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Attempt as many questions as you can.
Wkite your answers on this question paper.
Marks allocated for each question are shown in brackets on the right.
You may use any calculator.
You may use any public examination formula booklet.

Allow no more than 10 minutes for section A.




Section A: Multiple Choice

Circlethe correct answer to each question. Write your answersin the table at the end of the
multiple choice questions on page 3.

Each question isworth 1 mark. Thereis only one correct answer to each question.

1. A steel ball bearing is dropped onto a concreterfend rebounds to 80% of its initial
height. The percentage of the kinetic energy loshe collision is.

A. 80% B. 64% C. 36% D. 20%

2. An air molecule of mass 5.0 x ¥bkg and moving with a speed of 50GTrhas a
kinetic energy of about

(e=1.6x13°C)

A. 1leV B. 0.4 eV C. 40 meV D. 4 meV

3. The Moon takes 2 minutes to sink below the horiabtine equator when observed at
night (about the same time as the Sun takes tols#tg radius of the Earth is460
km and the radius of the Moon iFA0 km, what is the angular size of the Earth when
observed from the Moon?

A. 3.8 B. 35 C. 1.9 D. 0.3

4. A bubble is made from a soap film of uniform thieks enclosing a spherical volume
of air. If the diameter of the bubble is trebldtk thickness of the soap film, t, will
become

A. t127 B. t/9 C. t/4 D. t/3



5. The radius of the Sun is 6.9 x*1m and that of the Earth i#60 km.
Approximately how many rigid earth spheres coulditbed into the interior of the
sun?

A. 100 B. 1200 C. 100 D. 10

6. Anincompressible liquid flows through a pipe whidds a section with a narrower
bore. What is the speed of the liquid and the veluate of flow in the narrow section
compared to the wider section of the pipe?

I \ ,
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Speed of flow / ra* Volume rate of flow / is*

A Slower Same
B Faster Less
C Faster Same
D Slower More

7. In the circuit shown below, the power converte®jinis 1 W. The value of Ris R,
that of Ry is 2R and B is 2R. How much power is supplied by the cell?
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8. The neutral point between the Earth and the Modhagoint where the gravitational
pull of the Moon is equal to the gravitational pofithe Earth. If the energy a 1000 kg
spacecraft needs in order to reach the neutrat froim the Earth is 6.0 x 10J and
to reach the neutral point from the Moon is 0.ZB)¥ J, what is the minimum energy
needed to send a 1 kg rock from the Moon to théhRar

A. 0.25x16J B. 575x10J C. 6.0x10J D. 6.25x 10J
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Section B: Written Answers

Question 9.

The intensity of radiation received at the Eartinfrthe Sun is about 1.4 k. The faintest
stars in the Milky Way Galaxy have intensity at &zeth of about I8 of the solar intensity.
At what distance away should a 100 W bulb be placenider to produce the same intensity
as the faintest stars?

[4]
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Question 10.

a) A column of fluid of density and cross sectional ar@afills a measuring cylinder to
a depthh, as shown in figure 1. Show that the pressRra, the bottom is given by the

expressiorP = pgh.

[2]

/

Figure 1. Measuring cylinder filled with liquid to a height, h.

b) Explain why this formula is inapplicable to detenmnig the height of the earth's
atmosphere if the pressure at ground level is known

[2]




A simple hydraulic system is represented by twoewgpes connected together by a narrow
bore tube, with the system containing an incomjipesgquid, water.

Resting on top of the water are two steel disanadses 2.00 kg and 1.00 kg, which provide a
seal, but have negligible friction with the pipéhe cross sectional areas of the pipes are in
the ratio of 2:1, as shown in figure 2.

2 kg disc in a tube of
cross sectional area
2A

1 kg disc in a tube
of cross sectional
are: A

Figure 2. Water filled pipeswith 2 kg and 1 kg masses providing the seals.

c) If the discs have the initial positions shown gufie 2, in which they are level, explain
what determines these positions, since the wemtbe two sides are clearly quite
different.

[2]

d) If the 1 kg disc on the right hand side is pushegrdthe tube a little way, explain
what would happen when it is released. Would itaiemvhere it is, would it rise or
would it continue to sink?

[2]




e) If a small tube was connected as shown in figuredild the discs remain in their
initial positions? Explain your answer.

[2]

Figure 3. Small boretube connecting the pipesat different heights.

f) Returning to figure 2, the left hand disc is noplaged by a 1.00 kg steel disc of
thicknessx, so that the two steel discs on each side argualenass. If the water
level height difference becomes stable at 50.0caiculatex, the thickness of the left
hand steel disc.

density of steel is 7.8 g ¢in
density of water is 1.0 g ¢in

[4]

g) Hence calculate the cross sectional area of théadefd pipe.

[2]
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Question 11.
The Earth was formed as a molten body at a temyerat about 4000 K. It has cooled down
since its formation and the surface is now at goezature of 300 K.

a) State, with a brief reason for your answer, thegsses by which heat is transferred
from deep within the Earth to the surface.

[2]

b) Similarly, state and justify which processes transieat away from the surface of the
earth into space.

[2]

A formula for the rate of cooling of a hot spheas e derived and it depends on the surface
temperature] of the sphere, the area of the surfa#gehe nature of the material making up
the sphere and the nature of the surface. LordiKelpplied this idea to the cooling of the
Earth.

The cooling time is given by the formula

Nk (1 1
teoot = T_fg_F

l

whereT; is the initial temperature of the hot earth dhdis the final temperature of the Earth

(taken to be 300 K at the present tim¢)s the number of atoms in the sphetgs and o are
constants whose values are:

6=5.67x1F0Wm?K*
k=1.38x 17 JK?*
surface area of the earth=5.1 x 16*m?

In order to calculate the time taken for the etsthool, we should know the initial and final
temperatures.



c) The initial temperature of the earth was at |easttémperature of molten rock.
(1) Explain why the exact value is of little importarfoe the calculation oft.;.

(i) Write down an approximate version of the formulackidoes not include the
initial temperature.

[2]

(i)  CalculateN, the number of atoms making up the earth, givertypical mass
of an atom is 6 x I8 kg, the radius of the Earth i€60 km, and the average
density of the earth is 5500 kg’m

[2]

iv Calculatet and express your answer in years.
cool

[2]

v) Comment on the numerical answer you have obtained.

[1]
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Question 12.

A rigid rod, of length 4 and of negligible mass, has two massemnd 2n attached at
positionst and 4 respectively, measured from the right hand enti®fod, as shown in
figure 4.

2m m
o °
«— 33—« >

Figure4. Horizontal rod with masses 2m and m attached.

a) Calculate the distance, of the centre of mass of the rod from the rigintdhend.

[2]

b) The rod is released from rest in the horizontaltfmos
(1) Describe the motion of the rod as it falls.

(i) Calculate the speed of the centre of mass of tthevieen it has fallen through
a heightx. (Work in symbols and do not substitute dr

[3]

The rod is now attached to a hinged support atigint hand end, so that it will swing
down like a pendulum when released, as shown urdi§.

hinged
support

Figure5. Light pendulum rod with the two masses attached.



c) The rod is released from rest in the horizontaltfmys When the centre of mass has
fallen by the distance, the rod will be vertical. Since the centre of sihas fallen
through the same distance as in (b), explain whwllitnhot have the same speed as
calculated in part (b).

[2]

d) Calculate the speed of the centre of mass wherothbas swung to a vertical
position.
Hint: express the speed of each falling mass asrw wherew is the angular
velocity of the rod (change of angle over time) amslthe distance from the pivot.
The masses will have the same valueptvhich can be obtained.

[4]
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