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25. O/N 09/P41/Q2 xlo

An ideal gas occupies a container of volume 4.5 x 103cm? at a pressure of 2.5 x 105Pa and
a temperature of 290K. —_—

(a) Show that the number of atoms of gas in the container is 2.8 x 1023,

PV -nRT

Q'S}Iog) (14-'5 x\oaé =n (%'3\\ (1‘]0)

n= O Ll 6 ‘?
[2]
(b) Atoms of a real gas each have a diameter of 1.2 x 10-"°m.
(1) Estimate the volume occupied by 2.8 x 10?3 atoms of this gas.
VO = ... B m3 [2]
(ii) By reference to your answer in (i), suggest whether the real gas does approxpmate
to an ideal gas.
........................................................................................... imasmeii s [2]
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PAGE 98
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25. O/N 09/P41/Q2 consbenlr

An ideal gas occupies a container of volume 4.5 x 103cm? at a pressure of 2.5 x 105Pa and
a temperature of 290K.

(a) Show that the number of atoms of gas in the container is 2.8 x 1023,

P\,:"RT n=047 nodfabems = N X Na

3

' alo ¢ 047y 6:02r10
h = (9_'5”0'5) (\lgxlo xlo 3 X ¢
- 1.-%%lo

(32) (%)

[2]
(b) Atoms of a real gas each have a diameter of 1.2 x 10_‘°m./-\
(1) Estimate the volume occupied by 2.8 x 10?3 atoms of this gas. (=06 o lo
—la
om = "l (0 : 6 x| 0
-3
=Qlxp
-3 23
Tol;cﬂ volume = 1510 " x 2-3 xlo
i -1

volume = ... DX N0 m? [2]

(ii) By reference to your answer in (i), suggest whether the real gas does approxpmate
to an ideal gas.

-3 -
Vﬁanl:ma=qsxloong~vaw=l~§ %lo T
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—_ 15. M/J 13/P41/Q2, M/J 13/P43/Q2
(a) State what is meant by an ideal gas.
T —_ ot (3]
— (b) Two cylinders A and B are connected by a tube of negligible volume, as shown in
Fig. 2.1.
: @
L tap T cylinder B
2.5 x 10°cm?® |
- 3.4 x 10°Pa ; \ 1 1.6 x10°cm®
—_— 300K 4.9 x 105Pa
v tube
Fig. 2.1
Initially, tap T is closed. The cylinders contain an ideal aas at different pressures.
Show that cylinder A contains 0.34 mol of gas. )
r——
-
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(i) Cylinder B has a constant volume of 1.6 x 10°cm?® and contains Q.20 mol of gas.
When tap T is opened, the pressure of the gas in both cylinders is 3.9 x 10°Pa.
No thermal energy enters or leaves the gas.

Determine the final temperature of the gas.

Pv-aRT

(41 x|°'§ = (0'1 +0'3'4\(q.3|XT3
(2 a0 )
TOMPEEEERIS = .ccccodlBRE..cccnveeseecenessoisnssmascss K[2]

(c) By reference to work done and change in internal energy, suggest why the temperature
of the gas in cylinder A has changed.

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll L A
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15. M/J 13/P41/Q2, M/J 13/P43/Q2
(a) State what is meant by an ideal gas.

......................................................................................................................................

..........................................................................................................................................

(3]

(b) Two cylinders A and B are connected by a tube of negligible volume, as shown in

Fig. 2.1,
cylinder A
T
25 x 109em? %

3.4 x 10°Pa X 118 1.6 x 10°cm®
300K 4.9 x 105Pa

S

Y

tube

(

Fig. 2.1

Initially, tap T is closed. The cylinders contain an ideal aas at different pressures.

() Cylinder A has a constant volume of 2.5 x 10°cm® and contains gas at pressure

3.4 x 10°Pa and temperature 300K. 3
2 3
Show that cylinder A contains 0.34 mol of gas. 25 rlom

FocA PV =nRT
—J

3-“\%\05)( =l =n
4|5 x 30°

NnN=~0 M moles.
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(ii) Cylinder B has a constant volume of 1.6 x 10°cm? and contains 0.20 mol of gas.
When tap T is opened, the pressure of the gas in both cylinders is 3.9 x 10°Pa.
No thermal energy enters or leaves the gas.

Determine the final temperature of the gas. Whem Tap T is OFEACQ 2 %” z
For whde sastem? will 6€k tonsffeel  CFrom )
B bo A ikl bohh sysbems

. 2 Qxf0f
P- rle oe ot He seme Fiaal Presswe

T-= ) i-¢=3-Qxlo€(’a'~ —

ns 031 o= 0S4 -
-3

V{25 r16)xlo |

(s} = -

PP‘J PV ” RT temperature = ....... 35"‘( .......................... K[2] .

(c) By reference to work done and change in internal energy, suggest why the temperature -

of the gas in cylinder A has changed.
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10. O/N 14/P41/Q3, O/N 14/P42/Q3

(a) State what is meant by an ideal gas.

(b) A storage cylinder for an ideal gas has a volume of 3.0x10~*m?3. The gas is at a temperature
of 23°C and a pressure of 5.0x 107 Pa.

(i) Show that the amount of gas in the cylinder is 6.1 mol.

(2]

(ii) The gas leaks slowly from the cylinder so that, after a time of 35 days, the pressure has
reduced by 0.40%. The temperature remains constant.

Calculate the average rate, in atoms per second, at which gas atoms escape from the
cylinder.
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10. O/N 14/P41/Q3, O/N 14/P42/Q3

(a) State what is meant by an ideal gas.

(b) A storage cylinder for an ideal gas has a volume of 3.0x10~4m3. The gas is at a temperature
of 23°C and a pressure of 5.0x 107 Pa.

(i) Show that the amount of gas in the cylinder is 6.1 mol.

P = RT

(2]

(ii) The gas leaks slowly from the cylinder so that, after a time of 35 days, the pressure has
reduced by 0.40%. The temperature remains constant.

Calculate the average rate, in atoms per second, at which gas atoms escape from the
cylinder.
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27. M/J 08/P4/Q2
(a) Explain qualitatively how molecular movement causes the pressure exerted by a gas.

Molecaler...collide.... the, core....... ahmfj:...xf..in....m.omm\;m ..... il
ahice Leedh o foree.... ol e (...l YOl ..

b L A AR S SRR S G

(b) The density of neon gas at a temperature of 273K and a préssugg-or 1.02 x 10° Pa is
0.900kgm™ . Neon may be assumed to be an ideal gas.

Calculate the root-mean-square (r.m.s.) speed of neon atoms at

(i) 273K,

BN = . iioissmaminsiniassaiasanns snaies ms™ [3]

(il) 546K.

AT T R e : _me-1 21
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(c) The calculations in (b) are based on the density for neon being 0 9@:«9@?" .
Suggest the effect, if any, on the root-mean-square speed of c@ ing the density at

constant temperature.
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27. M/J 08/P4/Q2
(a) Explain qualitatively how molecular movement causes the pressure exerted by a gas.

* Mokculea...cdide.. & l.aahca\la.....iv.......ﬁausa ....... [}fa(.Chcngeg,o
m.qmmlmvls.... ..... Af‘!? ........ C,.omaé’a&fmh’b@ ....... Cx. E:ITQQ .............
* foa...p%....uok. ... Q... cise.. Fo... beeasettnnne
................................................................................................................ b [3]

(b) The density of neon gas at a temperature of 273K and a_préssugg-or 1.02 x 10° Pa is
0.900kgm™ . Neon may be assumed to be an ideal gas.

P=% /’<c2>

1.02x\6 —’,; (0-a) <e?)

1/ 1
<c®y - 340,000 7

—
/\[ B‘IO/OOO = 5%0
speed = ........... 580 ..................... ms™ [3]

i) 546K.

v - Cfms = _5%o (/\[ST&)

C(rns ol /\/T /\(3-73

/TI'-
=W N

C fme - @20 ms?!

S5%0 w

—_— =
AN 2L73

neeq = 2
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(c) The calculations in (b) are based on the density for neon being 0 QQg«

0 :
Suggest the effect, if any, on the root-mean-square speed of cl@'\ in@ythe density at

constant temperature.
ﬂ.ﬁ ..... C fms."(‘,.'F ...... ]:.(c’m.qdns....c:an.stcf-.li.........C(ms....Qg(-!g.....(c.m.é.m.s .............

..un.a.\:mﬂc&., ..................................................................................................................

................................................................................. SOOI =5 S PR = FE LR 1= S ) [2]
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24. M/J 10/P41/Q2

(a) Some gas, initially at a temperature of 27.2°C, is heated so that its temperature rises
to 38.8°C.
Calculate, in kelvin, to an appropriate number of decimal places,

(i) the initial temperature of the gas,

iNItial EMPETAIUIE = ...veeeveeereereseresenseasaeseseacaianans KI[2]

(ii) the rise in temperature.

fiseintemperature = ..........ccccoeeeciniinnciininnnieines K[1]
(b) The pressure p of an ideal gas is given by the expression
p= % pP< Cz>
where p is the density of the gas.

(i) State the meaning of the symbol <¢?>.

(i) Use the expression to show that the mean kinetic energy <E,> of the aloms ofajr
ideal gas is given by the expression

<E> =3 KT.

Explain any symbols that you use.
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(c) Helium-4 may be assumed to behave as an ideal gas.
A cylinder has a constant volume of 7.8 x 103cm?® and contains helium-4 gas at a
pressure of 2.1 x 107 Pa and at a temperature of 290K.

Calculate, for the helium gas,

(i) the amount of gas,

IR S ccunadliansoatnnscesncnensuossesoeissens mol [2]

(i) the mean kinetic energy of the atoms,

mean Kinetic energy = ........cceeeeecvrrvennnne - A—— J[2]

(iii) the total internal energy.

T O SR J[3]



24. M/J 10/P41/Q2

(a) Some gas, initially at a temperature of 27.2°C, is heated so that its temperature rises

to 38.8°C.
Calculate, in kelvin, to an appropriate numbex of decimal places,

(i) the initial temperature of the gas,

7—7"1 + 1%5 J HP‘)(QF['\D‘h no ‘& OP

272+ 2732
initial temperature = ..... 300L‘ ......................... K[2]
(ii) the rise in temperature.
17.9 |: o ?Dg '3
vice’C = (ise (k)
rise in temperature = ...... “6 ............................. KI[1]

(b) The pressure p of an ideal gas is given by the expression
p=3p<c?>
where p is the density of the gas.
(i) State the meaning of the symbol <c¢?>.
mzanSG\:&crc. ..... S{JcccQ ................................... B aanisaniaviasiesn
.............................................................................................................................. [1]

(i) Use the expression to show that the mean kinetic energy <E,> of the aloms of-ajr
ideal gas is given by the expression

<E> =3 kT.

Explain any symbols that you use.
1 RT N < C )
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(c) Helium-4 may be assumed to behave as an ideal gas.

A cylinder has a constant volume of 7.8 x 108cm® and contains helium-4 gas at a

pressure of 2.1 x 107 Pa and at a temperature of 290K.

Calculate, for the helium gas,

(i) the amount of gas,

P\/ = nRr
"J.-lx\07 (7-(%\0-3\ =

amount =

(i) the mean kinetic energy of the atoms,

\£ = 3BT
2

_ %(\-Shlo'“\ (gio\

mean kinetic energy =

(iii) th4 total internal energy. :T(Jl:"o- K

23
Laa | s bondt -

internakenergy =

g%mo\ ............. mol [2]
_.'1\

o xlo J2)

......... 2 5”""5_ J[3]
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20. O/N 11/P41/Q2, O/N 11/P42/Q2

(a) One assumption of the kinetic theory of gases is that gas molecules behave as if they
are hard, elastic identical spheres.

State two other assumptions of the kinetic theory of gases.

| A— .V.Ql.%aans.......!‘.S.........r.xc‘zjgz&ik\c ....... Vs o PR 4 omecsc...h......{ol.m .....................
.......... Ar(‘,a"'l\rowu
2 %m ........ mole,c.ulé Gl iaCm)an ....... (Cnt.Qa*m D M irssssitvissindinicisissn

------------------------------------------------------------------------------------------------------------------------------------------

(b) Using the kinetic theory of gases, it can be shown that the product of the pressure
p and the volume V of an ideal gas is given by the expression

P -1 e
pV=iNm<c?> \ e 3 /

Pl Nm e
37V

where m is the mass of a gas molecule.

(i) State the meaning of the symbol

O 0© 0309 2656780 mahad__amer mahadamerchaudhry@gmail.com




(i) Use the expression to deduce that the mean kinetic energy <E,> of a gas molecule
at temperature T is given by the equation

<E>=3KT

where k is a constant.

3 - Na )
0:4pect> AART - D g
SERLRZ 3R~ mce®?
3 Py - Nm <> b
3 pv-Na <™ 3 L
=7 Na) R
== @
Na
(c) (i) State what is meant by the internal energy of a substance.
.............................................................................................................................. [2]

(Il) Use the equation in (b)(ii) to explain that, for an ideal gas, a change in internal
energy AU is given by

AU x AT

where AT is the change in temperature of the gas.

-----------------------------------------------------------------------------------------------------------------------------------
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(b) A cube of volume V contains N molecules of an ideal gas. Each molecule has a
component ¢y of velocity normal to one side S of the cube, as shown in Fig. 2.1.

side S

Fig. 2.1
The pressure p of the gas due to the component ¢, of velocity is given by the expression

pV = Nmec,? 5\;@ 1

where mis the mass of a molecule.

Explain how the expression leads to the relation 6\769 1

pVvV = %Nm<cz>

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

ﬂSSMina H”‘l' molecules +f0~‘&a- wilh l&.’/ﬂhcoQ- Spcec;a in 'L) Y o:»p!,_
)= Lot + o) + (2%
.:LSE':;) L 47 L (27
2 _ %2 — ‘L 2
<Cl>=3<u) =5 <7 3<c7
1 2 )
N R
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(c) The molecules of an ideal gas have a root-mean-square (r.m.s.) speed of 520ms™" ata
temperature of 27 °C.

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

D7+ 273 = BDDK

Camg =520 7 3ot

DTV IO ol st ms~! [3]
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