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PHYSICS — UNIT 3 - THERMALPHYSICS

3.4 Thermal physics — heat capacity, the first law and p-V cycles

Specific heat capacity by method-of-mixtures and immersion heater, the first law AU = Q - W applied step-by-step

around a cycle, and heat-engine efficiency from p-V loops.

NEW 2015 SPEC - UNIT 3 TOPIC 4
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PAGE 2 - SPECIFICATION REMINDER Unit 3 Topic 4 - 2015 spec

Thermal Physics — what the new spec asks

WIJEC GCE A Level Physics (from 2015) - Unit 3: Oscillations & Nuclei - Topic 3.4.

Heat & temperature A Specific heat capacity A

e Temperature ~ mean KE of particles; thermal e Q=mcABwithcinJkg' K™
equilibrium = no net heat flow.  Determine ¢ by method-of-mixtures or by an

e ConvertT/K = 6/°C + 273.15. immersion-heater calorimetry.

Internal energy & firstlaw B p-Vcycles & engines C

e U =sum of kinetic and potential energies of all e Work done by gas in a quasi-static process = area
particles. under p-V curve.

e Firstlaw: AU = Q - W (legacy convention — W is work e Isobaric W = pAV; isochoric W = O; isothermal W = nRT
done by gas). IN(V2/Va).

e AU =0 around any closed cycle; AU depends only on e Closed cycle efficiency N = Wy ot / Qjn; Wpet = €nclosed

initial and final states. area.



PAGE 3 - CRIB SHEET

Thermal Physics in one page

Quick-reference notes — revisit before each section.

Thermal equilibrium

Two bodies at the same T have no net
heat flow.
T/K = 8/°C + 273.15.

Internal energy

U = KE + PE of all particles.

Monatomic ideal gas: U = &frac32;
NRT — T only.

Around a closed cycle AU = 0.

Adiabatic
No heat exchange = AU = -W.

Fast compression heats the gas; fast
expansion cools it.

Specific heat capacity
cinJkgmK™.

Method-of-mixtures: heat lost = heat
gained (isolated system).

Immersion heater: ¢ = VIt / (mA®).

First law

Legacy WJEC convention: W = work
done BY the gas.

Q > 0 if heat flows into the gas.

Modern texts may write AU = Q +W —
same physics.

Cycles & engines

Closed cycle: W, . = enclosed areaon a
p-V loop.

Efficiency N = W et / Qjp

Unit 3 Topic 4 - 2015 spec

Latent heat
Q =mL: no T change.
Lsys for melting; L, 5, for boiling.

vap

p-V work

Quasi-static expansion: W = [ p dV.
Isobaric: W = pAV.

Isochoric: W = 0.

Isothermal (ideal): W = nRT In(V2/V,),
AU=0,Q=W.

Strategy
1. Tabulate Q, W, AU for each leg.

2.Check AU totals to 0 around the
loop.

3.Sum W to get the net work.



PAGE 4 - SECTION INDEX

Section index

Use this index to jump straight to the section you need.

Section
A Specific heat capacity & thermal equilibrium
B First law of thermodynamics

C p-Vcycles & internal energy

Questions

Qs 1-2

Qs 3-4

Qs 5-8

Unit 3 Topic 4 - 2015 spec

Marks

22 marks

26 marks

51 marks



Question 1 WJEC PH4 June 2013 - Q2 11 marks - Section A

Examiner
. . . . . . only
2. A container made of insulating material contains 1.7 X 10~ m?® of water. The water is heated

by a 3kW electric immersion heater. A student records the water temperature at 0.5 minute

intervals.
Time / min Temperature of water / °C

0.5 325

1.0 45.0

L5 57.5

2.0 70.5

2.5 83.0

3.0 95.5
(a) The density of water is 1.0 X 10°kg m . Calculate the mass of the water. [1]
(b)  Plot a graph of the water temperature against time in minutes. [2]

Temperature / °C
A

0 =
0 Time / min




Question 1 (continued) WJEC PH4 June 2013 - Q2 11 marks - Section A

5 []

Examiner
. - only
(¢) Estimate the original temperature of the water. [1]
(d) 1f the heating continues, how long after the start of heating will the water boil? [1]
(e) The power of the heater is 3kW. Determine a value for the specific heat capacity of the
water in the insulating container. [3]
(f)  The student repeats the experiment but uses a container that is not such a good insulator.
Readings are obtained at the same time intervals as before. State what happens to the: 15

(1) values of temperature;
(i) gradient of the graph;
(i11)  value obtained for the specific heat capacity.

Calculations are not required.




Question 2 WJEC PH4 June 2016 - Q4 11 marks - Section A

Examiner
I
4. A metal saucepan of mass 0.9kg contains 1.6 kg of water at a temperature of 92°C. The water o

and saucepan are in thermal equilibrium, and the saucepan-water system is isolated from its
surroundings.

(a) Explain what is meant by thermal equilibrium. [2]

(b) Vegetables of mass 1.1kg and temperature 17 °C are placed in the water, and the system
is left to reach thermal equilibrium once again. Describe in terms of heat flows how thermal
equilibrium is reached between the saucepan, water and vegetables. (Calculations are
not required.) [3]

(c) Calculate the final temperature of the saucepan, water and vegetables given the specific
heat capacities below. 4]

Specific heat capacity / Jkg=! °C™

Water 4200

Saucepan 500

Vegetables 3500




Question 2 (continued) WJEC PH4 June 2016 - Q4 11 marks - Section A

Examiner
I
(d) Explain what will happen to the final temperature if the system is not completely isolated o

from the surroundings. [2]




SECTIONB

First law of thermodynamics

Questions 3 -4 -26 marks



Question 3 WJEC PH4 June 2010 - Q3 14 marks - Section B

Examiner
only

3. A gas is contained in a metal cylinder with a

leak-proof piston at one end I

The pressure and volume of the gas during an experiment are shown on the graph below.

Pressure/kPa
A
\
\
200 A
N
\\
150 NG
100
50
0 >
0.0 1.0 2.0

Volume/ 107 m*

(a) The first law of thermodynamics may be written.
AU=Q-W

By referring to the gas in the cylinder, explain the meaning of




Question 3 (continued) WJEC PH4 June 2010 - Q3 14 marks - Section B

. [

Examiner
only
(b) If the cylinder contains 0.1 mol of gas and the initial conditions are given by point A
on the graph, show that the initial temperature of the gas is approximately 290 K.
3]
(¢) The gas is compressed along the curved path AB at a constant temperature of 290 K.
Show that the total work done along this path is approximately 1701J.
Pl
(d) Inan alternative process for changing the state, the gas follows path APB. :
(1)  Explain why no work is done on or by the gas along the path AP. §
(2]

(i) Estimate the total work done along path PB, indicating clearly whether the work
is done on or by the gas.

(e) Use the first law of thermodynamics to explain why the heat flowing out of the gas
system along path APB is different from the heat flowing out along path AB. A
calculation is not required.




Question 4 WJEC PH4 June 2012 - Q1 12 marks - Section B

Examiner
only

1.  (a) The first law of thermodynamics may be written AU = QO — W.

Explain carefully the terms

(1) AU o e 1
() 0 oo [1]
(1) W e 1]

(b)  Asealed container with a leak-proof piston at one end contains 0.40 mole of an ideal gas.
The gas is taken around a cycle (ABCA).
The pressure and volume of the gas are shown on the graph where p, = 1.01 X 10° Pa and
¥, = 1.00 % 102 m>.

Pressure

L2py |

N R ! C

i/\ vy 13V,

Volume




Question 4 (continued) WJEC PH4 June 2012 - Q1 12 marks - Section B

3 []

Examiner
only
(¢) Determine the work done (if any) along the following paths, indicating clearly if it is
done on or by the gas. [4]
(i) CA
(1) AB

(1) BC

1324
010003

(d)

Determine the total heat transferred if the gas is taken around the cycle three times,
stating clearly whether it flows in or out of the gas.




SECTIONC

p-V cycles & internal energy

Questions 5 - 8- 51 marks



Question 5 WJEC PH4 January 2010 - Q4 13 marks - Section C

Examiner
only

4. A gas undergoes a thermodynamic cycle, ABCDA, as shown in the p-V diagram.

L

60 1. A B

A A J
ressure / kPa 1

p 40 D c

20t
0 -
0 25 50 75 100
Volume/10*m?

(a) The first law of thermodynamics can be written in the form AU =Q — W

Sate the meaning of each term. [2]
AT e e R
O e e
e e e e
(b) (1) Calculate the work done by the gas during process AB. [2]

(i)  The temperatures at point A and B are 278 K and 556 K respectively and the amount
of gas is 13 moles. The internal energy of the gas is given by the equation U = 3 nRT.

Calculate the change in internal energy of the gas during the process AB. [2]




Question 5 (continued) WJEC PH4 January 2010 - Q4 13 marks - Section C

7 :
Examiner

only
fc) (i) How much work is done during process BC? [1]
(i)) Describe and explain the heat flow during the process BC (no calculations are
required). (2]
(d) (1) Explain why the change in internal energy over the closed cycle ABCDA is zero. [1]
(i)  Calculate the net heat supplied to the gas over the cycle ABCDA. [3]

W10 1324 01




Question 6 WJEC PH4 June 2015 - Q3 11 marks - Section C

Examiner

[
3. A heat engine has a cylinder with a leak-proof moveable piston which contains 2.00 mol of ideal o

monatomic gas. The gas is taken around the 4-stage cycle A—~B—C—D—A as shown in the
diagram.

Pressure/Pa A

1.28 % 1051 D - A
A y
1.10 x 105 1 C -t B
0.042 0.048
Volume/m3

(a) Complete the table indicating the temperature and internal energy of the gas in

state C. [2]
State Temperature T/K Internal energy U/J
A 369.7 9217
B 3177 7920
Cc
D 323.5 8065

Space for calculations.




Question 6 (continued) WJEC PH4 June 2015 - Q3 11 marks - Section C

7
Examiner
I
(b) Determine the work done (W) by the gas for each of the following: [4] o
() A—B;
(i) B—C;

(c) Determine the stages of the cycle in which heat is absorbed by (supplied to) the gas.
Show that the total heat absorbed in these stages is approximately 3000J. (Hint: Use the
first law of thermodynamics for each stage.) [3]

1324
010007

(d) A heat engine absorbs heat and does work. The efficiency of a heat engine is given by:

o net work done by the engine
efficiency = ( heat absorbed by the engine) % 100%

Calculate the efficiency of the gas heat engine. [2]




Question 7 WJEC PH4 January 2014 - Q4 14 marks - Section C

Examiner
[
4. An ideal monatomic gas is taken through the closed cycle ABCA as shown. o

& A
=~ 250000 I
] B
=
3 \
e
% 200000
N
N\
150000
7 \‘
N
N
AN
100000
50000
0 -
0 0.1 0.2 0.3 0.4 0.5 0.6 \olume / m3
(@ There are 15.6 mol of gas. Show that the temperatures of points A, B and C are 309K,
471K and 160K respectively. [3]
(b) Calculate the change in internal energy for the three processes. [3]

() BB e




Question 7 (continued) WJEC PH4 January 2014 - Q4 14 marks - Section C

Examiner
I
(c) Calculate the work done by the gas for each of the three processes. o

(i) AB (one mark is available for the accuracy of your estimate) [3]

(i) BC 1]

(i) CA 1]

(d) (i) Calculate the heat supplied to the gas for process AB. [2]

(i) Process AB is in fact a very rapid compression. Explain why the answer to (d)(i)
should be a low value. [1]




Question 8 WJEC PH4 January 2013 - Q7 13 marks - Section C

14

Examiner
I
7. Anideal monatomic gas undergoes the cycle ABCDA shown below. o

Pressure / kPa
J

140

120

100 ~

80 S

Py

FanY

60

40

20

0 P
1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1
Volume / m*

BC and DA are isotherms (the temperature along each of BC and DA is constant) and there are
49.3 mol of ideal gas.

(a) By considering one point on BC and one on DA, show that the temperature of BC is
approximately 300 K and that of DA is approximately 400 K. [2]




Question 8 (continued) WJEC PH4 January 2013 - Q7 13 marks - Section C

15
Examiner
. only
(i) and DA. [1]
(¢)  Explain why the work is zero for both AB and CD. [1]
(d)  Explain why the change in internal energy is zero for both BC and DA. [1]
(e} (i) Show that the work done by the gas for DA is approximately —90 kJ. [2]
(11) Estimate the work done for BC. [1]

(f)  For each of the processes AB, BC, CD, DA and the whole cycle ABCDA, write the
values of W (the work done by the gas), AU (the change in internal energy of the gas) and

Q (the heat supplied to the gas). [4]
Process
AB BC CD DA ABCDA
W 0 0 90 kJ
AU 0 0
0 -90kJ

THERE ARE NO MORE QUESTIONS IN THE EXAMINATION.




END OF QUESTION PACK
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