GAS LAWS
1. Boyle’s Law

Pressure, volume and temperature are the three parameters which-determine the state

of a gas. An Enghsh physicist Robert Boyle studted the. relatron between the pressure and
the volume of a gas at constant temperature

i

+:Boyle’s law states that at any given remperarure the volume of a grven mass. af gas is
mversely proportional to:its pressure. .1 e : 5ot -

If V and P are the volume and pressure of certam mass of gas then at constant tem—
perature, according'to Boyle’s law, ' - s

Vx1/P - PV=aconstant; ie, PVir=PVe:
2% § HESIE S T - |

e

= P (A~ ...

th 1
For a gas, which obeys Boyle’s law P — V graph is a hyperbola, PV P’ graphiis a stréight
line parallel to the P-axis and P — 1 / |74 graph is a stralght hne 1nclmed to (lN) axrs »

p}gte' It can be seen that at htgh temperature and low pressure (large volu.me) the agrecmcni

between observed pressure-volume relatlonshtp and Boyle s law is good. When the volume
is large (ie.,low densrty) the molecules are far apart Hence any effects due to “forces

between them are small Thus a]l gases behave allke in thls regmn As the temperature is
decreased the gas' tends_ to becorne hqu:d

‘“nii’ Mib i5 O AO0(

oths B A gas whtch obeys Boj(le S law at all temperatures 1s called an tdeal gas or a pe:fecf
84as. _

aluot Strictly’speaking there is no gas which obeys Boyle s law for s W1de rahgeof Gressire
-and température.ts (nk suns

3 :if;l‘l .:' {10 vou 4 o 95 ] 44
. M7 sslsauhiai -..r \;_,..:-rI‘A

But it is found that a gas obeys Boyle’s law strictly'at A’ certain iemperaturc called
Boyle temperature, Which is different for different gases.

YIIRIENN
z'tcharle’s Laws rofions Mo ot To sanabiva o ! W peinvoirfl (D
70q 8 W ot noinword sioutenorisC s <4y wsisesh) biuf
= maclaw : »93 oy 1s1ssh) b
(a) Gay- Lu sl e - b
i For a gwen mass of gas, at constant Pressure the volume is dtrectly pmportlonal to it
absolute temperature. [or
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e VoxT . or-V/T = aconstant ST =V T

For a given mass of a gas, at constant volume, the pressure is directly pmponlonul to m
psolute temperature.

e P, %6 Bsocit PART BRI o b P Ty Pod B oo o7 13
v o' 113 1 i moGtant on {. .’_.__.\.'.‘-' ey 1
ngadroshypothemsl lov el L o3 (babha selusslom st I 1o amloy
= T s : I :i brioo 9votls ' | . al
Equal volumes of :all gases. Undcr lhe same, prwsurc and, temperature conta:n equ
umber()fm()lecules SIBW W\ ensh Oni) | "O1 26 nods) o uaslorn 149)
o 118w 61O
4Lawofequipartitionofenergy B (0wt 16 Slom 1 Yo 2esM

Total energy of a dynamlcal qystem in thermal ethbnum 1c; cqually dlwded among
is degrees of freedom. /1 -+  H1 = minwloni i 1 vasl

Eﬁefgy per degree of freedom = (1/2) kKT5:111

wherek = R/N, the Boltzmann s constant and 7' the absolute tempcrature of lhe gas.

- Note: For degrees of freedom and qpecnﬁc heat of gases, refer Chapter XII, page 438

r Loy T
L 4 i
1454

5 Graham’s law ot‘ dlffusmn

10

| 'y i to the
| At constant ‘pressure, rate of dlffusmn (r)cof a gas 18 inversely, proportional

Quare root of its density, (0): o cioi e ok

erocl/f /

e -
A ., 4

O armulov iuy It

reacting gases contamed in the same vessel is equal
s would exert if it is contained alone in the vessel.

) P+ T
11 y [ J A1k

b Dalton’s law of partlal pressures ‘

,‘
D ||I1_r {Til

Total pressure,of a mixture of non-
lnlhe Sum of the pressures whxch each ga

lf P the partlal pressures of the mdmdual gasels lp_ a mlxmfe'olf ga.ste?,
1 P2$ P3! 4 ﬂre 1 | ', I 211} .'.
“‘alned inave's"sel then ‘the iotal preseure o s 0 cuitiost) YI% 15 g

WL enlnosrllin o1l

iyt : .‘L.,-r (190G X0
i i [ 1o 2inpiosy Dl !
FA

2, etc. m 4 vessel
mole of gas 1, u2 mole of gas
St 1dea1 gz;)S:rs:_;niLre 7.'Using thc pcffect gae equanon P V ;.LRT

e "Olume v ot pressure P'and tém = W\ 0] ' D
gEt‘ PR {li ¢EY M BLENP oy e iy oy
-(u|+u{§+ IR Lo |
" P unRT+H2RT ...—|P.+P2+ v o bl x bSE= Y

V' ":V':;{L:—
Thus we get Dalton s law of pamal pressures

el e ey
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L 01 i ioqota viooih 2f swezer aild
Examples ' .

X.1. The density of water is 10% ké 3. The density of water vapour at 100°C and
he fraction of molecular volume (i.e.,

1 atm pressure is 0.6 kg m~>. Estimate t it
the volume of all the molecules added) to the total volume occupied by the:-water:
ature and pressure. [NCERT]

Vapﬂur under the above conditions of temper
losely packed, the den51ty of a‘'wa-

lups niSince the molecules of 4'solid or liquid are ¢
ter molecule can be taken as 10° kg m—>, the density of water: Let-us estimate the'

volume of a water molecule.
Mass of 1 mole of water (H,0) =2+ 16 =18¢ 1018 % 107°Kg 330 w
.-Number of molecules of 1. mole of water = 6 x. 1023 the Avogadro’s number, -
Mass of a molecule of water = 18 x 1073/6 x 102 =3 x 1072, kg
23X 10277 L3 5% 107 2m’
10°3
Now let us calculate the total actual volume of molecules in 0 6 kg of water Con-

o ir } 7 -

sider:1 m3 of water vapour. /¢ 119Gz Dhs mob3I1l 10 29913

Volume of 4 water molécule ='m/d ="

Total volume occupied by 0.6 kg of water vapour, V =1 m

a1 raf e*merdg1d 2
Mass of a molecule of water = 3 x 0‘26 kg
o ol IsnoiitugNumber'of molecules’in 0.6 kg of water = 0. 6/3 %1072 =:2x ll]25
=3 2ii 10 00T LU

Volume of a molecule = 3 %107 m

Volume of 2 x 1025 molécules, x = 3 x 1072 x 2 x 10%

=6 x 10‘4
' 2] To wel 2 nolla .0
. Fraction of molecular volume to the total volume occupled
!.,!rf;a ei-[92297 smse ol nt hsaiginoy 2920y wuiosoyr-aon e < dvad
dsez29v o) ni gnels beaistnog 2 1 oxe blogw 261 dogs= .‘E. = 6 X 10_1 Lo . ST

g S 'V,”'l 6107
X.2 Estlmate the fractnon ot‘ molecular volume to the actual volume occupled by
oxygen gas at STP. (Radius of an oxygen molecule = 3 A) e [NCERT]

Consider 1 mole of oxygen:-Let v be the volume of the molecules in 1 mole of
oxygen and 1% the volume of 1 mole of oxygen gas

Ij JJ“‘J'1 '[ iz 7y fl‘ -1} /'.‘ ).‘ ‘“ I_

sshr I e i
L r=3A= 3 X 10 . m, V 224 t.._ 224 >< 10:3@3: ;I:_U_lbwlylll‘ J) j,
N= 6.023 X 1023, v/ V __f) 1112297 I8 N amuio

L}

Y 7

4 x3.14 x (3 x 10719)3: 23
v=@/3)r* x N = 3 x - )° % 6.023 x 10 P
o i 46.81-% 10=2 . - - VAo ROV . .
V=224x107m* 4V = _3 e
v/ =nax o) 3.0 x10 |

#EV 7 0ONGE 193 o 2un

-
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INETIC*THEORY'OF GASES|

’ 395°
pcrfed gas .equatio':i ST ———

/NEEOHIITE 06" BOYIC'S e, it 191 1, vt i ity ot bl 160 1o 1915)
: | According to Charles Jaw, PocTPo(T/Vrﬂ =R,a _;6hst£1nt Ay

This constant R is known as the gas constant, Its value depends on the mass of the

5. If one mole of" a 8as is considered, then the gas constant is the same for.all gases and;
is known as the-umyersal 8as constant, L R e
i R=831ymorigA
Note: If one kilogram of a.gas is considered, the gas constant is called ordinary gas constant
r. Itis different for different gases. Unit of ordinary gas constant is J kg 'K™'.
| 2AH0IY, 2 2 Ul Zavorm 11 I fil 915 2000
s PV =T [ ' s s i
Ifmassi_sm_kg,PV:mrT _ T T

pr is the c‘ien‘sit').f of the gas, the ordinary gas constant, , .
o 1= PV (T = PloT;

i STP for air, P = 1013 x 10°Nm ™% p = 1.293kgm™; T = 273K
;= 1013 x 10°/1.293 x 273 = 28697 J kg 'K~

Mt p
.| s 1

Relation between universal gas constant and ordinary gas constant

o ercritoneuririad HAVE . lenon B2l ol (1 s . serisl (1690
' “Universal gas constant = ordinary,gas constant X molecular mass of the gas_

Avogadro’s number i e e seb ity ot _;f;
5 v of Avogadro, sugge ‘ lecules o
f Avogadro, suggested that the mo
I hn Dalton, a contemporary of sugg e
! givel:1 Icile;iic;] substance. are all alike. This hypothesis, since confirmed by an

i i tions; |
¥ ‘to understand why, 1n chemical reac ¢

whelmi : _evidences, makes: 1t eas?f j . e
mb:llmmg vanety.of .fvith each, other in definite proportion by,m.ass‘ It also lead?_edcl) : anz
& !hPOunds comblne:._l_émlar mass and number of moles. Specifically, one 'mober'for i
Wréehcqu?ptOf o \d contains a definite number of molecules, the same number 1or &7,

% chernical compound,cOP(AIRS & 5
%mpounds.

The number of molecules ina
Thus, 0.012 kg of C'? contain

10~ > iy oianed Jo o 00 At O1 &

kg i wop o ol 200122 T 6093 % 102 mol Tt o
RSO FAANA 1 —__/’—:_'

g o do ¥ N T TR 16605 % 1077

mole of a gas is called Avogadro’s number, N.

s N atoms,: the ‘mass of one C'2 atom is12 %'1.6605 %"

I‘i‘lt'.tlc th
Fror == ' olecules
' Agasis : namberof tiny particles called molecules. 'Thﬁ% oo s
i:ag . lsmsz‘de-ug ofa;]a;lg;n Molecules have a diameter of abouti 2 X'
state of random .
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- FUNDAMENTALS OF PHYSICS CLASS X];

the distance between them in a gas is about ten times larger than its diameter. Hence the
molecules can be thought of as moving about relatively free. German physicist R. Clausiug
and Scottish physicist J. C. Maxwell showed that the state of a gas and in particular the
equation of state could be explained in terms of the motion of the molecules, which make
up the gas. The theory is based on certain basic assumptions or postulates They are given
below. Kinetic theory-of gases was suggestéd to explain’gas laws:and'to derive perfect gas
equanon
Postulates of Kinetic theory of gaiges? 74 = norii bonobizass i 2oy 410 slom 2062 2
W wa Wnzysyinw 5l 28 nwoend s
The molecules of a gas are hard, smooth and perfectly elastlc spheres.

The molecules are supposed to be pomt masses the 31ze of a molecule bemg neghg]ble {
Compared to the dlstance between them ’ AN 4 hesa i

..... T “frie {i? ,—l,""“

; 1 111 11ih ]
4. The molecules are in a state of random monon movmg w1th all p0331ble velocmes in

all possible directions.

During their motion they collide wnh one another and also on the walls of the contammg _
vessel. These collisions are elastic'' 7 7% iy 2 o010 grensh sl 2rg

Between successive collisions, the‘molécules move in straight lines with uniform veloc-
ity. The distance travelled between two successive collisions is called free path, Average
distance between successwe colllstons is known as mean free path My o

7. Time spentina coll1s1on is negllg1bly small compared to the time taken to traverse mean
free path.

hlains ans aaemmibran Bew S i acve Eascmi kit il rrenitnlall
EI2IN03 282 71 ibhio b Neienod b y TLILEE [RO9° W94 NOoLiRiaA

: 8. The mean kinetic energy of the molecule is a constant at a gwen temperature and is
|L proportlonal to the absolute ternperature e KE G T, e
|

Kmetlc mterpretatmn of pressure exerted by a gas
12910001 r' TOCIT

imatnod L potsd mndol (1181 nl

-15YAécording to the kmetlc theory of gases) the moleculesof a gas ‘are in random motion.
_ Dunng their"motion, they collide eachothér ‘and with:the walls' of the! contamer "As theY
@ colllde w1th the walls of the container, they exert force and hence pressure lex

k h["‘, MG

_ ,Th‘;‘s zt fol laws from the kmeuc theory thar the pressure ereﬂed by a gas y be deﬁned

as t'he total momentum imparted to unit area of the walls of the container per slecond due 10 ’
molecular 1mpacts on the walls. .ebnuogn

. 1 . % % . i "
. L . . o . A Ty Xy @t v f PR T PR oy o
W asdioni 2 enlisuey; Wno 71 20% HD slom n 1i 2alyatom o dnwn sl

Kinetic interpretation, of -temperature.of a,gas s i W Baika 109 ') Y0 2d C10.0 2 ,;'r

Q) l

According to the postulates of kmetlc theory of gases, the average kinetic energy Of a
molecule of the gas is directly proporttonal to-the absolute; femperatufe (T) of the gas.

ie., KExT.

2azel) 1o vros1id oitanid

2«1 Hence s the’ rtgmper ature of.a gas ds armeasure: of the aver‘age kmenc renergy. of the
ey 1atsiring \ - | eyl 100 winte g0 Fis
AndraSifithe Savsops-103Rmend syl 2dussioM. aoliom. mchoes-la.sle:A
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I{INETIC’ THEORY OF GASES _

{ -
| ean square/(rms) y :
| oot elocity of 5 molecule

Ifc,, ¢2,€C3,...,C, are the veloc

; ities of the m ¢
? square\,ve_lOC_lt_y._ of the molecules of ¢ Plecul

he gas is,

s s
3 I cl-+_c2.+c§+...+ql: |

es of a gas at any instant, the mean

. n
Hence root mean square velocity of 3 molecule is

S '_2' 2 - 2 . ..—,
cit+es4+ci+-.--
Crms":\f : 2tG - tG
. n.

| E,prpssipn_for _the pressure exerted bjr a gas

Consider a gas inside a cubical vessel of unit side. nob <NE
Letm be the mass of a molecule and n-be the total num- '
' ber of molecules in the vessel. W, and W, dre two op-

| posite walls of the vessel perpendicular to the X-axis. - v :
| WS A W '
| Consider a molecule A moving in the X-direction = X
i vith a velocity v towards the wall Wy. Tt hits the wall W, >
' vith the velocity'v and rebounds with the same velocity //
- vas the collision is perfectly elastic. Fig.2
| Momentum of the molecule A before collision = mv
Momentum of the molecule A-after collision = —mv

Change in momentum of the molecule A due to a single w]ﬁ- }; - _q’m i

| sion on the wall W 2mv

‘due to a single cbliii.‘ion} e

. Chang# fn fomenttim of the wall Wi
of the single molecule A i i =, A :
| Since the distance between the walls Wy and W2 1s U_ﬂlt)’, the molecule A mavels v
limeg between the walls in oné second- .. ; i alags sno 102
. g ) | s ) ik | % all ‘U
Number of collisions of the molecule A with the W. ] =z
- Wy in one second rgtenol 2nz4
Hence, rate of change of momentum of the

wall Wy;  i.e., the-force exerted by the ,Si.ngle] =2my X
Ty T e all Wy _ ,
molecule A on'the WA Bl o 42 a-dinus extos _ =
oy 2 sl O effect of the collisions of all molecules on d:e“W

Now let us consider the com o+ moving along the X-axis between the walls W,

i e molecales vcsse!;?e;dehi‘ directions X, Y and Z, it is reasonsble ©0
ndW.'_ . onl three 10 = ; ﬁ}cX-axide“'ﬁm

sum:. tr?:;:l caet ;t??nﬁng. r.jl;cre may ben/ 3 molecules moving along

lhewal P _
Is W) and W. P
v s moléculésion thewall Wy = (1/
.!.’iiii?.[;:_ey F(jrce{ejt'eﬂﬁl‘by the m N

-
= mu~

| o
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L ST BT T RETR B A, T AW Ret - e i o

As pressure exerted by two gases are equal, P = P2

(1/3)n|mlcl — (1/3)"-2??1262 - . (2)
Since the temperature is the same, the average KE of translation per moleculé is the same
= (1/2)my 2 = (1/2)myc2 1= = esgorlilodA . B
From equations; (2) and 3),n; = nz wif FL | 14 48
This is Avogadro’s hypothes:s '
Expressions for the rms velocity [cs or T] 74
(1) From the kinetic theory of gases, the pressure exerted by a gas is gIVen bY; 1, 411055
.,;f nob W 228m Yo 2w P = (1/3)p6‘2 : crms —_ 3P/ ; e
(i) P = (1/3)902 If M is the mass of the gas- Wthh occumes a; volume V = M / Viov
=(1/3)M/V)c? PV = (1/3)Mc2 | - o SRl
But PV = RT - R'I"—(1/3)1'\/Ic2 Nk X I\M = q I

l' O NA O T _\1

crms = V 3RT/

53 941 [LTIVE == =*0iY

)y If R is the universal gas constant, M is the mass of 1. mol, of the gas (m kg)
o Crms X \/_ Le., (C1/€2)rms = v Tl/TZ,t ST %
Mean free.pathjl._ :

3 Yy £
V11 £+ 44 | 1 ~ 2P0 ori 10y
14 Gl JEi . 3 . "-F‘,_: -Jll-1 §

|
LS ki

The molecules of a gas have finite size and they are constantly in motion.” Dunng thelr
motion they collide with one another and also on the walls of the vessel. The:path coyered,
by a molecule between any two successive collisions is a straight line and is called free path.
The'length of a free-path is a:matter of chance. The average of:all these free paths is called
mean free path. It is the mean distance travelled by a molecule between two successive

collisions.: It can be shown; that the mean free path-is given, by the, equatlon. o

ST V_ndzn ;

where ‘d’ is the dlameter of the molecule and ‘n’ the number of molecules per unit volume:

il } ? -;' 19, - .V v g 4

Wit \ fieset 10
IOV i } BOLBUDRS ol ol (i)

Let the molecules of the gas be assumed to be
spheres of diameter’td. * A’ collision'between: two.". * o R s 4
molecules will take place if the distance between their B :.'- .............
centres is d Assume that only the molecule A 1s '1}'1'"5"’-'- - < *m,: wdf (40 oolapit

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

cylmdncal tube of radlus d and lengthl If the molecule T 21 T S—_——"
A moves along the_ ams of the tube it colhdes W1th all those molecules whose centres he

ei 2ug Bl DulTers 9yyer zioamlt sitenid
inside the- cylmder 5 9 _ ' les

- - I
‘) Volume of the cylinder = I famn g 25

S

291672 1]

1 15 Hun

01 ziithioosn A
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GETIC THEORY OF GASES | 401
KE
¢ s the number of molecules per unit volume o the.
qas. the? - | , |
the number of collisions of A = the number of molecules inside the cylindi?_r r .'_g_w
v ! % : "'L,«r/‘-;
=nd*l x n = nd®ln PR / ' 7

Distance fravelled by A = l

 Distance tra?elllf:td I & iy

=__Number of collision - wd?ln rd*n )
mhis equation was deduced by Clausius. In the above derivation, we have aslsum;i:mt]fllzs Zrc;
hut one, molecules are at rest. But this assumption is not corre’c’t.hActually al mo e into
m motion. So the chances of collisions by a molecule 18 greater. Taking

I:ﬂ rando . .
«onsideration, Maxwell derived the expression,
o]
B B et
V2md*n
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402 FUNDAMENTAL&OFJPHYSICS CLASS X1
From the gas equation,! PV'='RT _ Jom Yo edm -.‘:
pv 1013 x 105 x 22.4 x 10731 742
2 e .1 21310 yadmun o)

‘ 2 8.31) moi"IﬁI"1
An air bubble of volume 1.0cm? rises from the bottom of alake 40m deep at

a temperature 12°C. To what volume does it grow when it reaches the surface
which is at a temperature of 35°C. [NCERT]
T Yy = lcm3 =1x IO._.G “.‘3; .T‘.:=‘: 273 +12 e ;7)-85 K b esw noilsups 2T
- i P, =, Atmospheric pfég.sure + pres_suré_, _0,{40@ Q‘ftﬂﬁtﬁ.{ﬁ?l‘?ﬂ}ﬁ
= 1.013 x 10° + 40 x 1000 x 9.8 = 1013 x:10%+3.92 %
—=4.933 % 105 Nm—2 roieegiges 91 DSVII b llawxsh/
P, =1013 x 10%; T, =273 +35=308K; V2 =7
Y A4 __ PV,
- T, B T; poitorm nainwor1d”
o PV, 4933x10°x1x107°x308 o
'\ o apptie £ 10 SRETTIRF T 1 B o vl
XS \.Es_l':ima‘té.thg' _tothl. numt;ér.j.qf air mplééulés ,(iricluéi_vé of qxjgen;;_nitr:og_ep,‘
water vapour and other constituents) in a.room, of capacity, 25 m?, at ajtem-
 perature of 27°C and 1atm  pressure; (k = 1.38 x,1072JK7})r:; [[NCERT]
0P 1.013 x 105 Nm™2; VI 25 m; 722734 2721300 Kipo /1 o

alimaloM muiham

e it 1o asa iy at 2aliiaolay inatatiih gl 9V §
PV = nkT; 'where n'is the number of molécules’ of the air.

T O

2110 31
1051 WIGT 1]

pral s rine
AL 822000100 ¢

) poloineg lsme 10 lpys o 1013:5¢11051% 1255° rivedo od ey nobom nsinword .
- +

el otfoan visviin =5 =. T — : — == 6 12.)(,10?6" ",_ atteaB sdomiz
W I_-' ] JJ‘LJ_‘_I o l_ vik?“x : '1.38 )(llo_z?ﬁ‘x?’oo ?‘.‘.; LB S ‘tn:l» 'l“‘ ::fuu,.._f:. (
X.6. */Estimate the average thermal energy of a helium molecule at i) room temper-
5t salusaloog o) dsaaanageey gt S K s G Lt 1L anioedo aopr o Eaijom.edd. D
¢ 21U Cgture (27°C), (i) the temperature on the surfacé'of Stn (6000 K)"and i) the
S PP I R (504 & Lot Y gl e L el drliaaties oo of I0NASER
: "_‘"‘!“). n‘'“ten'Ipt’:r&itl,lre' of 10 million kq:!vm. Given k' = 1.38 X 10°% JK"“.(‘ Is ‘[NCERT]
siresiynegion Yo oo Blcd T GHHO £ VIS0 <fol2 | ot asigwortl odf 180
poitam odi 21 , Average thermal energy of a molecule, is given ]?Y.Ek'z;/ agit yd batoulis 02ls
sitetih o e daal Lol TaHg atit3uz 1 3a0o Bty tonop aninerSpd |
DRI SN Gy Ehergy at 27°C = e 1.38'%x 102300 ='6.21'% 1021y

arathiog

wvasii
< Nte:

3

_ 3 :
(i) Energy at 6000 K-=->x 1:38 x 10726000 =1:24 %10~ J

, 3 ¥
(iii) Energy at 10’ K = 5 % 1.38 x 1072 x 10 x 105 = 2.07:xi107!¢J*

/A flask contains argon and chlorine in the ratio 2 : 1 by mass. The temper-
atiire of the:mixture:is 27°C. Obtain the ratio ofi (i) averagé: kinetic enérgy
per molecule and (ii) ratio of root mean square speed (v,,s) of th?afmolecl{lej
of e Yo 20 ARTHIRY L Gt
(i) The average kinetic €rergy  per molecule of a"gas'dépends only on the
es not.depend on the nature of the gas. Since the argon an

=

temperature- It do
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| (NETIC THEORY OF GASES 1 - ;..
o 1403
. chlorine in the flask are;

at t
energy per molecule of ¢ he sarme temperature the ratio of the average kinetic

he gases will be | :

\;'|

(n) The' average 'K.E'.—fof a r.n-olee'ul.e — 5 me2 = %kT
since T is a constant, KE for Ar = KEffor Cly % M Ar = % mep,C ‘?c;z
i I’.- 3;.—. .;2-('32‘ mAr | i 3-9',9
: (fﬂ-) ZVT78 = 1.33
CCl ) rms-~ — °

X8, Calculate the rms Vel_OCltY Of hydrogen at STP gwen ltS densnty at STP
= 8.99 x 10~2kgm=> """

Standard atmosphenc pressure = 'P =1 013 >< 10° Nm‘z_
Densuy = P = 8 99 x 10“2 Kgm

/3P 3 x 1.013 % 10° o
Crns' = \/7 8 99 % 10_ = 1839 ms

J (1 1 . P : W1
X9.  Calculate the r.m.s. veloclty of a gas at 300 K glven 1ts molecular mass = 32
and R = 8.3Jmol~'K™". T s e B

M= 0032kg, R =83Jmol” 'K T——300K_|_‘

o 3RT \/5xg3"399_48315ms

wﬂl the rms velocxty of hydrogen be double its value at

X10, At what temperature

STP whehn pressure remains constant. -
rms velocnty of hydrogen at STP (Tl = 273 K) Let T, be the

! ' - Letxbethe: M
| 2 temperature at ! which tms ‘vélocity becomes double ( i. e 2x) e Ll
TR Tz
T ’=
crms & J—_ sy TI ity 2x OC : x TI

rerisly

T-2—4><T1t—4><273-f10921{

At what temperature wi]l ‘oxygen molecules have the same rms velocity as
‘ Molecular mass of hydrogen and oxygen are 2

hydrogén molecules at 60°C. !

q4 ol D5 omgkey 20 19 WD STV L0 (] ael A

r-:and32 respectiVBlY-x*- gl RNl

i = - af ASRYTO SINUL AR 2\ s Fintnoqind
¢t sl ool  1sqe ) e s 11 03 2qodh et
3RT ' = 60°C=333Ks 1oMyy = 0:002 kg5 0

' Crmis

Mo = 0.032ke} T_z;=

.,‘_ N5 g R 3 il d '_\: £ I,.-} [ > ¢ o
gty 3RT, g = IR
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404 FUNDAMENTALS OF PHYSICS CLASS X]

- Let the rms velocity of: hydrogen at Tl Kis: equal = that o oxygerl - T2 e

. Then f3RT; 3RT2
; Mo My, Mo

MO 333 x 0.032
b5 o e o = " 0.002
X.12.  *A vessel contams two non-reacting gases neon (mono—atomlc) and oxygen
\ (dlatomlc) The ratio of their partial pressures is 3 : 2. Estimate (a) the ratio
of the number of molecules and (b) the ratio of the mass density of neon
_.and oxygen in the vessel. Atomic mass of Neon = 20.2. Molecular mass of
On =39, \ i) [NCERT]
, Pamal pressure. of a gas.in_a mixture,is the pressure;, it would have exerted
for the same volume and temperarure :f it alone occupzed the vessel g

iy b SR

= 5328 K.

A _m 3 ,
R T2 i
e TN N, ’
' But, et = — 1
( m N = P2 Ty, .:
where N 1 and Nz are the number of molecules and N the Avogadro number 1 {
TRINI0IG e & :_-.,‘.: J115% 9ild o3aly §
( Yint &—ﬂ.-—g -I omLc.o = 5\ bis .;{
TN, Ha i | 1
(b) If my and m2 are the masses of neon and oxygen, ,u, I i % and u; = :;2
where M, and M, are the molecular masses of neon and oxygenI o :
; If p{; and p, are Lhelr mass densmes ' }I '
In auisy sliduob ad { famrocrrrsot 2acdar 3 A ar y § C
| ﬂzmI/V ml‘ P"IMI‘_3 "2‘0_.2'- 09’ e YT
oV M, 3 < 5y = 04T |

X.13. " Molar volume of an ideal gas is the volume occupled by L mole of the gas at 4
STP. Show that it is 22.4 litre. " INCERT] !
. By the gas equatlon PV = puRT )
vy " When ft= 1y V = Volurne of 1 molelof the IE
' ,;,-:;-‘--ERT' STE8ah278 » E= 3y O F
26 yhocler 2 stuse sl gved 2y i o 1013 "t 105 1871 b ﬂ\rs?fi -‘
| ’ 918 119920 bag gayoihys I lo 2zemy 10T 2239 X;IO rn = 22 39lltre ./ -5111

" X.14. An oxygen cylinder of volume 30 litre has an initial’ pressiire of 15 atm and

temperature 27°C. After some oxygen is withdrawn from the cylinder the

pressure drops to 11atm and temperature to 17°C. Estimate the mass of

oxygen taken out' of the‘cylinder. R=8.3] mol‘1 K !. Molecular mass = 32-

o . [NCERT]
P1—15x1013>\<105Nm‘2 v,~30><10 m’, T, = 300K
X hP-V'\ f . - f 3
V = ‘,LRT = as_l7 o)
P H=dRT ‘
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Let i1 be the number of moles of OXygen initially present.

PV 5 -
Ml____15x1.013><10 x 30 x 10 _ 183

RT. 8.3 x 300 .
Initial mass of oxygen = 18 3 % 0.032 = 0.586 kg

Let u, be the number of moles of oxygen left.

11 x 1.013 x 10° x 30 x 10~2
8.3 x 290

Final mass of oxygen = 13.85 x 0.032 = 0.443 kg
Mass of gas taken out = 0.586 — 0.443 = 0.143 kg
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I&ﬂWQRTHAHﬂHOHVTS 110 dontwe nren)

. I

1. Bmle S law P1 V1 Png (at constant temperature)

Y. Charles laws: (a) Gay — Lussac. law Vl 3t =
- Py Ty =-Ps/- 15 (at constant valume)

. Energy per degree of freedom = (1/2)kT pra WL By
k= R/N =138X 10‘23 JK7!, the Boltzmann’s constant NGT. A
_kka]gasequanon R Tt Uit h&.32¢:usﬁ;&§w o3 u;.;:fT v
LPV=AhT (for] mole of a gas)
PV ,u RT (for y, mole of the gas)

Vo/ T, (at constant pressure) (b)

= »
R )

Lsd

» "‘ \

= PV..nkT(n = number of molecules of the gas)- __, S tad o
P1V1/T1 ——_PZVZ/TZ ‘R Vi 8 31 J/mOI/K g | ,- “ M

._ _6. 3P/ ﬁ/ RT/M Pshould be mNm (Pa) 3 sage ol
o 1atm——1013x105Pa 5 S

“J Z.' .

-KE of a molecule = (3/ 2)7‘ T "-"i T
. KE of I'mole ofa 8“5 o (3/_2)RT
8 ’“1/«/—715{271 L e 08
Maxwe[ltan dtstﬂbl‘”fn law n(v)
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D. Essays !

~ces, Derive an expressio
1. State the important postulates of kinetic theory of gases: De P M for the

pressure exerted by a gas.

2. Derive expressions for (a) rms velocity. and (b) kineti

. his obtain expressm
il distribution. From t N for
3.'Discuss briefly the Maxweéllian speed B veloc1ty 5f the i olecules of a.gas

mean velocity, rms velocity and most pro A

c.energy of a molecule of 5 2as,

E.Problems -~ s o
s present in the atmosphere of Jupiter

1. Calculate the rms velocity of methane molecule :
v lecular mass of methane = 16;,

whose atmospheric temperature is — 130°C Mo
R = 8.3Tmol~ K74 it o svna ol o0

[A_ns: 471.8 ms™)

“Y§1i8 o

2. If the rms velomty of hydrogen molecule at STP is 1:84 % 101 ms™', calculate the rms !
velocity of oxygen at STP [Molecular mass of hydrogen and oxygen are 2 and 3]
respectively].

[Ans: 460 ms™)

3. Calculate the kinetic energy of 0.002 kg of helium at 200 K. R = 3.3 J mol~! K™\,
[Ans: 1.245 x 10°]]

4, At what temperature, the pressure remaining constant, wﬂl the r. m.s. velocnty of ages
be half its value at 273 K? 640 199

[Ans: 68.25K]

5. The mean kinetic energy of a molecule of hydrogen at 0°C 'is 5.64 x'107%! J/andR
= 8.3Jmol~'K~!. Calculate Avogadro:number.

 [Ans: 6,023 x 107 mol”]
1 6., At what temperature will the average speed of oxygen molecules be sufficient 0 €

cape from the earth? Given escape velocity of earth = 11.1kms~!, mass of 0xy"
molecule = 5.34 x 107°kg, k = 1.38 x 1023 JK~!,

1 : - GIH i

7. Calculate the temperature at which the rms velocity of gas 'molecules is double the
value at 27°C, pressure remaining constant,
‘st Seibassh s [Ans: 927°C]
8. Given Boltzmann’s constant = 1.38 x 10“” IK- 9 .Calculate i kinetic energY
translatlon of an oxygen molecule at 300 K 1]

Tate M L
:.}l

[Ans: 6.21% 10
9. At what temperature is the rms speed of an atom of argon gas equal to the rms F°

™ ofd he]lllm gas atom at —20°C? (Atomlc mass of Ar = 399 \u,of He = = 4. C;: gl
| [NCE,
TT: = VToI s . . 00K

Hil‘lt! 1 ] == 2 2 ’ | : v 4 [AI'IS: 2_52 ¥ 10
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