Thermal Physics    Marking Scheme

1.
(a)
(i)
no net flow of (thermal) energy (between two or more bodies) (1)
bodies at same temperature (1)

(ii)
(kinetic) energy is exchanged in molecular collisions (1)
until average kinetic energy of all molecules is the same (1)
max 3

(b)
(i)
cr.m.s. [image: image1.wmf]÷
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 (1)
= 1340m s–1 (1)

(ii)
average k.e. of nitrogen molecules = average k.e. of helium
molecules (1)
= [image: image3.wmf]2
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 (1340)2 = 5.97× 10–21 J (1)

alternative schemes for (ii):

average k.e. = [image: image5.wmf]2
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kT (1)
= [image: image6.wmf]2
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 × 1.38 × 10–23 ×290
= 6.00 × 10–21 J (1)

 or

average k.e. = [image: image7.wmf]2
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= 6.00 × 10–21 J (1)

(iii)
use of p = [image: image11.wmf]V

nkT

 or equivalent [or, at same temperature,
p  no. of molecules] (1)

pHe = [image: image12.wmf]3

2

 × 120 = 80 kPa (1)
6

[9]

2.
(a)
(i)
quantity of energy supplied to unit mass (1)

which raises temperature by 1° C [or 1K] (1)

(ii)
quantity of energy required to change state of unit mass (1)

solid to liquid [or ice to water] (1)

without change of temperature (1)
max 4

(b)
(i)
Q(= mc[image: image13.wmf]q

) = 0.15 × 1200 × (58 – 18) = 7200(J) (1)

P =[image: image14.wmf]60

5

7200
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 = 24W (1)

(ii)
Q = 24 × 7 × 60 = 10080(J) (1)

0.151 = 10080 gives l = 67200 J kg–1 (1)

(iii)
24 × 4 × 60 = 0.15 × sL × (94–58) (1)

gives sL = 1070 J kg–1 K–1 (1)
6
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3.
(a)
(i)
(P = VIt gives) P = 2500 × 360 (1)
= 9.0 × 105 kJ (1)

(ii)
(Q = mct gives) Q = 3 × 4200 × 40 (1)

 = 5 0 × 105 J (1)
4

(b)
heat is lost to the surroundings
the dishwasher is heated                              any two (1) (1)
evaporation of the water
2

[6]

 4.
(a)
adequate scale  (1)
points plotted correctly  (1)
best fit line (at least a point to right and left of line) (1)
3

(b)
use of triangle for at least half line  (1)
gradient [image: image15.wmf]÷
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 (c)
(P = [image: image16.wmf])
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  gives  48 = c  (1.0)  0.056  (1)
c = 860  60 J kg–1 K–1  (or J kg–1 °C–1)  (1)
2

(d)
(use of Eth = ml gives)  48  200 = 32 10–3  l  (1)

l = 3.0  105 J kg–1  (1)
sensible assumption, e.g. no heat lost to surroundings or temperature
does not change or heat is transferred to ice  (1)
3
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 5.
(a)
energy produced  per minute = 4.5  103  60 (J)  (1)  (= 2.7  105)
volume of gas required = [image: image17.wmf]6
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 (m3)  (1)  (= 6.9  10–3 m3)
[or volume of gas per sec [image: image18.wmf]÷
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 = 1.15  10–4 (m3)  (1)
volume of gas per minute = 1.15  10–4  60 (m3)  (1)(= 6.9  10–3 m3)]
2

(b)
(i)
([image: image19.wmf]V
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 gives)  m(g) = 6.9  10–3  0.72  (1)
= 5.0  10–3 kg  (1)

 (ii)
mass of one molecule = [image: image20.wmf]A
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  (1) (= 2.66  10–26 kg)
number of molecules = [image: image21.wmf]÷
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 = 1.9  1023  (1)

(allow C.E. for value of mg)
[or number of moles [image: image22.wmf]÷
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= 0.31  (1)
number of molecules (= 0.31 6  1023) = 1.9  1023 (1)
(allow C.E. for number of moles)
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(c)
energy per minute (from (a)) = 2.7  105 (J)  (1)
(use of Q = [image: image23.wmf]θ
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 gives)  m (=[image: image24.wmf]θ
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  (1)
= 12(.4) kg  (1)
[or [image: image26.wmf])
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 for 1 second  (1)  = 0.21 (kg for 1 second)  (1)
(= 0.21  60) = 12 kg for 1 minute  (1)]
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(d)
(use of P = IV gives)  I [image: image27.wmf]ç

è

æ

=

V

P

 = [image: image28.wmf]÷

÷

ø

ö

´

230

10

5

.

4

3

 = 19(.6) A  (1)
current required for 4.5 kW would exceed fuse rating
[or P = 3 kW for 13 A]  (1)
2
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6.
(a)
(use of [image: image29.wmf]q

D

mc

 = Pt gives)
0.725 × c × (100 – 20) (1) = 2000 × 120 (1)
c = 41 00 (1) J kg–1 (1) (4140 J kg–1)
4

QWC 2

 (b)
(i)
(use of mL = Pt gives) 94 × 10–3 L = 2000 × 105 (1)
L = 2.2 × 106 J kg–1 (1)

(ii)
no evaporation (before water heated to boiling point)
no heat lost (to the surroundings)
heater 100% efficient 
any two (1) (1)
4

[8]

7.
(a)
(i)
(use of Q = mc gives) energy lost by water

= 0.20 × 4200 × 20  (1)

= 1.7 × 104 J  (1) (1.68 × 104 J)

(ii)
rate of loss of energy = [image: image30.wmf]60
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 = 28 (W)  (1)

(allow C.E. for value of energy lost in (i))
3

(b)
(i)
(use of Q = ml gives)  (28 × t) = 0.20 × 3.3 × 105  (1)
t = 2.4 × 103 s  (1)    (2.36 × 103 s)
(allow C.E. for value of rate of loss of energy in (a)(ii)

(ii)
e.g. constant rate of heat loss  (1)
ice remains at 0°C  (1)
max 3

[6]

 8.
(a)
(use of Ek = ½mv2 gives) Ek  =[image: image31.wmf]2

1

× 95 × 8.02  (1)

= 3040 J  (1)
2

(b)
(i)
Q = 0.60 × 3040 = 1824 (J)  (1)

(allow C.E. for Ek from (a))
(use of Q = mc  gives)       1824 = 0.12 × 1200    (1)
 = 13 K  (1)       (12.7 K)

(allow C.E. for Q)

(ii)
no heat is lost to the surroundings  (1)
4

[6]

9.
(a)
(i)
(use of Q = mc  gives)      Q = 30 × 1000 × 15  (1)

 = 4.5 × 105 J  (1)

(ii)
P × t = 4.5 × 105  (1)
t = [image: image32.wmf]2000
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 = 225 s  (1)
(allow C.E. for value of Q from (i)
4

 (b)
heat is lost to surroundings or other objects in room or to heater itself  (1)
more (thermal) energy required from heater  (1)


[or because convection currents cause uneven heating]
[or rate of heat transfer decreases as temperature increases]
2

[6]

10.
(a)
(i)
energy = 800 × 60 = 48 × 103J (1)

(ii)
(use of [image: image33.wmf]D

Q = mc[image: image34.wmf]D

  gives)   48 × 103 = 60 × 3900 ×[image: image35.wmf]D

  (1)
[image: image36.wmf]D

  = 0.21 K (1)      (0.205 K)

(allow C.E. for value of energy from (i))
3

 (b)
[image: image37.wmf]D

Q = ml gives   500 × 60 (1)   = m × 2.3 × 106 (1)
m = 0.013 kg (1)
3

(c)
not generating as much heat internally (1)
still losing heat (at the same rate)
[or still sweating] (1)
hence temperature will drop (1)
max 2

[8] 

11.
(a)
lead particles fall and lose potential energy (as tube is inverted) (1)
this is converted to kinetic energy (1)
kinetic energy converted into heat energy on impact (1)
3

QWC 1

 (b)
(i)
Ep (= mgh) = 0.025 × 9.81 × 1.2 = 0.29(4) J (1)

(ii)
total change of energy (= 50 × 0.294) = 15 J (1) (14.7 J)
(use of 0.29 gives 14.(5) J)
(allow C.E. for value of Ep from (i))

(iii)
(use of ∆Q = mc∆θ gives) 14.7 = 0.025 ×c × 4.5 (1)
c = 131 J kg–1 K–1 (1) (130.7 J kg–1 K–1)
(use of 15 from (ii) gives 133 J kg–1 K–1)
(allow C.E. for value of energy from (ii))
4

[7]

12.
(a)
reasons:
α particle has much more mass/momentum than β particle
α particle has twice as much charge as a β particle
α particle travels much slower than a β particle any two (1) (1)
2

QWC 1

(b)
(i)
energy absorbed per sec (= energy released per sec)

= 3.2 × 109 × 5.2 × 106 ×1.6 ×10–19 (1)

= 2.7 ×10–3 (J) (1) (2.66 × 10–3 (J))

 (ii)
temperature rise in 1 minute [image: image38.wmf]÷
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 (for numerator) (1) (for denominator) (1)
= 0.90 K (or °C) (1)
(allow C.E. for incorrect value in (i))
5
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13.
(a)
(use of ∆Q  mc∆T gives) ∆Q  0.45 × 4200 × (35 − 15) (1)

 3.8 × 104 J V (3.78 × 104 J )
2

(b)
(i)
3.8 × 104 J (1)

(allow C.E. for incorrect value of ∆Q from (a))

(ii)
(mc∆T  ∆Q gives) 0.12 × 390 × ∆T  3.8 × 104 (1)

∆T  812 K (1)

(use of ∆Q 3.78 gives ∆T  808 K

(allow C.E. for incorrect value of ∆Q from (i))

(iii)
(812 + 35)  847 ºC (1)

(use of 808 gives 843 ºC)

(allow C.E. from (ii))
4

[6]

14.
(a)
(use of Q = mcT gives)
Q1 = 1.5 × 4200 × 18 (1)
= 1.134 × 105(J) (1)
Q2 = 1.5 × 3.4 × 105 = 5.1 × 105(J) (1)
total energy released (= 1.134 × 105+ 5.1 × 105)
= 6.2 × 105J (1)
(6.23 × 105J)
4

 (b)
(ice) requires energy to melt [or mention of latent heat] (1)
stays at 0 °C (for longer) (or cools for longer) (1)
(or extracts more energy from the drink)
2

[6]

15.
(a)
(i)
heat water to 100°C, energy (= 190 × 4200 × 79) = 63 (MJ) (1)
vapourise water, energy
(=190 × 2.3 × l06) = 440(MJ) (1)

(437MJ)

energy transferred (per sec) = (437 +63) MJ (1)

(= 500 MJ)

(ii)
mass of rocks (= 4.0 × 106 × 3200)


= 1.3 × 1010(kg) (1)

(1.28 × 1010)


temperature fall of T in one day, energy removed
(= 1.28 ×1010 × 850 × T) = 1.1 × 1013 T (1)

(1.09 x 1013 AT)
(allow C.E. for value of mass of rocks)


energy transfer in one day (= 500 × 106 × 3600 × 24)
= 4.3 × 1013 (J) (1)

in one day [image: image40.wmf])
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(b)
number of nuclei in 1 kg of 238 U   = [image: image41.wmf]24
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activity of lkg of 238U = [image: image42.wmf]24
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 (1)

energy released per sec per kg of 238 U

= 1.2(6) × 107 × 4.2 × 1.6 × 10–13(J) (1)

(8.47 × 10–6(J))

mass of 238U needed = [image: image44.wmf]6
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[12]
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