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HG1 : Temperature, Heat and Internal Energy

< HKCE 1989 Paper II - 20 >

A heater supplies energy to a liquid of mass 0.5 kg and specific heat capacity 4000 J kg™ °C™! contained in a vessel of
negligible heat capacity. Assume that the heat exchange with the surroundings can be neglected. If the temperature of the
liquid rises from 10°C to 70°C in 100 s, the power of the heater is

A 200W
B. 1200W
C. 1400W
D. 12000 W

<HKCE 1992 Paper II - 20 >

Thermometer

Heater

—— Water

In the diagram shown, the water is initially at room temperature. The electric heater is switched on for 300 s and then
switched off. Which of the following graphs correctly describes the variation of the reading of the thermometer ?

A.
Temperature / °C Temperature / °C
0 200 400 600 Time /s 0 200 400 600 Time /s
C.
D Temperature / °C
EANEERR)
ey
HH e
0 200 400 600 Time /s 0 200 400 600 Time/s

<HKCE 1993 Paper II - 18 >

An energy of 16500 J is supplied to a metal block of mass 0.5 kg and ifs rise in temperature is 64°C. The specific heat
capacity of the metal is

A, 16500x05 Tkgt °C B, 16500x 64 Tkgtect
0

64+273 :
c. 16500 yyieca D, 16500 Tkgt oc!
64x 05 (64+273)x 0.5

<HKCE 1993 Paper II - 16 >

Water is used as a coolant in motor car engines because
water has a low specific heat capacity.

water has a high specific heat capacity.

water has a low specific latent heat of vaporization,
water has a high specific latent heat of vaporization.

vawp

The following list of formulae may be found useful :

Energy transfer during heating or cooling

E=mcAT

Part A : HKCE examination questions

1.

< HKCE 1980 Paper I[-15>

When a mercury thermometer is immersed in melting ice and then in steam, the lengths of the mercury thread in the stem are
respectively 2 cm and 22 cm. When the thermometer is put in a water bath, the length of the thread is 11 cm. What is the
temperature of the water bath ?

A, 40°C
B. 45°C
C. 50°C
D. 55°C

< HKCE 1984 Paper I1- 13 >

An equal quantity of heat is supplied to each of the following substances and the corresponding rises in temperature are
recorded. Which of the following substances has the smallest specific heat capacity ?

Substance Mass (kg) Rise in temperature (°C)
A P 2.5 5
B (¢} 3.0 4
C R 4.5 3
D § 5.0 3

< HKCE 1986 Paper II - 16 >

The heat capacity of an object depends on its
(1) material

(2) mass

(3) shape

(1) only

(3) only

(1) & (2) only

(2) & (3) only

vnwy

< HKCE 1987 Paper IL- 25>

Which of the following pairs of objects have different specific heat capacities ?
A. 1kg of water and 2 kg of water

B. 1kg ofliquid naphthalene and 1 kg of solid naphthalene

C. 1kgofoil in a glass container and 1 kg of oil in a metal container

D. 1kgofwater at 15°C and 1 kg of water at 30°C

< HKCE 1988 Paper II - 12 >

The graph shows the relationship between temperature and time
when 1 kg of a liquid is heated by a 500 W immersion heater.

temperature / °C

Assuming no loss of heat, what is the specific heat capacity of 60

the liquid ?

A 0.01J kg °Cl 0
250 Jkg! oC™! : 20

> time/s

B
C. 420kg?oCt
D. 2500 Tkg!°C!
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15.

16.

17.

<HKCE 1998 Paper II - 21 >

Temperature / °C

0 » Time /s
20 40 60

The graph shows the variation of the temperature of liquid with tirae when the liquid is heated by a 400 W heater. The mass
of the liquid is 2 kg. Find the specific heat capacity of the liquid. Assume all the energy given out by the heater is absorbed

by the liquid.

A. 83Tkg'ec!
B. 480Tkgtle°c?
C. 1200Jkg?'eC?!
D. 2400Jkg"°C!

<HKCE 1998 Paper II - 19 >

Which of the following statements about internal energy, heat and temperature is/are true ?

gow»

(1) The internal energy of a body is a measure of the total kinetic energy and potential energy of the molecules in the
body.

(2) Two bodies of the same temperature always have the same amount of internal energy.

(3) Heat is a measure of the energy transferred from one body to another as a result of temperature difference between
the two bodies.

(1) only
(2) only
(1) & (3) only
(2) & (3) only

<HKCE 1999 Paper I - 16 >

Energy absorbed

i}
i £ N

Temperature

Equal masses of liquids X, ¥ and Z are separately heated. The graph shows the variation of the energies absorbed by the
liquids with their temperatures. Let cx, cy end ¢z be the specific heat capacities of X, Y and Z respectively. Which of the
following relations is correct ?

A.

B
C.
D

cx =c¢y >z
ex =cy < ez
cx <cy=cz

cx > cy = Cz

10.

11.

12.

13.

14,

< HKCE 1994 Paper 11-16>

An equal amount of energy is supplied to each of the following substance. Which one of them has the smallest rise in
temperature ?

Substance Mass / kg Specific heat capacity / J kgleC!
A, P 1 4200
B. Q 2 2300
C. R 3 2200
D. N 4 900
< HKCE 1995 Paper 11 - 18 >

Which of the following statements about heat is/are true ?

oowy

(1) Heat is used to describe the total energy stored in a body.

(2) Heat is used to describe the enetgy transferred from one body to another as a result of a temperature difference
between them.

(3) Abody’s internal energy is increased when it is heated.

(1) only

(2) only

(1) & (3) only

(2) & (3) only

< HKCE 1996 Paper 11 - 18 >

Which of the following phenomena concerning water can be explained by its high specific heat capacity ?

vowy

(1) Water is used as a coolant in car engines.

(2) Inland areas generally have hotter summers and colder winters than coastal areas of similar latitude and altitude.
(3) The body temperature of human beings changes slowly even when the surrounding temperature changes sharply.
(2) only

(1) & (2) only

(1) & (3) only

(1), 2 &3)

< HKCE. 1997 Paper 11 - 19 >

The apparatus is used to find the specific heat capacity of a
liquid. Which of the following can improve the accuracy of

To power supply
Thermometer

the experiment ?

vowy

(1) Take the final temperature of the liquid immediately Cup
after switching off the power supply.

(2) Cover the cup with a lid.

(3) Stir the liquid throughout the experiment.

(1) only

(1) & (2) only

(2) & (3) only

0,@2&E)

Immersion
heater

Liquid

< HKCE 1997 Paper I - 20 >

An heater with a power of 100 W is used to heat 0.3 kg of a liquid which has a specific heat capacity of 2000 J kgrlect,
If the initial temperature of the liquid is 23°C, find ifs temperature after 2 minutes. Assume all the energy given out by the
heater is absorbed by the liquid.

100% 120

03x 2000 x 23 x 2
S PACK °C 0.3% 2000 x 23X 2, o
(320002 ¢ 100 )
100x120x 03 03 %2000
o c
000 T2 100x120 T 2
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Questions 21 and 22 : The specific heat capacity of a metal is measured using the following method :

A metal block is first immersed in boiling water for some time. The block is then transferred to a cup of cold water. After a while,

Hot metal block

Cup

Boiling

Step 1: Step 2: l
Beaker /
u Metal b l

Thermometer

Heater Cold water

the temperature of the water is measured.

21.

22,

23.

24,

< HKCE 2002 Paper 11 - 20 >
The result of the experiment is as follows :
Mass of metal block = 0.8 kg
Mass of water in the cup = 0.3 kg
Initial temperature of water in the cup = 23°C
Final temperature of water in the cup = 38°C
Find the specific heat capacity of the metal (in J kg™ °C™?).
(Given : Specific heat capacity of water = 4200 J kg™ °C1)

A, 236
B. 381
C. 622
D. 953

< HKCE 2002 Paper II - 21 >

The result obtained in the last question is found to be higher than the true value of the specific heat capacity of the metal.
Which of the following is a probable reason 7 :

A.  Some hot water is still adhered to the metal block when the block is transferred to the cold water.
B. Some energy is lost to the surroundings when the metal block is transferred to the cold water,

C. Some energy is absorbed by the cup.
D

The temperature of the metal block is still higher than 38°C when the final temperature of the water in the cup is
measured.

< HKCE 2003 Paper IX - 19 >

If there is no heat flow between two bodes when they are in contact, then the two bodies must have the same
A. temperature.

B. intermnal energy.

C. specific heat capacity.

D. specific latent heat of vaporization.

< HKCE 2003 Paper II - 22 >

A student uses an electric kettle to heat 0.5 kg of water at 20°C. The water boils in 4 minutes. Estimate the output power of
the kettle. The specific heat capacity of water is 4200 T kg™! °C™L,

A 115W
B. 700W
C. 815W
D. 1400 W

DSE Physics - Section A : M.C. PA -HG1-M/05

HG]1 : Temperature, Heat and Internal Energy

18,

19.

20.

< HKCE 2000 Paper 11 - 22 >

An object P has a higher temperature than another object Q. Which of the following statements is/are correct ?
(1) The internal energy of P must be higher than that of Q.
(2) The specific heat capacity of P must be higher than that of Q.
(3) There will be a heat flow from P to Q when they are in contact,

A. (3)only

B. (1) & (2)only
C. (2)&(3) only
D. (,(&Q)

<HKCE 2000 Paper II - 20 >

Equal amount of four different liquids are separately heated at the same rate. The initial temperatures of the liquids are
ail 20°C. The boiling points and specific heat capacities of the liquids are shown below. Which one of the following liquids
will boil first ?

Liquid Boiling point / °C Specific heat capacity / J kg °C!
A P 50 1000
B o 60 530
C R 80 850
D 8 360 140
<HKCE 2001 Paper 11~ 17 >
To power supply

and joulemeter Thermometer

Immersion heater

Polystyrene plate
A Polystyrens p

The apparatus shown is used to measure the specific heat capacity of a cylindrical copper block. The result of the experiment
is as follows :

Mass of copper block = mkg
Initial temperature = 21°C
Final temperature = 47°C
Initial joulemeter reading = R T
Final joulemeter reading = RyJ

Which of the following expressions gives the specific heat capacity of copper in J kg™ °C™! ?
A MR -R)
26
B. R -R,
26m
R,-R
26m
mR —R,)
26
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30. <HKCE 2010 Paper II-33>
The figure shows the temperature-time graph of two objects X and ¥ Temperature / °C
when they are heated at the same power. Which of the following
deductions are correct 7 ' X
(1) The heat capacity of X is smaller.
(2) If X and Y are made of the same material, the mass of X 4
is smaller.
(3) The specific heat capacity of X is smaller. >
A, (1) & (2) only Time / minute
B. (1) &(3)only
C. (2)&(3)only
D. (1),2)&(3)
31, <HKCE 2011 Paper II - 8>

Two liquids X and ¥ are heated by two different heaters. The energy supplied, the mass of the liquid and the temperature

rises are recorded as follows.

Liquid X Ligquid ¥
Energy supplied / T 24000 18000
Mass / kg 0.3 0.2
Temperature rise / °C 20 25

Which of the following statements are correct ?
(1) The heat capacity of X is larger than that of ¥.
(2) The specific heat capacity of X is larger than that of Y.

(3) The heat capacity of X determined remains the same if the experiment is repeated by doubling the mass of X.

A. (1) & (2) only
B. (1) & (3)only
C. (2) & (3) only
D. ),@&B

Part B : Supplemental exercise

32.

33.

What is the advantages of using mercury in a liquid-in-glass thermometer 7

(1) It expands evenly with rise in temperature.
(2) Itisliquid over a convenient range.

(3) Itis transparent.

(1) & (2) only

(1) & (3) only

(2) & (3) only

0, @ &G)

vow>

Which of the following can increase the heat capacity of a cup of water ?

(1) Increase the mass of the water

(2) Increase the temperature of the water
(3) Change the water to another cup

(1) only

(3) only

(1) & (2) only

(2) & (3) only

vowp

25.

26.

27.

28,

29.

< HKCE 2007 Paper 11 - 10 >
Four liquids P, 0, R and § with the same mass are heated Temperature / °C
at the same rate. The graph below shows the variation of
their temperatures with time.

Which liquid has the highest specific heat capacity ?
A P

» Time / minute

B. 0
c R
D. §

<HKCE 2008 Paper II - 35>
What physical properties does the temperature of an object represent ?
(1) A measure of the degree of hotness of the object.
(2) A measure of the internal energy of the object.
(3) A measure of the average kinetic energy of the molecules of the object.

A (1) &(2) only
B. (1) & (3)only
C. (2)&(3)only
D. (),@&B)

< HKCE 2008 Paper II - 10 >

A 100 W immersion heater is used to heat 0.5 kg of water, which is thermometer —_|
being stirred by a stirrer. After 3 minutes, the water temperature I

immersion

increases from 25°C to 30°C. What is the estimated energy loss in this heater
period ? Given : specific heat capacity of water = 4200 J kgt eCc! stirref

A, 75007

B. 1050071 Iwater
C. 180007 beaker

D. 285007

< HKCE 2009 Paper I1-9>

Which of the following descriptions about internal energy are correct ?
(1) Different masses of water at the same temperature have the same amount of internal energy.
(2) A copper block has greater internal energy when it is hot than when it is cold.
(3) Water at 0°C has greater internal energy than a block of ice of the same mass at 0°C.

A, (1) &(2)only
B. (1) &(3)only
C. (2) & (3)only
D. (,@&O

< HKCE 2009 Paper I1-33 >

A bottle of 0.5 kg water and a bottle of 0.75 kg water have been stored in a refrigerator for a few days. Which of the
following statements are correct ?

(1) The temperatures of the two bottles of water are equal.

(2) The average kinetic energy of the water molecules in the two bottles is equal.

(3) The total potential energy of the water molecules in the two bottles is equal,

(1) & (2) only

(1) & (3) only

(2) & (3) only

1@ &G

SReR NS
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41.

[ 100

> 0/°C

The variation of electrical resistance can be used to determine temperature. Suppose a thermistor has resistances of 8.4 Q
and 3.6 Q at ice point and steam point respectively. Assume that the change of resistance with temperature is uniform as
shown in the figure. What would be the temperature if the resistance of the of the metal wire is 5.8 C) 7

A, 42°C

B. 46°C
C. 54°C
D. 58°C

Part C : HKDSE examination questions

42,

43,

< HKDSE Practice Paper 1A -2 >

In the figure below, 2 training pool B is located next to the main pool 4. The training pool B has a smaller area and is
shallower. If the pools are under the sunlight at the same time, which of the following statements about the rise in the water
temperature of the two pools is correct ? Assume that the initial water temperatures of the pools are the same.

training pool B

main pool 4

The water temperature of training pool B rises faster because it is shallower.
The water temperature of training pool B rises faster because it has a smaller surface area,

The water temperature of main pool 4 rises faster because it is deeper.

vow»

The water temperature of main pool 4 rises faster because it has a larger surface area.

< HKDSE Practice Paper A -3 >
Peter adds 50 g of milk at 20°C to 350 g of tea at 80°C, what is the final temperature of the mixture ?

Given : Specific heat capacity of milk = 3800 J kg™! °C!
Specific heat capacity of tea = 4200 J kg™ °C!

A. 50.0°C
B. 725°C
C. 73.1°C
D. 774°C

34,

35,

36.

37.

38.

39.

40.

What happens when a cup of water at room temperature is heated 9
(1) Anincrease in the total number of water molecules
(2) Anincrease in molecular size
(3) An increase in the average kinetic energy of the molecules

A, (Donly
B. (3)only
C. (1) & (2) only
D. (2) &(3) only

Which of the following physical properties cannot be used to measure temperature ?
A. Liquid volume

B. Resistance of metal
C. Mass

D. Gas pressure

The Jength between the 0°C mark and the 100°C mark is 20 cr. When the mercury level is 5 cm below the 100°C mark, the
temperature is :

A. 25°C
B. 50°C
C. 60°C
D, 75°C

When a mercury thermometer is immersed in melting ice, the length of the mercury thread is 2 cm. When it is put into the
steam above boiling water, the length of the thread is found to be 24 cm. What is the difference between each 1°C mark on
the thermometer ?

A, 022cm
B. 024cm
C. 220cm
D. 220cm

Heat is supplied at the same rate to equal amount of water and oil placed in similar containers. The temperature of the oil
rises faster. Which of the following is the possible reason ?

A.  Oil has a lower density than water.

B. Oil has a higher boiling point than water,

C. Qil has a smaller specific heat capacity than water,
D. Oil evaporates less readily than water.

It takes 8 minutes to raise the temperature of 2 kg of a liquid by 40°C using a 2.5 kW heater. How long would it take to raise
the temperature of 4 kg of the liquid by 20°C using a 5.0 kW heater 7 (Assume no heat loss to the surroundings.)

A. 2 minutes

B. 4 minutes

C. 16 minutes

D. 32 minutes

A beaker contains 0.5 kg of water at 60°C. A cup containing 0.3 kg of water at 18°C is poured into the beaker. When the
mixture reaches the final common temperature, 200 J of heat is lost to the surroundings. Calculate the final temperature of
the mixture. Given : specific heat capacity of water is 4200 J kg™' °C-1,

A, 35.6°C
B. 44.2°C
C. 485°C

D. 542°C
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47, <HKDSE 2015 Paper IA-2 >

0 > t/s

Two objects X and Y are heated separately by heaters of the same power. They are made of the same material. The graph
shows the variation of temperature & of X and ¥ with time 2. What is the ratio of mass of X to that of Y'?
3:1

cawy

2:
1:
2:

LN =

48. <HKDSE 2020 Paper IA-2>

An electric kettle which contains 1 kg of water at room temperature takes 168 s to heat up the water to
boiling point. The kettie’s rated value is 220 V, 2000 W’. Assume that all the electrical energy
consumed by the kettle is transferred to the water, Which of the following statements is/are correct 7
Given: specific heat capacity of water = 4200 J kg™ °C™*

{1) The initial temperature of the water is 20 °C,
£2) The wsismnfca of the kettle’s heating element is about 24 Q.
3) If the electric kettle is operated with 110 V, the time taken to heat up the water to boiling point

will be doubled.
A. (1) only
B. (3) only

L. (1) and (2) only
D, (1), (2) and {3}

44,

45.

< HKDSE Practice Paper IA - 1>

The graph below show how the electrical resistance R of three different circuit elements change with temperature 6, Which
of the circuit elements can be used to measure temperature ?

D ria
h

.0/ °C

@ rra

0/°C

R 7

8/°C
(1) only
(2) only
(1) & (3) only
(2) & (3) only

oW

< HKDSE 2012 Paper IA - 1>

Two metal blocks X and ¥ of the same mass and of initial temperatures 40°C and 30°C respectively are in good thermal
contact as shown, The specific heat capacity of X is greater than that of Y. Which statements is correct when a steady state is
reached ? Assume no heat loss to the surroundings.

40°C 30°C

BlockX  BlockY

The temperature of block X is higher than that of block ¥.
Their temperature becomes the same and is lower than 35°C.
Their temperature becomes the same and is higher than 35°C.
Their temperature becomes the same is equal to 35°C.

vomp

< HKDSE 2015 Paper 1A -3 >

‘When two objects P and Q are in contact, heat flows from P to Q. P must have a higher
(1) temperature.

(2) internal energy.

(3) specific heat capacity.

(1) only

(3) only

(1) & (2) only

(1) & (3) only

oWy
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11.

12.

B
By E=Pt=mcAT
P (100) = (0.5) (4000) (70 - 10)
P = 1200W

D

At time = 300 s, the heater is still hot and still transfers heat to the water

", water temperature rises for a short while as shown in C and D

A short while after the heater switched off, water starts to cool down,

. the temperature of water drops and finally equals the initial room temperature as shown in D,

C
By E = mcAT
= E _ 16500 Tkg °C
m-AT  0.5x64
B

Water, with high specific heat capacity, can absorb large amount of the heat in the engine.

.. Water is used as coolant.

¢
By E = mcAT
AT = £ o R
mc  m-c
- The smallest rise in temperature corresponds to the largest product of mass and specific heat capacity.
R would be the substance with the smallest rise in temperature.
D
* 1) Internal energy is the total energy stored in a body, heat is a process to transfer energy.
v @) It is the definition of heat.
v 3) When a body is heated, energy is transferred to the body and its internal energy must increase.
D
v 1) ‘Water has a high specific heat capacity to absorb heat in car engines.
v @ Since water has a high specific heat capacity, its temperature change is smaller
and thus coastal areas have less change of temperature
while inland areas have larger change of temperature between summer and winter.
v 3) Since human beings contain large amount of water and water has a high specific heat capacity,

therefore, body temperature changes more slowly than the surroundings.

HKEAA's Marking Scheme is prepared for the markers' reference. It should not be regarded as a set of model answers.
Students and teachers who are not involved in the marking process are advised to interpret the Marking Scheme with care.

M.C. Answers
1. B 11. D 21. B 31, A 41. C
2. D 12. D 22. A 32. A 2. A
3. C 13. C 23. A 33. A 43. C
4. B 14. A 24, B 34, B 44, D
5. B 15. C 25. C 35. C 45. C
6. B 16. C 26. B 36. D 46. A
7. D 17. D 27. A 37. A 47. C
8. C 18. A 28, C 38. C 48. C
9. B 19. B 29. A 39. B
10. ¢ 20. C 30. A 40. B
M.C. Solution
1. B

By 0 _ f-t . 6 _11-2 L 0= 45C

100 ¢ -2, 100 22-2

2 D

By ¢ = L o ;

m-AT m-AT

. The smallest specific heat capacity corresponds to the largest product of mass and rise in temperature.

. § would be the substance with the smallest specific heat capacity.

3. (¢
As  heat capacity = mass x specific heat capacity (C = mc)

Heat capacity depends on mass m and the material ¢ but does not depend on shape.

4 B
x A. Same type of material (water) has the same specific heat capacity.
v B. Different states of the same substance have different specific heat capacities.
% C. Specific heat capacity is independent of the container
* D. Specific heat capacity is independent of the temperature
5. B

By E=Pt=mcAT (500) (20) = (1) ¢ (60 - 20) ¢ = 250 Tkg °C
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20.

21.

22.

23;

24,

25.

26.

C
Since E = mcAT

(R2—Ry) = mc(47-21) Loe=

B
Heat lost by the metal block = heat gained by water

moch ATh = mw cw ATy
(0.8) co (100 ~ 38) = (0.3) (4200) (38 - 23)
o = 381 Tkgt°C!

A
By 6, = m, c, AT,

my AT,
v A. If some hot water is adhered to the metal block, ATy is greater and thus ¢ is higher than the true value.
x B. If some energy is lost to the surroundings, AT is smaller and thus cy should be Jower than the true value.
* (C] If some energy is absorbed by the cup, AT is smaller and thus cy should be lower than the true value.
* D. If the temperature of the metal block is still higher than 38°C when the water reaches 38°C,

heat gained by the water is smaller and thus ATy, is smaller .. ¢, should be lower than the true value.

A

Heat must flow from a body of higher temperature to a body of lower temperature until they are at the same temperature.

If there is no heat flow, the two bodies must be at the same temperature.

B
E = me AT = (0.5) (4200) (100 — 20) = 168 000 J
p= E _ 168000 = 700 W
t 4% 60

C
By E =Pt =mcAT
g =2 = B gL

t mc (]

Since R has the smallest slope, R has the highest specific heat capacity c.

B

v ) Temperature is a measure of the degree of hotness of an object.

* @) Internal energy depends on temperature, but also depends on mass, material and state.
v ®) Temperature and average kinetic energy of the molecules are inter-related.

13.

14.

16.

17.

C
m Heater is still hot and still transfers heat to the liquid after switched off
Thus the temperature should not be taken immediately
but should wait for a short while until the liquid reaches the final temperature.
v 2) Covering the cup with a Iid can reduce energy loss to surroundings and improve the accuracy
v 3) Stirring can ensure uniform temperature of the liquid
A

By E=Pt=mcATl
(100) (2 x 60) = (0.3) (2000) (T'-23)

100120 +237°c
03x2000 )

C

By E=Pt=mcAT
(400) (60) = (2) ¢ (25 - 15)
¢ = 1200 J kg™ °C™!

c

v [6))] 1t is the definition of internal energy.

x 2) Two bodies of different masses have different internal energy even if they are at the same temperature.
v 3) It is the definition of heat.

D.

As E =mcAT

slope = Emexe
AT

As slope of X > slope of ¥ = slope of Z

cxX > Cy = Cz.
A
* (1) Internal energy also depends on mass of the body and the type of material,
* @ Since P and Q are two different objects, they should have different specific heat capacity.
v 3) Heat would always flow from a body of high temperature to another body of lower temperature.
B
By E=Pt=mcAT
t = MCAT AT
P

where AT is the difference of temperatures between the boiling point and 20°C
Among the four liquids, O has the smallest ¢ AT, thus Q boils first.
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33

34,

35.

36.

37.

38.

39.

40.

A
v (03] Heat capacity = mass x specific heat capacity
x 2) Heat capacity is independent of the temperature of the object
x 3) Heat capacity is independent of the container
B
x m Total number of water molecules should remain unchanged.
* 2) Molecular size would not increase when temperature is increased.
v 3) When water is heated, its temperature increases ; thus the average K.E. of water molecules increases.
C
4 A. The expansion of liquid causes the liquid volume to increase with temperature
v B. Resistance of metal increases with temperature.
x [ Mass remains constant when temperature increases.
v D. Gas pressure in a fixed container increases with temperature,
D
If the mercury level is 5 cm below 100°C mark, then it is 15 cm above 0°C mark.
By . _£=4 W 2.5 & =75
100 €4 - 0, 100 20
A
Length of mercury thread between 0°C mark and 100°C mark = 24 ~2 = 22 ¢m

Length of mercury thread between each 1°C mark = % = 0.22cm

C
By E = mcAT

a smaller value of specific heat capacity ¢ causes a greater rise of temperature AT,

B
By E=Pt=mcAT
meAT  omAT . b _m AL B
P P t, my AT, R
@:Q@@ f» = 4 minutes
A @) (20) (2.5)
B

Heat lost by the hot water = heat gained by the cold water + heat lost to surroundings

- (0.5) (4200) (60 - ) = (0.3) (4200) (9~ 18) + (200) L 8 =442°C

DSE Physics - Section A ; M.C. Solution
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27.

28.

29,

30.

31

32,

e ® o »

O

AN N

x

E = Pt =(100) (3 x60) = 18000 J

E = mc AT = (0.5) (4200) (30 - 25) = 10500

Energy loss = 18000 — 10500 = 7500 J

)]

@

3

)

@
®

O]

@

O]

)
@

(©)

)]
@
©)]

Internal energy depends on the mass of water,

water of greater mass contains more internal energy.
Internal energy depends on temperature,

water of higher temperature contains more internal energy.

Internal energy depends on the state,
water at liquid state contains more internal energy than that in solid state.

After a long time, the temperature of the water should be same as the environmental temperature,
Le. temperature inside the refrigerator, thus their temperatures should be equal.

Average kinetic energy depends on the temperature, thus their average KE is equal.

Total PE depends on the state, and also depends on the number of molecules,
the bottle containing greater mass of water has more molecules, thus it has more total PE.

.. slope = AT _ P 1
¢ (CC)
Object X has greater slope, thus X has smaller heat capacity C.

By E =Pt = CAT

If they are made of the same material, they have the same specific heat capacity c.
By C=mc o m As Xhas the smaller C, X has the smaller mass m.

As the two objects may have different masses, their relation of specific heat capacity ¢ cannot be known.

c=£ Cx=$=1200J°C“' and Cy=1820*;.0=720J°C'1 Ce> Cy

E - oy = 24000
m-AT 0.3x20 0.2x25

Heat capacity depends on the mass. If the mass is doubled, the heat capacity will also be doubled.

Mercury expands uniformly when temperature rises.
Mercury remains as liquid at least from 0°C to 100°C which is suitable for our daily application,

Mercury is opaque.

PA - HG1-MS/05

=4000 Tkg °C and cy= 18990 _3600 kg1 o 1 ox> ey
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47.

[¢)

By Pt =mcAf

Since the two objects are made of the same material, they have the same specific heat capacity c.
For the same time # and same power P,

mx:my = Aby:Afx = (60—40):(60-20) = 20:40 = 1:2

41.

42,

43,

44,

45.

46.

C
= 58284 100 = s4°C
3.6-84
v A. Since pool B is shallower, the mass of water is less, by E=mc AT, the rise of temperatuze is faster.
* B. Pool B absorbs less solar energy due to the smaller surface area,
it is not the reason for the faster rise of temperature.
x C. Since pool 4 is deeper, the mass of water is more, thus the rise of temperature should not be faster.
x D. Although pool 4 absorbs more solar energy due fo larger surface area,
larger surface area also implies more mass, thus the rise of temperature cannot be faster.
c

By conservation of energy and assume no heat lost to the container and surrounding air.
Heat gained by the milk = heat lost by the tea
(0.050) (3800) (6—20) = (0.350) (4200) (80 - &)

. 6=1731°C
D
x [¢8) Since the resistance is constant and does not change with the temperature, it is not suitable.
v 2) As the tesistance increases with the temperature, it is suitable to be used to measure temperature.
3) As the resistance decreases with the temperature, it is suitable to be used to measure temperature.
C

At steady state, the temperature must be the same.
By conservation of energy and assume no heat lost to the surroundings.
Heat lost by block X = heat gained by block ¥
mex ATx = mey ATy
cx > ey oo ATx < ATy

Thus, the final temperature should be closer to 40°C, that is, higher than 35°C.

v [§H) Heat must flow from object of higher temperature to that of lower temperature.
Thus, temperature of P must be higher than that of Q.

* 2) A body may have less internal energy than another body but higher temperature.
Thus, no conclusion can be drawn about the internal energy of P and Q.

* [€))] The specific heat capacity depends on the material.
Different specific heat capacity would not affect the direction of flow of heat.

PA-HG1-MS/07
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<HKCE 1986 Paper I - 4> The following list of formulae may be found useful :
The below figure shows the apparatus which may be used to measure the specific heat capacity of water, . . .
Energy transfer during heating or cooling E= mcAT
Part A : HKCE examination questions
g < =
— BV o 1 HKCE 1984 Paper1-4>
ou'c'o » To joulemeter Temperature / °C
Polystyrene cup Heater Thermometer Low voltage supply Thermometer
(@) Draw a simple diagram to show how the apparatus can be set up for the experiment. (3 marks) A sy 80
«————— Heater 60
Liquid X 40
20 Time /s
0 100 200 300 400
(b) The following are readings taken in the experiment : (7 marks) Figure 1 Figure 2
The rating of the heater = 12V4ow The figure 1 above shows an experimental set-up to find the specific heat capacity of a liquid. The liquid X; contained in the
Mass of water used = 200g plastic cup, is heated from room temperature by an immersion heater. The energy transferred through the heater is measured
] ; by a joulemeter. The heater is switched on for 330 s and then switched off. The variation of the temperature of the liquid X'
Initial temperature of the water =  25.1°C with time is plotted in a gtaph shown in figure 2.
Final temperature of the water = 53.2°C () After the heater is switched off, the temperature of the liquid rises for a while and then falls. Explain why. (3 marks)
Time taken to heat up the water = 10 minutes

(@) Calculate the specific heat capacity of water as measured from the experiment, given that the water is well-stirred
throughout the experiment.

(if) Give two reasons why a polystyrene cup should be used in the experiment.

(ili) Why should the water be stirred throughout the experiment ?

(c) Describe, with the aid of a diagram, a method to check whether the power output of the heater is 40 W. Show how the
actual power output of the heater can be calculated. (5 marks)

Diagram

(b) What is the maximum increase in the temperature of liquid X in this experiment ? (2 marks)

(¢) The initial and final readings of the joulemeter are 74050 J and 83770 J respectively. The mass of the liquid X is 0.2 kg.
What is the specific heat capacity of the liquid, as found from this experiment ? Assume the heat capacity of the
apparatus and the heat lost to the surroundings are negligible. (4 marks)

(d) Although the plastic cup is made of poor conducting material, some energy is still lost to the surroundings. Should the
result obtained in (c) be higher or lower than the true value of the specific heat capacity of the liquid X ? Explain
briefly. (3 marks)

(e) If a student forgets to cover the plastic cup with the lid, would he expect the maximum increase in temperature to be
higher than, equal to or lower than the value obtained in (b) ? Explain briefly. (3 marks)
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4.

97 s

<HKCE 1991 Paper 1-5>

le-——— Thermometer ———»
Carbon 3
dioxide Air

Flask 4 Flask B

The figure above shows the apparatus of an experiment to study the absorption of solar energy by gases. ILdentical flasks 4
and B are filled with carbon dioxide and air respectively. They are placed under sunlight and their temperatures are taken at
3-minute intervals. The results are as follows :

Time / minutes 0 3 6 9 12 15 18
Temperature in 4/ °C 28.0 38.4 44.0 46.2 47.8 48.8 48.8
Temperature in B/ °C 28.0 377 41.8 43.7 45.2 46.0 46.0

(a) Using a scale that 2 cm represents 5°C and 2 cm represents 3 minutes, plot the temperature-time graphs for carbon

dioxide and air on the same graph paper. (5 marks)
i &
G an
| cand
: ' Inna ks
(b) Why does each of the gases reach a steady temperature ? (2 marks)

(c) The mass of carbon dioxide in flask 4 is 0.00196 kg and the mass of air in flask B is 0.00125 kg. The specific heat
capacities of carbon dioxide and air are 640 J kg™ °C' and 740 J kg™ °C™* respectively. Which flask of gas gains more
energy to reach its steady temperature 7 Show your calculations. (5 marks)

DSE Physics - Section A : Question
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<HKCE 1987 Paper I - 6>
The specific heat capacity of water is 4200 J kg™ °C™L.

(2) What does this statement mean 7 (2 marks)

(b) Describe briefly, with the aid of a diagram, an experiment to measure the specific heat capacity of water. (5 marks)

Diagram

(©) A ketile with 1.6 kg of water is placed on top of an electric heater at 1000 W. It takes 14 minutes for the temperature of
the water to increase from 20°C to 100°C.
(i) Find
(I) the energy released by the heater, and
(II) the energy absorbed by the water

during that time. (4 marks)

(i) Give TWO reasons to account for the difference of the vatues you obtained in (i) and (ii). (2 marks)

(d) The specific heat capacity of water is higher than most of the other liquids. Name TWO practical importance of this in
daily life. (2 marks)
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6. <HKCE 2000 Paper - 8> 4. (d) Each year the amount of carbon dioxide in the atmosphere is increased by billions of tons.
|
Water | (i) Suggest a possible effect on the mean temperature of the Earth. (1 mark)
Heater
(i) Suggest two methods to reduce the amount of carbon dioxide in the atmosphere. (2 marks)
An electric heater has two settings : ‘Low’ and ‘High’. The power output of the heater is 1400 W at the ‘Low’ setting and
2200 W at the ‘High’ setting. The heater is used to cook an egg. The egg is first put into a pot containing 1 kg of water and
the heater is operated at the ‘High’ setting. (See the above figure.) The temperature of the water is recorded every 30 s and
the following results are obtained :
| Time ¢/s | o 30 60 | 90 120 | 150 [ 180 [ 210 | 240 | 5.  <HKCE 1992 Paper I-4>
° 2 32 44 57 69 P2 1
[ Lepireture 0 2C ] L I [ I | 52 | 100 I A student uses the experimental set-up shown in the below figure To power supply
\ o . to find the specific heat capacity of a metal. The cylindrical metal
(a) Usingascale of 1 cmto 5°C and 1 cmto 15 s, plot a graph of & against # on graph paper. (4 marks) block is heated by an immersion heater of unknown power. ST oot
/) / c (-.._ o : The following resulis are obtained: heater
I Mass of metal block = lkg
| Initial temperature of metal block = 29°C Cylindrical
| metal block
7 i Final temperature of metal block = 41°C
! Energy supplied by the heater = 123007J
|
) (@) Describe, with the help of a diagram, a method to measure the energy supplied by the heater. (4 marks)
|
13 - t Diagram
|
19 i
|
i
3 ‘
,
t - (b) Calculate the specific heat capacity of the metal, (2 marks)
" |
B
2 & .
(¢) The value obtained in (b) is found to be higher than the actual specific heat capacity of the metal. Suggest a reason for
- this and explain your answer briefly. (3 marks)
,':, 3
3 (d) Suggest TWO improvements on the set-up to increase the accuracy of the experiment. (2 marks)
-
|
[ ¢
[ (e) Is the above method suitable for finding the specific heat capacity of wood ? Explain briefly. (3 marks)
i
; |
9] fi /CLT?' / (_,
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() (i) Plota graph of E against m in the following figure. A scale of 1 cm to 0.5 kJ and 0.025 kg is used. (4 marks)
"

=

T T T T3 T
T i I 1 ; T

. b
&
|
{
Yy \/ L’ A
i)
(i) Using the graph plotted in (b)(i), find the specific heat capacity of liquid X. (3 marks)
(iif) Estimate the heat absorbed by the apparatus. (1 mark)

(iv) If the experiment is repeated with liquid ¥ with a smaller specific heat capacity than liquid X and the increase in
temperature is also 10°C, sketch a graph of E against m you would expect to obtain in the above figure, and labe] it
as L. (2 marks)

6. (b) (i) Find the energy supplied by the heater from =0 to £=240s. (2 marks)
(i) Find the energy absorbed by the water from ¢=0 to /=240s.

(Note : Specific heat capacity of water = 4200 J kg™ °C™) (2 marks)

(iif) State two reasons to account for the difference between your answers in (i) and (ii). (2 marks)

(c) After the water boils, the heater is turned to the ‘Low’ setting and the water still boils afterwards. A student argues that
this will lengthen the time required to cook the egg. Do you agree 7 Explain your answer. (3 marks)

(d) Ifless water is used in the above cooking process, on the graph in (a), draw the graph of &against ¢ you expect to obtain.
(2 marks)

7. <HKCE 2008 Paper 1-4>

A student performs an experiment with the setup in the below Figure to measure the specific heat capacity of a liquid XI The
joulemeter in the figure is used to measure energy consumed by the immersion heater.

joulemeter thermometer

to power V\O [;l O/

supply

well insulated container

immersion heater

liquid X

The increase in the reading of the joulemeter (£) for an increase of temperature of 10°C for different mass (m) of liquid X is
recorded in the Table below.

E/kJ 1.6 2.9 4.1 5:3
mikg 0.05 0.10 0.15 0.20
(a) State the importance of using a “well insulated” container in the experiment. (1 mark)
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<HKDSE 2013 Paper 1B - 1 >

storage tank

Figure 1

A solar water heater shown in Figure 1 is installed on the rooftop of a house. During the day, the heater heats up 1.5 m® of
water to 80°C. At night, the hot water in the storage tank is circulated to the radiators (see Figure 2) in different rooms of the
house to keep the rooms warm.

Figure 2

Given : density of water = 1000 kg m™
specific heat capacity of water = 4200 J kg™ °C™!

(a) Given that 15% of the energy is lost during the transfer of water, how much heat can be released from the system to the
rooms when the water temperature drops to 60°C ? (3 marks)

(b) Given that during night time the radiators maintain an average outputlpower of 4.5 kW, how long can the radiators
maintain this average power until the water temperature in the system drops to 60°C ? Give your answer in hours.
(2 marks)

(c) The rate of heat released by the solar water heating system during the time period calculated in (b) is in fact not constant
and gradually drops. Explain why this is so. (1 mark)

DSE Physics - Section A : Question
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Part B : HKDSE examination questions

8.

< HKDSE Sample Paper IB - 9 >

The Figure above shows a microwave oven. Mary wants to conduct an experiment to estimate the useful output power of the
oven, She is provided with the apparatus and material shown in the Figure below.

0.2 kg of water

(@) Describe how Mary should conduct the experiment. Specify all measurements that Mary has to take. State EITHER
one precaution taken OR one assumption made when conducting this experiment. Write down an equation for
calculating the useful output power. (5 marks)

(b) The value obtained by Mary is found to be smaller than the specified power of the oven. Suggest one possible reason to
account for this difference. (1 mark)

(c) Explain whether increasing the mass of water used in the experiment would improve the accuracy of the experiment.
(1 mark)
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11. <HKDSE 2015 Paper IB - 1>

A metallic resistance thermometer is calibrated at standard atmospheric pressure for the melting point of ice and the steam
point of boiling water. The dotted calibration line in the figure below represents how the resistance of the thermometer varies
with temperature if a linear resistance-temperature relationship is assumed. The solid curve shows how the resistance of the
thermometer actually varies with temperature. The deviation of the curve from linearity has been exaggerated in the figure.

resistance

metallic resistance

calibration line

» temperature / °C
—20 0 20 40 60 80 100 120

(&) (i) Using the resistances at the calibration points tabulated below, calculate the expected resistance at 60°C if the
resistance varies linearly with temperature. (2 marks)

temperature / °C resistance / Q

0 102.00
100 140.51
(i) Now if the resi of the e thermometer is the value found in (a) (i), is the actual temperature higher

than, lower than or equal to 60°C ? (1 mark)

(b) Inan experiment to determine the specific heat capacity of water ¢, Peter used this calibrated resistance thermometer to
measure the temperature of water being heated from 0°C to 60°C. Heating was stopped when this thermometer's
resistance reached the value found in (a) (i). Assuming negligible heat exchange with the surroundings, no error in
measuring the energy supplied and the mass of water, explain whether the experimental value of ¢, found is higher than,
lower than or the same as the actual value. (2 marks)

10.

< HKDSE 2014 Paper 1B -1 >

temperature / °C
A
50
To power
supply thermometer 40
nh |
E:E i BEE NN
heatee . . '\ insulating 30 :
i material ) foddt
i i
i) A
::: tﬂ\metal 20 =
Hoooooonooon] block
Bhihhbhhhhhhhhy?
10 : — = . » time / min

0 1 2 3 4 5 6 7

The above figure shows an experimental set-up to find the specific heat capacity of a metal. The metal block is wrapped by
insulating material. A heater is connected to a power supply. It is switched on when the tempetature of the metal block is
20°C and then switched off when the temperature reaches 43°C. The graph shows the variation of the temperature of the
metal block with time.

(2) Use the graph to find the duration time that the heater is switched on. (1 mark)

(b) After the heater is switched off, the temperature of the metal block continues to rise for a while. Explain why. (1 mark)

(c) Given : mass of the metal block = 0.80 kg ; heater voltage = 12 V ; heater cusrent = 4.0 A.

(i) By considering the maximum temperature rise of the metal block, calculate the specific heat capacity of the metal
as found from the experiment. (2 marks)

(ii) Would your result be the same, higher, or lower than the actual value of the specific heat capacity of the metal 7
Explain. (2 matks)

(d) This method is not suitable for measuring the specific heat capacity of a glass block. Explain, (1 mark)
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<HBKDSE 2017 Paper 1B -1>
Read te following passage about il thermometer and answer the questions that follow

DSE Physics—Section\ :Question
HG 1 :Tenperature, Heat & InternalEnergy

PA-HGI -QT 13

The temperature” of il changes with depth. and fhis information is important 1o farmers and sdentists | To measure
il temperatures at depths close b the ground surfece, fhe bulb of a thermometer * is buried in the il The stem of th
thermo eter isbent 90° for easy reading Figure la is a schematic diagram and Figure 1b shows a photo of a il

R A TY - I T AN LR S

t

Figure 1

@ ®

For depths greater then 30 e, a stel pipe isdriven info te il Figre 22); and a liquid-inglass thermometer wit a
protective glass case is lowered ino the stel pipe (Figwe 4. The bulb of te thermometer isembed ed i raraffin
ax (Figr 2) To read fte temperature, the thermometer is lifted aut of the steel pipe by pulling the dwmin

I ground surface
\ .
. protective
il glass case
chain
Figure 2
thermometer
i bulb embedded
steed pipe in paraffin wax
@ ® ©

® As shown i Figwre 1 fie tulb of te «il thermometer is very lape compared b those of common thermometers.
Suggest a reason fr fis desipn QA mark)

2

< HKDSE 2016 Paper 1B -1>
The following experimental items ae provided fir estimting the secific heat capacity of branze ..

abronze sptere’ of mass 0.8) kg hung with a threed & room temperature To

apolystyrene cup: containing 0.50 kg of water a room temperature To

awater bath mintained at 80 C

a thennometer

a stimer

a towel

Describe the procedures of the experiment and stte TWO experimental precartions b be tden  Write down an
equation fir fmding

Given: specific heat capecity of water= 4200 Jkg-! € 6 marks)

® The value of «. fond in the experiment. in @) is lower then tte achnl vale  Explain @ mrks)
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HKEAA's Marking Scheme is prepared for the markers' reference. It should not be regarded as a set of model answers.
Students and teachers who are not involved in the marking process are advised to interpret the Marking Scheme with cace. | 13. (b) On a certain morning, the air temperature is 15°C. An observer takes a measurement of the soil temperature at 1 m
deep. The thermometer reading is 20°C. It is given that the mass of the paraffin wax enclosing the thermometer bulb is
Quesﬁon Solution 0.015 kg, and the specific heat capacity of paraffin wax is 2.9 x 103 J kg™ °C~L,
(i) Calculate the energy loss of the paraffin wax as it cools down to the air temperature. (2 marks)
1.  (a) After switching off, the heater is still hot. [1] |
Energy continues to transfer to the liquid. [1]
After a while, heat is lost to the surroundings, thus temperature drops. 1]
(b) Maximum increase in temperature = 86 — 32 1]
= 54°C 1] (ii) It is known that the paraffin wax enclosing the bulb of the thermometer gains or loses energy at a constant rate of
0.5 J 57, estimate the time taken for the paraffin wax to reach the air temperature after the thermometer is lifted out
of the soil. (2 marks)
() E=mcAT f1]
(83770 — 74050) = (0.2) c (54) [2]
¢ = 900 Tkg'°C! 1]
&) Higher {11 (iii)" If there is no paraffin wax enclosing the bulb of the thermometer, explain how the thermometer reading as recorded
(d) Highe by the observer is affected. (2 marks)
More energy is required to raise the same teraperature of the liquid. [2]
(e) Smaller (11
More energy is lost to surroundings 2]
2. @
—=TT= 2v o {
- - - a.c. I
: pp 2 |
< heater immersed in water > [11
< heater connected to power supply > 1]
< thermometer immersed in water > m I
|
(b) (i) Heat transferred to water : |
E = 40 % 60 x 10 = 24000 ] [11 |
|
Increase in temperature : i
AT = 53.2-25.1 = 28.1°C {11 |
By E = mcAT 1
s (24000) = (0.2) c (28.1)
|
L ¢ = 4270 kg °C? [1] !




14 < HKDSE 2019 Paper 1B -1 >

(2) An insulated container of negligible hest capacity contains 1.5 kg of tea at a temperature of 60 °C,

(i) What mass of ice at ¢ °C should be added to the tea so that the final temperature of the mixture is
lowered to 10 °C ? Assume that the specific heat capacity of tea is the seme as that of water. (3 marks)
Given: specific latent heat of fuslon of ive =334 x 10° J kg™ :

specific heat capacity of water = 4200 Tkg™ °C

(i1} Snggest ONE modification to this bag that would enhance its ability to keep things stored inside at a
Jow temperature. (1 mark)

15. <HKDSE 2020 Paper 1B -1 >

In a restaurant, ‘wontons in soup’ is prepared by putting 5 pieces of cooked wonton at 4 °C into a bowl with

0.60 kg of soup at temperature 96 °C.

Given: average mass of each piece of wonton = 0.02 kg
specific heat capacity of wonton = 3300 J kg™ °C™!
specific heat capacity of soup = 4200 J kg™ °C™

iy A student used the following method to find the heater’s operating power P: remove the heater from
the container and record the temperature of the 16 kg of soup afler 10 minntes. It is found that the
temperature has dropped 9°C. Estimate . . (3 marks)

(Hi) Tf the student repeats the measurement afler another 10 minutes, would the corresponding temperature
drop be larger than, equal to or smaller than §°C 9 Explain. (2 marks)

{(a) Find the final temperature of the mixture. Assume that the heat capacity of the bowl and the heat loss to
the surroundings are negligible. (2 marks)

{b) The soup in (a} is taken from a metallic container of heat capacity 2008 J °C™' containing 16 kg of soup
maintained at 96 °C by an immersion heater.

(1) Why does that energy have to be supplied by the heater to keep the soup at 96 °C 7 (1 mark)
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3. (@ O ) E =mcAT 2. (b) (i) Energy absorbed by the polystyrene cup is small since its heat capacity is small. [1]
= (1.6) x (4200) x (100 - 20) 1] Energy lost to the surroundings is small since polystyrene is a poot conductor of heat. [1]
= 537600 F 1]
: (iii) To ensure that the temperature of water is uniform. - [1]
(i) © There is heat lost to surrounding air. 11 '
©
@ Some heat is used to heat up the kettle. [1] [13
Joulemeter Power supply
(d) ® Water canbe used as coolant in motor car. m %
® Water causes the temperature of the sea to change much more slowly than that of the land. I
Thus the coastal areas have relatively cooler summer and warmer winters than inland areas. 1] \
| The heater is connected to the power supply through a joulemeter. [1}
4 @ \ The cnergy given to the heater £ is found by recording the initial and final readings of the joulemeter. [11
’ Temperature / °C
A | The time taken 7 is found by a stop-watch. 1]
50 T T T |
jEnian Flask 4 i The power output of the heater is foundby p = E 1
e Tl i T . 4
i BET ——‘ﬁ S Flask B
) of =1 i
R ! 3. (a) Itmeans that the energy needed to increase the temperature of 1 kg of water [1
40 : through 1°C is 4200 J. 1
, ®)
i ‘ Joulemeter Power supply [
v | &
|
bl v WENR NS B 1 Heater
! Water
! Thermometer il
Polystyrene cup
] . : (b) Put known mass of water, 7, into a polystyrene cup and then put the heater and thermometer into the water. 1
2 0 3 P 9 12 . 15 18 fLime/min; : The heater is then connected to the power supply through a joulemeter
< Correct scales > [ ! and the energy E given out from the heater is recorded. [1]
< Correct labelled axes with units > (1] The increase of temperature AT is recorded by using the thermometer. [1
< Correct points for the curve of flask 4 > 1] ‘ R . 3 E
| The specific heat capacity of water is then found by ¢ = 1]
< Correct points for the curve of flask B > i1 | m:AT
< 2 smooth curves fitted to the points > 1] [ © @ @ EF -
c) ( =
(b) The rate of heat lost by the gas ta the surroundings 1] ‘ = (1000) x (14 x 60) [1]
is just equal to the rate of heat absorption from the sun. [1] — 8400007 [
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5.  (e) No. [1]
Wood is a poor conductor of heat. (OR Wood is not a good conductor of heat.) [1]
The wood cannot have uniform temperature throughout the wood. [1]
(OR Different parts of the wood would have different temperatures. 1
6. (a) 8/°C
A (C)] (a)
100 w e
i 8
9
T4
3 738
i
/; 7.

7 g

6

5 yi

4

r:A
4

3 A

2

1

0 i = > t/s

3 6 9 12 15 18 21

< Labelled axes with units > 1]
< Correct scales > {1]
< Correct points plotted > {1]
< Correct curve > [

DSE Physics - Section A : Question Solution
HG1 : Temperature, Heat & Internal Energy

PA - HGI1 -

QS/04

(c) Temperature rise of flask 4 = 48.8 —28.0 = 20.8°C
Energy absorbed by carbon dioxide in flask 4 = mc AT
= (0.00196) x (640) x (20.8)
= 2617
Energy absorbed by air in flask B = (0.00125) x (740) x (46.0 — 28.0) = 16,77

.. Flask A absorbs more energy
(d) (i) Temperature rises.

(if) © Plant more trees.
OR

Stop deforestation.

@  Any ONE of the followings :
% Use less fossil fuels.
% Use alternate sources of energy.
* Save electricity.

%* Use less private cars.

(a) Connect a joulemeter to the heater from the power supply.
Measure the initial and final readings of the joulemeter,

The difference of the readings is the energy supplied by the heater,

L~~~ To power

Joulemeter supply

Heater

(b) By E =mcAl
oo (12300) = (1) c (41 -29)
© ¢ = 1025 T kgl °C!
(c) There is heat lost to surroundings,

so the energy supplied by the heater is greater than the actual energy absorbed by the metal.
OR

There is heat lost to surroundings,

s0 the temperature rise of the block is smaller than that if all the energy supplied is absorbed by the metal.

(d) ® Surround the metal block with insulating material.

@  Put some oil in the holes to ensure good thermal contact between the heater, thermometer and the metal.

(1]

{1
(1]
[t}
ft]

1]

f1]

(11
1

(13
1
i

(1

[1

(1]
1]
{21
{1]
[2]

{1]
R8|

T

SR AP P B &
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7. 0O @

(i)

< Two axes labelled with correct units >

< Correct scales used >

< Points correctly plotted >

< Best fitted line drawn >

Siope of the straight line = O3 0DX1 _ 54500
0.20

By E=mcATl + Eyyp

E=cAT-m + Egp (compared with y = mx + ¢ )

.. slope = cAT

- (24500) = ¢ (10)

e = 2450 kgt eCt <accept 2300 to 2600 I kg™ °C™!>

(i) Heat absorbed by the apparatus = y-intercept

= 04kJ <accept 0.2 to 0.6 kJ>

(iv) < Same y-intercept >

< Straight line with slope smaller as ¢ is smaller, slope = ¢ AT>

8. (a) Putthe thermometer into the water to measure its initial temperature Ti.

Put the beaker of water into the oven and turn on the oven.

Use the stop watch to record the time of heating 7.

Take out the beaker of water from the oven.

Put the thermometer into the water to measure its final temperature 72,

Precautions / assumptions : (Any ONE. of the followings)

*

*
*
*

Do not use the thermometer to stir the water,
The heat capacity of the beaker is negligible compared with that of water.
The heat lost to the surroundings is negligible.

The energy given out by the microwaves is completely absorbed by the water.

< Use a stirrer to well stir the water is not acceptable, as no stirrer is provided >

Output power = KMQ

t

where ¢ is the specific heat capacity of water

(b) Some energy is absorbed by the beaker. OR Some energy is lost to the surrounding air.

(¢) The percentage of energy lost would be smaller if larger quantity of water were used.

This measure would improve the accuracy of the experiment.

Y

11

(]
(11

{1
{1
i1

{t]

1

1

11

|
1 DSE Physics - Section A : Question Solution PA -HG1-QS /06
HG1 : Temperature, Heat & Internal Energy
6. (b () E = Pxt = 2200x240 [1]
= 528000] (1]
@iy E = mcAT = (1) x(4200) % (100 -27) [11 -
= 306600 1
(iii) Any TWO of the following : [2] -
%  Some energy is lost to the surrounding.
*  Some energy is absorbed by the egg.
%  Some energy is absorbed by the pot.
(c) No, the time would not be lengthened. m
As the temperature of water remains at 100°C, [1]
the rate of energy absorbed by the egg remains unchanged. 1]
! (d) < The curve has a steeper slope than (a) > [1]
< The curve reaches 100°C eventually > m
7. (a) To reduce the heat lost to the surroundings. 1]
|
: ® 6O gy
| A
: 1
5
|
| E 4
i 4
V'
3 B i o
C ¥ : i
2 F ; ' I
i d H
| 1 i @
0 > m/kg
0 0.05 0.10 0.20
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12.  (a) Putthe sphere into the water bath for a few minutes. [1]
) 9. (@ m=pV=1000x15= 1500 kg 13
Transfer the sphere into the polystyrene cup of water. 1]
Measure the final temperature T of the water with a thermometer. m e .
By (0.80) % ¢y x (80 — T7) = (0.50) x (4200) x (T~ Ty) [11 =130} (H2D)i(E0~{60) =(1~1152%)
= 1.07 x 10°J (1
o = 2625x L L
80~T; (b) E= Pt
Precautions : (1.07 x 10%) = (4.5 x 10%) ¢ {11
*  Dry the sphere with the towel quickly before putting it into the cup. [11 st =23778s = 6.60hours < accept 6.61 hours > [1]
%k Stir the water to ensure uniform temperature of water. [1]
(c) The rate of heat transfer drops as the water temperature drops. [1]
(b) Any ONE of the followings : 11 OR
*  Some heat is lost during the transfer | The rate of heat transfer drops as the temperature difference drops. [13
% Some heat is lost during the drying of the sphere
% Some heat is lost to the apparatus (thermometer, stirrer or cup)
% The temperature of the sphere is still higher than Tr when this final temperature is measured 10. (a) Time = 5 minutes <accept300s> 1
Thus, the temperature rise of water in the cup is lower than it should be. [1]
(b) When the heater is switch off, its temperature is still higher than the metal. [1]
© (G P=VI=(12)(40) = 48W 1]
13. (a) A large bulb increases the sensitivity of the thermometer. 1 By Pt=mcAT

® O E = meal . (48) (5 x 60) = (0.80) ¢ (45 — 20)

) = ~1 o1t

= (0.015) % (2.9 x 10% x (20 - 15) i €= JR0TkERE 1]

= 2175] <aceept 218 J> [1] (ii) The calculated value is higher than the actual value. [1]

(i) By £ = Pt Since energy is lost to the swroundings. OR Some energy is absorbed by the heater and the thermometer.  [1]

5 (2175) = (0.5) ¢ 1] OR

Not all the energy supplied by the heater goes to the metal. [1]
t=435¢s <accept 436 s> [1]

, e (d) Glassis not a good conductor of heat. OR  The heat conductivity of glass is poor. [1]
(iif) The thermometer would cool down quickly when it is in direct contact with the cooler air, M
The temperature reading would be less than the actual soil temperature. [1]

1 @ @ RzR _ 6-0 30|

Rgy~R, 100-0
R-10200 60

140.51-102.00 100

| SR = 125106 Q <accepted 125.11 Q2 OR 125Q> f1]
(ii) Actual temperature is lower than 60°C. [1]
| (b) Since the actual temperature is lower than 60°C when heating stops, [1]
i OR
The energy supplied is actually lower than it should be, [1]
thus, the experimental value of ¢y is lower than the actual value, (cw= _E_ ) m

m-AT
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1

‘Part A : HKCE examination questions

<HKCE 2005 Paper 1 - 7>

The photograph shows a hot potato wrapped by shiny aluminium foil,
By what means can the foil help reducing the rate of energy lost from
the potato to the surroundings ?

(1) conduction
(2) convection
(3) radiation

A. (2)only
B. (3)only
C. (1)&(2) only
D. (1) & (3) only

<HKCE 2006 Paper I1- 9 >

|__— cork stopper

: hot liquid
glass walls
/

| _— vacuum

The figure shows a vacuum flask with two glass walls. Which of the following statements are correct ?
(1) The surfaces P and Q are painted silvery to reduce heat loss.
(2) The cork stopper reduces heat loss by conduction and convection,
(3) The vacuum between the double glass walls reduces heat loss by radiation.

A (1) &(2) only
B. (1) & (3) only
C. (2)&(3)only
D. 1),@)&3)

<HKCE 2007 Paper I1-9 >

The diagram below shows the structure of a cake.

sponge cake whipped egg white with many air bubbles

u.]

The ice-cream inside the cake does not melt when it is baked in an oven. Which of the following statements are possible
reasons for this phenomenon ?

(1) The whipped egg white is 2 poor conductor of heat.
(2) The whipped egg white is a good radiator of heat.
(3) The sponge cake is a poor conductor of heat.

A. (1) & (2) only
B. (1) &(3) only
C. (2)&(3)only
D. ),@&E)
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Part B : Supplemental exercise

6.

< HKCE 2008 Paper I1 - 9 >

aluminium heat sink

The above figure shows the aluminium heat sink of an audio amplifier which is used to transfer heat away from th
components inside the amplifier. Which of the following statements about the heat sink is/are correct ?

(1) The heat sink is made of aluminium so that it can transfer heat away faster by conduction.
(2) The heat sink is silver in colour so that it can transfer heat away faster by radiation,

(3) The heat sink has a fin-like design to increase the surface area so that it can transfer heat away faster by conductior|

to air,
A. (2)only
B. (3)only
C. (1) & (2) only
D. (1) & (3) only

<HKCE 2011 Paper 11 - 12 >

The figure below shows a solar cooker. Which of the following statements about its design is incorrect ?
sunlight \\\

glass cover

2
Ry

Board P should be shiny to reflect sunlight into the cocker.
Pot Q should be painted in black to increase the heat absorption.
Case R should be made of metal to enhance heat transfer.

vow

The glass cover can reduce heat loss by convection.

The diagram shows an experiment that demonstrates convection taking place in water.
What happens to the water to cause the convection ?

A, The water expands and its density decreases.

The water expands and its density increases.

B
C. The water contracts and its density decreases.
D

The water contracts and its density increases. heat

10.

11,

12.

13.

A metal spoon is put into a bowl of hot soup. When it is taken out of the soup, it cools by emitting
A. electrons.

B. infra-red radiation.

C. visible light.

D. ultra-violet radiation.

In winter, when we sit on a metal chair, we feel cold continuously. What is the reason behind ?
A. Metal has a small specific heat capacity.

B. Metal is a good reflector of heat.

C. Metal is a good radiator of heat.
D.

Metal is a good conductor of heat.

Which of the followings are related to the process of convection ?
(1) Some birds use hot air currents to gain height.
(2) At day time, breezes move from sea to land.
(3) At night time, breezes move from land to sea.

A (1) &(2) only
B. (1) & (3) only
C. (2)&(3)only
D. (1),(2)&(3)

Which of the following processes does not involve the movement of molecules ?
A. conduction

B. convection

C. radiation

D. diffusion

Which of the following animals is the best emitter of infra-red radiation from their bodies ?
A. awhite cat

B. ablackdog

C. abrown horse

D. ared fox

Arrange the following materials from the poorest conductor to the best conductor in order.
(1) air

(2) copper

(3) vacuum

(4) water

1, (3), 2, (9

1), 3@, ()

3), 1,2, @

(ORONON)]

vow»

The radiators on motor cars are painted black. What is the reason behind ?
A. It will not get dirty easily.

B. Black surface is a good emitter of heat.

C. Black surface is a good conductor of heat,

D. Black surface is more beautiful.
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14,

15,

16.

17.

18,

19.

20.

Which of the following is NOT an application of the poor conductor of heat ?
A.  wooden handles of frying pans

B. fur of the animals

C.  cooling fins of the engine radiators

D.  double glazing of windows

Which of the following correctly describes shiny surfaces concerning infra-red radiation ?
A. They are good absorbers and good emitters.

B. They are good absorbers but poor emitters.

C.  They are poor absorbers and poor emitters.

D.  They are poor absorbers but good emitters.

A metal rod and a rubber rod are at the same temperature. When they are held in the hand, the metal rod “feels” colder than
the rubber rod. The best explanation for this observation should be

A.  metal has a higher melting point than rubber.

B.  metal has a lower specific heat capacity than rubber.
C. metal is a better conductor of heat than rubber.

D. metal is a better absorber of heat than rubber.

Which of the following correctly describes dull surfaces concerning infra-red radiation 7
A.  They are good absorbers and good emitters.

B. They are good absorbers but poor emiters.

C. They are poor absorbers and poor emitters.

D. They are poor absorbers but good emitters.

A bowl of hot soup is placed in air. Which of the following transfer processes would carry away the energy from the soup to)
cool it down ?
(1) conduction
(2) convection
(3) radiation

A, (1) &(2) only
B. (1) & (3) only
C. (2) & (3) only
D. (1),@ &)

Which of the following substances is the best conductor of heat ¢

A.  vacuum
B. air

C. water
D. iron

Which of the following process can heat be transferred in a vacuum 7
(1) conduction
(2) convection
(3) radiation

A. (1) only
B. (2)only
C. (3)only
D. (2) & (3) only

21,

22.

23.

24,

25.

26.

hot water out €— =

cold water in—»

The above figure shows a simple solar heater. What type of material should be used for the pipe to give the hottest water
from the heater ?

A.  Plastic painted white

B. Plastic painted black

C. Copper painted white |
D. Copper painted black

Normally, the conduction of heat through a substance depends on its state. Which of the following correctly arranges the

three states from the poorest conductor to the best conductor ?
ﬁ

In a hot summer day, Peter wears white shirt and black trousers. When he stands under the sun, he feels that his feet are
hotter than his back. Which of the following is the possible reason ?

The white shirt emits less infra-red radiation than the black trousers.

The white shirt emits more infra-red radiation than the black trousers.

The white shirt absorbs less infra-red radiation than the black trousers.

The white shirt absorbs more infra-red radiation than the black trousers.

A. gas liquid solid
B. solid gas liquid
C. gas solid liquid
D. liquid gas solid

‘When a match is placed near the flame of a Bunsen burner as shown, it is found
that the match does not ignite. Which of the following is the best reason ?

A.  The temperature of the flame is not high enough.

B. Airis nota good conductor of heat.

C. There is no convection current near the flame.

D. There is no radiation from the flame,

gowy

In the diagram shown, a piece of metal gauze is used to keep the ice at the
bottom of the test tube. The upper part of the test tube is then heated until
the water boils. However, the ice still exists at the bottom. Which of the
followings are the possible reasons ?

(1) Water is not a good conductor of heat.

(2) Convection can hardly be set up between boiling water and ice.

(3) The metal gauze prevents heat from conducting to the ice.

boiling water

metal gauze

A (1) & (2) only L
B. (1) & (3) only

C. (2)&(3)only

D. (1),(2) &(3)

A vacuum can prevent heat transfer by
(1) conduction
(2) convection
(3) radiation

A. (1)only
B. (2)only
C. (3)only
D. (1) & (2) only
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27.

28.

29.

30.

silvery surface

In a vacuum flask, the inside walls have silvery surface. The main purpose of this design is to reduce heat transfer by
conduction only.

radiation only.

conductfon and convection only.

convection and radiation only.

vowp

A

Billy wants to set up a convection current inside the water in a metal tank. Which of the following methods can achieve this |
(1) Heat the water at 4.
(2) Cool the water at 4.
(3) Cool the water at B.

A. (1) only
B. (2) only
C. (3)only
D. (1) & (2) only

A beaker of water is heated by a flame placed at the bottom. Which diagram below best shows the convection currents ?
A. B. C. D.

=1

In a water heating system, the hot water from the heater flows to the tap through water pipes. However, heat is lost during the
flowing process. Which of the following statements are cotrect concerning the flowing process ?

(1) Heat is lost through the walls of the pipes by conduction,
(2) Heat is lost through the surrounding air by convection.

(3) Heat is lost to the surrounding by radiation.

A. (1) & (2) only
B. (1) & (3) only
C. (2 &(3)only
D. ),Q&E)

Questions 31 and 32 : The following figure shows the design of the top of a house.

31.

32.

33,

34,

35.

roof

fibre

ceiling

‘What material should be used to cover the roof of the house in order to keep the house cooler in a hot day under the Sun ?
A. alayer of red brick

B. alayer of dark soil

C. alayer of black paint

D. alayer of white paint

Fibre is used to separate the roof and the ceiling. How may fibre help to prevent heat from passing through the ceiling ?
A. Fibre allows air to pass through easily.

B. Fibre traps air.

C. Fibre is cold.

D. Fibre is light in colour.

Which of the following correctly explains the main reason for the heat to be transferred in the process of convection ?
A.  The heat is carried away by infra-red radiation,

B. The process is achieved due to the temperature difference in a solid.

C. The process is achieved due to the density difference in a fluid.

D. The process is achieved due to the vibration of molecules.

In the design of a solar heater, the panels are painted black in colour. What is the reason behind ?
A. To make the panel become good conductor.

B. To allow convection to take place.

C. To improve the absorption of infra-red radiation.

D. Toimprove the emission of infra-red radiation.

B
A ¥

white metal plate electric heater ~ black metal plate

Two identical metal plates, one painted with white colour and the other painted with black colour, are placed at equal
distances from a radiant heater as shown. Afier some time, which metal plate absorbs more energy and which metal plate
emits more energy ?

Metal-plate that absorbs more energy Metal plate that emits more energy

A. white white
B. white black
C. black white
D. black black
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Part C : HKDSE examination questions

36.

37.

38.

<HKDSE Sample Paper IA - 1>

Cynthia places a carpet on a tile floor. After a while, she stands in bare feet with one foot on the tile floor and the other
on the carpet as shown. She feels that the tile floor is colder than the carpet. Which of the following best explains this|
phenomenon 7

A. Thetile is a better insulator of heat than the carpet.

B. Thetile is at a lower temperature than the carpet.

C.  The specific heat capacity of the tile is smaller than that of the carpet.

D. Energy transfers from Cynthia’s foot to the tile at a greater rate than that to the carpet.

<HKDSE 2014 Paper IA -1 >

Two identical scoops of ice-cream are transferred from a refrigerator into paper cup X and vacuum flask ¥ shown above,
Under room temperature, the time required for the ice-cream in the containers to melt completely is # and #y respectively,
What is the expected result and explanation 7

A. x>ty as the vacuum flask reduces heat loss to the surroundings.

B. x>ty as the vacuum flask retains the heat.

C. 1y >tx as the vacuum flask keeps things cold by releasing heat into the surroundings.
D

ty > fx as the vacuum flask reduces the rate of heat gain from the surroundings.

< HKDSE 2015 Paper JA -1 >

A driver parks his car outdoor under the sun. After parking, he switches off the engine of the car. Two hours later when he
gets back into the car, he feels that the inside of the car is far hotter than outside.

The best explanation is

A. the car's engine is still generating heat after the engine has been switched off,

B. the car's metal parts absorb infra-red radiation at a faster rate than the surroundings.
C. the glass windows of the car trap infra-red radiation and a greenhouse effect results.
D

the surrounding air is a good insulator of heat which reduces heat loss by conduction.

39. <HKDSE 2016 Paper JA~1 >
Some icy cold liquid is kept cold inside a vacuum flask, Which statements are correct ?
(1) The flask's cork stopper reduces heat gain from the surroundings.
(2) The silver coating on the inner surface of the glass wall is a good reflector of infra-red.

3) The vacuum between the double glass walls reduces heat gain by radiation.

A. (1) & {2)only
B. (1) & (3) only
C. (2)&(3)only
D. (),@&®3)

40. <HKDSE 2019 Paper IA-1>

41. <HKDSE 2020 Paper IA-1>

" . Temperature sensors 2, O, Rand §
isi 1ty filled cubic water tank
:feb;:::; ;s: ;ﬁiﬁf&iﬁcﬁm :f‘;x?to{a, feft, ight and bottom surfaces of the tank.

S heater

Aftver the heater is switched on for & short duration, which pair of sensors below would indicate the
largest temperature difference ?

A Gand R
B. Rend §
C. Gand §
D, Pand R

PA-HG2-M/09
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M.C. Solution
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B 21. D 31. D 41.D
D 22. A 32. B
B 23. B 33. C
6] 24. C 34. C
C 25. A 35. D
C 26. D 36. D
A 27. B 37. D
D 28. B 38. C
D 29. D 39. A
(€ 30. D 40. D

Aluminium is a good conductor ;
heat lost by conduction cannot be reduced.
To reduce heat lost by conduction, the potato should be wrapped with an insulated foil.

Convection outside the wrapped potato can still take place after wrapping with aluminium foil.
To reduce heat lost by convection, the potato should be placed inside an insulated box.

Shiny surface of the aluminium foil is poor emitter of radiation,
thus heat lost is reduced.

Silvery can reduce heat loss by radiation since silvery surface is a poor emitter of radiation.

Cork is a poor conductor and reduces heat loss by conduction.
The stopper prevents hot air rises up and reduces heat loss by convection.

Vacuum can reduce heat loss by conduction and convection but not radiation,
as heat radiation can transfer though vacuum.

Since the whipped egg white is a poor conductor, heat can hardly transfer from the top to the ice-cream.
The egg white is white in colour, it should be a poor radiator, and radiation is not a factor here.

Since the cake is a poor conductor, heat can hardly transfer from the bottom to the ice~cream.

1l

12.

D

v (€8] Aluminium is a good conductor, it can conduct heat away faster.

x @) Silver in colour transfers heat away by radiation slower, not faster.

v 3) Fin-like design can increase the surface area for faster conduction of heat.

C

v A Board P should be shiny to reflect sunlight into the cooker, so that more solar energy can enter the case.
v B. Pot Q should be painted in black to increase the heat absorption, since black surface is good absorber.
* C. Case R should be made of insulator to reduce heat lost to the surroundings.

v D. The glass cover can reduce heat loss by convection, as hot air cannot escape from the case.

A

‘When water is heated, it expands and density decreases.

Thus it rises to the top to form the convection current.

B

All hot or warm objects would emit heat by radiation which is infra-red radiation.

D

Since metal is a good conductor of heat, it conducts heat continuously from our bedy to make us feel cold.

4 (1) Some birds make use of the rise of hot air currents to gain height and reach the upper sky.

The air currents arc due to convection in air.
v @) At day time, the land is hotter than the sea.

Air above the land rises and breezes move from the sea to the land to form convection current.
v ®3) At night time, the sea is hotter than the land.

Air above the sea rises and breezes move from the land to the sea to form convection current.
C

Radiation is the transfer of energy by infra-red radiation which can travel in vacuum,

thus it does not involve any molecular motion.

B

Black colour surface is the best emitter of radiation.

D

Vacuum does not conduct heat, therefore it is the poorest.

Air is a gas which is poor conductor.

Water is a liquid which does not conduct heat well, but the conduction is better than air.

Copper is a solid which is the best conductor.
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13,

15.

16.

18.

19.

20.

21,

B

Black surface is a good emitter of radiation, thus heat can be emitted quickly.

4 A. Wood is a poor conductor.
It is used so that heat cannot conduct well to the handles from the hot pans.

v B. The fur of the animals traps air and is poor conductor of heat,

They prevent heat lost from the bodies of animals to the surrounding air,
x C. Cooling fins of the engine radiators are made of good conductors to conduct away heat quickly.
v D. Double glazing window contains air between two sheets of glass.

It can reduce heat flow across the window by conduction,

Cc

Shiny surfaces are both poor absorber and poor emitter of infra-red radiation.

[

Since metal is a better conductor of heat, it conducts heat quickly away from the hand, thus the hand feels cold.

A

Dull surfaces are both good absorber and good emitter of infra-red radiation.

D

v (03] Heat is conducted away from the bowl to the surrounding ajr.

v ) Above the soup, convection currents form to carry away the energy from the soup.
v 3) The soup emits infra-red radiation to lose energy.

D

Iron is metal, all metals are good conductors, thus iron is the best conductor of heat among the given substances.

C

* (1) Conduction requires a medium (solid, liquid or gas) to transfer heat.

x 2 Convection requires a fluid (liquid or gas) to form a convection current.

v 3) Radiation transfer heat by infra-red radiation which can travel through vacuum,
D

Copper is a good conductor.
It should be used so that heat can conduct well from the pipe into the water.

Black surface is a good absorber of radiation.
The surface should be painted black to absorb more heat by radiation.

23.

24,

25.

26.

27.

28.

29.

30.

A

Gas is the poorest conductor

Solid is the best conductor among the three states of substances.

B

Since air is not a good conductor, heat cannot be conducted well to the match.

Thus the temperature of the match is not high enough to be ignited.

C

Since the white shirt is a poor absorber of radiation,

it absorbs less heat than the black trousers which is a good absorber of radiation.

AN N = LN NS

®

B

)
@
3)

Y
@
3

As water is a not a good conductor of heat, heat is not easy to conduct from the top to bottom of tube.
Since the hot water is at the top and ice at bottom, convection current can hardly be set up between them,

Metal gauze is a good conductor. It does not prevent heat to be conducted,

Conduction requires a medium to transfer heat. Thus, there is no conduction in vacuum.
Convection requires a fluid to transfer heat. Thus, there is no convection in vacuum.

Radiation can take place in vacuum,

Silvery surfaces are poor emitter of radiation.

D

1)
@
)

If the water at 4 is heated, the hot water has no place to rise to form convection currents.
If the water at 4 is cooled, the cold water sinks to form convection currents.

If the water at B is cooled, the cold water has no place to sink to form convection currents.

The hot water rises to the top and then flows to the sides of the beaker to form convection currents.

m
@

3)

Some heat is lost by conduction through the walls of the pipes.

Since the temperature of the pipe should be higher than the room temperature,
air around the pipe is heated and rises to form convection currents.

All warm objects would emit heat by radiation.
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32.

33.

34,

35.

36.

37

38.

D

White colour surfaces are poor absorbers of radiation,

B

Fibre traps air to become a poor conductor of heat.

C

For convection current to be formed, the fluid must have different densities at different temperatures
50 that hot fluid rises and cold fluid sinks.

9]

The panels of a solar heater is painted black since black surface is good absorber, it can absorb more heat by radiation.

D

Black surfaces are both good absorber and good emitter of radiation.

D
* A. The tile is a better conductor of heat than the carpet, not better insulator.
x B. Both the tile and the carpet are at the same temperature of the surroundings.
* C. For a fixed amount of energy transfer and same mass,
smaller value of specific heat capacity would cause greater rise of temperature.
But in this case, the energy is transferred from the foot continuously with different rate.
v D. Since the tile is a better conductor than the carpet,
heat is transferred from the foot to the tile at a greater rate than that to the carpet ;
thus the tile floor is felt colder.
D

The vacuum flask ¥ takes longer time for the ice-cream to melt completely
since the vacuum flask can reduce the heat transfer with the surroundings,

thus reduce the rate of heat gain from the surroundings.

o]

x A. The car's engine would stop giving out heat when the engine has been cooled down
after some time when the engine has been switched off.

x B. The car's metal parts absorb infra-red radiation would only cause the metal body of the car hot,
but not the temperature inside the car.

4 C. Infra-red radiation from the Sun can pass through the window to heat up the air inside the car,
but the infra-red radiation inside the car cannot pass through the window and is trapped inside.
This is the greenhouse effect.

* D. Heat is trapped inside the car by greenhouse effect,

Heat loss by conduction is not the main reason.

39,

)]

@
3)

The cork stopper is a poor conductor, it can reduce heat gain from the surrounding air by conduction.
The stopper can reduce heat gain from the surroundings by convection.

The silver coating is a good reflector of infra-red and thus reduce heat gain by radiation.

Vacuum cannot reduce heat gain by radiation,
it can only reduce heat gain by conduction and convection.
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The following list of formulae may be found useful : 1. (c) Statc ONE design in the vacuum flask shown in Figure 2 that helps to reduce heat loss by radiation. (1 mark)

Energy transfer during heating or cooling E=mcAT

Part A : HKCE examination questions
(d) Can a thermal flask also store cold liquids and keep them cold for a period of time ? Explain your answer. (2 marks)

1. <HKCE 2007 Paper I-3>

Read the following passage about thermal flasks and answer the questions that follow.

Working principles of thermal flasks

Thermal flasks are used to store hot liquids and can keep them warm for a period of time. Insulating by foam and
insulating by vacuum are two common ways of making thermal flasks. 2 <HKCE 2010 Paper1-3 >

Describe how to use the apparatus as shown in the Figure below to conduct an experiment to demonstrate the convection of

For a thermal flask applying insulation by foam, a layer of foam is used to wrap the container (see Figure 1). Both the (4 marks)
marks|

foam and the air trapped inside the foam are poor conductors of heat. Also, the air inside the foam is broken into many air current,
tiny bubbles, which reduce convection of air inside the foam. Heat transfer through foam is therefore pretty slow.

A
For a thermal flask applying insulation by vacuum, there is a vacuum between the double glass walls of the container (see \‘\,. \\\
Figure 2). The heat insulation of vacuum is better than that of foam. Furthermore, the inner surface of walls of the glass
container is painted silvery to reduce heat transfer. As glass is fragile, the glass container is protected by an outer case )
with an insulated support. K
. \
stopper \
ppei \\\
a candle a lighted joss stick (Z4%) with smoke

double-wall
silvered glass

vacuum
| <——cardboard ——p

>

hot liquid ~

insulated
support
Figure 1 Figure 2
a lighter a glass with upper part separated by a cardboard (see schematic diagram)
(@) Explain how the foam reduces heat transfer by conduction and convection. (2 marks)

(b) Explain why the heat insulation of vacuum between the double glass walls is better than that of foam. (2 marks)
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Part B : Supplemental exercise }4. (b) When water flows through the pipe in the solar heater at a rate of 0.01 kg 57, its temperature tises by 7°C.
! (Specific heat capacity of water = 4200 J kg™ °C™')
3. 3
(i) Find the power supplied by the heater. (3 marks)
The above figure shows a vacuum flask used for keeping hot liquids warm. (i) If the rate of flow of water were reduced to 0,04 kg min?, find the increase in temperature. Briefly comment on
your answer. (4 marks)
(a) What is the use of the stopper placed at the top of the flask ? (2 marks)
(b) Why do the inside walls of the flask have silvery surfaces ? (2 marks)
(c) Why is the space between the inner wall and outer wall vacuum ? (2 marks)
5.
hot water out ¢——
4.
cover glass
cold water in ———p
hot water out w——
The above figure shows a solar panel used to heat water.
X (a) State the process by which energy is transferred
in — laggil
EBld Fakgin 26608 (i) from the sun to the outside of the pipe in the solar panel ; (1 mark)
The figure above shows a simple solar heater. (ii) from the outside of the pipe to the water inside it. (1 mark)
(a) (i) Why should the inner wall of the heater and surface of the pipe be blackened ? (2 marks)
(b) The following is a list of materials which are proposed to be used as the pipe material that contains the water.
“poli 1 hite plastic, black plastic, black-pai *
(ii) The heater is covered by a sheet of glass. Give one reason for this. (1 mark) peiakisd Gepmer. lask, white plastic] black plastic: blackspalrited eqppst

(ifi) Suggest one material suitable for the lagging.

(1 mark)

Suggest the most suitable material for the pipe. Give two reasons to support your choice. (3 marks)
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HKEAA's Marking Scheme is prepared for the markers' reference. It should not be regarded as a set of model answers
Students and teachers who are not involved in the marking process are advised to interpret the Marking Scheme with c:nT 4. (b) (i) In1minute, heat supplied by the heater = P = (294) (1 x 60) = 17640 J 1]
. . By E=mcAT
Question Solution a4
< (17640) = (0.04) (4200) AT 1]
1. (a) Foamis a poor conductor of heat. [11 . AT = 105°C [1]
The small air bubbles inside the foam reduce the air convection. 1 This is impossible because water would boil at 100°C, [11
() Vacuum does not have air, thus no conduction of heat, [1}
Vacuum does not have air, thus no air convection. [1] .
5.  (a) (i) radiation [1]
(¢) The vacuum flask has silvery surface to reduce radiation. [1] (i) conduction 1]
(d) Yes! 1] .
(b) The most suitable material is black-painted copper. (13
Since the thermal flask can reduce heat transfer, the liquid can be kept cold for a period of time. [1]
Black surface is a good absorber of radiation, thus more solar energy can be absorbed. 1]
Copper is a good conductor, thus heat can be conducted well from the pipe to the water. {11
2. Putthe candle in the glass and light up the candle with the lighter. [1]
Put the lighted joss stick inside the other side of the glass. [1]
Observe the movement of the smoke. [1]
The smoke from the joss stick moves through the bottom of the separator and rises on the side of the candle. [1]
3. (a) Toreduce heat lost by convection m
and conduction. [17
(b) To reduce heat lost by radiation. [1]
since silvery surface is a poor emitter of radiation. [1]
(c) To reduce heat lost by conduction f11
and convection. 1
4. (@) (i) To ensure maximum amount of heat absorbed [1}
since blackened surface is a good absorber of infra-red radiation. [1]
(ii) To prevent cooling by convection. [1]
OR
To trap heat by greenhouse effect. [1]
(iii) Any ONE of the followings : < OR any other suitable insulator > [1]
% cotton wool
* foam
% polystyrene
®) () By Pt=mcAT [1]
" P(1) = (0.01) x (4200) x (7) [

P = 294W

1
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The following list of formulae may be found useful :

Energy transfer during heating or cooling E= mcAT

Energy transfer during change of state E=1Am

Part A : HKCE examination questions

1. <HKCE 1980 Paper I1 - 14 >
temperature

ﬂl

p time

Two liquids 4 and B are cooled in air. Their cooling curves are shown. If A and B have the same mass, which of the
following statements is/are true ?

(1) A has a higher freezing point than B.

(2) A has a greater specific latent heat of fusion than B.

(3) Liquid 4 has a greater specific heat capacity than liquid B.

(3) only

(1) & (2) only

(2) & (3) only

(1), (2) & (3)

vawp

2. <HKCE 1981 Paper 11 - 10 >

A liquid placed inside an insulated vessel is kept boiling by a heating coil immersed in it. When the power supplied to the
coil is 42 W, the liquid boils away at a rate of 107 kg s™!. What is the specific latent heat of vaporization of the liquid ?

A, 42x10°Tkg!
B. 21x10*Tkg!
C. 42x10*Tkg!
D. 21x10°Ykg!

3. <HKCE 1981 Paper H - 13 >
0.10 g of steam at 100°C is mixed with 0.10 g of ice at 0°C. No heat is lost fo the surroundings. Which of the following
describes the final mixture ?
Given : specific heat capacity of water = 4.2 ki kg™! °C™!
specific latent heat of ice = 336 kJ kg™!
specific latent heat of steam = 2260 kJ kg™!
A mixture of water and steam at 100°C
Water at 0°C
Water at 50°C
Water at 100°C

vawp
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4.

<HKCE 1982 Paper II1 - 10 >

temperature
A

70°C

20°C

» time

0 100 200
A solid substance of mass 2 kg and specific heat capacity 1000 J kg™ °C™! is heated uniformly by a constant heat
source. The temperature-time graph of the substance is shown in the graph. Assuming that no heat is lost, find from the
graph the specific latent heat of fusion of the substance.

A. 1000 J kg™
B. 20000 kg™
C. 30000 Jkg
D. 50000 Jkg™

<HKCE 1982 Paper IT - 22 >
The following data shows the thermal properties of four substances P, Q,Rand S:

Substance P [/] R s
Melting point 40K 98 K 114K 270K
Boiling point 280K 880K 180K 370K
Average specific heat capacity in J kg™ °C™! 800 1200 226 40
Specific latent heat of fusion in J kg™ 2% 10* 11 x 104 5% 10* 33 x 10%
Specific latent heat of vaporization in J kg™! 30 x 10* 34 x 10* 40 x 10* 230 x 10*

When the temperature of each substance is increased from 250 K to 400 K, which one will absorb the greatest amount
of energy ?

A P

B.
C.
D

Ll -

< HKCE 1983 Paper II- 15 >

It is given that : the specific latent heat of fusion of ice = 3.3 x 10° Y kg™
the specific latent heat of vaporization of water = 2.3 x 10 J kg!
If 1 kg of ice at 0°C and 1 kg of steam at 100°C are mixed in a well insulated vessel, the result will be
A. amixture of ice and ice-cold water.
B. amixture of steam and boiling water.
C. waterat 0°C.
D. water at 50°C.

DSE Physics - Section A : M.C. PA - HG3-M/03
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7.

9.

10.

< HKCE 1984 Paper II - 11 >

Temperature / °C
A
sofd

70

e

C
i
i
|
|

60 » Time /s

A cooling curve for liquid naphthalene is shown above. From the graph, which of the following statement(s) is/are true 7
(1) The melting point of naphthalene is around 70°C.
(2) Inthe period BC, only liquid naphthalene is present.
(3) Inthe period BC, no energy is given by naphthalene to the surroundings.

A. (1) only

B. (1) & (2) only
C. (1) & (3) only
D. (2) & (3) only

< HKCE 1984 Paper II - 10 >

If an immersion heater takes 10 minutes to bring a cup of water to its boiling point 100°C from the room temperature
of 20°C, what will be the time taken for the boiling water to vaporize completely ?

(Specific heat capacity of water =4.2 kI kg™ °C™! ; specific latent heat of steam = 2268 kJ kg1, )

A.  33.75 minutes

B. 54.00 minutes

C. 67.50 minutes

D.  75.40 minutes

< HKCE 1985 Paper II - 13 >

Heat is needed to keep water boiling because energy is required to
(1) increase the potential energy of the water molecules.
(2) increase the kinetic energy of the water molecules.
(3) increase the average speed of the water molecules.

A. (1)only

B. (1) & (2) only
C. (1) & (3) only
D. (2) & (3) only

<HKCE 1986 Paper IY - 21 >
Temperature

e e [

The graph shows the cooling curve of liquid naphthalene. In which region has naphthalene completely solidified ?

» Time

A P
B. 0
C. R
D. §
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11.

12.

13,

14.

<HKCE 1987 Paper I - 26 >

Arrange the following in ascending order.

E1 = Energy required to melt 1 kg of ice at 0°C

E, = Energy required to raise the temperature of 1 kg of copper by 1°C
Es = Energy required to vaporize 1 kg of water at 100°C

E,4 = Energy required to raise the temperature of 1 kg of water by 1°C
By < By < By < B3

E<E<E <k

Ey<E <E<E

Es < By < E3 < E;

vowp

<HKCE 1988 Paper IT - 11 >

Five different solids, each of mass 1 kg, are heated by identical immersion heaters for 10 minutes. The following graphs
show their heating curves. Assuming no loss in heat, which solid has the greatest specific latent heat of fusion ?

B.
Temperature Temperature

____/ﬁ

1

'

1

'

1

H

0 _— time / min time / min
= Temperature D Temperature

i

]

1

1

i

i

0 s time / min time / min
<HKCE 1989 Paper IT - 18 >
heater
crushed ice

The figure shows an experiment to determine the specific latent heat of fusion of ice. The result obtained is lower than the
one expected. The main reason could be that

there is heat gain from the surroundings.

there is heat loss to the surroundings.

there is some water remaining in the funnel, not falling into the beaker.

the temperature of ice is below 0°C.

cow»

< HKCE 1990 Paper II - 21 >

The apparatus shown is used to find the specific latent heat of vaporization
of water. Which of the following is NOT correct ?

A. Cover the beaker with a lid.

To joulemeter and power supply

B. Use asuitable heater to prevent boiling the water too vigorously.
C. Surround the beaker with some cotton.
D. Repeat the experiment several times and take the mean of the results. L S— Yo

DSE Physics - Section A : M.C. PA - HG3 -M/ 05

HG3 : Change of State

15.

16.

17.

< HKCE 1990 Paper II - 22 >

o' > !

A 20 W heater is used to melt a solid. A graph of temperature & against time ¢ is plotted as shown above. Ifa heater of 40 W
is used, which graph (using the same scale) would be obtained ?

A. 9 B. g
0 t 0 t
C 9 D. P
0 I 0 t
< HKCE 1991 Paper II - 18 >
Temperature
T
1
0 200 400 qoo  Yime/s

A 400 W clectric heater is used to heat 0.4 kg of a solid. The graph shows the temperature against time of the substance.
The specific latent heat of fusion of the substance is

A. 64kTkg?

B. 160kikg™
C. 400kIkg!
D. 500kIkg™

< HKCE 1992 Paper II- 17>

An immersion heater is used to heat a cup of water. It takes 10 minutes to bring the water from 20°C to its boiling point
100°C. Find the time taken for the heater to vaporize the boiling water completely.
(Given : specific heat capacity of water = 4200 J kg™ °C™!

specific latent heat of vaporization of water = 2.268 x 10 Jkg™1)

A. 54 minutes
B. 60 minutes
C. 67.5 minutes
D. 77.5 minutes

A 8 wr v smeawes 8 v wmis e eaan -
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18.

19.

20.

21.

<HKCE 1994 Paper I - 17 >

Connected to power supply Not connected to power supply

Immersion heater Immersion heater
:f Ice Cﬂ Tee

Funnel X Funnel ¥

Beaker Beaker

The above apparatus is used to find the specific latent heat of fusion of ice. Which of the following is an essential precaution
to ensure an accurate result ?

A. Crushed ice should be used.

B. The ice used should be just taken from the refrigerator so that its temperature is well below 0°C.

C. The amount of ice used in funnel X should be larger than that in Y.

D. The two funnels should be wrapped in insulating material.

< HKCE 1995 Paper IL - 19 >

Which of the following substances is a liquid at room temperature (about 20°C) ?

Substance Melting point / °C Boiling point / °C
A. 12 25 444
B. 4] -39 357
(¢} R 44 280
D. N ~218 -183

< HKCE 1995 Paper I1 - 22 >

The melting point of copper is 1080°C and its specific latent heat of fusion is 2.1 x 10° J kg'. How much energy is needed
to melt 0.5 kg of copper at its melting point 7

2.1x105/0.57

05%x21x10°7

2.1x10°/(0.5 x 1080) J

0.5 x2.1 x10°/10807

oWy

<HKCE 1996 Paper I - 21 >

Temperature

0 » Time

Two solid substances X and ¥ of equal mass are separately heated by two identical heaters. The above figure shows the
variation of the temperatures of the substances with time. Which of the following statements isfare correct 7

(1) The melting point of X is higher than that of Y.

(2) The specific heat capacity of X is smaller than that of 7.

(3) The specific latent heat of fusion of X is smaller than that of ¥.

A. (1) only
B. (3)only
C. (1) & (2)only
D. (2) & (3)only

DSE Physics - Section A : M.C. PA-HG3-M/07
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Questions 22 and 23 : The following apparatus is used to find the specific latent heat of vaporization of a liquid.

To power supply

Beaker

Immersion heater

Electronic balance

22. <HKCE 1996 Paper II- 19 >

When the liquid boils, the reading of the balance is taken. After 200 s, the reading of the balance decreases by 0.02 kg.
The power output of the heater is 150 W. If 20% of the energy supplied is lost to the surroundings, find the specific latent
heat of vaporization of the liquid.

120 J kg™

480 T kgt

3.0 x 10° T kg™

1.2 x 105 T kg!

Uow>

23. <HKCE 1996 Paper II - 20 >
‘Which of the following can improve the accuracy of the experiment ?
(1) covering the beaker with a lid
(2) completely immersing the heating coil in liquid
(3) stirring the liquid throughout the experiment

A. (1)only
B. (2)only
C. (1) & (3)only
D. (2) &(3)only

24, <HKCE 1998 Paper II - 20 >

Connected to Not connected to

power supply power supply
I f
Immersion heater Immersion heater
:ﬂ Ice ‘:f Ice
Funnel X Funnel ¥
Beaker Beaker

The above set-up can be used to find the specific latent heat of fusion of ice. Which of the following is net an essential
precaution to ensure an accurate result ?

A. covering the funnels with lids

B. using melting ice in the experiment

C. inserting the immersion heater into the ice completely

D. using the same amount of ice in both funnels
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25.

26.

27.

28.

< HKCE 1998 Paper II - 22 >

A block of melting ice with mass 0.02 kg is put into a polystyrene cup containing 0.3 kg of water with initial temperature
20°C. After the mixture is stirred well, the ice block melts completely and the final temperature of the water becomes 14°C.
‘Which of the following equations can be used to find the specific latent heat of fusion of ice, L ?

(Given : Specific heat capacity of water = 4200 J kg™ °C™")

0.3 x 4200 x 6 = 0.02 L -+ 0.02 x 4200 x 14

0.3 x 4200 x 6 = 0.02 L - 0.02 x 4200 x 6

0.3 x4200x 6 = 0.02.L+0.02 x 4200 x 6

0.3 x 4200 x 6 = (0.02 L +0.02 x 4200) x 14

I

Sap»

< HKCE 1999 Paper II - 17 >

Immersion heater

o 0

Power supply

Electronic balance

TEYEER

The above apparatus is used to find the specific latent heat of vaporization of a liquid. Which of the following can improve
the accuracy of the experiment ?

‘Wrapping the beaker with cotton wool

Covering the beaker with a lid

Stirring the liquid throughout the experiment

Using shorter wires to connect the heater and the power supply

vowr

< HKCE 2000 Paper II - 18 >

A cup of fruit juice is of mass 0.2 kg and temperature 70°C. If the specific heat capacity of the fruit juice is 4600 J kgtec,
find the minimum amount of ice at 0°C that should be added to the juice in order to lower its temperature to 0°C.
(Note : Specific latent heat of fusion of jce = 3.34 x 10° Jkg™)

A. 0.17kg
B. 020kg
C. 037kg
D. 084kg

<HKCE 2000 Paper IT - 21 > To joulemeter and power supply

<— Beaker

Immersion heater

Electronic balance
The above apparatus is used to find the specific latent heat of vaporization of water J,. Which of the following factors will
cause the result obtained to be larger than the true value of /, ?

(1) Some energy is lost to the surroundings.

(2) Some steam condenses and drips back into the beaker.

(3) Some boiling water inside the beaker splashes out of the beaker.

A. (1) only
B. (3)only
C. (1) &(2) only
D. (2) & (3) only

DSE Physics - Section A : M.C. PA-HG3-M/09
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29.

30.

31

32.

< HKCE 2001 Paper I1- 16 > -

A melting ice block of mass 0.05 kg is mixed with x kg of water at 0°C in a well-insulated container. If 25 000 J of energy
is supplied to the mixture, the mixture changes to water at 4°C. Find the value of x.

(Given : specific latent heat of fusion of ice = 3.34 x 10° kg™, specific heat capacity of water = 4200 J kg™ °C™.)

A 037

B. 044
C. 049
D. 144
<HKCE 2001 Paper II - 30 >

A cup of liquid P and a cup of liquid Q of equal mass are heated at the same rate. It is found that the temperature of P is
rising at a rate faster than that of Q.
‘Which of the following deductions is/are correct 7

(1) P has a lower specific latent heat of vaporization than 0.

(2) P has alower boiling point than 0.

(3) P has alower specific heat capacity than Q.

A. (1) only
B. (3)only
C. (1) & (2)only
D. (2)&(3)only

<HKCE 2001 Paper 11 - 18 >

The figure shows the cooling curve of a substance which is initially in

the liquid state. The temperature of the substance remains unchanged 1

during the period PQ. Which of the following statements about the

substance during the period PQ is/are correct 7

(1) 'The substance is not losing any energy to the surroundings.

(2) Latent heat is absorbed by the substance.

(3) The average potential energy of the molecules of the
substance is decreasing.

(1) only

(3) only

(D &2 orly 0 > Time

(2) & (3) only

Temperature
h

oow»

< HKCE 2002 Paper I¥-19 >
Temperature

0 Time
A certain amount of crushed solid is heated and the variation of its temperature T with time ¢ is shown above. If the same
heater is used to heat a smaller amount of the solid, which of the following graphs ( in dash lines ) best shows the variation of

the temperature of the solid ?
A p B. ¢ C
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33. <HKCE 2003 Paper I1-21 >

To power supply Reading of the balance / kg

[<— Beaker

— Liquid

[~ Immersion heater

i
'
I
]
|
1
1
Miprasnane Lo
1
i
|
|

Electronic
balance

1}
1
i
> t/s
0 un 22

Figure (a) Figure (b)
As shown in Figure (a), some liquid in a beaker is heated by a 1000 W immersion heater. Figure (b) shows the variation of
the reading of the electronic balance with time £. Which of the following statements about the liquid is incorrect
A. Itstartsto boilat £=#.
B. Its temperature increases during the period 7=0 to #.

C. Iis specific heat capacity can be estimated by 10004 |
my

D. Its specific latent heat of vaporization can be estimated by M v
my —m

Questions 34 and 35 : The following set-up is used to measure ¢ , » the specific latent heat of vaporization of a liquid.

to kWh meter and power supply

beaker

immersion heater

electronic balance

34. <HKCE 2004 Paper I - 19 >

The result of the experiment is as follows:
Initial reading of the balance = 1.60 kg Final reading of the balance = 1.45 kg
Energy supplied as measured by the kWh meter = 0.10 kWh

Find the measured value of (.

2.25x 105 T kg™
2.48 x 105 J kg™
2.40 x 105 T kg™!
6.67 x 106 T kg

vawy

35. <HKCE 2004 Paper IT - 20 >

How will the value of £, obtained in the experiment be affected if the following measures are taken separately ?

I.  replacing the beaker with a polystyrene container which is a better insulator
II.  adding more liquid into the beaker until the heater is completely immersed

I u
A. decreases increases
B. decreases decreases
C. increases increases
D. increases decreases

DSE Physics - Section A : M.C. PA-HG3-M/11
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36.

37.

38.

39.

<HKCE 2004 Paper 11 - 18 >

temperature

room temperature

0 > time

The graph shows the variation in temperature of equal masses of two substances P and Q when they are separately heated by
identical heaters. Which of the following deductions is correct ?

A. The melting point of P is lower than that of 0.

B. The specific heat capacity of P in solid state is larger than that of Q.

C. The specific latent heat of fusion of P is larger than that of O

D. The energy required to raise the temperature of P from room temperature to boiling point is more than that of 0.

<HKCE 2005 Paper I - 9 >

Figure (a) Figure (b)

When Joanne gets off from an air-conditioned bus in the summer, her glasses become misty (see Figure (a)). After a while,
the glasses become clear again (see Figure (b)). Which of the following physical processes are involved in the above
phenomena ?

condensation followed by evaporation

condensation followed by fusion

solidification followed by evaporation

solidification followed by fusion

Uow»

<HKCE 2005 Paper II - 33 >

If equal masses of boiling water and melting ice cubes are mixed, which of the following best describes the state of the
mixture ? (Specific heat capacity of water = 4200 J kg™' °C™" ; Specific latent heat of fusion of ice = 3.34 x 10° T kg™)
water at 0°C

water at a temperature higher than 0°C

a mixture of water and ice at 0°C

It cannot be determined since the masses of the water and ice are not given.

cawpx

< HKCE 2006 Paper II - 10 >

A space shuttle is covered by ‘heat shields’ over its body so as to protect the interior from getting too hot while entering the
atmosphere of the Earth. Which of the following thermal properties is/are desirable for the material of the ‘heat shields’ ?

(1) It should be a good conductor of heat. :

(2) It should have a very high melting point.

(3) It should have high specific heat capacity.

A. (1) only
B. (3)only
C. (1) & (2) only
D. (2) & (3)only
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40.

41.

42.

43.

< HKCE 2006 Paper II - 11 >

A substance X is heated at a constant rate and its changing temperature over a time period is recorded. The data are plotted
below.
Temperature / °C
A

i

0 > Time /s

‘Which of the following statements about the substance X is incorrect ?

A. Xisin liquid state at 0°C.

B. The boiling point of X is 80°C.

C. The specific heat capacity of X in the solid state is smaller than that of X in the gas state.

D. The specific latent heat of fusion of X is larger than the specific latent heat of vaporization of X.

< HKCE 2006 Paper I - 12 >
The initial temperature of a jar of juice is 80°C and the mass of the juice is 2 kg. Susan adds ice cubes into the jar in order to
cool down the juice to 20°C. What is the minimum number of ice cubes at 0°C required ?
(Neglect the heat capacity of the jar and assume there is no heat exchange with the surroundings.)
Given: Mass of each ice cube = 0.15kg
Specific heat capacity of juice = 4700 J kg™ °C™*
Specific heat capacity of water = 4200 J kg™ °C™!
Specific latent heat of fusion of ice = 3.34 x 10° J kg™!

A 9

B. 10
C. 11
D. 12

<HKCE 2007 Paper I1 - 7>

Water has a very high value of specific latent heat of vaporization. Which of the following statements can be illustrated by
this fact ?

(1) Water is used as the coolant in car engines.

(2) Coastal region has milder climate as comparing with inland region.

(3) Steam at 100°C causes more serious injury to skin than boiling water.

A. (1) only
B. (2)only
C. (3)only
D. (1,2 &(3)

< HKCE 2007 Paper I - 34 >

Which of the following statements about evaporation are correct ?
(1) Evaporation occurs only on the surface of the liquid.
(2) The rate of evaporation is higher when the ternperature is higher.
(3) After evaporation, the average kinetic energy of the remaining liquid molecules will increase.

A. (1) & (2) only
B. (1) & (3) only
C. (2)&(3)only
D. (), @&®)

DSE Physics ~ Section A : M.C. PA-HG3-M/13
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4.

45,

46.

47.

<HKCE 2007 Paper IL - 8 >

In an experiment, 2 kg of water at 20°C is heated inside a boiler
for 20 minutes. Water is boiled to 100°C and 1.7 kg of water
remains after boiling. What is the estimated power of the boiler ?
Given : Specific heat capacity of water = 4200 Jkg™! °C™
Specific latent heat of vaporization = 2.26 x 106 T kg™

heater

mains supply |,

gowy
(=
ey
p=1
=

< HKCE 2008 Paper II - 34 >

Which of the following has the highest average speed of the molecules ?
A. 1gofice cube at—10°C

B. 10 g of melting ice cube

C. 100 g of water at room temperature

D. 0.1 g of steam at 100°C

<HKCE 2008 Paper II - 11 >

Which of the following statements is/are correct ?
(1) Energy transfers from an object with higher internal energy to an object with lower internal energy.
(2) An object must absorb energy when it changes its state.
(3) Energy transfers from an object with higher temperature to an object with lower temperature.

A. (2)only

B. (3)only

C. (1) & (2)only

D. (1) & (3) only

< HKCE 2009 Paper 11 - 12 >

In an experiment, a kilowatt-hour meter is used to measure the energy supplied to an immersion heater. An electronic
balance is used to measure the change of the mass. The data obtained is used to estimate the specific latent heat of
vaporization of water (/).

kilowatt-hour
meter

immersion heater

polystyrene cup water

1l
174

electronic balance

If the following experimental error arise :
(I) Water splashes out of the polystyrene cup as the boiling is too vigorous.
(II) Water vapour condenses on the upper part of the heater and drips back into the polystyrene cup.

How would the calculated value of ! be affected ?

O (D)
A. increases decreases
B. increases increases
(08 decreases decreases
D. decreases increases
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48. <HKCE 2009 Paper I1 - 10 >

Some ice cubes at 0°C are added to 0.3 kg of soft drink at 20°C. What is the minimum amount of ice needed to cool the soft
drink to 0°C ?
Given : specific heat capacity of the soft drink = 5300 J kg™! °C-!

specific latent heat of fusion of ice = 3.34 x 10° J kg™

A 0.08kg
B. 0.10kg
C. 026kg
D. 032kg

49. <HKCE 2009 Paper II - 11 >
Temperature / °C

60

30

0 — Time /s

60
When a certain mass of a solid substance is heated by a heater of constant power, the variation of its temperature with time is
shown in the figure above. If a greater mass of the same substance is heated by the same heater, which of the following
graphs best represents how its temperature varies with time ? (Assume no heat lost to the surroundings.)

Temperature / °C B. Temperature / °C
A
60
30
0 t » Time / s » Ti
50 Time /s
C. N D.
Temperature / °C Temperature / °C
A
60| 60
o 1
30 H 30
0 H » Time /s . —Ti
% 1] prs Time/s

50. <HKCE 2010 Paper I1-8>

Three different solids, initially at 20°C, are heated at the same power.

solid heat capacity / J °C™? melting point / °C
P 300 218
Q 500 132
R 900 84
Which solid will start melting first ?
A P
B. ¢

C. R
D. cannot be determined as the mass is unknown

DSE Physics - Section A : M.C. PA-HG3-M/15
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51,

52.

53.

<HKCE 2010 Paper II- 9 >

water r tray

0

A paper tray contains some water. The tray is heated by a gentle flame from below as shown. The water in the tray starts to
boil while the paper does not catch fire. Which of the following statements are correct in this situation ?

(1) Water can transfer heat away from the paper tray very quickly.
(2) Water remains at 100°C when it is boiling.
(3) There is no heat transfer between the paper tray and the flame.

A (1) &) only
B. (2)&3)only
¢ (1)&(3)only
D. (1), &(3)

<HKCE 2010 Paper II - 11>

Reading / kg

water

» Time / minute

PR ) SO SRR

Figure (a) Figure (b)

Figure (a) shows a beaker of water heated by an immersion heater. Figure (b) shows the variation of the reading of the
balance with time. What is the estimated output power of the heater ?
(Assume no heat lost to the surroundings.)

Given : specific latent heat of vaporization of water = 2.26 x 10% J kg™
specific heat capacity of water = 4200 J kg™ °C™!

A 175W
B. 269W
C. 3717TW
D. 700W

<HKCE 2010 Paper IT- 10>

People feel cooler when they get out of water after swimming. Which of the following is/are the reason(s) ?
(1) The water on the skin evaporates.
(2) The water on the skin absorbs latent heat of fusion.
(3) The water on the skin releases latent heat of vaporization to the surrounding air.

A. (1) only
B. (3)only
C. (1) & (2) only
D. (2) & (3) only
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Questions 54 and 55 :

The setup in Figure (a) is used to determine the specific latent heat of fusion of ice. At time £=0, 0.15 kg of ice cubes at 0°C are
added into 1 kg of hot water. The initial temperature of water is 60°C. Figure (b) shows the variation of the water temperature with
time. At Q, the mixture achieves the thermal equilibrium.

54,

55.

thermometer Temperature / °C

A
60—\P

ice cubes 401

20+
water

0 »Time /s

Figure (a)

Figure (b)

<HKCE 2011 Paper I1- 9 >

‘What is the specific latent heat of fusion of ice estimated from this experiment ?
Given : specific heat capacity of water = 4200 J kg °C™! ?

3.34 x 105 Tkg™!

3.92 x 105 T kg™!

4.48 x 10° T kg™!

5.60 x 10° T kg™*

o

<HKCE 2011 Paper 11 - 10 >

Which of the following statements about the experiment is correct ?

Between P and 0, the water is absorbing latent heat of fusion from the ice.
Between P and O, the temperature of the ice is increasing.

Between Q and R, the water is absorbing energy from the surroundings.
The temperature of the surroundings is 20°C.

vawp

Part B : Supplemental exercise

56.

57.

An ice-making machine extracts energy at a rate of 500 W. The specific latent heat of fusion of ice is 334 kJ kg™'. How long
does it take to change 10 kg of water at 0°C to become ice at 0°C ?

R 10x334
500

B, 10x500 .
334

C. 10x334x1000

500

p. _10x500

334 %1000

An immersion heater rated at 150 W is fitted into a large block of ice at 0°C., How long does it take to melt 30 g of ice ?
(Given : Specific latent heat of fusion of ice is 334 000 J kg™'.)
A.  33.4 seconds

B. 66.8 seconds
C. 66800 seconds
D. 66.8 minutes

DSE Physics - Section A : M.C. PA-HG3-M/17
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58.

59.

60.

61.

62.

Which of the following statements correctly describe the difference between evaporation and boiling of a liquid ?
(1) Evaporation occurs at all temperatures but boiling occurs at one temperature only.
(2) Evaporation ocours at surface of the liquid but boiling occurs throughout the liquid.
(3) Evaporation does not absorb latent heat of vaporization but boiling absorbs latent heat of vaporization.

A, (1) & (2) only
B. (1) & (3)only
C. (2)&(3)only
D. 1),@&Q3)

Which of the following would enable wet clothes to dry more quickly ?
(1) Spread the clothes to increase the surface area.
(2) Increase the temperature of the environment.
(3) Blow air over the clothes.

A, (1) & (2) only
B. (1) & (3)only
C. (2)&(3)only
D. (D,@&EB)

air—_,

The above diagram shows a beaker containing ether which is a volatile liquid. The beaker stands on a wooden board. A thin
film of water is put between the board and the base of the beaker. Air is then blown through the tube so that it bubbles out
from the immersed end. Which of the following would happen ?

(1) Ether evaporates from the beaker.

(2) Mist forms at the outer surface of the beaker.

(3) The water cools down and freezes.

A (1) &(2) only
B. (1)&(3)only
C. (2)&(3)only
D. (1),(2)&(3)

David sweats 0.1 kg of water in 10 minutes after the athlete meet. What is the rate of cooling of his body by sweating ?
(Specific latent heat of vaporization of water is 2.26 x 105 T kg™

A 37717
B. 75475
C. 2260075
D. 377007s™

In a refrigerator, the liquid Freon is pumped around the pipes in a circuit. Which of the following are correct ?
(1) As the Freon evaporates, it removes energy from the food.
(2) As the Freon condenses, it gives out energy.
(3) The encrgy removed from the food is given out at the back of the refrigerator.

A. (1) & (2) only

B. (1) &(3)only

C. (2) & (3)only

D. (1),(2)&(3)
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63. A cup of water is placed at the room temperature of 25°C. At which temperatures would evaporation and boiling start to

64,

65.

66.

67.

68.

69.

occur respectively ?

Temperature at which evaporation starts Temperature at which boiling starts

A, 25°C 50°C

B. 25°C 100°C

C. 50°C 50°C

D. 100°C 100°C

When a liquid evaporates, some of the molecules escape from the surface and the temperature of the liquid change. Which

of the following best describes the energy of the escaping molecules and the change in temperature of the liguid ?
Energy of escaping molecules Temperature of the liquid

A low increase

B. low decrease

C. high increase

D. high decrease

The melting points and boiling points of four elements are listed below. Which element is a liquid at 1000°C ?

Element Melting point / °C Boiling point / °C
A.  Aluminium 660 2470
B. Mercury -39 357
C.  Chlorine - 101 -35
D. Tron 1540 2750

When Paul goes out from an air-conditioned shopping mall, he found that his glasses become misted-up. Which of the
following statements are cotrect ?

(1) Water vapour condenses onto the glass surfaces.
(2) Cold air holds less water vapour than warm air.
(3) Latent heat of vaporization is absorbed when mist is formed.

A, (1) &(2) only

B. (1) & (3) only

C. (2) & (3) only

D. (1), (2) & (3)

If we come out from a swimming pool and do not dry ourselves, we would feel cool. What is the main reason 7
A.  Water is a good conductor of heat.

Water is colder than the air.
Water has a high specific heat capacity.
‘Water evaporates in air.

vow

What is the process that causes water molecules to escape from the surface of the sea to the sky ?

A. Dboiling

B. convection
C. evaporation
D. radiation

‘When water is heated steadily, its temperature stops to rise when the water starts to
A. release water vapour

B. evaporate.
C. freeze.
D. boil

DSE Physics - Section A : M.C.
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70.

71.

72.

73.

4.

75.

Mary hangs the wet clothes in a room for drying. Which of the following can help the clothes to dry more quickly ?
(1) Close the window.
(2) Switch on the dehumidifier.
(3) Switch on the heating radiator.

A. (1) & (2) only
B. (1) & (3) only
C. (2)&(3)only
D. (1),(2)&((3)

Peter puts a few drops of alcohol in his right hand and a few drops of water in his left hand at the same time. He feels that
his right hand is cooler than his left hand. Which of the following may be the reason ?

(1) Alcohol has evaporation but water does not have evaporation.
(2) The heat conduction of alcohol is better than that of water.
(3) Alcohel has a greater rate of evaporation than water.

A. (1) only
B. (3)only
C. (1)&(2)only
D. (2) & (3)only

Which of the following statements are correct when a liquid is boiling ?
(1) When the liquid is boiling, large amounts of energy are absorbed.
(2) The average kinetic energy of its molecules is increased during boiling.
(3) The average potential energy of its molecules is increased during boiling.

A. (1) & (2) only
B. (1) & (3) only
C. (2)&(3)only
D. (D,R)&A)

‘When a gas is heated, which of the following statements must be correct ?
(1) The temperature of the gas must increase.
(2) The kinetic energy of the gas molecules must increase.
(3) The molecules of the gas must move faster.

A (1) & (2) only
B. (1) &(3)only
C. (2)&(3)only
D. (1),(2)&(3)

Which of the following statements is/are correct when a vapour condenses into a liquid at its boiling point ?
(1) When the vapour condenses, its temperature decreases.
(2) The vapour releases energy to the surroundings during condensation.
(3) The average potential energy of the molecules decreases.

A. (1) only
B. (3)only
C. (1) & (2) only
D. (2)& (3) only

‘When a body is heated, which of the following statements must be correct ?

A. The internal energy of the body always increases.

B. The temperature of the body always increases.

C. The average kinetic energy of the molecules in the body always increases.
D. The average potential energy of the molecules in the body always increases.
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76.

77.

78.

< HKDSE Sample Paper IA - 2>

temperature

room temperature

0 time
The graph shows the variation in temperature of equal masses of two substances P and Q when they are separately heated by
identical heaters. Which deduction is correct 7
A. The melting point of P is lower than that of 0.
B. The specific heat capacity of P in solid state is larger than that of .
C. The specific latent heat of fusion of P is larger than that of Q
D

The energy required to raise the temperature of P from room temperature to boiling point is more than that of .

< HKDSE Practice Paper 1A -4 >

s

N

— W
N

YA i

spriokler
system

The sprinkler system on a rooftop is able to spray small water droplets onto the rooftop which can lower the temperature of
the rooftop on hot sunny days. Which of the following explanations about the sprinkler system is/are reasonable ?

(1) Water is a good conductor, which conducts heat quickly.
(2) Water has a high specific heat capacity, absorbing a lot of energy when its temperature rises.

(3) Water has a high specific latent heat of vaporization, absorbing a lot of energy when it evaporates.

A. (1) only
B. (2)only
C. (1) & (3)only
D. (2) & (3) only

<HKDSE 2012 Paper IA -4 >

Which of the following descriptions is correct ?

A.  When water at 25°C is heated to 50°C, both the kinetic energy and potential energy of the water molecules increase.
B. When water at 25°C is heated to 50°C, only the potential energy of the water molecules increases.

C. When water boils at 100°C and turns into steam, the kinetic energy of the water molecules increases.
D.

‘When water boils at 100°C and turns into steam, the potential energy of the water molecules increases.

DSE Physics - Section A : M.C.
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79.

80.

81.

82.

83.

< HKDSE 2012 Paper 1A -2 >

When a patient’s arm is wiped by a piece of cotton soaked with alcohol, the wiped area will feel cool as that patch of alcohol
on the skin evaporates. Which statement explains this phenomenon ?

A. The evaporation of alcoho! absorbs heat from the patient’s arm.

B. The alcohol on the skin releases latent heat to the surrounding air.
C. The motion of all the molecules in the patch of alcohol slows down.
D

Air molecules remove heat from the patch of alcohol by conduction.

<HKDSE 2013 Paper JA - 1>

‘Which of the following statements about boiling and evaporation of a liquid is/are correct 7
(1) A liquid absorbs energy when it boils but does not absorb energy when it evaporates.
(2) Boiling occurs at a definite temperature while evaporation takes place above room temperature.
(3) Boiling occurs throughout thevliquid while evaporation only takes place at the liquid’s surface.

A. (D) only
B. (3)only
C. (1) & (2) only
D. (2) & (3)only

< HKDSE 2013 Paper IA - 2>

In an experiment to measure the specific latent heat of vaporization of water, a beaker of water is boiled off using an electric
heater. Which of the following sources of error would lead to an experimental result smaller than the standard value ?

A. Energy is lost to the surroundings.

B. Water splashes out of the beaker.

C. Steam condenses on the cooler part of the heater and drops back to the beaker.
D. The heater is not completely immersed in water.

< HKDSE 2014 Paper IA -2 >

An electric heater of constant power is used to heat a solid substance X which @/°C
A

is insulated from the surroundings. The variation of its temperature € with
time ¢ is shown. X has a specific heat capacity of 800 J kg™ °C™! in its solid
state. What is the specific latent heat of fusion of X'? 100 B
A. 144xTkg'! 80
B. 192K kg* or7
40
C. 202kJkg! 0
D. Answer cannot be found as both the mass of X and the power of the

> ¢/ min

0
heater are not known, 0 2 4 6 810

< HKDSE 2016 Paper IA -2 >

0.3 kg of water at temperature 50°C is mixed with 0.2 kg of ice at temperature 0°C in an insulated container of negligible heat
capacity. What is the final temperature of the mixture 7

Given : specific heat capacity of water = 4200 J kg™ °C™
specific latent heat of fusion of ice = 3.34 x 10° J kg™

A ~18C
B. 0°C

C. 1.8°C
D. 3.0°C
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84. <HKDSK 2017 Paper JA -2 >

Same mass of solids P and Q are heated at the same rate. The temperature-time graphs of the two substances are shown
below.

temperature

0 time

Which of the following comparisons about their melting points and specific latent heats of fusion is correct ?

higher melting point larger specific latent heat of fusion
A P P
B 2 Q
Cc e} P
D g Qo

85. <HKDSE 2017 Paper IA - 3>

Which of the following statements about the internal energy of a substance are correct ?

(1) When a solid melts, the latent heat of fusion absorbed becomes potential energy of the molecules in the substance.
(2) When a vapour condenses, its internal energy decreases.

(3) When a liquid evaporates, the internal energy of the remaining liquid increases.

(1) & (2) only

(1) & (3) only

(2) & (3) only

0,2 &E)

vawpy

86. <HKDSE 2020 Paper 1A-2>
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HKEAA's Marking Scheme is prepared for the markers' reference. It should not be regarded as a set of model answers.
Students and teachers who are not involved in the marking process are advised to interpret the Marking Scheme with care.

M.C. Answers

. D 1. A 21. D 31. B 4. A
2. C 12. A 2. D 32. C 4. C
3. A 13. A 23. B 33, C 43, A
4 D 14, A 2. A 34. C 4. C
5. D 15. A 25 A 35. B 45. D
6. B 16. C 26. A 36. B 46. B
7. A 17. C 27. A 37. A 47. D
g8 C 18. A 2. C 38, B 4 B
9. A 19. B 29. B 39. D 49. D
10. D 20. B 30. B 40. D 50. B
51 A 6. A 71. B 8l. B
52. C 62. D 72. B 82. A
53. A 63. B 73. D 83. B
54. B 64. D 74. D 84, C
55. D 65. A 75. A 85. A
56. C 66. A 76. B o8 &
57. B 67. D 77. D
58. A 68. C 78. D
59. D 69. D 79. A
60. D 70. C 80. B
M.C. Solution
1 D
Y (1) The temperature of the horizontal line is the freezing point, thus, 4 has a higher freezing point.
v 2) A has a greater specific latent heat of fusion because it takes a longer time for the process of freezing.
v @ E=Pt=mcAT . slopoofgraph=2L =2 1
! m-c (3

Liquid 4 has a smaller absolute value of slope, thus 4 has the greater specific heat capacity.
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A
As specific latent heat of steam is much greater than the specific latent heat of ice,

part of the latent heat of steam can melt the ice and heat it to become 100°C water to give a mixture of water and steam.

D
0] Pt1=mfv

Q@ Pty =mcAT
As ¢y and 1, are both equal to 100

wm £, = mcAT
£, =cAT

- £, = (1000) (70 —20) = 50 000 J kg™

D

§ absorbs the greatest amount of energy because

@ S undergoes the process of fusion and vaporization when temperature increases from 250 K to 400 K.
@ S has a higher specific latent heat of fusion and vaporization.

B

As specific latent heat of steam is much greater than the specific latent heat of ice,
part of latent heat released by steam can melt the ice and heat it to become 100°C water

to give a mixture of water and steam finally.

A

v ) Constant temperature is maintained around 70°C at which solidification occurs.
x @ Upon state change, liquid and solid are both present.

* (€] Energy is lost to the surroundings during the process of solidification.

c

Pti=mcAT and Pt =md,

Combining the two equations :

Py mecAT P(10) _ m(4.2)(100-20)
Pt, mi, it m (2268)

. & = 67.5 minutes

DSE Physics - Section A : M.C., Solution PA-HG3-MS/03
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1L

13.

14.

) Supplied energy is used for state change to increase the potential energy of molecules ony.
x @ Since the temperature does not change, the kinetic energy of molecules must be unchanged.
x 3) Since the kinetic energy of molecules is unchanged, the speed must also be unchanged.
D

This is a cooling curve of liquid.

Region P : liquid and then start to change into solid
Region @ : liquid and solid exist together

Region R : solidification still carry on and then complete

Region §: solid only

A
As ¢ < Ly < £y and Coopper < Cwater

E; < E4 < Ey < E3

A

Longest horizontal region corresponds to greatest amount of latent heat of fusion.

A
By ¢, = £
m
v A, Heat gain causes more ice to melt, thus  is larger and £ is smaller.
* B. Heat loss means more energy is given out by heater, thus E is larger and £ is greater.
x C. Water remains in funnel means less water is present in beaker, thus »1 is smaller and £ is greater.
x D. Some extra energy is used to heat the ice to the melting point of 0°C, thus £ is larger and ¢, is greater.
A
x A, The water vapour cannot come out from the beaker and thus the experiment does not work.
v B. To ensu;c that no water jumps out from the beaker.
v C. To reduce the heat loss to surroundings.
v D. Take average of several experimental data can improve the accuracy of the experiment.
A
By E=Pt
R E % « % (for same solid to be melted)

If P is doubled, then the time taken ¢ would be halved.
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16.

18.

19.

20.

21.

22.

C

By =ml,
2. (400) x (500 - 100) = (0.4)¢,

" 8, = 400 KT kg™l

C
Pti=mcAT and Ph=m év

Combining the two equations :

Py mcAT
Pt, mé,
. P0) _ m(4200)(100-20) 5 f = 67.5min
Pt, m (2.268x10°)
A
v A. Crushed ice can increase the contact area of ice with the heater, thus ensure all energy is supplied to ice.
x B. Some extra energy is used to increase the temperature of the ice to reach the melting point of 0°C.
x C. The two funnels should contain the same mass of ice.
x D. Funnel ¥ is already a control to find out the heat gained from the surrounding air,
thus there is no need to wrap the insulating material.
B

Substance Q, at 20°C, is in between its melting point and boiling point, thus it is a liquid at room temperature.

B
E=m¢,
E = (05)x (2.1 x 1057

D
x (6] Horizontal part of X occurs at a lower temperature. .. X has a lower melting point.
v 2) E=Pt=mcAT
slope of graph = Al = = o 1
14 m-c ¢
.. Greater slope means a smaller specific heat capacity, thus X has the smaller one.
v 3 Shorter horizontal part of X' means smaller specific latent heat of fusion of X.
D
Pt=m/{,

(150)(200) x (1~ 20%) = (0.02) - £,

£,=12x10°T kg™
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23,

24,

25.

26.

27.

28.

B
* M
i @
% 3
A

x A
A

The experiment does not work if covered with a lid since steam cannot come out from beaker.
If the heating coil of heater is not immersed completely, some heat is lost to surrounding air.

All the water in the beaker has the same temperature since the water must be at boiling point,
thus no need to stir.

The control experiment can find out the heat gained from surroundings,

thus no need to cover with a lid.
Using melting ice to ensure the ice is at 0°C.
To ensure no heat lost to the surroundings.

The control must have the identical set-up with the experimental apparatus
except that the power supply is not connected,
Thus the amount of ice used must be the same in two funnels.

Heat gained by ice = Heat lost by water

omiL 4 mic ATy = mwc ATw
s (0.02) L + (0.02)(4200)(14 — 0) = (0.3)(4200)(20 — 14)
s 03x4200x 6 = 0.02L + 0.02 x 4200 x 14

A.
x B.
* C.
% D.
A

Wrapping the beaker can reduce heat lost to surrounding air, thus improve the accuracy.
If covering the beaker with a lid, the steam cannot escape and thus the experiment does not work.
The boiling water has uniform temperature at boiling point, thus there is no need to stir the water.

Shorter wires would not affect the power given out by heater.

Heat lost by the juice to change from 70°C to 0°C = Heat absorbed by the ice to melt completely

Miuice € AT = Mice £,

(0.2) (4000) (70 — 0) = r1ice (3.34 x 105)

. e = 017 kg
©
By ¢, = L
m
v (€8] If energy is lost to surroundings, E is greater and thus £, is larger than the true value.
v ) If some steam condenses back, then mass of water boiled into steam m decreases, thus £ is larger.
x 3) If some water splashes out, then m increascs and thus £ should be smaller than the true value.
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29. B
E=m{l, + mucAT
o (25000) = (0.05) (3.34 x 10%) + (0.05 +x) (4200) (4 - 0)
w ox = 044 kg
30. B
x 1) Specific latent heat involves the change of state, without the change of temperature.
x ) The change of temperature of a substance does not relate to its boiling point.
v 3) By E = mc AT, if ¢ is lower, AT is greater, thus the rise of temperature for P is faster
31 B
* 0 Since the substance is still under cooling, it loses energy to surrounding in period PQ.
* 2) Since the substance is changed from liquid to solid in period PQ, latent heat is released.
v 3) When the substance is changed from ligquid to solid, its potential energy is decreased.
32. C
For the same kind of solid, the smaller amount of solid will have the same melting point.
The smaller amount of solid will reach the melting point in a shorter time and also melt in a shorter time.
(by E = mc AT, for the same temperatare rise, m|, .. E|, by E =P, t| for the same heater)
So the new curve will be steeper and become horizontal (during melting) in a shorter time.
33.
v A. At ?= 1, the mass of liquid starts to decrease,
thus the liquid starts boiling and changes to vapour and goes away from the beaker
v B. Before boiling at #,, the temperature of the liquid increases as it absorbs heat.
* C. The specific heat capacity of the liquid should be found by
oo £ _ Pt 10004
m-AT  m-AT  m,-AT
4 D. The specific latent heat of vaporization of the liquid is found by
/= E _ Pt 1000¢ -1)
m m my —m,
34, C

Mass of steam vaporized = 1.60 - 1.45 = 0.15kg
Energy supplied = 0.10 kWh = 0.10 x 3600 000 = 360 000 J

¢ = E 360000
om 0.15

= 2.40x10° Jkg™

DSE Physics - Section A : M.C. Solution PA -HG3-MS/07
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35. B
L If a polystyrene container is used, less heat is lost to the surrounding air.
By ¢, = E Bl=l
m
1L If the heater is completely immersed, less heat is lost to the surrounding air.
By, =2 L Elo gl
m
36. B
x A. At room temperature, both substances are at solid state.
When temperature stops rising, melting point is reached.
As shown by the graph, melting point of P is higher than that of Q.
v B. The slope of the graph is inversely proportional to the specific heat capacity.
As slope of P at solid state is smaller, P has a larger specific heat capacity.
x C. As P takes shorter time for fusion to complete, P has a smaller specific latent heat of fusion.
% D. The time taken for P to reach its boiling point is shorter than that of Q.
Thus the energy required is smaller for P since E= P 1.
37. A
Mist is the condensation of water vapour into liquid on the cold surface.
Evaporation is the vaporization of liquid into vapour at temperature below boiling point to make the glasses become clear.
38. B
Assume no heat lost to surroundings : mi £; + mic ATy = mwc ATy
Since m; and my are equal, thus £, + ¢ ATi = c ATy
(3.34 x 10%) + (4200) (6 —0) = (4200) (100 - 8)
o 0 = 10.2°C (water at a temperature higher than 0°C )
39. D
x [¢3)] It should be a poor conductor of heat so that heat can hardly enter the interior of the space shuttle.
v ) High melting point can prevent the space shuttle from melting.
v 3) High specific heat capacity can make the temperature rise be smaller,
50 that the shuttle would not be too hot.
40. D
v 0°C is between the melting point and the boiling point of the substance, thus it should be in liquid state.
v B. The upper temperature for state change is the boiling point.
v C. Slope is inversely proportional to the specific heat capacity.
Since the slope in solid state is greater, the specific heat capacity is smaller.
x

D. The time taken for the solid to change to liquid is shorter than that for the liquid to change to gas,
thus the specific latent heat of fusion should be smaller than the specific latent heat of vaporization.
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41.

42,

43.

44,

45.

46.

47.

A
Assume 1o heat loss to surroundings, energy gained by ice = energy lost by juice
m Ly + m-c, AT = my-c;- AT,

mi (3.34 x 105 + m; (4200) (20 — 0) = (2) (4700) (80 — 20)

. m = 1.35kg
Number of ice cubes = 135 = 9
0.15
C
(09} It makes use of the large value of specific heat capacity of water.
x 2) 1t is due to the large value of specific heat capacity of water.
v 3) Steam stores large amount of internal energy. It causes more serions injury to skin as it condenses.
A
v (03] The molecules escape from the surface of the liquid in evaporation, so it occurs at the surface only.
v @ When the temperature is higher, more molecules can have enough energy to escape from the liquid.
* (©)] Since the more energetic molecules have escaped,
the average kinetic energy of the remaining liquid molecules should decrease.
C

Pt=chT+m'£v

2 P (20 % 60) = (2) (4200) (100 - 20) + (2 1.7) (2.26 x 105
s P=1125W

D

The average speed of the molecules depends on the average kinetic energy, which in turn depends on the temperature,

Steam at 100°C has the highest temperature, thus the molecules have the highest average speed.

B
x w Since internal energy depends on mass, material, temperature and state,
an object with higher internal energy may have lower temperature,
and energy must transfer from higher temperature to lower temperature.
x @ An object may absorb energy or release energy when it changes its state.
v 3) The only condition for heat or energy to transfer is temperature difference, from high to low.
D
@O If water splashes out, the mass of water escapes from the cup increases,
by ! = E/m, the increase of m causes the decrease of /.
an If water vapour condenses and drips back, the mass of water escapes from the cup decreases,

by ! = E/m, the decrease of m causes the increase of /.

DSE Physics - Section A : M.C. Solution
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48,

49,

50.

Sl

52,

53,

B
Heat gained by ice = Heat lost by soft drink
m (3.34 x 10%) = (0.3) (5300) (20 - 0)

. m = 0.0952 ~ 0.10kg

D
By E = Pt = mc AT, longer time is needed to heat greater mass of the solid from 30°C to 60°C.
‘When the temperature reaches 60°C which is the melting point of the solid,

the solid is undergoing state change and thus the temperature remains unchanged.

B

Heat required by P = (300) (218 — 20) = 59400 J
Heat required by 0 = (500) (132 — 20) = 56000 J
Heat required by R = (900) (84 — 20) = 57600 J

As Q requires the smallest amount of heat, the time needed is smallest, thus Q starts to melt first.

(1) The heat from the flame conducts through the paper to the water quickly,
thus the heat would not make the paper catch fire.

v ) The maximum temperature of water remains at 100°C, and at this temperature,
the paper would not catch fire.

x 3) Heat transfer from high temperature to low temperature,
thus heat transfer from the flame to the paper tray continuously.

C
Between ¢ = 2 min to ¢ = 7 min, there is (0.5 — 0.45) kg of water boils off to become steam.
By E=Pt=ml,

L P(T-2)%x60 = (0.5 0.45) (2.26 x 109

. P =37TW
A
1) The water on the skin evaporates to give the cooling effect.
x @ During evaporation, the water should absorb latent heat of vaporization from the skin,
not latent heat of fusion.
x A3) ‘When steam condenses, latent heat of vaporization is released,

but water cannot release latent heat of vaporization.

PA-HG3-MS/09
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54.

55.

56.

57.

58.

59.

60,

B

From P to Q, the ice melted to water and then its temperature rises to 40°C
while the temperature of the hot water drops from 60°C to 40°C.

Heat gained by the ice = heat lost by the hot water

mile + mic AT = myc ATy

(0.15) I + (0.15) (4200) (40 — 0) = (1) (4200) (60 — 40)

o I = 392000 T kg!

D

* A. Between P and O, water is losing heat to the ice.

x B. Between P and {, the ice is melting, and thus the temperature is unchanged during melting.
* C. At Q, the mixture achieves the same temperature of 40°C and starts to lose heat to the surroundings.
v D. As the temperature of the water tends to 20°C, the temperature of the surroundings is 20°C.
C

Pt=ml

~o (500) ¢ = (10) (334 x 1000) o &= Loge Rlg 5

500
B
Pt=ml
(150) ¢ = (0.03) x (334000) oot =668s

A

v [¢5)] Evaporation can occur at any temperature but boiling can only occur at the boiling point.

v 2) Evaporation can only occur at the surface of liquid but boiling takes places inside the liquid,
* 3) Both evaporation and boiling involve latent heat of vaporization.

D

v 1) Evaporation increases as surface area increases.

v 2) Evaporation increases as temperature increases,

v 3) Evaporation increases in windy environment,
D

v (€3] Ether would evaporate and the blowing air increases its rate of evaporation.

v (2) As evaporation carries away heat, ether cools down. Thus mist forms at the outer surface of the beaker.
v 3) As evaporation has cooling effect, water cools and freezes.
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61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

A
0.1x226x10°

Rate of cooling = ——— = 377157
10% 60
D
v [€))] Freon absorbs latent heat of vaporization from the food to evaporate.
4 (03] Freon condenses to release the latent heat of vaporization.
4 3) The refrigerator releases heat at the back through the cooling fins.
B

Since the water is placed at the room temperature of 25°C, evaporation starts at 25°C.

Boiling can only start at the boiling point of water which is 100°C.

D
When evaporation occurs, high energy molecules escape from the surface of the liquid.

After high energy molecules escape, the average K.E. of the remaining molecules decreases, thus temperature decreases.

A
To be a liquid, the temperature should be above the melting point and below the boiling point.

At 1000°C : Aluminium is a liquid ; Mercury is a vapour ; Chlorine is a vapour ; Iron is a solid.

A

v ) Since his glasses are cold when he goes out, water vapour would condense onto the cold surface.
v @ ‘Warm air can hold more water vapour before saturation occurs.

x 3) Latent heat of vaporization should be released when water vapour condenses to become water.
D

As water evaporates, it absorbs latent heat of vaporization from our bodies, thus we would feel cool.

c

The water molecules evaporate from the surface of the sea to the sky to form clouds.

D

‘When water boils, the temperature remains at the boiling point of 100°C and does not rise.

2 (&)
@) Switch on the dehumidifier makes the air dry, thus the clothes would dry more quickly.

Close the window reduces the wind blowing over the clothes, thus the clothes would dry less quickly.

3) Switch on the radiator increases the temperature of the room, thus the clothes would dry more quickly.
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71,

72,

73.

74.
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Both alcohol and water have evaporation on the two hands.
Both water and alcohol are liquid, their heat conductivity are similar.

Since alcohol has a greater rate of evaporation,

it absorbs latent heat of vaporization from the right hand at a greater rate, thus the right hand feel cooler.

Boiling requires latent heat of vaporization, thus energy are absorbed by the liquid.
During boiling, temperature remains unchanged, thus average kinetic energy remains unchanged.

Average potential energy of vapour is greater than that of water, thus it is increased during boiling.

A gas cannot change state, thus its temperature must increase when it is heated.
As temperature increases, the average kinetic energy of molecules must increase.

As kinetic energy increases, the molecules must move faster.

During condensation, the temperature should remain unchanged.
The vapour releases latent heat of vaporization, thus energy is released to the surroundings.

Average potential energy of liquid is less than that of vapour, thus potential energy decreases.

The internal energy must increase as heat is absorbed by the body.
If the body changes state when it is heated, the temperature would remain unchanged.
If the temperature is unchanged, then the average kinetic energy would also be unchanged.

If the body does not change state during heating, then the average potential energy remains unchanged.

AtR.T., both substances are at solid state. When temperature stops rising, melting point is reached.
As shown by the graph, melting point of P is higher than that of .

The slope of the graph is inversely proportional to the specific heat capacity.

As slope of P at solid state is smaller, P has a larger specific heat capacity.
As P takes shorter time for fusion to complete, P has a smaller specific latent heat of fusion.

The time taken for P to reach its boiling point is shorter than that of Q.
Thus the energy required is smaller for P since E= P ¢,
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i}

78.

79.

80.

81.

82,

D
x ) Water is not a good conductor, it does not conduct heat quickly.
v @ Water has high specific heat capacity, thus it can absorb much energy when it reaches the rooftop.
v ®3) ‘Water has high specific latent heat of vaporization,
thus it can absorb much energy from the rooftop when it evaporates at the rooftop.
D

When the temperature increases, only kinetic energy of molecules increases.
When the state changes, only potential energy of molecules changes.

When water boils, it changes the state from liquid to vapour, thus the potential energy of water molecules increases.

A
Evaporation is the change of liquid state to vapour state, it needs to absorb the latent heat from the skin,

thus the skin feel cool when it loses heat.

B
® (€8} Both boiling and evaporation absorb energy (latent heat of vaporization).
x ) Boiling occurs at a definite temperature is correct,
but evaporation takes place at any temperature, not only room temperature,
v 3) Boiling occurs throughout the liquid while evaporation occurs at the surface only.
B
* A. By ¢, T = ET , measured energy supplied E is greater, result of £ , is greater.
m
v B. By ¢, S i, mass escaped from the beaker is greater, result of £ . is smaller.
m
x C. By ¢ T = i, mass escaped from the beaker is smaller, result of £ . is greater.
v
m
x D. By e, — E_T , more heat is lost to air and thus  is greater, result of £ . Is greater.
m
A
Let the power be P and the mass of the substance be m.
The time for the solid to rise from 20°C to 80°C takes 2 minutes. S Px(2) = m(800) x (80 —20)
The time for the solid to melt completely takes 6 minutes. LPx(6) =ml

Combine the two equations :
- Px(2) _ m(800)x(60)
Px(6) ml

5 k= 144000 Tkg! = 144 kT kg™
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83.

84.

85.

B

Assume all the ice is melted finally.

Heat gained by the ice = heat lost by the hot water

mile + mic ATy = myc ATy

(0.2) (3.34 x 10% + (0.20) (4200) (6~ 0) = (0.3) (4200) (50 - 6)

L 8=-18°C

Since the final temperature cannot be lower than 0 °C for a mixture of ice and water,
t.he ice has not been completely melted.

Thus, the final temperature should be 0 °C.

C
The horizontal part represents the change of state from solid to liquid.
As Q is at a higher position, thus the melting point of Q is higher.
By Pt =ml,
Iy «c t for same m and same P

. P has a larger specific latent heat of fusion as it takes longer time to melt.

1) When a solid melts, it absorbs latent heat of fusion.
This energy becomes the potential energy of the molecules.
As the temperature remains unchanged during melting,
the kinetic energy of the molecules remains unchanged.

‘When a vapour condenses to liquid state, its potential energy decreases, thus internal energy decreases.

When 2 liquid evaporates, the temperature of the remaining liquid decreases,
thus the internal energy of the remaining liquid decreases.

DSE Physics - Section A : Question
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The following list of formulae may be found usefut :

Energy transfer during heating or cooling

Energy transfer during change of state

E=mcAT

E =1Am

Part A : HKCE examination questions

1. <HKCE 1979 Paper 1-4>
(8) Two solids 4 and B of the same mass are placed in a hot bath and their temperatures are plotted against time as shown in

)

the below figure. Assume that the rates of heat supplied to 4 and B are the same.

Temperature
B
A
» Time
(i) 'Which of the solids 4 and B has a higher melting point ? (1 mark)
(if) Making use of the figure, explain why 4 should have a higher specific latent heat of fusion than B. (2 marks)

A student carried out an experiment to find the specific latent heat of fusion of ice by the method of mixtures. He
placed 0.02 kg of ice at 0°C into a plastic cup (of negligible heat capacity and with good insulation) containing
0.05 kg of water at 20°C. (Specific latent heat of fusion of ice = 336000 J kg™).

(i) 'What is the amount of heat required for the ice to change into water at 0°C ? (2 marks)
(ii) What is the amount of heat supplied by the water in the cup as it is cooled from 20°C to 0°C?

(Specific heat capacity of water = 4200 T kg™ °C™%). (2 marks)
(iif) What is the final temperature of the mixture ? (1 mark)

(iv) The student found that he could not obtain a value for the specific latent heat of fusion of ice from the experiment.
‘Why ? Explain briefly. (2 marks)
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2. <HKCE 1985 Paper - 6>

The below figure shows an experimental set-up to determine the specific latent heat of fusion of ice. The ice used is crushed
and melting. In the left hand side, 4, the electrical energy consumed by the heater is measured by a joulemeter. The water
from the melted ice was collected in a beaker. In the right hand side, B, shows a control experiment of 4 set up without
power supply to the heater.

Connected to Not connected to
power supply power supply
Immersion heater Immersion heater

:[ Ice :{ ce

Beaker
- _ - _ Water
& R yal
A4
(a) What is the purpose of the control experiment in B ? (2 marks)
(b) Why should the ice used in the experiments be (4 marks)

(i) crushed, and

(ii) melting ?

(c) Calculate the specific latent heat of fusion of ice from the following experimental data:

Initial joulemeter reading = 39428 J
Final joulemeter reading = 503287J
Mass of water collectedind = 0.04kg
Mass of water collectedinB = 0.01kg (5 marks)

(d) Would you expect the latent heat of fusion of ice obtained to be higher than, equal to or lower than the result you have
been obtained in (c), if the experiment were repeated

(i) neglecting the control experiment ?
(ii) usingice at —5°C ?

Explain briefly in cach case. (4 marks)

@

(i)
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3. <HKCE 1990 PaperI-4>
The below figure shows the cooling curve of a substance changing from liquid to solid state.
A [Tepipetaturg. ). fC
66
\
\;
62
N
N
58 4 ARER
I
54 - - - : ;
0 4 8 12 16 20 Time / minute
(a) Given a boiling tube half filled with this substance in its solid state, describe, with the help of a diagram, an experiment
to obtain the cooling curve of the substance. (5 marks)
Diagram
|
| (b) Read from the above cooling curve the melting point of the substance. (1 mark)

(¢) Explain why the temperature remains constant as the substance solidifies at its melting point, even though heat is lost to
the surroundings. (2 marks)

(d) If the mass of substance used is 0.05 kg and the rate of heat loss to the surroundings is 25 W at its melting point, find the
specific latent heat of fusion of the substance. (3 marks)

re—_— e ————t Ly
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< HKCE 1993 Paper I -4 >
To power supply

Beaker

Immersion heater

Electronic balance

A student performs an experiment to find the specific latent heat of vaporization of water. A beaker containing water is
placed on an electronic balance. The water is heated by a 100 W immersion heater, which is immersed in the water such that
it does not touch the beaker, as shown in the figure above.

(a) It is found that there is a slight decrease in the mass of water in the beaker before the water boils. Explain briefly in
terms of molecular motion. (3 marks)

(b) When the water boils, the reading of the balance is taken. After 240 s, the reading of the balance is taken again. The
following results are obtained :

Initial reading of the balance = 5254 g Final reading of the balance = 5152 g
Calculate (4 marks)
(i) the energy supplied by the heater in 240 s,

(ii) the specific Jatent heat of vaporization of water.

(c) The value obtained in (b)(i) is found to be higher than the actual specific latent heat of vaporization of water. Suggesta
reason for this and explain briefly. (3 marks)

(d) If the student covers the beaker with a lid, how would the result of the experiment be affected ? Explain briefly.
(3 marks)

(e) Suggest TWO improvements on the set-up to increase the accuracy of the experiment. (2 marks)

DSE Physics - Section A : Question PA-HG3-Q/05
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5.

<PKCE 1997 Paper 1- 4>

Crushed ice

vV I

Immersion
Beaker Funnel lieater
Joulemeter
Low voltage fcv o
power supply co o

A student uses the apparatus shown in the above figure to perform an experiment to measure the specific latent heat of fusion
of ice. He uses a joulemeter to measure the energy required to melt a certain amount of ice.

(2) Draw a diagram to show how the apparatus can be set up for the experiment. (3 marks)

(b) The following data are obtained in the experiment :

Initial joulemeter reading = 28 000 J
Final joulemeter reading = 40 400 J
Mass of water collected in the beaker = 0.045 kg.

Calculate the specific latent heat of fusion of ice. (3 marks)

(¢) Why should the ice used in the experiment be crushed ? (2 marks)

(d) A teacher comments that the result of this experiment is not accurate. He points out that a control experiment is required

in order to improve the accuracy of the experiment.

(i) Describe how the control experiment can be set up and explain its function. (4 marks)

(ii) After setting up the control experiment, the student repeats the above experiment. Would you expect the specific
latent heat of fusion obtained to be higher or lower than that obtained in (b) ? Explain your answer. (2 marks)
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<HKCE 1999 Paper 1-2>

0.1 kg of melting ice is added to 0.5 kg of water at 30°C in a foam cup. Find the final temperature of the mixture.
(Specific heat capacity of water = 4200 J kg™ °C™, Specific latent heat of fusion of ice = 3.4 x 10°Tkg™.) (4 marks)

<HKCE 2001 Paper I - 6>

Explain the following phenomena :

(i) Steam at 100°C causes more severe burns to human skin than boiling water. (2 marks)
(ii) A cup of water gradually loses his weight when it is placed at room temperature. (2 marks)
(iiif) We feel cold when we get out of the swimming pool without drying our body. (2 marks)

<HKCE 2002 Paper I-9>

Yunnan Guogiao-mixian (EFFH#HE3K4R) is a famous Chinese food. In preparing the food, the first step is to cook a pot of
chicken soup : A pot of water containing chickens is heated over a high flame until boils. A low flame is then used to keep
the soup boiling for 3 hours.

(2) Explain why the temperature of the boiling soup remains unchanged, even though it is being heated. (2 marks)

(b) (i) The power output of the low flame is 300 W. If 70% of the energy supplied is lost to the surroundings, calculate
the mass of soup that would be vaporized after being heated for 3 hours. Assume that the specific latent heat of
vaporization of the soup is 2.26 x 105 T kg™ (3 marks)

(i) Explain why it is undesirable to use a high flame to keep the soup boiling. (1 mark)

DSE Physics - Section A : Question PA-HG3-Q/07
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©

Customers ordering the food are served with the following :

abowl of hot soup with a layer of oil on the surface,
a dish of thin slices of raw meat, and
a bowl of pre-cooked mixian (noodles)

The meat is first put into the soup. Later, the mixian is also added.

(i) Explain why the meat has to be sliced into thin pieces. (1 mark)

(ii) What is the purpose of adding a layer of oil to the bowl ? (2 marks)

(iii) The following data are given :

Mass of the soup = 1kg

Mass of each slice of meat = 0.02 kg

Initial temperature of the soup = 97°C

Initial temperature of the meat = 27°C

Specific heat capacity of the soup = 4200 J kg™ °C™!
Specific heat capacity of the meat = 3500 J kg™ °C™!

For health reasons, the meat has to be heated to a minimum temperature of 82°C. Estimate the maximum number of
slices of meat that can be added to the soup.

State one assumption in your calculation. (4 marks)

(iv) A customer places the mixian into the soup before adding the meat. Explain why this is undesirable. (2 marks)
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9. <HKCE 2003 PaperI-8>

water tank

The Figure above shows a travel steam iron with a rated power output of 1100 W. The water tank in the iron is filled with
water. When the iron is turned on, water drips continuously from the tank to a hot plate inside the iron, generating steam
for ironing clothes. Assume the initial temperature of the water drops is 20°C.

Given : Specific heat capacity of water = 4200 J kg™! °C, specific latent heat of vaporization of water = 2.26 x 106 T kg..

(a) Calculate the energy required to vaporize 1 kg of water at 20°C into steam. (2 marks)

(b) Assume that 80% of the power output of the iron is used to generate steam. Estimate the maximum mass of steam that
can be generated by the ironin 15, (2 marks)

10. <HKCE 2004 PaperI-8>

The Figure above shows a microwave oven. Mary wants to conduct an experiment to estimate the useful output power of the
oven. She is provided with the apparatus and material shown in the Figure below.

0.2 kg of
water

thermometer

P~

stop watch

(2) Describe how Mary should conduct the experiment. Specify all measurements that Mary has to take and write down an
equation for calculating the useful output power. (4 marks)
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10. (b) The valuc obtained by Mary is found to be smaller than the specified power of the oven. Suggest one possible reason to
account for this difference. (1 mark)

(c) Mary suggests that the following measures would improve the accuracy of the experiment :
1. Replacing the beaker with a container with a smaller heat capacity.
2. Increasing the mass of water used in the experiment.

Explain whether each of the above measures would work. (3 marks)

(d) Mary uses the oven to defrost a piece of meat of mass 0.2 kg. The meat is taken from a freezer, the temperature of
which is maintained at —20°C. Assume that 70% of the mass of the meat is made up of water.

Given: specific heat capacity of the frozen meat = 1700 J kg™ °C,
specific latent heat of fusion of ice = 3.34 x 10° Tkg™".

(i) Find
(1) the energy required to raise the temperature of the meat from —20 °C to 0°C, and

(2) the energy required to change the ice in the meat at 0 °C to water. (4 marks)

(i) Sketch a graph to show the variation of the temperature of the meat with time during the defrosting process.
(2 marks)

v
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11.

12.

<HKCE 2005 Paper I-3 >

William makes a glass of hot tea (as shown in Figure 1). After a while, he adds some ice cubes into the tea. William uses a
temperature sensor to measure the temperature of the tea. Figure 2 shows the temperature-time graph obtained.

Temperature / °C

8o &

60 \
- W]

—
20 ll o )
RN
0 20 40 60 80 100 120
Figure 1 Figure 2 Time / minute
(2) William stirs the tea throughout the experiment. Why does he need to do this ? (1 mark)

(b) P, O, R and S are four points on the graph. State the point which corresponds to each of the following :

(i) The instant at which the ice cubes are added. (1 mark)

(ii) The instant at which all the ice cubes melt. (1 mark)
(c) Explain why the temperature of the tea increases from R to S. (2 marks)
(d) Estimate the temperature of the surroundings. (1 mark)

< HKCE 2005 Paper 1- 11>

The above hairdryer can generate warm air. Carmen uses the above dryer to dry her wet hair. Explain, in terms of molecular
motion, how the dryer can speed up the rate of evaporation of water from wet hair, (2 marks)

HG?3 : Change of State

13. <HKCE 2006 Paper I-10>

Dehumidifiers (see Figure 1) are used to lower the humidity of air. Wet air flows into Part 4 of the dehumidifier and dry air
flows out from Part B of the dehumidifier as shown in Figure 2. A liquid called the refrigerant circulates through the coiled
tube. The refrigerant absorbs heat from the wet air and evaporates inside the coiled tube in Part 4. The vapour of the
refrigerant is then pumped to the coiled tube in Part B where it is compressed and condenses into a liquid. The liquid
refrigerant then passes back to the coiled tube in Part 4 and the process is repeated.

i Part 4 of the Part B of the
Detiumidifiey dehumidifier dehumidifier
I 11 |
: 8 7y
wetairin —> 5 —= dry air out
7
7 7/
coiled tube ?
Y - metal fins
=)
water tank pump
air fan
Figure 1 Figure 2

(a) In terms of molecular motion, explain why the temperature of the refrigerant drops when it evaporates inside the coiled
tube in Part 4. (2 marks)

(b) Explain why the coiled tube in Part 4 is designed in a coiled shape. (2 marks)

(c) In the coiled tube in Part B, the vapour of the refrigerant is compressed and condenses into liquid. State the change of
the average potential energy of the refrigerant molecules during this process of changing state. (1 mark)

(d) When the dehumidifier is in operation, the coiled tube in Part B gives out heat. State and explain two designs that could
prevent the dehumidifier from overheating. (2 marks)
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13.

14.

(¢) The dehumidifier is turned on for a few hours in a closed room. Water vapour in the incoming wet air condenses and
1.5 kg of water is collected in the water tank (see Figure 2).

(i) Estimate the total energy released by the water vapour. Given that the specific latent heat of vaporization of water
is 2.26 x 106 T kg™, (2 marks)

(i) Using the data and the formula in the below Table, estimate the increase in temperature of the air in the room,
assuming that all the energy released in Part B is used to raise the temperature of the air inside the room.
(3 marks)

Volume of the air in the room = 400 m*

Density of the air = 1.3 kg m™

Specific heat capacity of the air = 1030 J kg™ °C™!
Mass = density x volume

< HKCE 2007 Paper I -4 >

Karen puts 0.12 kg of water at room temperature 71 into the freezer of a refrigerator to make ice cubes. The cooling curve of
the water is shown in the Figure below.

Given : specific latent heat of fusion of ice = 3.34 x 10° Jkg!

Temperature / °C
A

71

T2

T34

» Time / minute

(a) State the physical meaning of temperature T5. (1 mark)

(b) Find the latent beat released in the above process. (2 marks)

14. (c) Ifanice cube from the freezer is placed at room temperature T}, sketch 2 graph in the figure below to show the expected
change in temperature of the ice cube. (3 marks)

Temperature / °C
1\
Tt
T2

T

—p Time / minute

15. <HKCE 2009 Paper 1-3>

At time £ = 0, Mary adds several ice cubes at 0°C into a glass of warm water. The temperature-time graph of the water is
shown in the Figure below.

Temperature / °C
A

- P

0 —p Time / minute

(2) State the instant at which all ice cubes melt. (1 mark)

(b) Explain why there is no change in temperature

(i) fromQtoR, (2 marks)

(i) fromStoT (1 mark)
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16.

17.

<HKCE 2009 Paper I- 4>

The figures below show an electric steam iron. The iron is automatically switched off when the ironing plate is heated to
200°C. When the ‘jet steam’ button is pressed once, 20 g of water at 28°C will be pumped onto the heated plate at 200°C
and the water is converted into steam at 100°C instantly.

‘jet steam’ ironing plat

button

Given : specific heat capacity of water = 4200 J kg™! °C!
specific latent heat of vaporization of water = 2.26 x 10 J kg™t

(a) (i) Estimate the encrgy required to produce 20 g of steam from water at 28°C. (3 marks)

(i) Given that the heat capacity of the ironing plate is 637 J °C~1. Estimate the temperature of the plate after producing
20 g of steam. (2 marks)

(b) The iron cannot convert 40 g of water at 28°C to steam when the button has been pressed twice quickly. Explain why.
(2 marks)

<HKCE 2010 Paper -4 >
The Figure shows an electric kettle connected to the mains supply.

Power of the kettle = 1500 W

Mass of water in the kettle = 1.3 kg

Initial temperature of water in the kettle = 25°C

Specific heat capacity of water = 4200 J kg™! °C!

Specific latent heat of vaporization of water = 2.26 x 105 J kg™!

The kettle is switched on and it takes 5 minutes for the water to start boiling.
Assume all electrical energy supplied is transferred to the kettle and water
inside, and their temperatures are the same.

(a) Estimate the heat capacity of the kettle. (4 marks)

(b) The kettle is kept switched on for 10 more minutes after boiling. Estimate the mass of water remaining in the kettle.
Assume all the steam produced escapes from the ketile. (2 marks)
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18.

<HKCE 2011 Paper I- 4>

Figure (a) shows a fish tank heater that is used to regulate the temperature of water in the fish tank. It is fully immersed in the
water as shown in Figure (b)

heater

Figure (a) Figure (b)

Given : specific heat capacity of water = 4200 J kg™! °C™*
specific latent heat of vaporization of water = 2.26 x 10° J kg™

(2) Explain why the heater should be placed near the bottom of the tank. (2 marks)

(b) The mass and initial temperature of water inside the tank arc 90 kg and 25°C respectively. The heater is switched on to
heat the water.

(i) The power of the heater is 100 W. Estimate the time required for the heater to heat the water to 27°C. (3 marks)

(ii) In practice, there is heat loss to the surroundings during heating. Explain how this would affect the time calculated
in (b) (0). (2 marks)

(c) Afer a few days, it is found that the amount of water inside the tank decreases due to evaporation.

(i) Suggest a method to reduce the rate of evaporation of the water inside the tank. (1 mark)

(ii) On average, the mass of water inside the tank decreases by 0.2 kg in one day. Estimate the energy oarried away by
evaporation in one day. (2 marks)




DSE Physics - Section A : Question PA-HG3-Q/16 DSE Physics - Section A : Question Solution PA-HG3-QS/01

HGS3 : Change of State HG3 : Change of State
D inati : HKEAA's Marking Scheme is prepared for the markers' reference. It should not be regarded as a set of model answers.
Part B : HKDSE examination questions Students and teachers who are not involved in the marking process are advised to interpret the Marking Scheme with care.
19. <HKDSE 2012 Paper IB - 1> Question Solution
1. (2 (@ B hasahigher melting point. [1]
(i) The time taken by 4 to melt is longer than that of B. 1]
Therefore, 4 requires larger heat (OR greater energy) for melting. [11
Figure 1 ® ® E=-mi
. . . = (0.02) x (336000) [
Cappuccino is an Italian style coffee topped with a layer of frothy milk (Figure 1).
= 67207 1]
(i) E = mcAT
. i = (0.05) x (4200) x (20 - 0) [1}
machine = 42007 (11
(iif) The final temperature of the mixture is 0°C. 1]
Figure 2 (iv) The student has used too much ice. (OR The student has used too little water. ) 1
Figure 3 Therefore, the ice would not melt completely after the experiment. 1]
Frothy milk is made by bubbling steam through milk, which is held in a metallic jug (Figure 2). Steam is ejected from the
steam wand of a cappuccino machine (Figure 3).
Given : specific latent heat of vaporization of water =2.26 x 105 T kg™ 2, ) ANYIONE oftiofelloming 2
specific heat capacity of water = 4200 J kg™t °C™! : % To find out the mass of ice melted due to the heat gained from the surroundings
specific heat capacity of steam = 2000 J kg™ °C™!
specific heat capacity of milk = 3900 J kg™! °C™! | #* To find out the mass of ice actually melted by the heater.
(@) Calculoate the total amount of heat released when 20 g of steam at 110°C cools to 100°C and condenses to water () () The ice should be crushed to increase the surface arca of the ice and [13
at 100°C. (3 marks)
ensure good contact of the ice with the heater. [1]
(i) To ensure the temperature of the ice is at 0°C. 2]
(c) Energy transfer = (50328 —39428) = 10900 J [1
(b) 20 g of steam at 110°C is bubbled through 200 g of milk at 15°C to make frothy milk. Using the result in (a), calculate Mass of ice actually melted by heater = 0.04 - 0.01 = 0.03 kg i1l
the temperature of the frothy milk. (2 marks)
By E = ml [1]
< (10900) = (0.03)! [11
| 1= 3.63x10°Jkg! 1]
(c) Would the actual temperature of frothy milk be higher than, equal to or lower than the value found in (b) 7 Explain. : (d) (@) Lower [1]
(2 marks) |
Since mass of ice melted is larger than the actual value. i1]
' (i) Higher [

Since extra amount of energy is used to raise the ice from —5°C to 0°C [1
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thermometer
[t
Heat the substance until all changes into liquid and is about 10°C above the melting point. [1]
Allow the tube to cool in air. 1]
Record the temperature at 1 minute interval 1]
until a few degrees below the melting point. [1]
() 59.2°C [1]
(c) The substance is losing latent heat of fusion in changing from liquid to solid state. 2]
OR
Potential energy is lost when molecules come close together to form the solid state. 21
(d) Time = 92-4 =52min <52 to 5.6 is acceptable > [1]
Pt=ml [11
(25) x (5.2 x 60) = (0.05) £
£ =156x105Tkg?  <1.56to 1.68 is acceptable > [1]
(@) Kinetic energy (OR speed) of the water molecules increases with temperature. [1]
Some fast moving molecules [11
then escape from the water, so the mass of water decreases. 1]
() (@) E = Pt= (100)x(240) 1]
=24x10*J [1]
. 4
Gy o - £ o (24x10%) [
m  (525.4-515.2)x10°
=236x108) kg™ [1]
(c) There is heat loss to the surrounding from the beaker 1
50 energy supplied by the heater is greater than the energy absorbed by the water. 2]
OR
Some water vapour condenses on the beaker, i1
so the change in mass measured is smaller than the actual mass of water vaporized. 2]
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4.

@

©

(@)

®)

©

@

The experiment does not work.

As the water vapour cannot escape freely,

50 the actual mass of water vaporized cannot be measured.
OR

The value obtained is higher.

As some vapour will condense on the beaker and the lid

so that the change in mass is smaller.
® Completely immerse the heating coil into the water.

@  Either ONE of the following :
* Wrap the beaker with insulating material.
% Use a plastic beaker.

% Replace the beaker by a polystyrene cup

< Note that well stir the water OR cover the beaker with a lid are not acceptable >

Energy supplied = 40400 — 28000 = 12400 J

Specific latent heat of fusion :
¢ = £ _ 12400

m 0.045
2.76 x 10° T kgt

Il

Any ONE of the following :
* To ensure a good contact between the ice and the heater.
* To increase the surface area of contact between the ice and the heater.

* To enable the temperature of ice to be more close to 0°C

(i) The set-up for the control experiment is identical to the original set-up
except that the heater is not connected to the power supply.
The control experiment can measure the amount of ice melted

due to energy geined from the surrounding air.

m
{1
(]

3

(1]

(1]

< heater and ice in the funnel > [1]
< beaker under the funnel > 1]

< connection of joulemeter > [1]

1]

il
{1
[2]

[t
(1
1]
1
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(d) (i) The value obtained is higher than that in (b) as some ice melts due to heat gained from surrounding air, [1] 9. (@ E= meAT+ ml
so the true amount of ice melted by the heater is smaller than that collected in the beaker. [1] = (1) (4200) (100 — 20) + (1) (2.26 x 109) 11
= 2596 000 J (1]
Energy gained by the ice = Energy lost by the water 1 (b) Useful energy outputin 1s = (1100) (1) x 80% = 880 ] [1]
mil+ mcAl, = mycATy Maximum mass of steam g dinls = 580 = 339104 kg 1
2596000
0.1x34x10° + 0.1 x4200% € = 0.5 x4200 x (30 - 9) [2]
6 = 11.5°C [1]
10. (a) Putthe thermometer into the water to measure its initial temperature 71. 1]
Put the beaker of water into the oven and turn on the oven. [
(i) Steam will give out a large amount of latent heat of vaporization [1] Record the time of heating by using the stop watch. {1]
when it condenses. [11 Take out the beaker of water from the oven and measure its final temperature T5.
. . 02xex(T, 1))
(i) Evaporation ocours ] Output power is found by : p = —tl—_h (1]
since high energy water molecules escape from the surface of water. [1]
(b) Any ONE of the following : [1]
(iif) Bvaporation occurs 1 % Some energy is absorbed by the beaker.
d latent heat of ization i g e o
and latent heat of vaporization is absorbed from the body 1] % Some energy is lost to the surrounding air.
%*  Some energy is lost to evaporate (OR vaporize) the water.
(a) The soup is absorbing latent heat of vaporization in changing its state. 121 (c) 1. Energy absorbed by the container would become smaller, i
thus it can improve the accuracy.
(b) (i) Energy given out by the flame = P = 300 x 3 x 3600 = 3 240 000 J 11 .
2. The percentage of energy lost would become smaller, [1]
By E =ml, ]
thus it can improve the accuracy. [1]
(3240 000 x 30%) = m (2.26 x 10°)
m = 0430kg 1 @ @ (1) E = mcAT = (0.2) x (1700) x (20) [
= 68007 (1
(i) If a high flame is used, a large amount of soup will be vaporized in 3 hours. m
@ E = m{ = (0.2x70%)x(3.34x 10% (1
(¢) (i) Toincrease the contact area between the meat and the soup. 1] = 46760F  <accept 46 800J OR 46.8 kI> [1]
(ii) The layer of oil reduces the heat lost to the' surrounding air [1] =
. ()  Temperature/°C
due to evaporation. [1] A
(iii) Energy lost by the soup = Energy gained by the meat
(1) (4200) (97 ~ 82) = (0.02 n) (3500) (82 —27) 2]
n =164 ]
0 » Time
The maximum number of slices of meat that can be added is 16. [1]
Assumption : There is no heat lost to the surroundings. [1]
(iv) If the mixian is placed into the soup first, the temperature of the soup would largely drop, [1] =
thus the soup may not have sufficient energy to cook the meat. [1] i < Temperature rises from —20°C to 0°C > (1
< Temperature remains at 0°C for a period of time > [1]
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11. (@ To ensure uniform temperature of the tea. [1]
®) (@) pointQ [1
(if) point R [1}
(c) Since the temperature of the tea is lower than the surroundings, [1]
heat flows from the surroundings to the tea. 1
(@ 28°C <26°C to 29°C acceptable > 1
12, The average kinetic energy of the water molecules in the hair will increase,
thus more water molecules at the water surface gain enough energy to escape from the water. [1]
Moreover, the water molecules escaped from the water surface will be blown away by the wind from the dryer. 1]
13.  (a) When the fast moving molecules escape from the liquid, [1]
the average kinetic energy of the molecules in the liquid decreases, thus temperature drops. By
(b) It can increase the area of contact with air [1]
and thus help to condense the watet vapour in the air. [1]
(c) Average potential energy is decreased. [1]
(d) Any TWO of the followings : [2]
% The tube is in dark colour to increase the radiation of heat.
% The air fan increase the flow of air.
*  The metal fins carry away heat by conduction.
* The vent hole in part B increase the flow of air,
@ G E=m! [
= (1.5) x (2.26 x 10%)
= 3390 0007 {1
(ii) Mass of air = 400 x 1.3 = 520 kg [
By E = mcAT (11
-~ (3390 000) = (520) x (1030) x AT
AT = 6.33°C 1
14, (a) Ty is the melting point of ice. OR T3 is the freczing point of water. m
b E=mt [1]
= (0.12) (3.34 x 10%) = 401007 [1]

DSE Physics - Section A : Question Solution PA-HG3-QS/07
HG3 : Change of State
14. ()  Temperature/°C
A < Temp. rises from 73 to T2 and staysat T2 > [1]
T, < Temp. stays at 77 and then rises to Ty > [1]
X
< Temp. stays at 7} > [1]
Ta A
T3
» Time / minute
15. (@) R 11
(b) (i) Water temperature decreases to the melting point of 0°C. 1]
Ice at 0°C is still melting. 1]
(ii) Water reaches the room temperature. 1]
16. (@) ({) E =mcAT + ml 2]
= (0.02) (4200) (100 — 28) + (0.02) (2.26 x 105)
= 512487 <accept 512007 > [11
(i) (51248) = (637) (200-T) f1]
T = 120°C ]
(b) Toproduce 40 g of steam, the temperature of the plate will be decreased by 160°C. [1]
It will then be lower than the boiling point of water. [11
17. (a) Energy supplied by the kettle
= Pt {11
= (1500) x (5 % 60) = 450000 J
Energy gained by water
= me AT = (1.3) (4200) (100 - 25) = 409500 J
450000 = 409500 + C (100 —25) [2]
C = 5407°C! [1]
<OR>
Pt=mcAT + CAT [3]
(1500) (5 x 60) = (1.3) (4200) (100 —25) + C (100 —25)
C = 540 J°C! 1
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17. () Pt=ml {1]
(1500) (10 x 60) = m (2.26 x 10%)
m = 0.398 kg
mass of water remaining in the kettle = 1.3 — 0.398 = 0.902 kg [1
18. (a) By convection, [1]
the temperature of water in the tank will become uniform faster. [11
() () Pt=mcAT [1]
(100) ¢ = (90) (4200) (27 - 25) [1]
t=17560s m
(ii) More energy need to be supplied to compensate the heat lost. [1]
So it takes a longer time to heat up the water. [1]
(¢) (i) Evaporation can be reduced by covering the top of the tank. 1]
@) E =mk [1]
= (0.2) (2.26 x 10%)
= 452000 ) [1]
19. (@ E =mcAT + ml (1]
= 0.020 x 2000 x (110 — 100) + 0.020 x 2.26 x 10% [11
= 456007 [
(b) E + mycw ATw = M cm AT
(45600) + (0.02) (4200) (100 — &) = (0.200) (3900) (6 - 15) [1]

. 8=176.0°C

(¢) The actual temperature of the frothy milk is lower.

Some heat is lost to the surrounding air. (OR to the metallic jug )
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HG4 : General Gas Law

The following list of formulae may be found useful :
Equation of state for an ideal gas pV=nRT

Use the following data wherever necessary :

R = 831K mol™!

Molar gas constant

Avogadro constant Na = 6.02 x 10% mol™!

Part A : HKCE examination questions
1. <HKCE 1980 Paper I - 13 >

6 x 107 m’ of a gas is contained in a vesscl at 91°C and a pressure of 4 x 10° Pa. If the density of the gas at s.t,p.
(0°C and 10° Pa) is 1.2 kg m™, what is the mass of the gas ?

A T72g )
B. l44g
C. 2l6¢g
D. 288¢g

2. <HKCE 1981 Paper I - 14 >

An inexpansible vessel contains 1.2 kg of a gas at 300 K. What is the mass of gas expelled from the vessel if it is heated
from 300 K to 400 K under constant pressure ?

A. 09kg
B. 0.75kg
C. 0.6kg
D. 03kg

3. <HKCE 1983 Paper II - 12 >

A fixed mass of gas has its temperature changed from 127°C to 27°C at constant pressure, The ratio of the new volume to the

old volume is
A, 27:127
B. 127:27
C. 3:4
D. 4:3

4, <HKCE 1985 Paper 11 - 12 >

The initial pressure of a fixed mass of gas at 25°C is 2 x 10° Pa. What would its pressure be if the gas were reduced to half of
its original volume and its temperature were increased to 95°C ?

A, 123x10°Pa
B. 3.24x10°Pa
C. 494 x10°Pa
D. 152x10°Pa

5. <HKCE 1986 Paper II - 22 >
If the pressure of a fixed mass of gas of initial volume ¥ is doubled and its absolute teraperature halved, its volume becomes
A Ly
B. iy
C. 2V
D. 4V

DSE Physics - Section A : M.C.
HG4 : General Gas Law

PA-HG4-M/02

10.

<HKCE 1986 Paper I - 17 >

Bourdon gauge

In the experiment shown in the diagram, volume of the air inside the syringe is 25 ml when the pressure is 1.0 x 105 N nr'2,
What is the volume of the air when the pressure is 0.5 x 105 N m™ 7 (Assume that mass of the air in the syringe is constant.)
A. 30ml

B. 50ml

C. 70ml

D. 100ml

< HKCE 1986 Paper H - 20 >

Which of the following graphs correctly shows the relation between the pressure (P) and the volume (¥) of a fixed mass of
gas under constant temperature ?

A. P B. P C. P D. P
<HKCE 1989 Paper IT - 22 >

A cylinder contains a gas at a pressure of 10° Pa and a temperature of 20°C. It is compressed to half of its original volume
and the temperature increases to 55°C. What is the final pressure of the gas ?

A. 0.56x10°Pa

B. 073x10°Pa
1%
D

1.79 x 105 Pa
2.24 x 105Pa

<HKCE 1990 Paper IT - 19 >

The pressure of a fixed mass of gas at 25°C is 2 x 10° Pa. How would its pressure be if the gas were reduced to half its
volume and its temperature were increased to 95°C ?

A. 123 x10°Pa

B. 247 x10°Pa

C. 494x10°Pa

D. 152x10°Pa

<HKCE 1991 Paper I1 - 20 >

Bourdon
gauge

The apparatus shown is used to study the relation between
the temperature and the pressure of a fixed mass of gas at
constant volume. Which of the following is NOT correct ?

Stirrer
A, Stir the water before taking a reading. Thermometer

B. Immerse the whole flask in water. Beaker

C. Prevent the thermometer from touching the bottom of Gas

the beaker. Water
D. Connect the Bourdon gauge to the flask with a long

tube.
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HG4 : General Gas Law

DSE Physics - Section A : M.C. PA-HG4-M/04

HG4 : General Gas Law

11.

12.

13.

< HKCE 1991 Paper I1 - 17 >

Which of the following graphs correctly shows the variation of volume ¥ with absolute temperature T' of a fixed mass of gas

at constant pressure ?
A, B.

< HKCE 1992 Paper I1 - 19 >

H’ Capillary tube
9 ) Thermometer
Raaker Mercury thread
Water i Gas column

1\

The apparatus shown in the figure is used to study the relation between the volume and temperature of a fixed mass of gas at
constant pressure. Which of the following statements is/are correct 7

(1) Immersing the whele gas column in water.

(2) Sealing the capillary tube at both ends.

(3) Preventing the thermometer from touching the bottom of the beaker.

A. (1) only
B. (2)only
C. (1) & (3)only
D. (2) & (3) only

<HKCE 1992 Paper I - 21 > .
_—Piston

———

Gas—{___ §

- ——

A column of gas is compressed slowly as shown in the figure above. Which of the following graphs correctly shows the
relation between the gas pressure P and the length of the gas column /2 ?

A.
2

B. C.
p P
0 } s V I L
d 5 d 0

[r—

14.

15.

16.

17.

<HKCE 1993 Paper I - 21 >

The absolute temperature of a fixed mass of gas is T. If the pressure and volume of the gas are both doubled, its absolute
temperature becomes

A 5T
B. 1T
& 27
D. 4T

< HKCE 1994 Paper II - 18 >

Which of the following graphs correctly shows the relation between the pressure P and the absolute temperature T of a fixed
mass of gas at constant volume ?

A. P B. P
0 i 0 T
C. )
P = P
| T ) V\
0 T

<HKCE 1994 Paper I1 - 19 >

The pressure of a fixed mass of gas at 30°C is 3 x 10° Pa. What would be its pressure if the volume of the gas is doubled and
its temperature is increased to 60°C ?

A. 165x10°Pa
B. 3.00x10°Pa
C. 546x10°Pa
D. 659x10°Pa

< HKCE 1995 Paper II - 20 >

Piston.

Bourdon gauge

Gas Rubber tubing

The above apparatus is used to study the relationship between the pressure and volume of a fixed mass of gas at constant
temperature. Which of the following can improve the accuracy of the experiment ?

(1) Pressing the piston quickly.

(2) Using a large syringe.

(3) Using a short length of rubber tubing.

A (Donly
B. (3)only
C. (1) &(2) only
D. (2) & (3) only
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HG4 : General Gas Law

18.

19.

20.

21.

22.

23,

<HKCE 1995 Paper I1 - 21 >

The graph shows the result obtained when an experiment is performed y
to study Boyle’s Law. What do the axes of the graph represent ?

y axis X axis

Volume
Volume
Pressure
Pressure

Temperature

1/ Temperature

Volume

1/Volume 0 X

Cawpy

<HKCE 1996 Paper II - 22 >

The volume of a fixed mass of gas is V. If the pressure of the gas is doubled and its absolute temperature is reduced to half of
the initial value, the volume of the gas becomes

A V/A

B. Vv/2

C. 2v

D. 47.

< HKCE 1996 Paper IT - 16 >

The temperature of two gases are 0°C and 100°C respectively. Express the temperature difference of the two gases in
absolute temperature scale.

A, 0K

B. 100K

C. 273K

D. 373K

<HKCE 1997 Paper I - 18 >

Which of the following graphs correctly shows the relation between the pressure P and volume ¥ of a fixed mass of gas at
constant temperature ?
A, B.| C. D.

4 P P P

<HKCE 1997 Paper Il - 17 >

A fixed mass of gas at 120°C is heated at constant volume so that its pressure is tripled. Find the new temperature of the gas.
A. 40°C

B. 360°C

C. 906°C

D. 1179°C

< HKCE 1999 Paper II - 18 >

A cylinder contains a fixed mass of gas at a pressure of 10° N m™ and a temperature of 27°C. The cylinder is compressed
to half of its original volume and the pressure increases to 3 x 10° N m2. Find the final temperature of the gas.

A. 405°C
B. 177°C
C. 313.5°C
D. 450°C

DSE Physics - Section A : M.C.
HG4 : General Gas Law
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24,

25.

26.

<HKCE 2000 Paper II - 23 >

¢
0 Z %

The curve C in the graph shows the P-V relation of a fixed mass of ideal gas at a certain temperature. Point Y denotes the
initial state of the gas. The state of the gas is now changed along the path shown from X to ¥, then from ¥ to Z, and finally
from Z back to X along the curve C. Which of the following statements is/are correct ?

(1) The temperature of the gas remains unchanged in the transition from Xto ¥,

(2) The temperature of the gas decreases in the transition from Y to Z,

(3) The temperature of the gas remains unchanged in the transition from Z to X,

A, (1) only
B. (3)only
C. (1) & (2) only
D. (2) & (3) only

< HKCE 2001 Paper I1 - 20 >

Rubber tubing

Which of the following can improve the accuracy of the experiment ?
(1) using a larger flask
(2) using a shorter length of rubber tubing to connect the gauge and the flask
(3) setting up a control experiment with the burner removed

A. (1) only
B. (3)only
C. (1) & (2) only
D. (2) & (3) only

< HKCE 2001 Paper II - 21 >

The graph shows the V-T relation of a fixed mass of ideal gas. Point X Vim
denotes the initial state of the gas. The gas changes its state from X
to ¥, then from ¥ to Z and finally from Z back to X along the path shown.
‘Which of the following statements about the pressure of the gas is/are
correct ?

(1) The pressure remains unchanged in the transition from X to Y.

(2) The pressure increases in the transition from ¥ to Z,

(3) The pressure decreases in the transition from Z to X,

A. (3)only

B. (1) & (2) only
C. (2) & (3)only
D. 1, 2&3)
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27.

28.

29.

30.

< HKCE 2002 Paper I - 22 >

Yo
0 > X

The above graph shows the result obtained when an experiment is performed to study the relation between the pressure and
temperature of a fixed mass of gas at constant volume. Which of the following statements is/are correct ?

(1) They- and x-axes denote the pressure and temperature of the gas respectively.

(2) The slope of the graph denotes the volume of the gas.

(3) The intercept y, denotes the absolute zero temperature.

A. (1) only
B. (2)only
C. (1) & (3) only
D. (2) & (3) only

< HKCE 2003 Paper IT - 20 >

The difference in absolute temperature of two bodies is 100 K. Express the temperature difference in degree Celsius.

A, -173°C

B. 100°C

C. 273°C

D. 373°C

< HKCE 2003 Paper II - 23 >

A tyre of a car is filled with air at 2 temperature of 20°C and a pressure of 200 kPa. After driving for some time, the
temperature of the air insider the tyre increases to 30°C and the capacity of the tyre increases by 1%. Find the pressure inside

the tyre.

A, 183kPa

B. 205kPa

C. 273kPa

D. 297kPa

<HKCE 2003 Paper II - 24 >

Piston

Bourdon gauge

Gas Rubber tubing

The above apparatus is used to study the relation between the pressure and volume of a fixed mass of gas at constant
temperature. Which of the following can improve the accuracy of the experiment ?

A. using a larger syringe

B. pushing the piston quickly

C. using a longer length of rubber tubing

D. setting a control experiment with the bourdon gauge removed

DSE Physics - Section A : M.C. PA-HG4-M/08

HG4 : General Gas Law

Part B : HKAL examination questions

31,

32.

33.

34.

<HKAL 1987 Paper I - 14 >

Two vessels X and Y contain equal masses of an ideal gas. X has a greater volume than Y. When the temperature & changes,
which of the following represents the variation of the pressure P of the gas in each vessel with temperature 87

A,
P P
A 3 A ¥
—— =
g——» 9/°C t—» 4/°C
C D.
IS P
A / _ 4 /
/ /

p—p0/°C g——» 9/°C

< HKAL 1988 Paper I - 20 >

A metal vessel with a small opening contains 1.2 kg of gas at 300 K. Find the mass of gas expelled from the vessel if it is
heated from 300 K to 400 K under constant pressure.

A 025kg
B. 030kg
C. 060kg
D. 075kg

<HKAL 1993 Paper I -17 >

An inexpansible vessel contains air at 50°C. What percentage of air remains in the vessel if it is heated to 150°C under
constant pressure ?

A, 76%
B. 67%
C. 63%
D. 53%

< HKAL 1993 Paper I-16 >
A cylinder fitted with a smooth piston contains an ideal gas as shown below.

piston

cylinder ideal gas

Firstly, the piston is held fixed and the gas is cooled. Secondly, the piston is pushed inwards slowly under constant
temperature. If i is the initial state and f'is the final state, which of the following graphs represents the variation of gas
pressure P with gas volume V' ?

A, B, C. D.

P ! P ;

Vv Vv
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35,

36.

37.

38.

< HKAL 1995 Paper I1A - 20 >

The pressure of an ideal gas in a container is P,. If the number of gas molecules is halved, the volume of the container is
doubled and the temperature js kept constant, what would then be the pressure in the container ?

A 1P,
7P
C. P
D. 2P,
< HKAL 1999 Paper IIA - 37 > Y
X
N
v 4y

Two different containers X and Y of volume ¥ and 4 V' respectively are connected by a narrow tube as shown. Initially the
tap S is closed and an ideal gas is contained in X at a pressure of 400 kPa while container Y is evacuated. The tap § is then
opened. Which of the following statements is correct when equilibrium is finally reached ?

A. The gas pressure in X is 100 kPa.

B. There are still gas molecules moving through the tap S.

C. The product of pressure and volume of the gas in X is equal to that in ¥.
D. The density of gas molecules in X is greater than that in Y.

<HKAL 2001 Paper IIA - 4 >

Which of the following quantities is/are vector ?
(1) change of momentum
(2) work
(3) pressure

(1) only

(1) & (2) only
(1) & (3) only
(2) & (3) only

oowp

<HKAL 2002 Paper IIA - 38 >

The graph shows the relation between the pressure P and the absolute P
temperature T of a fixed mass of an ideal gas, which changes from

state 4 to state B along the path AB. Which of the following statements

s/are correct ?

(1) The graph shows that P is directly proportional to T.

(2) All the points on line AB satisfy the relation _PT_V = constant. p g
(3) From state 4 to state B, the volume ¥ of the gas increases.

(1) only

(3) only

(1) & (2) only
(2) & (3) only

vowp

DSE Physics - Section A : M.C.
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39. < HKAL 2003 Paper IIA - 38 > P

X Y
§pmm-
i h
' '
' '
' '
' 1
' |
| 1
1 '
e L
1 | ¥
1 | 4
' 1 3
| i
1 I | —>p
0 1 3 5

A fixed mass of an ideal gas changes from state X to state ¥, then to state Z as shown in the pressure P against volume ¥
graph. Which of the below graphs best shows how the variation of the absolute temperature 7 of the gas with its volume ¥ ?

A.
T B. T
¥ Y
z
zZ
X X
- } : >V 4 . . v
0 1 3 5 0 1 3 5
(&
/0y R T
Y Y
~Z
z
X X
+ + + 14 t + + >V
0 1 3 5 0 1 3 5
40. <HKAL 2004 Paper IIA - 37 > P
An ideal gas undergoes a change from state X to state ¥, then to state Z as
shown in the pressure P against volume ¥ graph. Which of the following x
descriptions about the temperature of the gas at X, ¥ and Z is correct ?
A.  The temperature of the gas is lowest at X and highest at .
B. The temperature of the gas is lowest at X and highest at Z. ¢
C. The temperature of the gas is lowest at ¥ and highest at X. Z
D. The gas has the same temperature at X, ¥ and Z. 0 14

41. <HKAL 2005 Paper IIA - 21 >

P
A gas in a vessel of fixed volume leaks gradually. The gas changes
from state X of pressure p and absolute temperature T, to state ¥ of v
pressure 1.5p and absolute temperature 27, as shown in the pressure 1.5p

P against absolute temperature 7 graph. What percentage of the
original mass of the gas leaks out from the vessel in this process ?

A 10%
B. 20%
C. 25%
—> T
D. 50%
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42.

43,

44,

<HKAL 2009 Paper IIA - 35>

P
A

e N b O ®

2 4 6 8§ 10 12 14

The pressure P of a fixed mass of ideal gas varies with its volume ¥ as shown in the above figure. Which of the following
graph best shows the corresponding pressure-temperature ( P — T') relationship ?

A. B.
P 2
A A
8 8
6 6 <
4 4
2 2
0 > T 0 » 7T
C D.
P P
A A
8 8
“ % M| i
\
2 2
0 —»T 0 > T

< HKAL 2012 Paper ITA - 28 >

A closed container of volume 1 m? contains an ideal gas. The temperature of the gas is 25°C and the pressure of the gas is
1.01 x 10° Pa. Calculate the number of gas molecules in the container.

A. 246 x10%
B. 2.93x10%
C. 2.46x10%
D. 293 x10%

< HKAL 2013 Paper IIA - 35>

A vessel contains an ideal gas at the temperature of 25°C and a pressure of 1,10 x 107 Pa. Estimate the number of gas
molecules per unit volume in the vessel.

A 2.67x108
B. 2.92x10®
C. 3.19x101
D. 3.49x10"4

DSE Physics - Section A : M.C. PA-HG4-M/12

HG4 : General Gas Law

Part C : Supplemental exercise

45,

46.

47.

A car tyre has a constant volume of 0.025 m®. It contains 1.2 mol of air at a pressure of 280 kPa. An air pump delivers
8 x 107 mol of air into the tyre on each stroke of the pump. Calculate the minimum number of complete strokes of the pump
5o as to increase the air pressure in the tyre to 320 kPa. Assume the temperatures of air in the tyre and the pump are the
same.

A 20
B. 21
C. 22
D. 23

A car tyre has a constant volume of 12500 cm®. The pressure of the air in the tyre is 275 kPa at a temperature of 30°C.
Assume air is an ideal gas, what is the amount of air in the tyre ?

A. 1.2mol
B. 1.4 mol
C. 1l.6mol
D. 1.8mol

For air at room temperature of 25°C and atmospheric pressure of 10° Pa, calculate the order of magnitude of the number of
molecules in 1 cm® of air.

A, 10%
B. 10¥
C. 10
D. 10%

Part D : HKDSE examination questions

48.

< HKDSE Sample Paper IA -3 >

Pressure
Y
15pfmmecmmneamnnn =y

:

e i

i '

i : > Absolute temperature

0 T 2r

As the gas in a vessel of fixed volume is heated, it gradually leaks out. The gas in the vessel changes from state X to state ¥
along the path XY shown in the plot of pressure against absolute temperature. What percentage of the original mass of the
gas leaks out from the vessel in this process ?

A 10%
B. 20%
C. 25%
D. 50%
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Part C : Supplemental exercise

45. A car tyre has a constant volume of 0.025 m®. It contains 1.2 mol of air at a pressure of 280 kPa. An air pump delivers
8 x 107 mol of air into the tyre on each stroke of the pump. Calculate the minimum number of complete strokes of the pump
so as to increase the air pressure in the tyre to 320 kPa. Assume the temperatures of air in the tyre and the pump are the

same.
A 20
B. 21
C. 22
D. 23

46. A car tyre has a constant volume of 12500 cm®. The pressure of the air in the tyre is 275 kPa at a temperature of 30°C.
Assume air is an ideal gas, what is the amount of air in the tyre ?

A. 1.2mol
B. 1.4mol
C. 1.6 mol
D. 1.8 mol

47.  For air at room temperature of 25°C and atmospheric pressure of 10° Pa, calculate the order of magnitude of the number of
molecules in 1 cm? of air.

A. 10%
B. 10¥
C. 101
D. 108

Part D : HKDSE examination questions

48, <HKDSE Sample Paper IA-3 >

Pressure

R e L]

'

]

]

E

L » Absolute temperature
0 T

[5]
~

As the gas in a vessel of fixed volurne is heated, it gradually leaks out. The gas in the vessel changes from state X to state ¥
along the path XY shown in the plot of pressure against absolute temperature. What percentage of the original mass of the
gas leaks out from the vessel in this process ?

A 10%
B. 20%
C. 25%
D. 509

l DSE Physics - Section A : M.C.
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49. < HKDSE 2012 Paper IA -3 >

An ideal gas is contained in a closed vessel of fixed volume. The graph below shows the variation of pressure p of the gas
against its Celsius temperature 6.

0 4

If the number of gas molecules in the vessel is halved, which graph of the dotted line best shows the relationship between p
T anthg?
A.

p

B.

50. <HKDSE 2017 Paper 1A -4 >
The pressure of a fixed mass of an ideal gas at 10°C is 2 x 10° N m™2, If the volume of the gas is reduced to half of its
original volume and its temperature is increased to 100°C, what would the pressure be ?
A. 1.00x 10°Nm™
B. 1.32x10°Nm?
C. 4.00x10°Nm?
D. 527x10°Nm?

| 51. <HKDSE 2020 Paper IA-3>

A fixed mass of an ideal gas ex

and
pressure-volume graph below, pands Gom state X' to state ¥ through a process as represented in the

pressure

? 0 V' 2F volume

I the temperature of the gas at state ¥is 25 “C, what is its 1

A. ~74.3°C
B. 16.7°C
C. 315°C
D. 174°C

Smperature at state X ?
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HKEAA's Marking Scheme is prepared for the markers' reference. It should not be regarded as a set of model answers.
Students and teachers who are not involved in the marking process are advised to interpret the Marking Scheme with care.

M.C. Answers

1. C 11. B 215 [C 31. D 41. C 51. D
2. D 12. C 22. C 32. B 4. C
3. & 13. D 23. B 33. A 43. A
4, C 14. D 24. D 34, A 44. A
5. A 15. C 25. C 35. A 45. C
6. B 16. A 26. D 36. B 46. B
7. B 17. D 27. A 37. A 47. B
8. D 18. D 28. B 38. D 48. C
9. C 19. A 29. B 39. C 49, A
10. D 20. B 30. A 40. A 50, D
M.C. Solution
1 c
By ﬂ =] ‘PZVZ
Tl T2
@x10°(6x10%) _ (10°) %, V= 00181

(91+273) @mn)

mass = density x volume = 12x0.018 = 0.0216kg = 21.6¢

2. D

2

S
300 40

[=]

S
AW

. 4 volume of gas inside the vessel is expelled.

.. mass expelled = 1,2)(% = 03kg

3 (c
By % = 1
L I
St =W s 3
(127+273)  (27+273) v, 4
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@x10v _ B-GV)
25+273 95+273
P, =494 x10°Pa

A
By AW _BN
5 A
PV _@2P)V,
T ir
14
V, = —
2774
B

By PiVi=P"
oo (1L0x 10%(25) = (0.5 % 10°) V2
D Vz = 50 ml

B
PV = constant
Pl

14

. P~V graphis a curve.

v _ B-G"N
20+273)  (55+273)

o Py =224x10Pa

C
By RVi_B W
L L,
@x10°) ¥V - B -(3V)
25+273 95+273
o Py = 494 x10°Pa




10.

11.

12.

13,

15.

16.

DSE Physics - Section A : M.C. Solution PA -HG4 -MS /03
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D

v A. Stir the water = to ensure uniform temperature of water

v B. Immerse the whole flask = to ensure that all the gas inside the flask is heated by the water bath

v (e Since the bottom of beaker is hotter than the water in beaker

* D. Long tube = volume of air in the tube is not negligible but the air cannot be heated by the water

B

By Volume-Temperature relation : % = constant

Vel

as T is the absolute temperature in Kelvin scale

C

v (1) Immerse the whole column in water => all the gas can be heated by the water
x (03] Seal the tube = pressure of the trapped gas cannot be kept constant

v 3) Bottom of beaker is hotter than the water in beaker

D

Boyle’s Law: PV = constant and ¥V x4,

Poc—oc-l—
vV h

P ~1/h is a straight line passing through the origin

D
By P_lﬁ B E_VL
Py _ 2P)-(2r) L T =4T
@ L.
C

By Pressure-Temperature relation : ; = constant

.. Pe«cT as Tis the absolute temperature in Kelvin scale

.. The graph is a straight line passing through the origin of 0 K.

(Bx10-0n _ B-2F)

= " P, = 1.65x 105Pa
(30+273)  (60-+273)

DSE Physics - Section A : M.C. Solution PA -HG4 - MS/ 04
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Uil D
x (1) Press the piston quickly = Temperature of the gas rises
. Boyle's Law cannot be held
v 2) Use larger syringe = volume of gas in rubber tubing becomes negligible and can be neglected
v 3) Shorter rubber tubing => volume of gas in rubber tubing becomes negligible
18. D

Boyle’s Law :
PV = constant
OR

Poc—l—--
v

.. The graph of P against % gives a straight line passing through the origin.

9. A
By RN _BV
T T
(®)-) _ 2P,
) 1T
4
v, ==
P g
20. B

AT = (100+273) - (0+273) = 100K

21; C
Boyle's Law :
PV = constant

i POCLA
14

*. The graph of P against % gives a straight line passing through the origin.

22. (0
By ki) = i
I L
£ (€19)

(120+273) (8, +273)
6 = 906°C
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23,

24.

25.

26.

27.

28.

29.

B
gy AV _BV:
B B

LO@) _ G100 ) i Ty = 450K = 177°C

(27+273) T,
D
x ) From Xto ¥, Pisconstant .. VT = 77
v @ From Yto Z, Visconstant .. Py = T4
v 3) From Z to X, T'is constant as C' is the curve represents the P-J relation at a certain temperature
C
v (€8] By using a large flask, the volume of the gas inside the tubing would become negligible
v ) Shorter length of tubing enables the volume of gas inside the tubing to be negligible
x 3) No control apparatus is needed ; if the burner is removed, the experiment does not work
D

v (8] From X'to 7, it is part of the straight line passing through origin which indicates ¥ oc T’
since ¥ oc T can only be held under constant pressure .. pressure remains unchanged
v ) From Y to Z, the temperature 7' remains unchanged, thus P o< 1/¥
as volume is decreased from Y to Z, the pressure must increase
v 3) From Z to X, the volume ¥ remains unchanged, thus P «c T
as temperature I"is decreased from Z to X, the pressure must decrease

A
v ) P oc T (in K), the graph shows the relationship between pressure but the temperature is in °C.
x @ By PV =nRT and T'=0+273
nR i nR
P==(9+273) - slope = Z=
vV ¢ ) vV
The slope is related to the volume but does not represent the volume of the gas.

x 3) The absolute zero temperature should be at —273°C.,
B

Temperature difference AT: 1 K = 1°C
& AT = 100K = 100°C

B
By AN _A7
1 L
WE) _ BQ017) 5 Py = 205kPa

(204273)  (30+273)
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30.

3L

32

33

34,

35.

A
v A. By using a larger syringe, the volume of air inside the rubber tubing becomes negligible.
x B. Pushing the piston quickly would make the temperature increase.
% (c} By using a longer length of tubing, the volume of air inside the tubing becomes significant,
but this volume is not counted in the experiment.
* D. In this experiment, no control is needed ; if the bourdon gauge is removed, pressure cannot be read.
D
By PV=nRT L P = —"T/&'T . slope of the graph = %

*. X : greater volume => smaller slope

Note that both lines when extrapolated should cut the T-axis at —273°C.

B
By PV =nRT
Let the pressure inside the vessel be P and the volume of the vessel be V.
At300K: PV = mR(300)
At400K: PV = m R (400)
m = —3- m
Mass of gas remains in the vessel = 1.2 x % = 09kg

Mass of gas expelled from the vessel = 1.2-0.9 = 0.3 kg

A

By PV =nRT

Let the pressure inside the vessel be P and the volume of the vessel be V.
At50°C: PV = m R(50+273)

At100°C: PV = m R (150 +273)

n = 0.76 m

Percentage of air remains in the vessel = =076 x 100% ~ 76%
"

A
Fixed piston and cooled : nochangein¥? .. T!{ = P |
Piston pushed inward slowly ; nochangein? - ¥Vl = P71
A

Originally: (Po) V =nRT
Finally: P’Q2V) = (§mRT

P =1ipP
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36.

37.

38.

39,

40.

B
A. Since the temperature remains unchanged,
PxVx + PyVy = P(Vx+ W)
(400)(V) + (0)(4V) = P(V+4V) .. P = 80kPa
v B. At equilibrium, there are still gas molecules interflowing, although the net flow becomes zero.
* C. Finally, they have the same pressure. As their volume are not the same, P¥ cannot be the same,
x D. By PV =nRT= M, T, where M is the mass of the gas and M, is the molar mass of the gas,
m
P = % x ﬂ
VvV M,
as both containers have same pressure P, same temperature 7, and same molar mass M,
they have the same M, that is, the same density p, as p= M
12 vV
A
v (¢)) Change of momentum is a vector as momentum is a vector.
* (03] Work is a process to transfer energy, work does not have direction, it is a scalar.
x A Pressure is a scalar, it exerts at every direction, thus it is not a vector.
x [¢3] Since the graph does not pass through the origin, P is not directly proportional to T
v @) Since the mass is fixed and it is an ideal gas, P¥ /T must be constant.
v 3) If the volume is constant, P
then the line would pass through the origin (&)
and changes from state 4 to state C as shown.
Compare with state C at the same temperature, A s
the pressure at B is smaller, 4
so its volume must be greater, 0 T
Cc
0] From X to ¥, pressure P is constant, thus ¥ is proportional to the absolute temperature 7.
The process represented in a T-¥ graph should be a straight line through origin.
@ From Y'to Z, since Py Vv # Pz V7, thus the temperature must not be constant,
The process represented in a 7-¥ graph must not be a horizontal line.
A
By PV =nRT . TxPV

Tx =4k Iy =6k Iz=5k

" The gas has highest temperature at ¥ and lowest temperature at X,

DSE Physics - Section A : M.C. Solution
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41,

42.

43.

44.

45.

46.

C

® pV=mRT

@ (15p)V =mRE2TL)
2 B
n 4

Percentage of mass of gas leaks out = 1 — % = 25%

C
When P=6, PV = (6)x (4) = 24
WhenP=4, PV = (4)x (8) = 32
WhenP=2, PV = (2)x (12) = 24
As PV =nRT .. PV«T

T (at P=6) isequalto T'(atP=2)
but T (at P=4) is greater than T (at P=6).

A

By PV =nRT

S (L01x 10% (1) = 1 (8.31) (25+273) soon = 40.8 mol
Number of gas molecules = 40.8 x 6.02 x 102 = 2.46 x 10%

A
PV =nRT= lRT
A
-7 23

N - PN, _ (1.10x1077)(6.02 x10%) — 2.67x10% m™
2 RT (8.31)(25+273)
C
By PV =nRT

Pxn ( Vand T are constant)

R-n . 280 - (.2 o om = 137 mol

B, ny (320) n,

Consider the amount of air before and after the pumping :
12+nx@x107%) = 137 oon=7213

.~ Minimum number of strokes = 22

B
By PV =nRT
s (275 % 10%) x (12500 x 1076) = 5 x (8.31) x (30 +273)

. n = 1.4mol
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47. B
By PV =nRT
s (0 (1 x 1078 = n(8.31) (25+273) n=40x10"
" N =nxNa=40x10%x6.02x10% = 2.4 x 10
order of magnitude of N = 10"
48. e
® @EV=unR(
@ (15p)V =nyR(Q2T)
ny _ 3
ne 4
Percentage of mass of gas leaks out = 1 - e 25%
4
49. A
By pV =nRT = nR(0+273) “ D= EIS(9+273)
vV
As compared with the slope-intercept form:y = mx+¢
slope = R
If the number of gas molecules is halved,
the number of mole » is halved, the slope is halved.
Moreover, the x-intercept is the absolute zero (- 273°C) which should be unchanged.
50. D
sy AV _AY
4 L

@x10)¢) _ B(VI2)

. 5 Py = 527 % 10° Nm?
(10+273)  (100+273)
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The following list of formulae may be found useful :
Equation of state for an ideal gas pV=nRT
Use the following data wherever necessary :
Molar gas constant R = 831 JK™" mol™

Avogadro constant Na = 6.02 x 10% mol™!

Part A : HKCE examination questions
1. <HKCE 1981 Paper I-4>

A gas is contained in a cylinder fitted with a piston as shown in the below figure. Its volume is given by the calibration on the
cylinder as 0.0015 m®. The pressure reading on the Bourdon gauge is 2.5 x 10°Nm2

Bourdon
gauge

¢
(@) If the volume of the gas is reduced to % of its original value without aitering its temperature, find the new pressure of
the gas. (3 marks)

(b) If the temperature of the gas is raised from its initial value of 27°C to 327°C, but with the volume kept constant at
0.0015 m®, find the new pressure of the gas. (3 marks)
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2.

<HKCE 1983 Paper I -4 >

The table below shows the relationship of the pressure and temperature of a fixed mass of a gas :

Temperature / °C 30 40 50 60 70 80

Pressure / kPa 97 100 103 106 109 112

(a) Plot the pressure-temperature graph for temperatures ranging from -300°C to 100°C and pressures ranging from
0 kPa to 140 kPa. (You are recommended to use a scale of 1 cm to represent 20°C and 1 cm to represent 10 kPa).

i (4 marks)

Ve
®

~

What is the intercept of your graph on the temperature axis ? (2 marks)

(c) If the Celsius temperature is converted to a temperature in a new scale by adding the absolute value of the intercept you
obtained in (b), find the relation between the pressure and the new temperature from your graph. (2 marks)

(d) If the pressure of the gas in the experiment were increased to 150 kPa, what would be the temperature of the gas on the
temperature scale you constructed in (¢) ? (2 marks)

DSE Physics - Section A : Question
HG4 : General Gas Law
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2.

(¢) Draw a diagram to show the experimental set-up you would use to obtain the above data. State TWO precautions that
should be taken in this experiment. (5 marks)

Diagram

<HKCE 1987 Paper I -4 >

mercury

In the above figure, a mercury thread is trapped in a uniform bored capillary tube which is used in an experiment to verify
the volume-temperature relationship. The following data are recorded :

Temperature 8/°C 20 30 40 50 60 70 80

Length of air column L / mm 136 140 146 152 156 160 166

(a) Draw a diagram to show an experimental set-up and describe briefly the procedure in order to obtain the above data. 5
(4 marks

Diagram

(b) Name any TWO precautions in this experiment. (2 marks)
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3. {c) Plotthe graph of L against & with & ranging from —300°C to 100°C. L ) (3 marks)
c’/-l’p A
i
‘1‘:
¥

(d) What is the “absolute zero” as obtained from this experiment ?

(2 marks)
(¢) What is the relationship among L, 8 and the “absolute zero” in (d) ? (2 marks)
(f) How does the pressure of the trapped air in the tube change with temperature ¢ (2 marks)

DSE Physics - Section A : Question
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4.

<HKCE 1989 Paper - 4>

The below figure shows an experiment done by a student to find the variation of pressure of air inside a flask with
temperature. The pressure P and the temperature @are measured by Bourdon Gauge and a thermometer respectively.

thermometer
water Bourdon Gauge
N
(2) The following data are recorded in the experiment:
8/°C 20 35 45 60 78 90 100
P/kNm? 107 112.5 116 121.5 128 132.5 136

Using a scale that 2 cm represents 10 kN m™ and 1 cm represents 10°C, plot a graph of P against &ranging from 0°C to

100°C.

(b) Find the equation relating the pressure and temperature from the graph in (a).

(5 marks)

(2 marks)

() The flask is then transferred into a trough of oil and the gauge reading is 118 kN m2 What is the temperature of the

oil 7

(2 marks)

(d) Give THREE suggestions to improve the experimental setup as shown in the figure.

(3 marks)
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<HKCE 1994 Paper 1-4 >

A student uses the set-up shown in the below figure to study the relationship between the pressure and volume of a fixed mass

of gas at constant temperature. The piston is pushed in or pulled out to vary the volume of gas and the corresponding
pressure is measured by the Bourdon gauge.

Syii
Piston vl

Bourdon gauge

Rubber tubing

(a) should the rubber tubing be long or short ? Explain briefly. State TWO other precautions that should be taken to
improve the accuracy of the experiment. (4 marks)

(b) The following results are obtained in the experiment;

Pressure P/kPa 80 100 120 ' 140 160
Volu.me’V/mJ 260x10 | 2.10x10* | 1.75x10* | 1.50x 10 | 1.31x 10
TVER ’ ‘ 67 \ L

Plot P against 1/V on graph paper, with P ranging from 0 to 160 kPa and 1/ ¥V 1anging 0 to 8000 m3,
What physical law is the student attempting to verify ? (5 marks)

DSE Physics - Section A : Question
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. (©)

4— container

The student uses another set of apparatus as shown in the above figure to measire the volume of a container. Initially
the readings of the syringe and the gauge are 1.8 x 107 m® and 100 kPa respectively. The piston is then completely
pushed in and the reading of the gauge becomes 210 kPa. Assuming that temperature remains unchanged, calculate the
volume of the container. (3 marks)

<HKCE 1999 Paper 1- 9>

Bourdon
gauge
Thermometer

Flask A Beaker

Gas
Bunsen bumner

David uses the set-up shown in the above figure to study the relationship between the pressure P and temperature 6 of a fixed
mass of gas inside a flask A. The following results are obtained :

Temperature 8/°C 20 36 50 64 80 98

Pressure P/kPa 102 109 111 115 124 129

(2) Using a scale of 1 cm to 10 kPa and 1 cm to 10°C, plot a graph of P against & on graph paper, with P ranging from 0 to
140 kPa and @ ranging from 0 to 100°C. (4 marks)

< Graph on next page >
(b) From the graph in (a), David concludes that

The pressure (in kPa) of the gas is directly proportional to its temperature (in °C).

Comment on David’s conclusion. (2 marks)
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{c¢) State two precautions that should be taken to improve the accuracy of the experiment. (2 marks)

(d) David uses a larger flask B to replace flask 4 and repeats the experiment. The volume of flask B is twice that of 4.

Assume that the masses of the gas in both flasks are the same.

(i) Estimate the gas pressure in flask B at 0°C. (2 matks)

(ii) On the graph in (a), draw the graph of P against £ you expect to obtain in this experiment. (1 mark)

DSE Physics - Section A : Question PA-HG4-Q/09
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7. <HKCE 2001 Paper 1-2>

A metal can containing compressed gas at 200 kPa and 30°C is placed under direct sunlight for some time. If the temperature
of the gas rises to 60°C, find the gas pressure inside the can. Assume that the volume of the can remains unchanged.
(2 marks) -

8. <HKCE 2002 Paper1-2>

/Half~mene rule =
Stirrer . o~ ——‘_'1:
| Capillary tube =
— =
Thermometer | Paraffin oil \O —__;
Air column « _.E
Water e ~ 0om 0 =
M —F

Figure 1 Figure2

Figure 1 shows a set-up to study the relation between the volume and temperature of a column of air trapped in a uniform
capillary tube by a drop of paraffin oil. Figure 2 shows the position of the paraffin oil when the temperature of the water is
25°C. A half-metre rule is used to measure the length of the air column in cm.

(a) Write down the length of the air column as shown in Figure 2. (1 mark)

(b) Estimate the length of the air column when the temperature of the water is increased to 80°C. State one assumption in
your calculation. (3 marks)
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<HKCE 2004 PaperI-3>

i / glass tube
"Il; . / air
H
"1
k. 7 Bourdon gauge

oil |

e
- s1 3 0

PR ribiber tubing

The Figure above shows a set-up used to study the relationship between the pressure and volume of a column of air trapped in
a glass tube at constant temperature. The cross-section of the glass tube is uniform.

(a) The Table shows the results obtained.

Pressure P /kPa 100 150 200 250 300
Length of air column £/m 0.49 0.34 0.25 0.20 0.17
Lym 2.04 g 4 = =~ 27
14 ’ v ,\, ) 5

Plot a graph of P against % on graph paper, with P ranging from 0 to 400 kPa, and 1 ranging from 0 to 6 m™'. Hence
/.

7 draw a conclusion for the experiment.

(5 marks)
!

(b) Suggest one precaution that should be taken to improve the accuracy of the experiment. (1 mark)

DSE Physics - Section A : Question
HG4 : General Gas Law

PA-HG4-Q/11

[ Part B : HKAL examination questions

10.

11.

<HKAL 1986 Paper 1IB - 2 >

The density of a gas is equal to 1.43 kg m™ at the standard temperature of 0°C and pressure of 1.01 x 105 Pa. What is the
mass of 1 mole of the gas ? (2 marks)

< HKAL 1990 Paper IIB - 8 >
A cylinder fitted with a piston contains 0.2 mol of an ideal gas at a pressure of 10° Pa and a temperature of 301 K. The gas is

(1) first heated at constant pressure to 400 X, and then
(2) compressed at the constant temperature of 400 K to its initial volume, and finally

(3) cooled at constant volume to its initial pressure of 10° Pa and temperature of 301 K.

(a) Find the initial volume V1 of the gas and determine its volume ¥ after process (1) is completed. (2 marks)

(b) Find the final pressure after the compression process of (2) is completed. (2 marks)

(c) Hence sketch the above changes on a P - ¥ diagram, inserting all the initial and final pressure and volume values for

each of the processes (1), (2) and (3) (4 marks)
P/10°Pa
A
§ N '70"' 7
3 + X
\f\\
1O e mmnmmmme ,—g

> 7/107 m?
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12

<HKDSE 2013 Paper 1B -2>

=1l---ruler

cpillay fibe

thermometer
mercury thread

stirrer

trapped

2 water
air column

The Figure above shows an air column trapped by a smll mercury thread imside a uniform cepillay tte  The setp is
heated by a water tath The length of fe r column L is measured a various temperature Q@ Some of tte resilts ae
tabulated below :

Temperature 01°C 2 - -~ -
Length of air colum L Imm 64

@® Describe the procedure(s) 1o be done before toking a reading i order 1o ensure thet the trapped sir reaches the same
temperature = the water. @ marks)

() Assume that length L increases lirealy with temperature. 0 throughout.

n
Estimate the length of the air column when tte temperature indicated by the ‘thermometer is65°C. @ marks)

(i) Find the absolute zero' as dbtained from s experiment. @ marks)
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<HKDSE 2015 Paper IB -2 >

The aqua-ling (a cylinder containing compressed air) fir divers hes: a capecity of 10 x 10° cm®. When te aqua-lung. i
filld the air inside has apresare of 210 atm (atmospheric pressure) o 24 C. The: ar i the aua-lung is allmved B eJ{pend
through a pressureredicing velve witil ifs presare equals et of the surrounding water before 1txssmhed B divers
Assmiie that the temperature of the air inside the aqua-lung is always equal 1 that of the surrounding water.

@ A diver stys ildater of tempersture 24 C and pressure 20 atm gt adepth of 10 m. Find tte: iolal volume of ar (n n4'
availsble fr e diver from the aqua-lung & this water pressure @ marks)

® The supply of a@r in @ is asfficient for the diver o remuin & such adepth fr 1 har,

@ If tte diver breathed in the same volume W (n cu#of &@r per minute,: find=4 @ imark)

(i) X the diver dives deeper where the water is of temperature 20 C and pressure: 45 atm estimte. how 17
(in minutes) te ar in a fullyfilld agea-tung would lst Assume thet tte diver breathes in tte same volume o dr
per minute @ thet found ind) () @ marks)

<HKDSE 2016 Paper m -2>

tubing piston

||m‘||u||m|

gas trapped

Figre @ !

and data logeer

Judy uses the setip shown in the Figure @ 1o study the relationship between the pressure and volume: of a fixed mas . of
g5 a omstent teperatre The volume V of the gas trapped is read directly from the syringe and tte corresponding
pressire p ismweasured by a data-logger via apressure sEET.

® Thg.&:.tial volume and pressure of the gas are 60 x 107 w= and L0 x 10° Pa respectively a a room temperature of
25 C. Estimate the number of gas mwlecules trapped in the syringe @ marks)
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14.  (b) The piston is then pushed in or pulled out to vary ¥ and p such that several pairs of readings are recorded. Figure (b) m ;%zﬁiﬁ?ﬁ?:xiﬁmﬁrﬁ fhl:::hr?,,gmgf&fﬁnﬁﬁfégtfmmfﬁ ]\isarm %i?ﬁﬁtﬁ
shows the graph of ¥ against 1 plotted.
& Question Solution
|4
B vy . (@ PVi=Pn t
o (2.5 % 10%) x (0.0015) = P, (0.0015/4) [1]
V4 .. P, = 10°Pa [1]
Figure (b)
® B_P B\
y 1 I, T,
o .1 P '
b L @5x10% P -
9 (27+273)  (327+273)
. Py = 5x10°Pa [1
(i) State ONE experimental precaution for keeping the gas temperature constant. (1 mark)
I
! 2 @
E P/kPa
A
B
(ii) The straight line graph does not pass through the origin but cuts the vertical axis at —V, instead. Suggest what ¥,
stands for, (1 mark) |
|
(iii) If the experiment is repeated at a higher room temperature using this set-up with the same mass of the same gas, |
sketch the expected graph in Figure (b). (2 marks) |
1
Ay
il
=
I
i » §/°C
i ~200 -100 0 100
; < Two axes correctly labelled with proper units > [1]
| < Scale correctly marked > [11
< At least 4 points plotted correctly > [11
< Best fitted straight line correctly drawn and extrapolated > [13
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A weather balloon of volume 0.52 m® is filled with helium gas of temperature 15 °C and pressure 100 ki af
ground level,

(a) Find the amount of helium gas (in meol) in the balloon. (2 marks)

(b) The following graphs show the variation of air temperatuwre ¥ and atmospheric pressure p with height x
above ground level.

TIX p/kPa
300 15¢
200 100
1} T Y T T T ¢ T U T —_r
0 3 10 15 20 25 0 3 10 15 20 25
x/km x/km

The weather balloon is released and rises to the upper atmosphere, Assume that the temperature and
pressure of the helium gas in the batloon are the same as those of the air outside at any height x.

(i) A student believes that as the air temperature decreases in the first L0 km, the volume of the balloon
decreases. Referring to the graphs above, explain qualitatively why thig belief is not correct. (2 marks)

(iy In fact the weather balloon keeps on expanding when it rises. The air temperaturs becomes steady at

216 K from a height of 12 km anwards, When the balloon rises further beyond 12 km and its volume
reaches 8 m®, '

(1} estimare the gas pressure in the balloon; . (2 marks}
(2) hence find the comesponding ‘height reached by the balloon. The varation of atmospheric
pressure p with height x (in km) is given by
' 2=poc™,
whete py is the atmospheric pressure at ground level and & = 0,138 km™. (2 marks)
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(b) intercept = —295°C < accept — 285°C to ~305°C > [2]
| - P _
(c) - = constant where T =& +295 OR ———— = constant [2]
iy 6+ 295
@ 689 _ 150 1
(0+295) )
s I'=3503  <accept 497 to 509> [1]
(@)
Bourdon Stirrer
gauge Thermometer
< flask in water > [1]
Beaker
s < thermometer > 1]
<B G
Bunsen burner EEECTa o [1]
Any TWO of the following : 2]
*  Rubber tubing should be as short as possible.
*  The flask should be fully immersed in water.
*  Water must be well stirred before taking the reading of temperature.
%  The thermometer should not touch the bottom of the beaker.
% Sufficient time must be allowed for the flask to be heated up.
(a)
q I
Thermometer
[1]

()

. Mercury
Stirrer Ruler
Water Air

Beaker

Heat
Tie the tube against a ruler and put them into a beaker of water.

Heat the water gently.
Record the temperature £ and the length L at certain temperature intervals,

Any TWO of the following :

%  The water must be well stirred to ensure uniform temperature before readings are taken.
*  The air column should be completely immersed into the water.

*  The thermometer and the tube should not touch the bottom of the beaker.

*

Allow sufficient time for the air to reach the temperature of the water,

(1
1]
{11

© L/mm

1l nnnnnnrs

7
L
20
» 0/°C
-300 -200 ~100 0 100

< correct label of axis and correct scale >
< correct points plotted >

< best fit line drawn >

(d) Absolute zero = —245°C  <accept —240°C to —260°C >

(e) i o constant
6245
OR
L o (8 +245)
OR

L o« T where T = 0+245

(f) The pressure remains no change.

2]

[2]

2]

[2]

[2]
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@ P/kNm?

140

130

120

110

100
0 20 40 60 80 100
< correct label of 2 axes with units >
< correct scale and range >
< correct points plotted (0.5 marks each point, up to maximum of 2 marks) >

< straight line drawn >

136-107

slope =
® ¥ 100-20

= 036 < from (.34 to 0.38 is acceptable >

P-intercept = 100 < from 98 to 102 is acceptable >

The equation: P = 0.36 § + 100

(c) From the graph, when P=118;
8 = 50°C
OR
From the equation, put P=118;
(118) = 0.36 6 + 100
g = 50°C

{d) Any THREE of the following :

*  The flask should be completely immersed in water.
The rubber tubing joining the flask and the Bourdon Gauge should be shorter.
A stirrer should be used to stir the water.

The thermometer should not touch the bottom of the beaker.

. S

The flask should not touch the bottom of the beaker.

» 7/°C

{11
1
(2]
11

1

[1]

21

B3]
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5%

(a) The length of the rubber tubing should be short 11
to reduce the volume of the gas inside the tubing. 1y
Any TWO of the following : 2]
*  Move the piston slowly.

*  Lubricate the piston.
* Do not take reading immediately after the piston is moved.
®
Pressure P /kPa 80 100 120 140 160
Volume ¥/m’ 2.60 x 107* 2.10 x 10 175 x 107 1.50 x 107 1.31x 107
E /m™ 3850 4760 5710 6670 7630
4
P/XPa
A
160
140
120
100 =
80
60
40
20
sl 3
0 1000 2000 3000 4000 5000 6000 7000 8000 ¥
< Labelled axes with units > [1
< Appropriate scales > [t] B
< Correct points plotted > 1
< A suitable straight line drawn > [1]
The student is attempting to verify Boyle’s Law, [1]

© PV =P" {11

(100) x (1.8 x 10+ V) = (210) (V) (1

. V=164 x 10 m?

(1]

Bl e R R R MY S AP @ B
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- @ P/kPa ., B_B ]
140] | T T
H ! i ! ) !
= Flask 4 Byl . o B . Py = 220kPa 1
= 30+273 60+273
120
DS
8 (3 Li=47cm [1]
=5 (b) By V-Trelation: V o« L « T L = L
100 1 T,
. 4.7 - L, [
254273  80+273
. Ly =557cm  <accept5.6 cm> [1]
80
Assume the pressure inside the air column is constant. 1]
- Flask B !
60 == = - 9. (@
ol =5 i | Pressure P/kPa 100 150 200 250 300
=2 iauu i : Length of ait column_{/m 0.49 0.34 0.25 0.20 0.17
: % /! 2.04 2.94 4.00 5.00 5.88
40
{ P/kPa
| 400
| 20 |
| 300
> 0/0 !
o 20 40 60 80 100 e i
< Two labelled axes > [1 | = g
< Correct scales > {11 i
< Points correctly plotted > [1] 200 ¥ g
< A best fitted straight line drawn > 8] : A
1
(b) As the line does not pass through the origin, the pressure is not proportional to temperature, [1] |
So David’s conclusion is not correct. [1] i 100
|
(c) Any TWO of the following : [2] |
*  Immerse the flask completely into the water. (OR Add some more water into the flask.) i 1
% Stir the water throughout the experiment. o X ) . . - ) > 7 /ot
% Use a shorter rubber tubing. (OR Use a larger flask.) i s ith units > 1]
orrect labelled axes with units
d G PVN=Pr" (For flask 4, P = 95 kPaat0°C) [ | < Appropriate scales > [1]
. < Correct points plotted (at least 4 points) > m
©5) (V) = P.(2V) o Py = 475kPa < from 46 to 49 is acceptable > 13 < A straight line through the points > [
(ii) < The pressure should be halved at the same temperature and the slope is also halved. > [1] | Conclusion : The pressure is inversely proportional to the volume. 11
1
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9. (b) Any ONE of the following : n
%  Press the foot pump slowly.
* Do not take readings immediately after the foot pump is pressed.
*  After pressing the pump, wait for a while to ensure that the temperature becomes steady.
10, By PV =nRT
(1.01 x 105 ¥ = (1) x (8.31) x (0 +273)
v = 0.0225 m? [1]
M= pV = (1.43) x(0.0225) = 0.032kg <accept 0.0321 or 0.0322 kg > [1]
11. (@ PV =nRT
s (109 71 = (0.2) x (8.31) x (301)
Vi = 5.00 x 107 m? 8]
By V-Trelation :
o 5,00x107
400 301
V2 = 6.64 x 107 m® {1]
(b) By Boyle’s law :
oo (1x10%) x (6.64 x 107%) = P x (5.00 x 107%) [1]
5 P =133%10°Pa [
©  p/10spa
4
133 pemsansa
6) @
Lofmemrenss i |
! ® |
' 1
i i
L L > -3 1.3
0 500 6.64 ke
< Process (1) is horizontal > {1
<Process (2) is a curve with constant temperature > [11
< Process (3) is vertical > [1]
< Correct values indicated > 1]

12. (a) Remove the Bunsen bumer to stop heating.
Well stir the water with the stirrer to ensure uniform temperature.
®) @ 6520 _ L-64
92-20 80-64
*. L = 74mm

92-20 80-64
s 6= -268°C

(i) 20-6 64--0

OR

64 _ 80
20-0 926
. 6=-268°C

13. @ PAi=P"
QL) x (1.0% 109 = @) x ¥

V2 = 1.05 % 106 cm® <accept 1.04 x 108 cm® >

6
® @ Vo= 105X10° _ a5y 0fem’  <accept 173 x 10% om® >
60

@ BN _87
I T

L QIOx(10x10Y  (45)V,

(24+273)  (20+273)

V2 = 4.604 x 105cm®  <accept 4.50 x 10° cm®>

4.604x10°

T = 263 min. <accept 26.0 min>
7510

Time =

14. (@ By PV =nRT
o (10X 105 (6.0 x 10°%) = 75 (8.31) (25 +273)
son = 242x 10 mol

Number of molecules = 2.42 x 107 x 6,02 x 102 = 146 x 102!

(b) (i) Any ONE of the followings :
% The process of pulling and pushing should be slow.

* Do not take readings immediately after moving the piston.

(1]

{1l

[1]

(BN

1y

[1]

{1

(1]
(1]

f11

(1

[1]

[1]

1

{1

1

1
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4. ®) (i)
(iif)

15. @

®)

¥, represents the volume of gas inside the rubber tubing,

vV

—

N |-

0 /

—V,

< sarne p-intercept >

< greater slope >

[By P(V+Vo) =nRT .. V=nRTl7V0 o oslope=nRT ]
P

Ve nRT

P
(100 x 10°X0.52) = » (8.31)(273+15)
n=21.727504 (mol) = 21.7 {mol)

® nRY

Since pV = aRf = ¥ = 0. |
P

volume ¥ of the batloon depends on both Fand p,

the (fractional} docrease in pressure p {with height)
is greater / faster than the (factional) decrease in
teruperature 7

@ o 2. constant
T
(100%0.523 = P
QT+15y 28,
p=4.815kPaor 4875 Pa

@ Ppa™
4.875 = 10001985
x = 2189166726 (k)= 21.9 (k)

iM
1A

1A

1M
1A
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4. General Gas Law (33 #ii £ 4)

5. Kinetic Theory (F#®%#)

Section B — Force and Motion ( /7 0 :€%y)
. Position and Movement ({i ¥ #2£5 %))

. Newton’s Laws (4 #i £4)

. Moment of Force (77 48)

. Work, Energy and Power (1535 ~ fig & 50 %) %)
Momentum (&%)

. Projectile Motion (#s 2 & $;)

Circular Motion ([ & & #)

. Gravitation (3] #1)

ection C — Wave Motion (i& %))

. Wave Propagation (34 #3fe i)

. Wave Phenomena (i #5 3 &)

. Reflection and Refiaction of Light (a4 R 4 &A% 4)
. Lenses (£ 4%)

. Wave Nature of Light (5 & #4514 )

. Sound (4%)

ection D — Electricity and Magnetism (% Fous)
. Electrostatics (34 %)

. Electric Circuits (£ )

. Domestic Electricity (£ R &)

. Magnetic Field (#4)

. Electromagnetic Induction ({48 /&)

. Alternating Current (X&)

Section E — Radioactivity and Nuclear Energy (#4f 3 % %o #448)
1. Radiation and Radioactivity (45t fo s 44 3 &)

2. Atomic Model (& -F#4)

3. Nuclear Energy (3% 4£)

AU BAWN =/ AN RLWN - XA AW
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2. Astronomy through history (& st & &) & %)
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Elective 2 — Atomic World (& 7 %)
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4. Medical imaging using ionizing radiation (% #4541 B4 $44)
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The following list of formulae may be found useful :

Equation of state for an ideal gas pV =nRT
Kinetic theory equation pV = %N m ;2—
Molecular kinetic energy = 3RT

2N,

Use the following data wherever necessary :

Molar gas constant R = 831JK ' mol"

Avogadro constant Na = 6.02 x 10* mol™!

Part A : HKCE examination questions

1. <HKCE 1986 Paper I - 19 >

When observed through a microscope, smoke particles in a smoke cell are seen to be in continuous random motion. This is
mainly due to

A. the motion of air molecules.

B. air currents.

C. the motion of atoms in the smoke particles.

D. heat radiation from the illuminating lamp of the smoke cell.

2. <HKCE 1986 Paper II - 18 >

When a constant mass of gas is compressed inside a vessel at constant temperature, the pressure of the gas increases.
This is because

(1) the average distance between gas molecules decreases.

(2) the frequency of the gas molecules hitting the wall of the container increases.

(3) the average speed of the gas molecules increases.

A, (1)only
B. (2)only
C. (3)only
D. (1) & (2) only

3. < HKCE 1988 Paper 11 - 9 >

The pressure exerted by a gas in a container would increase if
(1) the average speed of the gas molecules were increased.
(2) the number of gas molecules were increased.
(3) the volume of the container were increased.

A. (1) only
B. (3)only
C. (1) & (2) only
D. (2) &(3)only

4. <HKCE 1989 Paper II - 20 >

‘When a constant mass of gas is heated at constant volume inside a vessel, the pressure of the gas increases. The main reasons
include that

(1) the average speed of the gas molecules increases.

(2) the frequency of the gas molecules hitting the wall of the vessel increases.

(3) the average spacing between the gas molecules increases.

A. (1) only
B. (3)only
C. (1) & (2)only
D. (2) &(3)only

DSE Physics - Section A : M.C. PA-HG5-M/02

HGS5 : Kinetic Theory

10.

<HKCE 1990 Paper II - 18 >

Some gas is sealed inside a container of fixed volume. If the gas is heated, which of the following statements is/are true ?
(1) The pressure of the gas increases.
(2) The kinetic energy of the gas molecules increases.
(3) The density of the gas increases.

A. (2) only
B. (3)only
C. (1) & (2)only
D. (1) & (3) only

<HKCE 1991 Paper I1- 19 >

‘Which of the following statements concerning the Brownian motion of smoke particles in air is/are correct ?
(1) The Brownian motion is caused by collision between smoke particles.
(2) The air molecules are moving randomly in all directions.
(3) The mass of air molecules is almost the same as that of smoke particles.

A. (1) only
B. (2)only
C. (1) & (3)only
D. (2) & (3)only

<HKCE 1991 Paper I - 16 >

Which of the following can increase the average kinetic energy of the molecules of a fixed mass of gas ?
(1) Heating the gas at constant volume
(2) Increasing the volume of the gas at constant pressure
(3) Reducing the volume of the gas at constant temperature

A. (Donly
B. (3)only
C. (1) & (2)only
D. (1),(2)&(3)

< HKCE 1992 Paper 11 - 18 >

If the volume of a fixed mass of gas is reduced at constant temperature, the pressure of the gas increases. Which of the
following correctly account(s) for the increase in pressure ?

(1) The gas molecules hit the container wall more frequently.

(2) The average spacing between the gas molecules increases.

(3) The average speed of the gas molecules increases.

A. (1)only

B. (3)only

C. (1) & (2) only

D. (2)&(3)only

< HKCE 1993 Paper 11 - 20 > N ——

The diagram shows a mechanical model of a gas. Which of the following v e =
processes can be used to demonstrate the variation of the pressure with the o & [ Cylinder
volume of z fixed mass of gas under constant temperature ? « *, [ Ball bearing
A. Varying the weight of the disc. "t

B. Varying the power of the motor.
C. Varying the size of the ball bearings in the cylinder.
D. Varying the number of ball bearings in the cylinder.

Vibrating platform
_@ Motor

Energy is supplied to a fixed mass of gas which is kept at a constant volume. Which of the following statements is
INCORRECT ?

The average speed of the gas molecules increases.

The average spacing between the gas molecules increases.

The gas molecules hit the container wall more frequently.

The temperature of the gas increases.

<HKCE 1993 Paper I1- 17>

vowy
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12.

13.

14.

< HKCE 1995 Paper 11 - 23 >

A fixed mass of gas is heated at a constant pressure. Which of the following statements is/are correct ?
(1) The average speed of the gas molecules increases.

(2) The average spacing between the gas molecules increases.

(3) The number of gas molecules remains unchanged.

(3) only

(1) & (2) only

(1) & (3) only

(1), & Q)

gawx

<HKCE 1996 Paper II - 23 >

Which of the following descriptions concerning the gas molecules is correct when a fixed mass of gas is compressed and also
heated at the same time ?

Average spacing between the gas molecules Average speed of the gas molecule

A. remains unchanged increases
B. decreases increases
C. decreases decreases
D. decreases remains unchanged

<HKCE 1997 Paper II - 21 >

ANNAN — Disc

®. .

. * L]

St Ball bearing
o &

— Vibrating platform
Motor

The diagram shows a mechanical model of a gas. The weight of the disc and the power of the motor can give a measure of
two different properties of the gas. What are these two properties ?

Weight of the disc Power of the motor
A. Pressure Volume
B. Pressure Temperature
C. Volume Temperature
D. Temperature Pressure
< HKCE 1998 Paper II - 24 >
NSSSSS— Disc
. " « [ Cylinder
. ", Ballbearing
. . .

— Vibrating platform
Motor

The diagram shows a mechanical model of a gas. The ball bearings are set into motion by a motor-driven vibrating platform.
Which of the following statements is/are correct if the operating voltage of the motor is increased ?

(1) The disc rises to a higher level.

(2) The average speed of the ball bearings increases.

(3) The average spacing between the ball bearings increases.

A. (2)only
B. (3)only
C. (1) & (2)only
D. (1), &(3)

DSE Physics - Section A : M.C.
HGS : Kinetic Theory
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15.  <HKCE 1998 Paper II - 23 >

Which of the following can increase the average kinetic energy of the molecules of a fixed mass of gas ?
(1) increasing the volume of the gas at constant pressure
(2) increasing the pressure of the gas at constant volume
(3) increasing the pressure of the gas at constant temperature

A. (1) only
B. (3)only
C. (1)&(2)only
D. (2)&(3)only

16. <HKCE 1999 Paper II - 19 >

. P

SSNSSKf— Disc

. .

- -
o .7 Ball bearing
— Vibrating platform
Motor :
0 24

Figure (a) Figure (b)

Figure (2) shows a mechanical model of a gas and Figure (b) shows the P-V relation of a fixed mass of ideal gas at a certain
temperature. If the operating voltage of the motor in the model is increased, which of the following denotes a corresponding
transition in the P-¥ graph (point X represents the initial state of the gas) ?

oow»
SEVENES
YLl
[ WIS

17. <HKCE 2002 Paper IX - 23 >

___—Piston
e

Gas~—_|

—

w2

Cylinder—|

A column of gas is trapped inside a cylinder. The piston is now pushed slowly causing the gas to be compressed at a constant
temperature. Which of the following statements about the gas molecules in the cylinder is/are correct ?

(1) The average speed of the gas molecules increases.

(2) Each gas molecule exerts a greater impact force on the walls of the cylinder in each collision.

(3) The gas molecules collide more frequently with the walls of the cylinder.

(1) only

(3) only

(1) & (2) only

(2) & (3) only

cap»

Part B : HKAL examination questions

18. <HKAL 1980 Paper[-5>

Two gases X and Y are maintained at the same temperature. The molecular mass of X is 9 times that of Y. What is the ratio
of the r.m.s. speed of molecules of gas ¥ to that of molecules of gas X ?

A3
342
9

B
(e}
D. 18
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20.

21.

22.

23.

24.

< HKAL 1982 Paper I - 12>

An ideal gas inside a container of volume ¥ has a presswre P. 1f the mass of the gas is M, what is the r.m.s. speed of its
molecules ?

A 2V
M
B [PV

X

c 3PV
M
D. VPV M

<HKAL 1983 Paper I-32 >

A cylinder containing an ideal gas is fitted with a piston maintained at a constant temperature. The piston is moved very
slowly until the volume of the cylinder becomes halved. Which of the following quantities would be doubled ?

(1) The average speed of the gas molecules in the cylinder.

(2) The average momentum of the gas molecules in the cylinder.

(3) The average force exerted by the gas molecules on the piston.

A. (1) only
B. (3)only
C. (1) & (2)only
D. (2) & (3) only

< HKAL 1984 Paper 1 - 11 >

A fixed mass of gas at room temperature occupies a volume of ¥. The gas is heated and allowed to expand to a final volume
of 2V with its pressure doubled. The average kinetic energy of the gas molecules is

A. halved.

B. unchanged.

C. doubled.

D. increased four times.

< HKAL 1985 Paper 1 - 11>

A gas vessel of volume 1000 cm® contains 0.72 g of an ideal gas at a pressure of 100 kPa. What is the r.m.s. velocity of the
gas molecules ?

A 20ms!

B. [10ms™!
C. 340ms!
D. 650ms™!

< HKAL 1986 Paper I - 16 >

The density of a gas is 0.179 kg m™? at the temperature of 0°C and pressure of 100 kPa. What would be the r.m.s. velocity of
the gas molecules at a temperature of 91°C ?

A. 231msl.
B. 470msh
C. 1290 ms™',
D. 1490 ms™.

<HKAL 1988 Paper I - 18 >

Which of the following is NOT an assumption of the kinetic model of ideal gases ?

A. Attractive forces between the gas molecules are negligible.

B. The duration of collision between gas molecule and the walls is negligible compared with the time between collisions.

C. The collisions of gas molecules with the walls of the container cause no change in the average kinetic energy of
molecules.

D. The gas molecules suffer negligible change of momentum on collision with the walls of the container.
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25.

26.

27.

28.

29.

30.

< HKAL 1988 Paper 1-17 >

An ideal gas is at an absolute temperature 7. 1€ m is the mass of a gas molecule, then the r.m.s. speed of the molecules is

A 3RT
m
B. RT
mN,
c 3RT
mN,
D. RTN,
m

< HKAL 1988 Paper I- 12 >

Smoke particles in air are observed to have Brownian motion observed by microscope. The Brownian motion of the smoke
particles is mainly caused by

the interaction between oxygen and the nitrogen molecules.

collisions between air molecules.

collisions between smoke particles.

collisions between air molecules and smoke particles.

oWy

<HKAL 1988 Paper I - 15 >

An ideal gas is contained in a cylinder. The piston is slowly pushed into the cylinder so that the temperature remains
unchanged. Which of the following statements is NOT correct ?

The mass of the gas remains the same.

The pressure of the gas increases.

The number of the molecules per unit volume increases.

The average speed of gas molecules increases.

vowy>

< HKAL 1989 Paper I-17 >

Two identical vessels contain two different gases 4 and B, which are treated as ideal gases. If the ratio of their molar masses
and absolute temperatures are 8 : 1 and 2 : 1 respectively, what is the ratio of their r.m.s. molecular speeds ?

A 1:4
B [
(SN b
D. 2:1

<HKAL 1990 Paper 1-13 >

Container X contains hydrogen gas while container ¥ contains oxygen gas. If both of the hydrogen molecules in X and the
oxygen molecules in Y have the same r.m.s. speed, which of the following deduction must be correct ?

The gas in X has a higher temperature than Y.

The gas in X has a higher pressure than Y.

The gas in X has a lower temperature than Y.

The gas in X has a lower pressure than Y.

oow>

<HKAL 1991 Paper I - 10 >

A container holds an idcal gas on the Earth. If the container is brought to the surface of the Moon with the same temperature
and the same volume, which of the following properties of the gas molecules is/are the same ?

(1) The average momentum change when a molecule of the gas rebounds from a wall of the container

(2) The average kinetic energy of a molecule of the gas

(3) The weight of a molecule of the gas

A. (I)only
B. (3)only
C. (1) & (2)only
D. (2) & (3)only
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31.

32.

33.

34,

35,

36.

< HKAL 1991 Paper 1-17 >

A fixed mass of ideal gas at room temperature and atmospheric pressure occupies a volume of 0.2 m*. The gas is heated and
allowed to expand to a final volume of 0.4 m* with its pressure doubled. The root mean square speed of the gas molecules is
A. reduced to one quarter of its original value.

B. halved.

C. unchanged.

D. doubled.

<HKAL 1991 Paper 1-19 >

Smoke particles in air inside a smoke cell are seen to undergo Brownian motion by viewing through microscope. Which of
the following statements concerning Brownian motion is/are correct ?

(1) The motion is caused by collisions between air molecules and smoke particles.

(2) The experiment makes it possible to see the motion of the air molecules.

(3) The motion is irregular because air is a mixture of gases, and the molecules have different masses.

A. (1) only
B. (3)only
C. (1)&(2)only
D. (2) & (3) only

<HKAL 1992 Paper I - 14 >

The molar mass of oxygen gas and hydrogen gas are 32 g and 2 g respectively. What is the ratio of the r.m.s. speed of
oxygen molecules to that of hydrogen molecules at room temperature ?

16
S

q
1
4

vow »

<HKAL 1993 Paper I - 18 >

Container X Container ¥

Two identical gas vessels X and Y contain oxygen and hydrogen
respectively. Both gases are at room temperature and atmospheric
pressure. Which of the following statements is/are true concerning
the two gases in both containers ?

(1) The number of gas molecules is the same.

(2) The r.m.s. speed of gas molecules is the same.

(3) The frequency of collision of gas molecules with the walls of container is the same.

oxygen hydrogen

A. (D) only
B. (3)only
C. ()& (2) only
D. (2) & (3) only

< HKAL 1995 Paper IIA 21 >

The r.m.s. speed of the molecules of a certain gas is 341 m s™' at 25°C. Find the molar mass of this gas.
A 218g
B. 338g
C. #26¢g
D. 6395g

<HKAL 1997 Paper IIA - 35 >

Two identical vessels contain two different ideal gases 4 and B. If the ratio of their absolute temperatures and the ratio of
their root-mean-square speed of the molecules are respectively 2 : 1 and 3 : 1, what is the ratio of their molar mass ?

A 2:3

B. !

2 = N

9
C. :6
D. 2
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37.

38.

39,

40.

41.

42.

< HKAL 2000 Paper IIA - 39>

Which of the following statements concerning a real gas are correct ?
(1) The collisions between gas molecules and the walls of a container are not perfectly elastic.
(2) The size of the gas molecules cannot be neglected.
(3) Intermolecular attraction forces between gas molecules cannot be neglected.

A. (1) &(2)only
B. (1) & (3)only
C. (2)&(3)only
D. (D.@A&G)

< HKAL 2001 Paper IIA - 32 >

Which of the following is NOT a basic assumption of the kinetic theory of an ideal gas ?

A.  All gas molecules are in random motion.

B.  All gas molecules move with the same speed at a certain temperature.

C. All gas molecules are point particles that bave no physical size.

D. Al collisions between gas molecules and the walls of the container are perfectly elastic.

<HKAL 2002 Paper I1A - 40 >

The r.m.s. speed of the molecules in a fixed mass of an ideal gas is ¢ at 80°C. If the temperature is increased to 160°C, what
would be the r.m.s. speed of the gas molecules ?

A 2

B. l4ec.
C. l2ec
D. lle.

< HKAL 2005 Paper IIA - 20 >

Two gas vessels contain hydrogen and oxygen gas respectively. They have the same temperature and pressure. If both gases
are assumed to be ideal, which of the following physical quantities must be the same for the two gases ?

The r.m.s. speed of the gas molecules

The volume of the gas

The mass per unit volume of the gas

The number of gas molecules per unit volume

SOw»

< HKAL 2006 Paper I1A - 22>
The following is the kinetic equation for ideal gas :
pr=pl i,
3V
In the above equation, the product N m represent
the total mass of the gas.
the mass of one mole of the gas.

the number of molecules in unit volume of the gas.
the number of molecules in one mole of the gas.

ocowEy»

< HKAL 2008 Paper 1IA - 23 >

An ideal gas is contained in a gas vessel at a certain temperature. The gas is heated until its pressure reaches 1.2 times its
initial value. Calculate the percentage increase in the average kinetic energy of the gas molecules.

A, 10%

B. 20%

C. 44%

D. It cannot be determined since the number of moles of gas molecules is not known.
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43.

44.

45.

< HKAL 2011 Paper HA - 41>

‘Which of the following is NOT an essential assumption of the kinetic model of ideal gas ?

The number of molecules in the container is large.

The volume occupied by the molecules is negligible compared with the container’s volume.
There is no collision between the molecules.

There are no intermolecular forces of attraction between two molecules at any separation.

gow»

<HKAL 2011 Paper IIA - 42 >

Two different ideal gases are contained in two identical vessels. Both vessels are at the same temperature. Which of the
following physical quantities about the two gases in their vessels must be the same ?

(I) the pressure of the gas

(2) the number of molecules per unit volume

(3) the average kinetic energy of molecules

A. (Lonly
B. (3)only
C. (1) & (2)only
D. (2) &(3)only

<HKAL 2012 Paper ITA - 36 >

Two vessels X and ¥ contain equal mass of an ideal gas. The pressure of the gas in X is equal to that in ¥, while the
temperature of the gas in X is higher than that in Y. Which of the following statements is/are correct ?

() The average separation of the gas molecules in X is greater than that in Y.

(2) Every gas molecule in X has greater kinetic energy than that in Y.

(3) The collision frequency of the molecules on each wall of the vessel in X is greater than that in Y.

A. (1)only
B. (2)only
C. (1) &(3)only
D. (2) & (3)only

Part C : HKDSE examination questions

46.

47.

< HKDSE Sample Paper 1A - 4>

Two vessels contain hydrogen and oxygen gas respectively. Both gases have the same pressure and temperature and are
assumed to be ideal. Which of the following physical quantities must be the same for the two gases ?

The volume of the gas

The mass per unit volume of the gas

The r.m.s. speed of the gas molecules

The number of gas molecules per unit volume

cowr

< HKDSE Practice Paper IA - 5 >

A fixed mass of an ideal gas is contained in a cylinder fitted with a frictionless

piston as shown in the figure. If the gas is cooled under constant pressure, i
. ) piston
(1) the average separation of the gas molecules will decrease.

(2) the r.m.s. speed of the gas molecules will decrease.

(3) the number of collisions per second of the gas molecules on the piston
will decrease.

A. (1) & (2) only
B. (1)& (3)only
C. (2)&(3)only
D.

1,2 &)
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48.

49.

50.

<HKDSE 2013 Paper 1A -3 >

In which of the following situations would the r.m.s. speed of the molecules of a fixed mass of an ideal gas increase 7
(1) The gas is heated under constant volume.

(2) The gas expands under constant pressure.

(3) The gas is compressed under constant temperature.

(1) only

(3) only

(1) & (2) only

(2) & (3) only

vowy

< HKDSE 2013 Paper 1A -4 >

Vessel X of volume ¥ and vessel Y of volume 2 ¥ are connected by a short narrow tube as shown. Initially, tap S is closed
and the same kind of idea! gas at the same temperature is contained in X and Y at pressure 2p and p respectively. The tap S is
then opened and equilibrium state is finally reached with the temperature unchanged. Which statement is INCORRECT ?

A. Before S is opened, both vessels contain the same number of gas molecules.

B. Before § is opened, the average kinetic energy of the gas molecules in both vessels is the same.
C. When S is opened, a net flow of gas from X to ¥ occurs.

D. When equilibrium is reached, the gas pressure becomes % p.

< HKDSE 2016 Paper IA -3 >

When an ideal gas is heated from 25°C to 50°C, the average kinetic energy of the gas molecules will
A. double.

B. increase by 41%.

C. increase by 8.4%.

D. increase by 4.1%.

51.<HKDSE 2020 Paper I1A-3>
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HKEAA's Marking Scheme is prepared for the markers' reference. It should not be regarded as a set of model answers. !
Students and teachers who are not involved in the marking process are advised to interpret the Marking Scheme with care. 4. C
v [¢)] When temperature is increased, the kinetic energy and the average speed of gas molecules must increase.
M.C. Answers . . ;
v 2) When the average speed of gas molecules increases, the molecules hit the wall more frequently.
1. A 11. D 21. D 31. D 1. A 51.A x 3) Since the volume is constant, average spacing of gas molecules remains unchanged.
2. B 12. B 22. D 32. A 42. B 5 C
3. C 18}, B 23. D 3. B 43. C v ) When the gas is heated, average speed of gas molecules must increase.
4, C 14. D 24. D 34, A 44. B Gas molecules hit the walls of container more violently and more frequently. Thus pressure increases.
v 2) When a gas is heated, its temperature must increase, thus its kineti is i d.
5. ¢ 15 C 25 C 35 D 45. A (2) £ pe ust incl us its kinetic energy is increase
x 3) Since the volume is fixed, its density must also be unchanged.
6. B 16. A 26. D 36. B 46. D
6 B
7. @ 17. B 27. D 37. C 47. A !
| x 1) Smoke particles undergo Brownian motion as air molecules bombard the smoke particles
8. A 18. A 28. B 38. B 48. C i but not the collision between smoke particles themselves.
9, A 19. C 29. C 39. D 49. D | v @) Air molecules move randomly to give collision with smoke particles and causes Brownian motion
10. B 20. B 30, C 40. D 50. C x 3) The mass of smoke particles is much larger than the mass of each air molecule.
|
7. C
M.C. SOlutiOH v )] When a gas is heated, its temperature must increase, thus the kinetic energy must increase.
v 2) At constant pressure, the volume of gas can be increased by increasing the temperature only.
> 4 M
L A x @3 If temperature is constant, the kinetic energy of molecules must be constant.
g
The motion of air molecules causes the hitting of air molecules onto the large smoke particles,
thus the smoke particles perform zig-zag motion. i 8
This is called Brownian motion. d ) .
| [¢)] When the volume is decreased, distance between two walls of container is decreased,
thus the gas molecules hit the walls more frequently, therefore pressure is increased.
2 B
x 2) The average spacing should be decreased when volume is decreased.
* [¢)] Although the average distance between gas molecules is decreased due to the decrease of volume, . 3) The average speed should be unchanged when temperature is constant.
it cannot explain why the pressure is increased.
v (2) When volume of container is decreased, distance between two walls is decreased, 9 "
thus the gas molecules bombard the walls more frequently, therefore pressure is increased.
v A. Varying the weight of disc means varying the pressure of gas.
x 3) Since there is no change in temperature, thus the speed of molecules remains unchanged. . .
x B. Varying the power of the motor means varying the temperature.
% C Varying the size of ball bearings means varying the mass of the gas molecules.
3 C
* D. Varying the number of ball bearings means varying the number of gas molecules.
v (1) If the average speed of gas molecules is increased,
the bombardment with the walls of container would become more violently and more frequently,
thus pressure is increased. | 10. B
v ) If the number of gas molecules is increased, i A. When energy is supplied to a gas, its temperature must increase,
the borbardment with the walls of container would become more frequently, : thus the kinetic energy of gas molecules must increase, thus the average speed is increased.
thus pressure is increased. x B. Since the gas is kept at constant volume, the average spacing does not change.
x 3) If the volume is increased, the bombardment with the walls of container would become less frequently, v C. Since the average speed is increased, the gas molecules hit the wall more frequently and more violently.
thus pressure is decreased. v D. When energy is supplied, its temperature must increase.
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B

(1) Under heating, the temperature of the gas must increase, and thus the average speed is increased.

2) When heating under constant pressure, the volume of container must increase,
thus the average spacing of molecules must also increase.

?3) For a fixed mass of gas, the number of gas molecules must also be unchanged.

When a gas is compressed, its volume is decreased, thus the average spacing is decreased.

When a gas is heated, its kinetic energy increases, thus the kinetic energy of the gas molecules increases.

Weight of the disc : simulates the pressure of the gas

Power of the motor : simulates the temperature of the gas

D

& e AN

x

A

) ‘When the operating voltage is increased, the average speed of ball bearings is increased.
The ball bearing thus hit the disc more violently to increase the volume.

2) ‘When the operating voltage is increased, the average speed of ball bearings is increased.

3) When the volume is increased, the average spacing between ball bearings is increased.

[¢)) At constant pressure, the volume of a gas can be increased by increasing the temperature only.
) At constant volume, the pressure of a gas can be increased by increasing the temperature only.
3) At constant temperature, the kinetic energy of gas molecules must remain unchanged.

‘When the operating voltage of the motor is increased, it simulates the increase of temperature.

Since the disc remains unchanged, it represents no change of pressure.

As temperature is increased but pressure is unchanged, the volume must increase.

Thus the change should be from X to A.

A

1) The average speed of the gas molecules does not change as the temperature is constant.
2) Since the average speed is unchanged, the impact force of each molecule is unchanged.
3) As the volume decreases, the distance between the piston and the walls of container decreases,

the gas molecules will collide more frequently with the walls of the container.

For same temperature, molecules have the same kinetic encrgy Fx.

C.

e A LG ﬁz\[Eﬂ
\/; Cy my 1

c
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20.

21.

22.

23.

24.

25.

C

As PV =4iNmdc

3PV
¢ ==
M

B

x [¢)] As T kept constant r.m.s. speed ¢ is no change .. average speed is no change
* 2) average speed : no change = average momentum : no change (By p = mc)

v 3) V—)%V = P—2P (By PV=constant) > F—>2F (By F=P4)

D

PV =nRT

As P - 2P and V - 2V T > 4T

Since average kinetic energy : Ex o< T . Ex increases 4 times

D
1

PV = —Nmc :]—Mc2
5) 3

(M is the mass of the gas)

2 (100x10°)(1000x107) = é(O.72><10“3)cz ¢ =650ms™
D
At 0°C, PV =INmc P =iyt
(1x10%) = $(0.179) ¢ ¢ = 1290 ms™
AL9l°C, ¢ = |SRT 5 cxAT s e h
M, 53 7,
o= 1490ms!

1290  [0+273
e, V914273

D
Perfectly elastic collision = change of momentum = me ~ (~mc¢) = 2mc

Momentum of molecules must change during collision D is incorrect.

C

PV =1Nmc and PV =nRT nRT = +Nmc

lRT =~Nmc"

1 Lopw |BRT
N, 3 mN,
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26.

27.

28.

29.

30.

31.

32.

D

Smoke particles perform Brownian motion is due to the collision between air molecules and smoke particles.

D
v A The mass of the gas inside the cylinder must be unchanged since the gas is enclosed by the cylinder.
v By Boyle’s Law, the decrease of volume gives the increase of pressure.
v C. As the volume decreases, more gas molecules is contained in a unit volume,
thus the number of the molecules per unit volume increases.
x D. As the temperature is unchanged, the average speed should also be unchanged.

_ I3RT i
ot —_ C

Mm Mm
Ty, VM, 1 Vs

(c]
By ¢ = ﬂ . forsamec = M, «T
M,
My, <My, = My<My = Tx<ly
C
v ) At the moon, the mass of molecule remains unchanged, thus the momentum change should be the same.
v (3] At the moon, the mass of molecule remains unchanged, thus the kinetic energy should be the same.
x 3) At the moon, the gravity g is smaller, thus the weight mg would be smaller and not the same.
D
1 9 1 2
PV=§ch PV=§Mc ¢ = o« PV
LA Uy 4 )% =2 ¢'=2c¢
¢ PV 0 2
A
v ) When thousands of air molecules collide with a smoke particle,
the random resultant force makes the smoke particles move in zig-zag path,
and this is the Brownian motion
* 2) Air molecules are invisible even under microscope.
* 3) The irregular motion of smoke particles is due to the collisions of air molecules on the smoke particles ;

the irregular motion would still occur even for the same type of gas or for mixture.
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33.
cuz U “
34, A
v Q)] Same V, T, P = samenand same N (by PV = nRT)
. b _ [3RT
x ) Different molar mass M, = differentc¢ (by ¢ = )
x 3) Different ¢ = different frequency f° ( for same volume ¥ and same number ¥')
35, D
3RT
M,
(341) = 3(8.31)25+273)
Mm
Y Mn = 0.0639kg = 63.9g
36. B
As ¢ = Ml
M,
3RT T
M. = «
m o? p
My T e 1_(3)[1]’ 2
My Ty e, 1'\3 9
37. €
x 1 Otherwise, the molecules stop moving after a certain time period.
v 2) Gas molecules of real gas have size that is not negligible.
v 3) Intermolecular attraction forces of real gas are significant.
38. B
* A. Molecules of ideal gas are assumed to move in random motion.
v B. Speed of molecules should have a distribution, with an average value of speed.
* C. Molecules of ideal gas are assumed to have no volume.
* D. Molecules of ideal gas are assumed to have perfectly elastic collision.
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39.

40.

41,

42.

43.

44.

D
As ¢« \ff
& - |5
G T
Lo o (1604273 _ o o =1llc
(c) 80+273
D
By PV = nRT

Since P and T are the same, the ratio 1 is the same for the two gases.
4

As the number of gas molecules & is proportional to the number of mole »,

they have the same number per volume N X
14

A
N represents the total number of molecules ; m represents the mass of each molecule.

N m thus represents the total mass of all the gas molecules.

B

As the volume is unchanged in a closed vessel, P o 7.

When pressure reaches 1.2 times, the absolute temperature also reaches 1.2 times.

As the average kinetic energy is proportional to the absolute temperature, i.e. KE oc T.

When the absolute temperature reaches 1.2 times, the average kinetic energy of the gas molecules also reaches 1.2 times.

Thus the percentage increase is 20%.

C
v A. Large number of molecules in the container is assumed.
v B. Ideal gas molecules have negligible size.
x c Molecules may collide with each when they move.
v D. Ideal gas molecules do not have intermolecular forces.
B
x (€3] Since the two vessels are identical, their volumes are the same.
Since the two vessels are in thermal equilibrium, their temperatures are the same.
However, their pressure and number of mole may not be the same.
x ) Since the number of mole may not be the same, the number of molecules may also not be the same.
v 3) Since their temperatures are the same, their average molecular kinetic energy must be the same.
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45.

46.

47.

48.

49,

[¢)) As they have equal mass, their number of mole » must be the same.
By PV = nRT, as their pressures P are the same, since X has higher temperature,
the volume of vessel X is greater, thus the molecules in X has greater average separation.

x @) Although the average kinetic energy of gas molecules in X is greater,
but still there are some gas molecules in X that may have kinetic energy less than that of Y,
as the molecules have a range of speed or range of kinetic energy.
x 3) Since the temperature of X is higher, the average speed of gas molecules in X is greater.
Thus, the gas molecules in X hit the wall more vigorously with greater momentum.
To have the same pressure, the collision of gas molecules in X must be less frequently.
Thus the collision frequency in X should be smaller than that in Y.
D
By PV =nRT
L i
V. RT

Since P and T are the same, the ratio /. is the same for the two gases.
14

As the number of gas molecules & is proportional to the number of mole »,

they have the same number of gas molecules per unit volume Al .

1) Under constant pressure, as temperature decreases, volume decreases.
Thus the average separation will decrease as it depends on the volume of the gas.

v @) As the gas is cooled, the temperature decreases, thus KE decreases and r.m.s. speed decreases.
x 3 As the r.m.s. speed decreases, the gas molecules hit the walls less violently.
Thus the gas molecules must hit the walls more frequently so that the pressure is the same.
Therefore, the number of collisions per second of the gas molecules should increase.
C
v (¢)] As the gas is heated, its temperature must increase, thus r.m.s. speed would increase.
v 2) At constant pressure, the gas expands only when temperature increases, thus r.m.s. speed must increase.
x 3) Under constant temperature, average kinetic energy and r.m.s. speed remain unchanged.
D
4 A. By PV=nRT forX:2p)¥V)=nRT andfor Y:(p) 2V)=nRT
the number of mole # in both vessels are the same, thus they contain the same number of molecules.
v B Since average kinetic energy depends on temperature only, same temperature has same average KE.
v C. Since pressure of X is greater, there is a net flow of gas from X'to Y.
* D. Atequilibrium, 2p) (N + () @V) = p’ (+2¥) = p' = %p.
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50. C

By Ex = 3,

. i-T S Bg e T
2 N,
E, _ T, _ (50+273)

= = 1.084 = 108.4%
E T (25+273)

. Kinetic energy increases by 8.4%.
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The following list of formulae may be found useful :

Equation of state for an ideal gas pV=nRT
Kinetic theory equation pV = le &
3
Molecular kinetic energy E, = BIRIL,
2N,

Use the following data wherever neccssary :
Molar gas constant R =831 JK"' mol”
Avogadro constant Na = 6.02 x 10% mol~!

Part A : HKCE examination questions

1. <HKCE 1979 Paper1-4>

(a) The below figure shows a mechanical model for the kinetic theory of a gas.

\

- . Piston

« ° 1L —Ball bearing

—— Vibrating base

As the ball bearings are in motion, the mean separation between the piston and the base is /.

(i) State how the value of # may be affected by increasing the frequency of vibration of the base. (1 mark)

(if) State how the value of # may be affected by adding weights to the piston.

(1 mark)

(iii) State how the value of # may be affected by reducing the number of ball bearings.

(1 mark)

(b) Explain in terms of the kinetic theory of matter, why at constant volume, the increase in the temperature of a gas causes

an increase of its pressure.

(3 marks)




DSE Physics - Section A : Question
HGS : Kinetic Theory

PA-HG5-Q/02

< HKCE 1988 Paper 1 -4 >

The below figure shows a mechanical model of a gas. A large number of ball bearings are set in motion by a vibrating
platform. The ball bearings represent gas molecules.

SSSSS— Disc

. '.T_ Ball bearing

Vibrating platform

Motor

(a) Which property of the gas would be represented in this model by (2 marks)
(i} the weight of the disc; and
(ii) the voltage of the d.c. supply ?

(b) For a fixed amount of gas, when temperature is kept constant, its pressure increases as the volume decreases.
(i) Describe how this behaviour of gas can be demonstrated using the model. (2 marks)

(ii) Describe the change in the average speed of the ball bearings and the frequency of bombardment on the walls in
this demonstration. (4 marks)

(c) In a real situation, gas molecules could keep on moving by themselves without an external energy supply but in this
model energy has to be supplied to the ball bearings continuously by the vibrating platform. Briefly explain this
difference. (3 marks)

(d) A large polystyrene ball is now placed into the cylinder. Briefly describe and explain the motion of the polystyrene ball.
(3 marks)

DSE Physics - Section A : Question
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3.

< HKCE 1989 Paper 1 -4 >

Based on the kinetic theory of gases, explain briefly why the pressure increases as the temperature does. (3 marks)
< HKCE 1990 Paper I -4>
Describe the arrangement and motion of the molecules of the substance in the (4 marks)

(i) solid state, and

(ii) liquid state.

<HKCE 1994 Paper 1-4>

Explain, in terms of the kinetic theory of gases, the increase in the pressure of the gas when the volume decreases at a

constant temperature. (3 marks)
<HKCE 1999 Paper 1-9>
Based on the kinetic theory, explain why the pressure of a gas increases with temperature at a constant volume. (3 marks)

<HKCE 2001 Paper1-2>

Based on the kinetic theory, explain why the gas pressure inside a metal can increases with temperature at a constant volume.
(3 marks)
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Part B : HKAL examination questions 9. <HKAL 2006 Paper1-5>

8. <HKAL 2001 Paper I - 10 >

Two containers X and ¥ with volumes 100 cm® and 500 cm® respectively are connected by a tube of negligible volume as

iston
shown in the figure below. Container X contains an ideal gas at a pressure of 12 x 10° Pa while there is a vacuum in §
container Y. The temperature of the two containers is maintained at 0°C by two separate water baths with melting ice. The cylinder
tap T for controlling gas flow is closed initially containing
ideal gas h=20cm

In the above Figure, an ideal gas is contained in a cylinder fitted with a piston which can move smoothly. The gas has a
X volume of 300 cm?® at an atmospheric pressure of 100 kPa and a temperature of 300 K. The piston is at a height of 20 cm
from the bottom of the cylinder. Given that the molar mass of the ideal gas is 4 g mol™',

i
(a) (i) Find the number of moles of the ideal gas in the cylinder. (2 marks)
Given that the mass of one molecule of the ideal gas is 4.52 x 1072 kg, |
|
(a) Calculate the number of moles of gas in the container X, (2 marks)
(i) Calculate the r.m.s. speed of the gas molecules. (2 marks)
(b) Calculate the root-mean-square speed of the gas molecules in . (2 marks)

i i i i 2 ° il i t 1 .
(©) Now the tap is open and the gas in X flows to ¥. Finally, equilibrium state s achicved. (b) The ideal gas in the cylinder is now heated to a temperature of 90°C while keeping the pressure at 100 kPa.

(i) What is the root-mean-square speed of the gas molecules in ¥ 7 (1 mark) | (i) Tind the equilibrium position of the piston, i.e. its height from the bottom of the cylinder. (2 marks)

(i) What is the common pressure in the two vessels ? (2 marks)

(ii) If the piston is pushed slowly back to the original position by keeping constant temperature, calculate the new
pressure of the gas. (2 marks)

(iii) What is the number of mole of gas in the vessel Y ? (2 marks)
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Part C : HKDSE examination questions

10, <HKDSE Sample Paper IB - 1>

chamber

/

ball
alloon __ |

———— ——— {0 Vacuum pump

A balloon containing 0.01 m* of gas at a pressure of 100 kPa is placed inside a chamber. Air is slowly pumped out from the
chamber while the temperature remains unchanged.

(a) Explain, in terms of molecular motion, how the gas inside the balloon exerts a pressure on its inner surface. (2 marks)

(b) Find the final pressure inside the balloon when its volume is doubled. (2 marks)

(¢) Sketch a graph to show the relationship between the pressure p inside the balloon and the volume ¥ of the balloon.
(2 marks)
p/kPa
K

100

50

0 > V/m?
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11. <HKDSE Practice Paper IB - 1 >

sunlight water storage tank

wooden box
with glass cover

—— warm water outlet

E «+—— cold water inlet

—
direction of
blackened oil flow
copper pipe

The Figure above shows a solar water heating system. The heater is made from a glass-covered wooden box and the copper
pipe inside is painted black. The heater is put on an inclined plane. Oif circulates between the heater and the water storage
tank via the copper pipe.

(a) (i) Explain why the copper pipe inside the box is painted black. (1 mark)
(i) Explain why the wooden box is covered by a sheet of glass. (1 mark)
(it) Explain why the oil circulates in the system in the direction as indicated in the above Figure. (2 marks)

(b) When the oil flows through the pipe in the heater at a rate of 0.3 kg per minute, the temperature of the oil rises from
25°C to 37°C. Determine the power absorbed by the oil.

Given : specific heat capacity of oil = 2500 J kg™ °C™! (3 marks)

(¢) If the wooden box is sealed and made air-tight, how would the air pressure inside change when temperature increases ?
Explain briefly in terms of kinetic theory. No mathematical derivation is required. (3 marks)
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12.

<HKDSE 2012 Paper 1B - 2 >

A gas bubble rises from the bottom of a lake to the water surface. Its radius increases from 0.8 ¢m to 1.0 cm.

(a) Ifthe gas pressure in the bubble at the water surface is 1.01 x 10° Pa, find the gas pressure in the bubble when it is at the
bottom of the lake. Assume that the temperature of the gas in the bubble remains constant. (2 marks)

(b) Use kinetic theory to explain the change in gas pressure in the bubble as its volume increases. (2 marks)

< HKDSE 2014 Paper IB - 2 >

The Figure below shows a basketball connected to an air pump via a short rubber tubing, By pushing the piston inward, the
pump can compress 120 cm? of air inside its barrel at atmospheric pressure and room temperature into the basketball for each
stroke.

short rubber tubing

barrel

basketball

6000 cm?

piston

| Diagram NOT drawn to scale

Initially the volume of air inside the basketball is 6000 cm’ and is at equilibrium with the atmospheric pressure 100 kPa. The
basketball has to be pumped to a pressure of 156 kPa for an official match. Throughout the pumping process, the
temperature of the basketball and the surrounding is assumed to be maintained at room temperature which is constant.

(a) (i) Show that 3360 cm® of air, originally at atmospheric pressure, is required to be pumped into the basketball until
its pressure is suitable for an official match. Assume that the volume of the basketball remains unchanged
at 6000 cm’. (3 marks)

(if) Hence estimate the minimum number of strokes needed to pump the basketball to the required pressure. (1 mark)

(b) Use kinetic theory of an ideal gas to explain the increase of pressure inside the basketball when air is pumped into it.
(2 marks)
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14. < HKDSE 2017 Paper IB - 3 >

The average kinetic energy of one monatomic gas molecule at temperature 7'is given by

where R is the universal gas constant and Na is the Avogadro constant.

A monatomic gas is heated from 300 K to 350 K under fixed volume.

(a) Estimate the ratio of the root-mean-square speed (cr.ms.) of the gas molecules at the two temperatures (M) i
Cems. QL300 K
(2 marks)
|
[
|
| (b) Thus, using kinetic theory, explain why the gas pressure would increase. (2 marks)

! 15. < HKDSE 2020 Paper 1B -2>

Figure 2.1 shows a large gas tank connected with a cylindrical pipe open (o the atmosphere. The pipe is ﬁtted‘
with a smooth piston AB. This well-insulated gas tank is filled with high-pressure steam at a temperature of
237 °C under a pressure of 3.10 x 16° Pa while the movable piston is held stationary by a force /7.

Given; atmospheric pressure = 1.0 % 10° Pa

well-insulated

piston
figure 2.1 indrical oi
high-pressure steam cylindrical pipe open
(237 °C, 3.10 x 10° Pa) to the atmosphere
{a) (i) OnTigure 2.1 indicate the force £, {1 mark)

*(ii) By considering the force acting on the piston 2due to the difference in pressure, find the value of’ Fy
‘The piston has a cross-sectional area of 0.67 m”. (2 marks)




*(jii) Estimate the volume of the gas tank which contains S70 kg steam. You may freat the steam as an
ideal gas. Given: mass of ong molg of steam = 0.018 ke. (3 marks)

(b} This set-up can be used ag a *steam catapult’ to launch jet fighters from an airerafl carrier. A jet fighter in
position to be launched is connected to the pisten vis an inextensible cable as shown in Figure 2.2, When
the holdback behind the jet fighter is released, the high-pressure steam in the gas tank expands and pushes
the piston which in turn helps to accelerate the jet fighter,

Jjet fighter cable attached

to the piston

wre 2.2

: deck of the ajreraft carrier

holdback (for keeping
the fighter stationary
before launch)

4 B Noylindrical pipe

In a trial run of the catapult, a jet fighter (with its engine shut down) aequires a final speed of 54 m s in
1.5 s after running a distance horizontally on the deck. The mass of the jet fighter is 2.6 x 10" kg,

(i) Find the work done by the net force o the jet fghter during launch. {2 marks)

(ii) Calculate the average acceleration of the jet fighter during launch.

*{iti)State whether the acceleration of the jet fighter is increasing, decreasing or uniform during launch.
Explain yowr answer, (3 marks)



.DSE Physics - Section A : Question Solution PA -HG5 - QS /01 a DSE Physics - Section A : Question Solution PA-HG5-QS/02
HGS : Kinetic Theory HGS5 : Kinetic Theory
|
HKEAA's Marking Scheme is prepared for the markers' reference. It should not be regarded as a set of model answers.
Students and teachers who are not involved in the marking process are advised to interpret the Marking Scheme with cars, | 5. Ifthe volume of the gas is decreased at constant temperature,
B N ' distance travelled by the gas molecules between two walls decreases. [
Question Solution . .
Thus the molecules hit the container wall more frequently. 121
l. (& (i) hincreases 11 So the pressure of the gas increases.
(ii) 4 decreases [1]
(iii) 4 decreases [ 6. As temperature increases, the speed of the gas molecules increases. m
The gas molecules hit the wall of the container more violently and more frequently. 2]
(b) When temperature increases, the gas molecules have greater K.E. and move faster. [1] So pressure increases.
They bombard the container wall more violently )
and more frequently. This causes an increase in pressure. [1]
i 7. Astemperature increases, the speed of the gas molecules increases. m
r The gas molecules hit the wall of the container more violently [1]
2. (a) (i) Pressure m I and more frequently. So pressure increases. m
(ii) Temperature 0] |
(b) (i) Add weight on the disc to decrease the volume 2] ! 8. (8 PV=nRT
. 5 -6) = 31 (0+2 1
(if) No change in the average speed of ball bearings. 2] (12 103100 x 10%) = n (8:31) (0 +273) &
Frequency of bombardment on the walls increases 2] | soon = 00529 mol  <accept answer without unit > (1]
(c) Inreal situation, elastic collision between gas molecules and the wall occurs m () PV=131Nme?= T{'(” Naym e
and thus no energy is lost due to collision. [ S (12 10% (100 x 1076 = £ (0.0529 x 6.02 x 10%) (4.52 x 10°%) ¢* [1]
In this model, the collision is not elastic and kinetic encrgy is lost during collisions. m |
¢ =3500ms" [1
(d) The polystyrene ball moves with a zig-zag path (or Brownian motion) m ! OR
since the polystyrene ball is being hit by the ball bearings | —
& t By = [RT - 3(831)(0+273) i
with a random resultant force. 1 M (4.52x107)(6.02x 10™)
¢ = 500ms™! [1]
|
3. When the temperature of a fixed volume of gas is increased, the molecules move faster. m (¢) (i) Asr.ams.speed depends on temperature, and the temperature of gas in vessel Y is also at 0°C.
Thus they hit the container wall more frequently [ | w ¢ =500ms! {1
and more vigorously. [11 (i) Boyle's Law :
This increases the pressure. PV = PV,
i ~ (12 x 10% (100) = P (100 + 500) {1
4. (i) Molecules are arranged in regular structure OR  Molecules are closely packed [1] ! i P = BEID &
Molecules can only vibrate about their mean position. 0] | (i) PV = nRT
(ii) Molecules are not arranged in regular structure OR  Molecules are loosely packed mn ! S (2% 10%) (500 x 1076) = »(8.31) (0 +273) [1]
Molecules can move freely. [1] | s n = 0.0441 mol m
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9. (@ (O PV=nRT 11. (b) Pt= mcAT i
= (100 x 10%) (300 x 107%) = £ (8.31) (300) [ | P (60) = (0.3) (2500) (37 - 25) [1]
. n = 0.012 mol i ' P=150W 1]
(i) PV =3Nmc*= tMc* = tnMyc? (¢} The pressure increases when temperature increases. [1]
~ (100 % 10%) (300 x 1076 = %(0.012 x4x107%) ¢? [ ’ As temperature increases, the average speed of the gas molecules increases. [
e =1370ms™! 1 The air molecules will then hit the wall of the box more violently and more frequently. 1]
o Lol il
] ! z 12. @ PPVi=hPV [1]
; L I w h=242cm 1 ‘ P mx (0.8 = (1.01 x 109 [ 4 7 x (L.0)Y]
(300)  (90+273) 8 4
. PL =197 x10°Pa [1]
(ii) Since the process is slow, the temperature is constant.
PVi=PV, 1 : (b) Volume increases as the bubble rises but the average speed of the gas molecules remains unchanged, [1]
(100) (24.2) = P, (20) - P, =121 kPa 1 ! therefore the frequency of collision on the bubble’s inner surface decreases, thus the gas pressure decreases. [17
i 10. (a) The gas molecules collide with the surface of the balloon and rebound, [i] I 13. (a) (i) ByBoyle’sLaw,
: it results in momentum change and thus gives pressure to the surface of the balloon. m | Py Vi= P V> (1]
b)) pm =mph [ _ (100) (6000 + ¥5) = (156) (6000) [1j
(100) (0.01) = p2 (0.02) 5 p2 = 50kPa 1 ! o Vo = 3360 cm® [
|
© / kP - iy v = 33603 i
| P a 120
| 150 & |
| \ <acurve > [1]
! (b) As volume and temperature of the gas remain unchanged, [1]
|
i 100 < the curve passing the 0.01 and 0.02 points > f11 ' the increase of pressure is due to the increase of number of air molecules hitting the wall per unit time. [13
|
| OR
! 50
P~ : As the number of air molecules increases, . [
| the frequency of collision of molecules with the walls increases, thus pressure increases. [1]
» 3
0 001 002 003 Vim .
| [ 31 R 1, .
11. (a) (i) A black surface is a good absorber of radiation. 1 | 4. @ E = E[]_V—]T = Em 4 wew AT (i
A
(i) A cover can reduce heat loss due to convection of air, m . ¢, At350K 350 0
o (Crms = [22Y = 108 i
OR ' (c,_m 300K’ V300
A cover can trap heat by greenhouse effect. m l
(i) Th | (b) As the temperature increases, the speed of the gas molecules increascs. 1
iii) The oil in the copper pipe inside t i i
pper pipe inside the box is heated, becomes less dense and rises. [1] Gas molecules hit the walls of the container more violently and more frequently. m

The cooler and denser oil from the pipe in the storage tank will move downwards to replace the heated oil. 11 Thus, the pressure increases






