Ideal Gases and Thermodynamics
A-Level Worksheet

9702/MJ/23/42/Q2
1 (a) (i) State whatis meant by an ideal gas.
..................................................................................................................................... [2]
(ii) State the temperature, in degrees Celsius, of absolute zero.
IEMPErAIUre’= ovnveniann s sy °C [1]
(b) A sealed vessel contains a mass of 0.0424 kg of an ideal gas at 227 °C.
The pressure of the gas is 1.37 x 10°Pa and the volume of the gas is 0.640m?.
Calculate:
(i) the number of molecules of the gas in the vessel
nUMmberor Molectles = srnvnnmnmnnnnmsmss sy [3]
(if) the mass of one molecule of the gas
MASS T oo kg [1]
(iii) the root-mean-square (r.m.s.) speed v of the molecules of the gas.
R ms~1 [3]
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(c) The gas in (b) is now cooled gradually to absolute zero.

On Fig. 2.1, sketch the variation with thermodynamic temperature T of the rm.s. speed of the
molecules of the gas.

V -
r.m.s. speed
0 T
0 500
T/IK
Fig. 2.1
[2]
[Total: 12]
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9702/FM/23/42/Q2
2 (a) State what is meant by an ideal gas.

(b) A fixed amount of helium gas is sealed in a container. The helium gas has a pressure of
1.10 x 10° Pa, and a volume of 540cm? at a temperature of 27 °C.

The volume of the container is rapidly decreased to 30.0cm3. The pressure of the helium gas
increases to 6.70 x 10° Pa and its temperature increases to 742°C, as illustrated in Fig. 2.1.

initial state final state
1.10 x 10° Pa 6.70 x 10% Pa
540cm?3 30.0cm?
a7°C T42°C
Fig. 2.1

No thermal energy enters or leaves the helium gas during this process.

(i) Show that the helium gas behaves as an ideal gas.

(2]

(ii) The first law of thermodynamics may be expressed as

AU=gq+ W.
Use the first law of thermodynamics to explain why the temperature of the helium gas
increases.
..................................................................................................................................... [2]
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(ili) The average translational kinetic energy E, of a molecule of an ideal gas is given by

_3
E.= 5 kKT
where k is the Boltzmann constant and T is the thermodynamic temperature.

Calculate the change in the total kinetic energy of the molecules of the helium gas.

change in kinetic energy = .......cccooiii i J [3]

(c) The mass of nitrogen gas in another container is 24.0g at a temperature of 27 °C. The gas is
cooled to its boiling point of —196 °C. Assume all the gas condenses to a liquid.

For this change the specific heat capacity of nitrogen gas is 1.04 kJkg—' K.
The specific latent heat of vaporisation of nitrogen is 199kJkg™".

Determine the thermal energy, in kd, removed from the nitrogen gas.

[Total: 12]
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9702/0N/22/42/Q3
3 (a) The equation of state for an ideal gas can be written as

pV = NKT.

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

(b) Use the equation in (a) to show that the average translational kinetic energy E,. of a molecule
of an ideal gas is given by

3
Eyz = KT,

[2]

(c) The mass of an oxygen molecule is 5.31 x 10726kg. Assume that oxygen behaves as an ideal
gas.

(i) Use the equation in (b) to determine the root-mean-square (r.m.s.) speed u of an oxygen
molecule at 23 °C.
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(ii) A fixed mass of oxygen gas at initial pressure P is sealed in a cylindrical container by a

movable piston at one end, as shown in Fig. 3.1.

oxygen

\

piston

Fig. 3.1

The temperature of the gas is 23°C.

The piston is slowly moved into the cylinder so that the oxygen gas is compressed. At all
times, the gas and the container remain in thermal equilibrium with the surroundings.

On Fig. 3.2, sketch the variation with pressure of the r.m.s. speed of the oxygen

molecules as the pressure increases.

r.m.s. speed

u -

Fig. 3.2
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9702/MJ/22/41/Q3
4  Afixed mass of an ideal gas is initially at a temperature of 17 °C.
The gas has a volume of 0.24 m3 and a pressure of 1.2 x 10°Pa.

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

(if) Calculate the amount n of gas.

(b) The gas undergoes three successive changes, as shown in Fig. 3.1.

40 ,
I |
&
pressure/10°Pa
N
3.0 3
2.0
1.0 B - A
0.04 0.08 012 0.16 0.20 0.24 0.28
volume /m3

Fig. 3.1

The initial state is represented by point A. The gas is cooled at constant pressure to point B
by the removal of 48.0kJ of thermal energy.

The gas is then heated at constant volume to point C.

Finally, the gas expands at constant temperature back to its original pressure and volume at
point A. During this expansion, the gas does 31.6 kJ of work.
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(i) Show that the magnitude of the work done during the change AB is 19.2kJ.

(2]

(ii) Complete Table 3.1 to show 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 changes AB, BC

and CA.
Table 3.1
" TH— work done thermal energy increase in internal
g on gas/kJ supplied to gas/kJ energy of gas/kJ

AB —48.0

BC

CA -31.6

[5]

[Total: 11]
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521/43/Q2
5 Anideal gas is contained in a cylinder by means of a movable frictionless piston, as illustrated in

Fig. 2.1.
| cylinder
movement
g -
of piston
<

gas
molecule

Fig. 2.1

Initially, the gas has a volume of 1.8 x 1073m? at a pressure of 3.3 x 10°Pa and a temperature of
310K.

(a) Show that the number of gas molecules in the cylinder is 1.4 x 1023,

[2]

(b) Use kinetic theory to explain why, when the piston is moved so that the gas expands, this
causes a decrease in the temperature of the gas.
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(c) The gas expands so that its volume increases to 2.4 x 1073m?3 at a pressure of 2.3 x 10°Pa

and a temperature of 288K, as shown in Fig. 2.2.

1.8 x 1073 m?3

3.3x 105Pa
310K

Fig. 2.2

2.4 x 1073 m3
2.3 x 105Pa
288K

(i) The average translational kinetic energy E, of a molecule of an ideal gas is given by

3
Ex= 5 kT

where K is the Boltzmann constant and T is the thermodynamic temperature.

Calculate the increase in internal energy AU of the gas during the expansion.

(ii) The work done by the gas during the expansion is 76 J.

Use your answer in (i) to explain whether thermal energy is transferred to or from the gas

during the expansion.
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S21/42/Q2

6 An ideal gas has a volume of 3.1 x 1073m? at a pressure of 8.5 x 10°Pa and a temperature of

290K, as shown in Fig. 2.1.

volume 3.1 x 1073m3

pressure 8.5 x 10°Pa

temperature 290K

Fig. 2.1

volume 6.3 x 1073m?3
pressure 2.7 x 10°Pa

temperature T

The gas suddenly expands to a volume of 6.3 x 10~3m3. During the expansion, no thermal energy
is transferred. The final pressure of the gas is 2.7 x 10°Pa at temperature T, as shownin Fig. 2.1,

(a) Show that the number of gas molecules is 6.6 x 1023,

(b) (i) Show that the final temperature T of the gas is 190K.
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(i) The average translational kinetic energy E, of a molecule of an ideal gas is given by

3
EK= EkT

where T is the thermodynamic temperature and k is the Boltzmann constant.

Calculate the increase in internal energy AU of the gas.

AU= e J [3]

(c) Use the first law of thermodynamics to explain why the external work w done on the gas
during the expansion is equal to the increase in internal energy in (b)(ii).

[Total: 9]
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7 (a) The first law of thermodynamics may be expressed as W20/43/Q2
AU = (+q) + (+w)
where AU is the increase in internal energy of the system.

State the meaning of:

e TP PSSP PURPPSPP
B o T R T
[2]
(b) The variation with pressure p of the volume V of a fixed mass of an ideal gas is shown in
Fig. 2.1.
4.0 }
I
V/10-3m3 B
3.6
N
S e e e e e e e e
3.2
LY
2.8 ™
T T~
2.4 i
CypusIshagly ’ S
LUMS
(RECG IR TR MR
2.0
22 26 3.0 34 3.8 4.2 46 5.0 54
p/105Pa
Fig. 2.1

The gas undergoes a cycle of changes Ato B to C to A.

During the change A to B, the volume of the gas increases from 2.3 x 103m?3to 3.8 x 10-3m3.

Cyrus Ishaq PHYSICS WITH

ISL RR, ISL PA, BCP Gulberg, i CYR U S

TCS Ravi, Kaizen, Roots IVY
+923008471504

https://cyrus-physics.com @

13



(i) Show that the magnitude of the work done during the change A to B is 390J.

(1]

(ii) State and explain the total change, if any, in the internal energy of the gas during one

complete cycle.

(c) During the change A to B, 1370J of thermal energy is transferred to the gas.

During the change B to C, no thermal energy enters or leaves the gas. The work done on the
gas during this change is 550J.

Use these data and the information in (b) to complete Table 2.1.

Table 2.1

change

ql/Jd

w/J

AUl

AtoB

BtoC

CtoA
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8 (a) State what is meant by the internal energy of a system. W20/42/Q2

(b) The atoms of an ideal gas occupy a container of volume 2.30 x 103m? at pressure
2.60 x 10°Pa and temperature 180K, as illustrated in Fig. 2.1.

2.30x10-3m3 3.80x103m3
2.60x10°Pa > > 2.60x10°Pa
180K T
980J
Fig. 2.1

The gas is heated at constant pressure so that its volume becomes 3.80 x 103m? at a
temperature T.

For the fixed mass of gas, calculate:

(i) the amount of substance, in mol

SMOUNt = sovvrmmnnemennmanmanmang mol [2]
(ii) the temperature T, in K.
) T 2 semmmsrmrsnem i e K [™
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(c) During the change in (b), the thermal energy supplied to the gas is 980J.

(i) Determine the work done on the gas during this change. Explain your working.

WOrK done = ... e J [3]

(ii) Determine the change AU in internal energy of the gas.

[Total: 10]
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A fixed mass of an ideal gas is at a temperature of 21°C. The pressure of the gas is 2.3 x 10° Pa
and its volume is 3.5 x 10~3m3.

(a) (i) Calculate the number N of molecules in the gas.

N = eeeeeeeeeeeeeeeeeeee e eee s eeee e 2]

(ii) The mass of one molecule of the gas is 40u.
Determine the root-mean-square (r.m.s.) speed of the gas molecules.

reSspest 2 serrmmmeemmae ms~ [2]

(b) The temperature of the gas is increased by 84 °C.

Calculate the value of the ratio
new r.m.s. speed of molecules

original r.m.s. speed of molecules
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M20/42/Q2
10 A large container of volume 85m? is filled with 110kg of an ideal gas. The pressure of the gas is
1.0 x 10°Pa at temperature T.
The mass of 1.0 mol of the gas is 32g.

(a) Show that the temperature T of the gas is approximately 300 K.

3]

(b) The temperature of the gas is increased to 350K at constant volume. The specific heat
capacity of the gas for this change is 0.66 Jkg™1K™".

Calculate the energy supplied to the gas by heating.

ENETGY = ooeeeeeeeeenmeeeeeeneeeeee e e eeeneeeeeeeareeeeeenees J [2]

(c) Explain how movement of the gas molecules causes pressure in the container.
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(d) The temperature of a gas depends on the root-mean-square (r.m.s.) speed of its molecules.

Calculate the ratio:

r.m.s. speed of gas molecules at 350K
r.m.s. speed of gas molecules at 300K

[Total: 10]
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11

ON23/41/Q2

(a) Define specific heat capacity.
............................................................................................................................................. [2]
(b) An ideal gas of mass 0.35kg is heated at a constant pressure of 2.0 x 10°Pa so that its
internal energy increases by 7600J. During this process, the volume of the gas increases
from 0.038m?3 to 0.063m? and the temperature increases by 56 °C.
(i) Show that the magnitude of the work done on the gas is 5000 J.
(1]
(ii) Explain whether the work done on the gas is positive or negative.
..................................................................................................................................... [2]
(iii) Determine the magnitude of the thermal energy g transferred to the gas.
G = e s J [2]
(iv) Calculate the specific heat capacity of the gas for this process. Give a unit with your
answer.
specific heat capacity = ..o, unit.............. [2]
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(c) The gasin (b) is now heated at constant volume rather than at constant pressure.
The increase in internal energy of the gas is the same as in (b).

Use the first law of thermodynamics to explain whether the specific heat capacity of the gas
for this process is less than, the same as, or greater than the answer in (b)(iv).

[Total: 12]
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12 (a) The product pV for an ideal gas is given by ON23/41/Q3
pV= %Nm(cz)
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 (cz} in this equation.
OSSOSO USSRV RPRSRPTROP

(2] ettt ettt e s it h e R AR ettt et
(3]

(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
Ey= KT,

(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 1072kg.

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

temMPpPErature = ......coccciiiieiiiiieeee e K [2]

(d) The gas at the surface of a star has a very high pressure.

Use the basic assumptions of the kinetic theory to suggest why, in practice, a gas at the
surface of a star is unlikely to behave as an ideal gas.
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ON 23/42/Q3
13. (a) State what is meant by the internal energy of a system.

............................................................................................................................................. [2]
(b) Use the first law of thermodynamics to explain what happens to the internal energy:
(i) of a spring when it is stretched at constant temperature within its elastic limit
- [3]
(ii) of a sample of water when it evaporates from a rain puddle on a hot day.
- [3]
[Total: 8]
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March24/42/Q2

(a) By referring to both kinetic energy and potential energy, explain what is meant by the internal
energy of an ideal gas.

(b) A fixed mass of an ideal gas at a temperature of 20°C is sealed in a cylinder by a piston, as
shown in Fig. 2.1.

Cy"n der— — 1

gas piston

Fig. 2.1

The initial volume of the gas is 1.24 x 104 m3.
Thermal energy is supplied to the gas and its volume increases by 5.20 x 10~°m3.

(i) The piston is freely moving so that the gas is always at atmospheric pressure.
Atmospheric pressure is 1.01 x 10°Pa.

Calculate the work done by the gas.

work done by gas = ..o J [2]

(ii) Calculate the final thermodynamic temperature T of the gas.
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(iii) The mass of the gas is 16g. For this expansion, there is a net transfer of 960 J of thermal
energy to the gas.

Calculate the specific heat capacity c of the gas at this pressure.

Lo TR Jkg™ K™ [2]

(c) The gas in (b) is allowed to return to its starting temperature. The piston is now fixed in
position.

Thermal energy is supplied to increase the temperature to the same final temperature as in (b).

Use the first law of thermodynamics to suggest and explain how the specific heat capacity of
the gas for this situation compares with the value in (b)(iii).

[Total: 11]

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

MJ24/41/Q3
..................................................................................................................................... [2]

(ii) Use one of the basic assumptions of the kinetic theory to explain what can be deduced
about the potential energy associated with the random motion of molecules in an ideal
gas.

..................................................................................................................................... [2]
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(b) A sample of 0.26m? of an ideal gas is at pressure 2.0 x 10°Pa and temperature 290K.

Determine:

(i) the number N of molecules of the gas

N = e [2]
(ii) the average translational kinetic energy E, of one molecule of the gas
B = J [2]
(iii) the internal energy of the gas. Explain your reasoning.
internal energy = ... J [2]
(c) The volume V of the gas in (b) is now varied, keeping its pressure constant.
On Fig. 3.1, sketch the variation with V of the internal energy U of the gas.
A
u

2

0 > 2

0 v [Total: 12]
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16

MJ24/42/Q2

(a) With reference to thermal energy, state what is meant by two objects being in thermal
equilibrium.
............................................................................................................................................. [1]

(b) Two cylinders X and Y each contain a sample of an ideal gas. The samples are in thermal
equilibrium with each other.

X has a volume of 0.0260m?® and contains 0.740 mol of gas at a pressure of 1.20 x 10°Pa. Y
has a volume of 0.0430m?® and contains gas at a pressure of 2.90 x 10°Pa. Data for the two
cylinders are shown in Fig. 2.1.
X Y
0.740 mol
1.20 x 105Pa 2.90 x 10°Pa
0.0260m3 0.0430m3
Fig. 2.1
(i) Show that the temperature of the gas in X is 234 °C.
[3]
(ii) Determine the number N of molecules of the gas in Y. Explain your reasoning.
N= [3]
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(iii) The gas in X consists of molecules that each have a mass that is four times the mass of
a molecule of the gas in Y.

Explain how the root-mean-square (r.m.s.) speed of the molecules in X compares with
the r.m.s. speed of the molecules in Y.

[Total: 10]
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MJ24/42/Q3
17.  (a) State what is meant by the internal energy of a system.

(b) With reference to molecular kinetic and potential energies, describe and explain how the
internal energy of the system changes when:

() agas is heated at constant volume so that its temperature increases

[Total: 8]
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ON24/41/Q3
18 (a) (i) State whatis meant by the Avogadro constant. /41/Q

(i) State the relationship between the Avogadro constant N,, the molar gas constant R and
the Boltzmann constant k.

(1
(b) Two samples X and Y of ideal gases are both at thermodynamic temperature T.

Sample X has volume V and consists of N molecules, each of mass m.
Sample Y has volume 2V and consists of 2N molecules, each of mass 2m.

(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.

Table 3.1
sample X sample Y
pressure
amount of
substance
mean-square speed
of molecules
internal energy
[4]
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(ii) 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
r.m.s. speed
0 -
0
thermodynamic temperature
Fig. 3.1
(2]
[Total: 8]
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19 (a) State three of the basic assumptions of the kinetic theory of gases. ON24/42/Q4

L S OO ROV ORO RSP OO
ettt e bt et e a et e b e e e e be e ettt e at e bt e g e she et e e he e e et e e na
PSP PRR
(3]

(b) Explain how molecular movement causes the pressure exerted by a gas.
............................................................................................................................................. [3]

(¢) Fig. 4.1 shows the variation with thermodynamic temperature T of the mean-square speeds
(c?) for two gases X and Y.

6
(c2)/108m2s2 1 X
L~
4 o
=Y
2 P’ - = =
ojeE T
0 100 200 300 400
T/IK
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Fig. 4.2 shows the variation with T of the product pV for samples of the two gases, where p is

the pressure of the gas and V is the volume of the gas.

3
Y
pV/1103J >
2
-
1 =" T x
o
0 100 200 300 400

TIK

Fig. 4.2

State three conclusions about the gases and their samples that may be drawn from Fig. 4.1
and Fig. 4.2. The conclusions may be qualitative or quantitative. Use the space below for any

working that you need.
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March25/42/Q3(b)

20 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.

The variation of the volume V of the gas with the temperature & of the gas is shown in Fig. 3.1.

04

V/im?3 L

0.3 = anii

0.1

0/°C
Fig. 3.1

(i) The temperature of the nitrogen gas is increased from 0°C to 210°C.
Determine the work done on the gas.

work done = ... d [3]

(ii) Determine the number N of molecules of nitrogen gas.
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(iii) The mass of a nitrogen molecule is 4.7 x 1072%kg.

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

rM.S. SPEed = oo ms=! [2]
[Total: 12]
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MJ25/41/Q4
21 (a) (i) State whatis meant by the internal energy of a system. /41/Q

- [2]

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

- (2]
(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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MJ25/42/Q3
22 (a) Define specific heat capacity.

(b) A block of aluminium has a volume of 3.612 x 10~3m? at a temperature of 0°C.

Aluminium has a density of 2.700 x 103kgm~3 at 0°C.
It has a density of 2.620 x 103kgm~ at 500 °C.

The block is heated so that its temperature increases from 0°C to 500°C at an atmospheric
pressure of 1.01 x 10°Pa.
The increase in internal energy of the block is 4.38 MJ.

(i) Calculate the mass of the block.

(ii) Show that the volume of the block at a temperature of 500 °C is 3.722 x 10~3m?3.

(1]

(iii) Use the information in (b)(ii) to determine the magnitude of the work done on the block
when its temperature is raised from 0°C to 500 °C.

WOrK dONE = L.t J [2]
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(iv) Explain whether the work done on the block is positive or negative.

2]

(v) Use the first law of thermodynamics to determine, to three significant figures, a value for
the specific heat capacity of aluminium. Explain your reasoning. Give a unit with your
answer.

specific heat capacity = ... unit .............. [3]

(c) Without further calculation, suggest with a reason how doubling the pressure in (b) is likely to
affect the answer in (b)(v).

- 1]
[Total: 13]
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23 (@) The equation of state for an ideal gas may be written as MJ25/42/Q4
pVA = NBT

where p is the pressure of the gas, Vis 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.

..................................................................................................................................... [1]
(ii) Identify the constant B.
..................................................................................................................................... [1]
(b) The product pV for an ideal gas is also given by
pV = ;Nm{c?).
(i) State the meanings, in this equation, of the symbols m and {(c?).
TTE. ettt ettt h b £ ea e b e £ b £ eAE £ eA£ £ R £ oAb e e oAb a £ e £ ehbe et en e R eaaeaa e s
(B2 ettt h bt eh et A e A s h bbbt et b h bbbt
(2]

(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.

(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.

A
r.m.s. speed
0 ==
0 T
Fig. 4.1
(2]
[Total: 8]
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MJ25/44/Q3
24 (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 1.9kgm3.

(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 = ........cccco i K [2]

(c) Calculate the internal energy U of 6.0mol of the gas in (b). Explain your reasoning.
U= e J [3]
[Total: 10]
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‘ Question Answer Marks
1 (a)(i) | (gas that obeys) pV e T (for all values of p,V and T) M1
where T is thermodynamic temperature A1
(a)(i) temperature = -273.15°C A1
(b)) | pV = NKT c1
N =(1.37 x 10° x 0.640)/ (1.38 x 1023 x (227 + 273)) c1
=1.27 x 10%® A1
(b)(ii) | mass =0.0424/(1.27 x 10%) A1l
=3.34 x 107 kg
b)(iii) | Ysm<c?> = (3/2)kT c1
3.34 x 107 x v = 3 x 1.38 x 102 x 500 c1
v=2490ms™" A1l
or
pV = Va(Nm) <c2> and Nm = mass of gas (c1)
0.0424 x 12 = 3 x 1.37 x 105 x 0.640 (c1)
v=2490ms" (A1)
2(c) sketch: line from (0, 0) to (500, v) B1
| line with decreasing positive gradient throughout B1
Question Answer Marks
2(a) gas for which pV o« T M1
where T is thermodynamic temperature A1
2(b)(i) evidence of two temperature conversions between °C and K B1
two calculations shown, one for each state e.g. A1
1.10x10°x540x10° _ ) o0 0 6.70x10°x30x10° _ /00
(273+27) (273+742)
2(b)(ii) work is done on the gas M1
internal energy increases (so temperature increases) A1l
2(b)(ii) | pV=NkTe.g. c1
_ 1.10x10° x540x10°®
1.38x107% x 300
=1.435 x 102
AE = (3/2) kATN
:(3/2)x1.38x1023x(742—27)x% ¢
=212J Al
2(c) E=mcA@® and E=mL c1
AO= (27 + 196) or 223 c1
E=0.0240 x 1.04 x (27 + 196) + 0.0240 x 199 A1
=10.3kJ
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Question Answer Marks
3(a) p = pressure (of gas), V = volume (of gas) and k = Boltzmann constant B1
N = number of molecules B1
T = thermodynamic temperature B1
3(b) (pV = NKT and pV = ¥%Nm<c?> leading to) NkT = YaNm<c?> M1
algebra leading to (3/2)kT = Y2m<c?> and use of ¥am<c?> = Ex leading to (3/2)kT = Ex A1
3(c)(i) T=29%K c1
Yem<c2> = (3/2)kT c1
Y2 x5.31x 1020 x 1?2 = (3/2) x 1.38 x 102° x 296
u=480ms"" A1
3(c)(ii) | line passing through (P, u) B1
horizontal straight line B1
Question Answer Marks
4 (a)(i) |agasthatobeys pVa T M1
where p = pressure, V = volume, T = thermodynamic temperature Al
a)ii) | T =(273+17)K c1
n =pVIRT A1
= (1.2 x 105 x 0.24) /[8.31 x (273 + 17)]
=12 mol
(b)(i) | work done = pAV c1
=1.2 x 105 x (0.24 — 0.08) = 19200 J (= 19.2 kJ) A1l
b)(ii) | AB work done correct (19.2) A1
BC work done correct (0) A1l
CA increase in internal energy correct (0) and CA thermal energy correct (31.6) A1
AB increase in internal energy calculated correctly from work done - 48.0 Al
BC increase in internal energy correctly calculated so the final column adds up to zero and BC thermal energy same as A1
increase in internal energy
(Fully correct table:
AB | 19.2 -48.0 | -288
BC 0 28.8 28.8
CA | =316 31.6 0
)
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i 5(a) pV = NKT c1
N=(1.8x103x3.3x105/(1.38 x 102 x 310) = 1.4 x 10& A1
or
pV=nRT and nNa=N (c1)
N=(1.8x10"2x3.3x105x6.02x 10%°)/(8.31 x 310) = 1.4 x 10 (A1)

(b) speed of molecule decreases on impact with moving piston B1
mean square speed (directly) proportional to (thermodynamic) temperature B1
;rean square speed (directly) proportional to kinetic energy (of molecules)
zirnetic energy (of molecules) (directly) proportional to (thermodynamic) temperature
kinetic energy (of molecules) decreases (so temperature decreases) B1
(c)(i) AU =32xkxATxN c1
=3/2%1.38x 1028 x (288 —310) x 1.4 x 102 c1
=—-64J A1
(c)(iiy | decrease in internal energy is less than work done by gas M1
(thermal energy is) transferred to the gas (during the expansion) A1
6 2(a) pV=nRT c1
pV=nRT and N =nNa C1
or
pV = NKT
3.1%x103x8.5x 105= (N x 290 x 8.31)/(6.02 x 10%) A1
so N=6.6x 10%
or
3.1%x103x8.5x 105= N x 1.38 x 102 x 290
so N=6.6x 102
b)(i) | (3.1x10°%x8.5%x10°%)/290 = (6.3 x 103x2.7x10%/T A1
so T=190K
or
6.3x103x2.7x105=6.6x 102 x1.38x 102 x T
so T=190K
b)(ii) |AU =3/2xkxATxN c1
=3/2x1.38x 102% x (190 — 290) x 6.6 x 102 c1
=-1400J A1
P(c) AU=qg+w M1
g=0soAU=w A1
6
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i 7(a) +g: thermal energy transfer to system B1
+w: work done on system B1
(b)) | (W=)2.6x105x (3.8—2.3)x 10 =390 A1l
(b)(if) | no (total) change (in internal energy) B1
gas returns to its original temperature B1
(c) A to B row all correct (1370, — 390, 980) B1
B to C row all correct (0, 550, 550) B1
C to A row: AU adds to the other two AU values to give zero B1
C to Arow: w= 0 and g adds to w to give AU value B1
complete correct answer:
change qlJ wiJ V AUTJ
| AtoB | (+)1370 . -390 . (+)980
BtoC 0 (+)550 (+)550
CtoA -1530 0 -1530
8(a) sum of potential energy and kinetic energy (of particles) B1
(total) energy of random motion of particles B1
(b)) |pV=nRT c1
260x10°x230x 10°=nx8.31x 180 A1
n=0.400 mol
(b)(ii) | (2.30x10°)/180=(3.80x10°)/T c1
or
260x10°x3.80x10°=0400x8.31xT
T=297K A1
@©) | AW=pAV c1
=2.60 x 10°x (2.30 — 3.80) x 103
=(-)390J A1
negative because work is done by gas B1
z;gative because work is done against atmospheric pressure
z;gative because volume of gas increases
(c)(ii) AU = (980 —390) A1
=590J
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9(a)(i) pV =NKkT or pV =nRT and N=nN, C1
_2.3x10°x3.5x10°
1.38x107% x 204
=2.0x10% A1l
ii c1
(a)(ii) pv o d 2
3
2 3x2.3x10°x3.5x10°
2.0x10% x40x1.66x107%"
=182 000
r.m.s. speed = 430 ms™’
or A1l
1 2_3
/zmc = AkT
2 3x1.38x107% x294 (C1)
40x1.66x107"
=183 000
r.m.s.speed = 430 ms~' (A1)
(b) 2 3%2.0x10% x1.38x10™ x(294 +84) c1
- 2.0%10% x40x1.66x10°%
¢® =236000
c =485
(485 Al
ratio| =——|=1.1
( 430]
OR (c1)
vee JT or vV e T
afio < [273+21+84 or 378 (A1)
273+ 21 294
ratio = 1.1
‘ 10 }(a) n=110/0.032 or 110000/ 32 or 3440 Cc1
pV=nRT c1
T=(1.0 x 105 x 85)/(8.31 x (110/0.032)) = 300K A1
(b) E=mcAé c1
=110 x 0.66 x 50
=3600J A1
(c) Any 3 from: B3
* molecule collides with wall
+» momentum of molecule changes during collision (with wall)
« force on molecule so force on wall
« many forces act over surface area of container exerting a pressure
(d) KEo T Cc1
ve VT
ratio = (350/300) A1
=11
|
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Ql 1 a) (thermal) energy per unit mass (to change temperature) B1

(thermal) energy per unit change in temperature B1

2(b)(i) | work done = pAV A1

= (2.0 x 10°) x (0.063 — 0.038) = 5000 J

2(b)(ii) | gas is expanding (against external pressure) B1
gas does work / work is done by gas, so (work done on gas is) negative B1

2(b)(iiy |AU=q+ W c1
7600 = q + (—5000) A1
q=12600J

2(b)(iv) | specific heat capacity = q/ mAT c1

=12600/(0.35 x 56)

=640Jkg' K" A1
2(c) same gain in internal energy so same temperature rise B1
no change in volume so no work done B1

or
no work done so less thermal energy needed (for same change in internal energy)

less thermal energy needed (for same temperature change) so lower specific heat capacity B1
Q12 1)(i) N: number of molecules (of the gas) B1
m: mass of one molecule (of the gas) B1
<c?>: mean square speed (of molecules) B1
3(a)i) | pv=NkT M1
NkT = ¥5Nm<c?> and Ex = Yam<c?>leading to Ex = (3/2) kT A1
3(b) Y x 3.34 x 1027 x 93002 = (3/2) x 1.38 x 108 x T Cc1
T=6980K A1
3(d) (very high pressure so) molecules are (very) close together (not just ‘nearer’) B1
forces between molecules are not negligible B1

\‘/’glume of molecules not negligible compared with gas volume
Q13 ‘a) sum of potential energy and kinetic energy (of particles) B1
(total) energy of random motion of particles B1
3(b)(i) no thermal energy transferred B1
work is done on the spring (increasing the potential energy of particles) M1
so internal energy increases A1
3(b)(ii) | thermal energy transferred to water B1
work is done by water (expanding against atmosphere as it vaporises) B1
more thermal energy transferred than work done so internal energy increases B1
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Q14 a) total kinetic energy associated with random motion of molecules M1
plus total potential energy (of molecules) but potential energy is zero A1
2(b)i | W=pav c1
=1.01 x 105 x 5.20 x 10-5 A1
=(+)5.25J
2(b)(ii) | Ve Tor VI T = constant c1
1.24/(273 +20) = (1.24 +0.520)/ T A1
T=416K
2(b)(iii) | ¢ =Q/mAT c1
=960/(0.016 x (416 — 293)) Al
=490 J kg1 K"

2(c) no change in volume so no work is done (by the gas) B1
(same temperature change so) same change in internal energy B1
less thermal energy needs to be supplied so c is less B1

Q15 (ai) gas for which pV e« T M1
where T is thermodynamic temperature A1
3(a)(ii) | nointermolecular forces B1
(so) potential energy is zero B1
3(b)(i) | pV=NkT c1
N =(2.0 x 10° x 0.26)/(1.38 x 102 x 290) A1
=13 x 10%
3()i) |Ex =(3/2) kT c1
Ex =(3/2) x 1.38 x 1072% x 290 A1
=6.0x102"J

3(b)(iii) | internal energy = total KE + PE of molecules B1

‘F”E = 0 so internal energy = total KE of molecules
internal energy = 1.3 x 10% x 6.0 x 102! A1

=7.8x10%J
3(c) straight line with positive gradient B1
line passing through the origin B1
Cyrus Ishaq PHYSICS WITH

ISL RR, ISL PA, BCP Gulberg,
TCS Ravi, Kaizen, Roots IVY
+923008471504
https://cyrus-physics.com

mCYRUS
=)

47



Q16 a) (if in thermal contact) no net transfer of (thermal) energy (between them) B1

2(b)(i) | pV=nRT c1
T =(1.20 x 105 x 0.0260)/(0.740 x 8.31) M1
(=507 K)
temperature = 507 — 273 = 234 °C A1
2(b)(ii) | thermal equilibrium so temperatures (of X and Y) are equal B1
pV =NKT c1
N =(2.90 x 105 x 0.0430)/(1.38 x 10-2% x 507) A1
=1.78 x 10%
2(b)(iii) | e (molecular) kinetic energy is proportional to temperature B2
or

kinetic energy (of molecules) is same in both cylinders

e kinetic energy proportional to mass x mean-square speed
or
temperature proportional to mass x mean-square speed
or
r.m.s. speed proportional to \(temperature / mass)

e mean-square speed inversely proportional to mass
or
r.m.s. speed inversely proportional to V(mass)

Any two bulleted points, 1 mark each

r.m.s. speed (of molecules) in X is half r.m.s. speed (of molecules) in Y B1
Q17 1) sum of potential energy and kinetic energy B1
(total) energy of random motion of particles B1
3(b)(i) no change in separation so no change in (molecular) potential energy B1
temperature increases so kinetic energy (of molecules) increases B1
kinetic energy increases and potential energy unchanged, so internal energy increases B1
3(b)(ii) | temperature constant so no change in (molecular) kinetic energy B1
separation increases so potential energy (of molecules) increases B1
potential energy increases and kinetic energy unchanged, so internal energy increases B1
|
Q18 3(a)(i) number of particles per unit amount of substance B1
3(a)(ii) |Na=R/k B1
3(b)(i) | X pressure and Y pressure both = NkT/V B1
X amount = N/Na and Y amount = 2N/ Na B1
X mean-square speed = 3kT/m and Y mean-square speed = 3kT/2m B1
X internal energy = 3NkT/2 and Y internal energy = 3NkT B1
3(b)(ii) | line passing through the origin and not returning to either axis B1
curve with positive decreasing gradient B1
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Q19 (a) * molecules are in (constant) random motion B3
« (all) collisions between molecules are (perfectly) elastic
« no forces between molecules (except during collisions)
« volume of molecules is negligible (compared with volume of gas)
« collisions involving molecules are instantaneous
Any three points, 1 mark each
4(b) « molecules collide with (walls of) container B3
« momentum of molecule changes during collision (with walls)
« change in momentum is caused by force on molecule by wall
« molecule experiences force from wall so molecule exerts force on wall
* many molecules exerting force across the area of the wall leads to pressure (on the wall)
Any three points, 1 mark each
4(c) Any three bulleted points from: B3
* both gases are ideal
Up to 2 points from:
« mass of one molecule of gas X is 3.3 x 102" kg
« mass of one molecule of gas Y is 6.6 x 102" kg
« mass of one molecule of gas Y is double mass of one molecule of gas X
Up to 2 points from:
« sample of X contains 0.27 mol /1.6 x 102> molecules
« sample of Y contains 0.81 mol /4.9 x 102 molecules
« sample of Y contains treble the amount of gas / number of molecules as sample of X
Up to 2 points from:
e massofgas Xis 5.4 x 10*kg
e massofgasYis3.2x103kg
« mass of gas Y is six times mass of gas X
QZO 3(b)(i) work done = pAV c1
=(1.6 x 10%) x (0.18 — 0.32) c1
=-2.2x104 A1
3(b)(ii) | pV = NKT Cc1
N = (1.6 x 105x 0.18) /(1.38 x 10-28 x 273) A1
=7.6 x 10%
3(b)(iii) | Yem<c?>=(3/2)kT Cc1
rm.s. speed = V[(3 x 1.38 x 102 x (210 + 273) / (4.7 x 10-28)] A1
=650ms!
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Q21 Wa)(i) |sum of potential energy and kinetic energy (of particles) B1 |Allow ‘PE’ or ‘Ep’ for ‘potential energy’.
Allow ‘KE' or ‘Ex’ for ‘kinetic energy’.

Allow ‘atoms’ or ‘molecules’ for ‘particles’.
Allow ‘a particle’ for ‘particles’.

Do not allow ‘system’ or ‘gas’ for ‘particles’.

(total) energy of random motion of particles B1 [Allow ‘distribution’ for ‘motion’.
Allow ‘random energy of particles’.
Allow ‘atoms’ or ‘molecules’ for ‘particles’.

Do not allow ‘system’ or ‘gas’ for ‘particles’.
Do not allow ‘a particle’ for ‘particles’.

Ignore any references to the first law of
thermodynamics.

4(a)(ii) |potential energy of molecules (in an ideal gas) is zero B1

kinetic energy of molecules is proportional to thermodynamic temperature, | B1 |Allow ‘T for ‘thermodynamic temperature’.

so internal energy of gas is proportional to thermodynamic temperature Allow ‘Ex = 3/2kI,soUx T.
4(b) cooling work done = 0 B1

compression increase in internal energy = +2U B1 |Allow 2U'.

cooling change in internal energy = -U B1

both rows thermal energy adds to work to give increase in internal energy B1
(if all correct, compression = 2U - W; cooling = =U)

compression +W 2U-w +2U
cooling 0 -uU U
QZZ 3(a) (thermal) energy per unit mass (to cause temperature change) B1 |Both marking points:
Ratio must be clear.
(thermal) energy per unit change in temperature B1 [ Allow ‘heat for ‘thermal’ or ‘thermal energy’.
Ignore any symbols unless they are defined.
Ignore any reference to units.
Do not allow ‘work’ for ‘thermal energy’.
Do not allow if context is state change.
3(b)(i) |density = mass /volume c1
mass = 2.700 x 10° x 3.612 x 107°
= 9.752 kg A1 | Correct to at least 3 significant figures. (9.75 for AFC).
3(b)(ii) |either volume = 3.612 %107 x (2.700/2.620) = 3.722 x 10* m® A1 | Full substitution and answer needed.
or. volume = 9.752/2.620 x 10° = 3.722 x 10 m® (A1) | Full substitution and answer needed.
No ECF from (b)(i).
3(b)(iii) (W = pAY, C1 |Correct to at least 3 significant figures. AFC.
= 1.01 x 10° x (3.722 — 3.612) x 107° Ignore sign of answer.
=111J A1l
3(b)(iv) [volume of block increases B1
work is done against the atmosphere so work done (on block) is negative B1 [ Allow ‘by block’ for ‘against the atmosphere’.
3(b)(v) |thermal energy = (4.38 x 10°) + 11.1 B1 |[Possible ECF form (b)(iii).
shG = (4.38 x 10 /(9.75 x 500) C1 | Allow comment that the work done is negligible.
= 898 J kg™' °C! A1 |lgnore subtraction of 11.1 for the C1 mark.
Must be to three significant figures.
Unit needed with answer. Allow J kg™ K.
3(c) work done is negligible compared with change in internal energy so Do not allow if answer to (b)(iii) > 2000 J.
specific heat capacity will be unchanged B1
Provided that answer to (b)(iii) < 200 J, allow an
answer for a slightly increased s.h.c| reasoned in
terms of W being slightly greater.
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Q23 Ka)(i) [thermodynamic temperature B1 |Allow ‘absolute’, ‘kelvin’ or ‘in K' for ‘thermodynamic’.
Do not allow just ‘temperature’.

4(a)(ii) | molar gas constant B1 |Allow ‘universal gas constant’.
4(b)(i) |m: mass of one molecule (of the gas) B1
<c?>: mean square speed (of molecules) B1 |Do not allow ‘mean square speed of the gas’.

Do not allow ‘root mean square’ for ‘mean square’.
Do not allow ‘mean speed squared'.

4(b)(ii) |NBT/A = ¥ Nm<c®> M1
Completion of algebra must follow through clearly.
clear use of Ex = ¥ m<c*> leadingto Ex = 3BT/2A A1
4(c) sketch:
line with positive gradient passing through the origin B1
curve with decreasing positive gradient B1
Q24 3(a) |[gasthatobeysthelaw pV « T M1 | Allow ‘gas that obeys ‘pV = constant xT".
where T is thermodynamic temperature, p is pressure and V is volume A1 | Allow any of N, n, R and/or k for ‘constant’.
Allow ‘absolute’ or ‘Kelvin’ for ‘thermodynamic’.
3(b)(i) [r.m.s.speed = V<c?> C1 | The C1 marks are independent of each other.
(Neither implies the other, and XP in one does not
pV = ¥ Nm <c®> and Nm/V =p C1 [negate the other).
sop = Yp<c®> This expression implies the second C1 mark.
Full substitution and answer needed for the A1 mark.
1.6 % 10° = % x 1.9 % (rm.s. speed)’ and so r.m.s. speed =500 m s’ A1 | The A1 mark implies both C1 marks.
3(b)(ii) [method 1
(pV =) % Nm<c®>> = NkT so
% m<c*> = (3/2)kT c1
%% 4.7 %10 x 5032 = (3/2) x1.38 x 1072 x T No ECF from (b)(i).
T=200K A1 |Correct to at least 2 significant figures. AFC. (287).
Use of rounded gaus, gives 280 (284) K (for AFC).
method 2
pV=NkTand Nm/V=p
(so) T = Pm! pk (c1)
= 16x10°x4.7 x 107 /(1.9 x 1.38 x 10%%)
= 200K (A1) |Correct to at least 2 significant figures. AFC. (287).
3(c) potential energy of molecules is zero B1 |Can be awarded from putting Er = 0 into equation.

Damna G Af10

N = 6.0x6.02x 102 C1 | C1 mark is for the working for N. Value does not
need to be calculated, but N = 3.6 x 10** implies C1.

either: U = Nx Yam<c®> = 6.0 x 6.02 x 10% x ¥, x 4.7 x 107 x 5007 No ECF from (b)(i) for this method.
or. U = Nx(3/2)kT = 6.0 x 6.02 x 10 x (3/2) x 1.38 x 107 x 280 Possible ECF from (b)(ii) for this method.
U = 21000 J A1 |Correct to at least 2 significant figures. AFC.

3SF answer depends on SFs carried through (but all
values round to 21 kJ to 2SF).
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