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Answer all the questions.

1 (a) (i) Define linear momentum.

(b) The crumple zone of a car is a hollow structure at the front of the car designed to collapse
during a collision. In a laboratory road-test, a car of mass 850kg was driven into a concrete
wall. A video recording of the impact showed that the car, initially travelling at 7.5ms™!, was
brought to rest in 0.28 s when it hit the wall.

28 i

(i) Calculate

1 the deceleration of the car, assuming it to be uniform

deceleration = .........ccoeveeeeeeeeeeeee e ms—2 [1]

2 the average force exerted by the wall on the car.
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(ii) The crumple zone of the car is designed to absorb 0.45MJ of energy before any distortion
of the passenger cabin occurs. For this design of crumple zone, calculate the maximum
speed of the car at impact.

(c) In a different test, another car of mass 850kg is travelling at a speed of 7.5ms™". It makes a
head-on collision with a stationary car of mass 1200kg. Immediately after the impact, both
cars move off together with a common speed v. Calculate this speed.

[Total: 10]
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4

Fig. 2.1 shows a displacement against time graph for an oscillating mass.
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(a) Use Fig. 2.1 to determine, for the oscillations of the mass,

(i) the amplitude and period

(ii) the angular frequency, w.

(b) Mark with a cross (X) on Fig. 2.1, using a different position in each case,
(i) a point where the velocity of the mass is a maximum; label it V
(ii) a point where the acceleration of the mass is zero; label it A

(iii) a point where the potential energy of the mass is a minimum; label it P.

© OCR 2012
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(c) The cone of a loudspeaker oscillates with simple harmonic motion. It vibrates with a frequency
of 2.4kHz and has an amplitude of 1.8 mm.

(i) Calculate the maximum acceleration of the cone.

acceleration = .........cccceeeveeeeeeeeeeeeee e ms— [3]

(ii) The cone experiences a mean damping force of 0.25N. Calculate the average power
needed to be supplied to the cone to keep it oscillating with a constant amplitude.

[Total: 12]
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(@) (i)

(ii)

(iif)

(iv)

(b) (i)

(ii)
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State the name given to satellites that orbit the Earth, with a period of 1 day, above the
equator.

You should use the appropriate technical term spelled correctly.

For companies who provide a satellite TV service, suggest the main advantage of using
this type of satellite.

The mass of the Earth is 6.0 x 102*kg. Show that the radius of the orbit of a satellite with
an orbital period of 1 day is about 4 x 10’ m.

[3]
State Kepler’s third law.

The Moon orbits the Earth with a period of 27.3 days. Use the information given in (a)(iv)
to calculate the following ratio:

distance of the Moon from the Earth’s centre
distance of the satellite from the Earth’s centre

[Total: 9]
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4 (a) State the term used for the energy required to change a solid into a liquid.

/ You should use the appropriate technical term spelled correctly.

(ii)

(c) (i)

(ii)
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There is a change in internal energy when a mass of water at 100°C becomes an equal
mass of vapour at 100°C. Explain why.

The air in a greenhouse has a volume of 15m?, a density of 1.2kgm=2 and a specific
heat capacity of 990Jkg~'K~'. Immediately after sunset, the soil is transferring thermal
energy to the air at an average rate of 12W. Estimate the increase in temperature of the
air in the greenhouse one hour after sunset as a result of this energy transfer from the
soil.

increase in temperature = .........cccceiriiiiiiiiiiiiiiieeeeee e K[3]

Suggest two possible reasons why the actual increase in temperature of the air is likely
to be much lower than this estimate.

[Total: 10]
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5 (a) (i) State whatis meant by a perfectly elastic collision.

(ii) Explain, in terms of the behaviour of molecules, how a gas exerts a pressure on the
walls of its container.

(iii) Explain, in terms of the behaviour of molecules, why the pressure of a gas in a container
of constant volume increases when the temperature of the gas is increased.

(b) A weather balloon is filled with helium gas. Just before take-off the pressure inside the balloon
is 105kPa and its internal volume is 5.0 x 108m3. The temperature inside the balloon is 20°C.

The pressure, volume and temperature of the helium gas change as the balloon rises into the
upper atmosphere.

(i) The balloon expands to a volume of 1.2 x 10*m?3 in the upper atmosphere where the
temperature inside the balloon is —30° C. Calculate the pressure inside the balloon.

PrESSUIE = iiiiiiiiiie e e e et e e e e e eeeee s kPa [3]
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(ii) Suggest why it is necessary to release helium from the balloon as it continues to rise.

[Total: 11]

Question 6 is on page 10.
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(a) The molar mass of hydrogen gas is 2.02 x 10~3kgmol~'. Calculate the mass of a hydrogen
molecule.

(b) The temperature of the Earth’s upper atmosphere is about 1100K. Show that at this
temperature the mean kinetic energy of an air molecule is about 2 x 10720,

[2]

(c) Show that the speed of a helium atom of mass 6.6 x 102" kg at a temperature of 1100K is
about 2.5kms™".

[2]
(d) The escape velocity from the Earth is 11kms~'. The escape velocity is the minimum vertical

velocity a particle must have in order to escape from the Earth’s gravitational field. Explain
why helium atoms still escape from the Earth’s atmosphere.

[Total: 8]

END OF QUESTION PAPER
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