Chapter— 11 Heat and Thermodynamics

TOPIC WISE MULTIPLE CHOICE QUESTIONS

11.1 KINETIC THEORY OF GASES _ - [

1)

(3)

(4)

(5)

(6)

(7)

RPN

Root mean square velocity is related to tie absaliite teniparatere df an-idel gas as:
' LHR-2019 (G-1)

@) V. oT R CH AV &
. =AW ' 1
(-r‘.\ .vrms »c.»«/T | . d) VvV, « F
!". p = pressure; V = volume of a gas PAV represents: LHR-2019 (G-1)
(a) work (b) density
(c) power (d) temperature
At constant temperature, if pressure is halved then its volume is:  GRW-2019 (G-I)
(a) constant (b) halved
(c) four times (d) doubled

For an ideal gas, the potential energy associated with its molecules is
LHR-2018 (G-11)

(a) maximum (b) zero

1 1
c) —kx? d) =kx
(©) 5 KXo (d) 5 K%
At constant temperature and pressure, if volume of given mass of a gas is doubled,
then density of the gas becomes: LHR-2017 (G-I)
(a) double (b) % of original

1 .
(©) > of original (d) unchanged
The value of Boltzman constant is: - e e I;F,w'Rédlé' (GihGylix
(a) 6.02 x 102 JK ! _ (07 T38 ¥ 40T KIS |
(©138x10%3* |\ 70N [ () se2x 1okt L
Ideal das) faw; i~~~ || LN (GRW 2015)
@PT = NUK L L T (b) P = NKT

NGV W (d) P =nRT

Tne Sl unit of product of pressure and volume is: RWP-2019 (G-I)
(a) Watt (b) Joule
(c) Pascal (d) N.m
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(9)

(10)

(11)..

(12)

(13)

(14)

(15)

(16)

(7)

W B | |

Average translation K.E of a gas molecule is: FSD 2019 (G-1) .
@%m (b) KT A =(
() —kT . b =K g
Pressun: of ¢ gag i ,|ve|= as v { Wy = : SGD-2016 (G-I)
@) p<w ' -_ AR (b) §p<v2>
'Ic,'}l‘is\'--v > (d) ﬂ,o<v2>
3 3
The Average Kinetic Energy of Gas is zero at: BWP-2019 (G-I11)
(@) 0°C (b) —273°C
(c) 100°C (d) 100 K
A diatomic gas molecule has: BWP-2017 (G-11)

(a) translational energy

(b) rotational energy only

(c) vibrational energy only

(d) all translational, rotational and vibrational energy

Boltzman constant, universal gas constant and Avogadro number are related as:
BWP-2017 (G-II)

(8) k=—- (b) k=Na
N, R
(c) R _k (d) R _Na
N, k
Fahrenheit and centigrade thermometers have same reading at
(a) -100° (b) 32°
(c) -40° (d) 273°
Temperature of -273°C on Kelvin scale is
(a) 100K (b) 373K A A OV
(c)0K _ .(d) 213K SN/ | 7o | o=
Pressure of a gas can be written as. AR RN A
1 T . WET AV Y )
(a)P=§p<v > RVl (b)P-- R
J
()P—-Zr_[< an >'__ \ ‘*\ '(d)allofthese
The ransla |0nal KE per molecule of an ideal gas is given by
'.(c)—k‘ ' (b)—kT
0 S kr? dy —>—
© 5 (d) 2kT

177



Chapter— 11 Heat and Thermodynamics

(18)

(19)

(20)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

(30)

o
FEN i
e
= .
N

The collisions among the gas molecules and with the walls of container are assumed
to be - -

(a) perfectly elastic (b) elastic e
(c) inelastic i {d) nonz9t friem | |
The application of kinetic-theory can be-stugied in

(a) diffusion of gases ' (k) bravinian mol.un

(c) both-2 & \ CO VL () riene OF these

Which-&z the 1nllzwing thﬁ mometors hasonly posmve degrees of temperature?
(a) Celsiug |\ '\ (b) Fahrenheit

(3 Kplvin ' (d) none

Oha 175 iaw can be written mathematically as

@V T (b) v och

(c) PocT @) p OC%

The temperature of a normal human body is 98.6°F. This temperature on centigrade
scale is

(@) 0°C (b) 37°C

(c) 73°C (d) 37.6°C

Pressure of a gas is

(a) 1/3 p<v> (b) 2/3 p<v*>

(c) 1/3 p<v®> (d) 3/2 p<v®>

The direction of flow of heat between two bodies depends upon
(a) thermal conductivity (b) specific heat

(c) internal energies (d) temperature difference
Pressure of gas depends upon

(a) molecular speed (b) number of molecules
(c) mass of molecules (d) all of them

According to Boyle’s law the volume is
(a) inversely proportional to temperature  (b) directly proportional to pressure

(c) inversely proportional to pressure (d) directly proportional to temperature

The unit of Boltzmann’s constant is

(a) JK™ (b) It K?

(©JK (d)J*tK .

The unit of pressure _ —n [ ) e
(a) Ns F N Ty AN Y (A0
(c) Nm™ \ N ; -

A mono-atomic gas conta'n~ AR RIS

(a) trapsiaiional K-E 7~ | 4 ) L “—(bYvisrational K.E

(c) rotaronal I E( O\ ~(d) all of these

At constant pic essfn 12 Lho ”rdph between volume and absolute temperature

3 _(a, darakiola | (b) straight line
() "hypervola (d) ellipse
In Boyle’s law, if the pressure is three times then the volume of a gas becomes
(a) one half (b) three times
(c) one third (d) double
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(32)

(33)

(2477

(35)

(36)

The relation between Celsius and Fahrenheit scale is given by

@) T.= (T +32 D) T, =2 T3,

© T =2 (T, -32) A\ (@22 b2

On Ke Ivm scate-inens rnwcl bnd) toniperatare is given by

(a) 210X RIS (b) 320K

(©) 220K 1L (d) 373K

e K.Elof the molecules of an ideal gas at absolute zero will be
f)'zero (b) low

(c) high (d) remain same

The relation PV = RT holds good for

(a) one kilogram of gas (b) one-meter cubic volume of gas
(c) one mole of gas (d) one gram of gas
The relationship between heat and other forms of energy is called
(a) thermal equilibrium (b) thermodynamics

ici thermal eneri‘ (d) none of these
11.2 INTERNAL ENERGY/]

(37)

(38)

(39)

(40)

(41)

(42)

(43)

(44)

W,
\0s)

The SI unit of internal energy is

(a) joule (b) JK*
(c)erg (JK
The internal energy of a body is maximum when its temperature is
(a) 0K (b) 273K
(c) -273K (d) -273°C
The sum of all molecular energies of a substance is called
(a) K.E (b) P.E
(c) internal energy (d) chemical energy
The molecules of an ideal gas are mere mass points which exerts
(a) maximum force on one another (b) no force on one another
(c) equal force (d) none of these
When we heat a substance, energy associated with its atoms or molecules
(a) increases (b) remains same —
(c) decreases (d) none of these . e,
Internal energy depends upon ~ NN -
(a) final state - (pyivitlalisiate | | | L
(c)botha &b \ =/ () indné of these
The interrad energy of an| idzal ga» oeoencs Yjor by
(a) pressire |\ = = 0\ \ | &y temperature
(© voluma’ 0 & L e (d) all of these
By rxibliing the! ot |e<‘t lugether their internal energy
._?c Jricregses’— - (b) decreases
() *<¢mains constant (d) becomes zero
The internal energy is analogous to
(a) gravitational P.E (b) K.E
(c) Elastic P.E (d) none of these
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(46) When some amount of heat energy enters a system

(a) it increases its internal energy (b) it decreases its internal encrgy
(c) the internal energy remains constant (d) none of these ,— |
(47)  The sum of all forms of molecular enelg/ presestiiti.a 11orr10(lync:m|c HVStER 1S
called its .
(a) Environmental energy aYNa (b) Ttm'pe,'atu.'e'. .

c) Heat. AN -.-(_d', interiiai energy
1 WORK ot RN .

(48)  Work dorig bl/ith dystem 'on.its environment is taken as

(=) ppsitive, | \ (b) negative
_ ¢ ncugel- (d) none of these
149 "The'work done can also be calculated by the area of the curve under
~ (a) P-V graph (b) V-T graph

(c) P-T graph (d) P-1/V graph

(50)  The relation for the work done by the system can be expressed as
(a) W=AAV (b) W=PAV
(c) W=AAP (d) W=PAA

(51) The dimension of work done on the system
(a) [ML™ 1r ] (b) [ML?T 2 ]

) [MLT (d) [ML*T ]
b 1.4 FIRST LAW OF THERMODYNAMICS

(52) According to first law of thermodynamics the quantity which is conserved is:
GRW-2019 (G-II)

(a) force (b) momentum
(c) power (d) energy

(53) What remains constant in adiabatic process? GRW-2019 (G-II)
(a) volume (b) pressure
(c) entropy (d) temperature

(54) The work done in isochoric process is: LHR-2018 (G-I)
(a) constant (b) variable
(c) zero (d) depend on condition

(55) The change in internal energy is defined as: LHR-2017 (G-I1)
(@) Q-W (b)Q-T —
(©)Q+P (d)Q-P 12\ (G

(56) Cloud formation in atmosphere i is an exa; ainle of . 7 o | BGRW-REIATEG-T)
(a) isothermal process _ ) L (D] iodhar! c process o

_—

(c) adiabatic process : ~ () isgbari® nrochss
(57) First Ia_y\_/ Fthermodyaniics iof en mllc bitic proruda IS:

AN Ya s Lo \ | “MTi4=2018 (G-1), MTN-2019 (G-I), FSD-2017
(®Q=mi.:{'1113'” (b) Q= W
L@ M=QWUL L (d) W=
- (58 A thectiisaynamics system internal energy decreases by 100 J of work is done on the
WML system then heat lost will be SGD-2016 (G-1)
(a) zero (b) 100J
(c) 200J (d) —200J
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(59)

(60)

(61)

(5277

(63)

(64)

(65)

(66)

(67)

(68)

(69)

(70)

X! .1_,_,‘

Human metabolism is the example of: MTN-2019 (G-I11)
(a) first law of thermodynamics (b) entropy - -
(c) second law of thermodynamics (d) adiabatic process:, | ™
First law of Thermodynamics is the statéméant.of saw of caniervetion ¢k
(a) mass \ o (by energy
(c) momentum , (d) heat”,
Examuies of firstiaw of iherinodynamics ™ -
(a) working of hidyclelpymio, | > (b) human metabolism
(c) hrakes applied ny.ar: extomobile (d) all of these
|"t1¢ bratcess & wnich no heat can enter or leave the system is called
{2) isotnermal process (b) adiabatic process
(c) isobaric process (d) isochoric process
The relation for the 1* law of thermodynamics can be expressed as
(a) AU =AW -Q (b) AW =AU -Q
(c) Q=AU —-AW (d) Q=AU +W
The isothermal process obeys
(a) Charle’s law (b) Boyle’s law
(c) Stefen’s law (d) Pascal’s law
The curve representing an isothermal process is called
(a) an isotherm (b) an adiabat
(c) an isobar (d) an isochoric
An adiabatic compression causes the temperature of the gas
(a) to increase (b) to decrease
(c) to remain constant (d) to become zero
The rapid expansion and compression of air through which a sound wave is passing,
obeys
(a) isothermal process (b) isochoric process
(c) adiabatic process (d) isobaric process
In relation PV’ =constant the vy is given by
@ 0 &
p V
(c) C,-C, d)C,-C, o [ [~
Compressed air coming out of mectureL' fhothali Gelones (onler )ecauc,o o
(a) isothermal expansion 2 () acllapa i E'KpaI‘I;IO\ |
(c) energy dlSSlpatlon mY. A (d\ admoat c.eomprestis
For an |sa*hbr.m ] prrv“e<s fIl‘S‘[ W of ther ﬂadynamlcs becomes
@Q=wi| \\ L S T Q=AU w
Q)W =AW L) (dyW=0
i SRy E!L‘.’ﬁ‘m
Clitierence between C, and C, is equal to LHR-2019 (G-11)
(a) Avogadro’s number (b) Planck’s constant
(c) Universal gas constant (d) Boltzmann’s constant
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(72)

(73)

(75)

(76)

(77)

(78)

(79)

(80)

(81)

74y

If C, foragasis ? then the value of C, will be: BWP-2019 (G-1)
3R _5R X |

@ = ) 2

© P\ @R

The di"ff rence Getvest: t\\n I nla Heal c:tpacmes is equal to DGK-2018 (G-I)

(a) temperaiurz) | WA (b) pressure

(2 volume, | - (d) universal gas constant

e armeusitof heat required to raise the temperature of one mole of substance
through 1 Kelvin is called

(a) Specific heat (b) molar specific heat

(c) specific heat at constant volume (d) Heat capacity

The amount of heat required to raise the temperature of one mole of substance
through 1 kelvin at constant pressure is called

(a) Specific heat

(b) molar heat capacity at constant pressure

(c) molar specific heat capacity at constant pressure

(d) Heat capacity at constant pressure

If 1 mole of an ideal gas is heated at constant pressure then

(@) Q. =C,AT (b) Q, =C,AT
(c) Q =C,AT (d) Q, =C.AT

The difference between the molar specific heat at constant pressure and at constant
volume is called

(a) molar gas constant (b) universal gas constant

(c) pressure constant (d) Boltzman constant

The amount of heat required to raise the temperature of one kg of substance
through 1 °C is called

(a) Specific heat (b) molar heat capacity

(c) heat of fusion (d) latent heat of fusion

The value of unlversal gas constant is

(a) 8.314 Jmol * K™ (b) 81.34 Jmol* K

(c) 0.8134 Jmol * K™ (d) 8134 Jmol ' K*

The relation for the molar specific heat of-a gas Cp - Cs-is™ 5 N —

(a) Cp—-Cv=R T ()\Lv—(}—R 1 _._’.-

(c)Cpr=R-Cy \ = A)\C RN Gl

For 1 mole 9f gas the rpla |0’1 PAY =L e

(@) RAT) |\ — .' o \ V) RAV

() RAF L AL T L h AL A (d) PAT

I\/Ia*hemamaH) the nio et specific heat at constant pressure can be expressed as
W o2 (b) C, =21

AT Qp
T
(c) C, AQ (d) C,=AQ, xT
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(83)  Which of the following relation holds for Cp - Cy =R
(@ C, =C, (b) C, <C,
(c) C, >C, _1d) C, +C.

11.6 REVERSIBLE AND IRREVERSIET _1{' 3; .E

(84) Work done against frictionis a— ¢ |
(a) reversiiit, process / oAby irreveisible process
(c) adichatic process _ ~(0) isobaric process

(85)  All changpy whiicn deeur duddenly or which involve friction or dissipation of energy

<LI°

@ jaels srsivle (b) adiabatic
(C) isothermal (d) irreversible
(86) The dissipation of energy through conduction, convection and radiation are
(a) reversible process (b) irreversible process
(c) isothermal process (d) isobaric process

(87) If a process cannot be traced in the backward direction by reversing the controlling
factors, it is called

(a) irreversible process (b) reversible process
(c) adiabatic process (d) isothermal process
(88) A succession of events which brings the system back to its initial condition is called
(a) cycle (b) irreversible process
(c) isothermal process (d) adiabatic process
(89) Explosion is an example of
(a) highly reversible process (b) highly irreversible process
(c) slowly irreversible process (d) cyclic process

11.8 SECOND LAW OF THERMODYNAMICS

(90) Itis impossible for heat engine to convert all heat into useful work, the law is called
(a) 1*" law of thermodynamics (b) 2" law of thermodynamics
(c) law of conservation of energy (d) law of conservation of mass

(91) The statement “it is impossible to devise a process which may convert heat,
extracted from a single reservoir entirely into work” given by

(a) Lord Kelvin (b) Joule

(c) Newton (d) Pascal - \
(92) The statement “it is impossible for a self-acting macthn WOt ansne. hkat! f [0R.d

lower temperature to higher temperaturs”’ ohovs A 'e : A

(a) 1*' law of thermodynarsits o (02 aw of the rn]oo /namlcs

(c) law of canservation of monsnlu'rn (d} Yave-0f ¢Crservation-of energy

(93) The o7 ear s and.ouv ‘atmip! .pnerve,\contL in “large amount of heat energy but it cannot
be converited intd Useful ||

(a) chentican work', |1 (b) mechanical work
: c)nler‘fr cal wOrk (d) power
‘N
“44)  Carnot engine cycle consists of: RWP-2019 (G-1)
(a) two steps (b) three steps
(c) single step (d) four steps
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(95)
(96)

(97)
| 1 J I' i. !
(98)
(99)

(100)

(101)
(102)
(103)
(104)

(105)

If temperature of sink is decreased, the efficiency of Carnot engine.
MTN-2329 (G-
(a) decreases (b) increases [ \
(c) remains same ) 1) first-indreases ifien'delreates
Efficiency of heat engine :xorking ketwech tempecature 2°C aind 327 C will be
' ) \ ' DGK-2018 (G-II)

(a) 50%, NS W =A(b) 98]
(c) 40%:= | | A (d) 61%
If the temparature )f e dink is absolute zero, then efficiency of heat engine should
he . DGK-2018 (G-I)
{8 )1 )0Y%" (b) 50%
(C) zero (d) infinite
A Carnot engine has an efficiency of 50%, when its sink temperature is at 27°C. The
temperature of the source is: BWP-2017 (G-I)
(@) 273°C (b) 300°C
(c) 327°C (d) 373°C
No heat engine can be more efficient than a Carnot engine operating between the same two
(a) pressure (b) Carnot cycle
(c) temperature (d) working substance
The efficiency of heat engine is defined as
@ n Output (b) n= Input
Input Output
1
(¢) m=Output x Input (d) n InpUtx Output
Sadi Carnot mentioned an ideal engine in
(a) 1897 (b) 1840
(c) 1678 (d) 1856
In Carnot engine internal energy in one cycle,
(a) becomes zero (b) remains constant
(c) increases (d) decreases
A refrigerator transfers heat energy from
(a) low to high temperature (b) high to low temperature
(c) no transfer (d) maintain its internal enerqy._
Efficiency of carnot engine is 100% if T, low temperature is at I
(a) 0°C —b) 0°F _ NN | 7~ -
(c) 0K ._(1‘a| bc\e
Carnot engine worked or’ the bnc'* nf AR
(a) isothermal process RYFVARLER .’b ‘dldP&t‘C process :
(c) isoharil prcesss ™~ \ A\ {dybotha &b
The Célrrigt civ/tle can b2 shov\ ney
(AT dranh | |\ (b) P-V graph
(@) P T-grat- (d) P-V-T graph
JIhe-efticiency of Carnot engine is
(a) 100 % (b) less than 100%
(c) less than 10% (d) none of these
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(108)

(109)

(110)

(112)
(113)
(114)

(115)

(116)

(117)

The efficiency of Carnot engine in term of temperature can be expressed by
T,

() p=1-2 ) -1
T, L — [ |

_L-T . . Y=

(C) n= T, ) . ~— H = _T;_ h

The unit of efficiency is j |

(a) Nmi 3y, LA KT

() JIJK 1 ' — " (d) no unit

On whizh'facicr lhe e. ﬂ*- ncy of Carnot engine depends upon

(@) ;emoeratire ¢ sink (b) temperature of source

(()hotra&b (d) working substance

If the temperature of the sink is increased then the efficiency of the Carnot engine

(a) decreases (b) increases

(c) remain same (d) zero

Carnot cycle is an example of

(a) isothermal process (b) adiabatic process

(c) irreversible process (d) reversible process

All Carnot engines operating between the same two temperatures have

(a) same efficiency

(b) zero efficiency

(c) maximum efficiency

(d) depend upon the nature of working substances

A turbine in steam power plant takes steam from a boiler at 700K and exhausts in a
low temperature reservoir at 350 K. What is maximum possible efficiency

(@) 5% (b) 100%

(c) 0.50% (d) 50%

If an air conditioner is left ON in the middle of a room. Then temperature of room
(a) increases (b) decreases

(c) remains same (d) may increase or decrease

The highest efficiency of a heat engine whose lower temperature is 27°C and the
higher temperature of 227°C is

(a) 20% (b) 0.4%

(c) 40% (d) 100%

Which of the following is used as working substance in Carnot cycle’>

(a) real gas (b) ideal gas _ — VA
(c) polar gas - () ameeriages Y [ C O
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ANSWER KEYS

(Topic Wise Multiple Choice Questions)

L ‘che b

BN o4 IRl 109
95 Ml 110
111
112

| b
| a |
| a
| a
| b
| b

a
a
a
b
b
d
b
a
a
b
b
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111

Ans:

11.2

Ans:

115

Ans:

11.6

SR o KU

SHORT QUESTIONS

(From Textbook Exercise) : = -
Why is the average velocity of the molecules in a gas.zery 'bu: the :u'/eragu -af itie
square of velocities is not zero? '
FSD-15(G-D), LHR-IS(G-D&(G-INSRW-16 (G-1), DCI216 (C-1)\ & (G-11), LHAR-14, (G*1D), GR W19 (G-ID)
The molecules in a gas ar¢ it asie f randoi motior. | Tite =umbel of molecules along
positive-xiaxis is eauva 0 'the/number of" r*“olecdf-" along negative x-axis. This is also
true fory=axis and-z-axis. -

<V, >_V Vi L

5 mi..a.'!y,'

<V, >=0

And,

<V, >=0

But the average of square of velocities is not zero because square of a negative value is
also positive:

(VO*HV) _2Vg
2 2

Why does the pressure of a gas in a car tyre increase when it is driven through some
distance?

MTN-15 (G-IT), RWP-15 (G-I), GRW-15(G-I), MIRPUR (AJK) 15, BWP-16 (G-I), MTN-16 (G-I), RWP-16 (G-1), FSD-17,
LHR-17 (G-II), SWL-18, DGK-18 (G-D&(G-I), GRW-19 (G-II), FSD-19 (G-I)

When the car is driven through some distance, then the work has to be done to overcome
friction and a part of work done is converted into heat. As a result, temperature of a gas
increases and hence kinetic energy of molecules increases,

As pressure oc K.E of gas molecules.

So, pressure of gas molecules increases.

Specific heat of a gas at constant pressure is greater than specific heat at constant
volume. Why?

DGK-15(G-I), SGD-15 (G-II), FSD-15 (G-I), MTN-15(G-I), GRW-15(G-I), RWP-15(G-1), SGD-16 (G-I) & (G-II),
MTN-16 (G-I),LHR-16 (G-II), BWP-17 (G-I), SWL-17, SGD-18 (G-I), FSD-18, DGK-18 (G-I), GRW-18, RWP-19 (G-
D, SWL-19, MTN-19 (G-1), BWP-19 (G-II)

When a gas is heated at constant pressure, then part of heat is used in doing work and part of -
heat is used in increasing the internal energy or temperature of the gas. \
When a gas is heated at constant volume, then whole of the. feat CJppqu is usm JUSNT
increasing the internal energy of the.system. Tna‘r S Wiy, : pevt fic heat ‘atf ¢! )n.,ta'ﬂf i-bssure is
greater than specific heat at;cunstant ":nlur*“.

Since, . Cp- Cv R '

:V2

1 C"\.-'/’ \w\/ \\M | - L -
Given & exampte of'a orm;eos kich no heat is transferred to or from the system

but the temoer.atura of the system changes.
DGK-16 (G-1), SGD-16 (G-1) & (G-11)

T 2 praess in WhICh no heat enters or leaves the system is called ‘Adiabatic Process.’

v\/hen a gas expands adiabatically, work is done at the cost of internal energy.
W=-AU
As a result, the temperature of the system falls.
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11.7

Ans:

11.11

Ans:

Is it possible to convert internal energy into mechanical energy? Explaln with an

example. - ,
BWP-15(G-1), MTN-15(G-I), SWL-16, GRW-16 (G- |) LHR-16 (G-1), FSD-18-D3K 18/{ ,,-, LHR- 14 (@,
FSD-19 (G-1), LHR-19 (G-11) :

Yes, it is possible to convert interriarieneraly into W rk nentA disbatic aradess”, when a

gas expands, work is done'at The a5t hfintemndl enf-\r]y

W =-A1) . LR

In steal.wnqlr € theensrity nfnf Lle(,knee oTifié steam is used up in running the engine.

Is it possiiiz 1oiconstruct Aeat engine that will not expel heat into the atmosphere?
9GDH5(G), MTN-45(5-1§), LHR-15(G-1)&(G-11), SGD-16 (G-1), RWP-16 (G-1), LHR-16 (G-1), BWP-17 (G-1) &
1309 | LiFR-1S (G7), SWL-18, GRW-18, RWP-19 (G-1), BWP-19 (G-1)

No, it is not possible to construct a heat engine that will not expel heat into the
atmosphere. According to second law of thermodynamics, in order to convert heat into
work, a part of heat has to be rejected to the sink, (cold reservoir)

Can the mechanical energy be converted completely into heat energy? If so give an
example. SGD-15(G-1), SWL-18, RWP-19 (G-I), BWP-19 (G-1I)
Yes, it is possible to convert mechanical energy completely into heat energy for example:
When brakes are applied to stop a running car, then the car stops due to friction and
mechanical energy supplied is completely converted into heat energy due to friction.

Also when a gas is compressed adiabatically, the work done is used to increase the
internal energy which appears as heat energy.

—W=AU

TOPIC WISE SHORT QUESTIONS

11.1 KINETIC THEORY OF GASES

1)
Ans:

()

3)

Ans:

What is thermodynamics? BWP-2019 (G-I11)

It deals with various phenomena of energy and related properties of matter, especially the

transformation of heat into other forms of energy. An example of such transformation is

the process converting heat into mechanical work.

Examples: Heat engine, refrigerator etc.

Define pressure of a gas.

According to kinetic theory, the pressure exerted by a gas is merely the momentum

transferred to the walls of the container per second per unlt area due w) np coritinyt cu> ~

collisions of the molecules of the gas. 1\ W N (O T

Write any three / four postulatec 01 kinetic ttiec, r) or 1a ey? | .
+ AR-2010 ((1 II\,DC Ly- ‘O_Q(G 1)), MTN 2018 (G-1)

Postulates 0f Kinetic-tiien: y”f (;a]ec

(i) The'size, 0% {hé nolnculus is mu\!q srhaitei than the separation between molecules.

(i) A figitp volume of as (onsists of very large number of molecules.

)

_- _(n ) The! gés me‘muies are in random motion and may change their direction of motion

*. After'every collision.
(v) Collisions between gas molecules themselves and with walls of container are
assumed to be perfectly elastic.
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(4)

Ans:

()

Ans:

(6)

(7)

Ans:

What is the relation between absolute temperature and average K.E of the ga
molecules? . -
We know that PV=nRT ] 14
If Na is the Avogadro numbers then Vo [ |

pv="RT

A
PVENKT (i)

Where K=-— s 'he Eoitzinan]seciistant.
Aty

A .
o eI s i)
- ] - 3 - 2 -
Comparing eq (i) and (ii)
NKT:gN <1mv2>

3 2

T="—< 1 mv? >
1
T=Constant < E mv< >

T « <1mv2>
2

This relation shows that absolute temperature of an Ideal gas is directly proportional to
the average translational K.E of the gas molecules.
A molecule of gas having mass ‘m’ moving with velocity v collides with wall of
container and rebounds. What is the change in momentum?
Let initial momentum of the molecule before striking the wall = mvy
Final momentum of the molecule after the collision = —-mv;
Change in momentum = final momentum — Initial momentum
=—MVix — MVix
= —2MV1x
Change in momentum = —2mvi
Derive Boyle’s Law from Kinetic theory of gases?
SWL-2019 (G-1), MTN-2016 (G-11)
OR

. 2 1 . ) =T
Given P=—N, <=mv?> where N, is the number of molecules SEr Uit yamime, |

prove Boyle’s and Charles’s Laws. 1 e "l_:sv‘.f_'-!.?-:ZC-lGZ IS\;‘;;_'_-.'_".0.1'3;:;?01';‘;:

From Kinetic theory of gases. 5 L

PV=2N < % mv® > .
-~ T2

g

If we kzen the| tempetiawur? '-,coﬁ‘s.fa\l.ri.-,‘—\verage K.E ie. <§mv2 > remains constant. So

the rightihérid itle ot tHe equation is constant.

. "Harlde ~H\/=Eonstant

F:’ocl
Vv

Thus, pressure P is inversely proportional to volume V at constant temperature of the gas
which is Boyles Law.
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(8)

Ans:

9)

Ans:

Derive Charles’s Law and Boyle’s Law from Kinetic theory of gases? .
LHR-2018 (G-1)&2019(G-1), RWP-13.£5D-2016-{G1) |
We know that P =2 N « L2 \ s
3v 2 ”
Charle’s Law

-~ 2N WL Ly WA St
1REY _-E_}:-<-;'nvZ >\ pressure-is'kept constant.

Vo< =mve >

As <%mv2 >oc T

Hence V oc T
Thus volume is directly proportional to absolute temperature of the gas provided pressure
is kept constant. This is known as Charles Law
Boyle’s law
The volume V of a given mass of a gas is inversely proportional to the pressure at
constant temperature.
Mathematically:

P oc\% Hence PV=Constant If T = Constant

Show that the ratio of the root mean square speeds of molecules of two different
gases at a certain temperature is equal to the square root of the inverse ratio of their

masses. MIRPUR (AJK) 2015
We know that according to the kinetic theory of gas
P:lp<v2>:1mnNA <Vi> p= Mass

3 3 V volume
PV:%mnNA<v2> PV =nRT L
nRngmnNA <V2 > — 1 ..-__. 1 .. 1 . ._... --..:- 1 -

. 3RT A C ) |
DV >m=— )
m\l g e -

A T 1 N P | 1 ._""'-\.
Taking|squart, roat by both 'sicles—~

(s [T el .

MmN, (V,,), M,
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11.2 INTERNAL ENERGY

(10)  Define the term internal energy. Discuss in what form it is in an ideal-gacs.
MTN-2015+G 1), DB K- 2c1>((
Ans:  The sum of all forms of molecular energies (kineticiand- patential! f 2’ sulistance |s
termed as its internal enerqyz,
In case of an ideal gas it is'in'the-in™m cf I mﬂtI" er c*rgy cnly,

(11) Whyaiz snlutzvalve ¢finiernl er.n.fg'/ Carinot be measured? BWP-2017 (G-I)
In case| o7 recl gasis ‘at, hi¢h-pressure and low temperature inter-molecular (wander-
vaall<) forewy pioduce-potential energy between the molecules. That is why absolute value

_ iintermal-cnergy cannot be measured.

U2y Vhat energies has a diatomic molecule of a gas?

Ans: A diatomic gas molecule has both translational and rotational energy. It also has
vibrational energy associated with the spring like bond between its atoms.

(13) What is the similarities and differences between internal energy and gravitational
P.E.?

Similarities:
Both are types of energies having same unit (S.I unite Joule).
Differences:

INTERNAL ENERGY GRAVITATIONAL P.E
(i) LE=KE+P.E () It is Potential Energy.
(if) It depends upon the temperature of (i) It depends upon position from the
the gas. center of earth.

11.3 WORK AND HEAT,]

(14) What are sign conventions for work?
Ans:  Work may be positive or negative

(a) When work is done by the system on surroundings then it is _._-WOrk -w
taken positive. negative

(b) When work is done on the system by the surrounding then it = Work
is taken negative. W -—’— positive
(15) Differentiate between Heat and Temperature

Ans:
Temperature
(i) Heatis the sum of K.E of all ()  Temperature is the-average K-=f ~
molecules of a substance _ molect!es0f.a subar:. ice!
(ii) Heat is transfer of energy from V130, Title degresof' hotr ess-or i (hdiess
higher temperature ts !ower o V) offany ODJE"I |
temperature. 7 ' \'i.’i) } S I'urit isKeivin (K)
(i) Sdwnitis Jouleuy, | v TR A D
(16)  JustifyFvi /m ar. d heat aie, swn*l N LHR-2019 (G-1)
o Prove the he|6'IuT W =PAV BWP-2017 (G-Il1), DGK-2014

Wit zsdnie that the gas expands through AV very slowly,
so that it remains in equilibrium.
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11.4 FIRST LAW OF THERMODYNAMICS

(17)

Ans:

(18)

Ans:

(19)

Ans:

-_'_As the L|stm moves up through a smaII dlstanceAy,

1 'Ife WOTK (W) done by the gas is
W =FAy = PAAy
Since (Change in volume) AAy=AV B Constant Pressure o
Hence W = PAV PL‘“‘I =
The work done can also be calculated by area of the T [ :
curve under P-V graph as shown in. P A;<__.--- Wl 5
O 1 :

State first law of thermodynamics. And give its mathematical form.

SWL-2019 (G-I), BWP-2015, DGK-2015
Statement:
In any thermodynamics process, when heat Q is added to a system, this energy appears as
an increase in the internal energy AU stored in the system plus the work W done by the
system on its surroundings.
Mathematically:

Q=AU+W
State First Law of thermodynamics. How it is applicable on human body?

OR
How process of Human metabolism can be explained, by the first Law of
Thermodynamics? DGK -2016 (G-II)

Statement: (As above)
Energy transforming process that occurs within an organism are named as-r2atabolism -

We can apply the first law of thermodynamics, AU=Q-W to an orga, Heifiof, the 1umm3_. W

body. Work done will result in the decrea‘e in intersgl eh’evqy (,f f’e Jhd\/ &,Ol"t'.,]u-mltly,
the internal energy is maintained by | the focd wu eat., | LY

What will be heat lost |1 ir te. na' enﬁrJy dnL reqs;es tv 309" J und work of 120 J is
done bﬁhe system2 | W \ BWP-2017 (G-1)
As intermalierigl gy 3 orpcrea ec on ey k 13 done by the system.

Q ==AY LWL L

\ J.ﬁ Lagodiag =
{ .

=-180J
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(20)
Ans:

(22)
Ans:

Define adiabatic process. Give its examples.
Adiabatic Process:

BWP-2016 (G-I) LHR-2016 (G-11) _.

A process in which no heat enters or leaves the system IS callnc' atia, )a Ic h"ocr=ss (

Therefore Q =0, and first law of thprmody 1amlc'< g VES
Q= AU+W \ \
W=-AU

Examuies! . _

(i) Therepidiestane of alir\fror hisisi tyre

&

(ii) - The rapic expansioi-and compression of air through which a sound wave is passing.

(i) | Gloudiierination in the atmosphere.

\//hidt 1s difference between adiabatic process and isothermal process?
SWL-2016 (G-I), RWP-2019 (G-I)

Adiabatic process:

A process in which no heat enters or leaves the system is called an adiabatic process.

Since Q = 0; thus first law of thermodynamics becomes
Q=AU +W
0=AU +W
or
AU =-W
Isothermal process:
A process in which temperature of the system remains
constant is called isothermal process
If the temperature of the ideal gas is
constant, therefore AU =0.
Hence first law of thermodynamics reduces to
Q=AU +W
Q=W
Why adiabatic is steeper than isotherm?
As adiabatic is quick and fast process there is no enough

time to transfer the heat. By sudden change in pressunD ST

causes the rapid change in volume,.—, -
On the other hand, isotiieimal [Fécess is & I’)vﬁ 'prccas"

There is emugh time_tn lar isier iedt Iin 1h| 4 procese e f

temperature cfifié system | em( -a.n%vs\( ndthnt
Both pmc= iSes| am'sh win i b-V/ dlagram It is clear that
<u!c tatid is\ <tet Ler thian isothermal.

wv—>

MTN-2018 (G-I) .~
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(23) Explain bicycle pump as an example of first law of thermodynamlcs MTN-2018 (G ) .
Ans: Bicycle Pump -
A bicycle pump provides a good example to explain the first law-of trian 10:1ym.mCs \u/ﬂen Wit
pump on the handle rapidly, it becoras hot fuy to macPanicdl wrk, dor's 'on-ie gas, raising
thereby its internal energy. (Jné, such sizapls asrangeniant is, shoiwy irt fig. It consists of a bicycle
pump with-a blocked-outlét/ & thermccoiipig -
conneced tarcugi the brock°1 cutles a”O N3-HhEdr
tempera|urt; 0 he monitered. Wi/hen piston is rapidly
pu%h(d thei moimm siows a temperature rise due
1 ihirézseof internal energy of the air. The push
force does work on the air, thereby, increasing its Millivottmeter

internal energy, which is shown, by the increase in temperature of the air.

(24) Explain with example that heat can be added to a system without heating.
BWP-2019 (G-II)

Thermocouple

Trapped air Pist
iston
1 pump pushed in

iy

Ans: Adiabatic Compression:
A process in which no heat enters or leaves he system is called an adiabatic process.
Explanation:
This process can be achieved either by insulating the vessel or performing the process
quickly. Consider some gas contained in an insulating vessel fitted with an airtight
piston. On compressing the gas, work is done on it, which results in rise of
temperature. Since Q = 0; thus first law of thermodynamics becomes

Q=AU +W
0=AU +W
or
AU =-W
Since work done on the system is negative, therefore AU is positive resulting rise in
temperature.
Example:

The rapid expansion and compression of air through which a sound wave is passmg
11.5 MOLAR SPECIFIC HEATS OF A GAS

(25)  Define molar specific heat of a gas at constant volume @r.u: 21' cor.stan* nre smef’
Ans:  Molar specific heat of a gas at coristant V')|L mer | o
It is defined as the amounf of heat ‘.cnf“rer—"ec ured fo *‘0IS° the! terwr,erature of one mole
of the gas +hlough 1k at-corstant yoiurna aadi Is| symh tized by Cv
Molar'egerific neai afgonstast pk@,surb
It is detingc, ay ‘he, c,mouqt \of Heat transfer required to raise the temperature of one mole
—, OTthi: ga> tnou gh Lkt constant pressure. It is represented by the symbol Cp.

i\ _[r"ﬂﬂi"_i’%‘ia E AND IRREVESIBLE PROCESSES
(26 What do you mean by Reversible process? Give example LHR-2017(G-I)

Ans. A reversible process is one which can be retraced in exactly reverse order, without
producing any change in the surrounding.
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Example:
Although no actual change is completely reversible but the processes of-nguefactisii g
evaporation of a substance, performed slowly. are practicallv-reversib e,/ Sim .iar‘y, the siava
compression of a gas in a cylinder is-raversitle prosess @s the Con'piessicncaii he i .anged to
expansion by slowly decreesir'g the z2ssiire.on 12 pis.or to reverde the bperation.
Conditions: '

Q) The chan J¢ musiake piaceiat very:. s1ow *m‘P
(i)  There sholud he Ny ¥pss Of neat'due 10 conduction, convection, friction etc.
(iii) . Thae {ystam, mus; a:weys be in thermal and mechanical equilibrium.
_ ':"'.d,s_e wr.gidons cannot be satisfied in practice so all real processes are irreversible process.
(7)) Differentiate between reversible and irreversible process?
MTN-2015, SWL-2015, SGD-2015 (G-11)
Ans:

Reversible process
A reversible process is defined as that
which can be retraced in exactly reverse
order, without producing any change in the
surroundings.
In the reverse process, the working
substance passes through the same stages as
in the direct process but thermal and
mechanical effects at each stage are exactly
reversed.
Working substance restores to its original
conditions.
Although no actual change is reversible but
following are few examples of reversible
process.
(i) Liquefaction
(ii) Evaporation
(iii)Slow compression of a gas
(iv)Slow expansion of gas

Irreversible process

An irreversible process is defined as that
which cannot be retraced in the
backward direction by reversing the
controlling factors.

In the irreversible process the working
substance does not pass through the
same stages as in the direct process.

Working substance does not restore to
its original condition.

All changes which occur suddenly or
which involve friction are irreversible
process e.g.

(i) Explosion

(ii) Brust of tyre

(iii)Rapid compression of gas

11.8 SECOND LAW OF THERMODY

(28)

Ans:

What is Second Law of Thermad

NAMICHE

hramies? <

It can be statad in a numbher, of ulﬁelerrt Ways.

Lord ] (eivm scStatement
It is IWpLS»IUL‘ 0 ‘dewize @
rese"VOI errt|r=y N0 wr!

A~ = L

(iv)Rapid expan5|on of gas _ 1

N |

| SGD-2015 (G-11)

pfo\s -which may convert heat, extracted from a single
W|thout leaving any change in the working substance.

Kis Imedng that ‘& -single heat reservoir, no matter how much energy it contains, can not

" he'vhads t perform any work.
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(29)

(30)
Ans:

What are the defects in first law of Thermodynamics and how they can be removed

in second law of Thermodynamics? . SWL-2034 |

First law of thermodynamics tells us that heat energy can be comp.ewlv converied rto
equivalent amount of work but it is silent about the- ‘“*riltnns us unr WhichtRie
conversion takes place. -

Cold reservoir
Ta

The system represented absorbs heat Q; from heat source at temperature T;. It does work
W and expels heat Q; to low temperature reservoir T,. The working substance goes
through cyclic process means the change in internal energy is zero.
By I*'law of thermodynamics

Q=AU +W

W=Q if AU=0

In practice an engine extracts heat from the burning fuel and converts a fraction of this

energy in to mechanical energy or work. It is observed petrol engine converts about 25%

and diesel engine 34 to 40% available heat energy into work.

What is Principle of Refrigerator? OR Give the schematic diagram of Refrigerator.
GRW-2018, FSD-2017

A refrigerator transfers heat from a low temperature compartment to higher temperature i.e.

surroundings with the help of external work. It is heat engine operating in reverse order.

Higher temperature surroundings

Heat out

T
Low temperature compartment -
11 9 CARNOT ENGINE AND CARNOT’S THEOREM - [ [

(31)
Ans:

(32)
Ans:

State Carnot’s theorem? LiHR 2013, r'?u—”OL P I\/"I'N ZC*IU, 3‘1\':.—..013'
All Carnot engines operating b!tween the! aine, tvo temeratunes +ave the same
efficiency, irrespective of the nat uofuvc;kinu supsfarich. | )

Does the. ¢ rhmencv ofCarnot ‘erigine Lfep'-\r"d Orithé nature of worklng substance?
The foir=nita ofithe PffJC ercy cﬁa\G@rn sterygine is

n= [l—T—J x100%
Tl
This relation shows that, the efficiency of Carnot engine depends on the temperature of
hot and cold reservoirs. It is independent of the nature of working substance.
The larger the temperature difference of two reservoirs, the greater is the efficiency. But
it can never be one or 100% unless cold reservoir is at absolute zero temperature (T, = 0k)
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(33)

Ans:

Under what circumstances the efficiency of a Carnot engine will be 100%? Is if

possible? _ BVP-201745 /45,
The formula of the efficiency of a Carnot engine is i e A
VA N 1l \ '-' '
77:!_1—1-?- ],_'_xl-f)f)o/h |
(N

This reiatinn shows-that, ttie cifizienc!/ of*Carrot-engine depends on the temperature of
hot and=Caid reservirs. |If the temnizzaiure of the cold reservoir T, becomes zero Kelvin
then-the efficiency\of the ‘Sarnot engine will be 100%. This is the lowest temperature ever
to.ieelreached-50°100 % efficient Carnot engine is not possible.

Clarnot cycle provides the basis to define a temperature scale that is independent of
material properties. Explain. BWP-2019 (G-I)
The ratio of two temperatures T,/T; can be found by operating a reversible Carnot cycle
between these two temperatures and carefully measuring the heat transfers Q, and Q;.
The heat transfers are independent of the working substance of the Carnot cycle. The
thermodynamic scale of temperature is defined by choosing 273.16 K as the absolute
temperature of triple point of water as one fixed point and absolute zero as other point.
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