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Answer all the questions.

Section A

Fig. 1.1 shows a force-extension graph for an elastic spring.

force/N

extension/m

Fig.  1.1

State what is represented by

(a) the gradient of the line

(b) the shaded area.

t1 l

It is observed that the pressure of a gas increases with rise in temperature when the volume
is constant.

Choose which of the three statements below best explains this observation.

A The particles collide with each other more frequently and at a greater speed.

B The particles collide with the walls of the container more frequently and at greater
speed.

C The particles collide with each other randomly with a greater spread of energies.
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Some television sets use heated metal filaments to produce electrons which are fired at the
screen. The temperature of the filament is about 1200 K.

(a) show that the average energy of a particle at 1200 K is about 2 x 10-20 J.
)  

k = 1 . 4  *  1 9 - 2 3 . 1 6 - 1

It requires an energy Eof 9 x 10-20J to remove an electron from a particular filament.

(b) Calculate the ratio E
average energy of a particle at 1200 K

ratio =

(c) Calculate the Boltzmann factor f for this process.

Boltzmann factor f = ............ .....121

A bicycle tyre contains a volume of 8.0 x 104m3 of gas. The pressure of the gas in the tyre
is 4.5 x 10s Pa. The gas is at a temperature of 293 K.

Assume ideal gas behaviour throughout this question.

(a) Show that the tyre contains about 0.15 mol of gas.
F = 8.31 J mol-l K-l

(b) At the end of a race, the pressure of the gas in the tyre has risen to 4.6 x 105 Pa.

Estimate the temperature of the gas in the tyre at the end of the race.

K t2l
[Turn over2863/01 Jan05
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Fig. 5.1 shows the path of a comet travelling clockwise around the Sun'

path of comet

Fig.5.1

(a) Draw an arrow on the diagram to show the direction of the velocity of the comet.
Labelthis V.

(b) Draw an arrow on the diagram to show the direction of the force acting on the comet.
Labelthis F.

t2l

Fresh garden peas can be tested lor damage by observing how they bounce off a hard
surface.

(a) An undamaged pea of mass m hits the surface with vertical velocity v and bounces off
with equal and opposite velocitY.
Explain why the magnitude of momentum change for this peais 2 mv.

(b) When an undamaged pea bounces off the surface, it experiences a change
momentum of 0.0051 kg m s-1.

Show that the rebound velocity of this pea is about 5 m s-l.

mass of pea = 5.0 x 10-4 kg.

t1 l

of
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(c)
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aFig. 6.1 shows how the force acting on
varies with time during the bounce.

damaged pea and on an undamaged pea

force

damaged pea

time

Fig .6 .1

State the feature of the graph in Fig. 6.1 which shows that the change in momentum of
the damaged pea is less than that of the undamaged pea.

t1 l

7 The image in Fig. 7.1 comes from the COBE satellite. lt shows the differences in the mean.
wavelength of microwave background radiation in different parts of the sky. The differences
are very small.

Fig.7.1

(a) When the radiation was first emitted 300 000 years after the Big Bang during the
so-called era of recombination, it was in the visible region of the spectrum. Explain
why the visible.radiation emitted during the era of recombination is now observed in the
mrcrowave regron.

I2l

(b) State and explain what the COBE data tell scientists about the temperature variation of
the early Universe.

tzl
[Section A Total: 20]
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Section B

In this section, four marks are available for the quality of written communication.

This question is about keeping the water in an outdoor swimming pool at constant
temperature.

A holiday park has an open-air swimming pool of the circular design shown in Fig. 8.1.

r a d i u s R = 1 3 m

not to scale

F ig .8 .1

(a) Show that the mass of water in the pool is about 8.5 x 105 kg.
average depth of water = 1.6 m
density of water = 1000 kg m{

l2l

(b) The water in the pool is heated to 30 "C. In February, the temperature of the water taken
from the supply is 9'C.
Calculate the energy needed to raise the temperature of all the water in the pool from
9 "C to 30'C assuming there are no energy losses.

specific thermal capacity of water = 42OOJkg-1 '6-t

energy required = . . . . . . . . . . . . . . . . . . . . . . . . . .  J [2]

(c) On a particular day in February, a heater running at 90 kW is needed to keep the water
temperature constant at 30'C. The heater is turned off for safety checks.

Show that the initial rate of fall of temperature of the water in the pool is about 0.1 "C per
hour when the heater is turned off.

2863/01 Jan05
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(d) The rate of fallof temperature, A,9lLt, of the water in the pool can be described using the
following equation

L0
Af

= -k(0* - 9.)

For
Examinels

Use

l

where 0* islhe temperature of the water and 0" is the temperature of the surroundings.
Different pools will have different values of the constant k

Use your answer to (c) to calculate the value of k in this case.

Assume 0w = 30"C and 0s = 11 "C when the heater was turned off.

value of k = hourl 1e1

(e) A student makes a simple mathematical model of the situation. The model is
represented in the flow diagram in Fig. 8.2.

Fig.8.2

The model assumes that the rate of cooling is constant for each 24 hour period.

Explain why this model will overestimate the rate of cooling of the pool even if the
surroundings remain at a constant temperature of 11 "C.

(f) Suggest two changes in the conditions of the surroundings that would increase
cooling rate of the water in the pool.

tzl

[Total: 11]

Calculate rate of change
usingff =-qo*-0"1 Multiply # ot 24 hrs

Use this
answer as new
value for 0*

t1 l

the
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Fig .9 .1

The circuit is set up as shown in Fig. 9.1. Switch S is then ope,ne.d. and the capacitor
Oiscnarges through ihe resistor. The vlriation of discharge current l with time f is shown in
Fig.9.2.

This question is about capacitor discharge.

s

10 ko

I  ImA
0.6

20
t/s

Fig.9.2

(a) (i) Explain why the area under the curve represents the initial charge on the capacitor.

(ii) Show that the initial charge on the capacitor is about 3 mC.

(iii) Calculate the value of the capacitance used in the experiment.
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(b) Calculate the energy stored on the capacitor when the switch is closed.

For
Examinet's

Use

I  /mA
0.6

energy stored =

(c) The experiment is repeated. The 10 kO resistor is removed and replaced with a
resistor. No other changes are made to the circuit.

R = 2 0 k O

Fig .9 .3

Use the axes on Fig. 9.4 to sketch the graph of current against time for the new circuit.

Fig.9.4

lTotal: 111

..J [2]

20 ko

t l s
40

t3l
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10 This question is about the orbit and return to Earth of a spacecraft such as the space shuttle.

A space shuttle is orbiting at a height of 4.0 x 105 m above the surface of the Earth.

(a) Calculate the radius of the orbit of the space shuttle.

radius of Earth, F = 6.4 x 106 m

radius of  orbi t  = . . . . . . . . . . . . . . . . . . . . . . . . . . . .m [1]

(b) (i) Show that the gravitational potential energy of the space shuttle in this orbit is
about-O x 1012J.

mass of space shuttle = 9.5 x 104 t<g
mass of Earth, M = 6.0 x 1024kg
G = 6 . 7  x  1 0 - 1 1 N m 2 k g - 2

(ii) Calculate the kinetic energy of the space shuttle in this orbit.

speed of shuttle in orbit =7.7 x 103 ms-l

k inet ic energy = . . . . . . . . . . . . . . " . . . . . .J [2]

(iii) Calculate the total energy ol the space shuttle in this orbit.

total  energy = . . . . . . . . . . . . . . . . . . . . . . . .  J [1 ]

I2l
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(c)

1 1

Explain why the kinetic energy of the space shuttle increases when it drops to a lower
height above the Earth's surface.

l2l

When the space shuttle re-enters the atmosphere, the vehicle is angled so that particles
of the atmosphere collide with a heat shield on the lower side of the shuttle. See
F ig .  10 .1 .

Fig. 10.1

(i) By considering collisions between the molecules of the atmosphere and the heat
shield of the shuttle, explain

. how the atmosphere slows the shuttle down

why the temperature of the heat shield increases.

l3l

(ii) The heat shield at the underside of the space shuttle glows white hot during
descent through the atmosphere. This suggests that the photonq radiating from the
surface of the heat shield have energies of the order of 1 x 10-1sJ.
Estimate the temp-erature of the surface of the heat shield during descent.

k = 1 . 4  Y  1 9 - 2 3 3 6 - 1

(d)

temperature =

2863Y01 Jan05
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