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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.

.................................................................................................................................... [1]
(c) Aheater supplies energy at a constant rate to 0.045kg of a subs ariation with time
of the temperature of the substance is shown in Fig. 3.1. Th \ ce 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 kdkg™" [3]

(iii) Suggest what can be deduced from the fact that section Q on the less steep

than section P. E

[Total: 8]
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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.

, bcbe

(b) The temperature of the gas is increased to 350K at coﬁ olume. The specific heat

capacity of the gas for this change is 0.66 Jkg™1K™1. 0
Calculate the energy supplied to the gas by heati

(c) Explain how f 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

rati@ ................................................. [2]
[Total: 10]
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(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

heater \

The heater is switched on. When the li
noted at 2.0 minute intervals.

oiling at a constant rate, the balance reading is

After 10 minutes, the current i eater 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 AY
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
\\
480 3
balance reading/g N
460 N "
N
N
440 -
12 16 20 24

time/minutes
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(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.

(iii) Determine a value for the specific latent heat of vaporisation L of the liquid.

(iv) Calculate the rate at whi | energy is transferred to the surroundings.

Q

&

*

[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.

ice
heater
pan of
balance\i
Fig. 0
The balance reading measures the mas beaker and the melted ice (water) in the

beaker.

The heater is switched on and pi @ f ice at 0°C are added continuously to the funnel so
that the heater is always surrqoufiided By ice.

When water drips
2.0 minute interva
readings are take

unnel at a constant rate, the balance reading is noted at
minutes, the current in the heater is increased and the balance
er 12 minutes.

L 2

0‘,‘
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CHAPTER 4. THERMAL PROPERTIES OF MATERIALS

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

300

AN

250

mass/g

N,

200

;
N\

150

N\

100

50

The readings of the ammeter

8 16 20 24
o time/minutes

>

voltmeter are shown in Fig. 3.3.

ammeter reading voltmeter reading

o AR

/A v
1.8 7.3
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 therma y is transferred from the surroundings to the

ice. Q@Q

[Total: 10]
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(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

heater —_

The heater is switched on. When the li
noted at 2.0 minute intervals.

oiling at a constant rate, the balance reading is

After 10 minutes, the current i eater 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 AY
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
\\
480 3
balance reading/g N
460 N "
N
N
440 -
12 16 20 24

time/minutes
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(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.

(iii) Determine a value for the specific latent heat of vaporisation L of the liquid.

(iv) Calculate the rate at whi | energy is transferred to the surroundings.

Q

&

*

[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 @‘nperature of

38°C, as illustrated in Fig. 3.1. q
O\i >

—————— warm water

ice

aluminium can A

A mass of 489 of ice at —182
and the final temperatu

n from a freezer and put in to the water. The ice melts
nd its contents is 23°C.

Data for the speci apacity ¢ of aluminium, ice and water are given in Fig. 3.2.

c/Jg K
*
L o2 aluminium 0.910
. 2
4 ice 2.10
water 418
Fig. 3.2
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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 h@fusion of ice.

[Total: 7]
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57. 9702 w18 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.
—(A)
L,
i. i
™~
pure melting )

<
| heat‘er b@

(\

beaker 6 0

water

-

The heater is switched on.
constant rate, the data shown in Fig. 3.2 are collected.

When the pure ice is

initial mass of | final mass of time of collection
beaker beaker Iminutes
plus water/g | plus water/g
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.

?"t.’PapaCambridge
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(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.

o o
2
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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

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

....................................................................................................................................... [1]
(i) Use the expression to show that the mean kinetic energy E, of a gas molecule is given
by
3
Ex = 5 kT
where k is the Boltzmann constant and T is the thermodynamic te e.

>

f molecules is heated at constant volume.
show that the thermal energy required to raise the

0K has a value of %R, where R is the molar gas constant.

(b) (i) Anideal gas containing
Use the expressiongi

temperature

[3]
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(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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(a) State
(i) what may be deduced from the difference in the temperatures of two objects,
..................................................................................................................................... [1]
(if) the basic principle by which temperature is measured.
..................................................................................................................................... [1]

(b) By reference to your answer in (a)(ii), explain why two thermometers may ive the same
temperature reading for an object.

(c) Ablock of aluminium of mass 670( is heated at a ¢ ate of 95 W for 6.0 minutes.
The specific heat capacity of aluminium is 910J
The initial temperature of the block is 24 °C. @

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

?‘]'PapaCambridge
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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.

100

80

6/°C

60

40

20

1. Use the information in (i
the block, assuming

Ny

2. Using Fig.
process.

L 2

0‘,‘

*

3 4 5 6
t/minutes

,on Fig. 1.1, a line to represent the temperature of
y losses 1o the surroundings. [1]

the total energy loss to the surroundings during the heating

eNergy l0SS = ..o J [2]

[Total: 10]
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(a) State
(i) what may be deduced from the difference in the temperatures of two objects,
..................................................................................................................................... [1]
(if) the basic principle by which temperature is measured.
..................................................................................................................................... [1]

(b) By reference to your answer in (a)(ii), explain why two thermometers may ive the same
temperature reading for an object.

(c) Ablock of aluminium of mass 670( is heated at a ¢ ate of 95 W for 6.0 minutes.
The specific heat capacity of aluminium is 910J
The initial temperature of the block is 24 °C. @

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

?‘]'PapaCambridge



“ jPPapaCambridge

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

60

40

20

1. Use the information in (i
the block, assuming

Ny

2. Using Fig.
process.

L 2

0‘,‘

*

3 4 5 6
t/minutes

,on Fig. 1.1, a line to represent the temperature of
y losses 1o the surroundings. [1]

the total energy loss to the surroundings during the heating

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 y
<
[ AN
gas
molecule
Fig. 2.1 0

Initially, the gas has a volume of 1.8 x 1072m?3 at a pressure of 3.3 x 10°P perature of
310K.

L/

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

°
00 [2]

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

?‘]'PapaCambridge



"
] o
-"PQP aCambrldge 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
Eq= 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 expans@

Use your answer in (i) to explain ermal 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,

L/

(b) (i) Show that the final temperature T Of@&w K.

[3]

[1]
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(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
during the expansion is equal to the increase in internal energy in (

[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 y
<
[ AN
gas
molecule
Fig. 2.1 0

Initially, the gas has a volume of 1.8 x 1072m?3 at a pressure of 3.3 x 10°P perature of
310K.

L/

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

°
00 [2]

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

?‘]'PapaCambridge
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(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
Eq=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 expans@

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

[Total: 10]
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(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.

(ii) Show that the mean translational kinetic energy E,. of a molecule

_3
Eq=5kT.

is given by

0 (2]
(iiif) Explain why the inter of the gas is equal to the total kinetic energy of the
molecules. Q

(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.

?‘]'PapaCambridge
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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

_ 3k
C—2 .

(2]

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

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

the value in (c)(ii).

Suggest, with a reason, how the specific heat capacity of the égow compare with

[Total: 13]
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(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.

(i) Show that the mean translational kinetic energy E, of a molecule is given by

molecules.

0 [2]
(iii) Explain why the interr@ of the gas is equal to the total kinetic energy of the

(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.

?‘]'PapaCambridge
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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

_ 3k
C—2 .

(2]

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

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

the value in (c)(ii).

Suggest, with a reason, how the specific heat capacity of the égow compare with

[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
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]

o [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
under gravity in a vacuum.

[Total: 7]
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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

................................................... mol [3]
(if) the final temperature T of the gaso
*
oo
,o’ T o e K [2]
(iii) the external work done on the gas.
WOrK dONE = ..o J [2]

?‘j_']'PapaCambridge
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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.

o [Total: 10]
70. 9702_s19 qp_ 42 Q: 2 q
(a) The first law of thermodynamics may be expressed in the fori \

AU=qg+w 0
(i) State, for a system, what is meant by:

ented by a negative value of AU.

?‘j_']'PapaCambridge



"
] o
-.’P%p aCam brldge CHAPTER 4. THERMAL PROPERTIES OF MATERIALS

(b) Anideal gas, sealed in a container, undergoes the cycle of changes shown in Fig. 2.1.

7.0 T
:::‘B‘ 8.7 x104m3
\ 6.6 x 105Pa
\ | 450K
6.0 \
pressure
/10°Pa \
5.0
\\
4.0
k 4 x103m3 H
3.0 N s =
S 6x10°Pa [
8.7 x 1074m3 NS mN 3001(( =
1.6 x 10°Pa > ' N -
50 110K ]
/ ~l \
T TC 1 AT
1.0 —

0.75 1.00 1.25 1. 1.75 2.00 2.25 2.50
volume/103m3
Qa Fig. 2.1
% x 1073m3, pressure 1.6 x 10°Pa and temperature 300 K.

At point A, the gas

The gasisc suddenly so that no thermal energy enters or leaves the gas during
the compre mount of work done is 480J so that, at point B, the gas has volume
8.7 x 107 6.6 x 10°Pa and temperature 450K.

*
oThg as
energy is

ed at constant volume so that, between points B and C, 1100J of thermal
d. At point C, the gas has pressure 1.6 x 10°Pa and temperature 110K.

Finally, the gas is returned to point A.

T"i'.’PapaCambridge
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(i) State and explain the total change in internal energy of the gas for one complete

cycle ABCA.
....................................................................................................................................... [2]

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

work done = .......... (\ ............................. J [2]

(iii) Complete Fig. 2.2 for the changes from:
1. point Ato point B
2. point B to point C < 0

3. point C to point A.

change +q/J +w/J AU/

A—B Q ...............................................

[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

a®_ ................................................... mol [3]
(ii) the final temperature T of the gaso
*
oo
,o’ T e K [2]
(iii) the external work done on the gas.
WOrK dONE = ..o J [2]

?‘j_']'PapaCambridge
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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.

0 [Total: 10]
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(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

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

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

240 x 103cm? 103cm?3
3.51 x 105Pa > 75 % 10°Pa

290K @ 310K
Fi
»

The quantity of thermal energy re
1.00K at constant volume is 12

raise the temperature of 1.00mol of the gas by

Calculate, to three signifi

(i) the amount, |

L 2

0'“

*

amount = ..., mol [3]

?‘]’PapaCambridge
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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

workdone = ...

@
(ii) the change in internal energy, with the direction of this change. Q
change = ....ooooooeee... 0\ ........................ J

direction .............

[Total: 11]

Q°Q®
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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 £, of a molecule of the gas is given by the x@ion

E = % KT
where k is the Boltzmann constant and T is the thermodynami rature.
The gas is heated at constant pressure so that its te ises by 125K.
(i) Use your answer in (a) to determine the new f the gas.

2
Q"’o
Q@ —

e in internal energy of the gas. Explain your working.

(i) Calculate

L 2

0‘“

*

increase ininternal €Nergy = .........coooieeeieecieee e J [3]

?‘]'PapaCambridge
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(c) (i) Use your answer in (b)(I) to determine the external work done during the expansion of
the gas.

145

WOrK dONE = ..o J[2]

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

<
&

energy = 4. ... J[1]
; [Total: 10]
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(@) (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.

.............................................................................. &[3]
(b) A cylinder of volume 1.8 x 10*cm?® contains h s at pressure 6.4 x 10°Pa and
temperature 25°C.
Helium gas may be considered to be an idea onsisting of single atoms.

Calculate the number of helium atomsiin the der.

NUMDEE = e [3]

[Total: 8]

?‘]'PapaCambridge
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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.

temperature 25°C.
Helium gas may be considered to be an ideal

Calculate the number of helium atoms i e er.

Q"’&

NUMDEE = e [3]

[Total: 8]

?‘]'PapaCambridge
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(a) State what is meant by the internal energy of a system.

(b) An ideal gas undergoes a cycle of changes as shown in Fig. 2.1.

3.00
280 Q372K .
pressure - H
/10°Pa N
2.60 .
540 97.0J |
\\\
R
332 K1
.
L]
1000 1050 1100 1150
volume/cm?3
Lx 3 .
Fig. 2.1
o
2 ®

At pomt P, t as volume 950cm3, 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.

?"t.’PapaCambridge
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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

1. the change P — Q,

2. the change Q — R,

3. thechange R — P.

[Total:

[5]

9]
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(@) The first law of thermodynamics can be represented by the expression
AU=qg+w

State what is meant by the symbols in the expression.

A
o S
21
[2]
(b) Afixed mass of an ideal gas undergoes a cycle ABCA of changes, as shown in Fig.2.1.
6.0 ‘[ } 0
pressure/10°Pa A 5 B
5.0 \ <
N
4.0 < ‘\b
N *
3.0 :
\\
2.0 -
N
1.0 —C
o
G L1 |

Fig.2.1

0 4.0 6.0
: volume/10~*m3

(i) During the c m;to B, the energy supplied to the gas by heating is 442J.

Use the fi
by 26
s
o
A g

ermodynamics to show that the internal energy of the gas increases

?‘]'PapaCambridge
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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.
O a

N

change in internal energy = ......... * ................................... J[1]

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

K
Q"’o
Q@

NUMDEE = oo 2]

[Total: 10]
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(@) State what is meant by specific latent heat.

............................................................................................................................................... [2]
(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

heater
\ =

balance pan

T water
Fig. 2.1 :

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

The change M in the balance reading i @etermined for two different input powers to
the heater.

The results are shown in Fig. 2.2.

meter reading Mg
/A
52 5.0
6.4 9.1
Fig. 2.2
*
(iy* li?rgy continuously by the heater.
State w his experiment,

1. external work is done,

?"t.’PapaCambridge
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(i) Use data in Fig. 2.2 to determine the specific latent heat of vaporisation of water.

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

Q@ s

O
N

S
o’o&

(2

Q

Q@

T1f]’Papa(.‘.ambridge
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(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 Q

pV:%Nm(cz) °

speed of the molecules.

where Nis the number of molecules, mis the mass o@e and (c¢?) is the mean-square

Use this equation to show that the mean kinetic E,) of a molecule is given by

PO

where k is the Boltzmann constant and Lis{he thermodynamic temperature.

Q°Q0

?"t.’PapaCambridge
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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 energy =

(if) the number of molecules,

(ifi) the total internal energy. 0

& LY=o Y J[1]
Q [Total: 11]
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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™4m?3
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. 0

(a) Calculate

(i) the temperature T, Py \b

?‘j_']'PapaCambridge
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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. +w.
(2]

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

b@? __________________ |

[Total: 9]
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(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 atmas ressure to form water that is
more dense than the ice.

[Total: 8]
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An ideal gas initially has pressure 1.0x10°Pa, volume 4.0x10~*m? and temperature 300K, as
illustrated in Fig. 2.1.

initial state final state
1.0x10°Pa 5.0x10°Pa
4.0%x10™4m?3 - 40%x10™4m?3
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. o

(a) Calculate

(i) the temperature T, Py \b

?‘j_']'PapaCambridge
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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,

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

1. AU 0

Q J
2 +q1
3. +w

Q"’&

?‘Q’PapaCambridge



