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PHYSICS

For this paper you must have:

e Ruler
e Pencil and Rubber
e Scientific calculator, which you are expected to use when appropriate

Instructions

e Answer all questions
e Answer questions in the space provided
e All working must be shown

Information
e The marks for the questions are shown in brackets
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(@) Lead has a specific heat capacity of 130 J kg™! K.

Explain what is meant by this statement.

1)

(b) Lead of mass 0.75 kg is heated from 21 °C to its melting point and continues to be heated
until it has all melted.

Calculate how much energy is supplied to the lead.
Give your answer to an appropriate number of significant figures.

melting point of lead = 327.5 °C
specific latent heat of fusion of lead = 23 000 J kg™’

energy supplied J

3
(Total 4 marks)
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(@)

(b)

The concept of an absolute zero of temperature may be explained by reference to the
behaviour of a gas.

Discuss one experiment that can be performed using a gas which would enable you to
explain absolute zero and determine its value.

It is not necessary to give full details of the apparatus. Your answer should:

include the quantities that are kept constant

identify the measurements to be taken

explain how the results may be used to find absolute zero
justify why the value obtained is absolute zero.

The quality of your written communication will be assessed in your answer.

() State two assumptions about the movement of molecules that are used when
deriving the equation of state, pV = % N m (C,,0? for an ideal gas.

1.
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(i)  Three molecules move at the speeds shown in the table below.

molecule speed / m s™1
1 2000
2 3000
3 7000

Calculate their mean square speed.

mean square speed

(c) The average molecular kinetic energy of an ideal gas is 6.6 x 10721 J.

Calculate the temperature of the gas.

temperature

m?2 s—2

(1)
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(Total 11 marks)

Page 4 of 23



(@) Define the Avogadro constant.

1)

(b) () Calculate the mean kinetic energy of krypton atoms in a sample of gas at a
temperature of 22 °C.

mean kinetic energy J

)

(i) Calculate the mean-square speed, (C,,0)?, of krypton atoms in a sample of gas at a
temperature of 22 °C.
State an appropriate unit for your answer.

mass of 1 mole of krypton = 0.084 Kg

mean-square speed unit

3)

(c) A sample of gas consists of a mixture of krypton and argon atoms.
The mass of a krypton atom is greater than that of an argon atom.
State and explain how the mean-square speed of krypton atoms in the gas compares with
that of the argon atoms at the same temperature.

2
(Total 7 marks)
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(@) Define the specific latent heat of vaporisation of water.

()
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(b)  Aninsulated copper can of mass 20 g contains 50 g of water both at a temperature of
84 °C. A block of copper of mass 47 g at a temperature of 990 °C is lowered into the water

as shown in the figure below. As a result, the temperature of the can and its contents
reaches 100 °C and some of the water turns to steam.

specific heat capacity of copper = 390 Jkg™* K1
specific heat capacity of water = 4200 Jkg™ K=
specific latent heat of vaporisation of water = 2.3 x 10% Jkg™

47 g copper at 990 °C

N

steam
20g copper at 84 °C \
50 g water at 84 °C
Before placement After placement

(i)  Calculate how much thermal energy is transferred from the copper block as it cools to

100 °C.
Give your answer to an appropriate number of significant figures.

thermal energy transferred J
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(i)  Calculate how much of this thermal energy is available to make steam.
Assume no heat is lost to the surroundings.

available thermal energy J

(2)

(i) Calculate the maximum mass of steam that may be produced.

mass kg

oy
(Total 7 marks)

(@) Outline what is meant by an ideal gas.

(2)

(b) Anideal gas at a temperature of 22 °C is trapped in a metal cylinder of volume 0.20 m3 at a
pressure of 1.6 x 106 Pa.

(i)  Calculate the number of moles of gas contained in the cylinder.

number of moles mol

)
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(i) The gas has a molar mass of 4.3 x 10~2 kg mol-1.
Calculate the density of the gas in the cylinder.

State an appropriate unit for your answer.

density unit

3
(iii) The cylinder is taken to high altitude where the temperature is -50 °C and the
pressure is 3.6 x 10* Pa. A valve on the cylinder is opened to allow gas to escape.

Calculate the mass of gas remaining in the cylinder when it reaches equilibrium with
its surroundings.

Give your answer to an appropriate number of significant figures.

mass kg

®3)
(Total 10 marks)
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A cola drink of mass 0.200 kg at a temperature of 3.0 °C is poured into a glass beaker. The
beaker has a mass of 0.250 kg and is initially at a temperature of 30.0 °C.

specific heat capacity of glass = 840 J kg~1K-1
specific heat capacity of cola = 4190 J kg~tK—1

(i)  Show that the final temperature, T;, of the cola drink is about 8 °C when it reaches thermal
equilibrium with the beaker.
Assume no heat is gained from or lost to the surroundings.
2
(ii)

The cola drink and beaker are cooled from T; to a temperature of 3.0 °C by adding ice at a
temperature of 0 °C.

Calculate the mass of ice added.
Assume no heat is gained from or lost to the surroundings.

specific heat capacity of water = 4190 J kg~! K1
specific latent heat of fusion of ice = 3.34 x 10° J kg1

mass kg

3
(Total 5 marks)
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The diagram shows a gas particle about to collide elastically with a wall.

m

Which diagram shows the correct change in momentum Amv that occurs during the collision?

A B

my LA

Arary Amv

Aany

@]
o] [o] [of [o

(Total 1 mark)
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10

A continuous stream of water falls through a vertical distance of 100 m.
Assume no thermal energy is transferred to the surroundings.

The specific heat capacity of water is 4200 J kg=! KL,

What is the temperature difference of the water between the top and bottom of the waterfall?

A 0.023K
B 023K
C 23K
D 43K

(Total 1 mark)

A student measures the power of a microwave oven. He places 200 g of water at 23 °C into the
microwave and heats it on full power for 1 minute. When he removes it, the temperature of the
water is 79 °C.

The specific heat capacity of water is 4200 J kg=! KL,
What is the average rate at which thermal energy is gained by the water?
A 780W
B 840W
C 11KW
D 4.6kwW

(Total 1 mark)
The composition of a carbon dioxide (CO,) molecule is one atom of 'z C and two atoms of 5 0.

What is the number of molecules of CO, in 2.2 kg of the gas?

A 1.0x10%
B 3.0x 102
C 3.0x10%
D 4.7x10% =

(Total 1 mark)
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