
Mark schemes

(a)      

17 K  
2

1

t = 15 s  
2

[4]

(b)     

 

(a)      (i)      n = PV/RT = 3.2 × 105 × 1.9 × 10-3/8.31 × 285

n = 0.26 mol    (0.257 mol)
1

2

3.31 × 105 Pa   (allow 3.30-3.35 × 105 Pa)

3 sig figs   sig fig mark stands alone even with incorrect answer
3

(ii)       
 

(b)     similar       -( rapid) random motion

        - range of speeds

different    - mean kinetic energy

        - root mean square speed

        - frequency of collisions
2

[6]

(a)     (use of ΔQ = m c ΔT)

30 × 98 = 0.100 × c × 14  

c = 2100 (J kg–1 K–1)  
2

3
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(b)     (use of ΔQ = m l + m c ΔT)

500 × 98 = 0.100 × 3.3 × 105  + 0.100 × 4200 × ΔT  

(ΔT = 38 °C)

T = 38°C  
3

(c)     the temperature would be higher  

as the ice/water spends more time below 25°C

or heat travels in the direction from hot to cold

or ice/water first gains heat then loses heat

any one line  
2

[7]

(a)     using Q = mcΔθ

= 3.00 × 440 × (84-27) (1)

7.5 × 104 (J) (1)
2

4

(b)     using Q = ml
= 1.20 × 2.5 × 104

= 3.0 × 104 (J) (1)
1

(c)     (heat supplied by lead changing state + heat supplied by cooling lead =
heat gained by iron)

3.0 × 104 + heat supplied by cooling lead = 7.5 × 104 (1)

heat supplied by cooling lead = 4.5 × 104 = mcΔθ

c = 4.5 × 104/(1.2 × (327 – 84) (1)

c = 154 (J kg–1 K–1) (1)
3

(d)     any one idea (1)

no allowance has been made for heat loss to the surroundings

or the specific heats may not be a constant over the range
of temperatures calculated

1

[7]
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(a)    

 
3

curve with decreasing negative gradient that passes through the given point
which does not touch the x axis (1)

 

designated points

pressure/104 Pa volume/10–3 m3

10 1.0

5.0 2.0

4.0 2.5

2.5 4.0

2 of the designated points (1)(1) (one mark each)

5

(b)     (i)      N = PV/kT = 5 × 104 × 2 × 10–3/1.38 × 10–23 × 290 (1)

[or alternative use of PV = nRT
5 × 104 × 2.0 × 10–3/8.31 × 290 = 0.0415 moles]
= 2.50 × 1022 molecules (1)

2
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(ii)     (mean) kinetic energy of a molecule

=  (1) (= 6.00 × 10–21 J)

(total kinetic energy = mean kinetic energy × N)
= 6.00 × 10–21 × 2.50 × 1022 (1)

= 150 (J) (1)
3

(c)     all molecules/atoms are identical

molecules/atoms are in random motion

Newtonian mechanics apply

gas contains a large number of molecules

the volume of gas molecules is negligible (compared to the volume
occupied by the gas) or reference to point masses

no force act between molecules except during collisions or the
speed/velocity is constant between collisions or motion is in a
straight line between collisions

collisions are elastic or kinetic energy is conserved

and of negligible duration

any 4 (1)(1)(1)(1)
max 4

[12]

(a)     (i)      PV = NkT (1)

223 × 105 Pa (1)
2

(ii)     pV = const or repeat calculation from (i) (1)

3.5 × 10-3 m3 (1)
2

(iii)     kinetic energy = 3/2 kT (1)

5.9(0) × 10-21 J (1)
2

6

Page 15 of 18
www.examqa.com



(b)     (i)      volume increase (1)
time between collisions increases (1)
speed constant as temp constant (1)
rate of change of momentum decreases (1)

max 3

(ii)     volume smaller in cylinder (1)

molecules occupy significantly greater proportion of the volume (1)

molecules closer so intermolecular forces greater (1)
3

(c)     internal energy stays the same (1)

gas does work in expanding so W is negative (1)

gas must be heated to make U positive (1)

U and W equal and opposite (1)
4

[16]

D

[1]
7

 
B

[1]

8

 
C

[1]

9

 
A

[1]

10
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Examiner reports

In part (a) almost all students knew the correct equation to use and only the less able students
made errors. The first of these was to use the mass of water in the heating chamber rather than
the rate of flow of water. The second error, which was less common, was to try to convert
between Kelvin and Celsius by adding 273 to the answer. Again in part (b) it was only the less
able students who had any difficulty. The problem was that they could not cope with being given
the rate of supply of energy. Overall the question was done well.

1

Part (a)(i) was an easy introductory question, which most students got correct. Part (a)(ii) was
also successfully attempted in a majority of scripts. Use of the ideal gas equation again was
more popular than using pressure is proportional to temperature. A small percentage of papers
gave answers to only 2 significant figures rather than the 3 required. A majority of students only
scored one mark out of two for part (b). They correctly referred to the random motion but failed to
refer to a mean when giving some quantity, such as kinetic energy, that increases with
temperature.

2

Most candidates performed well in part (a).

In part (b) the less able candidates tended to score only one mark because they could not form
the energy balance equation when both changes of temperature and changes of state were
taking place.

Part (c) caught a majority of candidates out. Even grade A students were tempted to roll out the
usual answer, ‘the temperature would be less because heat is lost to the surroundings’. This
statement scored no marks.

3

Almost all candidates knew which equation to use in part (a) and only a small minority used the
wrong temperature change.

In part (b) most candidates obtained full marks.

Part (c) turned out to be a very good discriminator. About one third of candidates were not using
the heat energy released by the lead, as it cooled, in their calculation. These candidates either
used their answer to (a) or (b) or the sum of the two. In addition another 10% calculated the
incorrect temperature change.

Part (d) was answered well on the whole. The most common error by candidates was to not say
where the heat energy might go in their answer. Candidates simply said that heat is lost.

4
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Part (a) proved difficult for less able candidates. Some drew straight lines and others tried to
force the curve to intercept the volume axis. The less able candidates sometimes marked correct
points on the grid but did not draw a line. It seemed that some less able candidates followed the
wrong order in tackling this part. They drew the curve before they marked points on the grid. As a
result the points were just randomly placed on the curve they had drawn.

Part (b) (i) was done well by most. Candidates who used the alternative equation PV = nRT often
stopped when they had found the number of moles of gas. Part (b) (ii) was much more
discriminating with less than 50% of candidates obtaining the correct answer. Many candidates
did not have a clue whereas others could find the mean kinetic energy but then did not follow this
up by finding the total kinetic energy.

Although part (c) looks like a basic question it did discriminate well. It was only the more able
candidates who scored full marks. Many did not know what the question was getting at and
guessed. Sometimes these candidates did score the mark associated with molecules moving in
random motion. In other cases candidates did not complete their statements fully. For example,
stating ‘atoms travel in straight lines’, rather than, ‘atoms travel in straight lines between
collisions’.

5
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