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15. Ideal gases Starter Quiz - HEHj/M

A-Level Physics Name: Score:

1. One mole of a substance contains:
0 6.02 x 10% particles
[J 1000 particles
O 6.02 x 10~2 particles

O exactly 1 particle

2. A two-mark definition of an ideal gas needs which elements? Select all that apply.
O it obeys pV proportional to T (or pV = nRT)
O T is the thermodynamic temperature
O this holds at all values of p, V and T
O the gas is monatomic
Tick every correct option.
3. Select all the assumptions of the kinetic theory of an ideal gas.
00 molecules are in continuous random motion
O the molecules’ own volume is negligible
O collisions are elastic
[J molecules attract each other strongly at all times
Tick every correct option.
4. The mole is one of the SI base units.

O True O False

5. The equation of state of an ideal gas is:

O pV =nRT
O pV =nRT?
m % — nRT

O pVT =nR

6. A gas exerts pressure on its container because the molecules:
O collide with the walls

O attract the walls
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10.

O slowly expand

O lose energy over time

. A sample contains 3.01 x 10%® molecules. How many moles is this?

mol

. You may use temperature in °C in the ideal gas equation.

O True O False

. The r.m.s. speed is the square root of the speed.

How many atoms are there in one mole of oxygen gas, 027
O 1.20 x 10724, twice the Avogadro constant

0 6.02x 10723

O 3.01 x 10723

O it depends on the pressure
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15. Ideal gases Answers - &

A-Level Physics

1.

10.

6.02 x 10%* particles

A mole always contains the Avogadro number, Ny = 6.02 x 10?3, of particles.

. it obeys pV proportional to T (or pV = nRT); T is the thermodynamic temperature;

this holds at all values of p, V and T

The relationship alone earns one mark; "at all values” earns the second. Being monatomic is not part of the

definition.

. molecules are in continuous random motion; the molecules’ own volume is negligible;

collisions are elastic

Forces between molecules are ignored *except® during (elastic) collisions they do not attract strongly at all

times.

True

Yes — amount of substance (mole) is a base quantity, alongside the kilogram, metre, second, ampere and kelvin.

. pV =nRT

pV = nRT (moles) or pV = NkT' (molecules) with 7" in kelvin.

. collide with the walls

Each collision pushes on the wall; the combined effect of countless collisions is the pressure.

. 0.5 mol

N 3.01 x 10%3

— = ———— = 0.50 mol.
Na  6.02 x 1023

n

. False

No — pV o« T only with 7" in kelvin. Convert °C to K first.

. Inean-square

Take the mean of the squared speeds, then square-root it: c;.m.s. = v

1.20 x 10724, twice the Avogadro constant

One mole is 6.02 x 10723 molecules, and each O2 molecule holds two atoms. Saying which particle you are

counting is worth a mark on its own.
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A-LEVEL PHYSICS « EXERCISE SHEET

15.1 The mole

Name: Class: Date: Total: 21 marks

KEY WORDS mole fE/K « amount of substance ¥ Jfi[{J & « avogadro constant [ (R {5 % 4 &
o molecule /- o molar mass J# /)i i

Objective
Build the skills to answer exam questions on the mole and the Avogadro constant.
You must be able to:

o use the mole as the SI unit of amount of substance
o use N = nN, and find masses of moles and single particles

1 Worked examples

Study these first. Each one shows the method for a question type used later — follow
the steps and you can do the Practice and Exam-style questions yourself.

B The mole

Amount of substance is an SI base quantity; its unit is the mole (mol). One mole
contains /N particles:

X NA .
n moles > N particles

N =nNp, Na =6.02 x 1023 mol~!

N =nNy, Ny = 6.02 x 10%® mol L.

The molar mass M, is the mass of one mole; one particle has mass mg = My, /Ny.
Always say what you are counting (atoms or molecules).
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2 Practice
Now apply the methods above.

2.1 State the SI unit of amount of substance. 1

2.2 State the value of the Avogadro constant. 1]

2.3 How many molecules are there in 2.0 mol of a gas? 2]

3 Exam-style questions
3.1 One mole of oxygen gas (O2) contains: [1]

« A 6.02 x 10* atoms

« B 6.02 x 10%* molecules
e C 32 molecules

¢ D 16 molecules

3.2 A gas sample contains 3.0 x 10%* molecules. Find the number of moles.

3.3 The molar mass of water is 18 g mol™!. Calculate the mass of one water molecule. 2]
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3.4 A scaled cylinder holds an ideal gas. The Avogadro constant is 6.02 x 102 mol ™", the (f) The temperature of sample X is now varied. In the space below, sketch how the
molar gas constant is 8.31 J mol~* K~! and the Boltzmann constant is 1.38 x 10723 J KL, root-mean-square speed of its molecules varies with thermodynamic temperature. Label

< 2 2
(a) State what is meant by the Avogadro constant. [1] both axes. 12

(b) State the relationship between the Avogadro constant Ny, the molar gas constant R
and the Boltzmann constant k. 1]

(¢c) The cylinder holds 0.32 mol of the gas. Determine the number of molecules in it.[2]

(d) A second, identical cylinder holds twice as many molecules of the same gas at the
same temperature 7. Complete the table, giving each entry in terms of some or all of
N, m, T, V, kand N, where sample X contains N molecules each of mass m in volume
V. 4]

quantity sample X sample Y

pressure

amount of substance

mean kinetic energy per molecule

internal energy

(e) Explain why the mean kinetic energy per molecule is the same in both samples, while
the internal energies differ. 2]
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Solutions

Each answer shows the steps, then the result.

2.1

« the mole (mol)

2.2

e Na=6.02 x 10 mol ™!
2.3

« N= TLNA
N = (2.0 mol)(6.02 x 10%* mol™!) = 1.2 x 10*

3.1B

« one mole contains 6.02 x 10%* molecules
o A is Ny/10; Cis 2N4; D is a mass, not a number

3.2
e n=N/Ny "
n= % = 5.0 mol
3.3
o my = My,/Na
o 0.018 kg mol™* —30%x10% ke

~ 6.02 x 102 mol !
3.4

a) the number of particles per unit amount of substance the number of particles in
one mole

(b) N = R/k

(C) N = TLNA
N = (0.32 mol)(6.02 x 10* mol ') = 1.9 x 10%

molecules

(d) sample Y has 2N molecules in the same volume at the same temperature

quantity sample X sample Y
pressure NEKT |V 2NET)V
amount of substance N/Ny 2N /N
mean kinetic energy per molecule %kT %kT
internal energy gN kT 3NET

o pressures; amounts; both mean kinetic energies the same; internal energies

A-Level Physics ¢ 15.1 The mole @
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(e) the mean kinetic energy of a molecule is %kT7 which depends only on the temper-
ature — and both samples are at T’

« internal energy is the total for all the molecules, so twice as many molecules at the
same energy each gives twice the internal energy

(f) axes labelled root-mean-square speed and thermodynamic temperature / K

e a curve from the origin rising with a decreasing gradient, since ¢, s o VT —
quadrupling T" only doubles the speed

A-Level Physics ¢ 15.1 The mole @
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3 (a) (i) State whatis meant by the Avogadro constant. (if) The temperature of sample X is now varied.

........................................................................................................................................... On Fig. 3.1, sketch the variation with thermodynamic temperature of the root-mean-
square (r.m.s.) speed of the molecules of the gas.

A
..................................................................................................................................... [1]
r.m.s. speed
(ii) State the relationship between the Avogadro constant N,, the molar gas constant R and
the Boltzmann constant k.
0 i
(1] 0
(b) Two samples X and Y of ideal gases are both at thermodynamic temperature T. thermodynamic temperature
Sample X has volume V and consists of N molecules, each of mass m. Fig. 3.1
Sample Y has volume 2V and consists of 2N molecules, each of mass 2m. 2
(i) Complete Table 3.1 by giving expressions, in terms of some or all of N, m, T, V and the
constants in (a)(ii), for the quantities indicated. [Total: 8]
Table 3.1
sample X sample Y
pressure
amount of
substance

mean-square speed
of molecules

internal energy

(4]
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3 (a) Two metal cuboids P and Q are in thermal contact with each other. (b) Nitrogen may be assumed to be an ideal gas. A fixed amount of nitrogen gas is contained at
a constant pressure of 1.6 x 10°Pa.
(i) Pand Q are in thermal equilibrium.
The variation of the volume V of the gas with the temperature 0 of the gas is shown in Fig. 3.1.
State what is meant by the term thermal equilibrium.
0.4
V/m3 =
03 LT
..................................................................................................................................... [2] A
(ii) Data for P and Q are given in Table 3.1. —ani
Table 3.1 0.2 Eums A
P Q
specific heat capacity/Jkg='K=' | 390 910 0.1
mass/kg 0.54 0.37
P and Q are initially both at the same temperature.
0
P is supplied with 24 kJ of thermal energy. After some time, P and Q are once again both 0 100 200 0/°C 300
at the same temperature as each other.
P and Q are perfectly insulated from the surroundings. Fig. 3.1
Determine the change in temperature AT of Q. (i) The ten_1perature of the nitrogen gas is increased from 0°C to 210°C.
Determine the work done on the gas.
WOTK dONE = ..o J [3]
(ii) Determine the number N of molecules of nitrogen gas.
AT = s K [3]
N = [2]
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(iii) The mass of a nitrogen molecule is 4.7 x 10~26kg.

Calculate the root-mean-square (r.m.s.) speed of a nitrogen molecule at 210°C.

r.m.s. speed =

[Total: 12]
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8  Plutonium-238 (23Pu) is unstable and undergoes alpha decay.

(a) Complete the equation to show the decay of plutonium-238.

(2]

(b) The power source in a space probe contains 0.874kg of plutonium-238. Each nucleus of

plutonium-238 that decays emits 5.59MeV of energy. The half-life of plutonium-238 is
87.7 years.

(i) Calculate the initial number N, of nuclei of plutonium-238 in the power source.

(ii) Determine the initial activity of the source. Give a unit with your answer.

activity = ..o unit ..o, [2]

(iii) Use your answer in (b)(ii) to determine the initial power output from the source due to
the decay of plutonium-238.

POWET OUPUL = ..o W [2]
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(iv) The space probe will continue to function until the power output from the plutonium in the
source decreases to 65.3% of its initial value.

Calculate the time, in years, for which the space probe will function.

tiMe = years [2]
(c) An alternative power source uses energy generated from the radioactive decay of
polonium-210. This isotope has a half-life of 0.378 years. The mass of the isotope needed for

the same initial power output as in (b) is 3.37g.

Suggest one advantage and one disadvantage of using polonium-210 as the source of
energy.

F= Lo AV o] c= o =R PPUPPPRPN

[Total: 11]

A-LEVEL PHYSICS « EXERCISE SHEET

15.2 Equation of state

Name: Class: Date: Total: 23 marks

KEY WORDS ideal gas FIf1/{ {4 « boltzmann constant 55 /< 2% & i &

« equation of state [R5 )7 o molar gas constant FE/R TR HE o pressure [

Objective

Build the skills to answer exam questions on the equation of state of an ideal gas.
You must be able to:

o use pV =nRT and pV = NkT (with T in kelvin)

o recall R, k and that k = R/Na
o read a pV—T graph: gradient = Nk, so N = gradient/k

1 Worked examples

Study these first. Each one shows the method for a question type used later — follow
the steps and you can do the Practice and Exam-style questions yourself.

B Equation of state
An ideal gas obeys pV o« T. Two equal forms:

pV =nRT (n = moles), pV = NET (N = molecules),
with R =831 Jmol 'K, k=138x 1072 JK! and k = R/Na. Always use
Pa, m®, K.

RT  0.50 x 8.31 x 300
Worked example. 0.50 mol at 300 K in 0.020 m?: p = nv = % =

6.2 x 10* Pa.

B Boyle’s law

At constant T' (and amount), p « 1/V, so pV = constant:
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pV = constant

(constant T)

B Reading a pV-T graph
For a fixed amount of gas, pV = NkT, so a graph of pV against T (in kelvin) is a
straight line through the origin with gradient Nk:

pvV /]
\
800 1
600

400

200 4

T T T T T /K
100 200 300 400

A straight line through the origin confirms the gas is ideal (pV « T'). To find the
gradient

R
Worked example. The line above passes through (300 K, 600 J), so gradient =

2.0
— -1 _ . : — — 23
600/300 = 2.0 J K™* = Nk; thus N = 138 x 105 1.4 x 10%°.

number of molecules, read the gradient and divide by k: N =

A-Level Physics o 15.2 Equation of state @

2 Practice
Now apply the methods above.

2.1 State what is meant by an ideal gas. 1
2.2 Write the two forms of the ideal-gas equation of state. 2]
2.3 State the value of the molar gas constant R. 1]

2.4 A graph of pV against T for a fixed mass of ideal gas is a straight line through the
origin. State what its gradient is equal to. 1]

3 Exam-style questions

3.1 In pV = nRT, the temperature 7" must be in: 1]
« A°C

« BK

« CJ
e D mol

3.2 0.50 mol of an ideal gas at 300 K occupies 0.020 m®. Calculate the pressure.
(R=28.31.) 3]
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3.3 For a fixed mass of gas, the graph of pV against T is a straight line through the origin
passing through (300 K, 600 J).

(a) State what this tells you about the gas. [1]

(b) Determine the number of molecules N in the sample. (k= 1.38 x 1072%.) [3]

3.4 State Boyle’s law. 1]

A-Level Physics ¢ 15.2 Equation of state @
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3.5 For an ideal gas, two equations are used together:

pV = NkT and pV = iNm(c%)

(a) State the meaning of the symbol T in the first equation, and identify the constant
k. 2]

(b) State the meanings of the symbols m and (c?) in the second equation. 2]

(c) Use the two equations to derive an expression, in terms of k£ and T only, for the mean
kinetic energy Ex of one molecule of the gas. 3]

(d) Hence state and explain how the root-mean-square speed of the molecules changes
when the thermodynamic temperature of the gas is quadrupled. 2]

A-Level Physics o 15.2 Equation of state @
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Solutions

Each answer shows the steps, then the result.

2.1

 a gas that obeys pV o« T (i.e. pV = nRT) exactly, at all p and T

2.2
e pV =nRT
o pV = NET
2.3

¢« R=831Jmol 'K

2.4

o Nk (the number of molecules x the Boltzmann constant)
3.1B

e T in pV = nRT must be in kelvin
o A is Celsius; C is energy; D is amount of substance

3.2
e p=nRT/V
. 1)(8.31 1Kt K
b (0.50 mol)(8 30 3218(10 i )(300 K) 62 %10 Pa
.020 m’
3.3

(a) it is an ideal gas: pV o T (the line is straight and passes through the origin)
(b) gradient = 600 J/300 K =2.0 J K™*

« this equals Nk
2.0 JK™!

— _ 23
138 x10°BJK 1410

3.4

« at constant temperature (and amount of gas), the pressure is inversely proportional
to the volume (pV = constant)

3.5

(a) T is the thermodynamic (absolute) temperature, measured in kelvin
 kis the Boltzmann constant

(b) m is the mass of one molecule

« (c?) is the mean square speed — the average of the squares of the molecular speeds,
not the square of the average

A-Level Physics ¢ 15.2 Equation of state @
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(c) set the two right-hand sides equal: NkT = 1 Nm(c?)

« so sm(c?) = kT

¢ the mean kinetic energy of one molecule is Ex =
e which is % times the previous line, so Fx = %kT

(d) gm{e®) < T, 0 (¢*) o T and ¢ms. x VT

L,
am

e quadrupling T therefore doubles the r.m.s. speed

A-Level Physics o 15.2 Equation of state
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4

(a) The equation of state for an ideal gas may be written as

pVA = NBT

where p is the pressure of the gas, V is the volume of the gas, A is the Avogadro constant, B
is another constant and N is the number of molecules of the gas.

(i) State the meaning, in the equation, of the symbol T.

(ii) Identify the constant B.

(b) The product pV for an ideal gas is also given by

_ 1
pv = 3Nm(c?).

(i) State the meanings, in this equation, of the symbols m and (c?).

(ii) Use the equations in (a) and (b) to derive an expression, in terms of A, B and T, for the
mean kinetic energy E, of a molecule of the gas.

Name: A-Level Physics: s25 42

(c) On Fig. 4.1, sketch the variation with T of the root-mean-square (r.m.s.) speed of the
molecules of an ideal gas.

r.m.s. speed

Fig. 4.1
[2]

[Total: 8]
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Name:

3 (a) State whatis meant by an ideal gas.

(b) An ideal gas at a pressure of 1.6 x 10°Pa has a density of 1.9kgm™3.

(i) Show that the root-mean-square (r.m.s.) speed of molecules of this gas is approximately
500ms~".

(3]
(ii) One molecule of the gas has a mass of 4.7 x 10~26kg.
Determine the thermodynamic temperature of the gas.
temperature = ... K [2]
(c) Calculate the internal energy U of 6.0 mol of the gas in (b). Explain your reasoning.
U= e J [3]

[Total: 10]

Name:

4

A-Level Physics: s23 43

(a) State two of the basic assumptions of the kinetic theory of gases.

(b) An ideal gas has amount of substance n.
The gas is initially in state X, with pressure 2p and volume V.
The gas is cooled at constant volume to state Y, with pressure p.
The gas is then heated at constant pressure to state Z, with volume 2V.
Finally, the gas returns at constant temperature to state X.

(i) Determine an expression for the temperature T of the gas in state X, in terms of n, p

and V.
Identify any other symbols that you use.

(2]

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

2p Xe
pressure
P
0 T T
0 4 2V
volume
Fig. 4.1

(3]
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(iii) During the change of state from Y to Z, the increase in internal energy of the gas is U.
During the change of state from Z to X, the work done on the gas is W.

A-LEVEL PHYSICS « EXERCISE SHEET
Complete Table 4.1 to indicate, for each of the three changes of state, the increase in

internal energy of the gas, the thermal energy transferred to the gas and the work done ]- 5 03 Klnetlc theOI‘y Of gaSGS
on the gas, in terms of p, V, U and W.

Table 4.1
Name: Class: Date: Total: 23 marks
Change increase in internal thermal energy work done on gas KEY WORDS root-mean-square 22 Jj il o kinetic theory 43 -z Fliz « kinetic energy #)jfiE
energy of gas transferred to gas « translational kinetic energy “[“zljzjfiE ¢ mean-square speed 1)
XtoY Objective

Build the skills to answer exam questions on the kinetic theory of gases.

You must be able to:

« state the assumptions of the kinetic theory and explain gas pressure
YtoZ U + use pV = :Nm(c?) and the r.m.s. speed
« use mean translational KE = %kT

1 Worked examples

ZtoX +W Study these first. Each one shows the method for a question type used later — follow
the steps and you can do the Practice and Exam-style questions yourself.

[5] B Kinetic model

A gas is many identical molecules in continuous random motion; their collisions
with the walls cause pressure:

~ \
~

random motion — wall collisions cause pressure

[Total: 12]
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" 2.2 Explain how gas molecules cause pressure on the walls of a container. 2]
S A
19}
Q£ lower T
o
€
kS !
g |
£ i 2.3 State what is meant by the root-mean-square (r.m.s.) speed. 1]
< ! higher T
é 2.4 Write the relationship pV = Nm(c?) in words. 1)
Cr.m.s. molecular speed
3 Exam-style questions
higher T: peak - higher speeds, flatter curve
3.1 The mean translational kinetic energy of a gas molecule is: 1
The Mazwell-Boltzmann speed distribution « ALT
Assumptions: many molecules, random motion; their volume is negligible; collision -+ B %kT
time is negligible; no forces except in collisions; collisions are elastic; Newton’s laws - C %mUQ only
hold. « DRT
B Key results
pV = INm(c?), Crms. = V/ {?).
3.2 Calculate the mean translational kinetic energy of a gas molecule at 300 K. (k =
Comparing with pV = NkT gives the mean translational KE of a molecule: 1.38 x 1072%.) 2]
%m<c2> = 3kT
So molecular KE depends only on temperature.
2 Practice 3.3 A gas at 300 K has molecules of mass 5.3 x 10726 kg. Calculate the r.m.s. speed.
(k=1.38x107%)) 3]
Now apply the methods above.
2.1 State two assumptions of the kinetic theory of gases. 2]
A-Level Physics o 15.3 Kinetic theory of gases @ A-Level Physics o 15.3 Kinetic theory of gases @




3.4 Explain, using the kinetic theory, why the pressure of a fixed mass of gas increases
when it is heated at constant volume. 2]

3.5 A fixed sample of an ideal gas at thermodynamic temperature 7" has internal energy

U.

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

(b) Explain why the internal energy of an ideal gas is directly proportional to its ther-
modynamic temperature. 2]

(c) The gas is first compressed, which raises its temperature to 37'; work W is done on it
during this compression. It is then cooled at constant volume back to 27". Complete

the table, giving each entry in terms of some or all of W and U. 4
process work done thermal energy increase in
on the gas supplied to the gas internal energy

compression to 317" W

cooling to 27T

(d) Explain why the work done on the gas during the second process is what it is.  [1]

A-Level Physics ¢ 15.3 Kinetic theory of gases @
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Solutions
Each answer shows the steps, then the result.

2.1

e any two: many identical molecules in random motion; molecular volume negligi-
ble; no forces except during collisions; collisions are elastic; collision time negligible

2.2

« molecules collide with the walls and change momentum (rebound)
« this exerts a force on the wall; force over the wall area is the pressure

2.3
« the square root of the mean of the squared speeds of the molecules (1/{c?))
24

« the product of pressure and volume equals one third of (the number of molecules x
molecular mass X mean-square speed)

3.1B

« mean kinetic energy of a molecule is %kT
e A is kT; C is a speed formula, not the mean KE; D is RT, which is for a mole, not
one molecule

3.2
« E=3kT

E=3138x10"" JK")(300 K)=6.2x107*"J
3.3

o 1m{c?) = 3kT = (¢*) = 3kT/m

=48x10 ms!

~ [3(1.38 x 102 J K™')(300 K)
Cr.m.s. 53 % 10726 kg

3.4

« heating raises the mean KE / mean speed of the molecules
o they hit the walls harder and more often, so the pressure rises (volume fixed)

3.5
(a) the sum of the random kinetic and potential energies of all the molecules

« “random” means the motion has no overall direction — the whole container moving
does not count

(b) in an ideal gas the molecules exert no forces on one another except during collisions,
so the total potential energy is zero and the internal energy is entirely kinetic

A-Level Physics ¢ 15.3 Kinetic theory of gases @



o the mean kinetic energy of a molecule is %kT , i.e. proportional to T', so the total is
proportional to 7" as well

(c) internal energy is proportional to T, so at T' it is U, at 37 it is 3U and at 2T it is 2U

process work done on thermal energy increase in internal
the gas supplied energy

compression to W 2U0-W +2U

3T

cooling to 27T 0 -U -U

o 42U; —U; the zero work; both thermal-energy entries, from AU = g+ w

(d) at constant volume the gas neither expands nor is compressed, so no work is done
on or by it

A-Level Physics o 15.3 Kinetic theory of gases @
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4

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

(ii) Explain why the internal energy of an ideal gas is directly proportional to the
thermodynamic temperature of the gas.

(b) A sample of an ideal gas at thermodynamic temperature T has internal energy U.

The gas is compressed so that its temperature increases to 3T.
During this compression, work W is done on the gas.

The gas is then cooled at constant volume so that its temperature decreases to 2T.
Complete Table 4.1 to show, in terms of some or all of W, T and U, the work done on the gas,

the thermal energy supplied to the gas and the increase in internal energy of the gas for each
of the two processes.

Table 4.1
thermal energy increase in internal
work done on gas .
supplied to gas energy of gas
compression +W
cooling

(4]

[Total: 8]
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4 (a) (i) State whatis meant by the internal energy of a system.

(ii) Explain why the internal energy of an ideal gas is directly proportional to the
thermodynamic temperature of the gas.

(b) A sample of an ideal gas at thermodynamic temperature T has internal energy U.

The gas is compressed so that its temperature increases to 37.
During this compression, work W is done on the gas.

The gas is then cooled at constant volume so that its temperature decreases to 2T.
Complete Table 4.1 to show, in terms of some or all of W, T and U, the work done on the gas,
the thermal energy supplied to the gas and the increase in internal energy of the gas for each

of the two processes.

Table 4.1

increase in internal
energy of gas

thermal energy

work done on gas supplied to gas

compression +W

cooling

(4]

[Total: 8]
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3 (a) The product pV for an ideal gas is given by
pV= %Nm(c‘Z}
where p is the pressure of the gas and V is the volume of the gas.

(i) State the meaning of the symbols N, m and (c¢?) in this equation.

(ii) Use the equation of state for an ideal gas to show that the average translational kinetic
energy E, of a molecule of the gas at thermodynamic temperature T is given by

_3
Eg = SKT.

(2]

(b) The surface of a star consists mainly of a gas that may be assumed to be ideal. The molecules
of the gas have a root-mean-square (r.m.s.) speed of 9300ms™".

The mass of a molecule of the gas is 3.34 x 10727 kg.

Determine, to three significant figures, the temperature of the surface of the star.

temperature = ... K [2]
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(c) The radiant flux intensity of the radiation from the star in (b) is 2.52 x 10 8Wm=Z when 4 (a) State two of the basic assumptions of the kinetic theory of gases.
observed at a distance of 4.16 x 10'®m from the star.

(i) Calculate the luminosity of the star. Give a unit with your answer.

(b) An ideal gas has amount of substance n.
The gas is initially in state X, with pressure 2p and volume V.

lUMINOSItY = ..o unit ... [2] The gas is cooled at constant volume to state Y, with pressure p.
The gas is then heated at constant pressure to state Z, with volume 2V.
(ii) Determine the radius of the star. Finally, the gas returns at constant temperature to state X.

(i) Determine an expression for the temperature T of the gas in state X, in terms of n, p
and V.
Identify any other symbols that you use.

FadiUS = oo m [2]
[2]
(d) The gas at the surface of a star has a very high pressure.
(ii) OnFig. 4.1, sketch the variation with volume of pressure for the gas as the gas undergoes
Use the basic assumptions of the kinetic theory to suggest why, in practice, a gas at the the three changes. The state X is labelled. Label states Y and Z.

surface of a star is unlikely to behave as an ideal gas.

2p Xe
pressure

................................................................................................................................................... o
............................................................................................................................................. [2]

[Total: 13]

0 T T
0 Vv 2V
volume
Fig. 4.1

(3]
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(iii)
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During the change of state from Y to Z, the increase in internal energy of the gas is U.
During the change of state from Z to X, the work done on the gas is W.

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

Table 4.1

increase in internal

thermal energy

change energy of gas transferred to gas work done on gas
XtoY

YtoZ +U

Zto X +W

(3]

[Total: 12]




	Topic 15 quiz
	Exercise sheet 15.1
	Past-paper questions 15.1
	Exercise sheet 15.2
	Past-paper questions 15.2
	Exercise sheet 15.3
	Past-paper questions 15.3

