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(a) mean (value of the) square
of the speeds (velocities) of the atoms/particles/molecules

(b) (i) 1 &
pP=— p<c >
3
<¢?> =3 x 2 x 10°%/2.4 = 2.5 x 10°
r.m.s speed = 500 ms™’
(i) new <c®> =1.0 x 10° or <c®> increases by factor of 4
<¢®> o« Tor 3/12 kT = 1/2 m<c’>
T ={(1.0x 10%) /(2.5 x 10°)} x 300
= 1200 K

Total

(a) (sum of) potential energy and kinetic energy of molecules/atoms/particles
mention of random motion/distribution

(b) ( pV=nRT
eitherat A, 1.2 x 10° x 4.0 x 1072 = n x 8.31 x 290
oratB, 3.6x10°x4.0x10°=nx8.31x 870
n=0.20mol

(i) 1.2 x10%x 7.75x 102 =0.20 x 8.31 x Tor T = (7.75/4.0) x 290
T=560K
(Allow tolerance from graph: 7.7-7.8 x 10°m?®)

(c) temperature changes/decreases so internal energy changes/decreases
volume changes (at constant pressure) so work is done
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3

(@ (i) weight = GMmir? C1
= (6.67 x 107" x 6.42 x 10% x 1.40)/(%% x 6.79 x 10°)° C1
= 520N A1

(if) potential energy = —GMmir C1
= —(6.67 x 107" x 6.42 x 10% x 1.40)/(%4 x 6.79 x 10°) M1
= -1.77x 10" J A0

(b) either Yemv? = 1.77 x 10’ C1

vZ = (1.77 x 107 x 2)/1.40 C1
v = 503x10°ms™ A1
or Yomv? = GMm/r (C1)
v¥=(2x6.67x 10" x 6.42 x 10?°)/(6.79 x 10°%2) (C1)
v=>5.02x10°ms™ (A1)
(¢) (i) ¥%x2x166x10" x(5.03x 10°* = % x1.38x10%°xT C1
T = 2030K A1
(ii) either because there is a range of speeds M1
some molecules have a higher speed A1
or some escape from point above planet surface (M1)
so initial potential energy is higher (A1)
(a) (i) 272+ 273.150r27.2+273.2 C1
3004 K Al
(i) 116K A1l
(b) (i) (*:1?2:- is the) mean / average square speed B1
(ii) p = Nm/Vwith N explained B1
so, pV = 1/3 Nm<c*> B1
and pV = NkT with k explained B1
so mean kinetic energy / <E> = Vam<c*> = 3/2 kT B1
(c) (i) pV=nRT
21x10"« 7.8 x 107 = nx 8.3 x 290 C1
n = 68 mol Al
(ii) mean kinetic energy = 3/2 kT
= 3/2 x 1.38 x 107* x 290 C1
= 60x10°2J A1
(iii) realisation that total internal energy is the total kinetic energy C1
energy = 6.0 x 107" x 68 x 6.02 x 10% C1
= 246x10°J Al
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5 (a) PV/T = constant.......ccooooiiiiiiii e C1
T =(6.5x 10°x 30 x 300)/(1.1 X 10° X 540) .....ocvreverererereeennnn, C1
T 085 Kottt A1 [3]
(if uses C, allow 1/3 marks for clear formula)

(b) () AU=g+w

symbols identified correctly ..o M1

direCtions COIMECE........viiiiie i A1 [2]
(i) Lo 1= 4> o Y B1

w is positive OR AU = wand U inCreases ...........cccceeeeeveevvneeeeeenn, B1

AU is rise in kinetic energy of atoms ............cooiiiiiiiiiii M1

and mean Kinetic @Nergy oo T .......c.ccoovouioeeeeeeeeeeeeeee e A1 [4]

(allow one of the last two marks if states ‘U increases so T rises’)
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