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6
(a) Explain qualitatively how molecular movement causes the pressure exerted by a gas. For
Examiner’s
Use
WMAMJ(WJP&W*MM ..... (S . Pressuye.... 3]
(b) The density of neon gas at a temperature of 273K and a pressure of 1.02 x 10° Pa is
0.900kgm=3. Neon may be assumed to be an ideal gas.
Calculate the root-mean-square (r.m.s.) speed of neon atoms at
(i) 273K,
P = I < Cl>
7/
Lo xI0* = 1, 04 x e
5
Cyms® 68% ms™!
speed = ......c........ QSZ ............... ms™' [3]
(ii) 546K.
N Cyms
a1z — 63%
Joub —
1:=583x foui
NERE,
K= 3245 =~ 929
speed = .....ccccoveueann. % 25— .............. ms™' [2]
9702/04/M/J/08
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7

(c) The calculations in (b) are based on the density for neon being 0.900 kg m=3.
Suggest the effect, if any, on the root-mean-square speed of changing the density at
constant temperature.

Loms. Slowp Somn a0 8 only, depecds on fompealire.

Cnas s denily ILch«gc ...... | (TI essmb‘}) ..... a...

© UCLES 2008 9702/04/M/J/08 [Turn over
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2 (a) The kinetic theory of gases is based on some simplifying assumptions.

For
The molecules of the gas are assumed to behave as hard elastic identical spheres.

Examiner’s
State the assumption about ideal gas molecules based on Use

(i) the nature of their movement,

(ii) their volume.

© UCLES 2012 9702/41/M/J/12
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7

(b) A cube of volume V contains N molecules of an ideal gas. Each molecule has a For
component ¢, of velocity normal to one side S of the cube, as shown in Fig. 2.1. Examiner's
Use
side S
_ LA - - - - - e
g
Fig. 2.1

The pressure p of the gas due to the component ¢, of velocity is given by the expression
pV = Nmc,?
where m is the mass of a molecule.

Explain how the expression leads to the relation
pV = %Nm<02>

where <¢?> is the mean square speed of the molecules.

[3]

(c) The molecules of an ideal gas have a root-mean-square (r.m.s.) speed of 520ms™" at a
temperature of 27 °C.

Calculate the r.m.s. speed of the molecules at a temperature of 100°C.

FM.S. SPEEA = ..oovvievieeceeeeeee e, ms~! [3]
© UCLES 2012 9702/41/M/J/12 [Turn over
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2 (a) (i) Statethe basic assumption of the kinetic theory of gases that leads to the conclusion
that the potential energy between the atoms of an ideal gas is zero.

e e nadiaihle, imbeum Tlewdan Ao wvf)aﬂmchm

.............................................................................................................................. [1]
(i) State what is meant by the internal energy of a substance.

i Tae sunn, . micrscepic | kinehie amd

fobontial oningy. 8, wdlecle, , due fo towdor .

T O e 2]

(iii) Explain why an increase in internal energy of an ideal gas is directly related to a
rise in temperature of the gas.

Inlorad amengry onby | deponda n. K. enegey

-—

A wdlewltn and chonge i Kicdio erergy. ..
___ngl_l%___!;mfowh}sww( fo _LIMMJ& ww ’La/m‘oaaﬁ?u,. 2]

(b) A fixed mass of an ideal gas undergoes a cycle PQRP of changes as shown in Fig. 2.1.

10

[

) P
volume
/1074 m?3 NC

N
6
AN
RN
4 N

2 Q > =R
0
0 4’ 5 10 15 20 25 30
pressure/10°Pa
Fig. 2.1

© UCLES 2010 9702/41/0/N/10
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(i) State the change in internal energy of the gas during one complete cycle PQRP.

change = ......ccccoeeneen Q.Y
(ii) Calculate the work done on the gas during the change from P to Q.
W= PAV
W=7 (Vz X \/l )
-4
W =@ x(0°)( 2 - 8 )1V
N =240 T
work done = .......cccceeenneeeee 340 .........
(iii) Some energy changes during the cycle PQRP are shown in Fig. 2.2.
work done on gas | heating supplied increase in
16147 /Jd togas/J internal energy / J
P—aQ 240 600 [ 360 .
Q = R 0 5 NCILILY +120
R—>P | -840 .. +480 280
Fig. 2.2
Complete Fig. 2.2 to show all of the energy changes.
-400 +240 = AU ) 430+ W = - 36
Q +IN = AU {ci.e< W= -260-Y30
t 1 —
1=~ 260 N=-8407
120+ 0 = AU
© UCLES 2010 9702/41/0/N/10
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6

Use one of the assumptions of the kinetic theory of gases to explain why the potential energy
of the molecules of an ideal gas is zero.

The average translational kinetic energy E, of a molecule of an ideal gas is given by the
expression

1,2 _3
EK_2m<c >_2kT
where mis the mass of a molecule and k is the Boltzmann constant.

State the meaning of the symbol

@) (c?),

A cylinder of constant volume 4.7 x 10*cm?® contains an ideal gas at pressure 2.6 x 10°Pa
and temperature 173°C.

The gas is heated. The thermal energy transferred to the gas is 2900J. The final temperature
and pressure of the gas are T and p, as illustrated in Fig. 2.1.

4.7 x 10%cm3 2900 J 4.7 x 10%cm3
2.6 x 10°Pa L= p
173°C g
Fig. 2.1

(i) Calculate

1. the number N of molecules in the cylinder,

© UCLES 2018 9702/42/M/J/18
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2 (a) State whatis meant by an ideal gas.

o g VAL hegt WV onRT] PN ol

(b) An ideal gas comprised of single atoms is contained in a cylinder and has a volume of
1.84x102m? at a pressure of 2.12x 107 Pa.
The mass of gas in the cylinder is 3.20kg.

(i) Determine, to three significant figures, the root-mean-square (r.m.s.) speed of the atoms
of the gas.

P-1p¢ct
3/’

N Folg [ 22 o0
211D 2 (LSHXID"‘)

C ymg = 604.772

M.S. SPEEA = .oovveeeeciecieie e o ms~ [3]

© UCLES 2018 9702/42/0/N/18
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AA+27% = 295K
(i) The temperature of the gas in the cylinder is 22°C.

Determine, to three significant figures,

1. the amount, in mol, of the gas,

PV=nRT
(2.|1><|o*)(1.%l4xlo‘z) Ko
%.%14 x 296
n=1%9.04
amount = ......ccceiiiiiiiiiieee, 15_0] ................. mol [2]
2. the mass of one atom of the gas. (N= V\XNA)
mass 8 1 atm= _ %20 !
[59.01 x 6.01x10**> > no.qabwv:
= 3.3k (07¢
MASS = .evvuvereeeeaeens quxloz ........... kg [2]

(c) Use your answer in (b)(ii) part 2 to determine the nucleon number A of an atom of the gas.

_21
1= 1.66xI0 k?
r\p‘;l’
% hucleon 2.5 x (p7%*
(nu nowbe) U gpx (D 2

20

\

[Total: 10]

© UCLES 2018 9702/42/0/N/18 [Turn over
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2 (a) The pressure p and volume V of an ideal gas are related to the density p of the gas by the
expression

1
p = §P<02>-
(i) State what is meant by the symbol {c?).

(i) Use the expression to show that the mean kinetic energy E, of a gas molecule is given

by
v
3
E( = 5 KT
where k is the Boltzmann constant and T is the thermodynamic temperature.
P= LJ0<027 2 kT=Lmcc*>
) _'): 2
—

P L Nm¢ct
3V Ex= 2 kT
2PV = Nmc» 2
2 MkT =plmec
2kT= mec
AV=0 ¢o IN=0 R

(b) (i) Anideal gas containing 1.0mol of molecules is heated at constant volume.
Use the expression in (a)(ii) to show that the_thermal energy required to raise the

temperature of the gas by 1.0K has a value of."ﬁR,fwhere R is the molar gas constant.

E N 2

— (V) < ./
o = O
. ke U;K;*% fo“f AT= 11 a; ijNA
Ur ’ a’; 3%%_,;(1
AU = A K.E '5 D(’ﬁ
= T
AU %KA Q-3¢
AU - Nx BRAT .
o}
[3]

© UCLES 2017 9702/42/MIJI7
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"R-8.914 Tmol” K" My = 28

(ii) Nitrogen may be assumed to be an ideal gas. The molar mass of nitrogen gas is 28gmol~".
Use the answer in (b)(i) to calculate a value for the specific heat capacity, in Jkg™' 5:1, at

constant volume for nitrogen.

]

n=-m _ 2R
- MLAT _Aﬁ\:L 3 ij.Ow
C- 22 -m(1) S 28 C= 3x 3214
NI m= 239 2x0.028
c= 2R m=0.028Ks c= 446.21
“h Imol oy 0:008Ks
specific heat capacity = 45—0 ................ Jkg ' K1[2]
[Total: 9]

9702/42/M/IJI7
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