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TOPIC 10 Ideal Gases 


1 A large tank contains water at a uniform temperature to a A n 
depth of 20 m. The tank is open to the atmosphere and 
atmospheric pressure is equivalent to that of 10 m of water. 
An air bubble is released from the bottom of the tank and p p p(lrises to the surface. ~ 
Assuming surface tension effects to be negligible, the 

v V vvolume of the air bubble 

D EA halves before it reaches the surface. 


D doubles before it reaches the surface. 


C remains constant. P 
 P 
D doubles before it rises 10 m. ~ ~ 

E halves before it rises 10m. J76/Jl/26 

v v N76/J1/29 
2 A tixed mass of gas at constant pressure occupies a volume 

V. The gas undergoes a rise in temperature so that the root 5 The r.m.s. speed of hydrogen molecules is v when at a 
mean square velocity of its molecules is doubled. The new temperature of 300 K. What is its value at a temperature of 
volume will be 450 K? 

V A 	 vI 1.5A 
2 n vIlli 
Vn 	 C vllifi 

D 1.5 v 
C v..f2 

E 2.25 v 	 N7611I137
D. 2V 

E 	 4V J76/11/36 6 The pressure of a fixed mass of gas at constant volume is 
greater at a higher temperature because the 

3 Which one of the following graphs most correctly illustrates 
A molecules collide with the container walls more

the variation of the product (pressure x volume) for an ideal 
frequently.

gas with thermodynamic temperature? 
n number of intermolecular collisions increases. 

A n C C molecules travel greater distances between collisions 
with one another. 

D size of each individual molecule increases. 

E energy transferred to the walls during collisions 
increases. 

177/11/39
0 

T T 
7 In the diagram the volume of bulb X is twice that of bulb Y. 

EPV 	 The system is filled with an ideal gas and a steady state is 
established with the bulbs held at 200 K and 400 K. 

o~
0'-------- T T 

N76111/27; J82/11126 

4 A vessel fitted with a tap contains air at a pressure a few 
times greater than that of the atmosphere. The tap is opened There are x moles of gas in X. 

for a short time and then closed. The vessel is left until the How many moles of gas are in Y? 

pressure inside becomes constant. Which one of the 
following graphs represents the variation of pressure with A x 

"4 n x 
2 

C x D 2r 

volume for the air left in the vessel? N77/II131; J81111128; J200011/26 
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8 	 At a certain temperature, the average speed of the molecules 13 The two curves ~hown below ale iSOIhl'1 J11S for:l fixed mas~ 
of an ideal gas is c. If the temperature of the gas is changed of an ideal gas 
so that ils pressure is halved while keeping its volume 
constant, then the average speed of the molecules becomes 4 . 

A C/4 
n C/2 

C c/{2 

D c{2 
E 2c 178111/38 

9 	 Half a mole of ideal gas occupies x m' at a pressure .l' Pa. 
R (=8.34 J K- I mol-I) is the molar gas constant. The 
temperature of the gas is 

x)'A 8.34 K 

.\)'n 16.68 K 

8.34 KC 
xy 

16.68 KD 
xy 

E ~K 	 N78/1II27
4.17 

10 Three particles have speeds of 211, 1011 and I III Which one 
of the following statements is correct? 

A The r.m.s. speed exceeds the mean speed by about III. 

n The mean speed exceeds the r.m.s speed by about III. 

C The r.m.s. speed equals the mean speed. 

D The r.m.s. speed exceeds the mean speed by more than 
211. 

E The mean speed exceeds the r.m.s. speed by more than 
211. 

N78111138 

11 The temper:lIure at which the Lm.s. speed of nitrogen 
molecules is twice as great as their r.m.s. speed at 300 K is 

A 425 K 
B 600K 
C 1146 K 
D 1200 K 
E 2292 K 179/11/36 

12 The speeds of nine particles are distributed as follows: 

speed/m S-I 1.0 2.0 3.0 4.0 5.0 6.0 

no. of particles I 4 I 

The root mean square speed is 

A 
B 
C 
D 
E 

1.2 m 8-1 
3.0 m S-I 
3.3 m s-I 
3.6 m S-I 

10.9 m S-I J79111138 

1\ 
\ \ 
\ ~ K 

~ T1r- 

2 3 
Vlm3 

What is the ratio 

r.m.s. speed of the molecules at temperature T2 
------~----------------~------=-? 

r.m.s. speed of the molecules at temperature TI 

A -{2 D 4 
n 2 E 16 
C 2-{2 J801ll/39; J8511/23 

14 The equation pVm = RT is the equation of state for 

A any mass of ideal gas. 

B one mole of ideal gas. 

C one mole of a real gas. 

D one kilogram of ideal gas. 

E one kilogram of monatomic gas. N80/11130 


15 Which one of the following is essential if the equation 
fJ Vm = RT is to obeyed well by a real gas? 

A Changes should be adiabatic. 

B Changes should be isothermal. 

C Temperatures should not exceed 273.16 K. 

D Volumes should be small. 

E Pressures should be low. J81/11132 


16 The root-mean-square speed of the molecules of an ideal gas 
is c. If the gas is heated at constant volume so that its 
pressure is increased from fJ to 3/1, what does the root-mean
square speed become? 

A (1/9) c 	 D 3c 
B c 	 E 9c 
C ({3)c 	 J81111/38; J88/1/25 

17 What is the approximate number of atoms in a cubic metre 
of an ideal monatomie gas at a temperature of 27°C and a 
pressure of I x 105 Pa? 

A I x 1022 

B 6x 102:1 
C 2x 1025 

D 3 X 1026 J82111139; 192/1126; N95/1124 
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18 Two vessels X and Y, of volumes Vx and Vy• are kept at 
h'~peratures Tx and Ty. They are tilled with the same ideal 
gas and are connected by a narrow tube. 

What is the ratio 	 number of molecules in X ? 
number of molecules in Y 

A n c D 

N82/11/28; 19911125 

19 A mixture of two gases at constant temperature contains 
molecules of two kinds, the first of mass 1711 and r.m.s. speed 
('I' the second of mass 1712 and r.m.s. speed ('2' What is the 
v<llue of Cl/c2 ? 

A 	 1111/1112 

I 

n (1111 /111 2)2 

c I 
.1 

D (1112 /111 1)2 

E 	 111211111 N82111/38 

20 An ideal gas exerts a pressure of 60 Pa when its temperature 
is 400 K and the number of molecules present in unit volume 
is N. Another sample of the same gas exerts a pressure of 
30 Pa when its temperature is 300 K. How many molecules 
are present in unit volume ofthis second sample? 

A 4NI3 
n 3NI2 
c 3NI4 
D 2NI3 
E NI2 183/11/26; J86/1123 

21 	The relationship between pV. the product of pressure p and 
volume V, and p for a sample of gas at a given temperature is 
shown by the isotherm marked (i) in the diagram below. 

pV 
2xr------------------- (i) 

x - - - - -	 - - - - - - (ii) 

o~----------------p 
Fig. 2 

Isotherm (ii) would apply if 

A 	 the mass of gas was doubled. 

n 	 the thermodynamic temperature of the gas was 
doubled. 

the thermodynamic temperature of the gas was halved. 

D the mass of gas was doubled and its thermodynamic 
temperature was halved. 

E the mass of gas was halved and its thennodynamic 
temperature was also halved. N83/I1128; N8611/22 

22 The average kinetic energy of the molecules of an ideal gas 
in a closed, rigid container is increased by a factor of 4. 
What happens to the pressure of the gas? 

A It remains the same. 

n It increases by a factor of 2. 

c It increases by a factor of 4. 

D It increases by a factor of 8. 

E It increases by a factor of 16. N83/11/37 

23 Argon and neon are monatomic gases with relative atomic 
masses of 40 and 20 respectively. The ratio 

number of atoms of argon in one mole 

number of atoms of neon in one mole 

is 

A always 2. 

n 2 only if both gases are at the same temperature and 
pressure. 

C 2 only if the gases are at temperatures where both are 
solidified. 

D always I. 

E I only if both gases are at the same temperature and 
pressure. 

N83/I1138 

24 The values of pV, the product of pressure and volume, used 
in the determination of thermodynamic temperature with a 
gas thermometer are those in which actual measurements 
have been extrapolated to zero pressure. 

This procedure is followed because 

A 	 measurements of p and V are more accurate at low 
pressure. 

n 	 extrapolating helps to eliminate errors made in 
measuring p and V. 

C 	 it was found that temperatures so detined agreed with 
the established eentigrade temperature scale. 

D it is impossible to make measurements at 0 K. 

E at near zero pressure at gases behave ideally. 
184/11126 

2S A narrow tube, closed at one end. contains a column of dry 
air that is trapped by mercury. 
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Which diagram best shows the variation of the length I of the 
air column with the angle eof the tube to the vertical? 

A 

1 1 
o 180 360 or 

n :~ 
o 180 360 or 

C :~ 
o 180 360 or 

D :h==<=: 
o 	 180 360 or 

J84/11/28; N20ooll/22 

26 The temperature of I kg of hydrogen gas is the same as that 
of I kg of helium gas if 

A the gases have the same internal energy. 


n the gases radiate energy at the same rate. 


C the gas molecules have the same root mean square 

speed. 

D the gas molecules have the same mean translational 
kinetic energy. 

E the gas molecules occupy equal volumes. 
J84/1I/38 

27 In the expression below. R is the molar gas constant, 
p is pressure, T is thermodynamic temperature, NA is the 
~vogadro constant, II is the amount of substance, k is the 
Boltzmann constant, and //I is the mass of gas. Which one of 
the expressions is correct for the molar volume Vm of an idea 
gas? 

A RTlp 
n NARTlp 
C nRTlp 
D IIkTlp 
E mRTlp N84/11/26 

28 Which one of the following correctly gives the approximate 
values for the diameter d of a water molecule. its root mean 
square speed v at room temperature, and the number density 
II of molecules in water? 

dIm vim S-I II/cm-J 


A 3 x 10- 12 20 3 X 102~ 


n 3 x 10-12 600 3 X 102H 


C 3 x IO-j() 600 3 X 1022 

D 3 X 10-H 20 3 X 1025 

E 3 X IO-K 600 3 X 102H J8511122 

29 Oxygen molecules in the Earth's atmosphere have a rool 
mean square speed of about 500 m S-I. If the relative 
molecular mass of oxygen and helium are 32 and 4 
respectively, what is the best approximation to the root mean 
square speed of a helium molecule in the atmosphere? 

A 180 m S-I D 2000 m S-I 

n 1000 m S-I E 4000 m 5- 1 

C 1400 m S-I N85/1/22 

30 In the derivation of the relationship between the pressure, the 
number density of molecules and the mean square speed of 
the molecules of an ideal gas, which of the following is 110/ 

an essential assumption? 

A that the number of molecules per unit volume is large 

n that the molecules are in continuous random motion 
C that all collisions are elastic 

D that there are no intermolecular forces of attraction 

E that the average kinetic energy of a molecule is propor· 
tional to the temperature of the gas 

J86/1/22; J98/1/25 

31 A temperature may be measured by using a constant-volume 
gas thermometer and measuring the pressure of the gas both 
at the triple point of water and at the unknown temperature. 
Which one the following procedures is necessary if two gas 
thermometers, using different real gases, are to agree? 

A Use gases of the same density in both thermometers. 

n Use gases of the same specitic heat capacity in both 
thermometers. 

C Take readings at very low pressures in both thermo
meters. 

D Use the same mass of gas in both thermometers. 

E Use the same volume of gas in both thermometers. 

N86/1123 

32 A gas cylinder is fitted with a safety valve which releases 
a gas when the pressure inside the cylinder reaches 
2.0 x 106 Pa. Given that the maximum mass of this gas the 
cylinder can hold at 10°C is 15 kg, what would be the 
maximum mass at 30 °C? 

A 5.0 kg D 16kg 
n 14kg E 45 kg 
C 15 kg N87/1122 

33 After the pressure of the air in a bicycle tyre has been 
increased slightly by pumping air into it, the number of 
moles of air in the tyre is found to have increased by 2 %, 
the thermodynamic temperature by I % and the internal 
volume of the tyre by 0.2 %. 

By what percentage has the pressure of the air in the tyre 
increased? 

A 0.4% D 3.2% 
n 1.2 % E 10% 
C 2.8% J89/1/24; N93/1/24 
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34 A surface is bombarded by panicles, each of mass Ill, which 
have velocity v normal to the surface. On average, II particles 
strike unit area of the surface each second and rebound 
elastically. What is the pressure on the surface') 

A 111111' D 1/21l/llV2 

n 2111/1 I! Ell/II v1 

1/3111/1 v2 N89/I/24 

35 	III :1 ITIlxture of two monatomic gases X and Y in thermal 
elluilibrium, the molecules of Y have twice the mass of those 
of X. The mean translational kinetic energy of the molecules 
of Y is 6.0 X 10-21 J. 

What is the mean translational kinetic energy of the 
molecules of X'l 

A 3.0 X 10-21 J D S.5 X 10-21 J 
B 4.2 X 10-21 J E 12 X 10-21 J 
C 6.0 X 10-21 J N90/l/25 

36 In deriving the equation p = ~P < c2 > in the simple kinetic 

theory of gases, which of the following is not taken as a 
valid assumption'? 

A Attractive forces between the molecules are negligible 
n The volume of the molecules is negligible compared 

with the volume of the gas. 
e The duration of a collision is negligible compared with 

the time between collisions. 
D Collisions with the walls of the container and with other 

molecules cause no change in the average kinetic energy 
. of the molecules. 

E The molecules suffer negligible change of momentum 
011 collision with the walls of the container. J91/l/24 

37 Five molecules are moving with the speeds and direction~ 
shown. 

-0 -0 0- 0- 0
300 m S-I lOOms-I 100 m S-I 300 m S-I 500 m S-I 

What is the root mean square (r.m.s.) speed ot these 
molecules? 

A 100 m S-I n 224 m 5- 1 e 300 m S-I D 500 ms-I 

N91/I/25; N97/1/25 

38 One way of expressing the equation of state for an ideal gas 
is by the equation 

pV= NkT 

What do Nand k represent') 

N 	 k 

A A vogadro constant Boltzmann constant 
n A vogadro constant molar gas constant 

total number of molecule5 Boltzmann constant 
D total number of molecules molar gas constant 
E total number of moles Boltzmann cons tart 

39 The ~imple kinetic theory of gases Illay be used to derive the 
expression relating the pressure p to the density p of II gas. 

I' =J...3 
p <c2> 

In this expression, what docs <c2>. represent? 

A the average of the squares of the specds of the gas 
molecules 

B the most probable vailic of the squares of the specds of 
the gas molecules 

C the root-mean-square spced of the gas molccules 

D the squar.' of the average speed of the gas molecules 
J94/1/25 

40 Four gas molecules have the speeds shown. 

1 sI'eed/l02 ms 1 11.0 13.0 15.0 17.0 1 

What is their root-mean-~quare speed? 

A 2.0 x 102 ms-1 

n 2.3 x 102 ms- I 

e 4.0 x 102 ms- I 

D 4.6 x 102 ms· 1 J96/1125 

41 The molecules of an ideal gas at thermodynamic (absolute) 

temperature T have a root-mean-square speed CLm.s. 


The gas is heated to temperature 2T. 


What is the new root-mean-sl]uare speed of the molecules? 


A --J2 Cr.m.s C 2..J2c r.m.s 

n D 4(.' N96/1/252 c r .llI.s 	 r.m.s. 

42 The pressure I' of a gas occupying a volume V and 
containing N molecules of mass 111 and mean square speed 
<c2> is given by 

The density of argon at a pressure of 1.00 x 105 Pa and at a 
temperature of 300 K is 1.60 kg m-~. 

What is the root mean square speed of argon molecules at 
Ihis temperature? 

A 216 ms- I C 306 ms- I 

n 250 ms- I D 433 ms- I J97/1/25 

43 Air is enclosed in a cylinder by a gas-tight, frictionless 
pIston of cross-sectional area 3.0 x 10-) m2. When atmos
pheric pressure is 100 kPa. the piston settles SO mm from the 
end of the cylinder (see diagram I). 

diagram 1 


80 mm / piston
ru,{ .~~-t. 

J93/1/25 
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The piston is then pulled out until it is 160 mm lrom the 
end of the cylinder (see diagram 2) and is held there. The 
temperature of the air in the cylinder returns to its original 
value. 

diagram 2 

160mm ,. 'I 

What is then the force F required to hold the piston in its 
new position? 

A 150N e 300N 
n 200N D GOON N9811125 

44 A kinetic theory formula relating the pressure {1 and the 
volume V of a gas to the root-mean-square speed of its 
molecules is 

I NIIl ,
P=3V<c>. 

In this formula, what does the product NIIl represent? 

A the mass of gas present in volume V 

n the number of molecules in unit volume of the gas 
e the total number of molecules in one mole of gas 

D the total number of molecules present in volume V 
N99/1/25 

45 A student ohserves the Brownian motion of smoke particles 
in air. Which statement explains the movement of the smoke 
particles? 

A Smoke particles are more dense than air molecules. 

n There are convection currents in the air. 

e The smoke particles are bombarded by moving air 
molecules. 

D The smoke particles collide with one another. 
J20001l/22 

46 The simple kinetic theory of gases may be used to derive the 
expression relating the pressure p to the density pof a gas. 

p =1/3 P <c2 > 
In this expression, what does < c2 > represent? 

A the average of the squares of the speeds of the gas 
molecules 

n the root-mean-square speed of the gas molecules 

e the square of the average speed of the gas molecules 

D the sum of the squares of the speeds of the gas 
molecules N200011/26 

47 One mole of an ideal gas at s.t.p. occupies 2.24 x 10-2 mJ. 

Assuming that hydrogen behaves as an ideal gas, estimate 
the average distance between the molecules in a tlask of 
hydrogen at s.t.p. 

(The A vogadro constant = 6.02 x 1023 mol-I.) N76/I110 

48 A unitorm capillary tube, closed at one end, contained air 
trapped by .1 lbreado! mercury 85 mm long. When the lUbe 
W:lS held hurizontally, the length of the air column was 
50 nlll1, when 11 was held vertically with the closed end 
downwards, the length was 45 lT111l. Find the atlT10spherir 
pressure. 

[Take g = 10m S-2; density 01 mercury = 14 x 101 kg m-·1.] 
N77/I/X 

49 Estimate the number of molecules in a flask of volume 
5 x 10-4 m) containing oxygen at a pressure of 2 x 105 Pa 
and a temperature of 300 K. 

[Take the molal gas constant R as 8 J mot l K- I and the 
A vogadro constant L(NA) as 6 x 1023 mol-I.] 

N78/1112 

50 Taking the molar gas constant to be 8 JK- I mol-I, estimate 
the molar volume of a gas at 300 K and at a pressure of 
I x 105 Pa. 

The volume ot a smgle molecule of the gas is estimated to be 
2 x 10-29 mJ . What fraction of the volume orcupied by the 
gas is empty space? 

[Take the A vogadl 0 constant, L, to be 6 x 102J mol-I.] 
J80/l/9 

51 N molecules of a monatomic ideal gas are contained in a box 
at pressure p and temperature T. What is the total internal 
energy of the gas in term~ of N, T and the Boltzmann 
constant k? 

An additional N molecules of the same gas are added to the 
box in such a way as to keep the internal energy constant 
at its initial value. What happens to (a) the temperature. 
(b) the pressure, of the gas? J81/1/11 

1 

52 The speed of sound in a gas is given by c = {yplp)2. where 
y is the ratio of the principal heat capacities of the gas. fI 
is its pressure, and p is its density. Using the ideal gas 
equation pVm = RT, derive another expression for c in terms 
of T and M, the molar mass of the gas. Is it necessary to 
quote the temperatu re and pressu re in the resu I ts 0 f ex peri men ts 
to find the speed of sound? N82/1/5 

53 In order to achieve a fusion reaction between deuterium 
nuclei, temperatures of the order of I x 107 K must be 
attained. Estimate the mean speed of (!euterium nuclei at this 
temperature 

[Take the Boltzmann constant. k. as 1.4 x 10-23 JK- l and the 
mass of a deuterium nucleus as 3.3 x 10-27 kg.] 

N8211112 

54 Find to two signi fieant figures the ratio of the total 
translational kinetic energy of the molecules in 1.0 mol of 
an ideal gas at room temperature (17 °e) to the average 
kinetic energy of a sprinter. a mass 70 kg. while running 
100 min 10 s. NB5/1113 
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55 (a) 	 Find the volume occupied by one mole of an ideal 
gas at a temperature. of 290 K and a pressure of 
l.Ox 105 Pa. 

(b) 	 The diameter of a molecule of this gas is 2.S X 10-111 m. 
What fraclion of the volume you have calculated in 
(a) above do the molecules occupy? 

J87/11/4 

56 An experiment is carried out inside a vacuum system in 
which the pressure is 1.0 X 10-7 Pa and the temperature is 
20°C. Estimate the number of gas molecules per cubic 
metre in the system. {3] 

N87/1113 

57 A container holds a mixture of hydrogen and oxygen in 
thermal equilibrium at a temperature of SOD K. Find the 
mean translational kinetic energies of both types of molecu Ie. 
Given that the mass of a hydrogen molecule is 3.34 x 10-27 kg 
and the oxygen molecule is 16 times more massive, tind 
the r.m.s. speeds of both types of molecule. [7] 

J88/IIIS 

58 At the triple point of water the pressure of a tixed mass 
of gas is 2680 Pa. The temperature is changed to T while 
the volume of the gas is kept constant. The pressure is then 
4870 Pa. 

(i) 	 Find the value of T. 

(ii) 	 What is the advantage of making this determination at 
such a low pressure? 	 [S] 

J891H/3 

59 An ideal gas has volume 0.50 mJ at pressure 1.01 x 105 Pa 
and temperature 17 "C. 

(a) (i) Define pressure. 

(ii) State a unit, other than pascal, for pressure. [2] 

(b) Calculate, for this gas, the number of 

(i) moles, 

number=....................................................... . 


(ii) 	 molecules. 

number = .................................................. [S] 

(e) 	 Each molecule may be considered to be a sphere of 
radius 1.2 x IO-"'m. Calculate 

(i) 	 the volume of one molecule of the gas, 

volume =...................................................m3 


(ii) 	 the volume of all the molecules. 

volume = ............................................. m3 [2] 

(d) 	 (i) State the assumption made in the kinetic theory of 
gases for the volume of the molecules of an ideal 
gas. 

(ii) 	 Comment on your answer to (e)(ii) with reference 
to this assumption. 	 [3] 

J97/11/4 

60 (b) 	 The gas in a constant volume gas thermometer has a 
pressure of 3.78 x 104 Pa when the temperature is 
273.2 K. Calculate the temperature of the gas when 
its pressure is 4.03 x 104 Pa. assuming the gas is 
ideal and its volume is constant. [2] 

N97/I1/7 (part) 

Lollg Questiolls 

61 O.2m O.3m ... 	 .. .. .. 

O.5m.. 	 .. 
Fig. 1 

A cylinder, 0.50 m long and of cross-sectional area S, closed 
at each end, is titted with a smooth thermally insulating 
piston, so as to contain gas in each end A and B (Fig. I). 
Initially, the piston is in equilibrium at a distance of 0.20 m 
from one end of the cylinder, and the gas in each 
compartment is at a temperature of 27°C. The temperature 
of the smaller volume of gas, A, is now increased to 177 °C, 
while that of the gas in the larger volume B is maintained at 
27°C. The piston moves through a distance x until a new 
position of equilibrium is obtained. 

(a) Write down the equation relating the initial and tinal 
pressures, volumes and temperatures of the gas in A. 

(b) Write down the equation relating the initial and tinal 
pressures and volumes of the gas in B. 

(e) Hence tind the new position of equilibrium. 
N761111S (part) 

62 The simple microscopic mod~of an ideal gas may be used 
to derive the relation p = 1/3pe2. By comparing this equation 
with the ideal gas equation "VI11 = RT, tind an expression for 
the temperature of a gas in terms of the average kinetic energy 
of the molecules and the Boltzmann constant. 

N7611117 (part) 

63 (a) 	 List the basic assumptions of the kinetic model of a 
gas. 

(b) 	 List the simplifying assumptions usually made to 
obtain the relation p = l~lPC2 between the pressure and 
the density of an ideal gas. 

(e) 	 Explain the mea!!ing of the symbol e2• Give the 
equation relating pc2 to temperature. 

J7711116 (part) 

64 (e) 	 Starting from the ideal gas equation p = '/3pe2 and 
pVm = RT, obtain an expression for the temperature T 
of an ideal gas in terms of the total translation kinetic 
energy E of the molecules in one mole. 
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Estimate the speed at which a person of mass 80 kg 
would need to run to possess a kinetic energy equal to 
the total molecular translational kinetic energy of one 
mole of an ideal gas at room temperature. 

[Take the molar gas constant R to be 8 J K-I mol-I.] 
179/1/15 (part) 

65 (a) 	 Using the ideal gas equation and the kinetic theory 
equation P = 1/3rJCi, derive an expression for the root
mean-square speed of the molecules of a gas in terms 
of the molar mass M, the temperature T and the molar 
gas constant R. 

N8l/l117 (part) 

66 State the principal assumptions of the kinetic theory of gases. 

Without mathematical treatment, use the molecular model of 
a gas to explain the following phenomena. 

(a) 	 The pressure rises if the volume containing a given 
mass of gas is reduced, the temperature remaining 
constant. 

(b) 	 The temperature rises if the gas is compressed in a 
thermally-insulated container. 

Describe an experiment to investigate the relation between 
the pressure P and the volume V of a fixed mass of air at 
room temperature. How would you display your results 
graphically to demonstrate their agreement (or otherwise) 
with the relationship that applies for a perfect gas? 

The pressure of a mass m of an ideal gas, undergoing the 
compression described in (b) above, increases from PI to P2 
as its volume is decreased from VI to V2; the corresponding 
temperature increase is from TI to T2• Write down equations 
linking (i) PI. VI and TI , (ii) PI' P2' VI and V2, defining any 
additional symbols you use. 

N82/I116 

67 State two pieces of evidence for believing that matter is 
made up of molecules. 

Write down your estimate of the approximate distance 
between neighbouring atoms or molecules in a typical solid. 
Given that gases have densities about a thousand times less 
than those of solids, what deduction can you make about the 
approximate distance between molecules in a gas? 

The assumptions of the simple kinetic theory of gases 
include: 

(i) 	 gases are made up of many molecules moving at 
random; 

(ii) 	 the collisions of the molecules with the walls of the 
containers are elastic. 

What experimental evidence is there that these assumptions 
are reasonable? 

Use 	simple kinetic theory to show that the pressure p 
of an ideal gas is related to its density p by the equation 

P = l~lP< t? >. 

By comparing this equation with the- ideal gas equation 
P V m = RT, find an expression for the temperature T of an 
ideal gas in terms of the mean-square molecular speed < c2 > 
and the molecular mass m. Define any other quantity that 
appears in your expression. 

The temperature of an ideal gas is increased from 27°C to 
28 °C. Find the fractional change in the root-mean-square 
speed of its molecules. 

N84/l/l7 

68 The N molecules of a gas have speeds VI' V2' ... VN' Write 
down expressions for (i) the mean speed, (ii) the root-mean
square speed of the molecules. 

The mean square speed < c2 > of the molecules of an ideal 
monatomic gas is related to the pressure P by the kinetic 
theory equation P =1/3 11m < c 2 >. 

(a) 	 In this equation, what do the symbols Il and III 

represent? 

(b) 	 Starting from this equation, and making use of the ideal 
gas equation pVm = RT, find an expression for the root
mean-square speed in terms of R, T and the molar mass 
M of the gas. 

(e) 	 Hence find the internal energy U of x moles of the gas 
at temperature T. 

(d) 	 Sketch labelled graphs to show how U depends on 
(i) the temperature T of the gas, (ii) its volume V. the 
temperature remaining constant. 

A thermally-insulated container is divided into two sections 
by a thermally-insulating partition. One section contains 
3·0 mol of neon at 400 K, and the other 1·0 mol of neon at 
600 K. The partition is then removed. Find the equilibrium 
temperature of the neon, assuming that it behaves as an ideal 
monatomic gas. 

What would be the final equilibrium temperature if, instead 
of neon, the second section contained 1·0 mol of argon at 
600 K? (Assume that argon also behaves as an ideal 
monatomic gas.) If the root-mean-square speed of the neon 
molecules is V at this equilibrium temperature, what is the 
root-mean-square speed of the argon molecules in the 
mixture? 

[Relative atomic masses: neon, 20; argon, 40.] 
J8511I1l0 

69 (b) 	 The temperature T of an ideal gas at pressure {J is 
defined by the equation 

P = IlkT. 

(i) 	 Identify the quantities II and k in this equation. 

(ii) 	 Write down another equation from kinetic theory 
involving p. 11, the mean square speed < e2 > of 
the molecules, and the mass III of a molecule. 

(iii) 	 Hence find an expression for the root mean 
square speed of the molecules in terms of k. T and 
Ill. 
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A certain plasma contains hydrogen ions 
(protons) and electrons in thermal equilibrium. 
Both protons and electrons can be assumed to 

,behave as the molecules of an ideal gas. The root 
mean square speed of the electrons in the plasma 
is estimated to be 3 x 106 m s-'. 

(iv) 	 What is the root mean square speed of the 
hydrogen ions? 

(v) 	 Estimate the temperature of the plasma. 
J86/1I/10 (part) 

70 One mole of an ideal gas is confined in a cubical container 
of side a. The number density of the molecules (the number 
per unit volume) is n, and the mass of each molecule is m. 
In a simple model the system may be assumed to behave as 
if at any instant one-sixth of the molecules in the container 
are moving with speed c directly towards each of the faces of 
the cube. 

(a) 	 Show that the number of molecules hitting a cube face 
per unit time is '16 na2c. 

(b) 	 Hence show that the pressure p of the gas is given by 

p =l~lnmc2. 

(c) 	 The ideal gas equation is pVm =RT, where Vm is the 
volume occupied by one mole, R is the molar gas 
constant, and T is the absolute temperature. By 
comparing this equation with that in (b) above, show 
that c is given by 

where NA is the Avogadro constant. 
(d) 	 Use the ideal gas equation to find an expression for the 

number density n in terms of R. T. p and NA' 

(e) 	 In a more detailed approach. the mean square speed 
< c2 > takes the place of c2 in the expression for the 
pressure in (b) above. Given two reasons why this is an 
improvement on the simple theory. 

In an experiment to investigate the reaction of oxygen with 
a clean metal surface. a vessel containing the metal 
sample was first evacuated to a very low pressure. Oxygen 
was then allowed to enter the vessel slowly. and some gas 
71rutt.'CIlM ~ftdl1tt; lltcdL'lIeb 'Ct} ·hR; -1lI~nll. "'l'lifliprut.:t:ss 
continued until there was an equilibrium between the rate of 
attachment to the metal and the rate at which the oxygen 
entered the vessel. When this equilibrium was established. 
the pressure in the vessel was constant at 1.3 x IQ-4 Pa at a 
temperature of 290 K. 

Assuming that the expressions derived above apply to 
oxygen. find the number of molecules per second hitting the 
metal surface. of area 40 mm2• 

For every three oxygen molecules incident on the sample 
surface, one becomes attached to it permanently. If each 
oxygen molecule thus attached occupies an effective area of 
3.0 x 10-211 m2• estimate the time taken for a uniform layer of 
oxygen one molecule thick to be formed on the metal. 

(Mass of oxygen molecule = 5.3 x 10-26 kg.) N86/1II10 

71 (a) 	 State the assumptions of the kinetic theory of gases. [5] 

(b) 	 The kinetic theory predicts that the pressure exerted by 
an ideal gas is given by 

p = 1/3nm < c2 > 

(i) 	 State the physical quantity represented by each term 
in the equation. 

(ii) 	 Use the equation to obtain an expression for the 
root-mean-square speed of the atoms of a gas in 
terms of T, the temperature of the gas, M its molar 
mass. and R. the molar gas constant. 

(iii) 	 Calculate the root-mean-square speed of hydrogen 
molecules at a temperature of -60°C. 


[Molar mass of hydrogen molecules =2.0 x 10-3 kg mol-I.] 

[10] 

(c) .The following passage is a quotation from the 
Cambridge Encyclopedia ofEarth Sciences. 

In the upper layers of the atmosphere. a large fraction 
of the hydrogen molecules travel so fast that they 
are able to escape completely from the Earth. It is 
estimated that about two-thirds of all the hydrogen 
molecules preselll ill the atmosphere will escape ill 
about one thousand years. There may also be some loss 
ofhelium. but for all other heavier molecules escape is 
negligible. 

Suggest an explanation for each of the following 
observations. 

(i) 	 Fast molecules are able to escape. 

(ii) 	 Molecules of small mass are able to escape 
whereas more massive ones are not. 

(iii) 	 Some molecules escape even though the speed 
required for escape is very much greater than their 
root-mean-square speed. 

(iv) 	 Large quantities of hydrogen have remained 
indefinitely on the Earth as a constituent of water. 

[7] J89111110 

72 (c) 	 Starting from the kinetic theory equation p =1/3P < c1 > 
and the ideal gas equation pV = NkT. deduce an 
v"'P'N'J'jnn,. ;n. 'ft,'nlr.. -if. 'b,vbM'7Irubylllm itt. 'tt.'7Irpt.'l'ltlun.. 
T. for the average translational kinetic energy of a 
monatomic molecule. [3] 

(d) 	 If two sufficiently energetic sodium atoms collide, 
an electron in one of them may be raised to a higher 
energy level. 

(i) 	 Explain why such a collision is called an inelastic 
collision. 

(ii) 	 Briefly explain why such inelastic collisions are 
not consistent with basic assumptions of the 
kinetic theory of gases. 

(iii) 	 If the energy required to raise the electron to the 
higher energy level is 3.35 x 10-11• J. estimate the 
temperature at which appreciable excitation by 
collision might take place. [7] J901I11/3 (part) 

10 Ideal Gases 	 114 'A'Physics Topical Paper 



73 (a) 	 1.00 kg of water contains 3.34 x 1025 molecules. 75 (d) (ii) 	 The pressure p of an ideal gas of density p is 
related to the mean square speed <e2> of its(i) 	 The density of water at 0 °C and standard atmo
molecules by the expression spheric pressure is 1000 kg m-J . What volume is 


occupied. on average. by one water molecule? [3] 
 p::: 1/1P <c 2> 

(ii) 	 The density of steam at 100°C and standard 
atmospheric pressure is 0.598 kg m-J• Find the 
volume occupied, on average. by a molecule 
in steam at 100°C and standard atmospheric 
pressure. [2] 

(iii) 	 Estimate, from your answers to (i) and (ii). the 
ratio of the separation of neighbouring molecules 
in steam to their separation in water. [2] 

(iv) 	 Describe and explain two differences in the 
microscopic propcrties of water at 0 °C and steam 
at 100°C apart from the change in the separation 
of the molecules. [4] 

191/11114 (part) 

74 (a) 	 State the basic assumptions of the kinetic theory of 
gases. [4] 

(b) 	 The equation p ::: I(,p <c2> may be derived using 
kinetic theory. 

(i) 	 Explain what is meant by the symbol <c2>. 

(ii) 	 Use base units to show that this equation is 
homogeneous. [4] 

(e) 	 The variation with pressure p of the density p of a gas 
was determined at 290 K and at another temperature T. 
The results are shown in Fig. 2. 

Deduce an expression for the thermodynamic 
temperature T of thc gas in terms of the mean 
kinetic energy <Ek> of a molecule at that 
temperature. [5) 

1941111/6 (part) 

76 (a) 	 Some cars are fitted with bags packed into the steering 
column. In an accident, gas is forced under pressure 
into the bag and the bag of gas quickly acls as a 
cushion between the driver and the steering wheel. In 
one such system, the volume of gas used in the bag is 
0.037 m3 when the pressure is 1.8 x 105 Pa and the 
temperature of the gas is 6°C. Calculate 

(i) 	 the temperature of the gas in kelvins, 

(ii) 	 the amount of gas used, in moles, 

(iii) 	 the pressure in the bag when the temperature rises 
to J8 °C assuming the volume to remain constant 
while the temperature rises. [5] 

(b) 	 Explain why the use of the bag described in (a) can 
reduce injuries. [2] 

(e) 	 Consider a cubical box of side I which contains N 
molecules, each of mass m. all moving horizontally 
with speed II at right angles to wall A. See Fig. 3. . 

290 K 

2.0 

T 

1.0 

o 
o 	 0.5xl05 lOx105 1.5xl05 2.0x 105 

p/PaFig. 2 

(i) 	 By reference to Fig. 2, comment on whether the 
gas behaves as an ideal gas. [3] 

(ii) 	 Determine the root-mean-square speed of the 
molecules of the gas at 290 K. [3] 

(iii) 	 Deduce whether the temperature T is greater or 
less than 290 K. [3] 

(iv) Calculate the temperature T. [3] 
N93/III/4 
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Fig. 3 

When a molecule hits a wall, it bounces off with no 
loss of speed and travels in .the opposite. direction. 
Deduce 

(i) 	 the momentum of a molecule just before a 
collision with the wall, 

(i!) 	 the change in momentum of a molecule when it 
collides with the wall, 

(iii) 	 the time taken by one m91ecule between collisions 
with wall A. 

(iv) 	 the total number of collisions per unit time made 
with wall A by all the molecules. 

(v) 	 the rate of change of momentum for all the 
molecules colliding with walIA. [7] 
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(d) 	 Use your answer to (e) to show that the pressure p on 
wall A is given by 

Mu2 
p=

V 
where M is the total mass of all the molecules and V is 
the internal volume of the box. [2] 

(e) 	 The conditions considered in (e) are highly improbable. 
Explain briefly how the conditions may be altered to 
provide a better model of an ideal gas. State, without 
proof, how the equation in (d) might be modified. [4] 

N94111115 

77 (a) 	 State the basic assumptions of the kinetic theory of 
gases. [4] 

(b) 	 An ideal gas is allowed to expand suddenly, with 
no thermal energy entering or leaving the gas. 'ft\e 
temperature of the gas is observed to change. 

*(i) Explain, by reference to the first law of thermo
dynamics, what happens to the internal energy of 
the gas. 

(ii) 	 Explain why the change in the internal energy of 
the gas wiIJ give rise to a change in the r.m.s. 
speed of the molecules of the gas. 

(iii) 	 Hence explain whether the temperature of the gas 
will rise or fall as a result of this expansion. [8] 

N95nII/5 (part) 

78 (b) 	 (i) What is meant by an ideal gas? 

(ii) 	 The pressure p of an ideal gas of density p is 
given by the expression 

p = 1/3P < e2 > . 
I. 	 Identify the quantity < e2 >. 

2. 	 Deduce an expression for the average 
translational kinetic energy of a gas 
molecule in terms of the thermodynamic 
temperature T. [5] 

(e) 	 The air cylinder for a diver has a volume of 
9.00 x 103 cm3 and when the cylinder is filled, the air 
has a pressure of 2.10 x 107 Pa at 24°C. The diver is 
swimming in water of density 1.03 x 103 kg m-3 and 
temperature 24 °C at a depth of 15.0 m. When the diver 
breathes in, the pressure of the air delivered from the 
cylinder to the diver is always equal to the pressure of 
the surrounding water. 

Atmospheric pressure is 1.01 x lOS Pa. 

Calculate, for the depth of 15.0 m, 

(i) 	 the total pressure on the diver, 

(ii) 	 the volume of air available at this pressure from 
the cylinder. [4] 

(d) 	 The supply of air in (e) is sufficient for the diver to 
remain at a depth of 15.0 m for 45 minutes. Assuming 
that the diver always breathes at the same rate (i.e. the 
same volume of air is required per minute, regardless 

of pressure), how long would the air in the cylinder 
last for the diver at a depth of 35.0 m and a water 
temperature of 20°C? [4] 

J96/1lI/5 (part) 

79 (b) (i) The pressure p in an ideal gas is given by the 
expression 

I Nm 2p=3"V<e >. 

State the meaning of each of the symbols in the 
equation. 

(ii) Using the equation in (i) and pV = nRT. deduce 
that the internal energy of an ideal gas is given by 

internal energy =~ NkT. [7] 
J981111/5 (part) 

80 (a) 	 Define the term density. [I] 

(b) 	 Outline how molecular movement causes the pressure 
exerted by a gas. [2] 

(e) 	 One mole of oxygen has a mass of 32 g. Assuming 
oxygen behaves as an ideal gas, calculate 

(i) 	 the volume occupied by one mole of oxygen 
gas when at temperature 273 K and pressure 
I.OJ x lOs Pa, 

(ii) 	 the density of oxygen gas at this temperature and 
pressure. [5] 

(d) 	 (i) Explain what is-meant by the root-mean-square 

speed ..J <e2> of gas molecules. 

(ii) 	 Calculate the root-mean-square speed of four 
molecules travelling with speeds 300 m S-I, 

400 m S-I, 500 m S-I and 600 m S-I • [4] 

(e) 	 Assuming ideal gas behaviour, calculate for oxygen at 
273 K 

(i) 	 the root-mean-square speed of its molecules, 

(ii) 	 the average kinetic energy of a molecule. [4] 

(j) 	 Oxygen has a boiling point of 90 K and a melting point 
of 55 K. Describe qualitatively how oxygen at 273 K 
and oxygen at 27 K differ in respect of 

(i) 	 density, 

(ii) 	 spacing of the molecules, 

(iii) 	 order in the pattern of molecules, 

(iv) 	 motion of the molecules. [4] 
N99/1I1/4 

81 (b) 	 The pressure p of an ideal gas of density P is related to 
the mean-square speed <e2> of its molecules by the 
expression 

p=lp<c2>.
3 

(i) 	 State three basic assumptions of the kinetic theory 
of gases, which lead to a model of an ideal gas.[3] 
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(ii) 	 Write down the equation of state for an ideal gas. 
[I] 

(iii) 	Show that the average kinetic energy of a 
molecule of an ideal gas is proportional to the 
thermodynamic temperature T. [4] 

(c) 	 Free neutrons in the core of a fission reactor are some
times referred to as a 'neutron gas'. These free 
(thermal) neutrons may be assumed to behave as 
molecules of an ideal gas at a temperature of 35°C. 

(i) 	 Calculate, for a free neutron of mass 
1.67 x 10-27 kg, 

I. its mean kinetic energy, 

2. 	 its root-mean-square (r.m.s.) speed. 

(ii) 	 Determine the temperature of helium gas, 
assumed to be an ideal gas, at which helium 
molecules (each of mass 4u) would have the same 
r.m.s. speed as the free neutrons. 	 [6] 

J200011II/5 (part) 

82 (d) 	 The equation T= m<c2> 13k gives the temperature Tof 
molecules in terms of their mass m, their mean square 
speed <c2> and the Boltzmann constant k. Using this 
equation for the oxygen and hydrogen molecules before 
the collision in (b), gives a value of T for the hydrogen· 
molecule of 283 K, and for the oxygen molecule of 
210K. 

(i) 	 Explain why it is difficult to justify the 
application of this equation to this situation. 

(ii) 	 How is it possible for the two molecules in 
the gas to have different values of T before the 
collision? [4] 

N2000/11111 (part) 

83 (a) 	 Derive from the definitions of density and pressure, the 
equation p =pgh for the pressure exerted by a column 
of liquid of height h and density p. [3] 

(b) 	 (i) Using the kinetic model of a gas, explain how a 
pressure is exerted by a gas. 

(ii) 	 Calculate the root-mean-square speed of gas 
molecules in a gas at pressure 1.05 x lOS Pa and 
of density 1.29 kg m-3. [5] 

(c) 	(iii) An ideal gas is defined as one for which, at 
constant pressure, the volume of the gas is 
proportional to the absolute temperature. 
Calculate the absolute temperature T when an 
ideal gas has volume 0.00783 m3, assuming that 
the same mass of the ideal gas had volume 
0.00308 m3 when at the same pressure and at 
temperature 273 K. [2] 

N20001I1l/5 (part) 
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