Paper 3 (1991) - 5


1991

Section A

Answer four questions from this section.

1
(a)
Define acceleration.  An object is thrown vertically upwards from the surface of the Earth.  Air resistance can be neglected.  Sketch labelled graphs on the same axes to show how (i) the velocity, (ii) the acceleration of the object vary with time.  Mark on the graphs the time at which the object reaches maximum height and the time at which it returns to its original position.
[6]

(b)
Modern gravity meters can measure g, the acceleration of free fall, to a high degree of accuracy.  The principle on which they work is of measuring t, the time of fall of an object through a known distance h in a vacuum.  Assuming that the object starts from rest, deduce the relation between g, t and h.
[2]

(c)
State Newton's law of gravitation relating the force F between two point objects of masses m and M, their separation r and the gravitational constant G.
[2]
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(d)
Fig. 1.1  shows a standard kilogram mass at the surface of the Earth and a spherical region S of radius 2000 m with its centre 4000 m from the surface of the Earth.  The density of the rock in this region is 2800 kg m-3.  What force does the matter in region S exert on the standard mass?
[3]

(e)
If region S consisted of oil of density 900 kgm-3 instead of rock, what difference would there be in the force on the standard mass?
[3]

(f)
Suggest how gravity meters may be used in oil prospecting.  Find the uncertainty within which the acceleration of free fall needs to be measured if the meters are to detect the (rather large) quantity of oil stated in (e).
[4]

2
(a)
Explain, using diagrams where necessary, the meaning of the terms displacement, amplitude, frequency, wavelength and period of a transverse wave.
[5]

(b)
Deduce the relationship between the wavelength, the period and the speed of a wave. 


[2]

(c)
Fig. 2.1 is a full-scale diagram showing the rest positions and the actual positions of a series of particles through which a sinusoidal longitudinal wave is passing.
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Describe the movement of a single particle.  Describe how the compressions and rarefactions move.  Measure the wavelength from the diagram.
[3]

(d)
Describe an experiment which you could do with either sound waves or microwaves to demonstrate interference.  Explain how you could use the experiment to find a value for the wavelength of the waves.
[6]

(e)
Why would an experiment using two separate sources of light not show interference?  How could you modify the experiment in order to show interference of light?
[4]

3.
(a)
Define

(i)potential difference and the volt;

(ii) resistance and the ohm.
[4]

(b)
Two resistors having resistances of 1.8 kΩ and 4.7 kΩ are connected in series with a battery of e.m.f. 12 V and negligible internal resistance as shown in Fig. 3.1.
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(i) What is meant by the expression an e.m.f. of 12 V?
[2]

(ii) What is the potential difference across each of the resistors?
[3]

(c)
When a particular voltmeter of fixed resistance R, which is known to be accurately calibrated, is placed across the 1.8 k  resistor in Fig. 3.1 it reads 2.95 V.  When placed across the 4.7 k  resistor it reads 7.70 V.

(i)
Why do these two readings not add up to 12 V?
[3]

(ii)
Calculate the resistance R of the voltmeter.
[4]

(d)
A second, identical, voltmeter is used so that a voltmeter is placed across each resistor.  What will each voltmeter read?
[4]

4.
(a)
1.00 kg of water contains 3.34 x1025 molecules.

(i)
The density of water at 0C and standard atmospheric pressure is 1000 kg m-3.  What volume is occupied, on average, by one water molecule?
[3]

(ii)
The density of steam at 100C and standard atmospheric pressure is 0.598 kg m-3.  Find the volume occupied, on average, by a molecule in steam at 100C and standard atmospheric pressure.
[2]

(iii)
Estimate, from your answers to (i) and (ii), the ratio of the separation of neighbouring molecules in steam to their separation in water.
[2]

(iv)
Describe and explain two differences in the microscopic properties of water at 0 and steam at 100C apart from the change in the separation of the molecules.


[4]

(b)
Derive the equation Δp = ρgΔh for the change in pressure  Δp caused by a change in the depth Δh in a liquid of density ρ.
[2]

(c)
(i)
A perpetual motion machine would be able to produce a continuous output of work with no energy input.  State the physical principle which makes this impossible.


[2]

(ii)
Fig. 4.1 shows one suggestion put forward as a perpetual motion machine.  The ball in position A would fall off the top of the water doing work on the pulley belt.  At B it would move sideways doing no work and enter the bottom of the tank by a valve system which would prevent water from escaping.  It would then float to the top ready to start again.
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Explain why this system will not behave as a perpetual motion machine.
[5]

5.
(a)
Explain what is meant by the terms internal energy and molar heat capacity.
[3]

(b)
Explain why the molar heat capacity of a gas at constant pressure is different from the molar heat capacity at constant volume.  Which of these is the larger?  Explain your answer.
[4]

(c)
What additional fact may be stated about the internal energy of a gas if the gas is ideal?


[1]

(d)
(i)
A quantity of 0.200 mol of air enters a diesel engine at a pressure of 1.04 x 105 Pa and at a temperature of 297 K.  Assuming that air behaves as an ideal gas find the volume of this quantity of air.
[2]

(ii)
The air is then compressed to one twentieth of this volume, the pressure having risen to ø.89 x 106 Pa.  Find the new temperature.
[2]

(iii)
Heating of the air then takes place by burning a small quantity of fuel in it to supply 6150 J.  This is done at a constant pressure of 6.89 x 106 Pa as the volume of air increases and the temperature rises to 20 40 K.

Find

(1)
the molar heat capacity of air at constant pressure,

(2) the volume of air after burning the fuel,

(3) the work done by the air during this expansion,

(4) the change in the internal energy of the air during this expansion.
[8]

6.
(a)
Naturally occurring radioactivity results in the emission of three types of ionising radiation- alpha, beta and gamma.  Distinguish between the three types in terms of their relative charges, masses and speeds.
[6]

(b)
In the early years of this century Mme Curie drew an illustration similar to Fig. 6.1 which indicated how the three radiations travelled in air in a uniform magnetic field.   The illustration and Fig. 6.1 were not drawn to scale.
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(i)
Identify the radiations X, Y, and Z.

(ii)
What is shown by the fact that the lines for X all have approximately the same length?

(iii)
What is shown by the fact that the lines for Z have different curvatures?

(iv)
In what direction does the magnetic field exist?
[5]

(c)
One particle of radiation Z has a mass of 9.1 x 10-31 kg, a velocity of 4.8 x 107 ms-1 and a charge of - 1.60 x 10-19 C.  Find the radius of curvature of its circular path in a uniform magnetic field of flux density 0.32 T.
[4]

(d)
By reference to information you have given in (a) estimate the radius of curvature of the path of a particle of radiation X in this magnetic field.
[3]

(e)
Give two reasons why it is difficult, if not impossible, to take a photograph which is like Fig. 6.1.
[2]


Section B

Answer two questions from this section.


Option C

Communications
10.
(a)
What is meant by the terms inductance and reactance?
[2]

(b)
Sketch a graph to show how the reactance X of an inductor varies with frequency f.


[2]

(c)
A variable frequency power supply has a fixed output potential difference of amplitude 20 V.  It is connected in series with a resistor and another component, B.  The current through the components varies with frequency in the way shown in the graph, Fig. 10.1.
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(i)
Identify component B.
[1]

(ii)
Calculate the resistance of the resistor.
[3]

(iii)
The reactance of B at a frequency of 1000 Hz is 6.9 kΩ.

Deduce the value of the electrical quantity for B.
[3]

(iv)
For each of the two components, the resistor and B, draw a labelled sketch to illustrate the phase relationship between current and potential difference.
[4]

11.
Write an article on the practical propagation of radio waves.  Your article should include reference to the principle of operation of a transmitting and receiving aerial, to the difficulties associated with the curvature of the Earth and to the use and position of communications satellites.
[15]

12.
The graphs, Fig. 12.1, show an analogue signal from a microphone and the same signal after storage in digital form and processing when ready to be used by a loud speaker.
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(a)
Deduce from the graphs

(i)
the fundamental frequency of the signal,

(ii)
another frequency present in the signal,

(iii)
the sampling frequency of the analogue to digital converter.
[4]

(b)
In digital form the signal is put into a series of 4-bit binary numbers with the most significant bit first.  State the first six of these numbers, as shown by the graph.
[3]

(c)
Discuss the advantages and disadvantages of using digital signals rather than analogue ones.  In your answer give the reasons why a high sampling frequency and a high bit number are desirable.
[5]

(d)
The time taken for an analogue signal to be converted into a digitised signal is usually very much shorter than the time for each sample to be taken.  Outline the advantage taken of this in transmitting digital signals.
[3]
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