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100 CHAPTER 4. THERMAL PROPERTIES OF MATERIALS

51.9702_m21 _qp 42 Q: 3

(a) Using a simple kinetic model of matter, describe the structure of a solid.

(b) The specific latent heat of vaporisation is much greater than the specific latent heat of fusion
for the same substance.
Explain this, in terms of the spacing of molecules.

(c) Aheater supplies energy at a constant rate to 0.045kg of a substance. The variation with time
of the temperature of the substance is shown in Fig. 3.1. The substance is perfectly insulated
from its surroundings.
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101
(i) Determine the temperature at which the substance melts.
temperature = ..o °C 1]
(ii)) The power of the heater is 150 W.

Use data from Fig. 3.1 to calculate, in kJkg™', the specific latent heat of vaporisation L of
the substance.

L= e kdkg™" [3]

(iii) Suggest what can be deduced from the fact that section Q on the graph is less steep
than section P.

[Total: 8]
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102 CHAPTER 4. THERMAL PROPERTIES OF MATERIALS

52. 9702 _m20 qp 42 Q:2

A large container of volume 85m? is filled with 110kg of an ideal gas. The pressure of the gas is
1.0 x 10°Pa at temperature T.

The mass of 1.0 mol of the gas is 32g.

(a) Show that the temperature T of the gas is approximately 300K.

(3]

(b) The temperature of the gas is increased to 350K at constant volume. The specific heat
capacity of the gas for this change is 0.66 Jkg™1K™1.

Calculate the energy supplied to the gas by heating.

(=T 1= o YRR J [2]

(c) Explain how movement of the gas molecules causes pressure in the container.
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(d) The temperature of a gas depends on the root-mean-square (r.m.s.) speed of its maolecules.

Calculate the ratio:

r.m.s. speed of gas molecules at 350K
r.m.s. speed of gas molecules at 300K

[Total: 10]

STEMUP.CO.UK


https://stemup.co.uk

104 CHAPTER 4. THERMAL PROPERTIES OF MATERIALS

53.9702 w19 qp 41 Q: 3

(a) State what is meant by specific latent heat.

(b) A student determines the specific latent heat of vaporisation of a liquid using the apparatus
illustrated in Fig. 3.1.

liquid

Fig. 3.1

The heater is switched on. When the liquid is boiling at a constant rate, the balance reading is
noted at 2.0 minute intervals.

After 10 minutes, the current in the heater is reduced and the balance readings are taken for
a further 12 minutes.
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The readings of the ammeter and of the voltmeter are given in Fig. 3.2.

ammeter reading | voltmeter reading
/A A"
from time 0 to time 10 minutes 1.2 230
after time 10 minutes 1.0 190

Fig. 3.2
The variation with time of the balance reading is shown in Fig. 3.3.
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106 CHAPTER 4. THERMAL PROPERTIES OF MATERIALS

(i) From time 0O to time 10.0 minutes, the mass of liquid evaporated is 56 g.

Use Fig. 3.3 to determine the mass of liquid evaporated from time 12.0 minutes to time
22.0 minutes.

(i) Explain why, although the power of the heater is changed, the rate of loss of thermal
energy to the surroundings may be assumed to be constant.

..................................................................................................................................... 1]
(iii) Determine a value for the specific latent heat of vaporisation L of the liquid.
L= e Jg=' 4]
(iv) Calculate the rate at which thermal energy is transferred to the surroundings.
FAIE = e e W [2]

[Total: 10]
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54. 9702 w19 qp 42 Q:3

(a) State what is meant by specific latent heat.

(b) A student uses the apparatus illustrated in Fig. 3.1 to determine a value for the specific latent
heat of fusion of ice.

N
&) J,
+
ice _
heater
beaker
melted ice
panof | /
balance \I ] ]

Fig. 3.1

The balance reading measures the mass of the beaker and the melted ice (water) in the
beaker.

The heater is switched on and pieces of ice at 0°C are added continuously to the funnel so
that the heater is always surrounded by ice.

When water drips out of the funnel at a constant rate, the balance reading is noted at
2.0 minute intervals. After 10 minutes, the current in the heater is increased and the balance
readings are taken for a further 12 minutes.
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108 CHAPTER 4. THERMAL PROPERTIES OF MATERIALS

The variation with time of the balance reading is shown in Fig. 3.2.
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Fig. 3.2

The readings of the ammeter and of the voltmeter are shown in Fig. 3.3.

ammeter reading

voltmeter reading

/A A
from time 0 to time 10 minutes 1.8 7.3
after time 10 minutes 3.6 151

Fig. 3.3
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() From time O to time 10.0 minutes, 65g of ice is melted.

Use Fig. 3.2 to determine the mass of ice melted from time 12.0 minutes to time
22.0 minutes.

(ii) Explain why, although the power of the heater is changed, the rate at which thermal
energy is transferred from the surroundings to the ice is constant.

(iii) Determine a value for the specific latent heat of fusion L of ice.

(iv) Calculate the rate at which thermal energy is transferred from the surroundings to the
ice.

[Total: 10]
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110 CHAPTER 4. THERMAL PROPERTIES OF MATERIALS

55.9702_ w19 qp 43 Q: 3

(a) State what is meant by specific latent heat.

(b) A student determines the specific latent heat of vaporisation of a liquid using the apparatus
illustrated in Fig. 3.1.

O
liquid ¢ @ 0—

heater —_

/ pan of balance

Fig. 3.1

The heater is switched on. When the liquid is boiling at a constant rate, the balance reading is
noted at 2.0 minute intervals.

After 10 minutes, the current in the heater is reduced and the balance readings are taken for
a further 12 minutes.
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The readings of the ammeter and of the voltmeter are given in Fig. 3.2.

ammeter reading | voltmeter reading
/A A"
from time 0 to time 10 minutes 1.2 230
after time 10 minutes 1.0 190

Fig. 3.2
The variation with time of the balance reading is shown in Fig. 3.3.

500

i

480

balance reading/g

pd
s~

460 3

440 S

4

420 -

400 Y

380

0 4 8 12 16 20 24
time/minutes

Fig. 3.3

STEMUP.CO.UK


https://stemup.co.uk

112 CHAPTER 4. THERMAL PROPERTIES OF MATERIALS

(i) From time 0O to time 10.0 minutes, the mass of liquid evaporated is 56 g.

Use Fig. 3.3 to determine the mass of liquid evaporated from time 12.0 minutes to time
22.0 minutes.

(i) Explain why, although the power of the heater is changed, the rate of loss of thermal
energy to the surroundings may be assumed to be constant.

..................................................................................................................................... 1]
(iii) Determine a value for the specific latent heat of vaporisation L of the liquid.
L= e Jg=' 4]
(iv) Calculate the rate at which thermal energy is transferred to the surroundings.
FAIE = e e W [2]

[Total: 10]
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56. 9702 s18 qp 42 Q: 3
(@) During melting, a solid becomes liquid with little or no change in volume.

Use Kinetic theory to explain why, during the melting process, thermal energy is required
although there is no change in temperature.

(b) An aluminium can of mass 160g contains a mass of 330g of warm water at a temperature of
38°C, as illustrated in Fig. 3.1.

ice \
warm water

| —

aluminium can
— |

Fig. 3.1

A mass of 489 of ice at —18°C is taken from a freezer and put in to the water. The ice melts
and the final temperature of the can and its contents is 23 °C.

Data for the specific heat capacity ¢ of aluminium, ice and water are given in Fig. 3.2.

c/Jg K
aluminium 0.910
ice 2.10
water 418
Fig. 3.2
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114 CHAPTER 4. THERMAL PROPERTIES OF MATERIALS
Assuming no exchange of thermal energy with the surroundings,

(i) show that the loss in thermal energy of the can and the warm water is 2.3 x 10%J,

2]

(i) use the information in (i) to calculate a value L for the specific latent heat of fusion of ice.

[Total: 7]
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57.9702_wi18 qp 42 Q: 3

(a) Define specific latent heat of fusion.

............................................................................................................................................... 2]
(b) A student sets up the apparatus shown in Fig. 3.1 in order to investigate the melting of ice.
—(R)
C‘I’) ~ b
I i
~
pure melting )
ice
heater
)

beaker

water

Fig. 3.1

The heater is switched on.
When the pure ice is melting at a constant rate, the data shown in Fig. 3.2 are collected.

voltmeter reading | ammeter reading initial mass of | final mass of time of collection
v /A beaker beaker /minutes
plus water/g | plus water/g
12.8 4.60 1215 185.0 5.00
Fig. 3.2

The specific latent heat of fusion of ice is 332Jg7".

(i) State what is observed by the student that shows that the ice is melting at a constant
rate.
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116 CHAPTER 4. THERMAL PROPERTIES OF MATERIALS
(ii) Use the data in Fig. 3.2 to determine the rate at which

1. thermal energy is transferred to the melting ice,

2. thermal energy is gained from the surroundings.

[Total: 7]
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58.9702_s17_qp_42 Q: 2

(@) The pressure p and volume V of an ideal gas are related to the density p of the gas by the
expression

)

(i)

1
p = zp(c?).
State what is meant by the symbol (¢ ?2).

Use the expression to show that the mean kinetic energy E, of a gas molecule is given
by

3
Eq = 5 kT

where k is the Boltzmann constant and T is the thermodynamic temperature.

[3]

(b) (i) Anideal gas containing 1.0mol of molecules is heated at constant volume.

Use the expression in (a)(ii) to show that the thermal energy required to raise the
temperature of the gas by 1.0K has a value of %R, where R is the molar gas constant.

[3]
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118 CHAPTER 4. THERMAL PROPERTIES OF MATERIALS
(ii) Nitrogen may be assumed to be an ideal gas. The molar mass of nitrogen gas is 28 gmol'.

Use the answer in (b)(i) to calculate a value for the specific heat capacity, in Jkg=' K1, at
constant volume for nitrogen.

specific heat capacity = ...........c.ocoooevveoiiieeeeeeeen Jkg 1K1 (2]

[Total: 9]
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59. 9702 w17 qp 41 Q:1

(a) State

(i) what may be deduced from the difference in the temperatures of two objects,

(b) By reference to your answer in (a)(ii), explain why two thermometers may not give the same
temperature reading for an object.

(c) Ablock of aluminium of mass 6709 is heated at a constant rate of 95W for 6.0 minutes.
The specific heat capacity of aluminium is 910Jkg=' K-,
The initial temperature of the block is 24 °C.

(i) Assuming that no thermal energy is lost to the surroundings, show that the final
temperature of the block is 80°C.

[3]

STEMUP.CO.UK


https://stemup.co.uk

120 CHAPTER 4. THERMAL PROPERTIES OF MATERIALS

(ii) In practice, there are energy losses to the surroundings.
The actual variation with time ¢ of the temperature & of the block is shown in Fig. 1.1.

100

80

6/°C

40 =

20

0 1 2 3 4 5 6
t/minutes

Fig. 1.1

1. Use the information in (i) to draw, on Fig. 1.1, a line to represent the temperature of
the block, assuming no energy losses to the surroundings. [1]

2. Using Fig. 1.1, calculate the total energy loss to the surroundings during the heating
process.

eNergy l0SS = ..o J [2]

[Total: 10]
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60. 9702 w17 qp 43 Q: 1

(a) State

(i) what may be deduced from the difference in the temperatures of two objects,

(b) By reference to your answer in (a)(ii), explain why two thermometers may not give the same
temperature reading for an object.

(c) Ablock of aluminium of mass 6709 is heated at a constant rate of 95W for 6.0 minutes.
The specific heat capacity of aluminium is 910Jkg=' K-,
The initial temperature of the block is 24 °C.

(i) Assuming that no thermal energy is lost to the surroundings, show that the final
temperature of the block is 80°C.

[3]
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(ii) In practice, there are energy losses to the surroundings.
The actual variation with time ¢ of the temperature & of the block is shown in Fig. 1.1.
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40 =
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t/minutes

Fig. 1.1

1. Use the information in (i) to draw, on Fig. 1.1, a line to represent the temperature of
the block, assuming no energy losses to the surroundings. [1]

2. Using Fig. 1.1, calculate the total energy loss to the surroundings during the heating
process.

eNergy l0SS = ..o J [2]

[Total: 10]
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61.9702_s21_qp_41 Q:2

An ideal gas is contained in a cylinder by means of a movable frictionless piston, as illustrated in
Fig. 2.1.

cylinder

movement
of piston

=

gas
molecule

Fig. 2.1

Initially, the gas has a volume of 1.8 x 1072m3 at a pressure of 3.3 x 10°Pa and a temperature of
310K.

(a) Show that the number of gas molecules in the cylinder is 1.4 x 1023,

[2]

(b) Use kinetic theory to explain why, when the piston is moved so that the gas expands, this
causes a decrease in the temperature of the gas.

STEMUP.CO.UK
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124 CHAPTER 4. THERMAL PROPERTIES OF MATERIALS

(c) The gas expands so that its volume increases to 2.4 x 1073m?® at a pressure of 2.3 x 10°Pa
and a temperature of 288K, as shown in Fig. 2.2.

1.8x 1073m3 2.4 x 1073m?3
3.3x 105Pa 2.3x 105Pa
310K 288K

Fig. 2.2

(i) The average translational kinetic energy E, of a molecule of an ideal gas is given by
3
E(=5kT
where k is the Boltzmann constant and T is the thermodynamic temperature.

Calculate the increase in internal energy AU of the gas during the expansion.

(i) The work done by the gas during the expansion is 76 J.

Use your answer in (i) to explain whether thermal energy is transferred to or from the gas
during the expansion.

[Total: 10]
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62. 9702_s21_qp_42 Q: 2

An ideal gas has a volume of 3.1 x 1073m? at a pressure of 8.5 x 10°Pa and a temperature of
290K, as shown in Fig. 2.1.

volume 3.1 x 1073m3 volume 6.3 x 1073m?
pressure 8.5 x 10°Pa pressure 2.7 x 10°Pa
temperature 290K temperature T

Fig. 2.1

The gas suddenly expands to a volume of 6.3 x 10~3m?3. During the expansion, no thermal energy
is transferred. The final pressure of the gas is 2.7 x 10° Pa at temperature T as shown in Fig. 2.1.

(a) Show that the number of gas molecules is 6.6 x 1023,

[3]

(b) (i) Show that the final temperature T of the gas is 190K.

[1]

STEMUP.CO.UK
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126 CHAPTER 4. THERMAL PROPERTIES OF MATERIALS

(ii) The average translational kinetic energy E, of a molecule of an ideal gas is given by
3
E = > kT
where T is the thermodynamic temperature and k is the Boltzmann constant.

Calculate the increase in internal energy AU of the gas.

(c) Use the first law of thermodynamics to explain why the external work w done on the gas
during the expansion is equal to the increase in internal energy in (b)(ii).

[Total: 9]
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63.9702_s21_qp_43 Q: 2

An ideal gas is contained in a cylinder by means of a movable frictionless piston, as illustrated in
Fig. 2.1.

cylinder

movement
of piston

=

gas
molecule

Fig. 2.1

Initially, the gas has a volume of 1.8 x 1072m3 at a pressure of 3.3 x 10°Pa and a temperature of
310K.

(a) Show that the number of gas molecules in the cylinder is 1.4 x 1023,

[2]

(b) Use kinetic theory to explain why, when the piston is moved so that the gas expands, this
causes a decrease in the temperature of the gas.

STEMUP.CO.UK
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128 CHAPTER 4. THERMAL PROPERTIES OF MATERIALS

(c) The gas expands so that its volume increases to 2.4 x 10°m? at a pressure of 2.3 x 10°Pa
and a temperature of 288K, as shown in Fig. 2.2.

1.8 x 1073m3 2.4 x 1073m?3
3.3 x 105Pa 2.3 x 105Pa
310K 288K

Fig. 2.2

(i) The average translational kinetic energy Ey of a molecule of an ideal gas is given by
3
E .= > kT
where k is the Boltzmann constant and T is the thermodynamic temperature.

Calculate the increase in internal energy AU of the gas during the expansion.

(if) The work done by the gas during the expansion is 76 J.

Use your answer in (i) to explain whether thermal energy is transferred to or from the gas
during the expansion.

[Total: 10]
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64.9702_ w21 qgp 41 Q:3
(a) Define specific heat capacity.

(b) A sealed container of fixed volume V contains N molecules, each of mass m, of an ideal gas
at pressure p.

(i) State an expression, in terms of V, N, p and the Boltzmann constant k, for the
thermodynamic temperature T of the gas.

..................................................................................................................................... [1]
(ii) Show that the mean translational kinetic energy E, of a molecule of the gas is given by
_3
E.= EkT'

(2]

(iii) Explain why the internal energy of the gas is equal to the total kinetic energy of the
molecules.

(c) The gas in (b) is supplied with thermal energy Q.

(i) Explain, with reference to the first law of thermodynamics, why the increase in internal
energy of the gas is Q.
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130 CHAPTER 4. THERMAL PROPERTIES OF MATERIALS

(ii) Use the expression in (b)(ii) and the information in (c)(i) to show that the specific heat
capacity ¢ of the gas is given by

k

= 3k
c=o

(2]

(d) The container in (b) is now replaced with one that does not have a fixed volume. Instead, the

gas is able to expand, so that the pressure of the gas remains constant as thermal energy is
supplied.

Suggest, with a reason, how the specific heat capacity of the gas would now compare with
the value in (c)(ii).

[Total: 13]
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65. 9702_w21_qp_ 43 Q: 3
(a) Define specific heat capacity.

(b) A sealed container of fixed volume V contains N molecules, each of mass m, of an ideal gas
at pressure p.

(i) State an expression, in terms of V, N, p and the Boltzmann constant k, for the
thermodynamic temperature T of the gas.

..................................................................................................................................... 1]
(i) Show that the mean translational kinetic energy E, of a molecule of the gas is given by
_3
E,= fkT

(2]

(iii) Explain why the internal energy of the gas is equal to the total kinetic energy of the
molecules.

(c) The gas in (b) is supplied with thermal energy Q.

(i) Explain, with reference to the first law of thermodynamics, why the increase in internal
energy of the gas is Q.
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(ii) Use the expression in (b)(ii) and the information in (c)(i) to show that the specific heat
capacity ¢ of the gas is given by

k

= 3k
c=o

(2]

(d) The container in (b) is now replaced with one that does not have a fixed volume. Instead, the

gas is able to expand, so that the pressure of the gas remains constant as thermal energy is
supplied.

Suggest, with a reason, how the specific heat capacity of the gas would now compare with
the value in (c)(ii).

[Total: 13]
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66. 9702_s20_qp_41 Q: 2

(a) State what is meant by the internal energy of a system.

(b) By reference to intermolecular forces, explain why the change in internal energy of an ideal
gas is equal to the change in total kinetic energy of its molecules.

(c) State and explain the change, if any, in the internal energy of a solid metal ball as it falls
under gravity in a vacuum.

[Total: 7]
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67.9702_s20_qp_42 Q: 3

By reference to the first law of thermodynamics, state and explain the change, if any, in the internal
energy of:

(a) alump of solid lead as it melts at constant temperature

............................................................................................................................................. [3]
(b) some gas in a toy balloon when the balloon bursts and no thermal energy enters or leaves

the gas.

............................................................................................................................................. [3]

[Total: 6]
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68. 9702 s20 qp_43 Q: 2

(a) State what is meant by the internal energy of a system.

(b) By reference to intermolecular forces, explain why the change in internal energy of an ideal
gas is equal to the change in total kinetic energy of its molecules.

(c) State and explain the change, if any, in the internal energy of a solid metal ball as it falls
under gravity in a vacuum.

[Total: 7]
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69. 9702 _s19 qp 41 Q:2
Afixed mass of an ideal gas has volume 210cm? at pressure 3.0 x 10°Pa and temperature 270K.

The volume of the gas is reduced at constant pressure to 140cm3, as shown in Fig. 2.1.

210cm?3 140cm?®
3.0 x 10°Pa > 3.0 x 10°Pa
270K T
Fig. 2.1

The final temperature of the gasis T.
(a) Determine:

(i) the amount of gas

AMOUNT = e mol [3]

(if) the final temperature T of the gas

(iii) the external work done on the gas.

WOrK dONE = ..o J [2]


https://stemup.co.uk

137

(b) For this change in volume and temperature of the gas, the thermal energy transferred is 53 J.

Determine AU, the change in internal energy of the gas.

[Total: 10]

70. 9702_s19_qp_42 Q: 2

(a) The first law of thermodynamics may be expressed in the form
AU=qg+w

(i) State, for a system, what is meant by:


https://stemup.co.uk
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(b) Anideal gas, sealed in a container, undergoes the cycle of changes shown in Fig. 2.1.

7.0 T
g | 87x1074md
\ 6.6 x 105Pa
\ | 450K
6.0 %
pressure
/10°Pa \
N
5.0
\\
\\
N
4.0
2.4 x10°3m3 |
3.0 Y 1.6 x 105Pa [
8.7 x 10*m?3 T~ 300K N
1.6 x 10°Pa > N -
I I I ~L
50 110K ==
,/ ~ | N
T TC T AT
1.0
0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50

volume/103m3

Fig. 2.1
At point A, the gas has volume 2.4 x 10~>m?3, pressure 1.6 x 10°Pa and temperature 300 K.
The gas is compressed suddenly so that no thermal energy enters or leaves the gas during
the compression. The amount of work done is 480J so that, at point B, the gas has volume
8.7 x 10~*m?3, pressure 6.6 x 10°Pa and temperature 450K.

The gas is now cooled at constant volume so that, between points B and C, 1100J of thermal
energy is transferred. At point C, the gas has pressure 1.6 x 10°Pa and temperature 110K.

Finally, the gas is returned to point A.

STEMUP.CO.UK
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(if)

(iii)

139

State and explain the total change in internal energy of the gas for one complete
cycle ABCA.

Calculate the external work done on the gas during the expansion from point C to
point A.

WOIK dONE = .o J [2]
Complete Fig. 2.2 for the changes from:
1. point Ato point B
2. point B to point C

3. point C to point A.

change +q/J +w/J AU/

A—=B | i |
B—=>C | ]

C—A |

[4]

[Total: 11]
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71. 9702 _s19 qp 43 Q: 2
Afixed mass of an ideal gas has volume 210cm? at pressure 3.0 x 10°Pa and temperature 270K.

The volume of the gas is reduced at constant pressure to 140cm?, as shown in Fig. 2.1.

210cm? 140cm?
3.0 x 10°Pa > 3.0 x 10°Pa
270K T
Fig. 2.1

The final temperature of the gasis T.
(@) Determine:

(i) the amount of gas

amMOUNT = e mol [3]

(ii) the final temperature T of the gas

(iii) the external work done on the gas.

WOrK dONE = ..o J [2]
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(b) For this change in volume and temperature of the gas, the thermal energy transferred is 53 J.

Determine AU, the change in internal energy of the gas.

[Total: 10]
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72.9702_ w19 qp 42 Q:2

(a) Smoke particles are suspended in still air. Brownian motion of the smoke particles is seen
through a microscope.

Describe:

(i) what is seen through the microscope

..................................................................................................................................... [1]

(ii) how Brownian motion provides evidence for the nature of the movement of gas
molecules.
..................................................................................................................................... [2]

(b) A fixed mass of an ideal gas has volume 2.40 x 103cm?® at pressure 3.51 x 10°Pa and
temperature 290K. The gas is heated at constant volume until the temperature is 310K at
pressure 3.75 x 10°Pa, as illustrated in Fig. 2.1.

240 x 103cm? 240 x 103cm?
3.51 x 105Pa > 3.75 x 105Pa
290K 310K
Fig. 2.1

The quantity of thermal energy required to raise the temperature of 1.00mol of the gas by
1.00K at constant volume is 12.5J.

Calculate, to three significant figures:

(i) the amount, in mol, of the gas

amount = ..., mol [3]
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(if) the thermal energy transfer during the change.

energy transfer = ... J [2]
(c) Forthe change in the gas in (b), state:
(i) the quantity of external work done on the gas
WOrK dONe = ... J 1]

(ii) the change in internal energy, with the direction of this change.

[Total: 11]
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144 CHAPTER 4. THERMAL PROPERTIES OF MATERIALS

73.9702_ml18 qp 42 Q:2

Acylinder contains 5.12mol of an ideal gas at pressure of 5.60 x 10° Pa and volume 3.80 x 10%cm?.

(a) Determine the temperature of the gas.

TEMPErature = ... K[2]
(b) The average kinetic energy E, of a molecule of the gas is given by the expression
E = % KT
where k is the Boltzmann constant and T is the thermodynamic temperature.
The gas is heated at constant pressure so that its temperature rises by 125K.

(i) Use your answer in (a) to determine the new volume of the gas.

VOIUME = .o, cm3 [2]

(i) Calculate the increase in internal energy of the gas. Explain your working.

increase ininternal €Nergy = .........coooieeeieecieee e J [3]
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(c) (i) Use your answer in (b)(I) to determine the external work done during the expansion of
the gas.

WOrK dONE = ..o J[2]

(i) Calculate the total thermal energy required to heat the gas in (b).

ENEITY = oo J[1]

[Total: 10]
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146 CHAPTER 4. THERMAL PROPERTIES OF MATERIALS

74.9702_s18_qp_41 Q: 3

(@) (i) State whatis meant by the internal energy of a system.

(i) Explain why, for an ideal gas, the change in internal energy is directly proportional to the
change in thermodynamic temperature of the gas.

(b) A cylinder of volume 1.8 x 10*cm? contains helium gas at pressure 6.4 x 105Pa and
temperature 25°C.
Helium gas may be considered to be an ideal gas consisting of single atoms.

Calculate the number of helium atoms in the cylinder.

NUMDEE = e [3]

[Total: 8]
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75.9702_s18_qp_43 Q: 3

(@) (i) State whatis meant by the internal energy of a system.

(i) Explain why, for an ideal gas, the change in internal energy is directly proportional to the
change in thermodynamic temperature of the gas.

(b) A cylinder of volume 1.8 x 10*cm?® contains helium gas at pressure 6.4 x 10°Pa and
temperature 25°C.
Helium gas may be considered to be an ideal gas consisting of single atoms.

Calculate the number of helium atoms in the cylinder.

NUMDEE = e [3]

[Total: 8]
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148 CHAPTER 4. THERMAL PROPERTIES OF MATERIALS

76. 9702 w18 qp 43 Q: 2

(a) State what is meant by the internal energy of a system.

............................................................................................................................................... 2]
(b) An ideal gas undergoes a cycle of changes as shown in Fig. 2.1.
3.00
2.80 +
QN 372K
pressure .
/10°Pa N
2.60 ~
2 40 97.0 ‘J/\
N
IN
2.20 N
Pﬁ,zsoK ™ Tt
332KE 1
200 HH
900 950 1000 1050 1100 1150
volume/cm?3
Fig. 2.1

At point P, the gas has volume 950c¢cm3, pressure 2.10 x 10°Pa and temperature 280K.

The gas is heated at constant volume and 97.0J of thermal energy is transferred to the gas.
Its pressure and temperature change so that the gas is at point Q on Fig. 2.1.

The gas then undergoes the change from point Q to point R and then from point R back to
point P, as shown on Fig. 2.1.

STEMUP.CO.UK


https://stemup.co.uk

Some energy changes that take place during the cycle PQRP are shown in Fig. 2.2.

changeP —- Q | changeQ—R | change R —» P
thermal energy transferred to gas/J +97.0 0 e,
work doneongas/d | —42.5 +37.0
increase in internal energy of gas/Jd | .o | e | e
Fig. 2.2

149

(i) State the total change in internal energy of the gas during the complete cycle PQRP.

Explain your answer.

(i) On Fig. 2.2, complete the energy changes for the gas during

1. the change P — Q,
2. the change Q — R,

3. thechange R — P.

[5]

[Total: 9]
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150 CHAPTER 4. THERMAL PROPERTIES OF MATERIALS
77.9702_ml7 qp 42 Q:2
(@) The first law of thermodynamics can be represented by the expression
AU=qg+w

State what is meant by the symbols in the expression.

6.0 ! }
pressure/10°Pa A 5 B
5.0 C 2
N
4.0 .
\\
3.0
\\ A d
2.0
\\\
N\
1.0 =
|\
||
0 t
0 2.0 4.0 6.0
volume/10~4m3
Fig.2.1

(i) During the change from A to B, the energy supplied to the gas by heating is 442J.

Use the first law of thermodynamics to show that the internal energy of the gas increases
by 265 J.

[2]

STEMUP.CO.UK
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(ii) During the change from B to C, the internal energy of the gas decreases by 313J.

By considering molecular energy, state and explain qualitatively the change, if any, in the
temperature of the gas.

(iii) For the change from C to A, use the data in (b)(i) and (b)(ii) to calculate the change in
internal energy.

change ininternal energy = .......ooooooevmiiieieieeeeee e J[1]

(iv) The temperature of the gas at point Ais 227 °C. Calculate the number of molecules in the
fixed mass of the gas.

NUMDEE = oo 2]

[Total: 10]
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152 CHAPTER 4. THERMAL PROPERTIES OF MATERIALS

78.9702_ w17 qp 42 Q:2
(@) State what is meant by specific latent heat.

(b) A beaker of boiling water is placed on the pan of a balance, as illustrated in Fig. 2.1.

—(R)
NN
d.c. supply

[ boiling

T water

Fig. 2.1

balance pan

The water is maintained at its boiling point by means of a heater.

The change M in the balance reading in 300s is determined for two different input powers to
the heater.

The results are shown in Fig. 2.2.

voltmeter reading | ammeter reading Mg
A% /A
115 52 5.0
14.2 6.4 9.1
Fig. 2.2

(i) Energy is supplied continuously by the heater.
State where, in this experiment,

1. external work is done,

STEMUP.CO.UK


https://stemup.co.uk

153

(i) Use data in Fig. 2.2 to determine the specific latent heat of vaporisation of water.

specific latent heat = .........ccocoooveeeiceeee e, Jg [3]

[Total: 8]
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CHAPTER 4. THERMAL PROPERTIES OF MATERIALS

79.9702_ml16 qp 42 Q:2

(a) State

(b)

(i) what is meant by internal energy,

(if) the basic assumption of the kinetic theory of gases that leads to the conclusion that there
is zero potential energy between the molecules of an ideal gas.

The pressure p and volume V of an ideal gas are related by
pV= % Nm(c?)

where Nis the number of molecules, mis the mass of a molecule and (c?) is the mean-square
speed of the molecules.

Use this equation to show that the mean kinetic energy (E,) of a molecule is given by
3
E . ==kT

where kis the Boltzmann constant and T is the thermodynamic temperature.
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(c) A cylinder contains 17g of oxygen gas at a temperature of 12°C. The mass of 1.0mol of
oxygen gas is 329. It may be assumed that the oxygen behaves as an ideal gas.

Calculate, for the oxygen gas in the cylinder,

(i) the mean kinetic energy of a molecule,

mean KinetiC €Nergy = ......ccccoeiiviiiiniie e e J[2]

(if) the number of molecules,

0101 ] o =T RSP [2]

(ifi) the total internal energy.

internal @Nergy = .....cocieeierie e e e J[1]

[Total: 11]
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156 CHAPTER 4. THERMAL PROPERTIES OF MATERIALS

80. 9702 _wl6 _qgp 41 Q:2

An ideal gas initially has pressure 1.0x10°Pa, volume 4.0x10~*m?3 and temperature 300K, as
illustrated in Fig. 2.1.

initial state final state
1.0x10°Pa 5.0x10°Pa
4.0x10™4m?3 = 4.0%x10*m3
300K T
Fig. 2.1

A change in energy of the gas of 240J results in an increase of pressure to a final value of
5.0 x 10°Pa at constant volume.

The thermodynamic temperature becomes T.

(a) Calculate

(i) the temperature T,

(i) the amount of gas.
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(b) The increase in internal energy AU of a system may be represented by the expression

AU = g+ w.

(i) State what is meant by the symbol

1.

+Qs

(i) State, for the gas in (a), the value of

1.

AU,

+q,

+w.

(2]
AU = e J
2 J
W o J
(3]

[Total: 9]
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158 CHAPTER 4. THERMAL PROPERTIES OF MATERIALS

81.9702_wl6 _qp 42 Q:3

(a) State what is meant by the internal energy of a system.

(b) Explain, by reference to work done and heating, whether the internal energy of the following
increases, decreases or remains constant:

(i) the gas in a toy balloon when the balloon bursts suddenly,

(ii) ice melting at constant temperature and at atmospheric pressure to form water that is
more dense than the ice.

[Total: 8]
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82.9702_wl6 _qgp 43 Q:2

159

An ideal gas initially has pressure 1.0x10°Pa, volume 4.0x10~*m? and temperature 300K, as

illustrated in Fig. 2.1.

initial state

1.0x10°Pa
4.0%x10™4m?3
300K

final state

Y

Fig. 2.1

5.0x10°Pa
4.0%x107*m3
T

A change in energy of the gas of 240J results in an increase of pressure to a final value of

5.0x 10°Pa at constant volume.

The thermodynamic temperature becomes T.

(a) Calculate

(i) the temperature T,

(if) the amount of gas.
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(b) The increase in internal energy AU of a system may be represented by the expression
AU = g+ w.
(i) State what is meant by the symbol

1. +q,

(2]
(i) State, for the gas in (a), the value of
1. AU,
AU = e J
2. +q,
F T e e e J
3. +w
FW S e J
3]

[Total: 9]



https://stemup.co.uk

822 APPENDIX A. ANSWERS
Answer Marks
(e)ii) | T c1
(c® at 177 °C = 1.89 x 10° x (450 / 300) c1
Crms.at 177 °C = 1.68 x 10°ms™ A
51.9702_m21_ MS 42 Q:3
[ Answer Marks
(@) Any 2 from: B2
+ particles/atoms / molecules / ions (very) close together / touching
« regular, repeating pattern
« vibrate about a fixed point
(b) (much) greater increase in spacing of molecules (for vaporisation compared with fusion) B1
(c)(i) -100°C B1
Answer Marks
(c)(ii) time=8.5-3.0 c1
=5.5min
Pt=mL c1
energy = power X time =150 x 5.5 x 60
=49500J
(-E
m
_49500
0.045
=1100kJ kg™ A1
(e)(iii) gas has a higher specific heat capacity (than liquid) B1
52.9702_m20_ MS_42 Q: 2
Answer Marks
(a) n=110/0.032 or 110000/ 32 or 3440 c1
pV=nRT Cc1
T=(1.0x105x 85)/(8.31 x (110/0.032)) = 300K A1
(b) E= mcA6 c1
=110x0.66 x 50
=3600J A1
(e) Any 3 from: B3
* molecule collides with wall
+ momentum of molecule changes during collision (with wall)
« force on molecule so force on wall
+ many forces act over surface area of container exerting a pressure
(d) KE=<T c1
Ve NT
ratio = \(350/300) A1
=11
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53.9702_w19 MS_41 Q:3

823

Answer Marks
(a) (thermal) energy per (unit) mass (to change state) B1
(heat transfer during) change of state at constant temperature B1
(b)) |32g A1
(b)(ii) temperature difference (between liquid and surroundings) does not change B1
(b)(iii) VIt=mL c1
230x1.2x60x10=(56xL)+H c1

“I)‘E)Ox 1.0x80x10=(32xL)+H
86 x600 = (56 —32) x L c1

or

230x1.2=(56xL)/(60x10)+P (c1)

“IJEr)Ox 1.0=(32xL)/(60x10)+P
276-190=(24 x L)/ 600 (c1)
L=2200Jg" A1

STEMUP.CO.UK
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824 APPENDIX A. ANSWERS
Answer Marks
(b)(iv) | 230x1.2x600=(56 x2150)+H c1
?Srlo x1.0x600=(32x2150) + H
H=45200 A1
rate =45200/ 600
=75W
or
230x 1.2=(56 x 2150)/ (60 x 10) + P (C1)
fI’Sr)O x1.0=(32x2150)/(60 x10)+ P
rate (= P)=75W (A1)
54. 9702 w19 MS 42 Q:3
Answer Marks
(a) (thermal) energy per unit mass (to change state) B1
change of state without any change of temperature B1
(b)(i) | 140g A1
(b)(ii) temperature difference (between apparatus and surroundings) does not change B1
(b)(ii) | VIt=mL c1
({15.1x3.6}+ R)x600=140x L c1
;){;.Sx 1.8} + R)x800=65x L
41.22x600=75xL c1
L=330Jg" A1
(b)(iv) | 15.1x3.6x600=(140x330)—H c1
";.rax 1.8 x 600 =(65x330) - H
H=13600 A1
rate of gain =13600/600
=23W
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55.9702_w19 MS 43 Q: 3

825

Answer Marks
(a) (thermal) energy per (unit) mass (to change state) B1
(heat transfer during) change of state at constant temperature B1
(b)(i) 329 A1
(b)(ii) temperature difference (between liquid and surroundings) does not change B1
(b)(iii) VIt=mL c1
230x1.2x60x10=(56xL)+H C1
:;l]x 1.0x80x10=(32xL)+H
86 x 600 =(56 —32) x L c1
or
230x1.2=(56xL)/(60x10)+P (C1)
"I);Ox 1.0=(32xL)/(60x10)+P
276—-190=(24 x L)/ 600 (c1)
L=2200Jg"" A1
Answer Marks |
(b)(iv) | 230x1.2x600=(56x2150)+H C1
{1);0 x1.0x600=(32x2150) + H
H=45200 A1
rate =45200/ 600
=75W
or
230x1.2=(56x2150)/ (60 x 10)+ P (C1)
‘1);0 x1.0=(32x2150)/(60 x 10) + P
rate (= P) =75 W (A1)
56. 9702_s18_MS_ 42 Q: 3
Answer Marks
(a) (during melting,) bonds between atoms/molecules are broken B1
potential energy of atoms/molecules is increased B1
no/little work done so required input of energy is thermal B1
(b)) | (AQ =) meae c1
loss = (160 x 0.910 x 15) + (330 x 4.18 x 15) A1
=23x10%J
(b)(i)) | 2.3 x10%=(48 x 2.10 x 18) + 48L + (48 x 4.18 x 23) c1
48L = 1.66 x 10" A1

L=350Jg~"
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57.9702_wi8 MS_42 Q: 3

Answer Marks
(a) (thermal) energy per unit mass (to cause change of state) B1
(energy transfer during) change of state between solid and liquid at constant temperature B1
(b)(i) Any one from: B1
+ rate of increase in mass (of beaker and water) is constant
o level of water rises at a constant rate
* volume of water (in beaker) increases at a constant rate
+ constant time between drops
+ constant rate of dripping
(b)(ii) (electrical power supplied =) 12.8 x 4.60 c1
(=58.9W)
(rate of transfer to ice =) [(185.0 — 121.5) x 332]/[5.00 x 60] Cc1
(=70.3W)
1. rate=70.3W A1
2. rate=70.3-58.9 A1
=11.4W
58. 9702_s17_MS_42 Q: 2
‘ Answer Marks
(a)i) ‘ mean/average square speed/velocity B1
(a)(ii) ‘ pV=NkT or pV=nRT B1
p=Nm/V B1
or
pe=nNym/Vand k=nRIN
‘ Ex = ¥>m(c? with algebra to (3/2)kT B1
(b)(i) ‘ no (external) work done or AU=qgorw=0 B1
‘q=NAx(3I2)kx1.O M1
‘NAk=Rsoq=(3I2)R Al
(b)(ii) ‘ specific heat capacity ={(3/2) x R}/0.028 c1
| =450 Jkg ' K! A
59.9702_wl17_MS_41 Q: 1
Answer Marks
(@) direction or rate of transfer of (thermal) energy B1

or
(if different,) not in thermal equilibrium/energy is transferred

(a)ii) uses a property (of a substance) that changes with temperature B1

(b) ¢ temperature scale assumes linear change of property with temperature B2
* physical properties may not vary linearly with temperature
e agrees only at fixed points

Any 2 points.

(e)i) | Pt=me(A)@ 1
95 x 6 x 60 =0.670 x 910 x A@ M1
A@=156°C so final temperature = 56 + 24 = 80°C A1l
or
95 x 6 x 60 = 0.67 x 910 x (6—24) (M1)
so final temperature or 8= 80°C (A1)
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Answer Marks

(e)(ii) 1. sketch: straight line from (0,24) to (6,80) B1
2. temperature drop due to energy loss = (80 —64) = 16°C c1

energy loss = 0.670 x 810 x (80 — 64) = 9800J A1
or
energy to raise temperature to 64°C = 0.670 x 910 x (64 — 24) (C1)
= 24400 (A1)
loss = (95 x 6 x 60) — 24400 = 9800J
60. 9702_w17_MS 43 Q: 1
Answer Marks

(@)(i) direction or rate of transfer of (thermal) energy B1
gfrdifferent,) not in thermal equilibrium/energy is transferred

(a)ii) uses a property (of a substance) that changes with temperature B1

(b) ¢ temperature scale assumes linear change of property with temperature B2
* physical properties may not vary linearly with temperature
* agrees only at fixed points
Any 2 points.

(o)) Pt = mc(A)@ 1
95 x 6 x 60 =0.670 x 910 x A@ M1
A@=156°C so final temperature = 56 + 24 = 80°C A1l
or
95 x 6 x 60 = 0.67 x 910 x (6—24) (M1)
so final temperature or 8= 80 °C (A1)
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828 APPENDIX A. ANSWERS
Answer Marks
(e)(ii) 1. sketch: straight line from (0,24) to (6,80) B1
2. temperature drop due to energy loss = (80 —64) = 16°C c1
energy loss = 0.670 x 810 x (80 — 64) = 9800J A1
or
energy to raise temperature to 64°C = 0.670 x 910 x (64 — 24) (C1)
= 24400 (A1)
loss = (95 x 6 x 60) — 24400 = 9800J
61. 9702 s21 MS 41 Q: 2
Answer Marks
(@) pV = NKT c1
N=(1.8x103x3.3x10%/(1.38 x 10-3 x310) = 1.4 x 10 A1
or
pV=nRT and nNa=N (c1)
N=(1.8x103x 3.3 x 105x 6.02 x 102)/(8.31 x 310) = 1.4 x 102 (A1)
(b) speed of molecule decreases on impact with moving piston B1
mean square speed (directly) proportional to (thermodynamic) temperature B1
;rean square speed (directly) proportional to kinetic energy (of molecules)
I(:i:lelic energy (of molecules) (directly) proportional to (thermodynamic) temperature
kinetic energy (of molecules) decreases (so temperature decreases) B1
(C)i) |AU=32xkxATxXN c1
=3/2x1.38x 1023 x (288 — 310) x 1.4 x 10% c1
=-64J A1
(c)(ii) decrease in internal energy is less than work done by gas M1
(thermal energy is) transferred to the gas (during the expansion) A1
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62.9702_s21_MS_42 Q: 2

829

Answer Marks
(a) pV=nRT c1
pPV=nRT and N=nNa c1
or
pV = NKT
3.1%x10°%8.5%x10°=(Nx 290 x 8.31)/(6.02 x 10%) A1
so N=6.6x 108
or
3.1x103x85x10°=Nx 1.38 x 1023 x 290
so N=6.6x 10
(b)) | (3.1x103%x85x10%/290=(6.3x103%x2.7x105/T A1
so T=190K
or
6.3x103x27x10°=66x 108 x1.38x108x T
so T=190K
(b)) | AU =3/2xkxATxN c1
=3/2x1.38x 102 x (190 — 290) x 6.6 x 10%* C1
=-1400J A1
(c) AU=qg+w M1
g=0soAU=w A1
63.9702_s21 MS_43 Q: 2
Answer Marks
(@) pV = NKT c1
N=(1.8x103x3.3x10%)/(1.38x 102 x310)= 1.4 x 105 A1
or
pV=nRT and nNa=N (C1)
N=(1.8x103x3.3x10°x6.02 x 102)/(8.31 x 310) = 1.4 x 10 (A1)
(b) speed of molecule decreases on impact with moving piston B1
mean square speed (directly) proportional to (thermodynamic) temperature B1
?nrean square speed (directly) proportional to kinetic energy (of molecules)
I((’i'r-1elic energy (of molecules) (directly) proportional to (thermodynamic) temperature
kinetic energy (of molecules) decreases (so temperature decreases) B1
(e)(M AU =32 x kxATxXN c1
=3/2%x1.38x 102 x (288 — 310) x 1.4 x 107 c1
=-64J A1
(c)(ii) | decrease in internal energy is less than work done by gas M1
(thermal energy is) transferred to the gas (during the expansion) A1
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64. 9702_w21_MS_41 Q: 3

APPENDIX A. ANSWERS

Answer Marks
(a) (thermal) energy per unit mass (to cause temperature change) B1
(thermal) energy per unit change in temperature B1
)i | (T =)pV/Nk B1
(b)(ii) | (pV =) NKT = %:Nm<c®> M1
:I\-/ = NkT and_pV = 15Nm<c®>
leading to ¥sm<c¢?> = (3/2)kT and ¥am<c?> = Ex A1
(b)(iii) | internal energy = ZEk (of molecules) + ZEp (of molecules) B1
:1,:) forces between molecules
potential energy of molecules is zero B1
(e)(i) increase in internal energy = Q + work done B1
constant volume so no work done B1
(c)ii) | c =Q/INmAT c1
=[N x (3/2)kAT]/ (NmAT) = 3k/2m A1
(d) (as it expands) gas does work (against the atmosphere/external pressure) B1
for same temperature rise) more (thermal) energy needed, so larger specific heat capacity B1
65. 9702_w21_MS_ 43 Q: 3
Answer Marks
(a) (thermal) energy per unit mass (to cause temperature change) B1
(thermal) energy per unit change in temperature B1
)i | (T =)pV/INk B1
(b)(ii) | (pV =) NKT = %:Nm<c®> M1
:I\-/ = NkT and_pV = YsNm<c®>
leading to ¥sm<c¢?> = (3/2)kT and ¥am<c?> = Ex A1
(b)(ii) | internal energy = ZEx (of molecules) + ZEp (of molecules) B1
:1’; forces between molecules
potential energy of molecules is zero B1
(e)(i) increase in internal energy = Q + work done B1
constant volume so no work done B1
(c)ii) | c =Q/INmAT c1
=[N x (3/2)kAT]/ (NmAT) = 3k/2m A1
(d) (as it expands) gas does work (against the atmosphere/external pressure) B1
for same temperature rise) more (thermal) energy needed, so larger specific heat capacity B1
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66. 9702_s20_MS_41 Q: 2

831

Answer Marks
(a) total potential energy and kinetic energy (of molecules/atoms) M1
reference to random motion of molecules/atoms A1
(b) (in ideal gas,) no intermolecular forces B1
no potential energy (so change in Kinetic energy is change in internal energy) B1
(c) (random) potential energy of molecules does not change M1
(random) kinetic energy of molecules does not change M1
so internal energy does not change A1

or
decrease in total potential energy = gain in total kinetic energy (M1)
no external energy supplied (M1)
so internal energy does not change (A1)

or
no compression (of ball) so no work done on the ball (M1)
no resistive forces so no heating of the ball (M1)
so internal energy does not change (A1)
Answer Marks

(c) or
no change of state so potential energy (of molecules) unchanged (M1)
no temperature rise so kinetic energy (of molecules) unchanged (M1)
so internal energy does not change (A1)

67.9702_s20 MS 42 Q: 3

Answer Marks
(a) (little/no volume change so) little/no external work done B1
thermal energy supplied to provide latent heat M1
internal energy increases A1
(b) (rapid) increase in volume B1
gas does work against the atmosphere M1
internal energy decreases A1

STEMUP.CO.UK
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68. 9702 s20 MS 43 Q: 2

Answer Marks
(a) total potential energy and kinetic energy (of molecules/atoms) M1
reference to random motion of molecules/atoms A1
(b) (in ideal gas,) no intermolecular forces B1
no potential energy (so change in Kinetic energy is change in internal energy) B1
(c) (random) potential energy of molecules does not change M1
(random) kinetic energy of molecules does not change M1
so internal energy does not change A1

or
decrease in total potential energy = gain in total kinetic energy (M1)
no external energy supplied (M1)
so internal energy does not change (A1)

or
no compression (of ball) so no work done on the ball (M1)
no resistive forces so no heating of the ball (M1)
so internal energy does not change (A1)
Answer Marks

(c) or
no change of state so potential energy (of molecules) unchanged (M1)
no temperature rise so kinetic energy (of molecules) unchanged (M1)
so internal energy does not change (A1)

69. 9702_s19 MS 41 Q: 2
Answer Marks
(a)i) |pV=nRT c1
n =(3.0 x 10° x 210 x 106)/(8.31 x 270) c1
=0.028 mol A1
(@)ii) | Ve T or T=pV/nR with value of n from (i) C1
T =(140/210) x 270 A1
cT)r= (3.0 x 105 x 140 x10-5)/(8.31 x 0.028)
=180 K
(a)(iii) W =pAV Cc1
=3.0x10° % (210 — 140) x 10

=21J A1
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I Marks

Answer

(b) AU =w+q c1
=21-53 c1

or
AU = (nNa) x (3/2)kaT (C1)
=(0.0281 x 6.02 x 102%) x (3/2) x 1.38 x 102 x (180 — 270) (1)

or
AU = (3/2)nRAT (1)
=(3/2)x 0.0281 x 8.31 x (180 — 270) (C1)
AU =(=)32J A1

70. 9702_s19 MS 42 Q: 2
Answer Marks
(@)(i) 1. energy transfer to the system by heating B1
2. (external) work done on the system B1
(a)ii) decrease in internal energy B1
(b)(i) no change (in internal energy) B1
(because) no change in temperature B1
(b)(i)) | work done =pAV c1
=(-)1.6 x 10° x (2.4 — 0.87) x 103

=(-)240J A1l
(b)(iii) first row all correct (0, 480, 480) A1
second row all correct (-=1100, 0, —=1100) A1
final column of third row calculated correctly from the two values above it, so that the final column adds up to 0 A1l
second column in final row correct, with correct negative sign A1

and
first column in final row calculated correctly so that it adds to the second column to give the third column

(fully correct table is:

0 480 480
-1100 0 -1100
860 -240 620

STEMUP.CO.UK
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71.9702_s19_MS_43 Q: 2

APPENDIX A. ANSWERS

Answer Marks
(a)() pV=nRT c1
n =(3.0 x 10° x 210 x 107%)/(8.31 x 270) c1
=0.028 mol A1
(a)(ii) Vo« T or T=pV/nRwith value of n from (i) Cc1
T =(140/210) x 270 A1
EI"r= (3.0 x 10° x 140 x10-%)/(8.31 x 0.028)
=180 K
(a)(ii) | W =pav c1
=3.0 x 10° x (210 — 140) x 10
=21J A1
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Answer Marks
(b) AU =w+g c1
=21-53 c1
or
AU = (nNa) x (3/2)kaT (C1)
=(0.0281 x 6.02 x 10%3) x (3/ 2) x 1.38 x 10-2 x (180 — 270) (c1)
or
AU =(3/2)nRAT (c1)
=(3/2)x 0.0281 x 8.31 x (180 — 270) (C1)
AU = (-)32J A1
72.9702_w19_MS_ 42 Q:2
Answer Marks
(a)i) specks of light moving haphazardly B1
(a)(ii) (gas) molecules collide with (smoke) particles M1
:‘)arndom motion of the (gas) molecules
causes the (haphazard) motion of the smoke particles A1l
g;uj the smoke particles to change direction
(b)(i) pV=nRT c1
n=(3.51x10%x2.40 x 10-3)/ (8.31 x 290) c1
gr= (3.75x 10°x 2.40 x 10-3)/ (8.31 x 310)
or
pV=NkT (C1)
n=(3.51x10°x2.40x1073)/(1.38 x 1072 x 6.02 x 10%* x 290) (C1)
’l:f= (3.75x 10°x2.40 x 107%)/ (1.38 x 1022 x 6.02 x 10%* x 310)
n=0.350 mol or 0.349 mol A1l
(b)(ii) energy transfer = (0.349 or 0.35) x 12.5x (310 — 290) c1
=87.3J or 87.5J A1
(e)(i) zero A1
(c)(ii) 87.3J or 87.5J A1
increase B1
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73.9702_mi18_MS_42 Q: 2

APPENDIX A. ANSWERS

Answer Marks
(a) pV =nRT c1
T=(5.60 x 10° x 3.80 x 102)/(5.12 x 8.31)
T=500K A1
(b)(i) V/Tis constant c1
V' = (3.80 x 10%) x (500 + 125)/500
V=475x10*cm’ A1
(b)ii) (for ideal gas,) change in internal energy is change in (total) kinetic energy (of molecules) B1
AU =3/2x1.38 x 1072 x 125 x 5.12 x 6.02 x 10 c1
=7980J A1
(e)i) |w =pav c1
=5.60 x 10° x (4.75 - 3.80) x 107
=5320J A1
(c)(ii) |total =7980 + 5320 A1
=13300J
74. 9702 s18 MS 41 Q: 3
Answer Marks
(a)() sum of potential and kinetic energies (of molecules/atoms/particles) B1
(energy of) molecules/atoms/particles in random motion B1
(a)(ii) (in ideal gas) no intermolecular forces so no potential energy B1
internal energy is (solely) kinetic energy (of particles) B1
(mean) kinetic energy (of particles) proportional to (thermodynamic) temperature of gas B1
(b) pV=NKkT c1
6.4x105x1.8x10*x105=Nx1.38x 10 x 298 c1
or
pV=nRT and N=nx N, (C1)
6.4%10°x 1.8x10%x 10°=nx8.31 x 298 (c1)
n=46.5 (mol)
N=46.5x6.02x 10”
N=28x10% A1
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837

Answer Marks
(a)@) sum of potential and kinetic energies (of molecules/atoms/particles) B1
(energy of) molecules/atoms/particles in random motion B1
(a)(ii) (in ideal gas) no intermolecular forces so no potential energy B1
internal energy is (solely) kinetic energy (of particles) B1
(mean) kinetic energy (of particles) proportional to (thermodynamic) temperature of gas B1
(b) pV=NKT c1
64x10%%1.8x10*x10°8=Nx 1.38x 107« 298 Cc1
or
pV=nRT and N=nx N, (C1)
6.4x10°x 1.8x10%x 10°=nx8.31x 298 (c1)
n=46.5 (mol)
N=46.5x6.02x 10°
N=28x10" A1
76. 9702 w18 MS 43 Q: 2
Answer Marks
[€)] sum of potential and kinetic energies (of molecules/atoms/particles) B1
(energy of) molecules/atoms/particles in random motion B1
(b)(i) final temperature = initial temperature B1
no change in internal energy B1
(b)(ii) 1. work done on gas (P—Q): 0 A1
increase in internal energy (P—Q): (+)97.0J A1
2. increase in internal energy (Q—»>R): —42.5J A1
3. increase in internal energy (R—P): —54.5J A1l
thermal energy supplied (R—P): —91.5J A1
77.9702_ml7_MS_42 Q: 2
Answer Marks
(a) +AU  increase in internal energy B2
+q heat (energy) transferred to the system/heating of system
+w work done on system
(b)(i) W =pAV B1
=52x10° % (5.0—-1.6) x 107* (=177J)
AU=qg+w A1
=442 - 177 = 265J
(b)(ii) no (molecular) potential energy B1
internal energy decreases so (total molecular) kinetic energy decreases B1
(mean molecular) kinetic energy decreases so temperature decreases B1
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Answer Marks
(b)iii) | AU+265-313=0 A1
AU=48J
(b)(iv) |pV=NKTorpV=nRTandN=nNa c1
52x105x 1.6x107 = N x 1.38x 1072 x (273 + 227) A1

or
52x10°x 1.6x10™" = n x 8.31 x (273 + 227) and n = N/ 6.02x 10%

N=12x10%

78.9702_ w17 _MS_42 Q: 2

Answer Marks
(a) (thermal) energy per (unit) mass (to cause change of state) B1
(energy required to cause/released in) change of state at constant temperature B1
(R)(i) 1. (work done on/against) the atmosphere B1
2. water as it turns from liquid to vapour M1
as potential energy of molecules increases A1
or
surroundings as its temperature rises (M1)
as energy is lost/transferred to surroundings (A1)
(b)(ii) VI = h=M/tx L (where h = power loss) Cc1
or
L = (VIt— Q)/M (where Q = energy loss)
(142 x6.4)—(11.5x 5.2)= (9.1 —5.0) x L/300 c1
or
L =[(14.2 x 6.4) — (11.5 x 5.2)] x 300/(9.1 —5.0)
L=2300Jg" A1
79.9702_ml16 MS 42 Q:2
(a) (i) sum of kinetic and potential energy of atoms/molecules M1
reference to random (distribution) A1 [2]
(ii) no forces (of attraction or repulsion) between molecules B1 [1]
(b) pV=NKT or pV=nRT and R=kNx,n=N/Ny B1
'/s Nm<c?> = NKT or '/ m<c®> = kT B1
<Ex> ="/, m<c?* so <Ex>=°,LkT B1 [3]
(c) (i) <Ex>=%5x1.38x10%x (273 +12) C1
=5.9(5.90) x 10721 A1 [2]
(use of T=12K not T=285K scores 0/2)
(i) number = (17/32) x 6.02 x 10%® C1

=3.2(3.20) x 10% A1 [2]
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(11 internal ener = 9.9 X T x 3.2 x
(iii) internal gy =5.9x 102" x 32 x 10%®

= 1900 (1890)J

80. 9702_wl6_MS_ 41 Q: 2

(@ (i)

(i)

(b) (i)

(i)

pxT or pVIT=constant or pV=nRT
T(=5x300=)1500 K

pV=nRT

1.0x10° x 4.0 x 107 = n x 8.31 x 300

or

5.0 x 10° x 4.0 x 107 = n x 8.31 x 1500

n=0.016 mol

1. heating/thermal energy supplied

2. work done on/to system

1. 240J

2. same value as given in 1. (= 240J) and zero given for 3.

3. zero

81.9702_wl6_MS_42 Q: 3

(a) (sum offtotal) potential energy and kinetic energy of (all) molecules/particles
reference to random (distribution)

(b) (i)

(i)

no heat enters (gas)/leaves (gas)/no heating (of gas)
work done by gas (against atmosphere as it expands)
internal energy decreases

volume decreases so work done on ice/water
(allow work done negligible because AV small)

heating of ice (to break rigid forces/bonds)

internal energy increases

A1l

C1

A1

C1

A1

B1

B1

A1

A1

Al

M1

A1

B1

M1

A1

B1

M1

Al

(1]

[2]

[2]

[2]

[3]

[2]

[3]

(3]
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82.9702_wl6_MS 43 Q: 2

(@) () p=T or pVIiT=constant or pV=nRT C1
T(=5x300 =) 1500 K A1 [2]
(ii) pV=nRT
1.0x10°x4.0x 10 =nx 8.31 x 300
gf’0x105x4.0x10_4=nx8.31><1500 C1
n=0.016 mol Al [2]
(b) (i) 1. heating/thermal energy supplied B1
2. work done on/to system B1 [2]
(i) 1. 240J A1
2. same value as given in 1. (= 240J) and zero given for 3. A1l
3. zero Al [3]

83.9702_m21_MS 42 Q: 4

Answer Marks
(@) acceleration and displacement are in opposite directions B1
(b)(i) F =kx M1
=8.0%(0.060 —0.048) or 8.0%(0.060+0.048)
or 8.0x0.012 or 8.0x0.108
IF =(8.0%0.012)-(8.0x0.108) =0.77N A1
or
IF =0.864 -0.096=0.77TN
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QL.

2 (a) On Fig. 2.1, place a tick (v) against those changes where the internal energy of the

body is increasing.

water freezing at constant temperature
a stone falling under gravity in a vacuum
water evaporating at constant temperature

stretching a wire at constant temperature

Fig. 2.1

(b) A jeweller wishes to harden a sample of pure gold by mixing it with some silver so that
the mixture contains 5.0% silver by weight. The jeweller melts some pure gold and then
adds the correct weight of silver. The initial temperature of the silver is 27 °C. Use the
data of Fig.2.2 to calculate the initial temperature of the pure gold so that the final

mixture is at the melting point of pure gold.

gold silver
melting point / K 1340 1240
specific heat capacity
(solid or liquid) / J kg™ K™ 129 235
specific latent heat of
fusion / kJ kg™ 628 105

Fig.2.2
temperaturé = .....oooevvieiiiiiiiiiiieeeeeeeen . KO [5]

[2]
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{c) Suggest a suitable thermometer for the measurement of the initial temperature of the
gold in (b).

il

Q2.

6 The first law of thermodynamics may be expressed in the form
AU = g + w,

where U is the internal energy of the system,
AUis the increase in internal energy,
q is the thermal energy supplied to the system,
w is the work done on the system.

Complete Fig. 6.1 for each of the processes shown. Write down the symbol “+ for an
increase, the symbol "~ to indicate a decrease and the symbol ‘0" for no change, as
appropriate.

the compression of an ideal gas at
constant temperature

the heating of a solid with no
expansion

the melting of ice at 0 °C to give water
at0°C
(Note: ice is less dense than water)

(6]

Fig. 6.1

Q3.
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3 (a) Define specific latent heat of fusion.

2

(b) A massof 24gof ice at —15°C is taken from a freezer and placed in a beaker containing
200 g of water at 28 °C_ Data for ice and for water are given in Fig. 3.1

specific heat capacity specific latent heat of fusion
1 kg™ K" {Jkg!
ice 2.1 =103 3.3 % 10°
water 4.2 %103 -
Fig. 3.1

(i) Calculate the quantity of thermal energy required to convert the ice at —15°C to
waterat 0°C.

ENErgY = oo o [3]

(i) Assuming that the beaker has negligible mass, calculate the final temperature of
the water in the beaker.

temperature = ___..._..........................°C [3]

Q4.
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3  The electrical resistance of a thermistor is to be used to measure temperatures in the range
12°C to 24 °C. Fig. 3.1 shows the variation with temperature, measured in degrees Celsius,
of the resistance of the thermistor.

2400

2200

resistance
e ~

2000

1800 &

1600 EEns

1400
12 14 16 18 20 22 24 26

temperature /°C

Fig. 3.1

(a) State and explain the feature of Fig. 3.1 which shows that the thermometer has a
sensitivity that varies with temperature.

-2
(b) At one particular temperature, the resistance of the thermistor is 2040 + 20Q.
Determine this temperature, in kelvin, to an appropriate number of decimal places.
temperature = ... . K [3]

Q5.

Use
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2

{a) Use the kinetic theory of matter to explain why melting requires energy but there is no
change in temperature.

(e) A block of ice at 0°C has a hollow in its top surface, as illustrated in Fig. 2.1.

hallow

ice

-

Fig. 2.1

A mass of 160g of water at 100°C is poured into the hollow. The water has specific

heat capacity 4.20kJkg~'K~'. Some of the ice melts and the final mass of water in the
hollow 1s 365g.

(i) Assuming no heat gain from the atmosphere, calculate a value, in klkg™!, for the
specific latent heat of fusion of ice.

specific latentheat = . kJka! [3]

STEMUP.CO.UK
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(ii) In practice, heat is gained from the atmosphere during the experiment. This means
that your answer to (i) is not the correct value for the specific latent heat.
State and explain whether your value in (i) is greater or smaller than the correct

value.

L 12]

Q6.

3  When a liquid is boiling, thermal energy must be supplied in order to maintain a constant

temperature. Examin

(a) State two processes for which thermal energy is required during boiling.

(b) A student carries out an experiment to determine the specific latent heat of vaporisation

of a liguid.
Some liquid in a beaker is heated electrically as shown in Fig. 3.1.

0
to electrical
circuit

heater
/

liquid — L

Fig. 3.1

Energy is supplied at a constant rate to the heater. When the liquid is boiling at a constant
rate, the mass of liquid evaporated in 5.0 minutes is measured.

The power of the heater is then changed and the procedure is repeated.

Data for the two power ratings are given in Fig. 3.2.

STEMUP.CO.UK
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Q7.

power of heater mass evaporated in 5.0 minutes
W g
500 6.5
700 13.6
Fig. 3.2

(i) Suggest

1. how it may be checked that the liquid is boiling at a constant rate,

............................................................................................................................ [1]
2. why the rate of evaporation is determined for two different power ratings.
____________________________________________________________________________________________________________________________ [
(ii) Calculate the specific latent heat of vaporisation of the liquid.
specific latent heat of vaporisation = ... Jg"' [3]

For
Examiner’s
Use
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3 (a) The resistance of a thermistor at 0°C is 3840Q. At 100°C the resistance 15 190Q.
When the thermistor is placed in water at a particular constant temperature, its resistance  |E«
is 2300Q.

(i) Assuming that the resistance of the thermistor varies linearly with temperature,
calculate the temperature of the water.

temperature = .. 'C [2]

(ii) The temperature of the water, as measured on the thermodynamic scale of
temperature, is 286 K.

By reference to what is meant by the thermodynamic scale of temperature, comment
on your answer in (i).

(b) A polystyrene cup contains a mass of 959 of water at 26°C.

A cube of ice of mass 129 is put into the water. Initially, the ice is at 0°C. The water, of
specific heat capacity 4.2 x 103J kg~'K~1, is stirred until all the ice melts.

Assuming that the cup has negligible mass and that there is no heat exchange with the
atmosphere, calculate the final temperature of the water.

The specific latent heat of fusion of ice is 3.3 x 10°Jkg™1.

temperature = . "C 4]

STEMUP.CO.UK
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Q8.

4 (a) The first law of thermodynamics may be expressed in the form
AU = g + w.

Explain the symbols in this expression.

BN it it e e e e e B e e e el e
Ry T T L T TR CR SRS P T
U et e b e e e Bt e b b e e e s ey e s S e e e S
[3]
(b) (i) State what is meant by specific latent heat.
............................................................................................................................ [3]

(ii) Use the first law of thermodynamics to explain why the specific latent heat of

vaporisation is greater than the specific latent heat of fusion for a particular
substance.

QO.

STEMUP.CO.UK
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3

Q10.

(a) Define specific latent heat.

(b) The heater in an electric kettle has a power of 2. 40kW.
When the water in the kettle is boiling at a steady rate, the mass of water evaporated in
2.0 minutes is 106g.
The specific latent heat of vaporisation of water is 2260.J g“.

Calculate the rate of loss of thermal energy to the surroundings of the kettle during the
boiling process.

rate of loss =

STEMUP.CO.UK
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3 (a) State what is meant by the infernal energy of a system.

(b) State and explain qualitatively the change, if any, in the internal energy of the following
systems:

(i) alump ofice at 0°C melts to form liquid water at 0°C,

(ii) a cylinder containing gas at constant volume is in sunlight so that its temperature
rises from 25°C to 35°C.

1 A kettle is rated as 2.3kW. A mass of 750 g of water at 20 °C is poured into the kettle. When
the kettle is switched on, it takes 2.0 minutes for the water to start boiling. In a further
7.0 minutes, one half of the mass of water is boiled away.
(a) Estimate, for this water,

(i) the specific heat capacity,

specific heat capacity = .....ccocoeeevvevvevce e J KT K
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(ii) the specific latent heat of vaporisation.

specific latentheat = .......cccoovveeeveeeeeeenen J kg™

[5]

(b) State one assumption made in your calculations, and explain whether this will lead to
an overestimation or an underestimation of the value for the specific latent heat.

Q12.

3 The volume of some air, assumed to be an ideal gas, in the cylinder of a car engine is
540cm? at a pressure of 1.1 x10°Pa and a temperature of 27 °C. The air is suddenly
compressed, so that no thermal energy enters or leaves the gas, to a volume of 30 cm?. The
pressure rises to 6.5 x 108 Pa.

(a) Determine the temperature of the gas after the compression.

temperature = ... K [3]

(b) (i) State and explain the first law of thermodynamics.
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(ii) Use the law to explain why the temperature of the air changed during the
compression.

Q13.

7 The e.m.f. generated in a thermocouple thermometer may be used for the measurement of
temperature.

Fig. 7.1 shows the variation with temperature T of the em.f. E.

1.5+
E/mv
1.0 4
0.5 4
0" T T T T
300 400 500 600 700

T/IK

Fig. 7.1

(a) By reference to Fig. 7.1, state two disadvantages of using this thermocouple when the
e.m.f. is about 1.0 mV.

STEMUP.CO.UK
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Q14.

3

{b) An alternative to the thermocouple thermometer is the resistance thermometer.
State two advantages that a thermocouple thermometer has over a resistance
thermometer.
L
2
______________________________________________________________________________________________________________________________________ 2]
(a) State the first law of thermodynamics in terms of the increase in internal energy AU, the
heating g of the system and the work w done on the system.
_____________________________________________________________________________________________________________________________________ m
(b) The volume occupied by 1.00mol of liquid water at 100 °C is 1.87x10"°m3. When the

water is vaporised at an atmospheric pressure of 1.03x 10° Pa, the water vapour has a
volume of 2.96 x 10~2m?>.

The latent heat required to vaporise 1.00 mol of water at 100 °C and 1.03x10° Pa is
4.05x104 J.

Determine, for this change of state,

(i) the work wdone on the system,

STEMUP.CO.UK
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(ii) the heating g of the system,

(iii) the increase in internal energy AU of the system.

(¢) Using your answer to (b)(iii), estimate the binding energy per molecule in liquid water.

eNergy = .. J [2]

Q15.
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2 A mercury-in-glass thermometer is to be used to measure the temperature of some oil.

The oil has mass 32.0g and specific heat capacity 'I.40Jg|‘1 K-1. The actual temperature of
the oil is 54.0°C.

The bulb of the thermometer has mass 12.0g and an average specific heat capacity of
0.180Jg "K', Before immersing the bulb in the oil, the thermometer reads 19.0 °C.

The thermometer bulb is placed in the oil and the steady reading on the thermometer is
taken.

(a) Determine

(i) the steady temperature recorded on the thermometer,

temperature = ... *C [3]

(ii) the ratio

change in temperature of oil
initial temperature of oil

(b) Suggest, with an explanation, a type of thermometer that would be likely to give a
smaller value for the ratio calculated in (a)(ii).

STEMUP.CO.UK
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(c) The mercury-in-glass thermometer 15 used to measure the boiling point of a liquid.
Suggest why the measured value of the boiling point will not be affected by the thermal
energy absorbed by the thermometer bulb.

Q16.
2 (a) Define specific latent heat of fusion.

(b) Some crushed ice at 0°C is placed in a funnel together with an electric heater, as shown
in Fig. 2.1.

— 0

joule-

meter | supply

— ——

crushed ice —___

__ - heater
funnel —

beaker

Fig. 2.1

STEMUP.CO.UK
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(iif)

Q17.

The mass of water collected in the beaker in a measured interval of time is determined
with the heater switched off. The mass is then found with the heater switched on. The

energy supplied to the heater is also measured.

For both measurements of the mass, water is not collected until melting occurs at a

constant rate.

The data shown in Fig. 2.2 are obtained.

mass of water energy supplied time interval
lg to heater / J ! min
heater switched off 16.6 0 100
heater switched on 64.7 18000 50
Fig. 2.2

(i) State why the mass of water is determined with the heater switched off.

(ii) Suggest how it can be determined that the ice is melting at a constant rate.

Calculate a value for the specific latent heat of fusion of ice.

latent heat =
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4 (a) Write down an equation to represent the first law of thermodynamics in terms of the

For
heating g of a system, the work w done on the system and the increase AU in the |Esmi
internal energy. Use
______________________________________________________________________________________________________________________________________ i

(b) The pressure of an ideal gas is decreased at constant temperature.
Explain what change, if any, occurs in the internal energy of the gas.
______________________________________________________________________________________________________________________________________ [3]

Q18.

3 (a) A student states, quite wrongly, that temperature measures the amount of thermal For
energy (heat) in a body. Examing
Use

State and explain two observations that show why this statement is incorrect.

STEMUP.CO.UK
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(b) A thermometer and an electrical heater are inserted into holes in an aluminium block of
mass 9609, as shown in Fig. 3.1.

I

thermometer —

aluminium

block \

Fig. 3.1

The power rating of the heater is 54V,

The heater i1s switched on and readings of the temperature of the block are taken at
regular time intervals. When the block reaches a constant temperature, the heater is
switched off and then further temperature readings are taken. The variation with time ¢
of the temperature 8 of the block is shown in Fig. 3.2

connections to
electrical circuit

(i) Suggest why the rate of rise of temperature of the block decreases to zero.

Fig. 3.2

STEMUP.CO.UK
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(ii) After the heater has been switched off, the maximum rate of fall of temperature is
3.7 K per minute.

Estimate the specific heat capacity of aluminium.

specific heat capacity = . Jka 'K [3]

Q19.

2 (a) State what is meant by the internal energy of a gas.

____________________________________________________________________________________________________________________________________ 2]
{b) The first law of thermodynamics may be represented by the equation
AU=qg+w.
State what is meant by each of the following symbols.
FAMP s i S e e B L Lt L e
A et e e e B e e B T L D S L L e
BW ot e e o e e e B e et T e B e Bt et T i
[3]

{c) Anamount of 0.18mol of an ideal gas is held in an insulated cylinder fitted with a piston,
as shown in Fig. 2.1.

1 piston

gas—

H____insulated
cylinder

STEMUP.CO.UK
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(ii)

Q20.

Atmospheric pressure is 1.0 x 10°Pa.

The volume of the gas is suddenly increased from 1.8 x 103e¢m> to 2.1 x 103cm?.

For the expansion of the gas,

(i) calculate the work done by the gas and hence show that the internal energy

changes by 30J,

determine the temperature change of the gas and state whether the change is an

increase or a decrease.

change =

STEMUP.CO.UK
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2 (a) Aresistance thermometer and a thermocouple thermometer are both used at the same
time to measure the temperature of a water bath.

Explain why, although both thermometers have been calibrated correctly and are at
equilibrium, they may record different temperatures.

(b) State

(i) in what way the absolute scale of temperature differs from other temperature
scales,

(ii) what is meant by the absolute zero of temperature.

(c) The temperature of a water bath increases from 50.00°C to 80.00°C.
Determine, in kelvin and to an appropriate number of significant figures,

(i) the temperature 50.00°C,

temperature = . K [1]

(ii) the change in temperature of the water bath.

temperature change = ... K [1]

Q21.

STEMUP.CO.UK
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3 (a) Two metal spheres are in thermal equilibrium.
State and explain what is meant by thermal equilibrium.

{b) An electric water heater contains a tube through which water flows at a constant rate.
The water in the tube passes over a heating coil, as shown in Fig. 3.1.

heating water out

coil I
| I
4 tube
water in

Fig. 3.1

The water flows into the tube at a temperature of 18°C. When the power of the heater is
3.8kW, the temperature of the water at the outlet is 42°C.
The specific heat capacity of water is 4.2 Jg K.

(i) Use the data to calculate the flow rate, in 95‘1, of water through the tube.

flowrate = oo gs! [3]

(ii) State and explain whether your answer in (i) is likely to be an overestimate or an
underestimate of the flow rate.

Q22.

STEMUP.CO.UK
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3 The volume of 1.00kg of water in the liquid state at 100°C is 1.00x 10-*m?. The volume of 1.00kg
of water vapour at 100°C and aimospheric pressure 1.01x10%Pa is 1.69m?3.

(a) Show that the work done against the atmosphere when 1.00kg of liquid water becomes water
vapour is 1.71x 10%J.

(b) (i) The first law of thermodynamics may be given by the expression
AU = +g +w
where Al is the increase in internal energy of the system.
State what is meant by

1. +gq,

M

M1

(ii) The specific latent heat of vaporisation of water at 100°C is 2.26x108Jkg™".
A mass of 1.00kg of liquid water becomes water vapour at 100°C.

Determine, using your answer in (a), the increase in internal energy of this mass of water
during vaporisation.

increase in iNternal 8NErgY = oo e J [2]

Q23.
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3

(c)

A microwave cooker uses electromagnetic waves of frequency 2450 MHz.

The microwaves warm the food in the cooker by causing water molecules in the food to oscillate
with a large amplitude at the frequency of the microwaves.

(a) State the name given to this phenomenon.

- [1]

(b) The effective microwave power of the cooker is 750W.
The temperature of a mass of 280 g of water rises from 25°C to 98 °C in a time of 2.0 minutes.

Calculate a value for the specific heat capacity of the water.

specific heat capacity = ...cccooooioveeeeeeeeeeeeeee. Jkg 1K1 [3]

The value of the specific heat capacity determined from the data in (b) is greater than the
accepted value.
A student gives as the reason for this difference: ‘heat lost to the surroundings’.

Suggest, in more detail than that given by the student, a possible reason for the difference.

STEMUP.CO.UK
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3 A fixed mass of gas has an initial volume of 5.00x10™*m? at a pressure of 2.40%x105Pa and a
temperature of 288K. It is heated at constant pressure so that, in its final state, the volume is
14.5x10~*m? at a temperature of 835K, as illustrated in Fig. 3.1.

initial state

5.00x10-4 m3
2.40x10° Pa
288K

final state

145%x104 m3
2.40x105Pa
835K

(a) Show that these two states provide evidence that the gas behaves as an ideal gas.

(b) The total thermal energy supplied to the gas for this change is 569J.

Determine

(i) the external work done,

Work done = .o

STEMUP.CO.UK
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(i) the change in internal energy of the gas. State whether the change is an increase or a
decrease in internal energy.

change in internal energy = .....cccccoveiiiieieecrcee e

. [2]
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QL.

2 (a)

Q2.

Q3.

3

Q4.

3

(b)

()

(a)

(b) (i)

(ii)

X
X
+
v (-1 for each error or OMISSION) .o e B2
heat lost by liquid gold = 0.95m x 129 x AT. .. . C1

heat gained (siver) = 0.05m x 235 x (1340 — 30}}+Dﬂ5mx‘IEE-EIZH} c1.c1
122.5mAT = 17 470m

F Y T o TS T C1
temperature =143 + 1340 = 1483 K ... A
e.q. thermocouplefresistance thermometer ... B1
0 - + (-1 for each error) o
+ + 0 (-1 for each error)
+ + 0 (-1 for each error)

Total

(thermal) energy/heat required to convert unit mass/1 kg of

solid to liquid M1
with no change in temperature/at melting point A1

energy required to warm ice = 24 x 10° x 2.1 x 10° x 15 (=756 J)  C1
energy required to melt ice at 0 °C = 24 x 10 x 330 =« 10* (= 7920 J) C1

total energy = 8700 J A1
energy lost by warm water = 200 x 10” x 4.2 x 10* x (28 - T) c1
200x 4.2 % (28-T)=24x4.2 x T+ 8676 c1
T=16°C A1

[allow 2 marks if A T calculated]
[allow 2 marks if (24 x 4.2 x T) omitted]
[allow 1 mark for 224 x 4.2 x (28 - T) = 8676, T- 19 °C]

(a) gradient of graph is (a measure of) the sensitivity
the gradient varies with temperature

(b) 2040 + 20 Q corresponds to 15.0 £ 0.2 °C
T/K=T/°C+273.15 (allow 273.2)
temperature is 288.2 K

STEMUP.CO.UK
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(1

B2

[2]

[3]

[3]

M1

C1
C1
A1

[6]
[6]
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Q5.

2

Q6.

3

Q7.

3

(a) (on melting,) bonds between molecules are broken/weakened
or molecules further apart/are able to slide over one another
kinetic energy unchanged so no temperature change
potential energy increased/changed so energy required

(b) thermal energy/heat required to convert unit mass of solid to liquid
with no change in temperature/ at its normal boiling point

(c) (i) thermal energy lost by water =0.16 4.2 x 100
=67.2kd
67.2=0205x%L
L =328 kJ kg™

(ii) more energy (than calculated) melts ice
so, (calculated) L is lower than the accepted value

(a) increasing separation of molecules / breaking bonds between molecules
(allow atoms/molecules, overcome forces)
doing work against atmosphere (during expansion)

B1
B1
B1

M1
A1l

C1
C1
Al

M1

(b) (i) 1 either bubbles produced at a constant rate / mass evaporates/lost at

constant rate
or find mass loss more than once and this rate should be constant
or temperature of liquid remains constant

2 to allow/cancel out/eliminate/compensate for heat losses (to atmosphere)
(do not allow ‘prevent’/'stop’)

(ii) use of power x time = mass % specific latent heat
(70-50)%5%60 = (13.6-6.5) %L
L =845Jg"

(a) (i) 1degC corresponds to (3840 — 190)/ 100 Q2
for resistance 2300 €2, temperature is 100 x (2300 — 3840) / (190 — 3840)
temperature is 42°C

(ii) either 286 K=13°C or 42°C=315K
thermodynamic scale does not depend on the property of a substance
so change in resistance (of thermistor) with temperature is non-linear

(b) heat gained by ice in melting = 0.012 x 3.3 x 10° J

= 3960 J
heat lost by water = 0.095 x 4.2 x 10° x (28 — 6)
3960 + (0.012 x 4.2 x 10°x ) = 0.095 x 4.2 x 10* x (28 — &)
8 = 16°C
(answer 18°C — melted ice omitted — allow max 2 marks)
(use of (8- T) then allow max 1 mark)

STEMUP.CO.UK
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B1
B1

C1
Cc1
Al

C1
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B1
M1
Al
C1
C1

C1
Al
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Q8.

4

QO.

3

Q10.

3

Q11.

(a) +AU:increase in internal energy
+@: thermal energy / heat supplied to the system
+w: work done on the system

(b) (i) (thermal)energy required to change the state of a substance
per unit mass
without any change of temperature

(ii) when evaporating
greater change in separation of atoms/molecules
greater change in volume

identifies each difference correctly with AU and w

(a) (numerically equal to) quantity of (thermal) energy required to change
the state of unit mass of a substance
without any change of temperature
(Allow 1 mark for definition of specific latent heat of fusion/vaporisation)

(b) either

or

288000J

energy supplied = 2400 x2 x 60 =
= 106 x 2260 = 240000J

energy required for evaporation
difference = 48000J

rate of loss = 48000/ 120 = 400W

energy required for evaporation = 106 x 2260 = 240000 J
power required for evaporation = 240000 / (2 x 60) = 2000 W
rate of loss = 2400 — 2000 = 400W

(a) sum of potential energy and kinetic energy of atoms/molecules/particles
reference to random (distribution)

(b) (i) as lattice structure is ‘broken’/bonds broken/forces between
molecules reduced (not molecules separate)
no change in kinetic energy, potential energy increases
internal energy increases

(ii) either molecules/atoms/particles move faster/ <¢?> is increasing

or

kinetic energy increases with temperature (increases)

no change in potential energy, kinetic energy increases
internal energy increases

STEMUP.CO.UK

B1

B1

M1
Al
Al

M1
M1
A1l

M1
Al

C1
Cc1

Al

(C1)
(C1)
(A1)

M1
A1

B1
M1
A1l

(3]

(3]

3]

[2

[3]

[2]

[3]

[3]
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1 (@ @

.. Ci

2300 = 0.75 x ¢ x{100-20)/ 120 ...(if uses £273, then -2)...... Cl

¢ = 46007 kg' K (auow 1 sf} ...................................... Al
2300—‘ (0.375 !420)x£
L=26x10°Tkg? ...@low 1S .ccuuceouereemenerensmsereesnnnnnees Al [5]
(b) e.g. heat losses, power not constant etc  ..............coevenvemeennnnns Ml
(do not allow if releated to s.h.c., rather than Lh.c.)
effectonvalucior L ....occiiiiniiiiinmnnnnmiessssannns, AL [2]
Q12.
3 (a) pV/T = constant.. ceerarrnernnneernnnnaanens G 1
T =(6.5x10°x 30 x 300};(1 1x10°x 540] PR -, |
=985K.. . A1 [3]
(if uses “C, ah‘ow 1/3 .rnarks fr_)r clear fr_)rmula}
3 (b) (i) AU=qg+w
symbols identified correctly ... M
AIreCtions COMTEEL. ... eiveie it cna s veaeeenaanns A [2]
(ii) qis zero. e Sirebin Siiimi ki i bt mn e mminns BB
wis posmve OR AU w and U increases . ceieeriernnaaeernaaeaanen B
AU is rise in kinetic energy of atoms .. M1
and mean kinetic energy o T ..o A1 [4]
(allow one of the last two marks if states ‘U increases so T rises’)
Q13.
7 (a) wvariation is non-inear 1
two possible temperatures 1 [2]
(b) e.g. 1. small thermal capacity/measure A48 of small object
/short response time
2 readings taken at a point/physically small
3 can be used to measure temperature difference
4 no power supply required
etc. (any two, 1 mark each) 2 [2]
Q14.

STEMUP.CO.UK
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3 (a) correct statement, words or symbols
(b)(iy w PAV.  oivdiaiinn e visnia s diavnive s en e da vk smdadad e e ek

1.03 x 10° x (2.96 x 107 — 1.87 x 107%)

(F) 3050 J e

(i) ¢ =4.05x10%J

(iii) AU=4.05x10*—3050=37500J ...noec.f from(a).........ccc.e.e.
penalise 2 sig.fig. once only

(c) number of molecules = Na ...
energy =37500/(6.02 x 10%)
=6.2x 10" J (accept 1 sig.fig.)

Q15.

2 (a) (i) idea of heat lost (by oil) = heat gained (by thermometer)
32x14x(54-18)=12x0.18 x (t—19)
t=524°C

(i) eitherratio (= 1.6/54) = 0.030 or (=1.6/327) = 0.0049

(b) thermistor thermometer (allow ‘resistance thermometer’)
because small mass/thermal capacity

(c) boiling point temperature is constant
further comment
e.g. heating of bulb would affect only rate of boiling

Q16.

2 (a) (Thermal) energy / heat required to convert unit mass of solid to liquid
at its normal melting point / without any change in temperature
(reference to 1 kg or to ice —» water scores max 1 mark)

(b) (i) To make allowance for heat gains from the atmosphere

(ii) e.q. constant rate of production of droplets from funnel
constant mass of water collected per minute in beaker
(any sensible suggestion, 1 mark)

(iii) mass melted by heater in 5 minutes = 64.7 — 2 < 16.6 = 56.4¢g
56.4 x 10°x L =18
L=320kJ kg™
(Use of m= 64.7, giving L = 278 kJ kg™', scores max 1 mark
use of m =481, giving L = 374 kJ kg"', scores max 2 marks)

Q17.

STEMUP.CO.UK

B1
C1

A1l

B1
Al

C1

Al

M1
Al

B1

B1

C1
c1
Al

Al

B1
B1

M1

Al
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4 (a) AU=g+w (allow correct word equation)

(b) either Kkinetic energy constant because temperature constant
potential energy constant because no intermolecular forces
so no change in internal energy

or kinetic energy and potential energy both constant (M1)
so no change in internal energy (A1)
reason for either constant k.e. or constant p.e. given (A1)

Q18.

3 (a) e.g.two objects of different masses at same temperature (M1)
same material would have different amount of heat (A1)

e.g. temperature shows direction of heat transfer (M1)

from high to low regardless of objects (A1)

e.g. when substance melts/boils (M1)

heat input but no temperature change (A1)

any two, M1 + A1 each, max 4

(b) (i) energy losses (to the surroundings)
either increase as the temperature rises

or rise is zero when heatloss = heatinput ...

(ii) idea of input power = maximum rate of heat 0SS ...ccooeviiiiiiiceiieiaen,

power = mx ¢ x AG/ At
B4 = 096 x¢c=x3.7/60
¢ = 910 Jkg' K’

Q19.

2 (a) sum of kinetic and potential energies of molecules / particles / atoms

random (distribULION) oo e e e an e an e

(b) +AU: increase ininternal BNergy ...
+q: heating of / heat supplied to system ...
+w: WOrk done on SYSEEM i

(e) (i) work done

1.0 x 10° x (2.1 - 1.8) x 107?
30U e
O0so AU=30J

w=30J g

PAY e a e

.............. B1

,,,,,,,,,,,, C1

B1 [1]
M1
M1
Al [3]
[4]
..M1
,,,,,,,,,,,,,,, Al [2]
e C1
AT 3]
[Total: 9]
.............. Al [2]
,,,,,,,,,,,,,, B1 [3]
M
LAT 3]

(ii) these three marks were removed, as insufficient data was given in the question.

Q20.

STEMUP.CO.UK
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2 (a) temperature scale calibrated assuming linear change of property with

temperature B1
neither property varies linearly with temperature B1 [2]
(b) (i) does notdepend on the property of a substance B1 [1]
(ii) temperature at which atoms have minimum/zero energy B1 [1]
() (i) 323.15K A1 1]
(ii) 30.00K A1 [1]
Q21.
3 (a) temperature of the spheres is the same B1
no (net) transfer of energy between the spheres B1 [2]
(b) (i) power = mx cx A¢where m is mass per second Cc1
3800 =mx4.2x(42-18) C1
m =38gs™ A1 [3]
(ii) some thermal energy is lost to the surroundings M1
so rate is an overestimate Al [2]
Q22.
3 (a) either change in volume = (1.69 — 1.00 x 10‘3]
or liquid volume << volume of vapour M1
work done = 1.01 x 10° x 1.69 = 1.71 x 10° (J) Al [2]
(b) (i) 1. heating of system/thermal energy supplied to the system B1 [1]
2. work done on the system B1 [1]
(i) AU =(2.26 x 10°) — (1.71 x 10%) C1
=2.09x 108 (3 s.f. needed) Al [2]

Q23.

STEMUP.CO.UK
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3 (a) resonance

(b) Pt= mcAé
750 x 2 x 80 = 0.28 x ¢ x (98 — 25)
¢ = 4400 Jkg™' K-

(use of AB = 73 + 273 max. 1/3)
(use of t = 2s not 120s max. 2/3)

© Cambridge International Examinations 2014

B1 []

C1
C1
Al [3]

WWW.RAxXpapers.com

Page 3 Mark Scheme Syllabus Paper
GCE A LEVEL — May/June 2014 9702 42
(c) e.g.some microwave leakage from the cooker
e.g. container for the water is also heated
(any sensible suggestion) B1 [1]
Q24.
3 (a) initially, p¥/ T=(2.40 x 10° x 5.00 x 107)/288 = 0.417 M1
finally, pV/ T = (2.40 x 10° x 14.5 x 107)/835 = 0.417 M1
ideal gas because pV/ T is constant Al [3]

(allow 2 marks for two determinations of V/ T and then 1 mark for VI T and p

constant, so ideal)

@ Cambridge International Examinations 2014

Page 3 Mark Scheme Syllabus | Paper
Cambridge International AS/A Level — October/November 2014 9702 43
(b) (i) work done =pAV

=2.40 x 10° x (14.5— 5.00) x 10 C1

= 228J (ignore sign, not 2 s.f.) Al [2]

(iiy AU=g+w =0569-228

=341J M1

increase Al [2]
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Thermal Properties - 2020 A2

1. June/2020/Paper_42/No.3
By reference to the first law of thermodynamics, state and explain the change, if any, in the internal
energy of:

(a) alump of solid lead as it melts at constant temperature

the gas.

[Total: 6]

1
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Thermal Properties - 2021 A2

1. Nov/2021/Paper_41/No.3
(a) Define specific heat capacity.

(b) A sealed container of fixed volume V contains N molecules, each of mass m, of an ideal gas
at pressure p.

(i) State an expression, in terms of V, N, p and the Boltzmann constant k, for the
thermodynamic temperature T of the gas.

..................................................................................................................................... [1]
(if) Show that the mean translational kinetic energy E, of a molecule of the gas is given by
_3
E .= EkT.

[2]

(iii) Explain why the internal energy of the gas is equal to the total kinetic energy of the
molecules.

(c) The gas in (b) is supplied with thermal energy Q.

(i) Explain, with reference to the first law of thermodynamics, why the increase in internal
energy of the gas is Q.
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(ii) Use the expression in (b)(ii) and the information in (c)(i) to show that the specific heat
capacity c of the gas is given by

_ 3k

C—zm.

(2]

(d) The container in (b) is now replaced with one that does not have a fixed volume. Instead, the

gas is able to expand, so that the pressure of the gas remains constant as thermal energy is
supplied.

Suggest, with a reason, how the specific heat capacity of the gas would now compare with
the value in (c)(ii).

[Total: 13]

2
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2,

March/2021/Paper_42/No.3
(a) Using a simple kinetic model of matter, describe the structure of a solid.

(b) The specific latent heat of vaporisation is much greater than the specific latent heat of fusion
for the same substance.
Explain this, in terms of the spacing of molecules.

(c) Aheater supplies energy at a constant rate to 0.045kg of a substance. The variation with time
of the temperature of the substance is shown in Fig. 3.1. The substance is perfectly insulated
from its surroundings.
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(i) Determine the temperature at which the substance melts.

temperature = .o °C [1]

(ii) The power of the heater is 150 W.
Use data from Fig. 3.1 to calculate, in kJkg~', the specific latent heat of vaporisation L of

the substance.

L= e kJkg™" [3]

(iif) Suggest what can be deduced from the fact that section Q on the graph is less steep
than section P.

[Total: 8]

4
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Thermodynamics - 2023 A2 Physics 9702

1. Nov/2023/Paper_9702/41/No.2
(a) Define specific heat capacity.

(b) An ideal gas of mass 0.35kg is heated at a constant pressure of 2.0 x 10°Pa so that its
internal energy increases by 7600J. During this process, the volume of the gas increases
from 0.038 m? to 0.063m? and the temperature increases by 56 °C.

(i) Show that the magnitude of the work done on the gas is 5000J.

(1]
(ii) Explain whether the work done on the gas is positive or negative.
..................................................................................................................................... [2]
(iii) Determine the magnitude of the thermal energy q transferred to the gas.
o SR J [2]

1
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(iv) Calculate the specific heat capacity of the gas for this process. Give a unit with your
answer.

specific heat capacity = ... unit ... [2]

(c) The gas in (b) is now heated at constant volume rather than at constant pressure.
The increase in internal energy of the gas is the same as in (b).

Use the first law of thermodynamics to explain whether the specific heat capacity of the gas
for this process is less than, the same as, or greater than the answer in (b)(iv).

[Total: 12]

2
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2. Nov/2023/Paper_9702/42/No.3
(a) State what is meant by the internal energy of a system.

............................................................................................................................................. [2]
(b) Use the first law of thermodynamics to explain what happens to the internal energy:
(i) of aspring when it is stretched at constant temperature within its elastic limit
..................................................................................................................................... [3]
(ii) of a sample of water when it evaporates from a rain puddle on a hot day.
..................................................................................................................................... [3]

[Total: 8]

3
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3. June/2023/Paper_9702/41/No.4b(ii, iii
(b) An ideal gas has amount of substance n.
The gas is initially in state X, with pressure 2p and volume V.
The gas is cooled at constant volume to state Y, with pressure p.

The gas is then heated at constant pressure to state Z, with volume 2V.
Finally, the gas returns at constant temperature to state X.

(ii) On Fig. 4.1, sketch the variation with volume of pressure for the gas as the gas undergoes
the three changes. The state X is labelled. Label states Y and Z.

2p- Xe
pressure
P-
0 T 1
0 "4 2V
volume
Fig. 4.1
[3]
4
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(iii) During the change of state from Y to Z, the increase in internal energy of the gas is U.
During the change of state from Z to X, the work done on the gas is W.

Complete Table 4.1 to indicate, for each of the three changes of state, the increase in
internal energy of the gas, the thermal energy transferred to the gas and the work done
on the gas, in terms of p, V, Uand W.

Table 4.1
increase in internal thermal energy
change work done on gas
energy of gas transferred to gas
XtoY
YtoZ +U
Zto X +W
[3]
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4. June/2023/Paper_9702/42/No.3
(a) State the first law of thermodynamics. Identify the meaning of any symbols that you use.

. [2]

(b) The state of an ideal gas is continuously changed according to the cycle ABCDA shown in

Fig. 3.1.
4 Cc > D
pressure
N \'%
B < A
-
volume
Fig. 3.1
(i) Complete Table 3.1 for the changes A to B and B to C by placing two ticks (v) in each
row.
Table 3.1
change in internal energy work done on gas
change
decrease | nochange | increase | negative zero positive
AtoB
BtoC
(4]
6
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(ii) Use the first law of thermodynamics to describe and explain the energy transfers
associated with one complete cycle ABCDA.

K]

[Total: 9]
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5. March/2023/Paper_9702/42/No.2b(ii), (iii)

(b) A fixed amount of helium gas is sealed in a container. The helium gas has a pressure of
1.10 x 105 Pa, and a volume of 540 cm? at a temperature of 27 °C.

The volume of the container is rapidly decreased to 30.0cm?3. The pressure of the helium gas
increases to 6.70 x 10% Pa and its temperature increases to 742 °C, as illustrated in Fig. 2.1.

initial state final state
1.10 x 10° Pa 6.70 x 10° Pa
540¢cm?3 30.0cm?3
27°C 742°C
Fig. 2.1

No thermal energy enters or leaves the helium gas during this process.

(ii) The first law of thermodynamics may be expressed as
AU=qg+ W.

Use the first law of thermodynamics to explain why the temperature of the helium gas
increases.

12
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(iii) The average translational kinetic energy E, of a molecule of an ideal gas is given by

_3
Ey = 5kT

where Kk is the Boltzmann constant and T is the thermodynamic temperature.

Calculate the change in the total kinetic energy of the molecules of the helium gas.

change in Kinetic energy = ... J [3]
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