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Mark Scheme

Q1.
Qneshon Acceptable answers Additional guidance Mark
Number

¢ Equates right hand sides (1)
o Final F; formula (hm<c>=32 (D) 2
kT) and k 1s constant
Q2.
IQ\’?:::I::: Acceptable answers Additional guidance Mark
2
¢ Equate pV = NkT and
1 ”
pV =§Nm L CcY>
¢ Suitable algebra
Qs.
Question |[Acceptable answers Additional guidance Mark
Number
(i) Any one from: Accept molecules for particles 1

e Point particles

¢ Particles have negligible
volume (compared to their
container)

e Negligible forces between
particles (except during a
collision)

e Range of molecular forces
small (in comparison to
average separation)

¢ Duration of collisions negligible (in
comparison to time between them)
Newtonian mechanics applies @
Particles moves with uniform velocity
between collisions

¢ Elastic collisions

e Particles move with (constant) random
motion
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(ii) e States pV/ = NkT or pV = 1/3 Nm=c?=
@ 2
e Suitable algebra to show 2 m<c?>=3/2 kT
@
(iii) e Use of amu. to determine particle mass Example of calculation
Mass =28 x1.66 x 1072 kg =4.65 x 1072 kg
(1) Y2%x 465 x 1078 kg <c2>=3/2 x 1.38 x
1072 JK1 %393 K ¢ =4349900 =590 m
o Useofam<c™>=3/2kT withTinK s7! 3
@
e mmsspeed =590 ms!
[§]
Q4.
Queshon'x Acceptable Answer Additional Guidance Mark
Number
i . E le of calculation:
(i) . Useoflm<c'>=ikT i xample of calculation
2 2
- - =20 l I\ 3 kT
* meankineticenergy =6.4x107J 4, 3’”(“ )"5
= % x1.38x10JK™ x3100K = 6.42x107*°J 5
Q5.
Question o : .
Nambeés Acceptable answers Additional guidance Mark
(i) '_ ) Example of calculation -
e Use total mass / mass of D ion (1) [N=50x10"kg/33x10" kg=15x 10%
e Pp=15x10"x138x10B JK x
= Bmplpl =00 @ |130000000K /98 m?
o p=28x 10% Pa Q) |=277x 10% Pa 3
(ii) ks T , Example of calculation
o Useofam<c>=312kT Yim <o = 3;‘2’);]' .
iV =1atmekamy D | BREARUL Kwec >=3RxlaRx
and p from (i)) 101~ JK7 x 13Q 000 090 K
@) [<c>=1.6x 102 m?s™
o Vet==13x100ms?! Vecr>=128 x 10°m s™ 2
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Q6.
Question ) S ; =
Number Acceptable answers Additional guidance Mark
(1) e UseofV=mr? (1) | Example of calculation:
e UseofpV = NkT (1) | V=mx0.11* (m)* x 0.23(m)
=874 %107 m’
e Conversion of °C to K 1)
T=21°C+273=294K
e N=47x1023 (1) | 22x10°Pax87 x103m?® = 4
N x1.38x 107%JK™! x 294K
N =474 x10%
() |eo Useofim<ec?2>=>kr (1) | Give full credit if a mistake has been made
A 2 calculating temperature in part (1)
e rms. speed =360 ms™ (8Y) eg ifT= 21°C thenrms. speed =95 ms™
Similarly for 77
Example of calculation:
= 1% 9.6 x 1026 kg < c?
. UseofpV=§Nm<c2> (1) g RN SRS
2 138x 10723 K ™! x 294K
< c¢? > =127000 m*s
e rms speed=360ms™” (1) 0 gy "
(ecf from (1)) rms. speed =356 ms™
Alternative:
22x105Pax87 x103md =
1 2 2 2
54.7 X 1022 x 9.6 x 10726 kg < ¢? >
rms. speed =360 ms™!
Q7.
Question Ae Additi 2
N ceptable answers dditional guidance Mark
Example of calculation

e with 71n Kelvin

o V<c*>=497ms}

o UseofVam<c=>=32kT

D | vm<c==32kT

) Y2 % 5.0 x 10726 kg x <c*>=3/2 x

138 x 102 JK' x 298K
1) <c¥> =247 000 m? s2

V<> =497 ms™
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Q8.
Question o : =
Nandtios Acceptable answers Additional guidance Mark
s 1) Example of calculation 2
o Useofam<c==32kT 1) |vme<c=32kT
¢ V=c'>=500ms™" Y2 x 48 x 100 kg x <c*>=3/2x 138
x 10783 JK1x 202K
< 1>=252x10°m?s?
Vc?>=502ms™!
Q9.
LR ET Acceptable answers Additional guidance Mark
Number

(ii)(2) | * mass of helium atom = 4u | Example of calculation:

Mass of He atom = 4 x 1.66 x
e useof Vam <c2> = 3/2 kT |1027kg= 6.64 x 1027 kg
Y2 6.64 x 1027 kg x (1530 m s1)2

e T=375K =32 X138 X 10BJKL T
¥=375K (3)
Q10.
Question | Answer Mark
Number
C 1
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Q11.
(1%’:::22: Acceptable answers Additional guidance Mark
(@) ¢ Calculate no of nuclei (1) | Example of calculation
= (5 5 g/ 23
o Useofln2=¢%x2 8; -';1%13;‘0119 /230 g) x 6.02 x 10
s et =l Q) |#x(75400%3.15x 107 s=In2
* A4=397x10"Bq) A=292x108 g7
A=292x10"8 s x 136 x 10" 4
A=397x10°Bq
(ii) e (Calculates decays in one Example of calculation
year ecf A from (a)
: decays 1n one year = 3.97 x 10°Bq x
f fr. o Aty
(cctirom (BND) Q) |315x107s
e Useof pV =NikT =125 x 1012
o uses T=295K @ |1:00%10°Pax 7=125x10"x138 4
N -14 .3 IR T %205 K
o =500x10"m’ p X107 JK x
® V=500 x 1074 m?
(iii) Useof Yam <c*>=3/2 kT Example of calculation
Or Use ofpV=§Nm <ieE> @ E’f ’):’(45;(1:6-;)2( "ig_” R W
] ey . Ya 66 M kg) x <c*>=13/2
f::‘s’;e_calfl“ N,V from (b)(iD)) x 138 x 102 JK! x 205K
Joa qaaa <:‘;c~":: =1 840000 in- s
' 1) | V<c*>=1360ms™!
3
(1) | Accept the use of proton/neutron mass
instead of
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