RROSEERIFY FAGRDE M

A2 PHYSCIS 9702

Crash Course RUHAB IQBAL

IDEAL GASES

COMPLETE NOTES

hab. it demi
@ 0331 - 2863334 O gg:'lairl).::‘:;snﬁe" yacademics




L3 qme-
Laa yoon

e = 6023 <o partiden

/7 A\’nedoJ&oqs (\uw\\oe/: 6.025 x\O?—;2 Pou(k’ic\e)s

NERPRNY

\L _

N 3
Nam\oe,l OJ(S Paﬂ\'{c\@ = Mo\ X @023 X\OZ>FM\\C\€)>

[ngoz\w\]r o) de 2 N«c}*

ASS \n
7 \
N = Macs
\
(

| ‘[hv

NYo

Sorf\e C,oi\S\'wJ\)'S T
Kz Bolbzaana’s cnshed = 133 5 16™
NA = [\\b\ao\gz(o‘\é (\ow\Jba( - éOB\k )022

Q - mo\au( 60J> c°f\5\'ax\.k = Q«> (NA} - Q 3)]

Nte .-
. 2730 - K

LSe ”'\\2.& (RN

P

Q. ‘N\«w&— (RS \&ea& taahy
Ao, P '\&ec& ‘dws (—o\\owg e "M 6005 eckuo\"%ﬂ\s
M\Q wf\(@w\s \-O Hz& a%ump\\m\b «bﬂ’w\/\?“é\'c LLecm,

P\/: N RT oL PV:_M_x KKMX'\_
Mg~

N No. ﬂ\o\C’))

R: nd A 5N coﬂ\&\rw(\} PV - NK T

T X’@”\‘)d we A K

P: ley>vie  in pa\ ’\ll NJM\DG( % M\’{C‘%

f : P

\/ - No \UW\C [N \A K - &DU—S«\M\«\ CO‘\S\—M\)V

PR

| . X'@l’\??/(a}u\(e, ~ K
P D Pleyvie In pm
\/ > Neo \UW\E, " 1\’\%



Assdm@m\s Jé l<x«\dr(¢ Mo Jel qu«d-_— Pa,(\«'jw e &wﬂp A moREl

Y No iherndeclnt Gucen behoeer Do icler

2) The fine o speibie patilde s 5 reqliy e compried to e kme behoeen  succere ooflicioms.
5\)/\KL Aligione  ate p@(cauﬁ chorkic

"(> TW.\{OMQ 53 fle Pou(\"\c\eb w\ldb Me. /‘&J\.J\Lle com‘)oxeg k> ‘R/\O. \lo(um% d& ja\b
5>T—1\Z(€, e aﬂw% o \auu]@ /\oWJae/aZ) FM\%o\e)s P«@@& For shaishica) oﬂ)«ox’\wﬁm b ke a{rha@) o Ahe (Jopu\aﬁﬁ«n.



>

Do("w‘ia«k uj Qed 9> e«lkoA

( P\]: A RT we  al(e Koo w
g PN = NKT AD,J

|
|
Lm T

> .S\)Jllacc odeo. = A

TIM.. L‘lme, (Oe}'weel\ co\\is SJONS 1T

Aé:_é_ = 2—&
e

U

T(\ d(‘\"t}a&/;" 5 A PW(HC'Q w\\\ [’\Me a SPEE& C.‘
whidh ¢ C\)oma o be o 3D vedov

\J.& c
s
L),_

™M

c- Jol +u +0r ,/l.mfmx'w\)r

I N)

S lae = e oy ey

(400\’ o\ S\ro‘c}

O‘w “r v&oc'\\—l eé
M w\dgg}

Borel on a))?)umf\"\o‘f\ g,

pa UL 2
L,)q"-: vy = UNS

So
) )
2 z 2
CM\s = AL SN S SRV Y
2
<c, >: 3 UN“'C—

ne S| ES
e
2

&)NL = <cl\>

cwwaiﬁMmmhwﬂrmk&;-@maamwumg
INER
Np= mo,) _v«\(u,ﬂ
Ap= -2,

\b?] = 2euyg

A (ea&\ Oo-’) with N ‘?«(\—'\c\e% s NN o ac\l\a‘\aa_ Aj momenf v :

AP - N (2d\um> Pk leme -
wawA?A ‘.v'\ ~Aesons aﬂ\ v A dnedhen
£ Iveds on . ASSUM;‘Z) ime sﬁ)ee@ (or .,\,U\ {ba\?(\e)x

E(CC exeA\‘eQ -
ﬁ‘Fmekcb — —M——

b\' ’_—>—_ﬁ"~ &&«\e ﬂ o\\;S-\m/\ RS (\CD\‘IB} L\e7 we. Ca/l\(\o\’ uSQ/H"; S

I‘\S\'CA& wu we aile f"'\Le/“\E/S 1S ‘““‘L MQ}(RJ@L\MQ

Lo?‘weev\ callisions

2 rﬂ eon\-fo(eb = A-‘P = N (Z"’\ 0*\3 = N”\@_ﬁv [
2/, AV 2

Plooie exeited o dhe walh

P: _E- = MI\I @“)L = N\N (‘)u; - m ‘\\(‘_-’)(S
A 9\ &ﬁ \{ —_> vo\o«exa Bab

A
Hue be e AS.S»

meRoni~
OVo N (o) A okl hoied o) he. sove
sfceg ond in Pre sme X Sntechon

PV LN L

<‘Z> = e 5°Luw/° S[’eeg



Co‘“ P””"“Q P\f" NK ~“§ P\{‘ "\g N.A <CL> L»go«zsr\a % \Iu\\k\_ om9 N: JSN«\<8>
AR L NS
%]AT - J—— DXW\ c,?’> >
= 2R T . LY
/)_K3AT :,__(_—vv\ <CL> Nw\
2 . \ Cot Y
Ee el TRIT7 » T - K27
Ee A e ga«\ﬂe - 3 KT L7, <7
= <L> eg — e
C /7 oneaN st\uwfe, sﬁk ] | - I,
EK o% N P.,(\"(&e,s - ?3/ N \‘/\T Clms > (%S(Wa‘we s()(eg <(_2_7‘ <C_L72_
Cywms = \)_<:"’>
Lhand oy - (V) labor cqudion -
S W
U-. sK.E L 4Pe (/l,&.& oher Me Mo P\/; é—Mw\<c.z> ) Y,
:«Jum eco\od aa(ce> -~ PE :o> oY s \P = _Na
D 2KE + o P 5 @ 47 y
NENAWY]
0. 2 NT v

2 P:§f¢»




3

{a) (i) The kinetic theory of gases leads to the equation
fmec®> = §kT>e ~ =

Explain the significance of the quantity 3 m<c®>.

B T=eK

{b) Two insulated gas cylinders A and B are connected by a tube of negligible volume, as
shown in Fig. 3.1.

,f"fltap

! A
cylinder A cylinder B
g =
1 T3
\lslx\;l*“ V. 2o v
N= 2w P; \.23(\;
1.37C T-37¢
i\toa}

e

Fig.3.1

Each cylinder has an internal volume of 2.0 1072 m?. Initially, the tap is closed and cylinder A
contains 1.2mol of an ideal ?as at a temperature of 37 °C. Cylinder B contains the same
ideal gas at pressure 1.2:x10°Pa and temperature 37 °C.

(i) Calculate the amount, in mol, of the gas in cylinder B.

P\, WRT
Ql%"’gj [Zx\:') - N C% gb (57* )7 %.\SB

N = oﬂg\\

amount = .......&. e e et o . maol

(i) The tap is opened and some gas flows from cylinder A to cylinder B. Using the fact

that the total amount of gas is constant, determine the final pressure of the gas in

the cylinders.
P\/ _ o RT

(1) . (122 E2273)
D 272150

=

S

IFBSSUNE = ... e s asas snssnnans . Pa

6]




2 The pressure p of an ideal gas is given by the expression 2 (a) The equation NIK MQ n R

1 pV = mnsrgr\ux F
p = 3 o
relates the pressure p and wvolume V of a gas to its kelvin (thermodynamic)

temperature T.

%‘\,5&\\)0“6 ______ 5{&!& _______ {% llllllllllllllllll Q,J\%(&QJ)',«\’\'\"‘L IIIIIIIIII State h:nminditiuns for the eguation to be valid.

.......... Wy e e e s e e s ] b " i Rl ot
(b) The ideal gas has a density of 24kgm™ at a pressure of 20x10°Pa and a = e i St Y (r """"""""""""""""""""
temperature of 300 K. ‘A— . QWJ\/
. B wasals) o %, ______ mhmkxs\’(MMA%“& .....................................
(i) Determine the root-mean-sguare (r.m.s.) speed of the gas atoms at 300 K. 2]
L dev .
=3 \F’ C (b) A gas cylinder contains 4.00x10*cm? of hgﬂmgen at a pressure of 2.50x10"Pa and a
7 temperature of 290 K. Gl /
-2
Zlg—’\-*@}o <c Y . il : :
re = The cylinder is to be used to fill balloons. Each balloon, when filled, contains
3 7.24 x 10°cm® of hydrogen at a pressure of 1.85 x10° Pa and a temperature of 290 K.
617 - Zgo oo®
< Calculate, assuming that the hydrogen cbeys the equation in (a),
Cioms = DO° g oo (i) the total amount of hydrogen in the cylinder,
A [ R U ms! [3]
P
(ii) Calculate the temperature of the gas for the atoms to have an r.m.s. speed that is P\{ = N '4 ]

twice that calculated in (i).
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Crwms, C’"“"-"z_ amount = ...........0. 2.

7

RTINS e IZOO """"""""" K3 (ii) the number of balloons that can be filled from the cylinder.
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a) Kinetic theory of gases 1s based on some sumplifying assumptions. y ) 23
(a) A e Molecules of an ideal gas hav dof 520 m s~
Molecules of the gas are assumed to behave as hard elastic identical spheres. (c)ﬂ': S ke e RL g iy M ROt ADE AT SUTEE KSR, f Speck s ks
State assumption about ideal gas molecules based on of 27°C. )
(i) nature of their movement Pikiclen ove C& e 2 mgw enoRer \ooo Calculate rm.s. speed of the molecules at a temperature of 100 °C.
o NARYYS

(11) their R'-::rlumeﬂ\e__ Yo'owne ef(\ the Pa/‘\'\c\a s AC% G "Bl <0““("""’0 l'o e

Jb »*4 cs'\}‘."“"( M 0«0‘)-3

(b) Cube of volume V contains N molecules of an 1deal gas. Each molecule has a component cx; of

at a temperature

1127308 | Jleet 2735
520 s

2

velocity normal to one side S of the cube, as shown.

-\
C(.N\’Sl - Sg@ ™mS

fside o

o ———————
i
I
I
I

Pressure p of the gas due to component cy; of velocity 1s given by expression

pvV = chxz
where m i1s mass of a molecule.
Explain how expression leads to the relation

pV = (1/3) Nm=c*>

g e
where <¢“> 1s mean square speed of the molecules.
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(a) State what is meant by an ideal gﬂ

)

e«\oo&eﬂ%ﬁ%(f\om ..... % \10('”\‘@"3‘) ...... (’w‘%'\P ...... \{ X

.Y?.‘_’_Y.‘_‘..‘:.i!.\_.vzf’.’._-, m’\& \ W \w?e,(:me TN \‘\e)ww\% 3]

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

Fig. 2.1.

2 5 x 10%cm?

3.4 % 10°Pa : \J 1.6 x 109cm?
300 K 4.9 x 10°Pa
Neo- 1 N-o0.2
tube

S

T cylinder B

Fig. 2.1
Initially, tap T is closed. The cylinders contain an ideal gas at different pressures.

(i) Cylinder A has a constant volume of 2.5 x 10%cm? and contains gas at pressure
3.4 » 10°Pa and temperature 300 K.

Show that cylinder A contains 0.34maol of gas.

o\
Qm\o) [zgw <o > @3}@"%

S

—

[1]

(i} Cylinder B has a constant volume of 1.6 x 10°cm?® and contains 0.20mol 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

€ &) (3.5 é>

tEMParatune = ... 0 ;e e smss s K [2]

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

Ab“@e'SQ%‘T— _____ : "\\low'eﬁ\tf’a\'v\gow\'\")’
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2 (a) Tha kinetic theory of gases is hased on a number of assumptions about the molaculas of a

gas. 2 (a) Asquare box of volume V contains N molecules of an ideal gas. Each molecule has mass m.

State the azsumplion that k= rellated to the volume of the molacules of the gas. Using the kinetic theory of ideal gases, it can be shown that, if all the molecules are moving

N\Ae(d o> < oJ> mc_\) with speed v at right angles to one face of the box, the pressure p exerted on the face of the
e box is given by the expression
&b '?LQ_ \lb O ‘ﬁ

pV = Nmv?. {equation 1)

3{ This expression leads to the formula
{b) An ideal gas occupies a volume ¥f 2.40 x 10°m® at a pressure of 4.60 x 10°Pa and a

1 .
temperature of 23°C. p= ﬁp(czh {equation 2)
(i} Calculate the number of molecules in the gas.

for the pressure p of an ideal gas, where pis the density of the gas and {¢?) is the mean-square

P\j - M Kf\" speed of the molecules.

Explain how each of the following terms in eguation 2 is derived frpm equation 1:

LQ”‘\"SQ Mo 5 =N ( ! %37\\35@3@73-\@\

Ne D7«

(il Each molecule has a diameter of approximately 3 = 107" m.

|

Estimate the total volume of the gas molecules.

G o \L ﬁ— i J (b) An ideal gas has volume, pressure and temperature as shown in Fig. 2.1.

. x]o -
; = j— \AT'* (\ q > \ L‘( ‘(\ 2 volume 6.0 x 10-3m?

pressure 3.0 x 105Pa
temperature 17°C

29
2’77(‘\0\‘1\'( ) XO = ‘4 \

Fig. 2.1
Halo® 9
volume = xo m? [3] The mass of the gas is 20'?9'(\:" vms$>
{c) By reference to your answer in (b){ii), suggest why the assumption in (a) is justified. Calculate the mass of one molecule of the QES.CM 6 one N‘°\e‘°\5
Vm\ﬂt LW\ Ob\'*c\eg oot x[c; << 2 77\\

e o ok
D s il ! 68 (el) - (33) (17 4 23X

[Total: 9]
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oDt — Explaining Boyle’s Law
© & S ) Why does the pressure of a gas increase when volume decreases?
e [fthe volume is reduced molecules have less distance to travel between collisions with a wall of the
container

e They collide with the walls more often
e There is a greater change in momentum per second

e
l/o TN 96_3\ “AA oj_ (_ovxs\(ﬂ‘”& S( w’€ 0{6}\) e \ p b< ﬁ_ o There is a greater force and a greater pressure
P:_l\%» P\\/F K=Y, =>P'\|‘:Pl\]l
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\0 Explaining Charles’ Law
Why does the volume increase with temperature when pressure is constant?
¢ Increased temperature increases the molecular speed
6 = w . = C The momentum of each molecule increases.
Force for each collision increases
To keep pressure constant there must be fewer collisions with the walls each second
/‘\ R The molecules need to move further between collisions
"W - N This is achieved by increasing volume

2N
()w/e,&&\)'(e, => N = Pﬁ /L\/
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Explaining the pressure Law

Why does the pressure increase with temperature when volume is constant?

e Increased temperature increases molecular speeds.
The momentum of each molecule increases
Each molecule collides more frequently with the walls of the container
Each of these effects increases the momentum change per second
There is greater force and therefore a greater pressure.
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