Calorimetry and Heat Transfer

ELEMENTARY
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Water equivalent=m x c=400x 0.1 =409
Qz (9
Resultant temperatureis 0°C whileicewill not melt.
Q3 (@
Utensil should havelow thermal resistan ce (R = KeAj
and low specific heat so that heat lossis less
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Because of uneven surfaces of mountains, most of it's
parts remain under shadow. So, most of the mountains.
Land is not heated up by sun rays. Besides this, sun
raysfall slanting on the mountainsand are spread over
alarger area. So, the heat received by the mountains
top per unit area is less and they are less heated
compared to planes (Foot).

)

According to Kirchoff's law in spectroscopy. If a
substance emit certain wavelengths at high
temperature, it absorbs the same wavelength at
comparatively lower temperature.
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From Stefan’'slaw E=cT#
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= m =1.105x 1015 = 01105><1016
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Q.15

Q.16

Q.17

T=0.58x10"K =5.8% 10°K

@

According

0,-0, _\ [0.+6, o
t 2 0

to Newton's law of cooling

Q4

In thefirst case,
(60-50) _ K{60+50_90}
10 2
1=K (55-6) ()
In the second case,
(50-42) _ K[50+42_eo}
10 2

0.8=K(46-6,)
Dividing (i) by (ii), we get

... (i)

1556 Q5
08 46-9,

or 46—0,=44-0.80,=0,=10°C

@
For small difference of temperature, it is the special
case of Stefan’slaw.

Q.6
(€)
Infirst case
60-40 K ]
7 T2 | - Q7
In second case

40-28  [40+28 ]
" =K > -10 ....{ii)

By solving t = 7 minutes

JEE-MAIN
OBJECTIVE QUESTIONS

Q.1

Q.2

Q3

Q)

mco
mc9=miL >m= T

@

Heat isrequired to raise temperature of Q8
(Calorimeter +Icetovapour) . oo

= (10x100+{ 10x80+10x1x100+10x540} )

=8200C4.

@
Required heat/sec = 0.1x80 cal/gm =8 cal/sec

Produced mass=0.1x100=10gmiceor water [now Q=
MsAT]

Inunittimerise of temperaturewill be

AT =Q/ms=8/(10x1) =0.8°C/s

R=0.1x80=8 cal/sec.

@

Using Energy conservation

The energy loss due to potential energy goes into
increasing the temperature of ice.

m
2(L) = mah
5() mg

L
= hzg

Q)

From the datagiven
SiPABV) =(12V) pis,

S» 125 3 2000 ,
Ss 8p, T 2 1500 ~
@

Let misthe mass
mL,+ms, (100—80)=(1.1+0.02)s,(80—15)
m(540+20)=(1.12) 65 = m=0.130kg

S
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Q.10

K, =2K,=2K

36-T T-0
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(36-T)2K=TK

T—E—24
=5 =

AT =tempdiff =36—-24=12

@), (b)(4)

__ (100-20)

= 5,07 (209)9x10°

_200-20
= 3102 (389)9x1

i =i +i,=142x10°w

@
It'saparallel Combination
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AT 700-100
W™ R, ~ R,+R,

0.24 . 0.02
0.9x400 0.15x400

WhereReq =R +R,=

Coating

>

Copper

100°C ;0.2 mm

e 2.4 mm

. _dQ _AQ _amL
WE ot T At At

-
A—T = 'f“ whereL =540 cal/gm : At = 3600 sec.
@
R R
AN AWWN—
0°C 100°C
R
o°C 100°C
R
Q _100-0 _ 50

100 200 @
" R/I2T R
Q,=Q,=10cal.

50 200
—x(2) = —xt
R (2 7 b
tZ—Emm.

@
The heat current in the bottom of pot is due to
temperature difference at the lower & upper surface.

) diT m
b= Kaafh e =1 Lo

(x—100) 044
50.2x0.15x% = x2.25x10°

1.2x10° ~ 5x60

[Let x betemperature of surfacein contact with stove]
x=105.25°C
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Q.14

Q.15

Q.16

Q.17

Q.18

©)
Theheat currentisequal to the heat required for fusion
of ice per dttime.

dm (200
=g LKA 35

d—m =24nx10"°
dt

(h)
We know that

. dT R?
i =K(nR?)— jo —
(m )dx,loc 7

@

We know that

i =—KkAdT / dx

And slope of the curve but dT/dx = —i/kA

i isconstant (steady state), A is constant but sincek is
decreasing from 2k to k, hence slope is—ve but less—
veto more-ve.

@
From the given condition asthe plates are in series so
heat current is same.

=i = kA To—Ta _ KoA(T. - Ts)

d 2d

Ki  Tc-Te  1(4Ty-2T,
Ky 2(Tg-Ta 20 2Ta-Ta )1

@

. dT dT 1
| = kA&D & o E
. iand A are samefor both the layers.
i =—KkA (dT/dx)
i and A are constant hence slope
dT/dx =—/(kA) is—vebut
Slope o (1/K)
Hence in air slope will be more —ve due to very less
conductivity.

Q.19

Q.20

Q.21

Q.22

Q.23

@
A B lsc C
i =0 l !
4

N iDB

oD
. kA(90—20) kA(20-0)
IBC: IDB = ! = YA

1 2

H T
‘0, 2
©)

200-20

T=20=T,~T =T,~-T,=——>— =60

T.=80
So T,=80+60=140°C

@
The heat current is equal to required latent heat of
fusion per unit time.

_ dm,, L = kA (100)
I
dm /L,

ice

k = dt : A (100) = 60 Wm—l k_l

)

i =—KA dT/dx

Slope dT/dx =—i/kA is—ve but due to radiation loss
because of not lagged, aswe move ahead current i will
be less. Hence slope wil be more —veto less—ve.

@



Q.24

Q.25

Q.26

Q.27

T - 100+0

p

=50°

AsT, > TQ soflowisfromPto Q.

_30+60

T

Q =45°

Q.28

@

SlopedT/dX =—i/kA isless—vefor 1% layer Hence 1%
layer should havelarger k.

Sok, >k,

@
Consider the two sectionsliketworesistance R, & R..

2
RA_ klA Ra_ﬁ
2

A

I:eB

—J [100-0]

® o-|
At

Q.29
0=80°C

@)
Q.30

©)

dm 100

L —pe 100
Initidly i it L, =knR2 7

dm  kR? Q31

— oC
Hence qt 7

From given condition

dm, k[(ZR)Zj

dt _ 4 Z/Z
dm,  kR?
dt e
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dm, 4
dt _,— 202
0.1 dt

@

Asthe heat current through all therodsissame. So all
theresistance are in series.
R =R +R +R

e 1 2 3

3¢ L 4 L

= —+ R —
KeA K, 5KA KA
3 2 1 1 16
=4 — ="
kA Kk 5k Kk 5k
15
keq = Ek

@
Req. is same for both the rods and same temperature
samedifferencesoi, =i,

@
Cu T, Al T.  brass
100°C = = 1 0°C
¢ A A oA
2k K %
_ __t o _ ¢
Req— R, +R,+ R, whereR, = 20A R,= H R,
/

Y
2
100-0  100-T,
Req ~ Ry

100-T, T,-0

- R1+R2 - R3

@
I:)emitte: o eAT4

since T, =T,
Poon =0 EAT?

absorb

Hollow Solid

T@ @T

M, <M,
So, P,=P,a t=0
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Q.32

Q.33

Q.34

Q.35

dT ceA _, .,
i —— | = —[T" T,
cooling rate ( dtj mS[ s

sinceM, <M., so cooling rate will be different since
cooling rate is not same so both will not have same
temp at any instant t (except t = 0)

@

Rate of temperature fall will be maximum when (T* -
T.') hasmassvauei.e. T hasmax. value

dT oeA
(_a)w = E[5004 -300"] putall values& get

answer.
&)
For small temperature difference, Stefan's law can

written as
Au=ecA[(T+AT)*-T4

ATT
or Au=ecAT* Hl*'?} ‘1:|

AT
or Au=ecAT*x4x ?

or Aucc AT
Hence Newton's law of cooling is a special case of
stefan'slaw.

4

Power
4
P= 4Q _ AcT? = AG(E\J
dt A

P (1Y) (2 ) _256
P, |7, 3/4%,) 81

@]

P ecAT?
and? T 4

and | A, =P(Given)

Let

ecA(2T)*

= a2

Now Pnew =

Q.36

Q.37

Q.38

Q.39

Q.40

16 | ecAT? 16
_ =2 A | =
4 | 4nd?

@
We know that

eA (T =T))  xecA,(T*-T3)
m,S -

A,m, r\ (3

X=—-F=| — | x| —
A m 3r r
Q'

=Xx=3

=
mQS

@

Initially the temperature of the substanceincreasesand
then phase change from ice to water occurs & this
process continues.

@

Area= Iydx = Ij—fxm:J‘dE

b 4
Area(l)=E=0cT*= G(Ij

(-3
=22 45 =22
Area, (A, 9 A

A
= _1:‘/:_3
A,

@

1
Usingrelation  oc T



Q.41

Q.42

Q.43

Q.44

Q.45

Tes A

Ts _ Mo =30 _ 69
510

St

@

Usingformula

P=ceAT*

P.=¢,0(1) 0, andP,=¢e,0 A0

Now P, =P,
1/4
€q
X g, =0
(gp] ¢
(h)

E,,=€A (273+273)
=E(Given)
E,=€A (273+0)*

E

=16
@

Rateof cooling, y = (T —T,) k (from Newton'slaw
of cooling)

T, : surrounding temperature

k : +ve constant
= graphisstraight line with +ve slope

Q)

do
i= MS— =msk (50°-20°) =10W ..(1)

dt
35.1-34.9
and e - k (35-20) (2
from(1) & (2)
0.2 10
60 ~ ms(30) <10
ms=1500J°C

@

If the body cools from 6, to 6, then using formula

0, -0, o E)1+62_6
t 2 °

60 =50 =k(60+50—60]
4 2

Q.46

Q.47
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5
> =k(55-6) (1)

40-30 40 + 30
=k|——=——-96

and 8 —k( > oj
5
==k(35-6p) (2
4
from(1) & (2)

_55_60

35-0,

0,=70-55=15°C

@

If the body coolsfrom 6, to 0, then using formula

0,-0, a(91+92—9
t 2 °

75-65
s

" (75;65_25j

2=K(70-25) > K==
=K(0-29= =75

65—Xx 65+ X
=k -25
Now 5 ( 2 j

2(65—x) =5k (65 +Xx—50)

2
130-2¢=5x 4 (15+x)
X=57°C

©)

40-36 _ 4O+36_16
5 2

4 _Kk@38-16)
5

= k:%

)

36-32 2 (36+32_16]

t ~550 2
2255 - (34-16)
t=6.1min
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JEE-ADVANCED
OBJECTIVE QUESTIONS

Q.1

Q.2

Q.3

Q4

Q5

Q.6

©

Water flow rate= 20 gm/sec
for 1 sec
Q=Pxt=2100x1=2100J
Q=2100=20x4.2(t—10)
t=35°C

B) Q7
For 1 sec we can say that

P x 80%= (pv) s(t—10)

X X

On solving
t=13.8°C

=(21000).100x(1072).4200 (t-10).

(A)

(m,+w) (1) (70-40)=m_L +m _(1)(40-0)
(200+w,) (70-40) =500L +50%x40 ..(1)
(m,+w+m ) (40-10)=m L +m’, (1)(10-0)
(200+w+50) 30=80L,+80x 10 ..(2)
fromeq. (1) & (2)

50x30=30L,—30x40

L, =90cal/gm=3.78 x 10° Jkg

®
At atemperature T
dQ=SdT =ar3dT

2
=3[ T3dT - aT*} _ 15a
] 4 4

©
For vapourization thetotal timerequiredis
=(30—20) min=10min
Total Heat Given=42KtJx 10=420KJ
somL =420kJ
5L =420=L = 84KJkg
(OK:]
©
| ce Changesto water hence volume decreases but mass
remains same hence
VvV, P,=V._P

ice " ice

VicePee
V,= P,
Letvolume(V, ) changeto water
(09p,V,JL=H

(1)

Vice pice
AV=V _—v = (Vice - —]
ice w pw

=v,,(1-09)=01v_=1cm’
v, =10cm?
Sofromeq. (1)
[09%x1x10]x80=H
H=720cd.
©

0-(-08) OKA dQ

4
3600( K@

[yay =] (—J dt
pL

2 0

2 4
y_ _ K_e t 3600
2 ) - pl— ()0

WhereK =4x 1073
p =0.9gm/cc
L =80ca /gm

©

~ 0,-0  01-0,
0,-6,2A0 75— = T dr
R Kdnr? g, Ké4mr?
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1 1 1
Ry = — |~ -2+
®9 4nk {rl rj

1
Now R (whenr, =R,r,=2R)= 8kR

AO/2 : AO
101 1) 1 (1 1 -
47K, |R; R 4nK, Ril_Riz 24rnkR
° R, R,
> R= 2R OC—«ANW-—-T—MNW—
R,+R,
T=%X100 =75°C
Q9 @ 1
Qu (A
Taking an element at a distance x of length dx and
having at temperature difference dT.
= gA_T =C
n/4 T T (const.)
A B = onA[fnT]Il = Cx
T, D T,
X T+ dT
Initially Tis > T,
kKA(T, - T kA(T, - T
_ kAT, 1)+ (T, 1)".(1) 5 dx R
(2r-06)R 6R I ] /
KA(T, -Ty) K'A(T, -Ty)
finaly 2H= + (2
(2r-06)R 6R aln T :(EJX
T, A
, 4k 7k
from(1) & (2) kK'= 3t k = 3
— — C — _|n£
Q10 (©
x/L
r- d T
for [l o =T
n k(4nr?) T
Q.12 (©
100°C () ( 4°C

/”300a|/sec
Ll .§ .

N
source
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T-100 T-4
- kA +| —— KA
36‘( 8 j +[ sj

K =0.5cal/°c/cm
A=12cm?.

Q.13 (D)

3 mm

3m 3 mm

(A)

2(B3mm)  (3mm)

Req:2R9+Rajr: kgA_+ ko A
6mm
R=
kg-A
=)
AT 6mm 1
IA _Rgq _ R KQA Kg
B~ AT " Reg 2(3mm) 3mm ) 2KartKg
R 2Ky Ky
Kg A Ky A
_ 2Kair
'Kg+2Kair
Q.14 @B
Letattimet radiusber
dQ ”_ dm
Then dt =CA =4Cnr?= ~ 4t L,
4
Enr3:>dm C,redr
So. (4Cnr) r? L, C ZE E—const
@emr=-LGr e = q
Q.15 B
H=ceAT*
HoA ar?

10

ceA A r?
C= Ca—oa—Z3ar
ms m r
Q.16 (D)
. . — . 1 . 1
g6 e =1: >
d .
Rate of emission : dt =eAcT*issame
47 4 4 i i
So, eT*issame =>TETL T “en e
1
ec =1:2:4
as AT = b = constant
1 1 1
4.704.%4 — —_— . —
So, X K A = T4 T4 Té
11
- . 2 . 4
Onsolving \Je,h, T, x €ghg Ty = €chcTe
JEE-ADVANCED
MCQ/COMPREHENSION/COLUMN MATCHING
Q1 (D)
L oss(copper) = gain (water + beaker)
Mg, Sy (TCH T) mwa(T_T )+mb30 (T -T )
Hencefinal temperature can be calcul ated.
Qz (D)
Rate of meltingisdoubled if Rate of heat flow isdoubled
dQ KA(T 0)
and Rate dt 7
in(D) T isdoubled (50to 100°C)
and area and length are also doubled hence —— dt
doubles.
Q.3 (A,B,C)

Heat requiredtomeltice

Heat given by thewater =mx 10 x 1=10m

Heat required to melt ice > Heat given by water so
completeicewill not melt.

Q4  (AB)



Q5

Q6

Q.7

ce AT,*=ce AT’ Q.8
T A=T,(A+1)

Tn (0.81)"*

e [t Q9
Tg (o.oJ 3

A Z% pm

T = Ta _ 5802 =1934K

B~ 3~ 3

Jg=h+1=15um

B0
Q.10
D 0 <
Son R earth
L et the diameter of the sun be D and its distance from
the earth beR.
b 0
= =
Theradiation emitted by the surface of the sun per unit
timeis
D 2
4An > oT*=nD?cT
At distance R, this radiation falls on an area 4xR? in
unit time. The radiation received at the earth’s surface
per unit time per unit areais, therefore.
_aD%T* _ oT*(DY Qu
S"4R? 4 \R
Thus, soc T4 and soc 62
12
(AQ) N
C
T A =Constant Vo=
max
T
= Constant
Vmax
T, _ T, E B ﬂ B
Vi Vp Ve T, VAT T v, =2v, Q.13
E=ceAT*

422 4 =
EaT' g =(2*=16

(CD)
Not Reflected and Not Refracted.

Calorimetry and Heat Transfer

(A,B,C)
Good Absorbers are good emitters.

(A,B,D)

dQ _ .
dt =eAocT

dQ
S0 g <A
oc e (nature of surface)
oc T (temprature)

But independent of mass.

(AB)

d
(A) d—? =eAc T

(Rate of emissionissameinitialy)

d
B) (?ta =eAcT}

(Rate of obsorption is same always)

dT  eAo(T* - T{)
© dt ms

(Due to lesser mass of hollow sphere it cools fast.)
(wrong)

(D) Since hollow sphere coolsfast ;

hollow will have smaller temperature at any
moment.(wrong)

(A,B,CD)

dT) _eAc(ra —a
(_Ej_ mc (T TO)
(CD)

(A) Heat absorption is surface phenomenon hence
wooden (Black surface) absorbs more.(wrong)

(B) After long time both will have temperature of
surroundings.(wrong)

(C) Because metal is better conductor it feels hotter.
(D) Because emission depend on surface (i.e. morefor
black surface)

(AC)

=4 — 3= i 3 4 ri—41/3
m=4m,, px 3 mS=px 3 A ix4=
=223

d
Rate of heat loss = d—? =eAc(T*-T,)

11
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Q.14

Q.15

Q.16

Q.17

Q.18

12

(dQ/da Aa (r)
Ratio (dQ/ dbt)s = Ag :(ij =24

[
_—dT _dQ/dt
Rate of cooling T
e CT/@0a _(dQ/dD, mg 1
0 (-dT/dt)g ~ (dQ/dt)g “my = * 4
=223
(B)
AQL _AQ
Insteady state At layer1 At layer 4

0.06 x Ax(30-25) 0.10xAxAT
1.5x1072 ~ 35x1072

= AT=7°C

T,=(-10+7)°C =-3°C

=

(A)
AQL _AQ
At layerl At layer3

0.06xAx5 0.04xAxAT
= 15x102 ~ 2.8x1072
T,=(=3+14)°C =11°C

= AT=14°C

(A)
AQL _AQ
At layer1 At layer 2

0.06xAx5 K,xAx14 K =0.02WimK
= 15x102  1.4x102  e-o0ewwim

B)

Wehave 6 —-0_=(6,—6,) e*

where 0, = Initial temperature of body = 40°C
0 = temperature of body after timet.

Since body coolsfrom 40to 38in 10min, we have
38—-30=(40-30) e*%....(2)

Let after 10 min, The body temp. be 6
6—-30=(38-30) e*....(2)

B ves -2 -1% 4 _30=64 0=364°C
(2 NS p_30 g TITAT T
(A)

Temperature decreases exponentially.

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

©

During heating process from 38 to 40 in 10 min. The
body will lose heat in the surrounding which will be
exactly equal to the heat lost whenit is cooled from 40
to38in 10 min, whichisequal tomsA0=2x2=4J.
During heating process heat required by the body = m
sSA6=4]

.. Total heat required =8 J.

(A.B)

(A) Emitted energy isvery lessfor longer and shorter
wavelength.

(B) Fromfig. at 2, intengity ismaximum

(C) Area under the curve shows amount of energy
emitted.

(AB,CD)
When T7 curve shifts towards shorter wavelength
hence curve spreadsi.e. Areaincreases.

(B)
1

A, o< T T'>T So, option B iscorrect.

(A)

Thermal resistanceis given as

no —
AT 3KA 87 KA

Ra

1
Rg 3

®)

Astherods arein series so that current is same.

_3KT, kAT,
/ /

Ta_1

Ts 3

®)

dT
For temperature gradient comparing ™ forA & B.

dx ), dx Jg

3KAG, =kAG,
Gp _1
Gs 3



.26

Q.27

Q.28

Q.29
Q.30

Q.31

Q.32

(A)
In 40 min. temperature of water hascomedown by 40°C.
Thereforerate

oe MSAT 0.60><4200><40_420W
I 40 x 60 T

©
Sample of ice has been receiving heat at constant rate
Pfromwater. Itstemperature hasincreased by 30°Cin
time60min.

m; SAT, .
Therefore —p =60min.

(60 x 60s) x (42 W)
=M="2100J/kg).(30°C) = 249

®

Thermd equilibrium reaches after 60 min. Iceconversion
takes place for 20 min. During this time water at 0°C
continuesto give heat at rate P.

42 x20x 60

mxL, =Px(20x60s) = m= 33x10°

kg
=0.15kg

(D)
®

(A)
(Q.29t031)
As steam has comparatively large amount of heat to
providein theform of latent heat we check what amount
of heat is required by the water and ice to go up to
100°C, thatis

(mL+mS AT)+m .S .AT
=[(200x 80) + (200 % 1 x 100)] + (200 % 1x 45)
=45,000cdl.
That is given by m mass of steam, then

m_L =45,000
_ 45000 500 _ .
5= "5ag T g o>°9M

therefore 83.3 gm steam converts into water of
100°C.

Total water = 200 + 200 + 83.3 = 483.3 gm
steamleft =16.7 gm.

(A)p,s (B)t (C)qg,r (D)t
(A) Initially more heat will enter through section A
due to temperature difference and no heat will flow

Q.33

Calorimetry and Heat Transfer

through section B because initially there is no
temperature difference.

d
(B) At steady state rate of heat flow (—Q] issamefor

dt
all sections
dQ ar ar

(C) At steady state ot =kA x| 9 | ax

1(dQ
T kA dt

at| . . . ,
dx isinversely proportional to areaof cross-section.

Henceismaximum at B and minimumat A
(D) At steady state heat accumulation =0

dT i
So ot = 0for any section.

(A)p.a. (B)r.(C)s, (D)r

(A) For a perfectly black body, both absorption and
emission of radiation occurs.

(B) For aperfectly polished body cent percent reflection
ocCCurs.

(C) When radiation is incident from rarer to denser
medium, both reflection and refraction occurs.

(D) When radiation is incident from denser to rarer
medium, reflection always occursbut refraction may or
may not occur.

NUMERICAL VALUE BASED

Q.1

Q.2

[4]
QI 0ss = anin

McSAT=m L

(PAD) (S) (T=0) = (p;cAh)L
P ST

h - pioeL

h  pS (902)

h = peS - Q0D =4

[5]
200x Sx 30 +50x Sx40=250xSx T,

50
2009 2009
40°C 30°C

~_

13
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Q.3

Q4

14

T,=32°

32xSx50 +150x Sx40=200%x Sx T,
T,=38°

200x Sx 32 +50x Sx 38 =250 x S><T3
T,=332°

332xSx50 +150xSx38=200xSx T,
T,=36.8°

36.8x Sx 50 +200% Sx332=250x Sx T,
T,=33.92°

[1716]
1

B V2

2
dQ kA koA, _ 80x1x78
a - L AT T ATE s

1\
14>{Tc><(\/§j —lsz78
0.5
— 22-14
=156 80-%—M =156 | 80+7
2 7

=156 x 88 d_m L_d_m 80 x 4200
= X X dt X (= dt X X
A 156x88x 7x 60 1% 156 % 10°K

= = X X
M= 80x 4200 g
=1716gm
[0516]
d
d7? = o x 0.8 x 4xr,2 [800* — 6004

800

600

Anrr,
—=% % (600 = T)
=

=k x

rr, & I,
600-T

1710892, 1 108%100%28x10%x 2
_3 10 100 100

0.085
=T=516K

[340]

The rate of the heat transfer is approximately
proportional to the temperature difference, between
radiator and room aswell as between theroom and the
outside. The corresponding proportionality constants
can be denoted as C ("radiator-room") and D("room-
outside").

Then, initialy,

C(T —300) =D(300-260)

For the second set of temperatures:

C(T —290) = D(290-240)

Solving the equationsyields T = 340 K

[2606]
The process would be

1 kg water at 80°C —2M1 5 1 kg water at 100°C
AH,

1 kg vapour at 100°C and
2 atm pressure

AH, =msA6=1x4.2x10°x 20
=8.4x10*J
AH,=mL _+PAV
=1x580%10° x4.2+2x10°x% 850.14 x 10°®
= 26.06 x 10° J= 2606 kJ
[0041]
Neglecting other heat losses
Heat lost by water = Heat gained by
thermometer
-.m s (0,—40° =ms, (40°-10°)
m, = mass of water
m, = mass of thermometer
s, = specific heat of water
s, = specific heat of thermometer
=0,=40.6°C
~ 41°C



Q.8

Q.9

Q.10

(8]
_dar__ K
dt  100xs, (T~ T

35

J' —dT _J' K
IT-T, 1100xS, &

I —dT [

BK> 2K
100S, 100xp,S,

4 3
P=7 glemé=

40
=5 *x10°=800kg/n?

(8]
When Cu rod is used

100
B x20=mxL ....(1
Rey m @)

when stell rod is used
100

Rstell

x60=mL ....(2)
when both arein series
Req = RCU x Rsell
100
Reu X Ry
from(1) & (2)
_ 2000

xt=mL

Cu mL

_ 6000

stell mL

100><mL><t_ L
gooo M

t = 80 minutes

(9]

Q=msAT +mL
=450cal

450x 4=9000J

4x107°kg
5x107°m?

Calorimetry and Heat Transfer

KVPY
PREVIOUS YEAR'S

Q1 (A
All thethree object will beinthermal equilibrium then
T, =T,=T,

Qz (A
P=cAT*

=ox4nR?xT*

TV
P'= o x4n(2R)? X(Ej

P'= o x4nR*T* x 4><i
16
p-P
4

Q3 (O

100-T 50 10
T 38 77
7700—-77T=10T
7700=87T

7700

T =88°C
7

Cu T Sted
100| 0
K, K,

Q4 (D)
Heat loss by water = heat gain by ice.
100x1x80=mx 80
m = 100 gm ice melt
.. Remainingice=50g

Q5 (B
Ice haslow thermal conductivity
So no exchange of heat outside surrounding.

Q6 (B
15
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Q7

Q.8

Q9

Q.10

Q.U

16

Energy radiated, U oc ATt

U, Al22T)%t
U, ATt

= U,=8U,

= MSAL,=8mSAt,

= At,=8At,

(A)

stee Cu
100°C| 1 |o°C

50x A ><(100—T) 3 400x A ><(T—0)
01 - 0.2

©

100°C

OO

- Heat capacity increase with temperature

(A)

Pt=m SAT +msAT
10x15x60=0.5x4200x3+ms %3
9000=6300+ms3

m s, =900 Jk.

Now, for ail
10x20x60=2x3,x2+900% 2
12000-1800=4S;

S - 10200 _ 251x10°J/ kg —k

D)
KA KA
3~ 100~ T]==~{T -0}

3w-3T=T
T=75°C

(A)

E Radiated by Sun

E = 4nr2 x 1.4 kKW = mC?
E=4nx(1.5510") x 1.4x 10°=m. (3 x 10%)?

_ 4x22x(1.5)*x1.4x10°
B 7x9

=10°kg/s

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

(©
Specific heat of water isvery high
. It temperature rises by small amount.

D)
Surface area of Ice get increases by crushing and
colling due to ice occur due to convection process
which is proportional to area.

©

Calorimetry principle

Heat lost = Heat gain

Heat loss by aluminum = Heat gain by water

50 x 107 x 900 x (300—160) =1 x 4200 x (T —30)
= 6300=4200(T-30)

= 15=T-30
= T=315C
(A)
lkgice 2 kg water
—20°C 90°C
Heat gain
msAT Heat loss
= 1x2.0.9x20
1 kg ice msAT
= 2x4.,18x90
Heat gan
= 334 4x1

3 kg water

Total heat gain=20x 2.09+ 334.4KJ=376.2kJ
Total heat loss=752.4 kJ
Hest gain required = 752.4—376.2 = 376.2 kJ
376.2=msAT
376.2=3x 418 x AT
AT =30 centigrate

flnaJ = 3000
(A)
Because on earth thereisno atmosphere. So water will
boil. (At Boiling point vapour pressure = Atmospheric
pressure, in open vessel)

©

MB =20 x 102 Kg
CB =5000J/Kg-°C
V = 2000 M/s



Q.18

Q.19

M, =1Kg
C, =3000J/Kg—°C
T,=25°C=298K

1
SMVZ=M, CAT, + M,C,AT,

2

1
=§ x 20 x 108 x 4 x 10°

= (AT) {1x3000 + 20 x 107 x 5000}
= 40 x 10° = AT { 3000 + 100}

AT - 40x10°

3100
AT =129
T,—25=129
T,=25+129=37.9C

1
==M_V2=M,_C, (AT,) + M, C, AT,

Q 0

/ P>
d—mxSAT = @
dt dt
do

o 5x10® x volume of rod

= 5><108><TE><(4)2 %107 x%
10

=5x10x7 x16x2

=1600n

0.2 x4x 10°AT = 16001

8 x1PAT=16x10°n

AT=314x%x2

= 6.28°C

®)

Q.20

Q.21

Calorimetry and Heat Transfer

t—kvp—kh
=k = p
tch

t, h_A h

ds=ds, +ds,
Q.0Q
=TT

ds (T2+T7-2TT,)1
T1T2

(©
Vaporization rate of water =20 g/h

Water vaporized in 2 hour = 20x2 gm
40
=—k
dm= 70009

Latent heet of vaparisation L
spedificheatof water  ~>20= ¢

heat contain in vaporised vapor = (dm).L = (dm). L
Heat lost by water in earthen pitcher = mc. dT
m=4kg

heat loss by water in earthen pitcher = heat containin
vaporisedwater dm. L =m.C.dT

17
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ﬂ(hj_ Q.27
1000\ C =4.dT

1
dT= ﬁx540—5.4°c

dT=54°C

Q22 (A
100°L =200°C
1L =20L
0°C=25L
100°C="751,

Q23 (B
50t, (540) +50t0 (100—-70) =500 (1) (70— 25)
28500t =22500 Q.28
t,=0.789min=47 sec

Q.24 (D)
The minimum observed intensity of the parent star is
0.99991

Q25 (D)
Phody = o(4n(50R)?)(2T)*
= Poogy = Pan* (50)2x (2)*
Intensity at earth due to body

_ PRoy _ (50)*x2' xRy,
T AnRby,  4x10%x(4nAU)

—10-16
= lpogy =107 % g

Q.26 (B

P=ms——

(©)

Rate of heat absorbed = Rate of heat emitted
cAT*+GA(2T)* = c2atM*

17
To=| % | =17T

(A)
Al F

—=aA=—
l yA

AO:L:S"C
YA

AB=20-T=5

T=15°C

Q.29 (B)

dQ
P eAc[ T, - T.]

e=1,A=7x10?5=567x10°
T,=333K, T,=273K

@ =26.75 Waitt
dt

10
total energy produced = — x 30 x 10° x 300

100

1 T
N Ipdt:jmsdT =9x10°J
0 T i
0 time= &hrs =9.35hrs
—Pt=ms(T-T,) 26.75x 3600
P
= T= %I+TO JEE-MAIN
_ PREVIOUS YEAR'S
where T istemperatureat t =t Q1 @)
. I 0, -6 ~ 0-0,
SO . R2 - Rl
P
sope= P 0,-6R; =6R,-6,R,
T, O[R, +R,]=6,R,+0,R,

18

6,R, + 6,R;
R, + R,



Q.2

Q3
Q4
Q5
Q6
Q7

QS8

1)
! I
| | |
K K
2
| |
Keq
| | 2
Rt= KA ¥ KA T KA
— 2K1K2
K, +K,
&)
@
[57]
@

Thermal resistance of spherical sheet of thickness dr
andradiusris

dr
dR = Y (@nr?)

]% dr
R=JK (4nr)

n

iyt t)_1lfe-n
R= 7K nor,) 4nK{ rr,

e2 _91

R

Thermal current (i) =

AnKrr,

i= — (92 _91)

r2 1

(2

Calorimetry and Heat Transfer

JEE-ADVANCED
PREVIOUS YEAR'S

Q.1

Q.2

Q.3

Q4

(A,CD)
A At steady state, heat flow through A and E are same.
C: AT=ixR
‘i’ issamefor A and E but Rissmallest for E.
AT
D:i,=5—

B~ Rg

ifi =i +i;

1 1 1

—_— e —
Hence Rec Rs  Rop

8KA 3KA 5kA

l 4 l

©
In steady state energy absorbed by middleplateisequal
to energy

A4

3T T 2T

released by middle plate.
cABT)*—cA(T')*=cA(T')*~cA(2T)*
@N*=(T)* = (T')*=(2T)*
(2T')*=(16+81) T*

1/4
97
= 2T

(A)
. . . . . 3R
In configuration 1 equivaent thermal resistanceis >

In configuration 2 equivalent thermal resistance is

R

3

Thermal Resistance « time taken by heat flow from
high temperatureto low temperature

(A)
In steady state

19
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Q5

Q6

Q7

Q.8

Q.9

20

IMR? =6(T*-Tg) 4nR? = I=c(T*-Tg)4

= T*-T, =40x10° = T*-81x10% = 40

x108

= T4=121 x10® = T = 330K

B)
_ mMsAT
At

device Poooler -

120x 4.2x10° x 20°
3x60x 60

= P =2067W
Hence, (B)

3000-P=

(CD)
As AT = constant
V2

& P=-
R

Hence, (c, d)
(9

eAs (487 + 273)"
1=log, 5
0

{eAa(2767+ 273)“}
g X=log,

R

S X=9

(A)

T,-10 400-T, T _140
[
2

ﬂzozAT
dx

Al 1

[di=[a(130x)dx = Al=0.78mm
0 0

Hence, (A)

®

(A) Since the temperature of the body remains same,
therefore heat rdiated by the body is same as before.

Q.10

Qu

(W, = caT* = a(310)*)

(B) W o Area

If exposed area deacreases, energy radiated also
decreases.
OAr,T=b =
A
(D) (W, =caTl*=ca(310)%)

oT, = 460Wm~

ca(310)* > 460 Wn?
[4.00]
We have in steady state,

T,

—>

L

{\ 2r
300k k, !ZOOk K 100k

—>

L

200-300 |, | 200-100
L L
kymr? k,m(2r)?

=0

kyr®x100 100k mxar? K _,
L L 2

(A)

dQ
P="a Ty =T, (1+ Bt)

P
Q _ 5 dT _ o_(dT
a - lms g =S= ()

dt

dar _ 1. aa|_ BTy a4
dt _T0|:O+th :lZTt
P 4P 4
S= =—1t
(dT/dt) BT,

ST,

T @ py

0

T _,_TO-T,

[Stjj4 —
TO TO



Q.12

Q.13

L BT

4p {T(t) T
Tol3

[270.00]

Let m=massof calorimeter,

X = specific heat of calorimeter

s= specifc heat of liquid
=latent heat of liquid

First 5gof liquid at 30° ispoured to calorimter at 110°C
S mxxx(110-80)=5%sx(80%30) +5L

—mxx30=250s+5L  ...(I)

Now, 80 g of liquid at 30° is poured into cal orimeter at
80°C, the equilibrium temperature reachesto 50°C.
S mxxx(80—30)=80xsx (50—30)

=mxx30=1600s e (i)
From (i) & (ii)
250s+5L =1600s=5L =1350s
L
= — =270
S
(B,C,D)

A=64mm?, T=2500 K (A=surface area of filament,
T=temperature of filament, d is distance of bulb from
observer, R =radius of pupil of eye)

Point sourced =100 m
Re=3mm
(A) P=cAeT*

=5.67x10°x64x10x 1x(2500)* (e=1 bl ack body)

=141.75w
Option (A) iswrong
(B) Power reaching to the eye

P
= " R

- D (3x107)
47 x(100)

=3.189375x10°W

Option (B) iscorrect

O, T=b

A, x2500=2.9x103

=1, =116x10"°

=1160nm
Option (C) iscorrect

(D) Power received by one eye of observer

B-To }_Bﬁo

Q.14

Q.15

2)

N

Calorimetry and Heat Transfer

N=Number of photons entering into eye per second
= 3.189375x10°

_ 6.63x10* x3x10°

1740x10°°
= N=2.79x10"

Option (

839
dQ
dt

a@Q
Adt

=ecT! Ku 4£J - 1}
TO

a
Adt

D) iscorrect

=ceA(T*-Ty)

=€l - 4AT

Now fromequ. (i)

ms?j—-{ =ceT(T*-Ty)

dT ceA

dt

ceA

dT oceA

dt

dT
dt

= 40eAT; =

= =R TAAAT
ms

K
K( ms)

fromegqu. (i)

aQ
Adt

=eoT  AAT

700=(K/A)(ms) AT

700 x5x107?

107°x 4200

AT=833
(9)

x N

— [(T +AT) =T }

w2l

3
_=%T;(K=mJ
ms

50 25

6

=e(T,+AT)' -T))=oT; [{u AT—TJ —1}

..(ii)

3

(i)

21



Kinetic Theory of Gases and Thermodynamics

| EXERCISES-I

)

ELEMENTARY
Q1 (@
VmT:}ﬁ:L:@:M:@
V, T, V, (273-20) 253
v, = 200%258_ 10 6mi
293
Q2

Q.3

Q4

Q5

Q6

Q7

Q.8

22

P=MVav,AsVav =0 (inequilibrium)
"~ P,=0
@

The collision of molecules of ideal gas is elastic
collision

S
one molecule has some single value of speed whichis
equal average speed and rms speed of the gas

~ V.=V .

@
1
vV, \/M_o
oxygen molecule hitsthewall with smaller average
speed
@

8RT
Vav = TCMO 'VAV « ﬁ

For sametemp in vessel A, B and C, Average speed of
O, moleculeissameinvessel Aand Candisequal toV .

@
AsAU isastatefunctioni.e., it dependsinitial and final
position in process A and B initial and final temp are
same.

AU, =AU, .

(2)

1o Yaly, (1Y), (2734 27) = 450K
=, v

= 177°C

Q.10

Qu

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

©)
Vel vV _(278+27) 300
Vv, T, v T, T,

T,=600K =327°C

@

V « T (as constant pressure)

©)

Boyle'sand Charle' slaw followskinetic theory of gases

@
A monoatomic gas molecule has only three
tranglational degree of freedom.

©)

A diatomic molecule has three trandational and two
rotational degree of freedom.

Hencet otal degree of freedomf=3+2=5

(3)
As compare to gas solid expand very less.
= C isdlightly greater then C,.

@
(AQ),=puC AT = (AQ),=1xC, x1=C,

3 3
For monoatomic gas C, = > R=(AQ), = > R



Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29
@

Kinetic energy isfunction of temperature

@

For cyclic process. Total work done =W, , + W, +W _,
AW, =PAV=10(2-1)=10JandAW,.=0

(asV = constant )

FromFLOT, AQ=AU + AW

AU =0 (ProcesssABCA iscyclic)

= AQ=AW, +AW, + AW,
=5=10+0+AW_, = AW_=-5]

Q.30

@

ToP Q.31

P
or — = constant
T

A = constant or V = constant

P
LA
vTv Ov Q.32
(4)

Work done = Area under curve — _6P1 x 3V,
2

=9RV, Q.33

@ Q.34

AsVolume decreases
pressure of the gas in the cylinder increases

6 Q.35
AQ=AU +AW and AW = PAV

@
In processAB

T = constant Q.36

. 1
P=increasesP o v

or V =decreases AQ=AW.
AW =—ve. or
AQ=-ve

". heat isrejected out of the system Q.37

@
o= AW Q.38

(T = constant)

if heat is supplied then

@

B >A

AQ=0

0=-30+AU,,
AU,,=30J

s AU, =-AU,, =-30J

AW = +ve

Q.39

Kinetic Theory of Gases and Thermodynamics

(2)
AQ =AU + AW ; AQ =200 Jand AW =—100J

= AU = AQ—AW = 200—(—100) = 300J

)
Heat given AQ=20cal =20x 4.2=84J.

Work done AW =—-50J

[As process is anticlockwise]

By firstlaw of thermodynamics = AU =AQ—-AW =84
—(-50)=134J

©)

In isothermal process temperature remains constant.

@
For freeexpansion
Q=0,W=0,AU=0

©)

@
E,=P

3

For free expansion
AU=00rAT=0

.. UorT=const

S

Adiabatic process

AQ=0

For any process

A,=nC AT

Hence, option (3) iscorrect.

@
Work done

@

Initial and final states are samein al the process.
Hence A U =0; in each case.

By FLOT; AQ = AW = Area enclosed by curve with
volume axis.

"+ (Ared), < (Area),< (Area), = Q, < Q, < Q,.

@

T, 300 1
=1-2=1-"="=250
e T, 400 4 °

So 26 % efficiency is impossibel

23
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JEE-MAIN
OBJECTIVE QUESTIONS

Q1

Q.2

Q.3

Q4

Q5

Q.6

Q.7

QS8

24

©)

8KT
— ,asT =constant
Tm

V =

av

.. V_ =constant
av

@
Py =MV, , as the average momentum of an ideal

gasiszero
.. option D iscorrect.

@

\/3RT B \/3Rx273
2 28
_ 273x32
- 28

=426.3k.

@

Real gas behaves as an ideal gas at low pressure and
high temperature

©)

one molecule has some single value of speedwhichis

equal most probabla speed and average speed of the

gas
V=V

mp EY

©)

8RT
V= M, =V
) 8Rx 2T
for nitrogen V,, = EYNEEAL
0

for nitrogen

8Rx 2T
VaT\ Mg 12 =V
@

1
\ Ve
a @ MO

oxygen moleculehitsthewall with smaller average
speed

@

Q.9

Q.10

Q.11

Q.12

Q.13

8RT
Vav: nMO ’VA\/a \/-T-

For sametempin vessel A, B and C, Average speed of
O, moleculeissamein vessel A and C and isequal to
\Y;

v
@

. .3
AstrandationK.Eis= > nRT

E—EF’\/
T2

where E =total trandlational K.E.

©)
For anideal gas, the no of moleculesof equal moles of
gasissame.

©

Fromtheformula

3RT
v s M 0
3RT,
Vrms = - =
02 M o,

3RT, x2 _ [3RT,
Vrmso = : :2 : :2V
M, /2 M

02

2

The average velocity is given as

v, = /8RT
™

Independent of other gases. Hence average velocity
of oxigenin third container will beV, only.
=7.66u

)

V =

e N 2N 2
v _J12+22+ ........ N [2N+1

rms N - 6

V. 2 [N+1




Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

(1)
. 1
Average rotational K. E. = > KTx 2 =KT

So it will be samefor both the gases.

@
Wearegiven P= —
earegiven T3y
pv = 2E
3
E=3nRT.
2

Here Eisthe Trandational K.E. for all the particles.

@
We know that
PV =nRT

PV 1.3x10° x [7 X <10’2 )3 X 103}

CRT 8.3x 273
So, Number of moleculesis

1.3x10° x 7x10°®
=0 T T ¢6.023x10% = 23

8ax273 2.4x10

@
Pm
— =nRT

p
slopeof T, >sdopeof T,

T,>T,

(€)
PV =nRT

temperature remains samefor all ideal gas

(©)
As the volume remains constant on increasing
temperature pressure becomes double.

V = const.
T = doubled
p=2P,
— PA S TAH+PA =2PA
T.=PA
I | e
P.A
(4)

U= nfRT _ nfNAKT
) 2

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Kinetic Theory of Gases and Thermodynamics

2—U—nN =N
kT~ AT

@

As AU is a state function i.e,, it depends initial and

final position

in processA and B initial and final temp are same.
AU,=AU,.

@

As AU=nRAT
For closed path
AT=0
AU=0.

@

As C-C =R

For above equation, we can say that both C, and C,
increase by same amount.

)
o= Q
T mAT
For changing state

T= const or AT=0

.. s=oo (infinite)
@
Asf=5
fRAT

du =nC, dT = "=
c.R

VT2

coR

.. V_ 2

)
Gas has different specific heat for different processes
.. gas hasinfinite number of specific heats.

)

AU>0

and AW >0
. C>C,

)
As compare to gas solid expand very less.
=~ C isslightly greater then C,.

©)

In the final condition.

L et atmospheric pressureis P and ht of liquid column
ish.
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AV = same is both process

1\ As P,>P,
4\?,_h P+h=76 LOAW,>W, .
-—= PV, =RV, As P,>P,
ih 76><5:P(43_h) SOAW,>W
Q36

380=(76—h) (43—h)

VZ
h=38cm W = IPdV
S0,48-h=10cm=0.1m. v,

Q30 (@ ) 3%
P+50=75 = J'avzdv =a[v_} =§(v23—v13)
P=25cmof Hg Vi Vi
5 1 1 1
£x25 zg[szz_ Plvl] :E[nRAT]:ER(Tz_TJ
=33.3kPa
Q37 (O
31 1
Q3 @ Q38 &
1 mv2 = nC.dT AU = sameis both process
' Qacb _Wacb = Qadb _Wadb :
1 5 200-80=144-W,_, .
m —
—mv2 =—| =R | AT Wadb_24‘]'
2 .03\ 2
4 3 4 Q39 (2
AT = .03x100 _ 6x107° %10 :@ AUZQM—me=200—802120J
5R R R AU=Q_-W,_,-120=Q,+52,Q =-172J.
Q32 (@ Q40 (@
p uU,-U,=120
TocPor? = constant U, =120+40=160J
As ©="% = constant orV = constant 4 @
S 777 =constant orV =constan indb.
W=0. de: 0
Ub_Ud: de'
Q.33 (9 160-88=Q,,
work done on the gas = negative work
W = PdV Q,, =72l
whenV — decreases
then W=-ve Q42 @
- B—A
hence option D is correct. AQ=0
0=-30+AU,,
Q34 (O AU,, =30J
As volume increases S AU =AUy, =-30J
.. WD continuously increases
Q.35 (3 Q4 @
As W=PAV AQ=AU+AQ
AU = AQ- AW

26
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AU = Q-PAV Q.50 (2

AU=0
Q-P 1 1 - T = constant
AU= "o g B P_1 or PV = constant or P-V curve is a rectangular
hyperbola.
044 (@) clearly, option B iscorrect.
Wig =Wy, + W, 3+ W; Q.51 ©)
10=W, ,+0-20 VvV _nR
W, , =30J L
_ 1
AU, =0 P a slopeor Pa slope
5 AQ,, =AW, ,+AU, , =30J p <P,
Q45 (O 052 @
AQ=AW+3AW Inisothermal expansion
—4AW T = constant AU=0
W=AQ
no AW _ AW _ 0.25 . option (4) iscorrect.
AQ 4AW
Q53 (3
Q.46 (1 W.D. = n x Pressure Radius % volume Radius (areaof
Free Expansion ellipse)
AW =0 Po-Pi| (V2-M1| =
&), AQ:O:|:>AU:O 3AT:0 W:ﬂ:[ 2 J [ 2 J:Z(PZ_Pl)(VZ_Vl)
and PV,=P,(2V
1%1 2( l) Q54 (2)
P = 5 L>M
) =
2 P = constant
VaT.
Q.47 (;1) MN T = constant
I* Process Here, option B is constant
AU, = AQ,— AW,
~16-20=-4KJ Q% @ _
11" Process Asinitial and final state are same
AW, = AQ,— AU, s T,=T.AsV, , P, and Ky,
_ . _ depends on temperature
AU, =AU, ( AT = same) all areequal.
So, AW, =[9-(-4)]=13K]
Q56 (@
Q48 (3 In processAB
T = constant
49 (2 1
Q @ L P=increasesPa v
AsPV =nRT m=pV=constantorpocvandPocp or V =decreasesAQ= AW .
A—->B T = constant, pressure increases or
volume decreases AW =-ve.or AQ=-ve
B—>C Volumeis constant, VV = constant . heat isrejected out of the system.
C-D P is decreases or volume increases
[T = constant] Q57 (3) _ .
DA Volumeis constant V = with constant, AQ =AW (T = constant) if heat is released then
clearly option ‘B’ is constant. W=-ve
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Q.58

Q.59

Q.60

Q.61

Q.62

Q.63

28

Q)

dQ=dw +dU
dQ=PdV +dU
dQ=nRdT +dU

2duU nfRdT
dQ=—— +duU {dU: f2 }
1

f

@ _s
dQ ~ 7
@

AsVolume decreases
.. pressure of the gas in the cylinder increases

@

AB — isothermal

P,V,=P,V, ()
BC — Adiabatic

P,V/=P. V! (i)
CD — Isotherma

PV.=PV, (i)
DA — Adiabatic

PV, =PV, ..(iv)
From (i), (i), (iii) and (iv)

VB VA

Ve Vg

@

For adiabatic

TV =C(y>1) (i)
Forisothermal T =const ....(ii)
From (i) and (ii)

TZ < Tl

(€)

For isothermal

PV=C.orp o L ()
Vl

For adiabatic

PVi=C, P, o .i)
VY

2

from (i) and (ii)
P>P,

@)

AsW.D. by gasin isothermal is more as compare to

adiabatic process
S AW, < AW,

Q.64

Q.65

Q.66

Q.67

Q.68

Q.69

Q.70

Q.71

Isothermal

Adiabatic

(©)
Isothermal Poc %

1
AdiabaticPoc —
\VAl

Also, slope of adiabatic is more as compare to

isothermal
.. option (3) iscorrect.

(©)

Adiabatic process

AQ=0

For any process

AU=nC AT

Hence, option (3) iscorrect.

4
B =yP (for adiabatic process)
B=14x1x10°=1.4x 10°N/m?

@
VdP  (-PdV) .

B VAR, (for isothermal process)

B=P

@

dP
Slope=—y Vi
Asslope of A > dopeof B
S.yof A>yof B

or A —Heium
B — Hydrogen

)

For free expansion
AU=00rAT=0
s UorT=const

@
For free expansion
Q=0,Ww=0,AU=0

(1)
dP av . .
it &V (For adiabatic)



Q.72

Q.73

Q.74

Q.75

Q.76

Q.77

Q.78

Q.79

05= 14d_V
. - . V

.. Volume decrease by 0.36%
@ Q.80
XY Adiabatic compresion

YZ |sothermal Expansion
ZX Compression at constant pressure

@
Self explainatory

@

AsW.D. isisobaric > W.D. in Isothermal > W.D in
adiabatic Q.81
or W,>W, >W,

Hence option (1) iscorrect.

@
Process...(1) isisobaric
AU, = AQ—-AW = positive
process (2) isisothermal
AU,=0
Process (3) isadiabatic
AQ=0
AU =— AW = negative
AU, >AU,>AU,

@

As AQ=AU+W
AU =—W (given)
orAQ=0
Process is adiabatic

Q.82

4

For polytropic process PV*=Kk;

R
C=C, + 1-x = AsPV2=K (given) = Putx=2

— R —
C—CV+ B —CV—R.

. C<C,.

)
PT = constant

PV
ﬁ = constant

P2V = constant. Therefore the graph C is suitable.

Q.83

@
From the graph shown.

V., oc\/?oc\/w
Va, Va, -V

a3

Kinetic Theory of Gases and Thermodynamics

JVoP, 1V, 4P, 1 JAVP,
1:2:2

@

Fromideal gasequation

PV =nRT

P\/ = m RT ! = m_R —C
"M T T T Mp e

In second case

vV 2mR

T M
)
PV = constant

dp dv
v 9% pyrt &Y g
av 7 av

dP  —yPV'! P

av v v
5
_ 1.4,07x10
0.0049
=-2x10’
@
Vv, Vv, P
AW:deV:jKVdV =K
A A \%

_KV,’-KV,> PV,-RV,
2 2

:AU:gR(ZTO—TO):gRTO

AQ =AU+AW =2RT,
@

PV’ =K

INP+y InV=1InK

Differentiate both sides

d(InP)+y d(InV)=0

d(InP)

d(InV) -

29
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Q.84

Yg > Yp = B ismonoatomic

GasA isdiatomic

@
T1VP117y = -I-zypzky

P -
T,=T, [P—lj - 300[%} 3 =300+/2
2

JEE-ADVANCED
OBJECTIVE QUESTIONS

Q.1

Q.2

30

©

for dx

P +dpP

s |

dmg

PA —dmg—-(P+dP)A=dmg
—AdP=2dmg

—AdP=2pAdxg
m
—dP=2p gdx. Wherep = v

pv="gr
M

In_:__ﬂ _0 _ eMgH/RT
P 2=

D)

For anideal gas
C.-C,=R

If C,-C,=1L09R.

l (P+dP)A

dx I

T

E

Q3

Q.4

Q5

Q.6

Q7

or pA>pBTA<TB
Then gas will be real . Thus pressure is high and
temperatureislow for real gas.

D)

C.= 35R (AtSTP)

Astemperatureincreases, vibrational degree of freedom
becomes 2 at higher temperature.

—_— 9 —_—
C.=- R=45R

®)

Average velocity will be samefor sametemperature.

(D)
Work done by gas=Areaunder P-V diagram

_n(4-3)(4-2)  n(2-)(3-25)
= 2 2
_25n 5t

=Ty T am

5
W=-— [Tnj atm L (Work done by gasis negative as
cycleisanticlockwise)
D)
(P Vo) = (P 2v,)

AU, = EnRAT P AU, = §nRAT
2 2

AU,> AU ; AW, = AW,

AQ,~AQ, =AU -AU,

AU, + AW, > AU, + AW,

©
From the graph shown the equation of lineis

P,
P=P,= 2y, (V-V)

PV
P: 0 + 3&
2V 2

Now weknow PV =nRT

S| 3p PV Y SRt
2 % 2V

0

For maximum temperature



QS8

Q9

Q.10

B)
Initialy

PV, :ERT
M

1

12

or P(4x10°)= MR(273 +7).... (1)

m_12
P V2 V2

=6x10" gm/cc

12 5\ 12
P[6X10_4]X(102) -wRM ..
froml+2

4x10°3

x6x107 =
12x10°°

273+7
T = T=1400K

D) Q1u
AQ = AU+AQ

f
ZCATZHERAT+PdV Q.12

2CAT = 2x§RAT+ PAV __ (1)

PT2
\%

3
oo DK K
V nR nR
K
n

=K

=3T%T =—2VdV

2
AP, LY
2V nR

3ar-P g
2 nR

or

Q.13

V___ (2

Kinetic Theory of Gases and Thermodynamics
From (1) and (2)
2CAT= 5RAT+nRng
2C=5R+3R

2C=8R
So, molar heat capacity C=4R

®)
AU = anR AT

Pl Vl
nR

For Isobaric process V; = T, =

P, (V,/2
AtVzaTzz%zg

nfR [T
AU, =— |2 1
g
Isothermal  AU; =0 (2)
Adiabatic PV" =K

TV =K

AR |

Vlv—l T oot

I
T,

-
T, =211, > L
2 1 2

nER[ZY’lJL

Adiabatic — 2 2

= AU, (27) (3)

AU

AU

adiabatic

(A)
For larger n, pressurewill be smaller, so work donewill
besmaller for larger n.

®)
V =KkT2

1

2 1
dV=§ kT 3dT

W= IPdV Iﬂ av

1
T KT 3dT 2

—RIVdV RS_[ =3 R(T,-T)

KT3

2
= SR (30)=20(831) = 16623

©
VP = constant.
dv P" +VnP1dP=0
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VdP P

-~y -n° bulk modulus
Q14 (©
0.33
nRT

vk (Wj
V1% = const
V = const

.. procesesisisochoric

Q15 (A
Correct graph isshown in option (A)
Process 1-2 adiabatic process, Process 2—3 Isochoric
process, process 3—1 Isothermal process.

Q.16 (A)
For adiabatic process
PV =PV,

For isothermal process
PV,=R,V,

v
P,=P v, e 2
From (1) and (2)
P, <P, [ForexpansonV,>V ]
andby PV =nRT
T,<T,

Q17 (A
(P = constant)

AQ _ nCpAT _ Cp
AW ~ nRAT ~ R

5
2

Q.18 (D)
ProcessAB isisobaric[V o T]
T,>T,
U,>U,
W, <W,, (Areaunder P-V curve)

Q.19 (A
dw =dQ —-du
dW =nCdT —nC dT
W= ICdT _'[chT
a
= J‘?dT —CV AT

To) (L,-TYR
:aln(ﬂ OJ_( 2—-T1)
y-1

32

Q.20

Q.21

Q.22

Q.23

-M-) TR
W=alnn —

-1
(A)
T:T0+aV3
v —_ 3
= "R —T0+aV

To 2
—nRr |2 1av
= P—nR[V+a }

For mini ® -0
Oor mnimum = dav —

1

—'0 TO 3
—2 yav=0=V=|0
= 2 = (2&1]

D)

.
P=R {VOHNZ} and  V

1 5y 1
a3RTy3 | 23
)

Process, , and Process, |

W.,=0

W, =0

W,,=nR(T,-T)
=3R(2400-800) =4800R

W, =nR(T,-T)
=3R(400-1200) =—2400R

W =(4800—-2400) R=2400R

1l
7~ N\
N
[ |o_|
N—
®

N | w

= P=

, areisochoric process.

=20kJ

D)
E

Vsound_ p_\/E _EM ctomi

Vi = Tap ~ o =7v= 3 [Monoatomic gas|
p

PT = const

P2V = const = PVY2 = const

=2 oc=C+——=2R+R=2
=x=5 == 1007 =7



Kinetic Theory of Gases and Thermodynamics

.24
Q © >V, issameat NTP

K.E.),,<T
PV = Const t (KE-Jug
Slope of B > slope of A P (K.E.)ivol.c T
n,> n, B
M= M . Q4 (D
v— KT
v =173 ,/f
ms m
Q25 (D) so v,__ does not change
b= P P
W, =RT, fm A_Rh_n 1
W_ =pdv=pv(n-1)=RT,(n-1) n n, n, 2
At constant temperature AU =0
Q5 (AB)
Q26 (A) ;
PV =nRTAlongAB V] T AQ =5 NRAT
AlongBC PT T71 . 2x3x4.2
1x8.3x1
Along CA P = const U = const n=1
(1/v) R=83
kdv AT=1
w=|Pdv=|—=k/n(v,/v,)=-ve
J. v (vi/vi) _ 6x4.2 3
83
Q27 (B The gas must be monoatomic.
P nRT
VARRYZ Q6  (AD)
7 11
T, kv 1 n=—g n=—-
s —t=—t=-=T,=1200K t28 744
T, kv, 4
11 1
AT =1200—300=900K SoN+n,=>+>==
AU=2x32Rx900=2700R 4 4 2
JEE-ADVANCED m, = 18kg _ 36k
MCQ/COMPREHENSION/COLUMN MATCHING (1/ 2)
Q1 (CD)
By energy conservation, energy lossby one molecule 1 5 R 1 3R
isequal to gain by other. 2 0T g” 11
CVmix = =—R
1 1 4
Q2 (AB) 274
P =MV, ,AS V,, =0(inequilibrium)
c, -p.r-13g
4 4

Pav =0
G _15_45_ 4

Q3  (ABQO C, 11 33 35
Avg. momentum/mol o >"V, ?

33
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Q.7

Q.8

Q9

Q.10

Q.U

34

(A,B,CD)
Specific heat of a substance can be finite, infinite,
zero and negative.

(A,B)

CP> CV

andC,—-C, =2

.. option A and B is correct.

(A,B,D)

_ PV

T=1r

initial and final temperature are equal

o=U

initial final

Also the net work done by anideal gasin the process
may be zero.

(AD)
For equilibrium of piston

PS kX,

PS=Kx

0
Kﬂ
S
For piston
W, =KE,—KE,

1
_ = 2— = 2
Wgas > kx > mv

1 1 -
W _= > kx2+ By mv?2 = positive

gas
AQ=0

AQ=AU+W

AU =—W = negative

As internal energy of gas decreases
.. temperature of gas decreases.

(AB,CD)
For any process AU =nC, AT,
For Isotherma AT =0
or U = constant
AQ =0 (For adiabatic process)
AU+W=0
AU=-W

Q.12

Q.13

Q.14

Q.15

(AD)
P BB
p Pr P2
=>P?=P’x= =P :i
2 2 2
pv =M rT - VR
W
P= TR =
=p WjPl—plTlR/W
P,=p,T,RIW
i p1T1 = 2:2l
P, pT, T,
=>T,= 2T
TR P? PTR
P: —_— —:_:C
= PW W
=Px=
(CD)

As the process is carried out suddenly it may be
adiabatic and as the conductivity is good enough then
may beisothermal.

(CD)
In adiabatic process

AU =0

AT #0
PV" = constant

(B.D)

AW, =P, AV

AW_=PAV {P,>P}

AQ,=AU, +AW,

AQ, =AU +AW,

AQ, —AQ, =AU, —AU, + AW, — AW,
AQ, —AQ, =AW, —AW,

{- AU, =AU,
Q.>Q,
VZk
\'
_ _ |—dv=kin—-2
WB—PdV— y y
A 1
\
WC:kfn v,

henceW,-W_=0 = Q,>Q,



Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

QA>QB>QC>QD

(B.D)

in cyclic process.

AU=0

AQ=AW as AW =+ve

S AQ=+ve

or Net heat energy has been supplied to the system.

in process CA
AW=0

T = decreases)
heat energy is rejected out by system

Teperatureat Cismaximum

AU =—-ve (As

(CD)
AU = AQ—-AW issamein both methods asit isastate
function

(A0

incyclicprocessAU, + AU, = 0
AU, =0

AQ—-AW=0

(AB)

nfRAT
2

AQ=AU+AW = 25= +0
_ Ixfx25x2
- 2x3

f = 3 (monoatomic)

(A,B)
A — B constant pressure
B —» C T = constant
C — D constant Volume
D —» AT = constant
clearly, option A and B are constant

(A0

W = PdV. then W = —ve

As pressure and volume both decreases
temperature of system decreases

(CD)
From information, the process may be very nearly
adibatic. Hence option (C) iscorrect.

(CD)

AU=0

U = const
nC,T = const
AsO, and N, arediatomic, so theretemp are equal but
isdifferent fromHe

For adiabatic PV = const

For O,, N, valueof yissame

. pressure of O,, N, remains same but different from
He

(Adiabatic)

Q.24

Q.25

Q.26

Q.27

Q.28

Kinetic Theory of Gases and Thermodynamics

(B.C)
Slope of x > dopeof y
During expansion
W, > W,
u>u==C, >C,

f,>f

(ABD)
0/P W _ Q-Q
1P Q@

Y
n=1- Q-

©)

Heat given: AQ=n,Cy AT _; For gasA [AsV =
constant .. dwW =(]

& for GasB - AQ= n,Cy, AT

(- For same heat given, temperature rises by same
value for both the gases.)

= nlCVl = n2CV2

Also, (APg)V =n,RAT and (AP,)V =n,RAT

M APy 25 5

= n,” APy 15 3
5

= m=gn
Substitutingin (1)

5

§n2 Cy, =n,C,,

Cv, _5_GR)

C, 3 (R

Hence, Gas B isdiatomic and GasA ismonoatomic.

D)

. 5 125 _5/60
Sincen, = 3 M Therefore M, = 3 Mg
(Fromexperiment 1: W, =125gm& wy =60gm)
= 5Mg=4M,

The above relation holds for the pair—GasA : Ar and
GasB:0O,.

(B)
No. of moleculesin'A" =nN,
125
40

N, = 3125N,

35
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Q.29

Q.30

Q.31

Q.32

Q.33

Q.34

36

S —gf A
(Sincen = 20 Tor r)

©

Internal energy at any temperature T

= nCVT
125 \( 3R
- (&5 e
_ 3R
[ C, for mono atomic gas= > ]

= U,=28125ca.

®)

Letinitial temperature and volumebe T,and V. Since
the process is adiabatic, the final temperature and
volumeis TV*1=T V1

5
(y= 3 for mono atomic gas)

2
T=T, Vo 3=4T0
V, /8

.. percentage increase in temperature of gasis

AT 3T,
e x 100 = T x 100 =300%
0 0

©

Adibatic Bulk modulusB =—V o =yp=y X1
| ICBUIK moaulusb =— av =yP=vy v
B T,V _To Vol8 1
B Vo T ~V, 4T, ~ 32

®)
For adiabatic process dQ=0

~dUu+dw=0 w_ 1
b =00r 5=~

(A)

In free expansion, temperature of the gas remains
constant, therefore

Po Vo =P- 3V,

where v, =initia volume.

_Po
P=73

(A)

For adiabatic compression, initial conditions are Po

3
and 3v,, . Fina volume and pressure arev,, and 372 p,,.

Q.35

Q.36

£ (@vg =33 py(vgr = 31 = 3

% _E y_é
or "—1= :>—3

3
i.e. gasismonoatomic

®)

KEnqx T

Applying TVY-1=K for adiabatic process—
TV t=T,V,rt

y-1 5/3-1
T ()" (aw)"* s
T\ Vo

(A)prs (B)q (C)pr.s (D) ar
(A) If P=2Vv?2, fromanideal gasequation PV =nRT we
get
2V3=nRT
withincreaseinvolume
(i) TemperatureincreasesimpliesdU =+ve
(i) dw=+ve
HencedQ=dU +dW = +ve
(B) If PV2=_constant, fromanideal gasequation PV =
NRT weget VT = K (constant)
Hencewith increasein volume, temperature decreases

PV
Now dQ =dU + PdV =nC dT - E dr [~ dV =-
Y
?dT]

PV
=nCdT ~~—dT =n(C,~R) dT

withincreasein volumedT =-ve
andsinceC,> R for monoatomic gas. HencedQ =-ve
withincreasesintemperaturedV =—ve,
S W=—ve
(© dQ=nCdT=nC dT +PdV
= n(C,+2R)dT =nC dT +PdV

dv
L =+tve

2nRdT =PdV .. aT

Hence with increase in temperature volume increases
and vice versa.
dQ=dU +dW = +ve
(D) dQ=nCdT =nC, dT + PdV
or n(C,—2R)dT =nC dT +PdV
or —2nRdT = PdV
dv

" ﬁ =-ve



.. with increase in volume temperature decreases.
AlsodQ=n(C,—2R)dT

For expantion dT = —ve but C, < 2R for monoatomic
gas. ThereforedQ = +ve

withincreasein temperaturedV =—ve,

W=-ve

Q37 (A)p,s(B)s(C)p.s(D)q.r

(A) PV =nRT
1

1 1
P=(nRT) v = (constant) VR Pa v

T = constant i.e. isothermal process

1 .
As v decreasesor V increases

AW = positive
and AQ=AU + AW =AW >0 (AU =0)
(B) AQ=0andV =increases

AW = positive
(O PV=nRT V oc T (P = constant)
Asvolumeincreases, T aso increases
i.e, AU>0
and AW >0 SoAQ>0
(D) For cyclicprocessAU =0
AW <0 (anticlockwise)
AQ=AU+AW<O0

NUMERICAL VALUE BASED
Q1[4

ProcessA —» B

W g = J.Pdv = Inglzdv

3 1 __
= [STY2xZRT V2T
2 3
Onsolving, WAB:50R250X8.3:415J
ProcessB —» C

1 12

U= -V
2

§RT _ Ly
2

Q.2

Q3

Q4

Kinetic Theory of Gases and Thermodynamics

1600

Now Wy = IPdV = 1_([0

1 2
dv - 2V
3V 3\/_

2 2
= —[40-10] = —x30 =
3[ | 3 20J

Total W =415 + 20=435]

(0005
Temperature is constant
CodWe ﬂ_ Adx
= AE =0, dW =nRT v =nRT AL/ 2
Q=AE+W
dwW nRT dx
= =T T~ T
dt L/2 dt
dQ_dw
dt dt
L AT _20RT (d_xj
= 900 L ~ L \dt
dx kx27
= =
dt  900.nRT
_ 4155%x27x2 _ 1 I
= 900x0.5x8.31x300 _ 200 "S- >mm's
(0002
Q=7J
AQ=DU+W
7=nC AT +PdV
5
:nERAT+nRAT

7
7= (NRAT) = nRAT=2J

[0075J]

f 5
AV = 5 nRAT= = (PV,~P,V,) =63

mgx + 5 kx? + PyAx = Dy

Oy =12
=AQ=75J
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Q.5

Q6

38

[2400]

7
AtBandC (Tg=TY) Q= P xm, gh
PV PcVe 7 ”
= = - x74x9.8x12~3x10°J
Tg Te 2
~n=3
FsVa P.3V,
= 7 1
Ty T, Q (1]
— PV
P, =3P F=—39 (M, -M_)
forlineACPa V (straight linethrough origin) RT
Fu, _ Mar —My,
R Vo 3V, Fie  Mar —Mype
so = = —
P, ™V, Va =108
=P.=3P, 8
Thus P.=3P,;P,=3P.=9P, ... () Q 2
V=3V, V=V, do 100-0
—~ = R ; T,=40°C, T =60°C
P,V dt .
AYA
T=""= .. D)
nR | Q9 11
fromAtoB ; sochoricPTT T
0T, >T, 40-T _ T-20 .\ T-0
for CtoA;both(PRV){ 0TV Ry/2 = Ry/2 " Ryl4
Thusfrom B to C ( we could have maximum tempera- T=15C
ture)
P=aV+b -0
Ry /4 =i,=i,=6Js
6P, .
- p=—| = | +12pP Heat supplied=6x 5.6 x 10*=3.36 x 10°JIn5.6 x 10's.
2Va ’ amount of icemL, =3.36 x 10°
3P,V
= =- +12P, KVPY
VA PREVIOUS YEAR'S
PV =nRT Q1L (B
3P,V
(— A +12PAJV - ( %
A
V \%
T T
forT d—T=0 lam 0.5am
dv After opening of at equilibrium temperature and
—6P, pressure of wholegasis T, and P,
Vv V+12P =0 1xV 0.5xV x4
A n, = » Ny =
B B RT RT
V=2V, =P=6P, n+n,=n
u 6P, (2V,) 12P\V, V Vx4 _5VR
N N o RT 2RT RT
T ., =12T,=2400K 3V 5VR
RT RT,
(3
w=m,gh R _06
T, T



Q.2

Q.3

Q4

Q.5

AQ = 01
S AU=0
nCT+nCT=(n+n)CT,
T =T

P 06

AW =0

-

T T
P,=0.6am

©

PV=NxKxT

whereK isBoltzmann constant
10°x100=Nx1.38x 102 x 273

N ~ 3x10”

®)

Pressure of gasis app. same everywhere in the vessel

®)

Mole conservation

n+n,=n
n n,
\Y \YJ
. n
Initial no. of moles=n, =n,= E

finally when temp of 1 vessel isT & another is2T

(A)
PV 10°x1

n=RT % %300

=40

N =40x6.023 x10% =24 x10*

Y
Average sep. = (H] =1nm

Q.6

Q7

Q.8

Q.9

Kinetic Theory of Gases and Thermodynamics

(A)
\/3? [T
P=Nx2mV

rms

101x10°=Nx2x5x10%"xV __

1.01x10°v/5x10°

N =
2x5x102'/3x1.4x10% x 293
=6.43x 107

®)

energy conservation
1:l f2 feq
EanT +En2RT2 = 7(”1 + nz)RT

fing +15n,
N, +n,

S8 e el Roe el
= = +
Yeq—1 (m+ny )Ly, -1 n+n, Jly,-1

put n,=1and n,=n

feq =

= n=2

)

PV=nR300and(4V) (5P)=n,R400 ... Q

= gaswill move from high pressure to law pressure
meansC,to C;

after long timefinal pressure P,

P,V =n'; R300 and P,(4V)=n’,R(400) ... 2

now n, +n, = n'l + n'2
PV N 5PV RV N 4RV
R300 R100 R300 R400

= — +5P=-2+P

3 3 0
16p _4R
= 3 73
= P,=4p
4PV
n. R400
Now, —2= =3
m RV
R300

210g+p; Vg=p,Vg
p;,= density of air inside the balloon
p, = density of air outside the balloon
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Q.10

Q.U

Q.12

40

_, _210_ 210
po pin vV

nr’

wl s

TO Tl n

PM(l 1 ]_210><3

? Anr®

1 1 _ 630x8 831 _ 10007

T T NPT 3
) . 4,1(11_7) 10°x30x10

n

T,, =384=111°C
closest answer the option (C)

®)

PV'=C

P=T'=C

(0.28) x (233)' =1-/xT
7

5
(0.28)1—7/5 X (233)7/5 = 11—7/5 X T7/5
T75=23375 % (0.28) 25

233
T= (0.28)"

T iscoming
morethan 298 K or 25°C
.. Tismorethan 25°C

soto cool it an extraac isrequired.

(A)

gas H vacuum

AN WNY

expansion is against

vacuum .. AW =0

Insulated container .. AQ=0
first law of thermodynamics
AQ=AW + AU

0=0+AU

0=0+AU

AU=0

(©)

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

W >W_>0
(A)
AV, _RV,
r-]1 n2
v
RV, _ '3 —n= n
n, n, 2 3

2
Now, 3 of Gaswill come out to makethe presence P,

Hence 66.66%

D)
AQ, ,=AW

12

Fo 1

\
W, = AW+ AW,

total

10=AW,,~20
AQ,=AW,,=30J

©
from graph

®)
For adiabatic process
Pvi=C

dp
—1 VV —
Pyt + _dv 0

_yo
YP==V Y

Hencen=1
(A)

®)
PV2=C

nRT
= (T]Vz =C
=>TVv=C =TV, =TV,

= If temperatureincreases, volume decrease and vice

versa.
=V,>V thenT,<T,

D)

5
Monoatomicgas = Y= 3



Q.20

Q.21

n=1

Pvi=C

Herea =3

Heat capacity
R R

C=—__"
y-1 o-1

on comparing with PVe=C

R R

c-R[3-1)
2 2
C=R

®)

Ideal gasequation PV = nRT
For isobaric process

V= (g} T (V o T(straight line))

Q.22
. nR
Slopeof line= )
1
slope o« —
p *p
slope ,> slope, > slope,
P,<P,<P,
(A)
[Note: No. of moleof gasisnot given, we have assumed
no, of mole=1]
_Pv
R
P(atm)
N
i SV (it
2 4 6 m
T will be maximum when PV is maximum Q.23

T PV _ (4+2sin6)(4+ 2cos0)
R R
As sind and cosd both

can not be equal to 1 for same value of 6

36
... T can not be R

36
T, .. should be less than R

Kinetic Theory of Gases and Thermodynamics

1o
P R curve

Tf:24

R

|sothermal curve
of temp. = 24

R
\V

curveisaboveisothermal curve
. 24 .
.. temp. ismore than R on the given process

SoT__ liebetw 2— d§
e 1€ eenRanR

only one option is present

(A)
Adiabatic process
TV1=C

3
Ans. given is TV 2e®" S0 no option is matching may

be due to printing mistake.

(©

As dimension of hole is very small than mean path,
then at equilibrium effusion rate of gasin both direction
must be equal.

hole®

41
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Q.24

Q.25

Q.26

42

R_bH

VT T

T
Mean free path OCE

For this

ML B
7\’2 T2 H.
Q.27
T AT
T, T
M T 150
A, T, 300
Q.28
(A)
In sudden expansion gas do not get enough time for Q.29
exchange of heat.
.. Processisadiabatic.
(A) Q.30
b . ¢
N 4
s>—d
bc = Isothermal process so U remain constant
cd = |sentropic process so S remain constant
U Q.31
c
d
>\ Q.32
bc should be straight line parallel to & cd graph should
c
be k
d
(D) Q.33

(A)
U= EP'V+c:§nRT+C
2 2

f=5 y=7/15
PV 75 =constant = P°V” = constant

©
(A), (B) & (D) arewrong and (C) iscorrect

D)
AU=f2(AP)V =250

®)

vV, +nRAT
W=nRT In v, 1—y

and TV2r_1 = Tf ny_l

1
T, i1
V, :(?f) V;

V, isgreater for monotonic
(A)

AW =—

AU =0

AQ =_

(A)

PVZ2=B = constant

& PV=nRT

= nRTV =f = costant
frominitial conditionof T & V
B=0.073pa—m®

®)

"o,

:WZnQin

Q:det

For maximum amount of work, efficiency should be
maximum, meanswe haveto assume carnot engine.



.'.n:l—Lzl—@
T, T

W= j nQ, = _z(l_@j cdT

=-C[T-200/nT],

W= —C{—200+ n [%) 200}
C=1(Given)

- W=200- ZOOEH(EJ

v of)

Q.34 (B

Cr=7vC—1R
YR= (y-1)C,
R C,
y-1
_ Work done
1 Heat supplied

NC,AT —nRT/n (E]
p— 2 =
n= nC,AT

N~

R
nCF,AT =2nRT/n—=

Pz
ﬂ 1-y ~ L Y
R, T,

Kinetic Theory of Gases and Thermodynamics

Y

YR T Vi
—(T,-T)) = 1
y—l( »—T) 2RT (n [T ]

2

T,-T,=2T ¢n T
Tl

X—=1=/n(x?)

xt=gt

Option (B)

Q35 (A
For ideal gas
PV =nRT
(n=1),0PV=RT
Pv=8314T
Slope of continuous line should be greater than dotted
line

JEE-MAIN
PREVIOUS YEAR'S
Ql (@

5
du=nC,dT = nE RAT

7
dQ=nC,dT =n x - RAT

dW =nRdT =nRdT
du:dQ:dw

5 7
= nEanT: nz RdT : nRdT

5:7:2
Q.2 [3600]
30m/sec
f=3 T — v=0
ki + ui =kf + uf

PN I
ngasv + 2nRTi—O+ 2nRTf

3 1 5
EnR(Tf—Ti) =5 MgV
§1R T—14 30)
> (DRIAT] = > (4) (30)

X
AT = R "R = x =3600

Q3
Maxwell'sBoltzmann distribution curveisawaysdravn

for no. of molecules (N) vs velocity of molecules. so
statement-1 isfalse.
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Q4

Q5

Q6

Q7

Q.8
44

3
T.K.E. of diatomic molecule = > KT

2
R.K_.E. of diatomic molecule= E KT
Statement-2isfase.

[259]

using energy conservation

fE><2><4.5+%><3.><5.5:%><P><10

2 9+3 1 Px10
X = x — =Px
2 2

1—8+§—P 10
2 2 7~

P=2.55atmosphere

©)
U=3PV +4

f
5 PV=3PV+4

f—6+i
PV

f>6 .. Polyatomic gas.

[400]
3RT
Vrms_ M0
3R x 300
200= M,
X 3R x 400
V3TN M
20 _[3
x N4
J3
2003 _ |3
x \2
X =400 m/s
@
R
5 =
(3)

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

PV =(n +n,+n)RT

PxV = 1—6+§+ﬁ RT
32 28 44

PV:[%+1+1}RT

(4)

L RT
J2nd?N, P

A =102 nm

(1)
Since each vibrational mode has 2 degrees
of freedom hence total vibrational degrees of
freedom = 48
f=3+3+48=54

2

28
—1+5===103
v f - 27

)

Let the final temperature of the mixture be
T.

Since, there is no loss in energy.

AU =0

R P _
:EanAT+EanAT—O

Fl F2 _
= 5 NR(T,-T)+ 2 nR(T,-T)=0
F.n,RT, +F,n,RT,

En T, +FEn,T,
=T="EnR+FEN,R =

Fn,+En,

(2)
2)f=4+3+3=10
assuming non linear

(1)

Energy associated with each degree of free-

1
dom per molecule = 2 K, T.

3)



Q.15
Q.16
Q.17
Q.18
Q.19

Q.20

Q.21
Q.22

Q.23

Q.24

Q.25

Q.26

M Q.27

Q.28

Q.29
@
€

@

3RT
M w

Veus =

1

o

At the same temperature Vevs &
=V, >V >V,
Option (1)

€
PV =nRT Q.30

25
400x 10*x 100x 10°=n (?j (300)

2
n=—

25
n=n,+n,
2_M M
25 2 3R
Also M, + M, =0.76 gm
M,_16
M, 3

Q.31

@

Kinetic Theory of Gases and Thermodynamics

(3)

[500]
Given
TrandationK.E. of N, =K_.E. of electron

§kT=eV
2

3
5 x1.38x102T=16%x10"x0.1

=T=773k
T=773-273=500°C

(50]
PV3=K
PVX=K
X=-3

nRAT nR(200)
== %_1|="| —3_1 |F90(R)

V32 = (K)3/2T

45
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Q.32

Q.33

Q.34

Q.35

Q.36

46

TV32=const. = x-1=-3/2
x=-1/2

NRAT
T x+1

Q.37

(O]

UR)(0) _

+1+1
2

60R

@

W, =2PV, /n2

Wpe =PV,

Wea =

WABCA =(2 A /n 2—P1Vl)
=nRT (2 /n2-1)

Q38

@
P-iv ; Q-iii ; R-ii ; S

(h)
W, g =nRTIn2=RT In2
Wg=0

P Q.39
4

WCA:—l_,Y :2(1—’)/)
_RT
WABCA:RT|I’IZ+ 2(1_ ,Y)

1
RT = |:|n2 27 1)}
1
Heat and work are treated as path functions in
thermodynamics.
AQ =AU + AW
Sincework done by gas depends on type of process
i.e. path and AU dependsjust on initial and fina
states, so AQ i.e. heat, also has to depend on
process is path.

Q.40

(113)
T Q.41

n=060=1-=
Ty
T
T =04=TL=0.4x400
H

=160K
=-113°C

(4)

-2 = 2T ow=0,-9)
n B Tl Ql - Ql - ! 2
40_, W
800 Q,

w_, 1.1

Q, 2 2

Q, =2W =24001J

(2)

(2) Option (a) is wrong ; since in adiabatic
process V = constant.

Option (b) is wrong, since in isothermal
process

T = constant

Option (c) & (d) matches isothermes &
adiabatic formula :

TY
P

TVvY—1= constant & —= = constant

(1)

Adiabatic process is from C to D

_200(3) - (100)(4)
- 1-14
=-500 JAns. (1)

1)
PV" = constant
Differentiating

dP P
v Vv
dP  ydv
PV

(4)

1 S$1>S,

After piston is removed

S ) Stota =1+ S,
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1
Q.42 [100] B ~R[3T,]
Work done = — NRIT, — T -_4 > = —%RTl
Q43 @ v-1 z
3
Q.44  [17258
Q2  (A)-prt,(B)-pr (C)-qs, (D)-r,t
Q45 (2 A—>B=V.!Pconst=>TIU!
P, (), ®
Q46 4 B>C=dwl0
PITI
Q47 (2 dd = du +dw
), ()
Q48 (9 C»>D=Vi=Th
du= +ve
Q49 (4 do = +ve
(@, (9
Q.50  [500] DA =dw=-ve
), ®
Q8L @ dg= —ve
Q52 (1) du=0
Q53 (1) Q3 O
Q.54 [480] 3RT
v=15 VRms e _ Mye _ Mar _ 47:') :\/B ~3.16
plv:\L/ = pzv\é VRmsAr 3RT mHe
(200) (1200)*5 = P* (300)*5 Ma
P, =200[4]*2=1600kPa
480—240 R
p— V — —
W= PPeP :( J =480 J AQ=NC AT
v-1 0.5
=2 (—R + Rj AT
Q55 (4
Q.56 [25 =2FR+R}X5
Pressure is not changing = isobaric process 2
5nRAT
=AU=nCAT = =2x — x8.31x5=208]
and W = nRAT
AU _S5_X 9500 Q5 (D
W 2 10 oRT
1: Ml (I)
JEE- ADVANCED
PREVIOUS YEAR'S p,RT )
Q1 (A) P,= Mz_ (i)
1 . N
Number of molesof He= Z by (1) and (ii)
Now T, (5.6)1=T,(0.7)"* P8
2/3 p2 9
r,=7[3)
1772\ 8 Q6 (ABCD)
4T =T, q=mCT
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Q.7

Q.8

48

dqg dT
— =mc —
dt dt
. dq
R =rate of absortion of heat = P C
(i)in 0—100k
C increases, so R increases but not linearly Q9

(il) Ag=mCAT asCismorein (400 k —500 k) then (0

—100K) so heat isincreasing.

(i) C remains constant so there no changein R from
(400k—500Kk)

(iv) Cisincreases so Risincreasesinrange (200 k —

300K)

(A)
PA
32P,
Q.10
P,
>V
In F>G work donein isothermal procesisnRT In
Vi 32V,
v =32P,V,In A
=32P\V,In2°=160P,V In2
ING—>E,AW=P AV=P 31V )=31PV,
InG — Hworkdoneislessthan31P\V, i.e, 24PV Q.11

InF— Hwork doneis36 PV

(2

w,, =150J

W, =200J
Q,=500JSoU,=300J

Pa
a — f
i b
1003 2007

So Uf =400J

Uib=1OOJ

Q, = 100 + 50 = 150 J
Q,,=300+150=450]

Qur  450-150 _2

Sotherequired ratio Q_m =150

(D)
Let final temperature of gasesisT
Heat rejected by gasin lower compartment (nC AT) =

2x %R(?OO -1
Heat received by gasin above compartment (nC_AT)
_ 2x %R(T _400)

Equating above
2100—3T=7T-2800
= T=490K

D)
AW, +AU, =AQ,
AW, +AU, =AQ,

AQ,+AQ,=0

7 5
ER (T—400) = ER (700—T)

_ 6300
T12
S0 AW, +AW, =2. R. (525—400) + 2R(525—700)
= +250R-350R
=—100R

T =525K

©)
RV, - PV,
y-1

In first process, AU =W = =112.5J

In two-step process, AQ =AU + (W, +W, )

=AU +P(V,-V,)=112.5+ 700=812.5]
Hence, (D)

Answer Q.12Q.13and Q.14 by appropriately matching
the information given in the three columns of the
followingtable.

An ideal gasis undergoing a cyclic thermodynamic
processin different ways as shown inthe corresponding
P-V diagramsin column 3 of thetable. Consider only
path from state 1 to state 2. W denotes the
corresponding work done on the system. The equations
and plots in the table have standard notations as used
in thermodynamic process. Here y is the ratio of heat
capacities at constant pressure and constant volume.



Q.12
Q.13

Q.14

The number of molesin the gasisn.

Column-1
Column-2
Column-3
1

) Wy, = Tl( BV, - Plvl)
(i) Isothermal

P 1 2
P

»
!

V
mw,,,=-PV,+PV,
(i) Isochoric

P

R§
Q@ 2

(mnWw,_,,=0
(iii) Isobaric

v

P

Y
(R)

(V,)
(Iv) W1~>2 =-nRT InLVZJ
1

(iv) Adiabatic
P

|

(A)
®)

©)
12to14

<v

Q.15

Q.16

Q.17

Kinetic Theory of Gases and Thermodynamics

_RV,-RV,
y-1

(iv) AdiabaticQ

. W=-P(V,-V,)

(i) Isobaric P

. W=0

(i) Isochoric S

. W

V.
W =-nRTIn—2
V. Y

1

(i) Isotherma R
(B,C,D)
T4
_____ Il
| i
""" v

\Y

(A) Process| isnot isochoric, V isdecreasing

(B) Process|| isisothermal expansion.

AU=0,W>0

AQ>0

(C) Process|V isisothermal compression.

AU =0,W<0

AQ<O0

(D) Process | and Il are NOT isobaric because in
isobaric processT o V henceisobaric T-V graph will
belinear.

(900)
V=V
V.= 8v

5
For adiabatic process {Y = 3 for monoatomic process

TVt =T,V
100(v)*® =T, (8v)?*

AU = nc, AT = 1(F—2Rj[1oo- 25] =12 75 =900 Joule

©

Process - | is an adiabatic process
AQ=AU+W

AQ=0

W=-AU

49
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Q.18

Q.19

50

Volume of gasis decreasing = W <0
AU>0

=Temperatuer of gasincreases.

=No heat isexchanged between the gasand surround-
ing

Process - |l isan isobaric process
(Pressure remain constant)
W=PAV=3P[3V -V ]=6PV,
Process- |11 isan isochoric proces
(Volumeremain constant)
AQ=AU=W

W=0

AQ=AU

Process- IV isan isothermal process
(Temperature remains constant)
AQ=AU+W

AU=0

(A,B)
Fromgraph

RT,
Process1 — 2isisobaricwithP= VA
0

Process2 — 3isisochoricwithV =2V |

RT,
Process3 — 4isisobaricwithP= 5,
2V,

Process4 — lisisochoricwithV =V

RT, RT, RT,
i - Vy——2V, =
Work incycle= Vo 0 2V, 0=,

_ _ SR
Q.= nCpAT =n. 3 T,

B 3R
Q,,=nC AT =n. 3 T,

5

3

Qia
Q2—3

_ __5R T,
Q3_4 = nCpAT =n. 77
Qi
Qs 4

. =2

(A,CD)

B c - 3R
n, =5moles =y PV,T

5R
n,=1mole Cy, =

5><3—R+1><$
C). = nlc\,1+nZC\,2 _ 2 2 :ﬁ
v n+n, 6 3

Q.20

™= ) 5
.. Option 4 iscorrect
5R 8R

C)n="3 *R=7

V, Y
(1) RV = P(TO) b P=P,(4)* = 9.2 P which is

between 9P, and 10P,

5RT
2

3
(2) AverageK.E.=5x 5 RT+1x

=10RT
Tocdculate T

FoVo _gop « Vo
Ty 4xT

9.2
=—T
so T 2 0

T
Now average KE = 10R x 9.2 70 =23RT,

BV,=P\,  PV,—9.2R x 0

= 4
- — _13RT,
v-1 3/5 0

()W =

4
(I) Degree of freedomf =3
Work done in any process = Area under P-V graph
= Workdoneinl—-»2—3=PV,
_RT,
=3'=@Q
(I1) Changeininterna energy 1—»2— 3=
AU=nC AT

NRAT

NI+ N

(vaf_PiVi)

3 (3R,
== (702\/0 _Povoj

2

=3PV,

=AU=RT = (R)
(111) Heat absorbedin1—2— 3
for any process, 1% law of thermodynamics

AQ=AW+o
RT,

3

AQ=RT, +

4RT,
3

AQ=

(V) Heat absorbed in process1— 2
AQ=AU+W

=



Q.21

f
= S (RV, =PV +W

3
=3 (PV,—PV)+RY,

5
= EF’OV0

ﬁ(ﬂj
“20 3

T

(D)

Process 1 — 2 isisothermal (temperature constant)
Process 2 — 3isisochoric (volume constant)

(Y Work donein1—»2— 3

W = Wl~>2 + W2~>3

Vv
=nRTIn (—fj +W,

\%
RT, (2V.
- —9%In| —2
-3 [VO \J+0

RT,
W= 30 In2 = (P)
(INAUin1»2-3

f
AU= 5 IR(T=T)
3 T
_°g|T, -2
2R( ° 3J

_3g[%e
2 3

AU=RT = (R)

(111 For any system, first law of thermodynamics
forl—»2—->3

AQ=AU+W

- RT,
AQ—RTO+ T In2

A= RT,
T3

(IV) For process1 — 2 (isothermal)
AQ=AU+W

(3+1n2) = (T)

f
=5 NR(T~T,)+nRTIn(V /V)

T, 2v,
- 9 |In| =—2
‘°+R[3j {vJ

Q.22

Q.23

Kinetic Theory of Gases and Thermodynamics

RT,
AQ= TO In2= (P

(L77t01.78)

Fs
P

P

4

P,

»

1 a, 32v,

ﬂ 53

4(4v1) =R, (32v,)"
Pzﬂ(zf’:i
2 4.8 128

R
_RV,-Ry, V553

v-1 §_1
3

Wadi

_BV,(3/4) 9
- 2/3 g*'!
V\/iszlvlln(%J:ZFivlan

1

W :—22V1|n2=EIn2=fln2
Wmio ~PV
8 191

f= % =1.7778~1.78

©
Assuming temperature remains constant at 300 K
FromPV. =PV,

(1) (2
2)_ 2

T T

P;

(p.—P;)A =mg

51



Kinetic Theory of Gases and Thermodynamics

Q.24

Q.25

52

nRT[i—i}:mg
4-x 44X

44+ X—-4+X —mg
16-x?

3[ 2X ijl
16—x

6x=16-x2
X+6x—16=0

x=2

distance =4+2=6m

(0.1)(83) {

(209)

.26
W:(AP)WQX4nR2a Q
_ dP 4nR2a‘ Q.27
>

{for small change (AP)EWg <P> arithmetic mean}

=PV'=c= dP= —yEdV L N
\% v
= %x 4nR’ax 4nR’a

- ™ gR%x4nR%
2x4nR

= (4pRan2)3—2y
s X=205

©

Process 1

P = constant, VVolume increases and temperature also
increases

= W = positive, AU = positive

= Heat is positive and supplied to gas

Process 2

V = constant, Pressure decrease

= Temperature decreases

W = [pdv =0

f
AT isnegativeand AU = 3 NRAT

= AU innegative
AQ=AU+W
.. AQ — Heat is negative and rejected by gas

Process 3

P = constant, Volume decreases
= Temperature also decreases
W = PAV = negative

AU = fEnRAT = negative

AQ=W + AU = negative

Heat is negative and rejected by gas.
Process 4

V = constant, Pressure increases

W=jpdV=o

PV =nRT = Temperatureincrease

f
AU = > NRAT ispositive

AQ=W + AU = positive
Ans(C)stepland step 4

(A)
®)



Elasticity and Thermal Expansion

| EXERCISES-1 |

ELEMENTRY
Q1 (3
FL 1
|=—=loc—
YA A
Q2

Q.3

Q4

Q5

Q.6

Q7
QS8
Q9

Q.10

Q.u

FL LoLoL (d) 1 (17 1
| =-——-Z>|GZ—E-:>—L::—J=X 2 = =2 ==
AY @ L L, \d) 2.2) 8

@
Becauseduetoincreasein temperatureintermolecular
forces decreases.

&)

Breaking Force o«c Areaof cross section of wire (rr?)
If radius of wire is double then breaking force will
becomefour times.

@
Intheregion OA, stress« straini.e. Hooke'slaw hold
good.

Q)

As stressis shown on x-axis and strain on y-axis
1

Y—cote—i—
So we can say that tano _ slope

So eadticity of wire P is minimum and of wire R is
maximum

@
€
@
0 4x10*
=—= 30°=0.12°
Angle of shear ¢ 3 100 X

(€)
Adiabatic elasticity Ko. = yP

@

Area of hysterisis loop gives the energy loss in the
process of stretching and unstretching of rubber band
and thislosswill appear in the form of heating.

Q.12 (4)

u:i(ﬂ)m.

. 2
ol L s Uoecl

2 2
Y, (L :(Ej = 25= U, =25U,
u, \1,) "2

i.e. potential energy of the spring will be25V

Q13 ()
. 1 . \2
Energy per unit volume =E><Y><(Stran)
o strain = /E
Y
Q.14 (3
Q15 @

Increasein tension of wire=YA aA0
=8x10°%x22x10"x10?x10*x5=8.8N

Q16 (3
F=YA aAt=2x 10" x 3x 10 x 10 x (20~10) =60 N

JEE-MAIN
OBJECTIVE QUESTIONS
Q1L (9

d=4mm

Y =9 x 10 N/n?

F Al

A

Al 1
F=A A =m(2x1073)?>x 9 x 10°x 100 =nx4x10°x9

x10"=3607N

Q2
FIA

NI

LOAD

o ELONGATION

53



Elasticity and Thermal Expansion

Q.3

Q4

Q.5

Q.6

Q.7

QS8

Q.9

54

i_ Y rr?
Al l
R1_,
A Z YA
= Y & ¢ aresamefor al then
1 Q.10
For sameload r o E
©)
-2
X .
F=nA_ :o.4x1011x1x.005x%
=4x10*N
©)
AV AP _ 1x10° — 8x107 Qu
V B 125x10"
® . . Q.12
On heating volume of substance increases while mass '
of the substance remains the same. Hence the density
will decrease
@
K= AY K'= AAY =8K
T T2 T
U %X8K x Al?
ST, =U=16J
“xKxAL?
2 Q.13
@
1( YA
U==—|I°L. . 2
2( L j S Ul
u, (1Y (10
—2_|2 :(—j =25=U,=25U,
u, 2
i.e. potential energy of the spring will be 25V Q.14
©)
GivenL=1mm,AL =6x 10°mm
o=12x10%k?
then
AL =La AT
6x 10 mm=(1mm) (12 x 10°) AT Q.15
AT=5°C
(1)
Given

L=25cm,A=0.8x10*cm?
AT =10°C, 0.=10%°C?1, Y =2x10N?
then

AL _ aT=E
L T Ay

F=aAYAt
= (10%)(0-8 x 104) x (2 x 109 x 10
=160N

©)

L,=L+La, At
L,=L+La,At

Stress, Y, LoyAt L
Stress, L Y,La,At

2Y, Y, 3

1=37,=7, 2

)

| =CMR?

dl =2CMRdR =2CMR[RaAT] =2alAT
@

AL
FZAYT =AY oAT
F AYoAT
f=K,—=K
[ PA
Yo
=>fa,—
p

)
We know that

1 1
U= 2 x stress x strain x volume = 2 x'Y (strain)?

volume

1
U= Y (aAT)?AL

U oc AT?
U o (t- 20)?

@

AL
T =oAt= —a20

means read more so actual isless

@
GivenL =20cm, AL,=0.075¢cm, AL, =0.045cm
AL =L o AT
0-075 =200, (100)
0-045 =200, (100)
Letfor thirdrodL,andL,=20-L,



Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

So AL, =AL, +AL,
=0-06 =L,0,100+(20-L)) o,
100
L, =10 cm.
@
Given
f = coafficient of cubical expansion
pSpere = pl,
266.5  1.527
= (7}3 1+ 35f
i
312
= f=8.3x10%.c
2
_ Ay AL
L(1+ aAt)
_Acat
1+ at)
(1)
At0°C
then P, V.9 =W,
(1)
Att°C p'v/g =W
(2
PV =P VS =m

NE)
Q- =@’ 'V, -pV)g=W-W,
W=W +(p {1-yt} v,(1+y,)—pVv)g
=W, [1-(y, =)

@
V,>V,
v > 3o

(©)
LA+, AT) +0,(1+0,AT) =4,
L=+ 0+ (Lo + LoL)AT

0=+ ) |10 D% % yp
i+, '

©)

o+ ayfor x -y plane
Bepey =3 % 10°per °C

@

yoil = ’Yveﬁel = D

Volumeincreases but mass remains same.
(3)

Y Y <V

AV <AV,

Apm < ApAI

mass of alchol is less)

Pm =2 Py
So completely Immersed
SoW,>W, [.- Displaced

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

Elasticity and Thermal Expansion

(3)
nR
PAV =nRAT AV = ?AT
AV = — AT
% ot
1y_ T
4

Initially p_p, and V density of sphere, density of liquid
and volume.

BT’ — BT %100 = Vs’plrg ~ Vsplg

T sHl
-y, At)—1] x 100
=—0.05 (decreases)

x 100= [(1+y,At)(1

@
AL
- *100=1=1000At=1000(T,~T))

AA
A x100=200 oAt =2%

S
AL=AL +AL,
(BL)a, At=LoAt=(2L) (2a) At
a+4o 5o
Olpg = =
3 3
©)
V_ denote volume of murcury
Vair: Vflask_vm = V’flad< _Vm,
Vi —300=V,  [1+3%x(9%x10°) At] —300[1+8x 10
AL

_ (300x1.8x107%)
flsk 27x107° At
3
Given vy, -y, =c¢C
and Y=Y =S

At=2000cm?®

:|:> ys:C+yC_S:3a’S

o _CHv.-S
3
3

pU°C hlg = p30"(: h2g
P, (120) = p, (1 —130) (124)

y=[1-2290 L 195104/
124 )30

55



Elasticity and Thermal Expansion

Q.31

Q.32

@
On heating the expansion will take place hence both
the distances will increase.

@) Q4
a0°C
V., =20A;
Now attime Ty read 120°C
So.V', =A(120)=30A (1+y,T)
andV’' =Ah=20A(1+y,T)
... 120 30
Dividing h 20

V,,=30A

=h=80.

JEE-ADVANCED
OBJECTIVE QUESTIONS

Q1

Q2

Q.3

56

(A)

L A‘€air = a

Aéwater = EW

Lo
a~ YA w
Q.5

Wi Pw L
= Po

YA

F X Q.6

500 106 X
—_— X
4x16x1074 4x10°2

5x1072

m = 0.156cm

(D)
depth=200m
AV 0.1

=—==10"°
VvV 100 Q.7

density = 1 x 108
g=10

g= AP _ hop
Av/v Av/v
= B=200x10x10®x 1000 =2x 10°

_ (3mg) /4,

ALy ALY,

_ (2mg)/,

AL, ALY,

Aly = 20,ALY,

4
f Y& 7 are constant.

F-AY%
B ?

= Fuax A;= F=4F

D)

(B:Zm fS:L
AB:20m2 Aszlcm2
Aly= Al
F g F ls
AB YB B AS YS

AsYs 1 2x10tt



_ 1(FY
PE (per unit volume) = o>V

A
PE o« 1/A2
PE, A.
PE, ~ /-\f =16:1
Q8 (B

Givenvolumeat 0°C=V|,
cofficient of Linear expansion = a,
cofficient of cubical expansion=1y,_

V.-V, VY (1+vAT) - V,(1+3a,AT)

Sy A, (L+2a, AT)

0

VT (v-3a,)
A, (1+2a,T)

Q9 (©
Vb' pb,

’

Initially P= YoPo pr_
A, A,

V, (1+10° x10) oy
A, (1+2x10°x10) (1+10°x10)

B P
1+2x107

!

' _ -2
(PF_ jxloozl(lelo)xloo — 20

Q.10 (©
dx = Adx

X dx

AL L
[ Adx = [dx(3x+2)x10°(20-0)
0 0

3x? -
AL =(20x 10°) [T+ ZXJ
0

312
AL =(20%109)| = +2L |=1-20m

L =L+AL

new

Elasticity and Thermal Expansion

(©

Let eq". temp =t then

m,s,t =m,s,(100-1) (D
d. =d, (1+a,t) (2
d, =d[1-a (100-1)] (3

Nowd,’ =d; ..(4)

So. d(1+ay,t) =dJ1-a(100-1)]

d, (1- 0,,100) - dy
[dR Op — ds 0(‘s]
Put the above value of tineg. 1.

m, 23
[Mu]t:loo; ==

t=

m, s, m, 54
®
w, =Mg-F,

1+y,AT

wW,=Mg-F | 77 AT AT |7 Mg—F,[1+(y,—7)AT]
Since, vy, <y,
So, w,>w, .
(A)
At40°C
1 Unitwill be=1(1+ o, At) units

=1(1+12x10°x 40) Units

S0100 Unitwill be=100(1+ 12 x 107 x 40) =Actual
100(1+40x12x10%) =1 (1+(2x 10°) 40)
l,=100[ 1+400x 10 >100mm.

®)
Givenp=14x% 10" Pa, .= 1.7 x 10°%°C*
AT=30°C-20°C=10°C

AV
jAPZ_BT

VLY

AP=B(3a AT)
=1.4x10"x3x1.7x10°x10
=7.14x 10" Pa

©
o Y,

oA Y,

1]
oN

0%

Y o AO -+ AB issamefor both

> |
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Elasticity and Thermal Expansion

B
A o
F Yoo
A,
Y. a
Vo= =3:1
2 Oy
Q.16 (A,B)
On heating or cooling water from 4°C it expandsin
both cases.
Q.17 (A)
In bimetallic strips the two metals have different
thermal expansion coefficient. Hence on heating it
bents towards the metal with lower thermal
expansion coefficient.
Q.18 (O
6x10°=1x12x10°x AT
6x10° e
12x10°® S TR T
JEE-ADVANCED
MCQ/COMPREHENSION/COLUMN MATCHING
Q.1 (ABC)
o mg
StressinwireB = 3n ré
o 4mg
StressinwireA = 3n r/f
. _mg _4mg
if 3n r§ = 3 r,f either wirewill break.
Q.2 (A,C,D)

58

Gravitational Potential Energy U = Mgl

1
Elastic Potential Energy U, = 2 stress x strain x vol-

ume
_1F L | F=me
2A1,  [V=A{,
1
_2n‘g

Q.3

Q.4

Q.5

Q.6

Q.7

Q.8

1
Heat Produced = U_ = 2 Mgl
(A,B,C,D)
On heating, every dimension increases.

(BC)
Strain— Same

F
Stress = K = constant

FocA
= For?

1 .
Energy = > stress x strain x volume

oc Area
oc 1?
(A,C,D)
(A) %riseinarea= AT =2(aAT)
=2x0.2=04%
(C) %riseisvolume=3 aAT
=3%0.2=0.6%
(D)a= m=0.25>< 104°C
(B)

Because floating

Vv
VI =p, (59

2p =p,

(A)

if y_ >y, then submerged more else come out of liquid
respectively

and v >y (aways)

(A)
V' =V[1+y.Af
p|, = p| [1_Y| At]

(2

P, [%j g=p,(1-7At) (%) (1+y,Atg

(I1—-y,At) (1+yAt)=1
(1-v,At) (1+ 30 At)=1
3o, —v,=0



Elasticity and Thermal Expansion

Q9 (A o o 1K 2
initially p,(A h)g= (p,A_h)g «”  3x10° T 3
(1)
N ) A ) h = lA ’ h ’
(02\;Vp.( < Mg=(p, AN)g 2x10° 100
©®=\3x600 - 3
p, (1—y,Ahh=p (1-3a At)h (1+a At) x
Y, =20
Q.15 (B)

Q.10  (A)p, <ror % Total weight = 1000 +w

1000 +w
weight on each rod = oW
PP 4
1+y, At 2
1+y At>2 1OOO—+W 6
" stress = Axdx10-2 =9x10
1
At> v = w = 14400—-1000 = 13400 N
N ; 1340
0. of personsare= —— =
T,-T>1 ST ST+ 50
v, Y,
Q16 (A)p(®B)g;(C)r;(D)q
lossin PE= Mg/
Q1 (O
-4 10
K:ﬂ _ 4%x107"x2x10 =2 x 108
4 4
K
= J: =100
m
Q.12 (D)
W(h +x) =1/2 kx? ) 1
L Elastic PE = EKXZ
100(0.99 +x) = 3 x 2% 106 x x?
10*x?—x—0.99=0 _1Mg foaL
100x (100x —1) +0.99(100x 1) =0 2 AL
_1 =MgL/2
X= 100 m=1cm
Heat =MgL —MgL/2
QI3 (A) =Mg L/2
_PL
AY Q17 (A)-(N:(B)—=() ; (C)=(p) ; (D)-(9
P xY 102%x2x10%
S B =5x 10" N/m? Q.18 (A)—-(p);(B)=(); (C)=(9) ; (D)—(a)
(A) Buoyant force= Mg = constant = Vg ,p, xg
Q.14 (O Mg
K =10°, K, =2x10° Vo™ 7 g -
1 1 N P9

volume of displace fluid = constant
density of fluid must be constant.
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Elasticity and Thermal Expansion

(B) (Vg,,— Vg, = constant
o~ Vs Al 22x10° ) 100
- = T = X
¢ 1.1x10"
Vo — Ivlsolid
= solid Pl = constant Al
tauid ~, =GAT=(2x109)=(2x109) (AT)
MyAT - o
VX3GXAT:YT Ar=1000°C
g Q3 [50
= y=30— Temp. isincreased by A6 then
Al =10AB
. Al
© Ah, dquuid =A(h, +h ) P, =M (massof solid) = AO = I_
a
M M M = (PASA0 = pAI S
hout = — hin = — = El - (pA ) - pA lo
APsoiid APsolid Adjiquid

constant A
when stretched, Stress=Y —

ML+30AT)  M@+yAT) M M |

A(l+20AT)p ~ A(l+20AT)d  Ap Ad
1 ALY (Al Y (ADZ2A
1) e
2

y=20+0a — - 2 | [ 2|
P
E,  pAISAIx2 2pSl
(D) Ah, d,,,, 9= Buoyantforce = constant = Mg o, E, TIxY(AD?A T a(Al)Y =500
q Q4  [0012
A,(1+2aAT)h T2 AT = constant
! Q5 [4
M Atequilibrium
h,= ag (1+(r—20)AT) 2T sin=mg
0
- YA
Y=2a =2 [ijsine.sin(a:mg
NUMERICAL VALUE BASED YA X2
Ql [0 =— X.— =mg
a 32
Al ©x0.05 1
—_— 1 1
! nx40 800 . a®mg |3 Imx5kgx10m/s? 3
=>X= =
YA (2.4x10° N/m?)x10™*m?
Al
T=Y — xA=200x10°x x1 %107 =5cm
I 800
=250N Q6 [2
F¢
Q.2 [1000] Al = A
Decreasein temperaturewould cause shrinking of wire, y
aswireis attached at 2 ends, this would result in ten- N
sion (stress) inwire. FIA =§
wen J A0
E - A_E 2x1073 -
A l
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Q.7

Q.8

Q.9

Q.10

Elasticity and Thermal Expansion

(4] KVPY
40 PREVIOUS YEAR'S
Stress= T3 =4 x 10* N/m QL (A
10 Will increases by an amount doAT
(1]
2 A
(AL) T, z @
L )~ AgY
S S'S Q.3 (D)
Increasein length of each liquid is same.
(A_Lj _ TS A=A
L B ABYB AVHQ _ A\/Bromine
strain equal nd? = —ndj
T. T
S = B (V)YHQAO _ A\/’YBromineAe
AsYs ~ AgYe w2 ad
T. T
= 107 - 02 1 10% &) Yw _18:10°
01 X 2 X 10 . X X dz memine 108)(10_5
Ts=Tg
Take torque absent O d; 1 04
Tgxx=Tg(200-x) d, = =0
x=100cm
I[_3<1,t us calculate elongation (&) in part length x from Q4 ©
lower side 9 S inp 9 When some boyd is constrained from expanding or
' bending then on heating thermal stress get develop in
mg the body.
=~ Stress=Y o AT
=2x10"x 1.1 x 10°% (40—25) = 3.3 x 10" N/n?
mg =3.3x10"Pa
Stress = H X
Q5 (A
dg mg Initially wireisslack soit do not have any deformation
Strain d = m energy. When block is given some velocity it move
X due to kinetic energy, one wire get taut. Internal force
g, X get develop in wire and KE start decreases and
J' g = mg j X dX deformation energy of wireincrease. Till block comeat
* YAL 0 rest using energy conservation
mg %m\F:%Y x (strain)’ x A x L
* 2YAL ,
lm\/zzlY x[ij xAxL
2 2 L
Z’;:upperhalf 2YA| 2 3 X=V m_L
= 2 = — . AY
& lower hait mg E 1
2YAI\ 2 Q.6 (D)
high density is not the reason for itsusesin clinical
[10000] thermometers.
.Y Q7 @®
=AY ¢ Therma expansion of a solid is due to asymmetric

= Ay o A = 10 x 10" x 10 (100 — 0°)
= 10000 N

characteristic of inter atomic potential energy curve
of the solid.
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Elasticity and Thermal Expansion

Q8 (A

Since when temperature of water rises from 0°C to 10
°C, itsdensity first increase, becomes maximum at 4°C
and then decreases, therefore fractional submergence

will first decrease and then increase.
Q9 (B

\Y

A=Ay,
(4nR?)V = (4nx)v,
R 2

Vo= z v

1
sosmall kineticenergy at x for widthdx=dk= > dm (vxz)

1
dk= 3 [p(Amcabov,]

2
1 R?
— = A2 v
2prcx[x2 de

Total kinetic energy

o0

k:jdk: 2an4v2J.%
R

k = 2pnR*v? [—1} = 2pnR3v?
X r

Q.10 ®)

Volumeof water received fromrain=

V = 600x10° x 2.4x£
100

V =1440 x 10° m3

1440x10°

aeige < 100=10%
A X

% of needed water =

62

Qu

Q.12

Q.13

(A)

Q

P = Pressure on upper surface of window
=P, +pgh

Pin = Pressure inside the submarine

= PO

Net force = (P, + pgh)A —P A

=pghA

=1.03x10°x10x 100x 900 x 10

=9.27 x 10* Newton

=0.93 x 10° Newton

®)

L
o] ®?2

—

Apply Bernoulli between point-1 and point-2

1 1
Pl+§pvlz =P +EPV22

Force by hand
Area

V, tendsto zero becomes are of point-2isvery small.
PZ = Patm

R=P

am

P, +FIA=P,+(1/2) pVZ = % i)

From Kinematics.

2= /@xv2
g

~ V2=20
Using (i) & (ii) weget (i)

20:E .. F=10N
A

p
(A)
Force 1

= o —
Stress Area Area




Elasticity and Thermal Expansion

1
Stress o« r—z(Areaz ﬂ:l’z)

1 2
ratio of stress= (—j =

1
2) 4

JEE-MAIN

PREVIOUS YEAR'S
Ql (@

Q.2

T1£2_T1€:T2€1_T2€
Tl£2 _ T2€l
T-T, =

Q3 @

| U—r

>|n
I
<
r—|,E
~

|
o
L

1
<
X

Blm >
[
<
x
|
S

Q4 @
Q5  [37]

E 2mm
ForA —=Y
mr a

..0)

...(ii)

forp B _yAmm 5
or 1672 y b (2

S (D2
_2b

16= 7a

a_1

b 32

- Answer = 32

Q6 (1)
P,=pgd + P, =3 x 10° Pa
~.opgd =2 x 10° Pa

P, = 2pgd + P,
=4x10°+10°=5x10° Pa
P.—P,
% increase = x100
5 s
_ 5x10 35><10 ><100=@%
3x10 3
Q.7 (4
(4) AP =hpg
g AP _ —2x10°x10°%9.8

(A\y j (-1.36x107)

= 1.44 x 10° N/m?

Q.8 (3

m=24kg

A=04m?

a=1lcnv

H = 40cm

Using Bernoulli’sequation

0
= (Rﬁ%}ng + %

- PO+O+%pV2 (D)

(1)
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Elasticity and Thermal Expansion

=Neglectingv, JEE-ADVANCED

> PREVIOUS YEAR'S
mg
_ |ogH+2M9
=V
Ap Q1 [3

=V=8:112 F_y4
— v =3033m/s ATV

=>V=3m/s
%:;/X(we)

Q9 (@ m=
Q10 (2 Ayo(A0) _ r?yo(A6) n(102)2 x 101 x107° x 10
9 g 10
1
Q [5] =t ~3
Q12 (@
Q2 (©
Q.13 [20 ( F )
A
14 (2 .
Q @ Y="Al, (i)
_ Mgl L
abd®s
F
Ay _AM _3AL  Ab 3Ad A8 (4Aj )
y M L b d ) Y= Aly (1))
Ay 10° 3x10° 107 3x102 107 2L
— = + + +
y 2 1 4 4 5
=10°[0.5+3+25+7.5+2] =0.0155 A
Option (2) 2
015 [ Q3  [0.23t00.24][2.39]
v _3da
Q16 @ V  a
Q17 @ p__y P _-V(pgh) _—pgh_
dv dv 3da
Q18 (@ .
70x10° = 1x5000x10° x10x1

mi
Force on each column = Tg 3xda

da=Aa= z%xlo’2 m=2.38mm

Strain= 9
T 4AY
50x10° x 9.8 ,
= Axn(1-0.25)x 2x 10" ~26x10°
Q.19 [500]
020 [§

Thermal force F = Ay«cAT
F=(10x 10 (2 x 10%) (107) (400)
F=8x10°N

=x=8
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Fluid Mechanics

ELEMENTARY

Q.1

Q.2

Q3

Q4

Q5

@

According to Boyl€'s law, pressure and volume are

1
inversely proportional to each other i.e. Poc v

P2V,

—
.

(P1 V1)

= RV, =RV,

=>(R+hp,9)V, =RV,

0

=V, = (1+ %Jvl

2
:vzz{u 47.6x10 xlxlOOOj :

70x13.6x1000

= V,=(1+5)50cm®=300cm*
[AsP,=P,=70cmof Hg=70x13.6 x 1000]

©)

As the both points are at the surface of liquid and
these pointsarein the open atmosphere. So both point
possess similar pressure and equal to 1 atm. Hence
the pressure difference will be zero.

©)
PV,=PV,1= (P,+hpg) V=P, x3V

2x75x13.6xg _15m

16,
10

= hpg=2R, = h=

@

Pressure = hpg i.e. pressure at the bottom is
independent of the area of the bottom of the tank. It
depends on the height of water upto which thetank is
filled with water. As in both the tanks, the levels of
water are the same, pressure at the bottom is also the
same.

)

Mercury

At the condition of equilibrium

Pressure at point A = Pressure at point B
P,=P,=10x13xg=hx0.8xg+(10-h)x13.6xg
By solvingwegeth=9.7 cm

@

Let M= mass of body in vacuum.

Apparent weight of the body in air = Apparent weight
of standard weightsin air

= Actual weight — upthrust due to displaced air

= Actual weight — upthrust due to displaced air

=1

=

M M M{l_ﬂ
Mog—[d—OJdgz Mg—(d—jdg >M,=——22
1 2

@

Apparent weight
=V(p—o)g=Ixbxhx(5-1)xg
=5x5x5x4xgDyne=4x5x5x5df.

@

Fraction of volumeimmersedintheliquid V,, = (ij

()

i.e. it depends upon thedensities of the block and liquid.
So therewill beno changeinit if system movesupward
or downward with constant velocity or some
acceleration.

@

Vv
Vpg=—
Pg=-09

Sp= %(G = density of water)
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Fluid Mechanics

Q.10

Q.U

Q.12

Q.13

Q.14

Q.15

66

@

. rp
For streamline flow, Reynold’s number Ng ?

should beless. For lessvalue of N, radius and density
should be small and viscosity should be high.

©)

If the liquid is incompressible then mass of liquid
entering through left end, should be equal to mass of
liquid coming out from the right end.

S M=m +m,=Av =Av,+15A.v
=>Ax3=4%x15+15Av =>v=1m/s

@

As cross-section areas of both the tubes A and C are
same and tube is horizontal. Hence according to
equation of continuity v, = v and therefore according
to Bernoulli’s theorem P, = P_i.e. height of liquid is
same in both the tubes Aand C.

@

Bernoulli’stheorem for unit massof liquid

P + %vz = constant

p
As the liquid starts flowing, it pressure energy
decreases

1, R-P_ 1, 35x10°-3x10°
AV Sl SENE VI Sl NN
5 0 2 10

5
:%3 2-100=>v=10m/s

@
< N
Pressure at the bottom of tank P=hpg=3x10 e

Pressure dueto liquid column
P=3x10°-1x10°=2x10°

and velocity of water v =,/2gh
2R 2x2x10°
= /— = /— =+/400 m/s
p 10°
(O

Upthrust — weight of body = apparent weight
VDg-Vdg=Vda,

Where a = retardation of body - & =

The velocity gained after fall from h height in air,

2gh
Hence, timeto comeinrest,

_v_ 29h><d h

a (D-d)yg g (D d)
JEE-MAIN
OBJECTIVE QUESTIONS
Q1 @
rg(H-nh)
because pressure varies with height.
Q2 (@
F=[rgh] [A]
=(1000) (10) (6) (10) (8).
Q3 @
W, >W,_ asmass of water inA ismorethanin B
P,=P,
Areaof A=Areaof B
or P,Area =P Areg,
o F.=F,.
Q4 (9
Pressure=hpg,,
a=g/3
04~ 9-0/3=29/3
0.15x1000x 2x10
=P=
3
P=1KPa
Q5 @
GivenA=2x10° h=0.4m,r=900Kg/m?
F=mg=Vrg=(prh)rg
=2x10°x0.4x900x% 10
=72N
Q6 (@
F=mg
F=10N
Q7 &
O(zero) all the forces passes through O
". no torque.
Q8 (A
Q9 @
Dv=v,—v,= "~

y x°



Q.10

Q.U

Q.12

Q.13

Q.14

(2
hpg=2P

4h gp [Afterlowering Pdue
5 P97 toliquid.

8P
soPL= 5 + P (Atmospheric pressure)

13
5

@
At same depth pressure is same
SoratioP :P,=1:1.
@
mg _mg
Al - A2
Solving, m,=3.75kg.

D)

20 cmf::

60rg=hrg

60 cm|---

v

So, volume=Ah
=1x35=35cm®

©)

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Fluid Mechanics

PA:PB
= 5x4xg+xx1xg

=(40-x)x1xg
=x=10
Now, h, =x+5=15cm
h,=40-x=30cm
h/h =2

©)
Givenm=12kg,A =800 cm?, r = 1000 kg/m®
P=rgh
mg
—_ = h
A
12x10

800<10* =1000%x10xh

100
= _80 =1oCm

@
F,=rvg-rvg=0

@
mg=60

mg-p,vg
mg -

Eor&—S
37 p

wherer, = density of the block and r, = density of the
liquid.

©)

10° 4+135 108 = 1
X = X X —=rX
57 5"
or r=35x10°kg/m?

@
D)

At equilibrium position
(abc) (dr)g = (bc) hrg
After displacing dlightly X,
extrabuoyancy force.
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Fluid Mechanics

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

68

r o= ((bc)x)rg

~ xbcpg _Xg g
~abcdp T ad

a

©
[36-rv]g=[48-rV,]g

oo -2

Solving, r,=3.

@
In stable equilibrium the object comes to its original
state if disturbed.

(©)

As, weight = Buoyant force
mg=[100x6x0.6g] + (100 x 1 x 4)g
. m=760gm.

@

rv=rz2v

m, =
m,g=0.92Vg=m,g-xVg
x =1.8gm/cm?®

©)

@

W-vx1lxg=W,

W-vxxxg=W,

=>W-(W-W)xx=W,
W-W,

= wow,

(A)

2m

mg(X+2)=vx1xgxXx
v0.8g(X+2)=vx1xgxx
0.8x+1.6=x

0.2x=1.6

x=8

Q.28

Q.29

Q.30

Q.31

Q.32

Q.33

4

Equilibrium PositionW =F,
W=L?hr,g

H w

" Upug

©)

.. Volumewhere metal is present

=98 osex10°
= 7800 P

Buoyancy =vrg=1.5¢g
=vx1000=15
v=15x103

fraction of volume=

1.5x107° -1.256x10"°

1.5x107°
=16%

x 1

@
o X 4 n(R®-r¥)g=1x il7rF23g
3 3

R

_(LJM
r \lo-1
)

I 05 -

Volume= 500 =10
Buoyancy = pVg=1000x 10°x 10
=10N

m=1kg

If float =2.5kg, Reading=1+1.5=2.5kg

@

[~

>

A
\

vpg

V=A.l

Alpg K/
3 T3 AP

K =2pAg

Now

©



Q.34

Q.35

Q.36

Q.37

Q.38

Q.39

A Q.40

|
h
!

|
X
| P Q.41

W= {KB +Ug}—{Ka +UA}
—Vpxg=0+0-0-Vp'g(x+h)
pOX=p'gx+p'gh

p'h
X=""3
p—p

@

Apparent weight (Wapp‘) =W-Vp,g

Since, W >W
app. (Ram)

= Ram) (Shyam)

Therefore, from given passage shyam has more fat

than Ram.

app. (Shyam)

Q.42

@

V > V = Wapp- () < Wapp- @ 43
(SmceW =W-Vp,9g) Q.
Hence(2)

@

pSalt waver >
Hence (1)

=W <W

Prresh waver aop. (9~ VW app.(A)

&)
Let 'V' bethetotal volume of the person
Then;

Gj (0.4x 10°) + GVJ (gx103j =165

165
1100
Reading on spring balance under water is:

= V=

165
W_ =[165x 10] - {ﬁ} [107 [10]
=150N

@
Just after the string iscut :

-0 =0.91m/s’A
a= 1as ns.

€)
R=wvt Q44
2(H-D)

= /29D 9
=2/D(H-D).

Fluid Mechanics
©)
x=2./h(H-h)

H
for x Oorh——

dx
max ’ dh
@

From continuity equation, velocity at cross-section
(1) ismore than that at cross-section (2).

L —

(2 () O\

Hence; P1 < P2

@
l:thrust = pav2

net — Fl_ Fz = ap[ZQ(hl_ hz)]
= ap(2gh)
oo Foch
@

R=0.08 m

4

£
©
S

I
-C\ L r=>5x10"m
A v.=Av

R dhdt = nr?v
(i)
2gh
(i)
from equation (ii) put thevalue of v in equation (i)

nR? dh/dt =nr? [2gh

2
= j R jdt

R? tdh !
r’\2g ! Jh {

on solving
t =46.26 second.

@
AV = constant
AlvVT

1
P+ pgh+ Epv2 = constant

VTRl
69



Fluid Mechanics

Q45 (A

e L
pg - 2 p
v=,2Dg
2(H-D)
X= =2 ,/D(H-D)
g
Q.46 (B)
dm _
dt ~ PV
AP=F, .1sec.
H0°160
= 2pAv?cos60°

1
= 1000%x6x10x(12) x > x2
=86.4Nt.

Q47 ()

vV =
A=ax+b
Continuty equationbV = (ax +b) V,

1
By bernaulies equation = P, + 5 pVv,? = cosntant

1
P, = Costant - 3 pv,?

1 b?v2
P, = Costant - 5 p (ax+ b)z
C,
P, = Cosntant — ———
(ax+b)

Where C, = Constant
70

Q.48

Q.49

Q.50

Q.51

Q.52

Q.53

@

A1V1:A2V2
0.02x2=0.01xV,
V,=4m/sec.

1 . _ 1 )
P1+EPV1 —P2+§pV2
1
4x104+§><1000><22
1
=P,+ 2 x1000x 4 = P,=3.4x10*N/m?

@
V2% 20%x102 x10 = 2 M/sec.

@

@
Inlet = outlet

o dt = a,/2gh dt
a? (100)?

N=%ga? = 2x(1000)@) ~ 2"

[ | »a cm’/sec
20 cm , dh
T
h
— C.?o Og 03 l

@
Force exerted by the water on the corner
= changein momentumin 1 sec

= J2 mv
mv
—_—
mv T

=J2pvL
) /v Na
H

!

H/2
! !




Q.54

Q.55

Q.56

Q.57

Q.58

Q.59

Force=pa (\/Zghlz)2

h

acceleration= pp =g/N

2
odt =Av dt

1
=10"=10",/2gh = h= 2
h=0.051m

©)

R= y20(H ), /%hl
- 29 —,), | 72

(H=h)h =(H-h)h,
H=h+h,

H
For max. range= 5

@

By Bernaulie’'s Theorem

p 00 00x10% 2
- i X X — =
0" 1000x10* 100
1000 x 2

?

@

Changein momentum is/sec.
J2 pAVZ=565.7N.

@
pAV2=1000 x 2 x 10x (10)2
=20N

S

Energy required in one second is the power

101=AV.
=10%=102% xV
=V =10 m/sec.

1
mgh + > mvVZ=P

Here m = massin one second

P +% x 1000 x v?

1
P=pAVgh+ - pAV?
P=pAV[10x 10+ 50]

Fluid Mechanics

=15 Kwatt
Q60 (3
Q61 (3
If the liquid is incompressible then mass of liquid
entering through left end, should be equal to mass of
liquid coming out from theright end.
S M=m +m,=Av =Av,+15A.v
=>Ax3=4%x15+15Av =>v=1m/s
Q62 (2
_ oh_3
AV =AV, (Given o E)
vi A, _mn (2) 4
v, A "2 T 3) "9
Q63 (@
A1V1:A2V2
n(1x102)?2x3
(0.05x102)’
=100xm -~ xV, = V, =48m/sec.
Q64 (1)
FromAPVF,=AQVQ
Ve Aq  m(2x107)?
Vo 7 A, T n(1x107)?
V=4V,
Q65
dv
—=A,/2gh
dt g
Q66 (O
JEE-ADVANCED
OBJECTIVE QUESTIONS
Q1  (©
Since not touching,
So R=F, =p,(vg)=40g.
R'—R=80g—-40g=40g
Hence R’ will be40g morethan R
Q2 (A

By action—reaction, F, isinternal
So, balanceweight = (m, +m,)g.
and extramass=109g

71



Fluid Mechanics

Q.3

Q4

Q5

Q.6

Q7

Q8

72

O)

Forceis same pressure is different

®)

Takeareaof projection fromleft

2pgrh® _ 3pg/R?

2 2
3
- 2R

h=43

®)

Pressure exerted by fluid at closed end B is
P=pg/ Q.9
force exerted by fluid at closed end B is
F=PA=/pgA,

(A)

®)

N
hi::
VS
L
X o
A
B <t 2h — x > «— X —» A

pxg/2+2(2h-x)g/2=P,—P,

P,=(h—x)pg

P,=hpg+ 2pxg

pxg/2 + 2p(2h—x)g/2 = hpg + 2pxg-hpg + Xpg

4ph 2 Q.10
pTg - % =2pxg + pxg/2

2phg—pxg=5Pxg/2

4h
SX=—

~,
.
.

.
.
N
e
.
~
heY
..

~,
.

a—Xx

jon
Y
€y t—X—>

1 2
(ax)a+ > x&=5a

3
£ X2
(ax) 2—3a
a X2
2~ 3%
_2a
X773
_x_acc. 2
tane—a——g a—3g

®)
For the given situation, liquid of density 2p should be
behind that of p.

p
Fromrightlimb:
P.,=P,,+pgh

4 4
Pe=P,tpay :Palm+pgh+pa5

l 3
PC=PB+(2p)a§ =P, +tpgh+ Epaf

o (D)
But fromleftlimb:

P.=P, +(2p)gh
(2
From (1) and (2):

3 3a
P, +pgh+ Epag:|:>atm+2pgh:> h= 5( Ans,

(A)

Nosdliding = purerolling

Therefore, accel eration of thetube = 2a(since COM of
cylindersaremoving at 'a)

[

A
P, =P, +p(2a) L (Fromhorizontal limb)
Also; P, =P, +pgH (Fromvertical limb)

gH
= a= oL Ans.



Fluid Mechanics

Qu ®
Aslong asp < p,, pressure at the bottom of the pan
would be same everywhere, according to the Pascal’s

law.
Q12 @B
2,2
y= or a 4
2y g
Put valuesand gety =2cm. ]
_ a+gsina
Q13 (A 4= "5 cos o

Thefour pistonareinitialy in equilibrium. Asadditional
force Fisappliedto each piston, the pressureinfluid at

F
each point must beincreased by A so that each piston

retains state of equilibrium. Mgcosa

Q15 (©

dP.A=rAdx.wx

fdp =] pw?xdx

2,2
PO/ 3/pg
pp=P2 - - P2
2 2
e [
Vv
Q16 ()

Thusthe increment in pressure at each point is AP =

F
A (by Pascal’slaw)

Q14 (@)

Q.17

73



Fluid Mechanics

Q.18

Q.19

Q.20

Q.21

74

(A)

mg=A.2Lx0.75xg

T+Axg=A.2Lx0.75¢g

T=Ag[15L—-X]

X
A xg cosd [é_EJ =Tcosh ¢

X (f—ij =([15L—-X]x=/
> .

®

O

(1 |

(M +m)g=pvg

Torqgue balance about B

¢
mg (d-¢) + pvg >

:2mgf+p\2/—g(d—€)

A4

2mg

_ d(vp —2M)
= 2(pv - 3M)

B)

FB.D.of rod:
W=(0.012) (1) (2x 10°) (10) =240N
F,=(0.012) (1) (10° (10)=120N

Q.22

Q.23

45N F,=120N

W=240 N
Torque about O
(For equilibrium)

sina
(240-120) (Tj

_E =37°
= 2 = o=

®)
Torque about CM :

£ _
Fb. 4 =la

=45(cosa) = tana. =

nrzﬂzgp

= o= Tl(nrz)(f)(P) (g)éom 4

‘o' will besamefor all points

Hence (B).

(A)

3
dAL+d,AL= > LAd

120



Q.25

Q.26

Q.27

Q.28

(WD) _ +(W.D.)_.=AK
mg FB
—mg (H+h) +(F,)h=12mv?

4 4 3
= -3 m’p(H+h)g+ 3™ Jogh=0

—pgH —pgH +6gh=0

gh(c—p) =pgH
H=(Z-1)h
p
(A)
2T
72 tMa=ve,g
T g T
®)
Oy=9g+a

=>T+mg,=F,
T=Vd(g+3a)—vp (g+a)
=Vv[(g+8) (d-p)]

(A)

Increasing the temperature of water from 2°C to 3°C
increases its density while decreases the density of
iron.

Hence the bouyant force increases.

©)

Q.29

Q.30

3

3

1
3

®)

Initially
W =W

ice

1 h
nrthp g = 3 n(r/3)? 3 (0.8)g

) 1 r.h
nrhpcg=§n(g) 6 x0.8xg+

L8 -

SV =

d

\

2
r
)

_ 0.8 +{
T 36x6

h

.

6

1
8 36x6

= Buoyancy
Vmaal pmg + Vioe piceg = Vdeg

\'

cepice

metal pm + i
Py
finally volume displaced

V=V _+V_(Fromice)

m

Vi,

Py

1

=V + =V _+ < i
ot o =t b, previous
®)
X
A l
1.2 0.8 0.7
\ 4
0.8
A
AreaAof)

Fluid Mechanics

}p p=19
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Fluid Mechanics

Q.31

Q.32

Q.33

Q.34

76

P,=(1.2x0.7xg+0.8%x1.2Q)
0.8xA, (x+1.2+0.8)g=P,.P,
x+1.2+0.8=0.84+0.96
x=0.25cm

®)

Total buoyancy

=Total Gravitation

= 1¥x1xg+1%x1r
=18x0.6xg+121.15xg
1+x=06+115
x=0.75m

s 1-x=25cm.

A)
i A
\'%’

Velocity of efflux of water (v) =

Q.35

(3= o

force on gjected water = Rate of change of momentum
of gjected water.

=p(av) (V)
=p av?
Torqgue of these forces about central line
=(pav¥) 2R.2
=4pav’R=4p aghR

®
- - 9t -
AV =AV,orAxV =2A B} orV, =29/

V4
—P[Vl Vz] pglsng = [ng—g—} =g/ sind

3 Q.36
on solving sin® e

©)

2gh
1+ (@2 /A?)
Using continuity equation at the two cross-sections
(1) and(2):

Thevelocity of fluid at theholeis: V, =

V,A=V,a =

. dvy
= acceleration (of top surface) = —V; —

dh
a dfa
-_—\V,—| =V
TTA 2dh[A 2]

2

VT N R M

a=- AZ

_ga2
A2

®)

Pressureat (1) :
P,=P, +pg(2h)

Applying Bernoulli's theorum between points (1) and

@

1
[Pan*+2pghl +pg(2h) + = (2p) (0

1
= Pyt 20 90+ 5 @p)V?

= v=2\/g_hAns.

(A)
Velocity of efflux at adepth hisgiven by V =Volume of
water following out per second from both theholesare
equal

aV,=aV,

or (L?) y2g(y) =nR*\29(4y)



Ly
H>
4y &
V2
4 >
aQ,
Q.39
a L
or = \/ﬁ
Q37 (©
a,
dm dh
at PAE = P3yV —pa, 4/2gh
dh
= 4000 E =1x2-05,/2gh
fort dn 0 o
=0 —— =
dt Q.41
=2=05,2gh
=h=0.8
Q38 (D)

Initial

Fluid Mechanics

1 2
pg= 5 pVv
V,=+42ga
a
NowV=,2= ==
2 T AR
©
| —»Volume decrease in
A dt time = Adh
t dh
T t+dt
h
| aln/20h
T~ Volume course out in
dt time = avdt

Volume decrease = Volume outlet
Adh=a ,/2gh dt

_ dh ‘
2o ]

When height become 4H then time
(4H)

p= 2
g
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Fluid Mechanics

Q.42

Q.43

Q.44

Q.45

78

©
R=wvt

v=,2(2H-x)g

1
Now pgh+P_+P_=P_+ > pV?

2P
=V2=2gh+ TE

R = (2010)+ (E)JE
p\g

From(1) & (2) P.=3am.

D)
v,= 42gh/2 =,/gh

forv,

h+2 E—12 2
Pg pg2_2 p.V2
2gh=v}?
v,= 42gh

2

©

Alvl :A2V2
102x2=05x10?xV?
V,=4m/sec.

Q.46

Q.47

Q.48

1 2= 1 2
PA+ E pVA —PB+ E pVB

1
8000 + > 1000 22

1
=P+ 3 1000 x 42
P,=2000Pa

(A)

2 (dY
;,tmg:Epn 5 .2gH.

171
WhereV, 1 toarea

o)

V cos 60° i

\Y

retio = V cos60° =2

B)
FromA V =A)V,

1 Vi1
OVIGN, =y, =5
V2:2V1

Now,
V2=V 2+2gh

10
av 2=V 2+2(10)| 100



5 Q7

Now volumetric rate of flow

:Alvl

_1x10* 6042 Jolivmi
103 \/5 =4.9lit/min.

Q.8

JEE-ADVANCED
MCQ/COMPREHENSION/COLUMN MATCHING

Q1

Q.2

Q.3

Q4

Q.5

Q.6

(A, Q)

In a static fluid, pressure remains same at the same
level, ie, pressure do not vary with x-coordinate.
Hence(C).

(A, C,D)
P=r(2h)g Q.9

F
A—Z:r(Zh)g
Foe = 2NT QA,

b

F..=Nrg[A,—A], athelevel x

(C.D)

L et completely submerged in water, then
F, =1000>mg(920) So, not possible
Let completeinoil

F,=(0.6) (4) (1000+ (1) (6) (100) = 840
F,<mg So, not possible
So, let X' part in oil and remaining in water
920=[(1) (10—x) +(0.6) (x)] 100
9.2=10-x+0.6x

04x=08

x=2cm.

(B.C)
PV = constant
(Assumed isothermal process)

(A)
(A) As,dm=Ap,, vadt

dm Q.10

at =ApyV

dm _, D’
= odt CPwTtTy

where‘D’ isthe diameter of stream.

(D)
V1AL =VA,

Fluid Mechanics

®)
v=/2gh = \/2g(b + x) .

(A)
Applying continuity equation at points with diameter
Dy&D:

-
i} ,/2gb.l% _ 20+ %) {%}

b 1/4
= D=D, b+x

®
Solving the preceding formula for the tank height h
gives:

h=x(D/Dy)*(1—(D/Dy)*) =x D*/ (Dy*—D*
substituting the given parameter values gives

h=(0.3) (0.009%)/(0.014-0.009*) =0.57m
So the height of the water abovethetapis0.57 mor 57
cm.
One way of measuring a person’s body fat content is
by “weighing” them under water. Thisworks because
fat tends to float on water as it is less dense than
water. On the other hand muscle and bone tend to sink
asthey are more dense. Knowing your “weight” under
water as well as your real weight out of water, the
percentage of your body’s volume that is made up of
fat can easily be estimated. This is only an estimate
since it assumes that your body is made up of only
two substances, fat (low density) and everything else
(high density). The “weight” is measured by spring
balance both inside and outside the water. Quotes are
placed around weight to indicate that the measurement
read on the scale is not your trueweight, i.e. theforce
applied to your body by gravity, but ameasurement of
the net downward force on the scale.

A-p;B-q;C-t;D-s

Pressure varies with height = P= pgh

and ishorizontal with acceleration = P=p/a

soon (A) pgh partiszero whileaverageforce of paxis

O+pla| 2
G
_ feazy _ () _ ma
= )=

In (B) pfapart is zero while average force of pgx is
0+pg? |[,2] pg
{T} 2] - ()
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Fluid Mechanics

_ () oy _ ma
=T 9=

Similarly for other part.

QU1 A-q;B-p;C-r;D-s
0+p4gh
(A) OnABCD avg pressure = 5
So F= {pngh}[fh] = M Q3
2
(B) No contact of p, and not any pressure on ABCD
dueto p,
(C) OnCDEF dueto p,, at every point pressureisp,gh Q.4
so averageis aso p,gh
s0 F = (p,gh) (h0) = p,gh*¢
(D) On CDEF force due to liquid of density p, is
nghzf
2 Q5
NUMERICAL VALUE BASED
Q1 [0800]
In both cases, Weight = Bouyant force
N 2V 2
Initially, PVI=Py | 3 9 =p,= 3Pu
5V
After wards, PVI= Py (?jg Q6
2 5
= Epw = Pait * 6
4
= Poii= £ Py = £ X100=800kg/m?. ]
5 5
Qz [§

80

30— (25+x) =5-X,

Q.7

25+ X, 30cm

.
V=04 “80C

A =16cn?
kx,+103x 16 x 104 x x,x 10=32x 103x 10
X, (48+16)=32x 102

32
X0= aa cn=5mm

64

[400]

P, x6x102g=6009
mg+600g=P, x1000g
m=1000—600=400gm

[250]
[(5009)}_ F
15x0.8| 0.06
= F=250N
[000¢]
Mg=mg+B
M
Mg:mg+p2xp_19
P2
1-2=2 | _ _
M =m=6k
( p1] m=>
[720]

2
(TR?H - 5 TR xdxg
2
TERZ |:H —§R:| X 104

2
=71 x0.09 x 104 {1—§X0-3}
mTx900%x0.8=7201

[40]

mg=p,x05V o= P1= V,

mepxVog o

_PiVAPY  pitpy
P= v T 2



QS8

Q9

Q.10

_ _(prtp2)VY
mg=pVg= 2

if2m 3
= M™2lv, Vv,
smVv

m=2v,
V=04V,

(6]
AV =AY,
3x30=Nx3x107x0.05
3x10°
=N
0.05
N=6x10°

[2379]

A1V1:A2V2
1O><5:5><v2
v,=10m/s
2 2
PLovi vV Vg

+ = +—
PG 29 P9 2g
P, 25 2x10° 100

10* T207 10* T 20

&—25 1.25=2375
104 - . - N

p, =2375x 10° P4

[100]
v=,/2gh

A

=

40%)

Fluid Mechanics

pA
—EXZgh

pA pA dt

= — hdt = hx —
P=100 %2 100ngj “dn <an
M a= J2gh = o
dat ATV X900
dh /2gh
dt 100

PA 0 [ g P _
p= "% 100 | 2ghdh_\/2_0xzoj\/ﬁdh‘
pA H3/2
\/2—O>< 3 X2

2
=PA\/2_O X§H3/2

2
—10°3x 3 x 2\/§x§ x 51/5 =105=100 kNs

PREVIOUS YEAR'S

®)

FB.D
PV kx, P NVO kx,
h 4 h
i
pVQg pVg

kx, +p,Vg=pVg
)

kx,+p,Vg=pVg
(2

from (1) and (2)
o= P2Xi =X, _ PiXp —P2Xy
X=X, Xy =%
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Fluid Mechanics

Q.2

Q.3

Q4

Q5

Q.6

Q7

QS8

Q9

Q.10

82

(B)

Vwbe 3.3
buyount force B =V p|9.v— =2
sphere *TERs
3
butitisgiven 62 = 4nR?
oo, Vase _ VT
Vsphere \/é

(A)
All are nearly at same height henceP, =P, =P,

D)
In an evacuated chamber, in absence of air, buoyancy
force dueto air on box is absent.

®)
According to Bernoulli theorem

In the region of narrow cross section of pipe, KE of
fluid will be greater and pressure energy will belesser.
= lesspressureresultsinto larger in sizeof air bubble
and greater KE results its greater speed.

D)

Blood pressureis gauge pressure =190 mm Hg
Atmospheric pressure=760 mmHg

Actud pressure=190+ 760 mmHg=950mmHg=1.25

x760mmHg Q.11

©
Sincep,=0.9p,

///// TO.8m

watch // /18(0.9)m

Minimum Length required = 0.8m.

D)
Since bucket and water both are in state of free fall so
water will not come out of the hole.

Q.12

é

1.7m
1.3m

Pressure at the heart level = 100 mm of Hg = 13.3kPa

(given)
Pfoot = Pheart + pgh
=13.3+103x10x1.3=26.3kPa

Phead = Preart — PN

=9.3kPa
P, 26.3

foot _ ~3

Ped 93

©
R=V, /%:th %zzrm

SoveIOC|tyV———= VH d

1 —~dh H dh
=——2VH=VJh—=—|—
Vv A e @

Now AV = Rateof flow of volume

W el
A Zgh_AO{ dt} ....... )
from (1) and (2)
H A
F_ «/2><10>< _—m/s

D)

" X2 X3 "
1= _([pg(h—x)[de].x - ng{h7—?L



Q.13

Q.14

3

h
= L—
P9 6

h/2
T —hJ/‘2 g[h_xj de X = gL hLZ_X_3
2= ] P93 2 P51 74 T3 .

0

=pg

2 |16 24| 2x16x24 16x6

Lofl 1 _ pgLh®x8 pgLh®
16 24

So, L-16
T

®

[=

Using equation of continuity

AV =AYV,

whereA, & A, are cross-section area of region
| & region-1I.

asA, <A,

=>V,>V,

Using Bernouilli.sequation

=

Y a—

1
P+ EPVZ = constant
asV,>V,
P,<P,
therefore pressure will be lower at constriction.

B)

L et mass of each coin bem.

.. Location of center of massafter N coinsarekeptonlid
from bottom of container is

40mx0+Nmx9 9N om

(40+N)m  40+N
Also height of submerged portion after keeping N coin
onlidwill be,

3(40+N) o
40
.. Equilibriumwill just be stableif

3 (40+N) 9N
40 2 (40+N)
= 3N2-480N +4800=0=>N=10.72

Fluid Mechanics

Q.15 (C)

175
10.5
r 4-xX
N
U
i «
1
Y1
. . . 2 -
1.33sini=sinr= E ()
Alsotanr=2=1Y oy - 2L G
so,tanr= T 7 (i
.. Fromequation (i)
1.33y 2

= (1.33)°53y? = 4(4x* +y?)

VY2 +x2 :E

2X
=80.7517y?=4x> =y = Jao 7517 ..(ii)
Fromequation (ii) & (iii),
2x-1  2x

7 \/89.517
S x=192
.. volume of water filled = pR?x
=(3.14%x12x1.92) m?
. Qt=6.0288[Qisvolumeflow rate]
. 1=60.288 sec
so option C is the nearest value

= 14x = (2x —1)9.47

JEE-MAIN
PREVIOUS YEAR'S

Q.1
Q.2

@
Stressis developed only if the expansion is hindered.
[25600]

. 100g mg .
Initialy A S AL e 0]
1 2

mg
M —_—
Initially 16—,3 = (Azj ..... (i)
1 (16
100x16 _ 1 _\; - 25600k
M 16 T 9
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Fluid Mechanics

Q3 (1 For equilibrium

o, > o, d,vg+d,vg=dvg+dvg

Length of both stripswill decrease d, +d

AL g> AL P = d.= Satl = Option (D) is correct
A B

to keep the string tight

d,>d_andd, <d.
Q.2

Q4
Q5 [6
Q6 (@
r P
-, —
Ah
« Onsmall sphere
P Py
RN - %nRs(p)g +kx = gnRs(Zp)g
WehaveP, =P,.[PointsA & B a samehorizontal level] ()

on second sphere (large)
“P —£+pg(x+Ah) =P, —£+pgx
r r

2P
] i gnR3(3p)g = gnRS(Zp)g +kx
M1 ..(ii)
S pgAh=2T L—l—a} by equation (i) and (ii)
47R3pgy
g 1 1 X=
=2x7.3x107 -
[2.5x103 4x103} .
b= 2x7.3x10-2x103[ 1 1}
.. - 3 A 4
10°x10 25 4 Comprehension (Q. No. 3 to 4)
=219x10°m=219mm
Hence option (2) Q3 (©
A1V1:A2V2 A1:400A2
JEE-ADVANCED -
PREVIOUS YEAR'S GV, - V2:2m/s ©
Q.1 (A),(B),(D)
Q4 (A

Pressure at A and B will be same
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Q.5

Q.6

Q7

vV, = fp—ava —2gh
Py
©

Match the column
When lift isat rest:

h

- 29h1 2&-»
g

d = [4h}h,

(P 9s>9
d=,/4hh, =12m
(Q) 94<9
d=,/4hh, =12m
(R) 94=9
d= ,/4h;h, =1.2m
(9g.=0

No water leaks out of thejar.
(C)P—1,Q—1;R—1;,S—4

B)
h,+h,=0.29x2+0.1
h,+h,=0.68 (1)
= P,+p,9(0.1) +p g(h,—0.1)[p =density of kerosene &
p,=density of water]—p, gh,=P,
= p,9(0.1)+p gh—p, 9%(0.1)
= p wghz
= 800%x10%0.1+1000x10xh,
—1000x10x0.1=1000x10x%h,
=10000(h,~h,)=200
=h-h=002 .. 2
=h=0.35
=h,=0.33

h, 35

Y
0. 1, "33

9]

<«
7!

0 <+
P Vit

1
:
AV

Y
\
i
i
i
1
H
i
i
'
\

1
1
(%4

with respect to train

Applying Bernoulli’s equation

Q.8

Q.9

Fluid Mechanics
1 1
P +=pV’ =P+=pV?
0 2p t 2p
1 ,
F’o—P=§p(v2—VE) {0
From equation of continuity

4
Als0, 4Sv=vx3S =V = §Vt ()]

From (i) and (ii)

9! 2" 9
o N=
(4
Vpg
mg
480xg=vp,g
(480-N)g=vp,g
480—-N P2
480 P1
N e /Mo hh, 50
1_&_1_ 50 ~N- 50x 480
480 6000 6000
(AD)
AR »
i h
v
I
InAOAB
R?=(R-h)>+r?
R?=R?-2hR+h?*+r? = 2hR=h?+r?
2 2
~R- he+r
2h

Now considering equation of surface
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Fluid Mechanics

Now using: Mo My _Ho—™My

1 4

=

v 3(H-h)

1 2h 4

:>—:_2__

v 3 3H

3H[ o?H

>V=—noll+——
Q.10 (AQ
Q.11 (0.30)
Q.12 (1000

;

u

_1-43

-R

R




Surface Tension and Viscosity

ELEMENTRY
Ql (@
Q2 (@
Q3 (@

Q4

Q5

Q.6

Q7

QS8
Q9
Q.10

Q.U

Q.12

Q.13

Q.14

Weight of spidersor insects can be balanced by vertical
component of force due to surface tension.

@
T=T,(1-at)

@

Energy needed = Increment in surface energy

= (surface energy of n small drops) — (surface energy
of one big drop)

=n4nr?T —4nR2T =4 T(nr’—R?)

©)

Work donetoincreasethediameter of bubblefromdto D

W = 2r(D* -d)T = 2r[ (2D)* - (D)* | T = 62D°T

©)

W =8rT(r; 1) =8aT K%)z ) [%T}

W:8><Tc><30><§:720€rg
i

@
©)
@
©)

Angle of contact is acute.
&)

1
Since AP« —
R

@
@

AP:E _ 2x70x10°°

= 1107 =140 N/m?
X

JEE-MAIN
OBJECTIVE QUESTIONS
Ql

After the portion A is punctured’ the thread has 2
options as shown in the figures.

(ii)

Clearly, dueto surfacetension, the soap filmwantsto
minimize the surface areawhich ishappening in option

(i).

Hence the thread will become concave towardsA.

Q2
We know that surface energy
U,=TxArea
Here. as2 films are formed because of ring. so
U,=Tx2x(A)

N
=5 o x2x0.02m2=0.2J

Q3 @

Insects use the surface tension force to keep floating.

Q4
4
nx — mri3= 3 nR3.....(1) { - volumesareequal

and AA =—[4rR2—-n.4nr?
where W= (AA) x T.
= Ax[n?3r2—n.r?] x T = 4nr2T. n?3 [nY/3-1].
Now R2=n?3 r2; 0 W =47R2T[n¥3-1].
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Surface Tension and Viscosity

Q.5

Q.6

Q7

Q8

Q.9

88

(4)

Inthesatellite, g, becomes zero but the surface tension
still prevails. Hence the water will experience only
surface Tension forcewhich will pushit fully outward.

@
Sincethe contact anglein both casesremainsthe same.
Fs Fs

0 0

F,cos0 =Mg=T x 2 nR cosd = Mg

Tx 27 (2R) cosd =M’g

@

Water will riseto aheight more than hwhen downward
force (mg,, ) becomes lesser than mg.
soinaliftaccelerating downwards, g . is(g—g,). Hence
capillary riseismore.

On the poles g, is even more than g. Hence the
capillary will evendrop.

@

When the capillary riseis‘h’ that means the force of
surface tension (F) is supporting the height ‘h’ of
liquidlevel.

Now if thewhole capillary istaken out theliquid tries
to come out due to gravity from the bottom point.

AT

But force of surface tension ‘F now becomes 2F in
the upward direction. Hence 2F can support amaximum

of ‘2h’ height evenif Zisvery high. So‘h’ will be 2hif
¢>h & will beh+ ¢ only if ¢ islesser than h.

@

|

Q.10

Q.11

By balancing forces Tx(2/¢)%(cosB) =d x
¢ hg
2T cosO
weget h= xdg
@

Energy released = (AA) x o { 6 = surfacetension}
Let us say n no. of small drops coalesced.

4 3_4 3
—na® = —mb
=N 3 3

b3
= b=an®® :n:[—j
a
AA =4nb?—n.dna {this is —ve, hence
energy is released}

= 4na? (n?3—n)

= U=4g&T (n—n?).= 4naT

BRG]

ThisU convertstoK.E.

1 4 3 b2 [b—a]
Zo.—nb% 2 = fadill
Hence Zp 3n V2 = 4T 2 .

_ E(LEJ
= V= o la b

)

P, hastobeequal toP,.P, =P +pgh ..... 0]

_ 4o
Now P_-P, = s

- soap bubble has 2 films

and
P.=P.--

=P, sameairisfilled



Q.12

Q.13

Q.14

Q.15

= PO+TG =P, +pgh (i)
_ pghr

get o= 4

©)

When charge is given to a soap bubble (whether
positive or negative), these charges experience
repulsive forces due to the other charges. Hence they
tend to move out. Hence the size of bubble increases.

@

Equating pressures on the shaded portion ;
4 4o 4o
n L R
r2er

getR:r_

2 rl

@

) G

. 4 4
By equating volume: gnR3 = 8><§nr3

getr=R/2.
. . 4c
Now pressure differencein A = R

4
andthatinB = R_/Gz =2 x pressuredifferenceinA.

2T
Pinsidebubbie = Pa = e

Q.16

Q.17

Q.18

Surface Tension and Viscosity

andP, =P, + pgh.

_ 2T
= Pisdebupbie = P+ pgh+ ——

©)

A
VAV ﬂ
SR
y ' initially

4 4 .
PA:PO+ TG ;PB:PO+ EG {P0=atmospherlc

pressure} .

Clearly P, > Py ; soair will flow fromAto B.

Asr decreases; pressurewill become more and hence
moreflow of air fromA to B.

Ultimately bubble A collapses and B becomes bigger
insize.

)
@
P,
Before @
P,
After @

Lets say, initially, the pressure due to air inside the
bubbleisP,,.

a7
=> P, -P=—
ar r

Finally, the radius becomes half ; so volume becomes

1
3 th and hence pressure becomes 8P, .

So, 8P P—ﬂ
a2 T 2
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Surface Tension and Viscosity

Q.19

Q.20

Q.21

Q.22

90

Solving (i) and (ii)

24r
getP,=8P + o

@

When the excess pressure at the hole becomes equal
to the pressure of water height ;then only water will
start coming out of the holes : [atm pressure on both
sidesissame].

2c
= phg= T

2

=h="rg

2% 70x10% x N
m

= 1000X9 (oéljxm“gxlO =0.23m.

F X
©)

[ —

I:

15
800=nA.—
X
\%
2400=nA —

v=4.5cm/sec.
@

_ 2 2 — ﬂ r3
F.=K.r?.v —PS7T g

Vo Ar

Q.23

(4)

V.=

T

©O|N

r’g
—(p-o
" (p—o)

~ 2(0.003)° x10
9 1.260
v.=0.02m /sec.

0.1
0.02

1260)

. Time= =5sec.

JEE-ADVANCED
OBJECTIVE QUESTIONS

Q.1

Q.2

D)

The small portion of film is approximately a straight
part. Balancing forcesonit:

«<—d i—>

L

Fsin (d6)  Fsin (d)

F denotes tension. T denotes surface tension.

T x 2(d¢) isthe surface tension force because 2 layers
areformed.

So2Fsin(do)=Tx[2x R (2d0)]

weget; (sin (d6) ~ do. for small do )

SOF=Tx2R.

(©)

W

F,
metal disc 9{

F

N\

TheFBD of discisshowninthefigure. The net upward
surface tension force

=F,cos0 = (T x2nr)coso .

soF cos0 +W=mg =W



Q3

Q4

Q5

=F cosb = (T x2nr)coso .
F,cos0 +W=mg =W,

®

- R

~ ) R-h
0 = cos" R

(A)

In the shown diagram.

Here, we may not know in advancewhich tubewill rise
above the other, but lets say the liquid level is higher
in thinner tube.

11
so 2T ) =—pgh.

T pghr 1
= 17 2p-n)

as r,>r, ; soweassumed correctly

B)
2T
? =hpg

Radius of Meniscus

Q.6

Q.7

Surface Tension and Viscosity

(A)

@

Let (a) and (b) coalesceto form (c).

By mole conservation :

P.a&+P .b*=P_.c. ... (@)
_ 4y ..
Also P.=P + PO (i)
4y
P,=P,+ > e (iii)
4y -
P =P+ e (iv)

Putting there values :
(Po +ﬂja3 +[P0 -rﬂjb3 = (Po +ﬂJc3
a b c

= Pola3+b3—c3J+4y a2+b2—c2J:0
3v S
3_ (b3 == 2_ 2= >
also c3— (b3 + &) . and c2—(a2+b?) .
Putting there values :

-3V -S
Py [4_th +4T (4—TJ=O = 3P,V +4ST=0

®

Clearly the surface tension force on

A soap - bubblewith aradius‘r’ is placed on another
bubblewith aradius R (figure). Angles between

Fs Fs

Load
Hemisphere=F_ = (2T). (2nr) { 2 layersareformed;} .
= FS=2><500% x 2x3.14x5m.

~ 30,000 N ~ 3000 kg.wt.

91



Surface Tension and Viscosity

Q8 (O
L 2Tx2
P9="0.1
hx 1000 x 10=

300
h= 7"+ -03m=30cm.

1000

Q9 (©

AnRd= i mre
3

(3Red)¥3=r

ef

Q.10 (A

v
na2¥ =mgsin 37°

Vo oalgl
nazt —Pag-s

T
P="
r

3pagt
n=-—rg—

Qu (A

ag
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2x75x1073 x2

Q12 (A)
mg=mg+6nnrv
m-m'
XV
r
Q13 (©
\Y
a=g— iR —6nnrv
straight line
Q.14 (D)
Q15 (B)
F = Ad—v
N2 dx
1 x 100 1004x 22207
=1x X X
1x1073
F =07N
JEE-ADVANCED
MCQ
Q1 (ABOC

=\

Cohesion more than
adhesion cohesion

Q.2

Force of cohesion keeps the molecules of a material
bounded together and does not let them stick to the
solid as force of adhesion is lesser.

adhesion more than

Hence

(A,B,D)

Nature of liquid and material tube determine whether
force of cohesionismoreor force of adhesionismore.
The inner radius also determines the rise of capillary
as

2T cos6

h=" og depends onradiusr.

If thelength isnot sufficient risewill be dependslength
also.




Q.3

(A,D)
When ever two drops coal esce to make abigger drop.
surface areais reduced, hence energy is released.

NUMERICAL VALUE BASED

Q.1

Q2

Q.3

Q4

Q5

(6]

2n (1, +1) T= p(n(r —rZ))gH

Surface Tension and Viscosity

4 4n
= 5 nr3x pg- ? pg[r—rr, +r,2r]

= S mgr [r2r,—rr]

3

2 3 gl
r,=2r,
M
_=8
m
[0
4 3

67mrv=B=§anLg

2 Pg
n=grr—

9 v

s (0.9)% x1.75x1000
0.7

2 .
=9 = 50 poise

PREVIOUS YEAR'S

B 2T
= (r, —1)pg
= H=6cm
Q.6
[574]
[1300]
(4
(8]
Mg—-T-6mr,v=0
mg KVPY
T Q.1
T
Mg Q.2
mg+T—6anr,y=0 Q3
gn(rl‘o’ + r22 )x [8]0]
6rn(r, +1,) B
_ 2., » P9
V= 9 (r2=rr, +r1,)

2 2 2 2 p—
T =Mg - 6rnr, x §(r1 —r,r,+ 1,9 n

(A)

mg'— kv? = e

©
Check dimensionally

D)
Let X isthicknessof soap film for equilibrium.
Gravity force = buoyancy force

gn(102)3x 0.18+ 4n(10%)?
4
= 37(107)°(1.23)
4
= 37(10?) () (1000)
4
= 37(107) (1.08)
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Surface Tension and Viscosity

Q4

Q5

Q6

Q7

1000 kg/m’

[ ] 3
0.18kgm® / | 123kIM

= (10% x =0.36
= X =0.36x10"°
= X=36x10°m

©
Due to soap bubble surface tension is reduced
thereforein that area. Black paper powder will sink.

(D)
1pv><7'cR2:47tRT:>v= 8T
2 pR

(Herein question v is asked)

(A)
F,= KpVR?=Kp_ VM2 & W = Mg

When velocity becomes constant
W=F,
= Mg =Kp,_ v"M?>*

=2 Ve M = v MYE

6
jﬁ:(@j = Y1_(pye
vV, \125 v,

®)

The steel ball will get terminal velocity when the net
force on the ball is zero. So, in distance-time graph,
slope become constant.

Fromgraph:

04-0.3

=——~033m/s
1.9-1.6

JEE-MAIN
PREVIOUS YEAR'S

Q1

94

@

4 4
o3 M3
nsnl’ STCR

(n]js) r=R
Au loss

=T (changein surface area)
=T(n4nr2—4nR?)

Q2

Q.3

Q4

Q5
Q6
Q.7

=T4fa(nr’ - R?).

r 3
R
AU=4rT (—j r* - Rz}

4
The nature of flow isdetermined by Reynolds Number.
_ oD _PQAD _pQD

o An

Re

p — density of fluid ;
v — velocity of flow
D — Diameter of pipe

1 — coefficient of
viscosity

From NCERT
If Re< 1000 — flow is steady
1000< Re< 2000 — flow becomes unsteady
Re>2000 — flow isturbulent
-3 -2
R, . =10° x 0.18 x 17(2) : N 1 xlg
% (0.5x107)° x 60 10
=382.16
-3 -2
Refina = 10° x 048 12 > x L Xlg
7 x (0.5%x107)° x60 10
=1019.09

(1)

Excess pressure at common surfaceis given by



JEE-ADVANCED

PREVIOUS YEAR'S
Q1 (D
Q2 (AD)

Consider abody of density p, kept in density
p, whose viscosity ish and terminal velocity V. Then

I:vi scous

4 . 4 -
+p, 5 TR(-]) +pt S7R7() =0

~ 4 o 4
Fvisoous = (pb - p/)gﬂ:Ra(J) = 67”] RV = (ps - pé)gnR3

" 1
sAf pb> plthen I:viscous TVOCH & if P, <P,

Friscos ¥

viscos

as per given diagram we can say

62>01;p1<01& P, 0,
=p,>0,<G,;>p,;

~ 1
- Ifweput PinL,where |VP| o« — whenp, <o,
N2

~F

viscous

RV

- 1
s Ifweput QinL, where |VQ| o T]_ whenp, <o,
1

T VAN

Q.3

Q4

Q5

Q.6

Surface Tension and Viscosity

V. - 2r’g(o - p)
M
v, 1%(8-0.8) ;
v, 2 -
? 3{1) (8-16)x
2
[6]
R=K¥r

AU =SK 4nr2-S4nR?

R2 —RZ}

AU = 4nS{K. e
=0.1x 104[K¥**-1] =10°
K¥2—1=102

K¥2=101= (10 0= 6

(A.Q)
2c ) .
R pgh [R=Radiusof meniscus]
h= 20 R= d
~ Rpg ~ cosh
[r = radius of capillary, 6 = contact angle]
_ 2c cosO
~ TPy
(A) for given material, 6 = constant
1
h oc—
r
(B) hdepend on o

(C) if liftisgoing up with constant accel eration,
Uy = (9+8)

2o cosO
h= rp(g+a) It means h decreases.

(D) hisproportional to cost Not 6

(A,C,D)

dv

Viscous force is given by F=-nA dy sincehisvery

small therefore, magnitude of viscousforceisgiven by
F= 'r]A ﬂ
Ay

. F=

TlAhuo = Fon& Focug,
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Q7

96

Focl,FocA
h

Sinceplateismoving with constant vel ocity, sameforce
must be acting on the floor.

(A,CD)
2TcosO  2x0.075xcos0°
= pgR ' 1000x10x0.2x107

=h, =75mm(inT1) [If weassumeentiretubeof T1]

h= 2x0.075x cos60°
= %7 1000x10x0.2x10°3
assume entire tube of T2]
Option (1) : Since contact angles are different so cor-
rectionin the height of water column raised in thetube
will be different in both the cases, so option (1) is cor-
rect
Option (2) : If jointis5 cmisabove water surface, then
lets say water crosses the joint by height h, then:

=37.5mm(inT2)[If we

2T )
:>P0—T + pgh + pg x 5 x 10~

2T cosO
R

= pg(h+5x%x10?) =

2x0.075x% cos60 s

= —9oX
=N= 0210 x1000x10 >0
= h = —ve, not possible, so liquid will not cross the
interface, but angle of contact at the interface will
change, to balance the pressure,
So option (2) iswrong.
Option (3) : If interfaceis 8 cm above water then water
will not even reach theinterface, and water will
risetill 7.5cmonly inT1, sooption (3) isright.
Option (4) : If interfaceis5 cm abovethewater inves-
sel, then water in capillary will not even reach the
interface. Water will reach only till 3.75 cm, so option

(4)isright.
I} I 3
T, \%R h
0

5cm

Q.8

Q9

[3.74]

_____________ ' fj:':;f:.y

Pressure at the bottom of disc =pressure dueto surface
tension

1 1
pgh=T [— + —j

IQl RZ
R>>>R,

1 1
— << —
So R R, andR=h/2

1

11 1
ogh=T 24+ |=1for L
Pg (R1+R2] (+h/2)

2T

21 \/2><007
10°x10

h= Jﬁmm -3.741

h2

14 x100
10* x100

(A,B,C)
n>>(n—n)=An
_ WRT
v NA NA
F=(n—,)k, TS=Ank TS(A)
Ank TS
p

Force balance = Pressure xArea = Total number of
molecules x Bv

Ank,TS=/nSBv

V =

= npvl=Ank,T (3)]
(nyvdt)S
Total number of molecules/sec= T
= nlvs = m
Bve

(g

AsAnwill decreasewithtimethereforerate of molecules
getting transfer decreases with time.



