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An understanding of energy from Cambridge IGCSE/O Level Physics or equivalent is assumed.
16.1  Internal energy

Candidates should be able to

1 understand that internal energy is determined by the state of the system and that it can be expressed
as the sum of a random distribution of kinetic and potential energies associated with the molecules of a
system

¢ relate a rise in temperature of an object to an increase in its intermal energy

16.2  The first law of thermodynamics

Candidates should be able to:

1 recall and use W = pAV for the work done when the volume of a gas changes at constant pressure and
understand the difference between the work done by the gas and the work done on the gas

2 recall and use the first law of thermodynamics AU = g + W expressed in terms of the increase in internal
energy, the heating of the system (energy transferred to the system by heating) and the work done on
the system
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: . ; - Akhtar Mahmood (0333-428%59)
1. Some water in a saucepan is boiling. M.5c.iPhysics), MCS, MBA-IT, B.ER.

(a) Explain why MIS, DCE, 0 ASi400e(1E4), OCPITS)
(i) external work is dope by the boiling water,
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(ii) there is a change in the internal energy as water changes to steam.
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thermal energy must be supplied to the water during the hoiling process.
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2 On Figure below, placeat lLk :J’ ) against those changes where the internal energy of the body is
mcreasing., [2]

water freezing at constant temperature ﬂEP.L ﬂlh, ..... decresse. .

a stone falling under gravity in a vacuum TETWHCI“M

water evaporating at constant temperature | . 5"'-2 reefl

Ex=0, 4EpT,
stretching a wire at LZ tant temperature

=0, 0T

3 The volume of some air, assumed to be an ideal gas, in the cylinder of a gas engine is 540 cm* at a
pressure of 1.1 x 107 Pa and a temperature of 27°C. The air is suddenly compressed, so that no thermal
energy enters or leaves the gas, to a volume of 30 cm’. The pressure rises to 6.5 x 10° Pa.

(a) Determine the temperature of gas after ccrmpressinn
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(b) (i)State and explain the first law of thermmgndmic:;.
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(ii) Use the law to explain why the temperature of the air changed during the compression,
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hermodynamics may be expressed in the form

AlU=q+w,
Where U is the internal energy of the system,
A Uis the increase in internal energy,
q is the thermal energy supplied to the system,
wis the work done on the system.
Complete following table for each of the processes shown. Write down the symbol *+’ for an
increase, the symbol *-* to indicate a decrease and the symbol ‘o for no change, as appropriate.

. ) q W
| The compression of an ideal gas at constant &
tecmperature O -
|
The heating of a solid with no expansion e e ")
The melting of ice at 0°C to give water at [6]
| 0 C(Note: ice s less dense than watcr} + il +
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2 (a) The first law of thermodynamics may be expressed as

AU = (+q) + (+W)

where AU is the increase in internal energy of the system.

State the meaning of:
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(b) The variation with pressure p of the volume V of a fixed mass of an ideal gas is shown in

Fig. 2.1.
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Fig. 2.1

4.2

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

4.6 5.0
p/10°Pa

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

B UCLES 2020

70241020



7
(i) Show that the magnitude of the work done during the change Ato B is 390J.
N = P AV
. (2.6x10)(38-2 8) 16°
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[1]

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

Kot am sl e, DEp=0 amd AU =(88cxXT)
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(c) During the change A to B, 13704 of thermal energy is transferred to the gas.

2]

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

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

Table 2.1
change qlJ wiJ AU
=0 Au= 08 + LW
YW e 58T i 1127 — 390 +Qgp f I;:Gg'{-f:'ﬁ
Us o0+ SSo
BtoC e + 9%p ¥y §5D a :Esﬂ
i "15'&9 'Tll"ﬂ. m‘ﬂ”ﬂ

s e e SRS (S W
/ ek - :
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