μF.  In each case, draw a diagram to show how you would connect a suitable number of these capacitors in order to obtain a capacitance of 

(i)
5.0 μF,

(ii)
15 μF.
[3]

(b)
A capacitor of capacitance C has charge Q and the potential difference across its plates is V.  The energy W stored in the capacitor is given by


W = ½ Q V.

(i)
Write down an expression for C in terms of Q and V.

(ii)
Hence obtain an expression for W in terms of C and V.
[2]

(c)
A photographic flashgun operates by totally discharging a capacitor through a lamp.  The capacitor is then recharged from a battery, the time constant of the charging circuit being 3.0 s.

The flashgun will function correctly only when the capacitor has been charged so that it stores at least 80% of the energy of the fully charged capacitor.

(i)
To what fraction of the battery voltage must the capacitor be charged if the flashgun is to function correctly?

(ii)
What is the minimum charging time for the capacitor before the flashgun can be used again?

You may wish to use an equation of the form


x = x0 exp(-t/CR)  or  x = x0 (1 - exp(-t/CR)).
[4]

4.
(a)
A long length of aluminium foil ABC is hung over a wooden rod as shown in Fig.  4.1.
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A large current is momentarily passed through the aluminium foil in the direction ABC, and the foil moves.  The foil is not damaged.

(i)
On Fig.  4.1, draw arrows to indicate the directions in which AB and BC move.

(ii)
Explain, in terms of physical principles, why the foil moves in this way.
[5]

(b)
A coil, consisting of many turns of insulated metal wire wrapped around a soft-iron core, is connected in series with a battery, a switch and a lamp, as shown in fig. 4.2.
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(i)
State what happens to the magnitude of the magnetic flux in the coil as the current increases from zero when the switch is closed.

(ii)
Hence explain why an e.m.f. is induced in the coil as the current increases.

(iii)
Hence explain why there is a noticeable delay before the lamp lights up after the switch is closed.

(iv)
State and explain what will happen to the length of the delay if the soft-iron core is replaced by one made of wood.
[6]

5.
A decimal decoder is a circuit which will convert binary numbers into decimal numbers.  One such circuit includes NOT and AND gates as shown in Fig. 5.1. The circuit is used to decode two-bit numbers, where A is the more significant bit.
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(a)
Complete the truth table shown in Fig.  5.2.
[4]

	
A
	
B
	
	
W
	
X
	
Y
	
Z

	0

0

1

1
	0

1

0

1
	
	
	
	
	


Fig. 5.2

(b)
By reference to Fig.  5.2, complete Fig. 5.3,  to show the decimal numbers to which the indicator lamps connected to W, X, Y and Z correspond.
[2]

	Indicator
	Decimal Number

	W

X

Y

Z
	



Fig. 5.3
6.
(a)
Briefly explain the processes of thermal conduction in solids and thermal convection in fluids.
[4]

(b)
For the case of thermal conduction, write down an equation giving the rate of flow of thermal energy q/t in terms of the thermal conductivity λ of the material and other quantities.  Define any other terms which you use.
[2]

(c)
The U-value of a sample of material is defined as the rate of flow of thermal energy per unit area normal to the flow, per unit temperature difference across the sample.

(i)
From this definition, deduce the SI units in which U-value is measured.

(ii)
Write down an equation giving the rate of flow of thermal energy q/t in terms of the U-value U of the material, its area A and the temperature difference ΔT between its faces.

(iii)
Suppose that the U-value U of a sample of material and the thermal conductivity λ of this material were measured under the same ideal conditions. Use your answer to (b) and to (c) (ii) to derive a relation between U and λ.
[3]

7.
In order to investigate the photo-electric effect, a student set up the apparatus illustrated in Fig.  7.1.
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The wavelength of the radiation incident on the metal surface was varied.  For two values of wavelength λ, the stopping voltage Vs required just to prevent electrons reaching the electrode was measured.  The results are shown in Fig 7.2.
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(a)
What is the maximum kinetic energy of a photo-electron emitted from the metal surface by radiation of wavelength 380 nm?
[2]

(b)
Calculate the energy of a photon of wavelength 380 nm.
[2]

(c)
Using your answers to (a) and (b), calculate

(i)
the work function energy of the metal surface,

(ii)
the threshold wavelength.
[3]

(d)
Suggest why it is not possible to deduce the threshold wavelength of this metal directly from fig.  7.2.
[1]

8.
Ultrasonic sound waves (ultrasound) have frequencies outside the audible range of the human ear, that is, greater than about 20 kHz.

As ultrasound passes through a medium, wave energy is absorbed.  The rate at which energy is absorbed by unit mass of the medium is known as dose-rate.  The dose-rate is measured in W kg-1.  The total energy absorbed by unit mass of the medium is known as the absorbed dose.  This is measured in J kg-1 or as in this question, kJ kg-1.

Under certain circumstances, biological cells may be destroyed by ultrasound.  The effect on a group of cells is measured in terms of the survival fraction (SF),
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For any particular absorbed dose, it is found that the survival fraction changes as the dose-rate increases.  Fig 8.1 shows the variation with dose-rate of the survival fraction for samples of cells in a liquid.  The absorbed dose for each sample of cells was 240 kJ kg-1.
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(a)
(i)
Read off from Fig.  8.1 the survival fraction for a dose-rate of 200 W kg-1.

(ii)
Calculate the exposure time for an absorbed dose of 240 kJ kg-1 and at a dose-rate of 200 W kg-1.
[3]

(b)
Survival fraction depends not only on dose-rate but also on absorbed dose. Fig 8.2 shows the variation with dose-rate of log10(SF) for different values of absorbed dose.
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The bold line represents the data given in Fig.  8.1, but with survival fraction plotted on a logarithmic scale.

(i)
Suggest a reason for plotting survival fraction on a logarithmic scale.

(ii)
By reference to Fig.  8.2, complete the table of Fig 8.3, for a dose-rate of 200 W kg-1.

	absorbed dose

/kJ kg-1
	log10(SF)

	50

100

160

240

340

450

560
	


(iii)
Using the relevant value of log10(SF) from Fig.  8.3, calculate the survival fraction for an absorbed dose of 160 kJ kg-1 at a dose-rate of 200 W kg-1.
[5]

(c)
Use your values in the table of Fig 8.3 to plot, on the axes of Fig. 8.4, a graph to show the variation with absorbed dose of log10(SF) for the dose-rate of 200 W kg-1

[3]

(d)
Theory suggests that at a dose-rate of 200 W kg-1, two separate effects may give rise to cell destruction.  According to this theory, one of the effects becomes apparent only at higher absorbed doses.  What evidence is provided for this theory by

(i)
Fig. 8.2,

(ii)
Fig. 8.4?
[3]

(e)
The theory outlined in (d) suggests that the resultant survival fraction (SF)R due to the two independent effects which have survival fractions (SF)1 and (SF)2 is given by the expression


(SF)R = (SF)1 x (SF)2 .

(i)
Give the corresponding expression for log10(SF)R in terms of log10(SF)1 and log10(SF)2.

You may wish to use an equation of the form log10(ab) = log10(a) + log10(b).

(ii)
State how the graph of Fig. 8.4 may be used to determine (SF)R for an absorbed dose of 560 kJ kg-1.

(iii)
Discuss whether it is possible, by reference to your graph of Fig. 8.4, to determine separate values of (SF)1 and (SF)2 for the absorbed dose of 560 kJ kg-1.
[4]
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