DSE Physics - Section A : M.C. PA-HG4-M/01

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
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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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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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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
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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
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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
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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
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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
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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
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11.

12.

13,

15.

16.
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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
HG4 : General Gas Law
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,
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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
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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
HG4 : General Gas Law

PA-HG4-Q/05

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)
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[ 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)

DSE Physics—SectionA :Question PA-HG4 -QI 13
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i)

“

<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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1, - 3 u
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




15 <HKDSE 2019 Paper IB -2 >

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)



DSE Physics - Section A : Question Solution
HG4 : General Gas Law

PA-HG4-QS/03

DSE Physics - Section A : Question Solution PA-HG4-QS/02
HG4 : General Gas Law
(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



HGA : General Gas Law | HG4 : General Gas Law
- @ 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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HG4 : General Gas Law
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

Hong Kong Diploma of Secondary Education Examination

Physics ~ Compulsory part (54153 %)

Section A — Heat and Gases (352 §.8)

1. Temperature, Heat and Internal energy GBA& ~ #4o X )
2. Transfer Processes (# i 45 #42)

3. Change of State (5 a2 #)

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£)
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Physics — Elective part (4538 2-)

Elective 1 — Astronomy and Space Science (& 30 % fu 4 X #+ %)
1. The universe seen in different scales (F F ZMIERE F W F § @)

2. Astronomy through history (& st & &) & %)

3, Orbital motions under gravity (& # F #) $hiti 3 %)

4. Stars and the universe ({2 % f0 52 %)

Elective 2 — Atomic World (& 7 %)

1. Rutherford’s atomic model (& & & B -F# 1)

2. Photoelectric effect (£ ¥ 18)

3. Bohr’s atomic model of hydrogen (s f # £.& F#4)
4. Particles or waves (i F i)

5, Probing into nano scale (F#R #5k#5%)

Elective 3 — Energy and Use of Energy (ft ##of ey 1)
1. Electricity at home (£ 5 A &)

2. Energy efficiency in building (3 7% &4 #5232 )

3. Energy efficiency in transportation (ZE#) ¥ &5 feiRac #)

4. Non-renewable energy sources (7 T # 4 f5iR)

5. Renewable energy sources (= # 2 #it J%.)

Elective 4 — Medical Physics (% #4532 4)

1. Making sense of the eye (#h&y & &)

2. Making sense of the ear (F- &8, &)

3. Medical imaging using non-ionizing radiation (Jk % Mea 4t % £ ¥ 4
4. Medical imaging using ionizing radiation (% #4541 B4 $44)






