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The correct answeris D bacause:

e Stage1:|Isothermal compression
o |sothermal process = constant temperature
o Thisisrepresented by a curve that follows the lowerisotherm
(dottedling)
o Compression = decreasing volume, so the arrow must be
pointing left

* Stage 2: Isovolumetric process (AU = +Q)
o |sovolumetric = constant volume (as no work is done)
o If thermal energyis gained, the temperature increases
o Thisisrepresented by avertical line withanarrow pointing
upwards

e Stage 3: Isobaric expansion
o |sobaric process = constant pressure
o Since the gasis doing work, the volume must increase, or expand
o Thisisrepresented by a horizontal line with an arrow pointing right
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+ Stage 4: Adiabatic expansion

o Adiabatic = no net energy transfer

o Expansion =volume increases, so the arrow must be pointing
right

o Additionally, the temperature must decrease in adiabatic
expansion

o Thisisrepresented by a curvedline, steeperthan the isotherms,
moving to a lowerisotherm

P

The correct answeris B because:

» The change in entropy, ASis calculated using the equation:

£,

ﬂﬁ3=k3 H

1

o Here, kgis the Boltzmann constant, (};is the initial number of
microstates and Qyis the final number of microstates
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¢ Rearrange the equation to make (); the subject:
AS

T G o P RO N =
Q| & i
i B i
=
E
o Q =¢F xQ.
f i
* Theinitial number of microstates£. is 1as all 15 particles are initially in

asingle section
e Substituteinthe known quantities:

[1.12 ¢ w—nJ
=13

3347

-D..Q.f

e Thisis 3300 to two significant figures
Aisincorrectbecauseitis simply theratioof the change in entropy to
Boltzmann's constant

Cisincorrect because 3347 rounds to 3300 to two significant figures, not
3400

Disincorrect because it assumes the initial number of microstatesis 15,
not 1

The correct answeris D because:

¢ Listthe known quantities:
o Change in mean kinetic energy of a single particle, AE, mean=
-3 %1072
Number of moles, n=3
Boltzmann's constant, ks=1.38 x 10723 J K1
Work done on the gas, W= -2000J
Gas constant, R=8.31J K 'mol!

o o 9 O

e Fromthe databooklet, the change in meankinetic energy of a single
particle, AE; meanis calculated using:
© AEy mean = %k.ﬁ'ﬂ"T
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» This can beusedto calculate the change intemperature:
2 x R w W
o AT = - = -150.24 K
3 x 1.38 X 10

o The minus signs are important to show that the temperature has
decreased, as meankinetic energy has decreased

» This change intemperature, along with the number of moles n, can
thenbe used to calculate thelossininternal energy AU of the gas:

3
© AU = -nRAT = - X 3 X 8.31 X -150.24
© AU = -5618 ]
» Recallthe firstlaw of thermodynamics: ¢ = AU + W

» Substitute the change ininternal energy and work done to find
thermal energy transferred
o Q = -5618 + -2000
©o Q@ = -7620 ]
Aisincorrect, because thisis just thework done

Bisincorrect, because work is negative when done anthe gas, butto
obtain this answer, your value of work will have been positive

Cisincorrect because thisis just the internal energy and work on the gas
was notincluded

The correct answeris B because:

» The arrangement of the water is becoming more organised as it
freezes, soits entropy decreases
o We canrule out options A and C based on this first column
» Arefrigerator transfers thermal energy to the surroundings, so the
temperature of the surroundings increases
» Thenetentropy must always increase or stay the same
o [f the entropy of the wateris decreasing, the entropy of the
surroundings must increase to compensate
o This eliminates optionD
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The correct answeris D because:

» Process1:isovolumetric heating
o Thisrules out option A because the gasisnot expanding - the
phrase 'isovolumetric expansion'is contradictory
o Asthereisvolume change, no work is done so we cannot rule
out C here
* Process 2:isothermal expansion
o Adiabatic processes have a steeper gradient than isothermal
processes
o The second process follows anisothermal path betweenthe two
grey dashed isotherms
o This rules out option B, which claims this process is adiabatic
» Process 3: adiabatic cooling / expansion
o Both CandD agree with this - the gas both cools and expands
adiabatically in this stage
* Process4:isobaric compression
o The two final processes involve work being done on the gas, the
secondbeingisothermal
o Thisis because the volume of the gasis reducing
o This rules out option C which statesworkis done by the gas
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